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Botto m-up F?&T‘SEMQ

Topwciowm predw%w@. parsing gave us a
quick overview of issues related to
Farsima.

Wikl Ehis context we can more eas&tv
describe bottom-up parsing.



Example grammar

£ - B+ 7T
I e




Terminoe Logv

o If S =*m a then we call a a Lleft-
sentential form of the granmmar
(lm means leftmosk)

o If S =% a then we call a a right-

senbential form of the grammar
(rma means rightmost)



hawndle

o "wac}rmai.i.v, a 'handle' is a substring that makbches the
bocij of a production and whose reduction represents
one step along the reverse of a rightmost derivakion.”

fpdzgﬁj

o "Formally, U S =5%m Ao =rm afo, then the produ«c&om A
~> f in the position following o is a handle of afa” [p.
235 ]

o "Alternatively, a handle of a right-sentential form y is
a production A =>  and a position of y where the
sktring may be found, such bthat repta&i&\g‘ B at that

position by A produces the previous right-sentential
form in a rightmost derivation of 7." 2 235 ]



"A handle A -> § in the parse tree for afo” Fig
4.27 [p. 236]



A rightmost derivation of the skring

A * id

Rightmost derivation Production
=17 E =T
=T *x & | T ->T *x &
""""""""""""""""""""""" PR e R
"""""""""""""""""""""""" RS e S
"""""""""""""""""""" QU

= o E e T->Tx*xF F - (E)
£ =T T =>F F - id




A bottom-up parse: what we're aiming for!

Table is reverse of that on previous slide.

Right sentential form Handle Reducing production
id x id id F - id
Foxoid F | e
Sl g S | ARER o
ree e e
13 | f ' £ =T
£

fiqure 4.26 {FQZ.}?}*S ]




LA * id has handle id

(or more formally F —> id is a handle)

Right sentential form Handle Reducing production
id x id id F - id
""""""""""""" cooalil TV GRS Y
""""""""""""" Pa b U R S R
"""""""""""""" N T e . e
T l T ' Eisr T

E

fiqure 4.26 [p.235]




= * id has handle &

(or more formally T —> £ is a handle)

Right sentential form Handle Reducing production
id * id id F - id
 xid . | i
L i W ARF o
re ot B
T l T ' Eisr T
E

fiqure 4.26 {F«ZEE*S 4




T * id has handle id

(or more §0rmattv F = id is a handle after T *)

Right sentential form Handle Reducing production
id * id id F - id
e xid . | s
L i W Woa o
re W B
T l T ' Eisr T
E

fiqure 4.26 Lp.238 ]




T * £ has handle T *x &

(or more formally T —> T * F is a handle)

Right sentential form Handle Reducing production
id * id id F - id
Foxoid F | T - F»‘ --------------------------
il W W e s
T s e s
T l T ' Eisr T
E

fiqure 4.26 {F‘ms 4




T has handle T

(or more formally £ => T is a handle)

Rightlchtentl il Handle Reducing F)rodwt:&iom
id * id o o
e # | T -> F
Tt b " . S
g R T Lo
¥ l L | Ed=> T
E

“fig\ur@. 4-2& {Fﬂz,gg]




What haFoEems U we reduce
something that's not a handle?



T * id has handle id

(or wmore {Ormai.tv F - id is a hm«d’.@. a{&er T =)

Right sentential form Handle Reducing production

..............................................................................................................................................................................................................

fiqure 4.26 [p.235]



Exampte - ﬂfigu,re 4- 26 {qusﬁ']

Right sentential form Handle Reducing production
id * id td Fo->id
Fox id 3 T -> F
T > id T E—>T
‘me_ mad,e_ Q /\ ........................................

duffereh& chm«ce?

..............................................................................................................................................................................................................

..............................................................................................................................................................................................................




Example - fiqure 4.26 {P‘ZE:S']

Right sentential form Handle Reducing production
""""""""""""" PR . e e e s
"""""""""""""" Gadpie O AR
"""""""""""""" e iage - Do SRR e S
"""""""""""""" 40 il Y T G
"""""""""""""" LS e L .
"""""""""""""" Ear o e ST T o
........................... RS - e,

T * id could be reduced to £ * id using g: 5 o7
produ&&on £ =T, but £ => T is hot a handle T o T eF
stnce that reduction does not represent "ohe step ::: :’ N

along the reverse of a rightmost derivation.”



Rasie idea

1 we khow what the handle is for
each right sentential form, we can run
the rightmost derivation in reverse!



Handle FruMEMg {Fa 235 ]

o "A rightmost derivation in reverse can be
obtained bv handle pruning' "

o If w e L(G):

Rightmost derivation .

Y= Yo =rm V1 =rm V2 =rm e Zrm V-1 Zrm Y = @

" Hawndle pruning



Big question

How do we fiqure out the handles?



Big question

How do we fiqure out the handles?

We'll answer this in a bik, bubk first leb's
consider how a parse will proceed A
a bik more dekail.



Shift-reduce parsing

STACK

~ [Bottom...Top] _'_? N?UT _____________________________________
$ o




[modified from fiq 4.2%, p 237]

Revisik exampte, wikh E'M[au&: id x id ¢

Stacie Lookahead Handle Action
$ id o* id $ Shift
$ id ‘ * id $ 1 id | Reduce F -» id
$F * id $ ¥ Reduce T —> £
$T ' * id § 1 ﬂ Shift
$T = id $ Shift
T > id $ id Reduce F —» id
$T *xF $ T *xF Reduce T -> T * £
$7 $ 1! Reduce £ => T

.............................................................................................................................................................................................................




