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05-0: Parsing

e LL(1) — Left-to-right, Leftmost derivation, 1-symbol loakead parsers
e Need to guess which rule to apply after looking at only the &lsment in the rule
e LR parsers — Left-to-right, Rightmost derivation parsers

e Look at the entire right-hand side of the rule before degjdimich rule to apply
05-1: LR Parsing

e Maintain a stack

e Shift terminals from the input stream to the stack, untiltihye of the stack is the same as the right-hand side of
arule

e When the top of the stack is the same as the right-hand sideutd eeduce by that rule — replace the right-hand
side of the rule on the stack with the left-hand side of the.rul

e Continue shifting elements and reducing by rules, untiitipeit has been consumed and the stack contains only
the initial symbol

05-2: LR Parsing Example
O)E — E$
QE—-E+T
QFE—-T
(3)T — T num
(4)T — num

3+4*5%
3*4+5%
05-3: LR Parsing

e How do we know when to shift, and when to reduce?
e Use a Deterministic Finite Automaton

e Combination of DFA and a stack is called a Push-down automato
e We will put both states and symbols on the stack

e When the end-of-file marker is shifted, accept the string

C Tmml+ [~ [5 [ B]7T]
1 s2 g3 | g4
O E' — ES$ 2 (4) (4) (4)
. WE - E+T 3 s7 a
05-4: LR Parsing Example @& — r 2 @ [ % @
()T — T=num 5 S6
AT — num 6 1(3) 1(3) 1(3)
7 s2 g8
8 (1) s(5) (1)

05-5: LR Parsing

e LR(0) Parsers. Reduce as soon as the top of the stack is tleeasatine left-hand side of a rule
e SLR(1) Parsers. More powerful than LR(0) — adds some lock@irdormation

e LR(1) Parsers. More powerful than SLR(1) — adds more saphtetd lookahead information
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e LALR ParsersAlmost as powerful as LR(1), but uses much less memory (smallez tbés)
05-6: LR(0) Parsing

e Reads the input file Left-to-RightR(0)
e Creates a Rightmost derivation ()

e No Lookahead (0-symbol lookahead) LRR(0O

LR(0) parsers are the simplest of the LR parsers
05-7: LR Parsing Example
(0)S" — S$
1)S — AA
(2)S — bc
(3) A — bad
MHA—c
05-8: LR Parsing Example
S'— 5%
S — AA
S — bc
A — baA
A—c
L [alb ¢ |
S’ S'— 8% | 89— S$
S S — bc S — AA
S — AA
A A—bad | A—c

Not LL(1)!
05-9: LR(0) Iltems

e An LR(0) item consists of

e Arule fromthe CFG
e A“”inthe rule, which indicates where we currently are irettule

e S—ab.c

e Trying to parse the rul& — abc
e Already seen “ab”, looking for a “c”

05-10: LR(0) States & Transitions
(0)S" — S$
(1) S — AA
(2)S —bc
(3) A — bad
4)A—c
05-11: LR(0) States & Transitions
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State 2 1, Accept
S->S.%
S
S'->.S$ A A-> . baA )
S->.AA A c b
S->.bc b )
A -> . baA [ State 7
A->.c A->b.aA
c ]
State 4 a
S->b.c b
IState 5 a
Asc A->b.aA \State 8 A [stae 10
' c A->ba.A A ->DbaA .
A ->.baA
State 9 A->.c
S->bc. c

05-12: LR(0) Parse Table

| _lla [b Jc [$ [S[A4 ]
s4 | s5 g2 | g3
accept
s7 | s5 g6
s8 s9

r(4) | r(4) | r(4) | r(4)

r(1) | r() | r2) | r2)
s8

s7 | s5 gl10
r2) | r(2) | r(2) | r(2)
0O r3)|r@3)|r3|r@d
05-13: Closure & Transitions

