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Overview

* Introduction
1. Whatis “Magic: The Gathering”
2.  Why build a deck-builder as a configuration system?

« Configuration
1. Feature model
2. CSP example

 Conclusion & Future Work
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Background

 Magic: The Gathering is a trading card game
* Released 1993

* This means each player has to build their own deck from
a very large collection of available cards (20k+)

» A deck is a configuration of cards that is used during the
game to draw cards from

« Many ways to play — This paper is focused on casual
,LCommander” play

« Cards can be bought online with prices between 0.01€ and

5,000€ il Creature — Human Shaman

* Most cards have unique effects d . : g
] ) ) ] ' en Eternal Witness enters the :

» Effective decks must use a mixture of different kinds of | battlefield, you may return target card
. ) from your graveyard to your hand. |

effects to achieve their goal
.. . § She remembers every word spoken, from
e Thisis Conflgured the hero’s oath to the baby’s cry.
* Goal of this work = Improve the deck-building process using " L 2/1
a configuration system S
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Why Use A Configuration System For Deck-Building?

« User requirements for the functionality of a deck can be
represented by constraints

« Cards can be represented by features

« Deck generation is represented as a configuration
problem

» Fulfil as many constraints as possible while selecting the highest-
scoring card within each category

» Card scores can be defined by users or calculated from existing decks
« Easy to add additional requirements such as budget considerations

 Use EDHREC service for evaluating cards

« Analyses how likely a specific card appears in a specific deck
» Uses tens of thousands of uploaded decks

B Robert Tieber
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Simplified Feature Model

Standard

| Commander |

AR v

~

—_—

~ ~ lCard1| |Card2|| H Cardl,UOU| |Card1| |Card2|| || Card 80 | |Card1| |Card2||

Requires (both directions)

Features

 Format: For this work, always ,Commander®
e Commander: One card outside the deck

« Partner: Depending on ,Commander® -
Second commander card

e Card: 98..99 instances of cards with no
duplicates

| | Card 20,000 |

Constraints

« Commander feature is only selected if
Commander format is selected and vice
versa

« Partner is only available if Commander
has ,Partner” card text

« Cards are filtered by ,colors” of
Commander(s)
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Configuration Example

 In this example only 4 cards are available for deck-building for better understanding
 Deck size is reduced to 3 for the same reason
« The user has created two criteria

o FF={CardA, CardB, CardC, CardD}
e D = { dom(CardA) = {1,0}, dom(CardB) = {1,0},
dom(CardC') = {1,0}, dom(CardD) = {1,0}}
e CF={cp:Ycerc=3}
o CR=1{c1:Ycc{CardA,CardB,Cardc} € < 1,
C2 : Xee{CardB,CardC,CardD} € > 2 }

B Robert Tieber
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User Interface

« Select a “Commander” card and a “theme”

Commander BPD

|Lnr|:| Windgrace |

Card sources Criteria Land count

EDHREC - Lord Windgrace: Lands (2705 decks) Between 2 and 4 Creature with minimum mana cost of 5| 37 |
Add Add Max price

Max land price

Max value

Max land value
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User Interface

« Add criteria using the criteria editor

Min
2 |
Max
£5 |
Wttribute type
|F'|.r|d v|
Creature with minimum mana cost of 5
k1, k1,
Attribute type Attribute type
| Card of type - | Mana cost ~|
Card type Minimum mana cost
Creature 5 |

Maximum mana cost
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User Interface

« A deck configuration is generated
« Configurations with equal scores are shown as alternatives

Commanders Alternative 1 Alternative 2
Lord Windgrace +1 Golgari Rot Farm (16) [+1 Wood Elves (49)
Cards -1 Gruul Turf (16) -1 Into the North (49)
Land

1 Gruul Turf

1 Valakut Awakening
1 Field of the Dead

Mana increase
1 Into the North
1 Rampant Growth
1 Field of the Dead
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User Interface

 If a criteria can’t be fulfilled because of contradicting requirements or
budget restrictions the number of violations are minimized

 Criteria overview helps with configuration debugging

X Card Score Price

Cards

. Blightsteel Colossus 34 20006

Creatures with mana cost _:==5 Craterhoof Behermoth 17 226
T Kowold,_ Fae-Cursed King X Korvold, Fae Cursed King 1 Owned

