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Introduction



What is a Puzzle?

"Puzzles are rule-based systems, like games, but the

goal 1s to find a solution, not to beat an opponent.”
Chris Crawford



Grid-Based Word Puzzles
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Erraten Sie alle senkrecht gesuchten Begriffe wie gewohnt. Der Pfiff liegt im Kénnen Sie die nachfolgenden Warter so in das Gitter einsetzen, dass sich »
Kreuzgitter: Den Standort der waagerecht gesuchten Worter miissen Sie ein volistandiges Ritsel ergibt?

Selbst herausfinden, die Abiragen stehen nicht in der richtigen Reihonfolge! Bilden Sie um die Textfelder sechsbuchstabige

Worter, die im Pfeilfeld beginnen und sich
in Pfeilrichtung drehen. Viel SpaB beim Raten!
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Zur Schnecke gemacht
orter beginnen bei einer Zahl und enden bei der
nachsten Zahl, sodass jeweils der Endbuchstabe gleich-
zeitig der Anfangsbuchstabe des folgenden Wortes ist.
Das letzte Wort endet am Schneckenkern. Die unterleg-
ten Felder ergeben - von auBen nach innen gelesen -
die Schlusslésung.
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Spruch gesucht

Wenn Sie richtig geraten haben, ergibt
sich ein Spruch aus den gelb unterleg-
ten Feldern. Also dann: Viel SpaB!

Wir haben 31 Begriffe in diesem Buchsta-
ben-Wirrwarr versteckt. Die Worter konnen
in jede Richtung laufen, auch diagonal,
riickwarts oder von unten nach oben.
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Three stages in Puzzle Creation

1. Text and Vocabularies
2. Generating Puzzles
e Placing words
e Generating grids
e Filling empty grids
e Assigning clues
3. Quality Assurance



Problem Statement



Use Case

Microservice

Puzzle Editor Algorithm - Cloud



Requirements
by Krupion GmbH
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Requirements

Vocabularies

Company Mom
Medical X
Austria Mother

40 - 40.000
Words
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Requirements
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Domain Expert Approved




Constraint Programming:

Excellent Results
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Neural Networks:

Unsuitable
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Neural Networks:

Unsuitable

EE 1) & (1B

No Vocab No Variable Not Accurate Too Much
Encoding Size Output Enough Data Needed




NN vs. GSP
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Blackbox Set of Rules




Choosing the right model




Choosing the right method




tvaluation



Neural Networks
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Autoencoded Puzzle

97.84% Accuracy
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Color represents word



Autoencoded Puzzle

99.88% Accuracy
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No Autoencoded Vocabulary
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Constraint Satisfaction
Programming
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Vocabulary Evaluation

Word Length Distribution of defferent WVocabularies Boxplot
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Ostseebdder Vulkane  Stadtetour FaraderolldPromiz mit B Skat vi24  Bewerbun@ewerbung +

some short
vocab
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Vocabulary Evaluation

Word Length Distribution of defferent Vocabularies Violinplot
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Constraint Satisfaction
Programming



parser.a
parser.a

parser.a

parser.a
parser.a

parse =inputs.boolean)

save_images(

collection.js » .
gri .grids:
grid.draw(nane=grid,

aticmethod

save_grid_images(path, generated_grids):

grid

tic
GridExtractor

prepare_for_json(args, generated_grids):

GridGenerator

grids = []
ol allb grid generated_grids:
n, vocab, lookup, grid_xml = grid.to_xml(
grids.append({
d.uuid
grid_

grid.solution_fields
grid. solution_length_deviation,
grid.positions_total
grid.position_length_count
grid.orientation_count

grid.

grid.orientation_distril

2855 1645 615 258 Blocks Maintainab.
SLOC CLOC McCabe IlowCC of A
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Initial Intuition
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Initial Intuition
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GridGenerator

and
GridFiller



GridGenerator
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GridGenerator
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GridGenerator
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GridGenerator
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GridGenerator
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GridGenerator
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GridGenerator