2| O 0| N[O O | W N -

e Two basic operations for creating LR(0) parsers:

e Finding theclosure of a state
e Finding the transitions out of a state

05-14: Closure

1. For each item in the state of the fosh— « . 513, wherea andg3 are (possibly empty) strings of terminals
and non-terminals, anfl; is a non-terminal:

e For each rule of the formy; — ~ add the itemS; — . « if it is not already there
2. If any items were added in step 1, go back to step 1 and repeat

05-15: Closure

wn

e Ifa“” appears right before the non-termingin an item
e Add items for allS rules to the state, with the “.” at the beginning of the rule

e Repeat until no more items can be added
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05-16: Finding Transitions

1. If the end-of-file terminal $ appears before the “.” in sateen in the original state, create a transition from the
original state to an “accept” state, transitioning on $.

2. For each termina (other than $) that appears before the “.” in some item in tiggral state:

e Create a new empty state.

e For each item in the original state of the foSn— « . a v, wherea and~y are (possibly empty) strings of
terminals an non-terminals, add the itéh— aa . v to the new state.

e Find the closure of the new state.
e Add a transition from the original state to the new stateglath witha.

3. For each non-termin&that appears before the “.” in some item in the original state

e Create a new empty state.

e For each items in the original state of the fon — «a . S, wherea and~ are (possibly empty) strings
of terminals an non-terminals, add the itélh— «.S . v to the new state.

e Find the closure of the new state.
e Add a transition from the original state to the new stateeled with S.

05-17: Finding Transitions

wn

e Ifa“” appears just before a terminalin at least one item:

e Create a new state

e Add all items where the “.” is just before an

e Move the “." past thea in the new state
e Find the closure of the new state
e Add a transition to the new state, labeled withaan

05-18: Another LR(0) Example
O)E' — E$
QFE—-FE+T
QFE—-T
)T —T*id
4T —id
05-19: LR(0) States & Transitions
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accept
gl
State 1 State 2 + State 5 id

E->.E$ E'->E.$ > E>E+.T
E> E+T |E o ESE.+T T>.T*id
E->.T T->.id
e :
" \ State 3 il

E->T. State 7
Sta'te 4 o7 . $ : -E _+*-Ii—d'

T->id. *
A
' /
State 6 id State 8
T->T*.id > T>T*id.
05-20: LR(0) Parse Table
[ [ld [+ [* [$ [E[T]

1| s4 g2 | g3
2 s5 accept
3 r@2)|r2] r(2),s6]| r(2)
4\ r@)|r@|r@4 r(4)
5| s4 a7
6 || s8
7 r@) | r(d) | r(1),s6]| r(2)
8| r(3) | r(3) | r(3) r(3)

05-21: Shift-Reduce Conflict
e In state 3, on a *, should we shift, or reduce? Why?
05-22: Shift-Reduce Conflict

e In state 3, on a *, should we shift, or reduce? Why?

o If we reduce, then we're stuck — since the top of the stack eafitain £, the next symbol in the input
stream is *, and * cannot followlZ in any partial derivation!

e If a state contains the item:
S — .
we should only reduce the next terminal can follow S
05-23: SLR(1)
e Add simple lookahead (th&in SLR(1) is forsimple

e In LR(0) parsers, if state k contains the itesi > v .” (whereS — -~ is rule (n))

e Putr(n) in state k, in all columns
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e In SLR(0) parsers, if state k contains the ited -~ ~ .” (whereS — ~ is rule (n))

e Putr(n) in state k, in all columris the follow set of S

05-24: SLR(1) Parse Table

[ [d]+ * [$ [E]T]
1| s4 g2 | g3
2 s5 accept
3 r2) | s6 | r(2)

4 r(4) | r(4) | r(4)

5| s4 g7
6 | s8

7 r(l) | s6 | r(1)

8 r(3) | r(3) | r(3)

X+y*z WH+Xx+y*z
X*y+z W*X*y+z

05-25: YALR(0)E
e Yet another LR(0) Example

(0)S" — S$
(1)S — AB
(2) A — Aa
B)A—a
(4)B — Bb
4)B—b
05-26: YALR(0)E
05-27: YASLR(1)E

e Yet another SLR(1) Example

O)E' — ES$
QLE—-V
(2) E — num
)V —id
4)V — VI[E]

