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Part VIII.
(Bonus)
LR Parsing
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eletG=(N, T, P, 5 be a CFG,
whereN ={A,, A,, ... ,A.}, T={a,, &, ... ,a.}
* LR-parser is a EPDAV, with states
Q={9ydy, ..., 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 Bl ,Al=1or2

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

2)p.r =reducep P 2)

3) ) : success

4) . error
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LR-Parser: Algorithm

e Input: LR-table forG=(N,T,P,9; x0T
e Qutput: Right parse ok if x LI L(G); otherwisegrror

e Method:
 push($, g,)) onto pushdownstate:= q,
 repeat
e let a = the current token
cased|state a] of:
e <0. push(a, 0)) & read next from input string &

state:=q;
o 1 n: replace the pushdown top
®\ (2, D00 O, with (A, statg
wherep: A - [1 P and state:= 3[g, A] &

write p to output;
e ©: success
. . error
until succes®or 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,2:S > A 3AS 1,4 A 5 (9}

LR -table for K:

alil ol (] )% Bl 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 5> A, STA S 1,40A S ()
Input string: 101 $
Pushdown S{. Inpuf Enter Rule
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LR-Parser: Example 2/2

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

Input string: 101 $
Pushdown S{. Inpuf Enter Rule
($, 0) 0| 10i$|a]0,i] =<3




6/23

LR-Parser: Example 2/2

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

Input string: o1 $

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

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

Input string: o1 $
Pushdown S{ Inpul  Enter Rule
5.0 0 [ i0i$ [a[0, 1] =3
($, OXI, 3) 31 o% 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 LA S (S

Input string: 101 $

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

Rules: 1:S - S0A,2:S 5> A, A S LA S (S
Input string: 101 $

Pushdown S{. Inpuf Enter Rule
($, 0 0| 10i$|a]0,i] =<3
($, OX1, 3) 3 10% [a]3, 0] = A S
BlO, Al =2
($, O 2) 2 | 0i$ |a[2, o] = 'S
BlO, S =1
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LR-Parser: Example 2/2

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

Input string: 101 $

Pushdown S{. Inpuf Enter Rule
($, 0 0| 10i$|a]0,i] =<3
($, 0}, 3) 3| 0i$ |a[3, 0] = A
BlO, Al =2
($, OXA, 2) 2 |1 0$ |a[2, 0] = 'S
BlO, S =1
($, 0¢S, 1) 1| 0i$ |af[1, 0] =<6
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LR-Parser: Example 2/2

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

Input string: 101 $

Pushdown S{. Inpuf Enter Rule

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

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

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

($, 0¢S, 1) 1| 0i$ |af[1, 0] =<6

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

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

Input string: 101 $

Pushdown S{. Inpuf Enter Rule

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

<$’ >< 1 3> 3 O|$ 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, 1Xo, 6) 61i$ |a[6,i] =<3

($, 0XS, 1Xo, 6)(1, 3) 31$ a3, 9] = A S
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LR-Parser: Example 2/2

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

Input string: 101 $

Pushdown S{. Inpuf Enter Rule

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

<$’ >< 1 3> 3 O|$ 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, 1Xo, 6) 61i$ |a[6,i] =<3

<$’ O><S1 1><01 >< , 3> 319% 33, i — . A S
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LR-Parser: Example 2/2

Rules: 1:S - S0A,2:S 5> A, A S LA S (S
Input string: 101 $

Pushdown S{. Inpuf Enter Rule

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

<$’ >< 1 3> 3 O|$ 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, 1Xo, 6) 61i$ |a[6,i] =<3

($, 0XS, 1Xo, 6)(1, 3) 31$ a3, 9] = A S
BLo, Al =7

(B, 005, D0, 6XA, 7 | 71$ |a[7,$]= 'S .
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LR-Parser: Example 2/2

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

Input string: 101 $

Pushdown S{. Inpuf Enter Rule

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

<$’ >< 1 3> 3 O|$ 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, 1Xo, 6) 61i$ |a[6,i] =<3

$06 10,9 (3]s |a8= 3] 5A-
Al=7

<$1 >< ’ 1>< , 6>< , 7> 719 %7,§ — 'S 5
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LR-Parser: Example 2/2

