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NOTE!

Textboole Tvpm

o On page 254, Line—4-:

o "Fig. 4.31" should be "Fig. 4.37".



Lpa. 242 |

"The LR-parsing method is the most general
nonbacktracking shift-reduce parsing method known”

"[The LR-parsing method] can be E,mpi.emenﬁed as
efficiently as other [...] shift-reduce methods”

"An LR parser can detect a sv»\&atﬁit EYTOT A8 SO0 aS
tk is possibi.@. to do so on a left-to-right scan of the
E,M,pu,&."

"The class of grammars that can be parsed using LR
methods is a proper superset of the class of grammars
that can be parsed with predictive or LL methods.”



LR(K)

o LR(k) parser
o L => left-to-right scanning of ut

o R =» rightmost derivation in reverse
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o W => number of lookahead symbols
o k is bypically © or 1

o LR => LR(1)




LR(0) automaton and SLR

o SLR =» S&mpte nre

o LR(0) automaton is comstructed from '
o "Suppose that the string ¥ of grammar

symbols takes the LR(0) automaton from
the start state © to some state . Then,
shift on next nput symbol o if state ]
has a transition on a. Otherwise, we
choose to reduce; the items in state |
will tell us which Fraduaﬁom to use.” {F
24-7]
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LR(®) automaton and SLR
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| &ummmbww
i the ikems,

will tell us which Pradw&mv\ to u.seﬁ' [F?
247 ]




Initial state of the parser

(top of stack is current skate in LR(G) au&oma&&)

modified from fugu,re. 4.35 [P 24—2’]




Initial state of the parser

(top of stack is current stabte in LR(O) au&oma&a}
modified from fagure 4.35 [p. 24—2’] .

E,V\F.'u,?: |

“In the SLK method; the stack holds states from the LR(o) autonakton;
e

the

canonical LR and LALR methods are similan” [p P RA-¥ }




Initial state of the parser

(top of stack is current state in LR(©) automata)
modified from fiqure 4.38 2 4% ]

ACTION

FQ?S@' L

¥

"By construction, each state has a corresponding grammar symbol. Recall
that states correspond to sets of iktems, and that there is a transition from
state i to state j if GOTO(IX) = Ij. ALl kransitions to state j must be for the
same grammar Sjmbat X. Thus, each state, exaep& the skart stake ©, has a
unigue grammar symbol associated with it [p. 24%] |

G070

written as so



LR parsing table

o ACTION function

- Inputs: state L and an input symbol a (terminal or

)
- ACTION[L,a] is:

x Shift j - shift a ownto stack, using state j to
represent a

x+ Reduce A —> f5

* Ac::t@.[p%

* Error
o GOTO function - extend from sets of ikems to states.

- GOTO[I,A] = 1 =» GOTO[L,A] ‘"*J



Algorithm 4.46 [p. 253]
Constructing an SLR-parsing table

INPUT: A augmented grammar &'
OQUTPUT: The SLR-parsing table functions ACTION and GOTO for &'
METHOD:
1. Construct C = {1, I, ... , Iul, the collection of sets of LR(©) items for &'
2, State i is constructed from L. The parsing items for state i are
determined as follows:
A. If [A->aeaf] is n I and GOTO(I,a)= Ij, then set ACTION[ 0] to
"shift j". Here a must be a terminal.
B. If [A-»ae] is in I;, then sek ACTION[{,a] to "reduce A->a" for all a
in FOLLOW(A); here A may not be §'.
C. If [§'-»Se] is n I, then set ACTION[L,%] to "accept.”
1f conflicting actions result from the above rules, we say the grammar is
not SLR(1). The algorithm fails to produce a parser in this case.
3. The qoto bransitions for state I are constructed for all nonterminals A
using the rule: If GOTO(I,A)=1j then GOTOLLA] = |
4. ALl entries not defined by rules (2) and (3) are made "error”.
§. The initial state of the parser is the one constructed from the set of
ittems containing [§'-»e$]



FIRST(X)

N o f X € T then FIRST(X) = { X {

o Eﬂf XeNand X => Y1 Y2 oo. Ve e P ‘fOT’ k21,
= then

o add a € T ko FIRST(X) if 3l sk a
FIRST(Y:) and ¢ € FIRST(Yj) v j < i (Le.
Y1 Y2 . Y=t 8

o if c e FIRST(Yj) v j < k add ¢ to FIRST(X)




FOLLOW(X)

o Place $ in FOLLOW(S), where S is the start
s:jmbc)i. ($ is an end marker)

e f A = aBf € P, then FIRST(B) - {ct is in
3 FOLLOW(R)
o yA=>aB cPorA->aBfc P where ¢ ¢

FIRST(B), then everything in FOLLOW(A) is
in FOLLOW(R)




FIRST(X) and FOLLOW(X)

X FIRST(X)  FOLLOW(X)
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A, If [A->aeaf] is in I and GOTO(I,a)= Ij, then sek ACTION[{,a] ko "shift 7
Here a must be a kterminal. This will be writkten as ’sj* mherej is a skabe
number.

