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Motivation: (word) puzzles – many exciting applications.

Goal: automated word puzzle generation.
Method with 3 general components:

1 unlabeled document collection (corpus),
2 topic model→ topic dictionary,
3 semantic similarity of word pairs.

Illustrations.
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Puzzles

Many exciting potentials [Verguts and Boeck, 2000]:
to test/improve skills:

IQ test: odd one out puzzle [Carter, 2005],
language skills, verbal aptitude,
TOEFL: multiple-choice synonym questions.

in game content generation (computer-, video games).
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Generating Puzzles – Challenges

Generating/maintaining puzzles: challenging + expensive.
Central problem:

Variety (odd one out puzzles):
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B. Pintér, Gy. Vörös, Z. Szabó, A. Lőrincz Automated Word Puzzle Generation via Topic Dictionaries



Generating Puzzles – Challenges

Generating/maintaining puzzles: challenging + expensive.
Central problem:

Variety (odd one out puzzles):
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Generating Puzzles – Challenges-2

Languages are continuously changing (word puzzles):
new words are created (e.g., on blogs),
existing ones get new meanings (‘chat’),
words go out of common use (‘videotape’).

Automated generation schemes:
∃ in quite special cases: sudoku, mazes on chessboards, . . .
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Generating Puzzles – Challenges-2

Languages are continuously changing (word puzzles):
new words are created (e.g., on blogs),
existing ones get new meanings (‘chat’),
words go out of common use (‘videotape’).

Automated generation schemes:
∃ in quite special cases: sudoku, mazes on chessboards, . . .
could be of considerable benefit.
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Word Puzzles

Automated generation of word puzzles: novel field.
[Colton, 2002]:

special puzzles,
based on highly structured datasets,
requires serious human annotation effort!
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Our Contributions

We present an automated word puzzle generation method
based on 3 general components [Pintér et al., 2012]:

1 simple document collection (corpus),
2 topic model (LSA, LDA, SDL, . . . ),
3 semantic similarity of word pairs.

Capable of generating puzzles of many different types:
odd one out, choose the related word, separate the topics.

Can create domain-specific puzzles (replace the corpus).

Parameterizable levels (beginners, . . . ).

B. Pintér, Gy. Vörös, Z. Szabó, A. Lőrincz Automated Word Puzzle Generation via Topic Dictionaries



Puzzle Generator – High-Level View

Three steps:

1 Corpus (X)
topic model
−−−−−−−→ Topic dictionary: sets of words (D).

2 Topics (D)
discard junk topics
−−−−−−−−−−−→ Consistent sets of related words (C).

3 Consistent Sets (C)
add dissimilar items (e.g., words)
−−−−−−−−−−−−−−−−−−−→ Puzzles.
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Step-1 (Corpus→ Topic Dictionary)

Corpus: X = [x1, . . . , xM ] ∈ R
N×M .

Documents: xm ∈ R
N = weights assigned to words.

Topic model (T)⇒ dictionary D = T(X) = [d1, . . . , dK ] ∈ R
N×K .

Examples:
LSA [Deerwester et al., 1990]: X = USVT (SVD) 7→ D = U.
SDL (structured sparsity: [Baraniuk et al., 2010, Bach et al., 2012]):

min
D

1
M

M
∑

i=1

min
αi

[

1
2
‖xi − Dαi‖

2
2 + κΩ(αi)

]

. (1)

LDA [Blei et al., 2003]: dis with Dirichlet prior 7→ D.
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Step-2 (Topics→ Consistent Sets)

We keep only the k most significant words of dis (mi ).

Can still contain junk topics (not related words)
[Alsumait et al., 2009].

Goal: determine the consistency of the mi sets.

A word weakly connected to the others: ambiguous puzzle.

Consistency: ⇐ word least related to the others.
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Step-2 (Topics→ consistent sets)

Semantic relatedness of words (w , w ′), we use ESA
[Gabrilovich and Markovitch, 2009]:

sww ′ = cos(ϕESA(w),ϕESA(w ′)). (2)

=tfidf similarity based on Wikipedia articles.
Not perfectly accurate:

false positives (negatives): high (low) estimated similarity.
false negatives: requiring all word pairs to be related 6=
good criteria.
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Step-2 (Topics→ Consistent Sets)

DEF: Set m is consistent, iff

min
(i ,j)∈m×m,i 6=j

sim(i , j) := max
path(i ,j)∈G:=(m, S|m)

min
e∈path(i ,j)

se > δ. (3)

In words:

Robustness to false negatives: all paths (maxpath(i ,j)),

Robustness to false positives: minimum relatedness
(mine se),

Two most dissimilar words in the set: (mini 6=j sim(i , j)).

Computation: unique path in the maximal spanning tree of G
[Jungnickel, 2007].
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Step-2 (Topics→ Consistent Sets) – Example
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Left: highly consistent set (∀ ↔ ‘vote’).

Center: consistent set; scare,treatment < expected, the
method is robust.

Right: inconsistent set; ‘class’ 6↔ others.
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Step-3 (Consistent Sets→ Puzzles)

Example (Odd one out puzzle):

Input: consistent sets C, minimal (maximal) relatedness to
consistent sets η1 (η2)
for all C ∈ C do

repeat
select random word w
σ ← maxt∈C swt % max. relatedness of w to C

until η1 < σ < η2

output (C, w) puzzle
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Illustration: Number of Consistent Sets

Methods (T): LSA, LDA, OSDL [Szabó et al., 2011].

Corpora (X): Wiki (M = 10, 000), NIPS (M = 1, 740).

Size of consistent sets: k = 4; dictionary size: K = 400.
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LDA ≈ OSDL≫ LSA. Wiki≫ NIPS (larger corpus). δ = 0.1.

B. Pintér, Gy. Vörös, Z. Szabó, A. Lőrincz Automated Word Puzzle Generation via Topic Dictionaries



Illustrations: Odd One Out Puzzles - Beginner
(η1 = 0.005, η2 = 0.02)

Consistent set of words Odd one out

vote election candidate voters sony
church orthodox presbyterian evangelical buddhist
olympic tournament world championship acid
austria german austrian vienna scotland
devil demon hell soul boat
harry potter wizard ron manchester

superman clark luthor kryptonite division
magic world dark creatures microsoft
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Illustrations: Odd One Out Puzzles - Intermediate
(η1 = 0.1, η2 = 0.2)

Consistent set of words Odd one out

cao wei liu emperor king
superman clark luthor kryptonite batman

devil demon hell soul body
egypt egyptian alexandria pharaoh bishop
singh guru sikh saini delhi

language dialect linguistic spoken sound
mass force motion velocity orbit
voice speech hearing sound view

athens athenian pericles corinth ancient
function problems polynomial equation physical
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Summary

Automated word puzzle generation framework, 3 pillars:
1 simple document collection (corpus),
2 topic model→ topic dictionary,
3 semantic similarity of word pairs.

The generated puzzles can be:
of many different types,
domain-specific,
of different levels (beginners, . . . ).

Novel application of group-structured dictionaries.
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Thank you for the attention!
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