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Review Questions

* Why LR(0) is of limited usage?
No lookahead, easy to have shift-reduce and reduce-reduce conflicts

* How does SLR(1) improve LR(0)?
Lookahead using the FOLLOW set when reduce happens

At high level, how does LR(1) improve SLR(1)?

Splitting FOLLOW set (i.e., splitting states) to enforce reduce to
consider not only the stack top

 How does LR(1) split the states?
Add lookaheads to each item, i.e., LR(1) item=LR(0) item+lookahead

* How to understand the item [A -> ue, a/b/c]
Reduce using A -> u, ONLY when the next input symbol is a/b/c
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Example

lo:

S->S,8$
S>> XX, S

X = -aX, a/b
X = -b, a/b

X = -aX, a/b
X = -b,a/b

' X

) X = aX-, a/b

B



LR(1) Parse Tablef##

* Shift[#£i]
— Same as LR(0) and SLR(1)
- Don’t care the lookahead symbols

e Reduce[lH%]]
— Don’t use FOLLOW set (too coarse-grain[ A $i/Z])
— Reduce only if input matches lookahead for item

 ACTION and GOTO[F#%]
- If [A->a-aB, b] € S;and goto(S, a) =S;, Actionli, a] = s]
o Shift g and goto state j
o Same as SLR(1)/LR(0)
- If [A->a-, a] €S;, Action[i, a] = r[R]
o Reduce R: A -> a if input matches a
o For SLR, reduced if put input matches FOLLOW(A)
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Example

ACTION GOTO
State
(0)S"->S a b S S X
(1) S -> XX 0 s3 s4 1 2
(2) X -> aX 1 acc
(3) X->b 2 s6 s7
| 3 s3 s4 8
o S Iy
$>5,$ 35,8 4 r3 r3
S> XX, S I=
X - -aX, a/b l,: X S->XX,$ 5 r1
X b, a/b "SOXX S | v« I
X>aX 5 a )?9aX$ ‘)?.%ax S 6 s6 s/ 9
b L) X->.aX,$ a
| b x3bs 7 r3
4 Ib
; ApEbl i 8 r2 r2
5 X->b,$
i )2.9 a-X, a/b X, lg: 9 r2

X - -aX, a/b 3 X > aX, a/b
X - b, a/b

. B




Example

(0)S"->S
(1) S -> XX
(2) X->aX
(3) X->b
Iy s |8
>, §->55
S-> XX, $ Is:
X - -aX, a/b l,: X S->XX,$
X-> b, a/b S>XX,$
‘ XéaX,$ a
X->aX$
b L) b X->.aX,$ a
X->b,$
}I4: b
X b, a/b r J
2 b X->b,$
l3: X J
X->aX,ab g
X - -aX, a/b 3 X > aX, a/b
X->-b,a/b .

ACTION GOTO
State
a b S X

0 s3 s4 2

1 acc

2 s6 s/

3 s3 s4 8

4 r3 r3 I
I TR R _rl_|

6 s6 s/ 9
- - - 1" - - ~-T- - - - == = — 1

7 r3

8 r2 r2

9 r2

5 Diode




Example

(0)S"->S
(1) S -> XX
(2) X->aX
(3) X->b
lo: ly:
S5 $>5,$
S-> XX, S %
X > -aX, a/b I X S>XX,$
X b, a/b S>XX,$ | . |-\/
| X>aX$ 5 L
X->aXs$ X aX:,$
L) b X->.ax,$ a
~ X->b,$
l b
X-> b, a/b s
a 'b ’

l3: ’
X
X>aXalb g J

X - -aX, a/b
X->-b,a/b .

