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5.1 Recognition and parsing in general grammars
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CYK

Theorem 5.1.1

Cocke, Younger, and Kasami

we L(G)7?

w = ajaz...an and wli..j] = a;...aq;
A in Uli, j] iff A="wli..j]
initialization

Ain Uli,i] iff A — q;

recursion
A in Uli, j] iff A— BC and
BinUli,k], CinUlk+1,7] <k <7)

Thm. w e L(G) for given CFG G in O(n3) n = |w|



V 3 CYK example
dynamic programmin
A in Uli,q] iff Y prog J
A= a w = cabab
A in Uli, g] iff o
A — BC and Z{J é 3 j SsB
B in Ui, k], 5 A S.B b
CinUlk+1,j] 3 S B C
(i <k <j) 4 S, B
5 S, B
S — AB|b
A — CB|AA|a w € L(G) as S € U[1, 5]
B — AS|b
C — BS|c

Example 5.1.2



V 4 adding rules used
1..5] S — AB|b
S A — CB|AA|a
¢ — BS
2N /By e
[1..1] | B3] [4..4] [5..5] o — cabab
phsa b
C A € a b N
| i/ 1 2 3 4 5
a b 1 |C — A:(C,B,1) A:(AA3) S:(A B,3),(A,B,4)
B (A? S? 3)7 (A7 S? 4)
2 A S:(A, B,?2) — C:(B,S,3)
B:(A,S,2)
3 S. B — C:(B,8S,3)
4 A S:(A,B,4)
B:(A,S,4)
5 S, B

Thm. parse tree in O(n3) steps, n = |w|

Theorem 5.1.3



5.2 Earley’s method
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Earley’'s method




item A —> e for A — af
complete item A — ae
(M;;)
w = ajan...an
A—aefin MZ]
S =*w[l..i]Ad and o =* w[i 4+ 1, J]
make-early-table
Predictor, Scanner, Completer (?7)
A. for every S — v in P
put S — ey in Mpg
B.for A—» aea; 18 in M,
put A — aajyieBin M;iyq
C.ifA— aeBfSin Mz] and B — ve in Mjk
put A — aajpieBin M;iyq
D.if A— aeBg in M;; then
for every B — v in P put B — ey in M;;

Theorem 5.2.3 we L iff S — ae € Mg, for some o



V 6

Example

S—>T4+S|T

T F+T|F

F—(S)]|a

MO,0|S — eI+ S5 S — oT T — oF xT
T — oF F — eo(S) F — ea

w=(a+a)*a

M01 F—)(OS)
Mg o F—)(So)




5.3 Top-down parsing
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LL(1) example

expressions, terms

>={a+[]}
V={EZX,T}

E—-TZ

Z — X |e
X —-+TZ
T —allFE]

E A4 X T
a | E—TZ T — a
-+ Z —->X X —-+4+TZ
| | E—TZ T — [E]
] Z — €
$ J — €

z2=a + [a + a]

X-I—

ey Lo x a—I—TZ 4l

a+[E)Z Z° a—|—[TZ]Z a—l—[aZ]Z gy
a-+ aX]Z a—l—[a—I—TZ]Z Y a+la+aZ)Z :$

a-+ a—l—a,]Z a—l—[a—l—aZ]




LL(1) top-down

Qe

follow

S:>z< uwAv :>Z‘ uaxr = z
(ueX*, acX, AcV,vei*)

A and a determine production A — «

first(a) ={z € X" | a =" =}

follow(A) = {z € X* | S =) uAv and v =" x}
a € inity( first(«) follow(A) ) for some A — «
LL(k): first k symbols here k=1
complication when € in first

FIRST (u) = initq (first(u))
FOLLOW(A) = inity(follow(A))

init{(e) = ¢, inity(ax) = a



V 9 computing FIRST
E—-TZ
Z— X |e Fi(a) = {a}
X - +4+T7 Fo(A)={aeX|A—ayec P}
T —allE] U{e| A—ee P}
| B2 X T Fip1(A) = Fi(A) U
O %] € + CL,[
1la,[ ¢4+ + a,] v inity (F;(Y1) - ... Fi(Ym))
2 a/,[ €,+ + a’)[ A—>Y1YmEP

Theorem 5.3.5

repeat until F;4 1 = F;

Thm. a € FIRST(A) iff a € | F;(A)
1€N

Prf. if A="azx (a € X) then a € F,(A)



FIRST(A) = inity{z € =* | A =* 2}
if A="ax (a € X) then a € F,,(A)
n=1, A= ax, hence a = init1(Fp(a)Fy(x)) for the production A — ax

may be empty?



V 10 computing FOLLOW
E —-TZ

Z— X |e FLg(A) =

X —-+TZ {a€X|B— uAv,a € FIRST(v) }
T — a| [F] U{$|A=S5}

i|E Z X T FLi11(A) =FL;(A)U

011, o o +

21,9 1.%$ 1.$ +,1,9% B =S uwAveEP

3/,% 1.%$ .$ +,1,9% e € FIRST (v)

Theorem 5.3.7

Thm. a € FOLLOW(A) iff a € | J FL;(A)
€N



5.5 Bottom-up Parsing
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S — o1’
@ 1 —» T — eaTa
T — ebTb |C

kT—>oc)

b I —
€<la><<lb 6 ”T—m-Ta\,b_.fT—w.Tb\
T —belh

@%Q‘T@ @_)b'T@ e a( T;—CL):ZCL T — ec )b
T T € T — obTb =g T — eaTa )
y
@%aTo@ @—)bT.@ A T
. b @%aT.@ @—)bT.@
a &b

@—)aTag @—) bTbg @—>aTa9 @—) bTbg
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