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Our goal: impose deterministic choices on
this non-deterministic LR parsing algorithm

¢ = first symbol of input w$
while(true )
a = the stack
f A> fecyeo.(q, a)
then shift ¢ onto the stack
C:=next input toke n;
if A—> feeco.(q, a)
then reduce : pop S off the stack
and then push Aonto the stack;

This is non-deterministic

since multiple conditions

can be true and multiple

items can match any
condition.

f S— feecd,(q,,a)
then accept and exit if no more Input;
If none of the above then ERROR



The easy part: NFA - DFA

In general, add new production S'— S, where
Sis the original start symbol. For the simple term
grammar G,, add production

E' > E = ek
which produces the NFA start state =oeEsd

Qo =E =t 5::'-::*F
The DFA start state Is then T s oF

¢ —closure({E'— E}) =/ _, o(E)

F— eid




The DFA transition function o

For this DFA
Oo(l, X)=¢-closure({A—->aXef |A—>aeXpecl})
Many books calls this GOTO(l, X).
and repeat the construction of DFA
specialised to LR(0) items (using
function called CLOSURE). | see no reason to do
this since we already know how to build a DFA
from an NFA (see Lexing lecture).



A few DFA transi tions for grammar G,

E>Te | T [Fo(eE) | d .
— ———> F—id e
T > Te*F E—>eE+T
E—>el F

—> 1 >Fe

T > eT*F

T o eF
F>@Ee) | E Foep) |
P R—
E—>Ee+T F > oid




Full DFA for the stack language of G,
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(enlarged to improve readability)
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(enlarged to improve readability)
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How can we avoid shift/reduce conflicts?

I2
Considerl, = _ 71,

T > Te*F

This inspires one approach called SLR(1)
(Simple LR(1)):
1) Shift using If *Is the next token.
2) Reduce with E — T only If next token is In
FOLLOW(E)={(, +, $}.



Now we can do a DETERMINISTIC SLR(1) parse of
(xty)
1) When the stack contains «, the

parser is in state o(l,, ). For example,
o(ly, E+T) =1,
5('0’ (T*) = |7
o(l,, E*T) =ERROR
2) When the current state Is |, the next token
Isc,and A — fecy < |, then shift t onto stack
3) When the current state Is |, the next token
Isc, A— pecl,andce FOLLOW(A),
then reduce with production A — S 10



Replay parsing of (x+y) using SLR(1) actions
(FW(X) abbreviates FOLLOW(X))

stack, input |State action reason

$, (x+y)$ I, shift F—e(E)el,
$(, x+y)$ | I, shift F—>eidel,
$(x, +y)$ | I.reduceF —id "+"e FW(F)
$(F, +Yy)$| l,reduceT > F "+"e FW(T)
$(T, +y)$ I, reduceE—>T "+"e FW(E)
$(E, +Vy)$| I;shift E—>Ee+Tel,
$(E+, Vy)$ | I, shift F—eidel,

11



stack, input

State action reason

$(E+y, )%
$(E+F, )$
$(E+T, )$
$(E, )%
$(E), $
$F, $
$T, $
$E, $
$E’, $

|. reduce F —i1d ")'e FW(F)
|, reduceT —» F ")'e FW(T)
|, reduceE - E+T ")"e FW(E)

|, shift E — (Ee) el
|, reduce F - (E) "$"e FW(F)
|, reduceT —> F "$"e FW(T)
|, reduce F - E "$"e FW(F)
|, reduceE'—> E "$"'e FW(E")

accept! 12



Better idea: Replace the stack contents with state

numbers!

(i

(T
(E
(E +

0
04
045
043
042
048
0486

(E+1d
(E+F
(E+T
(E
(E)

F

T

E

04865
04863
04869
048
04 11
03
02
01



LR parsing with DFA states on the stack

a = first symbol of input w$
while(true )
s .= state at top of stack
if ACTION[s, a]=shiftt
then pusht on stack
a = next Input toke n
else f ACTION[s,a]=reduce A — S
then pop | | states off the stack
t :=state at top of stack
push GOTOI[t, A] onto the stack
else if ACTIONI/s, a]=accept
then accept and exit 14
else ERROR



ACTION and GOTO for SLR(1)

IT[A—>aeaf]el ando(l;,a) =1, then ACTIONJI,a] = shift ]

Note: there
then for alla e FOLLOW(A), shift/reduce or
ACTION[i,a] = reduce A — « reducelreduce
conflicts!