3 X > aX, a/b

ACTION GOTO
State
a b S X

0 s3 s4 2

1 acc

2 s6 s/

3 s3 s4 8

4 r3 r3 l
I TR R _rl_|

6 s6 s/ 9
- - - 1" - - ~-T- - - - == = — 1

7 r3

8 r2 r2

9 r2

6 e




LR(1) Grammars

* Every SLR(1) grammar is LR(1), but the LR(1) parser may
have more states than SLR(1) parser[SLR—%E s£LR, LRIRZS

FES

- LR(1) parser splits states based on differing lookaheads, thus it
may avoid conflicts that would otherwise result if using the full
FOLLOW set

* A grammar is LR(1) if the following two conditions hold
for each configurating set[/&LR 7 % & %14
- (1) For any item [A = u-xv, a] in the set, with terminal x, there is
no item in the set of form [B =& v, X]
o In the table, this translates no shift-reduce conflict on any state

- (2) The lookaheads for all complete items within the set must
be disjoint, e.g. set cannot have both [A - u-, a] and [B = v-, 3]
o This translates to no reduce-reduce conflict on any state

() o
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LALR(1) Parser

* LR(1) drawbacks][fik ]

- With state splitting, the LR(1) parser can have many more states
than SLR(1) or LR(O) parser
o One LR(0) item may split up to many LR(1) items
o As many as all possible lookaheads

o In theory can lead to an exponential increase in #states

* LALR (lookahead LR) — compromise LR(1) and SLR(1)[#1 ]

- Reduce the number of states in LR(1) parser by merging similar
states[iR&S & 3]
o Reduces the #states to the same as SLR(1), but still retains the power of
LR(1) lookaheads[LRIRZ T e EE4H 7y, & 3F 2, {HifE HLFOLLOWAS4H]
— Similar states: have same number of items, the core of each

item is identical, and they differ only in their lookahead sets[#H
1@\: *Z‘D*HEJ, %%Klﬁj]
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The Example

lo: S
>S5
S>> XX, S
X = -aX, a/b X
X > -b, a/b

S >SS
l5: X
S > XX, S
X->-aX,$ 3
X->b,S

——————————

_— e e o o o o o o oy

——————————
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State Mergingpiras &3+

* Merge states with the same core
— Core: LR(1) items minus the lookahead (i.e., LR(O) items)

— All items are identical except lookahead

l5: lg: l56:
X > aX a/b X-=>aX S X > aX a/b/s
X > .aX, a/b X > .aX, S X > .aX, a/b/S
X - -b, a/b X->:b,S X->-b,a/b/s
|, |: 47
X > b, a/b X->b-, S X > b-, a/b/S
lg: lgq:
X > aX-, S X > aX-, a/b/s

10 Dhige



State Merging (cont.)

ACTION GOTO ACTION GOTO
State State
a b S S X a b S X
0 s3 s4 1 2 0 s36 | s47 2
1 acc acc
2 s6 s7 5 2 s36 | s47 5
3 s3 s4 8 36 | s36 | s47 89
4 r3 r3 47 r3 r3 r3
5 rl 5 rl
6 s6 s/ 9 89 r2 r2 r2
7 r3
8 r2 r2 Grammar: LALR(1)
9 r2 (0)S” ->S
(1) S -> XX
LR(2) (2) X -> aX
1 (3)X->b IR




State Merging (cont.)

ACTION GOTO ACTION GOTO
State State
a b S S B a b S S X
0 s3 s4 1 2 0 s36 | s47 1 2
1 acc 1 acc
2 s3 s4 5 2 s36 | s47 5
3 s3 s4 6 36 s36 | s47 89
4 r3 r3 r3 47 r3 r3 r3
5 rl ri rl 5 ri
6 r2 r2 r2 89 r2 r2 r2
LR(0)/SLR(1) LALR(1)
ACTION GOTO
State
a b S S X
0 s3 s4 1 2
1 acc
2 s6 s7
3 s3 sd 8 LR(]')
4 r3 r3
5 rl
6 s6 s7 9
7 r3
8 r2 r2
9 2 q
' »H’HLX




Merge Effects[&IF2R)

