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Computation Theory

• Pushdown automaton
• Context-free grammar

Chart parsing

• CYK
• Probabilistic CYK
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Pushdown automaton

q1start q2

q3q4

ϵ, ϵ→ $

1, 0→ ϵ

0, ϵ→ 0

ϵ, $→ ϵ
1, 0→ ϵ

A pushdown automaton is a 6-tuple (Q,Σ, Γ, δ,q0, F) such that:

1. Q Set of all states
2. Σ Input alphabet
3. Γ stack alphabet
4. q0 start states
5. F Set of final states
6. δ : Q× Σϵ × Γϵ → P(Q× Γϵ) Transitions
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Context-free grammar

A context-free grammar is a 4-tuple (V,Σ,R, S) where
1. V is a finite set called variables,
2. Σ is a finite set, disjoint from V, called terminals,
3. R is a finite set of rules, with each rules being a variable and a
string of variables and terminals, and

4. S ∈ V in the start variable

A context-free grammar is in Chomsky normal form if every rule is of
the form

1. A→ BC
2. A→ a

where a is any terminal and A,B and C are any variables (except start
variable).
In addition, we allow S→ ϵ, where S is the start variable
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CYK

for j← 1 to Length(words) do
for all {A|A→ word[j] ∈ Grammar} do

table[j− 1, j]← table[j− 1, j] ∪ A
end
for i← from j− 2 downto 0 do

for k← i+ 1 to j− 1 do
for all {A | A→ BC and B ∈ table[i, k] and C ∈ table[k, j]}
do
table[i, j]← table[i, j] ∪ A

end
end

end
end

• Why do we need to convert CFGs to Chomsky Normal Form?
• What are i, j, k representing?
• Time complexity of CYK?
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CYK - Exercise

Given following CFG

• S→ NP VP
• VP→ V NP | NP PP
• PP→ P NP
• V→ ′′saw′′ | ′′walked′′

• NP→ ′′John′′ | ′′Bob′′ | Det N | Det N PP
• Det→ ′′a′′ | ′′an′′ | ′′the′′ | ′′my′′

• N→ ′′man′′ | ′′cat′′ | ′′telescope′′ | ′′park′′

• P→ ′′on′′ | ′′by′′ | ′′with′′

Parse the following sentence using CYK

• ”a man saw john”
• ”an park by Bob walked an park with Bob”
• ”park by the cat with my telescope”
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Probabilistic CYK

A sentence may have several valid parsing trees

• Assign probs. to CFGs , then use product of them as probs. of
the parsing tree.

for j← 1 to Length(words) do
for all {A | A→ word[j] ∈ Grammar} do

table[j− 1, j, A]← P(A→ words[j])
end
for i← from j− 2 downto 0 do

for k← i+ 1 to j− 1 do
for all
{A | A→ BC ∈ grammar, and table[i, k,B] > 0 and table[k, j, C] > 0} do
if (table[i, j, A] < P(A → BC)× table[i, k,B]× table[k, j, C]) then

table[i, j, A]← P(A → BC)× table[i, k,B]× table[k, j, C]
back[i, j, A]← {k,B, C}

end
end

end
end
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CYK V.S. Viterbi

from exam paper 2016
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