2B, If [A->ae] is in I;, then set ACTION[{,a] to "reduce A->a" for all a in

FOLLOW(A); here A may not be §'. This will be written as 'rp' where p is a
production number (see below).

2C. I [§'->Se] is in I;, then set ACTION[L,$] to "accept.”

3. The qoto transitions for state I are consbtructed for all nonterminals A
using the rule: if GOTO0(1,A)=1j, then GOTO[L,A] = Jo This will be written as
'j' where j is a state number.

Production numbers:
l.E > +T
R. & - T
3.T =T *x &












Production numbers:
lL.E->E+T7T
. =T
3T - T xF
4. T =»
s.F—->(E)
&, F - id

FIRST(X) FOLLOW(X) ’




Production numbers:
lL.E->E+T7T
R. 2 ->» T
3T - T xF
4. T = F
s.F—->(E)
& F - id




Production numbers:
lL.E->E+T7T
R.E - T
3.T > T *x¥F
4. T - F
s.F->(E)
6. F - id

... and so own ...
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Production numbers:

Figure 4.37 [p. 262 e
Parsing table for expression grammar T
s5.F = (£
& F - id
STATE
o'
1
2
3
4
5
6
7
%
9
10
11




Algorithm 444 [p. 250-281 ]
The LQ‘"POWSEMS algorithm

> INPUT: An input string w and an LR-parsing table
with functions ACTION and GOTO for a grammar &

OUTPUT: If w is in L{G), the reduction steps of a
ba&%omﬂup parse for w; otherwise, an error
tndicakion

METHOD: Imi;%i,ai.tv, the parser has so on iks stacle,
where so is the initial state. The parser thewn
executes the program n Fig. 4.36,



= ES ure 4-.36 { F"ﬂ 25 1:]

let o be the first symbol of w¢
while (frue) {
let = be the stake on top of the stack
U (ACTION[s,0] = shift ) {
push [ onto the stack
let o be the next inpukt s'jmboi.
} else f (ACTION[s,0] = reduce A -> B) {
pop 5] symbols off the stack

let state E now be on top of the stack
push GOTO[EA] onto the stack
ou&yu& the Produa&mm A =>
} else f (ACTION[s, 0] = accept) break
else call error-recovery routine

%



1.6 ->E +7T

Figure 4.37 [p. 252 ] 2.E =T
g : | : S s * F
Parsing table for expression grammar 4.7 - ¢
| s.F—->(E)
& F -» A
STATE ACTION &0T0
id + * ( Y $ £ T =
o sé& sS4 1 2 3
1 s m:te.g&
2 TR s7 T2 TR
3 T4 T4 T4 T4
4- sé sS4 >4 2 3
& ré ré ré ré
& sé sS4 9 3
7 sé& sS4 10
.4 sé& sll
9 rl s7 rl rl
10 T3 T3 | C |
11 s 3 T s




LI parser
confiquration

o An LR parser configuration is a pair:
{2051 . S, 0D e 00D )
~ So51 ... 5m 1S the stack (bolttom to Eop)
- aiirt ... and s the (remaining) input
o Represents the right-sentential form

X:L)(z Xmm&z,—»—l oo Ain



Parsing: id + id *x id

Input Action Qubput
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Parsing: id + id x id

Stack Inpuk Acktion Oubput
$ o A+ id *x id ¢
ACTION &0T0
T F

o sé S4- 2 3
1 s& accept
2 TR s7 TR TR
3 r4- r4 r4 v 4
4 s& 54 2 3
] r& & ré r&
& S8 sS4 2 3
7 s& sS4 10
¥ s& 511
9 rl s7 rl rl
10 r3 T3 r3 r3




Parsing: id + id x id

Stack Inpuk Acktion Oubput
$ o A+ id *x id $ s§
ACTION &0T0
T F

o s& S4- 2 3
1 s& accept
2 TR s7 TR TR
3 r4- r4 r4 v 4
4 s& 54 2 3
] r& & ré r&
& S8 sS4 2 3
7 s& sS4 10
¥ s& 511
9 rl s7 rl rl
10 r3 T3 r3 r3