* Merging states can introduce conflicts[5] A\ JAZ)-IHZ)#2]

— Cannot introduce shift-reduce (s-r) conflicts

o i.e., a s-r conflict cannot exist in a merged set unless the conflict was
already present in one of the original LR(1) sets

— Can introduce reduce-reduce (r-r) conflicts

o LR was introduced to split the FOLLOW set on reduce action
o Merging reverts the splitting

 Detection of errors may be delayed[#iR 5= 1R 7]

— On error, LALR parsers will not perform shifts beyond an LR
parser, but may perform more reductions before finding error

- We’'ll see an example

() o
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Merge Conflict: Shitt-Reduce

* Shift-reduce conflicts are not introduced by merging

* Suppose
Sij contains: [A -> -, a] reduce on input a
[B ->B.ay, b] shift on input a
Formed by merging Si and Sj[iF: SijFEA—E R A X H 4 item]

* Because

— Cores must be the same for Si and Sj, and thus one of them
must contain [A -> o, 3]

— and it must have an item [B -> B.ay, c] for some c[F N /E 4 [Fcore?
]

o This state has the same shift/reduce conflict on g, i.e., the grammar was
not LR(1)

- Shift-reduce conflicts were already present in either Si and Sj
(or both) and not newly introduced by merging

@tuxs IR




Merge Conflict: Reduce-Reduce

* Reduce-reduce conflicts can be introduced by merging

5>5 leo: t token | d
S —>aBc | bCc | aCd | bBd 69" nexttoken s cord,
B —>e C->e,c/d reducetoBorC???
C—>e B->e:d/c
Reduce to B when next token is d
I S'-> 5, % I5: S->Db+Cc, $ Reduce to C when next token is ¢
S-> e«aBc, $ S->Db+*Bd, $ Ig: S->DbBed, $
S->++bCc, $ C->rve,C T T T T T T I
S->+aCd, $ B-> e, d 1 Ig B->e-, d l
S->+bBd, $ :. C->ers, C :
Iy: S->aBe¢c,$ = T 77777777
It S'->S-, % lip: S ->aBce, $
Is: S->aC«d, $
I S->a*Bc,$ o ____ I11: S->aCde, $
S->asCd, $ 'y  B->es,C |
B->rve,cC I C->ees, d | I;o: S->DbCce, $
C-> g, d L e e e e e e == = !
I7: S->DbCec, $ I13: S->bBdse, $

