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CYK Algorithm for Parsing
General Context-Free Grammars



Why Parse General Grammars

e Can be difficult or impossible to make
grammar unambiguous

— thus LL(k) and LR(k) methods cannot work,
for such ambiguous grammars

e Some inputs are more complex than simple
programming languages
— mathematical formulas:
x=y/\z ? (x=y) /\ z x=(y/\2)
— natural language:
| saw the man with the telescope.

— future programming languages



Ambiguity

| saw the man with the telescope.
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Two Steps in the Algorithm

1) Transform grammar to normal form
called Chomsky Normal Form

(Noam Chomsky, mathematical linguist)

2) Parse input using transformed grammar
dynamic programming algorithm

“a method for solving complex problems by breaking them
down into simpler steps.

It is applicable to problems exhibiting the properties of
overlapping subproblems” (>WP)



Balanced Parentheses Grammar

Original grammar G
S2>“1(S)|SS

Modified grammar in Chomsky Normal Form:
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ldea How We Obtained the Grammar
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Chomsky Normal Form transformation
N, -2 ) can be done fully mechanically



Dynamic Programming to Parse Input

Assume Chomsky Normal Form, 3 types of rules:
S>“|S (only for the start non-terminal)
N 2>t (names for terminals)
N; 2 N, N, (just 2 non-terminals on RHS)

Decomposing long input: N.
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Parsing an Input
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Algorithm Idea

S >89
W, — substring from p to g

d q all non-terminals that

P
could expand to Woq
Initially d_ has N,

key step of the algorithm:

if X=2>YZ isarule,
Yisind,, ,and
Zisind .y,

then put Xinto d

(b r<aq),
in increasing value of (g-p)
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Algorithm

INPUT: grammar G in Chomsky normal form
word w to parse using G

OUTPUT: true iff (w in L(G)) What is the running time
N=|w| as a function of grammar
vard: Array[N][N] size and the size of input?
forp=1toN{
d(p)(p) = {X | G contains X->w(p)} =
forgin{p+1..N}d(p)(a) ={}} O(N¢|)

fork=2to N // substring length

for p=0to N-k // initial position
forj=1tok-1//length of first half
val r = p+j-1; val q = p+k-1;
for (X::=YZ)inG
ifYind(p)(r) and Zin d(r+1)(q)
t d(Sp,)(q(}(B)czll(\lp)l()q) union {X}
e o I A Clcy e o)
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