Creatures with mana cost< 5 Archfiend of Despair 10 1213

1 Elvish Mystic Muxus, Gablin Grandee 0 49¢
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Future work

« Compare alternative optimization functions

« Automatic prediction of user preferences for individual cards
« Recommender system

« Support a wider variety of formats (ways to play)

* Improve usability for non-expert users
« Current version is intended to be used exclusively by trained expert users

* More intensive evaluation of the user Iinterface

B Robert Tieber
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Conclusions

* Non-traditional configuration task implemented as configuration system

« Use crowd sourced feature evaluation data for better user experience
+ EDHREC

« Formulated as an optimization problem to automatically choose
configurations

« Soft constraints to give better feedback
* Decrease deck building time compared to manual work

B Robert Tieber
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Thank You!

B Robert Tieber

13



Institute for Software Technology . Grazm

References

[1] S. Bjgrke and K. Fludal, Deckbuilding in Magic: The Gathering Usinga Genetic Algorithm, Master’s thesis, NTNU, 2017.

[2] A. Falkner, A. Felfernig, and A. Haag, ‘Recommendation Technologiesfor Configurable Products’, Al Magazine,32(3), 99-108, (2011).
[3] A. Felfernig, L. Boratto, M. Stettinger, and M. Tkalcic,Group Recom-mender Systems, Springer, 2018.

[4] A. Felfernig, L. Hotz, C. Bagley, and J. Tiihonen, Knowledge-basedConfiguration - From Research to Business Cases, Elsevier, 2014.

[5] A. Felfernig, M. Jeran, T. Ruprechter, A. Ziller, S. Reiterer, and M. Stet-tinger, ‘Learning Games for Configuration and Diagnosis Tasks’,
in17th International Configuration Workshop (ConfWS’15), 1453, Vienna, Austria, (2015). CEUR.

[6] A. Felfernig, V.M. Le, A. Popescu, M. Uta, T.N.T. Tran, and M. Atas,’An Overview of Recommender Systems and Machine Learning in Fea-
ture Modeling and Configuration’, 15th Intl. Working Conference onVariability Modelling of Software-Intensive Systems (VaMoS’21), pp.1—
8, Virtual, Krems, Austria, (2021). ACM.

[7] A. Felfernig, M. Schubert, and C. Zehentner, ‘An Efficient DiagnosisAlgorithm for Inconsistent Constraint Sets’, AIEDAM,26(1), 53—62,(2012).
[8] Y. Koren, R. Bell, and C. Volinsky, ‘Matrix Factorization Techniques for Recommender Systems’, IEEE Computer,42, 30-37, (2009).
[9] S. Larabee, T. Elliott, G. Duggan, and S. Menery. Commander Rules —Official Commander Website, 2021.

[10] V.M. Le, A. Felfernig, M. Uta, D. Benavides, J. Galindo, and T.N.T.Tran, ‘DIRECTDEBUG: Automated Testing and Debugging of
FeatureModels’, in 43rd Intl. Conference on Software Engineering (ICSE’21),pp. 81-85, Virtual, (2021). IEEE.

[11] T. Machado, D. Gopstein, A. Wang, O. Nov, A. Nealen, and J. Togelius,'Evaluation of a Recommender System for Assisting Novice Game
De-signers’, inAAAI Conference on Artificial Intelligence and InteractiveDigital Entertainment, volume 15, pp. 167-173. AAAI, (2019).

[12] R. Reiter, ‘A Theory of Diagnosis from First Principles’,Artif. Intell.,32(1), 57-95, (1987).
[13] M. Stumptner, ‘An overview of knowledge-based configuration’, AlICommunications,10(2), 111-125, (1997).
[14] E. Tsang,Foundations of Constraint Satisfaction, Academic Press,London, 1993.

[15] M. Uta, A. Felfernig, V.M. Le, A. Popescu, T. Tran, and D. Helic,'Evaluating Recommender Systems in Feature Model Configuration’, 25th
ACM Intl. Systems and Software Product Line Conference (SPLC’21), Leicester, UK, (2021). ACM.

[16] C. Ward and P. Cowling, ‘Monte Carlo Search Applied to Card Selec-tion in Magic: The Gathering’, in2009 IEEE Symposium on
Computational Intelligence and Games, pp. 9-16. IEEE, (2009).

B Robert Tieber