05-28: Yet Another Example
(0)S" — S$
1)S—L=R
2S—R
B)L—*R
4)L —id
B)R— L

05-29: LR(0) States & Transitions
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State 1 S State 2 $ accept
S ->.S$ S->S.$%
S>.L=R |
S->.R
e R\‘State 3 = State 7 R  [tate10
R> L S>L.=R S>L=.R S>L=R.
R->L. R->.L id
id q L->.*R
A L>.id
State 6 State 4 L
L->id. S->R.
State 8
State 5 LR
L->* R %’
R->.L
L->.*R
N L5 L Sta;ez 5 a
05-30: SLR(1) Parse Table
| Jdf= [*[s [SI|L|R |
1 s6 s5 g2 | 93| g4
2 accept
3 r(5),s7 r(5)
4 r(2)
5 s6 s5 g9 | g8
6 r(4) r(4)
7 s6 s5 g9 | g10
8 r(3) r(3)
9 r(5) r(5)
10 r(1)
05-31: Why SLR(2) Fails
S—L.=R
R— L.

e In this state, on a =, should be shift or reduce?
e An = can follow anR — only if the R is preceded by a *

e We need a more sophisticated lookahead scheme to disartithissituation

05-32:LR(1) Items

e Like LR(0) items, contain a rule with a “.
e Also contain lookahead information — the terminals thatlddollow this rule,in the current derivation

e More sophisticated than SLR(1), which only look at what tiexais could follow the LHS of the rule in
any derivation

05-33:LR(1) Example
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(0)S" — S$
1)S—L=R
2S—R
)L —*R
(4)L —id
B)R— L
05-34: LR(1) States and Transitions

[State 2 $
s ->s.§ <none> Accept

[State 1

[State 5
:;,> - . R f $ L tate 9
G = : Rot -
L-> id = $
[State 7 - L 11
g:i L L R z ‘ R->L $
EESRTINE e KPR
| .d
[State 12 [State 14
L-> . R $ R L->*R. $
R -> L $
L-> * R $ L
L->. id $
05-35:LR(1) Parse Table
[ [d =T~ 158 ITSTL TE]
T 6 5 2 | 03 94
2 accept
3 s7 r(5)
7 (0]
5 56 5 99 98
6 r(4) r(4)
7 s13 s12 911 | 910
8 1(3) 1(3)
9 1(5) 1(5)
10 (1)
11 1(5)
|| 513 s12 911 | g4
13 r(4)
14 (3) (3)
05-36: More LR(1) Examples
0)S" — 5%
(1) S — BC
2)S —b
(3)B — bB
4)B—a
B)C — ¢
(6) C' — cC

05-37:LR(1) States & Transitions
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State 2

. —— accept
S ->S. § <none>

State 1 IState 3 B State 6
S ->. S$ <none> S->b $ B -> bB . $, c
S->. b $ b B->b.B $ ¢
S->. BC $ o B->.bB $, c b
B->. bB $, c B B->. a $, c B
B->. a $, c State 7
a B->b . B $, c
B->. bB $ c a
State 5 State 4 B->. a $, c
B->a. $, c Ss->B. C $ L)
C->. $ ¢ b
C->. cC $
¢ \States
S ->BC. $
IState 9
cC->c. C $ c
Eii T e 2 \State 10
D C->cC. $
[
05-38:LR(1) Parse Table
L [afbfc [$ [S[B[C ]
1 s5| s3 g2 | g4
2 accept
3 s5| s7 r(2) g6
4 s9 | r(5) g8
5 r(4) | r(4)
6 r(3) | r(3)
7 s5 | s7 g6
8 r(1)
9 s9 gl10
10 r(6)

