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This grammar will be our running example
G,=(N,,T,,R,,E)

N, ={ET.F}  T,={+*().id}
P, :
E->E+T|T (expressions)
To>T*F|F (terms)
F— (E)|Id (factors)



A rightmost derivation of (x+y) forwards

E

and backwards!

(X+Y)
<= (F+vy)
<=(T+Yy)
<=(E+Y)
<(E+F)
<(E+T)
< (E)
< F
<T

<E 3



View backwards derivation as a stack machine?

stack Input

(X+Y) $ (X+y)$
< (F+y) $(F +Y)$
< (T+y) View the backwards  $(T +Y)$
<(E+Y)  derivation asa $(E +Y)$
<(E+F)  stack machine (use  $(E+F )$
<(E+T)  $asstack bottom S(E+T )$
< (E) and end - of -input).  $(E) $
=F $F $
&T Can we make $T $
<E @workD $E $




Let’s invent “shift” and “reduce” actions and try to
make it work. X=top-of-stack, a = input token

stack Input action| X, a}

$ (x+Yy)$  shift(

$( X+y)$  shiftid

$(id +y)$  reduce F —»id
$(F +Vy)$  reduceT > F
$(T +Vy)$  reduceE —»T
$(E +Vy)$  shift+

$(E + yv)$  shiftid 5



..« BUT how do we decide when to shift
and when to reduce?

stack Input action[ X, a]

$(E +id )$  reduceF —id
$(E+F )$  reduceT —» F
$(E+T )$  reduceE - E+

$(E )$  shift)

$(E) $  reduce F - (E)

$F $  reduceT - F

$T $ reduceF > E

$E $  accept! 6



Take a look at the stack contents.

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

(E+1a
(E+F
(E+T
(E
(E)

F

T

E

Amazing fact : the
language of the stack
IS regular!




LR(0) items

For every grammar production
A—af (a,fes(NUT))
produce the LR(0) item
A—>aef
These will be the states of an NFA
accepting the "stack language".
Interpretation of state A—a e :we have read

input w derivable from « (e =, w)and we hope to
see input derivable from A. 8




LR(0) tems for grammar G,

ESE+T|T ToT*F|F F—(E)|id

E—>eE+T
E—>Ee+T
E—>E+el
E—>E+Te
E—>el
E—>Te

Toel™*T
To>Te*F
T > T>eF
T>T%Fe
T —>eF
T—>Fe

F — o(E)
F— (eE)
F — (Ee)
F—>(E)e
F— eid

F—ide



The NFA with LR(0) items as states
and every state Is a final state

A—>aecf

A—>aeBf

C

—

&

A—>aCef

B— ey

Now use the NFA to DFA
algorithm to produce a DFA.
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A few NFA transitions for grammar G,

E—>Ee+T

L S EteT

, )

F— o(E)

—T > oF

K

F— (eE)

| &

F — eid
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A few DFA transitions for grammar G,

E—>Te
T > Te*F

F— (Ee)
E—>Ee+T

—

F— (eE)
E—>eE+T
E—>el
To>eT*F
T > eF
F— e(E)
F — eid

Fo>ide

T—>Fe

0

12



Start state?

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

grammar, add production E'—> oE
E'—>E Eo>eE+T
' : E—>el
which produces two items
| T>eT™*F
ek T — oF
=—Ee F—)O(E)

DFA start state Is ¢ —closure({E'— ¢E}) = |[F _ «ig
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The DFA transition function o?

For this DFA
Oo(l, X)=¢-closure({A—->aXef |A—>aeXpecl})
The book calls this GOTO(I, X).
The book also repeats the construction of DFA
but this time 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).
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L 2~ L = I = I
E' —-.E E'SE. EsE+-T E-SE+T
B EiT E—E. 4T T TxF| THT % F
EES ¢s T—-F — .
et accept FoLB) _1(::‘14_-\
T—.F Fadid
F—-(E) T
F—-id = I 17
Bl A o e 265 r IR
* —(\ T—=T=xF-
F=ad
id W . id _]
F—id: |- L J
( fid
h - I4 — Is I
Foy( B )P E+E-+T— = F(E)
E—w-E+T F—=(E-)
( E—.T
C T—-TxF
T—.F
p |[Fo(EB) oy J
— F—-id - 4
iF
__F - - F J
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Full DFA for the stack language of G,

From Compilers by Aho, Lam, Sethi, Ulilman



Replace the stack contents with state numbers

(i

(T
(E
(E +

0
04
045
043
042
048
0486

(E+1a
(E+F
(E+T
(E
(E)

F

T

E

04865
04863
04869
048
04 11
03
02
01



The generic LR algorithm

a = first symbol of input w$
while(true)
s .= state at top of stack
If ACTION][s,a]=shiftt
then push t on stack
a .= next input token
elseif ACTION]s,a]=reduce A — S
then pop | S | states off the stack
t .= state at top of stack
push GOTO[t, A] onto the stack
elseif ACTION]s,a]=accept
then accept and exit
else ERROR
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ACTION and GOTO for SLR(1)

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

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

then for all a e FOLLOW(A), Note that there
_ may be conflicts
ACTIONII,a] =reduce A —» « herel

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 6() rather than GOTO()?)
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ACTION and GOTO for SLR(1)

ACTION

GOTO
STATE
id + = ( ) $ E T F
0 50 54 1 2 3
1 56 acc
2 r2 s7 r2 r2
3 rd rd rd r4d
4 59 54 8 2 3
5 r6 rb 6 b
6 50 54 9 3
7 30 54 10
8 36 sll
9 rl 87 rl rl
10 rd rd rd rd
11 rd  ro 5 rh

From Compilers by Aho, Lam, Sethi, Ullman

—
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Example parse

STACK | SYMBOLS InpUT ACTIDI:T_

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

N
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LL(k) vs. LR(k) reductions (SLR(1) as well)

A->p="w Be(TUN) weT

LL(K)

LR(K)

W

T k token look ahead

=)

Stack

g

(left-most
symbol at

top)

W B
——

k token look

ahead
(right-most B A
symbol at rl:
top)

Stack
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Beyond SLR(1)

Problems: there may be shift - reduce
or reduce - reduce conflicts when ACTION and GOTO
are not uniquely defined.

Either fix grammar or use a more powerful technique.

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