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

Input string: 101 $

Pushdown S{. Inpuf Enter Rule
($, 0 0| 10i$|a]0,i] =<3
<$’ >< 1 3> 3 O|$ 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, 1Xo, 6) 61i$ |a[6,i] =<3
$06 10,9 (3]s |a8= 3] 5A-
Al=7
<$1 >< ’ 1>< , 6>< , 7> 719 %7,§ — 'S 5
($, 0¢S, 1) 1| |at g =
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LR-Parser: Example 2/2

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

Input string: 101 $

Pushdown S{. Inpuf Enter Rule
($, 0 0| 10i$|a]0,i] =<3
<$’ >< 1 3> 3 O|$ 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
($, 0XS, 1X0, 6) 61i$ |a[6,i] =<3
$06 10003 [3[$ Jazg= A=
Al =7
<$1 >< ’ 1>< , 6>< , 7> 719 %7,§ — 'S 5
($, 0(S, 1) 1|s  |a[L 9=
Success
|- Right parse:
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Construction of LR Table: Introduction

* 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 gramméor G Is grammar
G=(NLO{S} T,PUO{S - S}, 9.

Why a dummy rule? WhenS' - Sis used and the input
token i1s endmarker, theayntax analysis is successfully
completed

Example:

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

Extended grammar for K:

—(NTPS) whereN = {S S, A} T= {|o()}
P={0:S'"5 S5 1S- A 2S5 A3ASL4AA 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 CFG
A - xXUOP,x=yz Then,A - yezis anitem

Example: ConsiderS - SoA

All items forS —» SoA are:

S & ’SOA, S & S’OA, S o SO'A, S 5 SoAe
Meaning: A - yezmeans 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 lnput: G=(N, T, P, 9; iteml
e Qutput: Closurgl)
e Method:
e Closurdl) := {l}
* Apply the following rule until Closurgl)
cannot be changed:
e if A > yeBz[ Closurdl)andB - xP
thenaddB - <x to 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, 2S5 A SAS LA A S (S}

Task: Closurdl) for| =S' — S
Closurdl) :={S' - S}

1) S' - «S [ Closurdl ?& S - SoAL P:
add S - SoAto osurgl)

2)S' - S Closurdl) & S - AL P:
add S - A to Closurd]l)

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, 2S5 A SAS LA A S (S}

3)S - *AllClosurdl) & A - 1 L P:
add A - «i to Closurgl)

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)}




13/23
Set®, (1) for grammaiG

Gist: For a symbol U and set of itemsl, ©,(l) denotes union of all
closures of the formClosurd A — yUe2z), whereA - yeUzis in |.

Definition: LetG=(N, T, P, S) be a CFG] be a set of
items, andJ U T L N. Then,
O,(1) ={j:] O ClosurdA - yUe2), A - yeUz 11}
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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 formClosurd A — yUe2z), whereA - yeUzis in |.

Definition: LetG=(N, T, P, S) be a CFG] be a set of
items, andJ U T L N. Then,
O,(1) ={j:] O ClosurdA - yUe2), A - yeUz 11}
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Set®, (1) for grammaiG

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

C

osures of the formClosurdA - yUe2), whereA - yeUzisin |.

Definition: LetG=(N, T, P, S) be a CFG] be a set of
items, andJ U T L N. Then,

O,(l) ={]:) UClosurdA — yUez), A - yeUz [}

Example

H=(N,T,P,S), whereN = {S', S, A}, T= {Io()}
P={0:S'"-5 5 1S5 SA,2:S- A3AS 1,4 A S (9,
| ={S - SoeA, S — *A, A _ +(S)

Task: O,

ClosurdS - SoAe) OSUrgS — Ae) = {S - SoAe, S - Ae}

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

Note: Set@ 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)};
eforeachl 0O;andU OONDOT
if ©,(1)# 0 then include se® (1) into O4




15/23

Set®~: Example

H=(N,T,P,S), whereN={S', S, A}, T={i, 0, (, )},
P={0:S"-551.S- S9A, 2S5 A3AS 1,4 A S (9)

Initialization: Closurds' - 9) ClosurdS' - S) [0
_)CIosure(S — Ae) [ S'_ oS } S >CIosure(S - Se0A)
I){S—»A’} S - *SA {S'_,So,