Reduce to B when next token is ¢
Reduce to C when next tokenisd 15 “EE[Z




Example: Error Delay

(0) S'->S

(1) S->XX Input: aab$

(2) X->aX

(3) X->b

ACTION GOTO
State
a b S S X

0 s3 s4 2
1 acc
2 S6 s/
3 s3 s4 8
4 r3 r3
5 rl
6 s6 s/ 9
7 r3
8 r2 r2
9 r2

16
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Example: Error Delay

(0) S'->S

(1) S->XX Input: aab$

(2) X->aX

(3) X->b

ACTION GOTO
State
a b S S X

0 s3 s4 2
1 acc
2 S6 s/
3 s3 s4 8
4 r3 r3
5 rl
6 s6 s/ 9
7 r3
8 r2 r2
9 r2

state » Sg

symbol »> S

16

B



Example: Error Delay

(0) S'->S

(1) S->XX Input: aab$

(2) X->aX

(3) X->b

ACTION GOTO
State
a b S S X

0 s3 s4 2
1 acc
2 S6 s/
3 s3 s4 8
4 r3 r3
5 rl
6 s6 s/ 9
7 r3
8 r2 r2
9 r2

state » Sg
symbol »> S

state » SOS3
symbol + Sa

16

B



Example: Error Delay

(0) S'->S

(1) S->XX Input: aab$

(2) X->aX

(3) X->b

ACTION GOTO
State
a b S S X

0 s3 s4 1 2
1 acc
2 S6 s/
3 s3 s4 8
4 r3 r3
5 rl
6 s6 s/ 9
7 r3
8 r2 r2
9 r2

state » Sg
symbol »> S

state » SOS3
symbol + Sa

state » SOS3S3
symbol » Sa a

16

B



Example: Error Delay

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
(2) X->ax e
(3) X->b state » SpS;3
ACTION GOTO symbol = 5@ ab>
State 3 b $ S X state > 509353
0 | 53 | s4 1 | 2 | symbol-%aa bS
1 acc state > 553535,
2 | 6 | 57 g | symbol-%aab >
3 s3 s4 8
4 r3 r3
5 rl
6 s6 s/ 9
7 r3
8 r2 r2
9 r2 16 Dhide




Example: Error Delay

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
(2) X->ax e
(3) X->b state » SpS;3
ACTION GOTO symbol = 5@ ab>
State 3 b $ S X state > 509353
0 | 53 | s4 1 | 2 | symbol-%aa bS
1 acc state » 5593535, <—
2 | 6 | 57 g | symbol-Saab 7 B
3 s3 s4 8
4 r3 r3
5 rl
6 s6 s/ 9
7 r3
8 r2 r2
9 r2 16 Dhide




Example: Error Delay (cont.)

(0) S’"->S
(1) S ->XX Input: aab$
(2) X ->aX
(3) X->b
ACTION GOTO
State
a b S S X
0 s36 | s47 2
acc
2 s36 | s47 5
36 s36 | s47 89
47 | r3 | r3 | r3
5 rl
89 r2 r2 r2
) Tux % 17

Dhige



Example: Error Delay (cont.)

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
(2) X->ax
(3) X->b
ACTION GOTO
State
a b S S X
0 s36 | s47 1 2
acc
2 s36 | s47 5
36 s36 | s47 89
a7 r3 r3 r3
5 rl
89 r2 r2 r2

R
() F b X & 17
%@j
Ty S SUN YAT-SEN UNIVERSITY
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Example: Error Delay (cont.)

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
(2) X->ax
(3) X->b state > :0536 "
symbol > o d a
ACTION GOTO | T B EET
State
a b S S X
0 s36 | s47 1 2
acc
2 s36 | s47 5
36 s36 | s47 89
a7 r3 r3 r3
5 rl
89 r2 r2 r2

R
(2 ) "
A )
Ty U SUN YAT-SEN UNIVERSITY
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Example: Error Delay (cont.)

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
A
IO corg | Symbol s %a abs
State 3 . s S x state > SpS36936
P vy s [, | ymbol-Saa bS
acc
2 s36 | s47 5
36 s36 | s47 89
47 r3 r3 r3
5 rl
89 r2 r2 r2
@ tuxs 17
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Example: Error Delay (cont.)

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
(2) X->ax
(3) X->b state > 20536 "
symbol » 9 4d a
o ACTION goro | U e T
ate >
5 b $ S X Stc';tel SO 36236 e
symbol » d d
0 |s36| s47 1| 2 |- e
state » SOS3GS36S47
i hol>Sa ab S
symbol »>
2 | s36 | s47 5 |- T
36 s36 | s47 89
a7 r3 r3 r3
5 rl
89 r2 r2 r2

R
(2 ) "
A )
Ty U SUN YAT-SEN UNIVERSITY

B



Example: Error Delay (cont.)

(0) S'->S
(1) S->XX Input: aab$
(2) X->aX
(3) X->b
ACTION GOTO
State
a b S S X
0 s36 | s47 1 2
acc
2 s36 | s47 5
36 s36 | s47 89
a7 r3 r3 r3
5 rl
89 r2 r2 r2

state » Sg
symbol > S

state » 50536
symbol + Sa

state » SS36936
symbol » Sa a

state » SOS3GS36S47
symbol > Sa a b

state *> SOS3GS36SS9
symbol »> Sa a X

17
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Example: Error Delay (cont.)