OXX=
"

. O0nhn' U O
. v Y O

T Q

a
@ = - X a3
a“ﬂ’3—§m -

x

> C
- o 5 TS o

0 —



GridFiller
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GridFiller
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GridFiller
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GridFiller
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GridFiller
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GridFiller
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GridFiller
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GridFiller
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GridFiller
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GridFiller
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GridFiller
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WordSearchAlgorithm

Analyse Vocabulary

GridGenerator GridFiller




Neural Networks

Autoencoders

e
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Neural Networks

Sparse Autoencoders
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Data Representation

Word 1@Word 1 jWord 1
Letter jLetter jjLetter

65



Data Representation

Word 1@Word 1 jWord 1
Letter jLetter jjLetter
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Data Representation

Word 1@Word 1 jWord 1
Letter jLetter jjLetter
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Training Data

B B

424 Handmade 40.000 CSP Generated
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Experiments

model, history = do_it( ® Automated

train data=config[ 'data'],

model=config[ ‘'model’ ],

restore best weights=config['restore best weights'], o H y p e r p a ra m ete r
optimizer=config[ 'optimizer'],

loss=config[ 'loss'],

epochs=300, Sea rCh

batch size=config['batch size'],

metrics=config[ 'metrics'],

es_patience=config['es_patience'] o > 21 ArChIteCtu Fes

)

models.append (model)

histories.append(history) ® > 9 O pti m i Ze rS

bot.send message(chat id=CHAT ID, text=message)

e > 17 Loss Functions
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Loss and Accuracy

-=- Taining Accurac

Epoch

Loss and Accuracy

Epoch

Loss and Accuracy

Leaming Rate

Epoch



input_3: InputLayer

input: | [(?, 12, 15, 3)]

output: | [(?, 12, 15, 3)]

Network Architecture

input: | (7,12, 15, 3) input: | (?, 12, 15, 3)
conv2d_18: Conv2D conv2d_21: Conv2D
output: | (?, 12, 15, 32) output: | (7, 12, 15, 32)
A J Y
input: | (7, 12, 15, 32) input: | (?, 12, 15, 32)
conv2d_19: Conv2ZD conv2d_22: Conv2D
output: | (?, 12, 15, 64) output: | (?, 12, 15, 64)
I ‘
input: (2, 12, 15, 64) input: (2, 12, 15, 64)
conv2d_20: Conv2D conv2d_23: Conv2D
output: | (7, 12, 15, 128) output: | (2,12, 15, 128)

/

add_2: Add

input: | [(2, 12, 15, 128), (2, 12, 15, 128)]

output:

@ 12, 15, 128)

~.

input: | (7, 12, 15, 128) input: | (7, 12, 15, 128)
conv2d_24: Conv2D conv2d_27: Conv2D
output: | (7,12, 15, 128) output: | (7, 12, 15, 128)
input: | (7, 12, 15, 128) input: | (7, 12, 15, 128)
conv2d_25: Conv2D conv2d_28: Conv2D
output: | (?, 12, 15, 64) output: | (?, 12, 15, 64)
l y
input: | (3, 12, 15, 64) input: | (7, 12, 15, 64)
conv2d_26: Conv2D conv2d_29: Conv2D
output: | (?, 12, 15, 32) output: | (7, 12, 15, 32)

o~

/

add_3: Add

input: | [(?, 12, 15, 32), (3, 12, 15, 32)]

output:

(2, 12,15, 32)

conv2d_30: Conv2ZD

input: | (?, 12, 15, 32)

output: | (?, 12, 15, 3)
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Take Home Message

=)

Modeling Method CSP NN
Important  important Works Unsuitable




What next?

e Blacklists
e Clue Assignment
e Syllable Puzzles



i

- Nice, you made it.

You solved the "Software Engineering and Management” puzzle!

The Result is:

Master of Science @ TU Graz

C Noch mal spielen .
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