Parsing: id + id x id

Stack Inpuk Ackion Oubput

$ o id +id*xid g 58

$os cidxid$

STATE ACTION &0T0
T F

o 2 3
1 s accept
2 T2 s7 TR TR
3 v v 4 L r4-
4 88 54 2 3
] r& & r& &
& S8 sS4 2 3
7 S8 sS4 10
¥ s& s11
9 rl s7 rl rl




Parsing: id + id x id

Stack Inpuk Ackion Oubput

$ o id +id*xid g 58

$os cidxid$

ACTION &0T0
T F

o s& sS4 2 3
1 s accept
2 T2 s7 TR TR
3 v v 4 L r4-
4 88 54 2 3
] r& & r& &
& S8 sS4 2 3
7 S8 sS4 10
¥ s& s11
9 rl s7 rl rl




. . . i
Parsing: id + id * id  2c-7
—— _ 4. T -» F
Skack Inpuk Ackion | 5.F > (E)
¢ o id +id xid $ | 55 s
$ o5 Fidxid$ ré& £ - id
ACTION <070
T P
o s& sS4 2 3
1 s accept
2 T2 s7 TR TR
3 T4 v 4 L r4-
4 88 54 2 3
] r& & r& ré
& S8 sS4 2 3
7 S8 sS4 10
¥ s& sll
9 rl s7 rl rl




ACTI0ON

o sé sS4 3
1 s& accept

|2 r2 57 r2 r2

| 3 r4 v r4 v

4 s& 54 3
& r& ré ré r&
& s& sS4 3
7 s& sS4 10
¥ 56 s11




ACTI0ON

o sé sS4 3
1 s& accept

2 TR s7 TR TR

3 r4 v r4 r4

4 s& 54 3
& r& ré & r&

& s& sS4 3
7 s& sS4 10
¥ s& 511

3




ACTI0ON

TATE
o sé 54 3
1 ad accept
2 T2 s7 T2 TR
| 3 r4 | ra4 r4 | r4 f
&4 s sS4 3 , *‘
& ré ré ré ré
& s& sS4 3
7 s& sS4 10
¥ 56 sl1




ACTI0ON

o sé sS4 3
1 s& accept

|2 r2 57 r2 r2

| 3 v v r4 v

4 s& 54 3
& r& ré ré r&
& s& sS4 3
7 s& sS4 10
¥ 56 s11




ACTI0ON

TATE
o sé 54 3
1 ad accept
2 T2 s7 T2 TR
| 3 r4 | r4 r4 | r4 f
&4 s sS4 3 , *‘
& ré ré ré ré
& s& sS4 3
7 s& sS4 10
¥ 56 sl1




ACTI0ON

o s& 54 3
1 s& accept

2 TR s7 T2 TR

3 r4 r4 r4 r4

4 s& sS4 3
& r& r& & r&

& s& sS4 3
7 s& S4- 10

?




Parsing: id + id * id
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Stack Input Action Qubput
$ o id +id*id $ | 8
tois. . TEN s ide (dBET PEE  pe L o> i
Bo3e T, gaicle i Pl 0 v SO L=t
o) sl pid e i d SR cE . = o 1
fodi ridx i g D EEse 0 e
o116 Lo idxidda L s5 TN
foles 7 *xidB L 0 TO R >l
$Pol63 »|p A IEEE T v4 sz
Poleo | i PgE s7 e
PolicoO 7 T To b el c . o oo el
fol1e6o 7@ Tl a6l B i
$oc1e6971c 2. B S T > x
$o169 " $Eo e Fhas o = 3o = R
$ o1 % accept




This is the ouﬁpuﬁ




It is a rightmost derivation in reverse




Here's Ehe derivatiown:

-5 £ + 7T = ko T
ToTee| mERTxF
TR T = EREL % LA
""""""""" ’T‘ .....;.F: -y E -+ ﬁ * E"d

F - id -> £+ id x id

T => a4 *Ed*id

—id | =2l + id x id




and the corresponding parse tree:

T L
=» £ #EL R

-2 B T %
- rE
-> £ + id *
-> T + id *
-» F + i *

-> id + id *

el
il
el
el
el
e

=i R
T Tl . e
Pl - o
Ld Ld



ForT W@.dv\esd&:j

o Class will focus on Sprint 2:
> skructure of Bison's Y file
> yylex and yyparse
» the union
» symbol tables (read esp. section 2.7.1)

» general advice