Observations [Fa 238 ]

o w, the string after the handle, must be e
T‘*

o We say "a handle” rather than "the
handle” since the grammar may be
ambiquous and may therefore allow more
than one rightmost derivation of afw.

o If a QGrammar Ls umambiguous, thewn every
right-sentential form of the granmmar has
exactly one handle,



Items

"How does a shift-reduce parser know when
to shift and when to reduce?” Lp 24-2 ]

"...by maintaining states to keep track of
where we are i a parse."

Each state is a set of items,

An ke is a grammar rule annotated with
a dob, ¢, somewhere on the RHS.



Cules and itkemws

A->XY L A ->¢

A->e XY Z A -> e
"""""" ey
"""""" A= X Hyo 2l
"""""" ANy iz

The o shows where U a rule we
might be during a parse.



Building the finite control
for o bottom-up parser

o Build a finite state machine, whose
states are sets of ikems

o Build a table (M) ncorporating
shift/reduce decisions



Augment grammar

Given a grammar
& = (NT,PS)

we augment to a grammar
&' = (NUS'},T,Puis'->5t,5"), where $'¢N

G’ has exactly one rule with §' on Lleft.



We need two operations to
build ocur finite state machine

CLOSURE(T)

GOT0(L,X)



CLOSUKE (l)

o Iis a set of items

o CLOSURE(I) fixed point construction
CLOSURESI) = I
repeat {
CLOSURE1(I) =
CLOSURE(I) u { B->ey | A => aeBf ¢ CLOSURE(I) and B - y € P

P unkil CLOSURE1(I) = CLOSURE(I)



CLOSURE(T)

o Iis a seb of items
o CLOSURE(I) fixed F:'OEME aomsﬁr@c&mn

Wtou:ahthmulnA-)!ochouw’oMu‘wdmA’
seen X, and we're expecting to see a ¥ followed by a Z.

The closure of this item is all the other items that are relevant
ot this point in the parse.

%mm“YﬂRSTUQFoMW,MY-)QRSYU
n the closure because if the next thing in the tnput can derive
from ¥, ik can derive from R,




GOTO(IX)

o GOTO(LX) is the closure of the set of ikems A —> aXef sk,
A =>» ageXB e 1

o GOTO(IX) construction for &' (fiqure 4.32):

seb-of-items CLOSURE(I) {
i
repea& {
for each ikem A —=> aeBf € I
for each production B -> y ¢ P
if B-roy not already in 3
add B-rey ko I

} until no more items are added bto I
return J



Building the LR(0) automaton

void tkems(G") |
C =1 CLOSURE( { §' => ¢S} )}
repeo& {
for each set of items I € C and
for each grammar symbol X e (NUT)
U ( GOTO(LX) is not emply and not already in C )
add GOTO(I,X) ko C
P until no new sets of ikems are added to C

%




“»xampw. {P 24-5 ]

Grammar &  Augmented Grammar &

...............................................................................................................................................................................................................................
...............................................................................................................................................................................................................................
...............................................................................................................................................................................................................................
...............................................................................................................................................................................................................................




Compute tkems(G) L
o

F->(E)

F - id

SET OF ITEMS (1) L CLOSURE(I)

{§ -0 £} o [ =0 £}




Compute ittems(G*) =
T 27:1:’ £ =

F-(E)

F - id

SET OF ITEMS (1) L CLOSURE(I)

{§ -0 £} o [ =0 £}

1| CLOSURES(I) vl E—>eE+T ,E->0T}




S -» £

Compute ittems(G*) B

E=»]
T =>T*F
T =>» &
F->(E)
F - id

SET OF ITEMS (1) i

CLOSURELI)

{§—>e&}

{ S —>eE}

CLOSUQEo(l)u{Ew@E+T,E->@T}

CLOSUREX(I) u{ T~ e T*xFE , T >0 F }




Compute ittems(G*) o s

E->T
T->T=x*x§F
T -> F
F->(E)
F - id
SET OF ITEMS (1) L CLOSURE(I)
{§ -0 £} o [ =0 £}

1| CLOSURES(I) vl E—>eE+T ,E->0T}

2| CLOSUREAI) u{T —~eT*xF ,T 0o F ]

3| CLOSURE (I uiF—>e(E),F-0id}




Compute items(G') S

E->T
T->T=x*x§F
T -> F
F->(E)
F - id
SET OF ITEMS (1) L CLOSURE(I)
{§ -0 £} o [ =0 £}

1| CLOSURES(I) vl E—>eE+T ,E->0T}

2| CLOSUREAI) u{T —~eT*xF ,T 0o F ]

3| CLOSURE (I uiF—>e(E),F-0id}

4 CLOSURES(I) u @




Termine Lagv

o Kernel itkems: §' —> ¢ S and all itkems
wikth ¢ nob ab left edqge

8 Nown-kerinel ikems: all itkemws wikth o
at left edqe, except §' -> © §



1o

This gives us the first state of the
finite state machine, Io

lkernel ke

non-kerinel tkems
are computed. from
CLOSURE(kkernel),
and therefore do
not need to be
expli«t:iﬂj stored



Next we compute GOTO(I,X) vXeNUT
NUT:{E;T;"?;*;*;(;);EO’\}

N.B. - augmented start symbol §' can be ignored

GOTO(Io,E) = CLOSURE( L §' = E eT, £ -»E o{ Tt )

= { S’ -» k£, © 5 E -> B e + 7T } N.B. there is no non-terminal

after the o, so no new items are
added by CLOSURE operation

IQS’*?E’@

E s e + T c:a-mtj ikeriel tkewmws