A ( i __)) :ﬁ’ | ClosurdA - ie )(/S* S 0A} 0
=0 Sa2LS ClosurdS - SoAe)
Cosutp -5y Szt -y [EESD

> 1 S
{ A5 (9, A L (S ClosurdA - (S)e)
A S 5 *S0A,- { = éo?& Iosure(Sm{ A S (S}
{ S o SO‘A, A

S, eA,

A—)Ci,\ | A_).i’

s S A~ ) QJJ
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Namingof membersn set®

Name the elements o®; asl,to |, wheren+1 is number of
elements InGg5. The member withS' — «Sis|,,

Example ©y: 4

losurdS' - Se) O

ClosurdS — A-) ] S Ipsure(S Se0A)
cE= S - «A } TS -
A ( A:-i,’ i ClosurdA - is) S - S'OA} 0
= = ({Ipsure(SaSoA.
e T
{ 2 - 09 I"E’ - GlosurdA - (S)*)
A S o «SYA.,. { 'g‘ ~ éos:)?& Ibgure(shf{—lgA NG
LS | WA, s 2
A S e~ { S - So°A, A

A—)’i,
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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' - «95);
o for eachx [1 Og4 do
e for each!| [ do
e casel of
| = A - ye Xz whereX O M.
B[, X] := Oy ()
| =A - ye Xz, whereX [ T:
afx, X] = s0y(x)
| =S - S*:O([ ,$] =
el =A -y (AZ£S):
for eacha 0 Follow(A) do afx, a] := rp,
wherep is a label of ruléA - vy
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Construction of LRable Examplel/5

@H:{I {S—) SS—> SOA S AA—)’i,A—)'(S},
1 HS = S, S L S0l 1HS - Al 1 {A Lie),
LA S (9,95 eSoA 95 A AL L AL <),
IS{A—> ( ) — S‘OA} |6:{S—> 'A,A 'i,A—)'(S)},
174{S - Sgke}, Ig{A /(S)}}

ask: LR-tabteforkK ,
Yy (1 )] $ S|
lo V’/ I 4 l:
‘V‘ S' L «ST 1, SON: B[, I = Oy =1,
> S50 SoA T, SON: Bl I = Og(to)= 1,

S o cALTGALIN: Bl Al := O4(1) =15

‘ A s el Ul 1 OT: aligli==8{5=":,
A o9 D0l (0T afly, (= ©g=1,

If_>
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Construction of LRable: Example 2/5

O, ={1,;{S = *S, S *S0A, S = A A = *i, A = ¢(9},
S = S S 5 S0Al LS = Ak 1A e},
LA S|(¢9),S = SoAS—> A A S |A_> (9},
1A S[(S0), S o/ S0A}, 1:{S = SoeA A  *i, A = «(S)},
|7{S~\SUA} | {Aﬁ(S) 1}
Task: -table forK
o B
N of (] ) 3] S| A
o |, M
4 I6I I i
S'5 S Olafl, 3=
S- SoAUl,,o0T:afl,, 0] :=0,,) ==:,4
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Construction of LRable: Example 3/5

|1{sqs-s oA LS D A A o),

LA S (o eSoA, S L sAJA L i A  «(S),
I5{A—>(S-)S S-oA}I{S Soe AL A o0, A s o(),
IR

6

S - AL, Follow(S) —{o ), B}
afl,, o] = O([I )] =all,, $] =
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Construction of LRable: Example 4/5

{1, {S" = +S,S o *SoA, S > A A - *i, A - «(9)},

|1:H{sqs-s S0}, 1S - A}I{A_>|}
IS:{A—>( )S S‘OA} I {S SO’A,A—>’|,A—>'(S)},
I7£S = Sohs}, 1A — (9°)

Construct the
) sl S | A | restanalogically.

3
\,A S0 Feliow(A) = {0, ), $}:

ol ol =afls )] = afl, ] =

0

=

N
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Construction of LRable: Example 5/5

Final LR-table forK
a B

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

Rename _ LR -table for Kwith the renamed states:
the states:
old INew] | [o] 1] of (] )] $ 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 /
lg 8 8 8