(0) S'->S
(1) S->XX Input: aab$
(2) X->aX
(3) X->b
ACTION GOTO
State
a b S S X
0 s36 | s47 2
acc
2 s36 | s47 5
36 s36 | s47 89
a7 r3 r3 r3
5 rl
89 r2 r2 r2

state » Sg
symbol > S

state » 50536
symbol + Sa

state » SS36936
symbol » Sa a

state » SOS3GS36S47
symbol > Sa a b

state *> SOS3GS36SS9
symbol »> Sa a X

state » SS369gg
symbol ~ Sa X

17



Example: Error Delay (cont.)

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
(2) X->aX
(3) X->b state » 20536 "
symbol > o d a
Stat ACTION GOTO | LAt T ss s
date »>
5 b $ S X Stc';tel SO 3636 8
symbol » d d
0 |s36 | s47 T R e ——
Sstate » SOS3GS36S47
i hol>Sa ab S
symbol ~
2 s36 | s47 5 | LAl T, ss. s s
36 |36 | s47 89 St‘:el ’ SO a36 a36 )?9 s
47 | r3 | r3 | 13 AT I
5 1 S A X S
> d
89 | r2 | r2 | r R
state > Sp5,
symbol » S X >
tux % 17 Dhige




Example: Error Delay (cont.)

(0) S’ ->S state » Sg
(1) S->XX Input: aab$ symbol > S aab$
(2) X->aX
(3) X->b state > 20536 "
symbol » 9 4d a
Stat ACTION GOTO | il T, ss s
date »>
5 b $ S X Stc';tel SO 36236 8
symbol » d d
0 |s36]| s47 T R e ——
Sstate » SOS3GS36S47
— ol > Sa ab S
symbol +
2 s36 | s47 5 | LAl ss. s s
36 | s36 | s47 89 St‘:el ’ SO a36 a36 )?9 s
47 | 3 | r3 | r3 AT cc o T
5 r1 Stzte| > SO 36 X89 ¢
> d
89 | r2 | r2 | r2 R
state > SpSye—
symbol + S X =S




LALR Table Construction[f#tr 344

* LALR(1) parsing table is built from the configuration sets
in the same way as LR(1)[[F#: 772 M 2 I H 4]
- The lookaheads determine where to place reduce actions

- If there are no mergable states, the LALR(1) table will be
identical to the LR(1) table and we gain nothing[iE4t HLR(1)]

— Usually, there will be states that can be merged and the LALR
table will thus have fewer rows than LR

e LALR(1) table have the same #states (rows) with SLR(1)
and LR(0), but have fewer reduce actions[[E]%¢ % H FIIRES,
{HEE /D RIH 29 801E]

- Some reductions are not valid if we are more precise about the
lookahead

- Some conflicts in SLR(1) and LR(0) are avoided by LALR(1)
— For C language: SLR/LALR - 100s states, LR - 1000s states




LALR Table Construction (cont.)

e Brute force[# /175 1]
— Construct LR(1) states, then merge states with same core
- If no conflicts, you have a LALR parser

- Inefficient: building LR(1) items are expensive in time and space
o We need a better solution

e Efficient way[E %07 1]
— Avoid initial construction of LR(1) states

- Merge states on-the-fly (step-by-step merging)
o States are created as in LR(1)
o On state creation, immediately merge if there is an opportunity

@tuxs IR




LALR(1) Grammars

* For a grammar, if the LALR(1) parse table has no conflicts,
then we say the grammar is LALR(1)