If [S'— Se] e I. then ACTION][i,$] = accept
If 5(1;,A) =1, then GOTOIi, Al = j

(Now do you see why | prefer to use ¢ rather than GOTO()?)
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ACTION and GOTO for SLR(1)

ACTION GOTO
STATE
id + = ( ) $ E T F
0 S50 54 1 2 3
1 sb ACe
2 r2 &7 r2 r2
3 rd r4d rd4 r4
4 99 54 & 2 3
5 r6 rh 6 b
i 59 54 4 3
7 39 54 10
8 36 sl1
9 rl &7 rl rl
10 r3 rd r3 r3
11 rs  rh 5 rd -

From Compilers by Aho, Lam, Sethi, Ullman
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Example parse

STACK | SYMBOLS InpUT ACTlmi

0 id # id + id § | shift

05 id ¥id +1d § | reduce by F — id
03 F #id +1d $ | reduce by T — F
02 T +id + 1d $ | shift

027 T % id +1d $ | shift

0275 | T=*id +id§ | reduce by F = id
02710 | T'xF +id5 | reduce by T = T+ I
02 T +id§ | reduce by E =+ T

01 E +1id 5 | shift

016 E + id$ | shift

0165 | E+1d $ | reduce by F — id
0163 | B+ F $ | reduce by T — F
0169 | E4+T $ | reduce by E—+ E+T
01 E 3 | accept

From Compilers by Aho, Lam, Sethi, Ullman

H
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Beyond SLR(1)?
G3 — (N3’T3’ P3’ S')
N, ={S',S,L,R}

T, ={"=1d}

P,:S'"—>S$
S—>L=R|R
L —>*R]|Id
R—>L

18



LR(0) DFA for grammar G,

In state 4 thereis a ]
shift/reduce conflict between SR
S—>Le=RandR —> Le .

17 : R-->.L
15:L-->.*R
12:L-->.1
10 : S->.L=R
6:S->R
0:S-->.S




SLR(1) cannot resolve this conflict.

[S—> Le=R]el,soo(l,,"=") =1,
and so ACTION[4,"="]=shift 6

However,[R — Le] e,
and"="e FOLLOW(R)={"=",%},
so ACTION[4,"="]=reduceR — L

20



BeyondSLR(1)? LR(1)!

Problems: with SLR(1) there may be shift - reduce
or reduce - reduce conflicts when ACTION and GOTO

are not unigquely defined.
Either fix the grammar or use a more powerful technique.

LR(1) parsing starts with items of the form
[A—> aef,a]
where a is an explicit look - ahead token.

21



Definean NFA with LR(1) items as states

A—>aeCf3, a L» A—aCe 3, a

A—->aeBf, a L» A—>aBe/f, a

Foreachb e FIRST(fa):

A—>aeBf, a _t . B—>ey,b

22



LR(1) DFA for grammar G,

1:8'- >S , S
S
2:
L->1., =
L-->i., $
0: : 13:
45 : L->*R, = 48 :R->L, = . ﬂ t >:11§ §
43 :L->.1, = 46 : L-->*R, = >
32:R->L$ | , |[45:L-—>'R = "
29 :L->*R, $ 43 :L-->i, = 12 8:
27 :L->4i, $ 32:R->L,S [ & o p7o L-->i, $
23: S">.L=R, $ 30: L-'>*.R, $ 33 R">L-, g
21:S->R, $ 20:L-->*R, $ i ” :
0:5->.8,$ 27 :L->4, $ 32 Re>L $
= . | 30iL>R s Spf ! L;R ‘
4: 32:R->L,$ 7 237 .LL_?$ 1R,$$ L
R 33:R-->L.,$ 29:L->.*R, $ : =
24 : S-->L.=R, $ 27 :L-->4, % L 9 -
25:8->L=R,§ | —»{ 33:R-5L. $
5: R
22 :S-->R., $
10 :
26-S—>L=R$

No ambiguity.Reduce R — L only
If next token is $. Otherwise shift if next token is =.




ACTIONand GOTO for LR(1)

If[A—>aeap,alel;and5(l;,a) =1, then ACTIONII,a] = shift |

If [A > ae,b]el. and A =S', then
ACTIONI]I,b]=reduce A > «

If [S'— Se, $] € I. then ACTION([i,$] = accept

If 5(1,,A) = 1, then GOTO[i, A] = )

24



SLR(1) vs LR(1)
SLR(1):

If [A > ae]el. and A=S

then for alla € FOLLOW(A),
ACTION[I,a]=reduce A > &

LR(1):

If [A—> ae,b]el. and A=S', then
ACTIONII,b] =reduce A » o

Note that the look -ahead symbolb is

used ONLY for reductions, not for shifts.

25
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SLR(1) vs LR(1)

LR(1) is more powerful than SLR(1)

The DFA associated with a LR(1) parser may
have a very large number of states

This inspired an optimisation (collapsing
states) resulting in a the class of LALR
papers normally implemented as YACC.
These parsers have fewer states but can
produce very strange error messages.

Ocaml’s Menhir is based on LR(1) and claims
to overcome many YACC problems.

We will not cover LALR parsing.
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