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In this set of exercises, we will implement one (or more) of the stan-
dard context-free chart parsing algorithms (CKY or Earley parsers)
and experiment with it/them. You are encouraged to work in (small)
teams. TIP: You may want to skim through the

complete document before working on
the exercises.Exercise 1. Write a context-free grammar that can gen-

erate/recognize the following English sentences.

(1) a. I saw her duck
b. She saw the man
c. She saw the man with the telescope
d. I saw her duck with a telescope
e. A man saw her duck in the park

Make sure your grammar captures the (structural) am-
biguity, and the recursion present in the example sentences.
You can choose the phrase labels as you like, and you can
ignore the subcategorization (eg., transitivity of the verbs,
or difference between possessive and non-possessive pro-
nouns) for simplicity.

Exercise 2. Implement a chart parser, either CKY or Ear-
ley, and test with the grammar you defined above.

Make sure that the parser can produce all parses for
sentences like (2) below.

(2) I saw her duck in the park with a telescope

You can use any programming language you are com-
fortable with. You can also use example code from oth-
ers, but please make sure that you understand what you
are implementing.

You can find pseudocode and brief explanation of both
algorithms below.

1 The CKY algorithm

CKY (or CYK)1 is a bottom-up chart parser. The following is the 1 Kasami 1965; Younger 1967; Cocke and
Schwartz 1970.pseudo code for the CKY recognizer.
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Algorithm 1: The CKY recognition
algorithm (reproduced from Jurafsky
and Martin 2009, p.474).1: function CKY(words,grammar)

2: for j ← 1 to Length(words) do
3: table[j− 1, j]← {A|A→ words[j] ∈ grammar}
4: for i ← j− 1 downto 0 do
5: for k ← i+ 1 to j− 1 do

6:

table[i, j]← table[i, j] ∪ {A|A→ BC ∈ grammar and
B ∈ table[i,k] and
C ∈ table[k, j]

}
return table

The algorithm fills a chart (an upper triangular matrix) of the
form in Figure 1. The numbers in each cell represent the spans of
tokens in the input. The index variable i is the beginning index of
the corresponding span, and j is the end index of the corresponding
span. Indexes start from 0. Hence, j ranges from 1 to length of the
word (n), i ranges from 0 to j− 1. The algorithm announces success if
the complete span ([0,n]) includes the start symbol.
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Figure 1: CKY chart. The arrows
indicate the direction of processing in
the outer loops of Algorithm 1.

The diagonal is initialized (by line 3 in Algorithm 1) to sets con-
taining all possible POS tags of the words within the length-one
spans that each cell represents. For example, if the input started
(span [0, 1]) with word ‘duck’, the cell at the upper left corner would
contain {N, V}, as ‘duck’ can be a noun or a verb.

The innermost loop (line 5 in Algorithm 1) works because the
input grammar is in Chomsky normal form. Hence, the constituent
can only be a combination of two smaller spans, to the left or below
of the cell representing it. For example, the contents of cell [1,5] can
only be formed by combination of spans [1, 2]–[2, 5], [1, 3]–[3, 5] or
[1, 4]–[4, 5]. As a result, the innermost loop simply iterates over these
spans (which are on the same row/column with the target span).

As noted, the algorithm above is a recognition algorithm. To turn
it into a parsing algorithm, we need to augment the table entries to
include back links to the table entries from which they were created.
Once we have such an augmented table with the start symbol (S) in
[0,n], we can recover all production rules that lead to a particular S
by following these back links (with backtracking if needed).

2 The Earley algorithm

The Earley algorithm2 is another parsing algorithm that makes use of 2 Earley 1970.

dynamic programming. Unlike the CKY parser, the Earley algorithm
uses top-down (grammar-driven) predictions restricted by the input
string processed so far. It can also process arbitrary CFGs.
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The algorithm makes a single pass through the input string, stor-
ing the state at each position in a chart. The chart entries are associ-
ated with the input positions, and contain items or states which are
grammar rules augmented with a • ‘dot’ like

A→ α • β [i, j]

which indicates that the sentential form α spanning [i, j] is found in
the input. To confirm that there is a non-terminal (phrase) A starting
at i, we still need to confirm that β follows from j on. An item is said
to be complete if β is null, and it is predicted if α is null. Algorithm 2

presents a sketch of the Earley parsing algorithm.
Algorithm 2: The Earley recognition
algorithm (reproduced from Jurafsky
and Martin 2009, p.478).1: function Earley(words,grammar)

2: Enqueue((γ→ •S, [0, 0]), chart[0])
3: for i ← 1 to Length(words) do
4: for each state in chart[i] do
5: if Incomplete?(state) and

Next-Cat(state) is not POS then
6: Predictor(state)
7: else if Incomplete?(state) and

Next-Cat(state) is POS then
8: Scanner(state)
9: else

10: Completer(state)
return chart

11: procedure Predictor((A→ α • Bβ, [i, j]))
12: for each (B→ γ) in grammar do
13: Enqueue((B→ •γ, [j, j]), chart[j])

14: procedure Scanner((A→ α • Bβ, [i, j]))
15: if B ⊂ Parts-of-Speech(word[j]) then
16: Enqueue((B→ word[j]•, [j, j+ 1]), chart[j+ 1])
17: procedure Completer((B→ γ•, [j,k]))
18: for each A→ α • Bβ, [i, j] in chart[j] do
19: Enqueue((A→ αB • β, [i,k]), chart[k])

20: procedure Enqueue(state, chart-entry)
21: if state is not in chart-entry then
22: Push(state, chart-entry)

The algorithm has three components. The Predictor produces
possible rules that may follow at the given position. The Scanner

is applied if the following category is a POS tag, and if the POS tag
is applicable to the word at the corresponding position. It adds a
completed entry to the chart associated with next position. The Com-
pleter takes a completed item at span [j,k]. It finds items from
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chart[j] that include the completed item on the immediate right side
of the ‘dot’, advances their dot, and adds to chart[k].
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