— No formal definition of a set of rules

e LALR(1) is a subset of LR(1) and a superset of SLR(1)
— A SLR(1) grammar is definitely LALR(1)[LALRIAZ) S ¥54H 1]
— A LR(1) grammar may or may not be LALR(1)[LALRE I T IRZ]

o Depends on whether merging introduces conflicts

— A non-SLR(1) grammar may be LALR(1)[LALRAEME HLSLRIMIZ]

o Depends on whether the more precise lookaheads resolve the SLR(1)
conflicts

* LALR(1) reaches a good balance between the lookahead
power and the table size

— Most used variant of the LR family




LALR Summary/hgk

e LALR(1)/2LR(1)FISLR(1)[F] -5
- W3EVEE: LR > LALR > SLR
“RAEEH: LR > LALR = SLR

R 40— SC3EGAELRIMAESLR,  A] BEAE LALR
- JESLR: SLR/ZZE TR (YKFEFOLLOWEE HHAT IHZ) A UEFE )
o 7/&LR: TMLRIE L K lookahead ik | 5=
— A[BEZLALR: LALRXFLRIFFATAHIIRS G
o e bEHI T HR --> AN ELALRIE
o HEHERAEME --> ZLALR L
o LALRW] DAEMT SC:G, B T SLRIFEA 1) 2

. i%LLALRBﬁH@%&%smifBH (HIHL 8RR 7 (R, XFSLRAE
Mriis, 2/ E ok R 2B % 1)

o WREAEMALURE, NLALR=LR
i —" Xk GAZSLR
- A G—%E U LRFILALR X 74

- LRIJFOLLOWEESH 77 +& KM\;cEI’J A HLALRE 3 7] T SLR




LL vs. LR Parsing (LL < LR)

 LL(k) parser, each expansion A -> a is decided based on

— Current non-terminal at the top of the stack[{&#§iLHS]
o Which LHS to produce

— k terminals of lookahead at beginning of RHS[RHS]— & & 2]
o Must guess which RHS by peeking at first few terminals of RHS

— ERKE: LHS + RHSHIK DTS CARRIEED
* LR(k) parser, each production A -> o is decided based on

— RHS at the top of the stack[{K##RHS]

o Can postpone choice of RHS until entire RHS is seen
o Common left factor is OK — waits until entire RHS is seen anyway

o Left recursion is OK — does not impede forming RHS for reduction
— k terminals of lookahead beyond RHS[#E#%RHS]
o Can decide on RHS after looking at entire RHS plus lookahead

- JEFRAKHE: EEDRHS + LHS/E KM AR5 (BB ED

() o
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Hierarchy of Grammars[3i%E %]

K Unambiguous Grammars

LALR(1)

Ambiguous
Grammars

J

23



/'é'vn 1n/*/\*ﬁ (1)

o {EVESMT(Syntax analysis) & 4w i3 H 58 — N B
- TN ENE B e A i token R A
— i ST (parse tree) Bl Al G5 VAN (AST)

* 15 ¥ATE % (Syntax specification)
- AT S (MIRE/FASIATE ) M08 (e g, 0B 5H0)

- B A 0 (grammar), TGS B 3G9 3 (context-free grammar,
CFG)

« XEFAMWE N {T, N, s, o}
— T: terminal symbols[Z 45 7] = 1RVE 70T B token, 7 M A B IHE 71
— N: non-terminal symbols[JE & L5551, 53 BT A B PN 3587

VANV 23 ™ |

— s: start symbol[H IG5 5]
- o set of productions[F2 A4 1], 2 =: LHS -> RHS

24 S
s;tmgs‘mvﬁnﬁ u'ih LZ




/'é'vn 1n/*/\*ﬁ (2)

5 (Derivation)
= WA N O AE A (JALHS2|RHS)
o MICVEFHIERT 5 2% N\ & (input string)

« IHZ](Reduce)
— 3 AR (ARHS I LHS)
o M H (input string) B 4G FF 5

o 43T (Parse tree)
- RIESEIRR, B8 7T A A Y

o« B W ¥ (Ambiguous grammar)
- FAE] XS N Z A (F A B A ) 3 AT

E;T 5 B S (precedence) FIAN 25 & 14 (associativity) >R B S SCVE PLVE Bk

25 S
\.‘ s;tmgs‘mvﬁnﬁ w' Hh LZ




RGE BT (3)

o TEVE AT (BT ) LR AL B ZE 8 SOVE TN R £, MR — LA
T B GAEVE M RN N HE S

- B0 T (Top-down): MARTT S B I5 &, D% RE
o BN R SE R
o A5 FH AN = A R 5 4 2

- HJE M L (Bottom-up): M5 £ [F] FHR 4 54
o VH M Atokenib & JH 4] ?
o A RN = A R H 2 2