05-39: LALR Parsers

e LR(1) Parsers are more powerful than LR(0) or SLR(1) parsers
e LR(1) Parsers can have many more states than LR(0) or SLR(&¢rs
e My simpleJava implementation has 139 LR(0) states,thoasands of LR(1) states

e We'd like nearly the power of LR(1), with the memory requirements of LR(0)
05-40: LALR Parsers

e LR(1) parsers can have large numbers of states

e Many of the states will be nearly the same — they will diffelyan Lookahead

e IDEA — Combine states that differ only in lookahead values

e Set lookahead of combined state to union of lookahead véloescombining states

05-41: LALR Parser Example
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10

L L R

id
[State 6

L->id

tate 9
R->L

[State 10

§->L =R

R
[tate 7

s>L=.R s

R->. L s ‘ R->L $
LR s | w

Ll : tate 13

L>id E

{ id
[State 12 tate 14

L-> R $ R L->*R $

R-> L $

L- * R $ L

L- id $

Cancombine5&12,6&13,8&14,9& 11
05-42: LALR Parser Example

S‘al; 2-> S. $ <none> 4$> Accept
[State 1 /StateB
ae L stk s
S > . <none> _ R->1L. $
S->. L=R $
S->. R $
II: :: . i;R z : S [State 8-14
R->. L s s->R. $ L->*R.
id
Statele»n B
] L->id. , Btate 5-12
L->* . R = $ State 9-11
R->. L = sl L R->L. =, §
[State 10 t e :dR Z 2
S->L=R.
[State 7 L
id S->L=.R $
1 R->. L $
L->. *R $
L->.id $
05-43: LALR Parser Example
L Jd [= [* [$ [S[L [R |
1 $6-13 s5-12 g2 | g3 g4
2 accept
3 s7 r(5)
4 r(2)
5-12 || s6-13 s5-12 g9-11| g8-14
6-13 r(4) r(4)
7 $6-13 s5-12 g9-11| glo0
8-14 r(3) r(3)
9-11 r(5) r(5)
10 r(1)

05-44: More LALR Examples
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0)S' — S$
(1) S — Aa
(2) S —bAc
(3)S — Bc
(4) S —bBa
(5) A —d
(6) B —d
05-45:More LALR Examples
tate 4
State 1 S | State State 8
$->.5% - S>s.8 - a | S>Aa. %
S ->. Aa $
S ->.bAc $
S > Bc $ A State 5
S ->.bBa $ | S>A.a $
A ->.d a State 9
B ->.d c b Al s>bA.c $
\ State 6 C
g !
B S >b.Ac $
y S >b.Ba $ State 11
State 2 A->.d c S->bAc. $
S ->B.c $ B->.d a \B‘
d l State 10
->bB.
State 3 State 7 S->b a $
g:: g ' 2 A->d. c ay
: B->d. a State 12
S->bBa . $
05-46: More LALR Examples
State 1 S | State 4 State 8
S'>.5% - S>S.$ - a " S>Aa. $
S ->. Aa $
S ->.bAc $
S -> Bc $ A State 5
S ->.bBa $ S->A.a %
A->.d a A State 9
B ->.d c b S->bA.c $
\ State 6 / C l
d B S->b.Ac $
S >b.Ba $ State 11
State 2 A->.d c S->bAc. $
S ->B.c $ B->.d a \B‘
d State 10
State 3-7 S->bB.a $
A->d. a, c a l
B->d. ac State 12
S->bBa . $

05-47:More LALR Examples
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State 4
State 1 State 8
S'->S. -
S'->.S$ - $ a S->Aa. $
S ->.Aa $
S ->.bAc $
S > Bc $ State 5
S ->.bBa $ "l S=>A.a $
A > d a State 9
B ->.d c Al s>bA.c $
\ State 6 C
d
B S->b.Ac $ S T
3 S->b.Ba $ tate
State 2 A->.d c S->bAc. $
S ->B.c $ B->.d a \B‘
d State 10
S->bB.a $
@]
State 12
S->bBa . $