Top-down (leftmost derivation) Bottom-up (reverse of rightmost derivation)
S= AB (1) /S\ S = AB (5) /S\
= aCB (2) A B = AbD (4) A B
= acB (3) \C I\D = Abd (3) \C [\)
= achD (4) | | = aCbd (2) | |
= acbd (5) 3 C b d = acbd (1) 3 c b d

2 ME“Z




S ERE T (4)

* Top-downZ3 17
— 33 N % #7 (Recursive descent): iR 4E-> 711 (backtracking)
o VA [ /33 ) (Left recursion)
— YT (Predictive): T, TG 75 [21
o VHER/ACIEIH, FEEULE LK (Left factoring)
o RIXKBNHILL(L) 70 P #s
— P4EE4y: input buffer, stack, parse table, parser driver

- F:T<stack top, current token>>K BN {E (expand or match)
- FEMTRAT N SOERIAEA G RT JIN S OER A G5 KS

o BTCRRTER— AN A A -
0 F KB BIFIRST M FOLLOWAE Sk 7 Lint |« [imt] 5 |
Parser
4 parser driver
| 1 j
Top-down parser Bottom-up parser '; —
t stac table int * + ( ) $
! | tack E E>TE E>TE
RD-backtrack Predictive E E > +E E>e [E>e
T T=>intT T->(E)
parser parser T T T>e T>e | T>e
f
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* Bottom-upZ T stte | — T

- F BRI (Shift) Ml T2 (Reduce) 1 Bh1E 0 | s | s 1

1 acc
- SKILE EEGRIRRA A 4% 2 | s | w 6
= %*ﬁgﬂgiﬁ ’ %%Z 4 r3 r3 r3
5 rl rl rl
o RIXFIHILRITHTa% I R

— PUEB9r: input buffer, stack, parse table, parser driver

- BT R B AE (shift or reduce)
o FRERAEIRES P H ARSI R AR 5

- fENT R A E ActionFlGoto I N F3K
o P A R A SCEE I AT BE I H 48 A e i (i.e., DFA)
o LR(O) -> SLR(1) -> LR(1) -> LALR(1)

input string
stack I a, |a, a, a, $|

i

LR(1)
LALR(1)

Sp_ Xy LR Parsing program
Sm-1 Xm-1
Sm-? Xm-? /\

Table

Action GoTo
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Compilation Phases (cont.)

e Lexical analysis[iaiE4#7]
— Source code — tokens
— Detects inputs with illegal tokens
- Is the input program lexically well-formed?

* Syntax analysis[i& %717
— Tokens — parse tree or abstract syntax tree (AST)
— Detects inputs with incorrect structure
- Is the input program syntactically well-formed?

* Semantic analysis[iZ& X 73 #7]
— AST — (modified) AST + symbol table
- Detects semantic errors (errors in meaning)
— Does the input program has a well-defined meaning?
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Compilation Phases (cont.)

e Lexical analysis[iaiE4#7]
— Source code — tokens iy = 1
- Detects inputs with illegal tokens
- Is the input program lexically well-formed?

* Syntax analysis[i& %717
— Tokens — parse tree or abstract syntax tree (AST)
— Detects inputs with incorrect structure
- Is the input program syntactically well-formed?

x=1y=2

* Semantic analysis[iZ& X 73 #7]
— AST — (modified) AST + symbol table int x; y =x(1)
- Detects semantic errors (errors in meaning)
— Does the input program has a well-defined meaning?
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