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Collectible Card Games (CCG), also called a Trading Card Games
(TCG), are games played with specially designed sets of cards.

= They’ve been around for over 20 years (since 1993 when
Magic: the Gathering was introduced).

= The most popular games have millions of players across
the globe, including its physical and digital versions.

= Recent trend in academic papers.
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Most CCG follow a similar design choice of integrating some source
of resource to balance cards. Strong cards with powerful effects
require more resource while weaker ones require less.

Hearthstone: crystals.

Pokemon TCG: energy.

Yu-Gi-Oh! TCG: sacrificing monsters.
Magic: the Gathering: mana.
Gwent: provisions.

etc...
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The oldest title: Magic

In this work, we will mainly focus on Magic: the Gathering.

Number of cards of each mana cost released by Year
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Anatomy of a Magic card

Mana cost

Mana is the main resource in the game, produced by Land cards. The symbols in the card's upper right corner indicate the costto
use this card. If the mana cost reads 3@, you pay three mana of any kind plus one red mana to cast this card

Card name

Card type

Tells you the card's type (Land,
Enchanrment, Instent, Credature,
Sorcery, Artifact or Planeswalker).
If it has a subtype, its also listed.
For instance. Paragon of Fierce
Defiance is a Creature card which
also has Human Warior as
subtype.

L

Paragon of Fierce Defiance 3

Text box

Describe the card's abilities and
special effects. Some abilities have
italic reminder text to help explain
what they do.
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— Human Warrior

Other red creatures you control get
: +1/+1.

@, o Another target red creature

you control gains haste until end of
i turn. (It can attack and © this turn.)

158/269 U
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Expansion

Indicates which set the card is from as
well as its rarity. Black symbols stand
for common cards, silver for
uncommens, gold for rares and
orange from mythic rares. This
version of Paragon of Fierce
Defiance belongs to Magic 2015 core
set an is an uncommon card.

Power and Toughness
Creature cards have an extra special
box describing its power and
toughness. A creature’s power
indicate how much damage it deals in
combat. Its toughness, on the other
hand, indicates how much damage it
can sustain m a single tum before
being destroyed.
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Counter target spell.

Fendros gasped as he wartched the spell
drip from the ends of his fingers. He moved |
his foot, afraid to disturb the spot where it |
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Overshadowed cards

Introduction

Counter target spell.

Fendros gasped as he wartched the spell

drip from the ends of his fingers. He moved |
his foot, afraid to disturb the spot where it
lay slain.

Instant

| Counter target spell. Sery 1. (Look at
| the top card of your library. You may put

that card on the bottom of your library.)
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Overshadowed cards

i 3 ®%: Monstrosity 1. (If this creature
isn’t monstrous, put a +1/+1 counter on
it and it becomes monstrous.)

Fll the flock. J As long as Fleecemane Lion is
B monstrous, it has hexproof and
| indestructible.

220/249 U
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Overshadowed cards

Sorcery j{\ Sorcery

< Destroy target land.
Destroy target land.

; 3 ] “The kami struck with gouts of fire, showers
““Utterly’is my favorite way to destroy of rock, and the combined rage of the spirit
something.” : [ world. Only Eiganjo Castle remained
4 __Chandra Nalaar ¥ " standing, glistening untouched in the sun.”
—The History of Kamigawa
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Similar yet different cards

Before starting to address what is balanced or unbalanced, we
need to know what is appropriate.

There are dozens of different abilities which lead to exponential
combinations of effects. And we still need to take into account
different card types and colors. And there are nearly 20000 printed
cards to take into consideration.

It becomes unfeasible to ask a human devise a set of rules to
properly quantify the mana cost of a card. However, this can be
solved though machine learning.
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Similar yet different cards

i ‘“A GATHERER
AGIC

THE GATHERING SIMPLE SEARCH | ADVANCED SEARCH | RANDOM CARD

SEARCH:

Search Criteria

his foot, afraid to disturb the spot where it [
lay slain.

Introduction 9/21



Proposed Approach
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= We want to perform a classification task over Magic cards
with its mana cost being the target class.o

= However, maybe the most important feature is not a
numeric one: the card’s effect.

= Solution: learn a vector representation of each card’s text.
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Representation learning

LSTM output (learnt representation)

— Embeddings output
—> Classifier Output @ Probability Vectors
----- > Hidden State of LSTM T
Dense layer { Classifier
"""" > B g Forward LSTM

bi-LSTM layer

Backward LSTM

Embedding layer
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Classification

= Feed the LSTM intermediary output to another model
alongside the remaining features.

= Howeuver, categorical features are too sparse and make
any feasible learning a challenging task.
* Solution: compress these features using node
embeddings.
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Node Embeddings
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Node Embeddings
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Node Embeddings
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Main questions to be answered

1.

Experiments

In collectable card games, how well can a card’s resource
cost be predicted from its features?

Does the usage of latent outputs as inputs to other
models exceed a typical end-to-end network?

. What is the impact of modeling sparse categorical

features as node-embeddings?

. Given collectable card games features, can we exploit

some sort of inherent pattern?

What is the impact of allowing the model to abstain from
giving a doubtful prediction?

What is the impact of specializing in the most difficult
parts of the problem?
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Main questions to be answered

2. Does the usage of latent outputs as inputs to other
models exceed a typical end-to-end network?

3. What is the impact of modeling sparse categorical
features as node-embeddings?

5. What is the impact of allowing the model to abstain from
giving a doubtful prediction?
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Overall performance

Node-embeddings Many-hot encoded

ACC MRR ACC MRR
MLP (numeric) .2031 .5012 .0941 .2634
XGBoost (numeric) .5955 .6921 .5599 .6587
LSTM (text) - - .6404 .7655
LSTM-XGBoost (text) - - .6102 7112
LSTM+MLP .5954 .71344 5913 1342
LSTM-MLP .5898 7314 .5891 .7299
LSTM-XGBoost .6841 .8064 .6582 1766
Random 1250 .3398
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LSTM-XGboost confusion matrix

Confusion Matrix for LSTM-XGBoost

ACC : 0.6841 MRR : 0.8064
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SHAPley values

Power

Types(Land)
Toughness
Legality(vintage)
Legality(pauper)
TextRep (Dim-134)
TextRep (Dim-149)
TextRep (Dim-035)
TextRep (Dim-131)
Types(Sorcery)
Colorless

TextRep (Dim-013)
Rarity(Common)
TextRep (Dim-133)
TextRep (Dim-059)

X B Mana 1
TextRep (Dim-028) B Mana 6
TextRep (Dim-135) - Mana;
- M
TextRep (Dim-098) - 7
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TextRep (Dim-021) = Mana 4
B Mana 0
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Experiments

mean(|SHAP value|) (average impact on model output magnitude)
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Performance while abstaining

Confusion Matrix for LSTM-XGBoost (0.5 certainty)

Macro-ACC : 0.8011 Micro-ACC :0.9012
Macro-MRR : 0.8692 Micro-MRR : 0.9385
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Closing Thoughts

= We proposed a novel approach to dealing with the task of
recommending mana costs for “Magic: The Gathering”
cards.

= This has never been done before.

= We present several arguments that corroborate with the
hypothesis that it is possible to learn useful general
features that explain a card’s mana cost.

= MRR of 0.8064 in regular circumstances, can go higher
under some constraints.

* Theinstances that the model miss classify the inputs
might not be “true errors”
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Thank you!

Coincrapel

{(Lishwning Bolc

e target spell
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bl o dcas 2 damags to arge creature
Lightning Bolt deals 3 damage [ o e e

o target creature or player:

o

7o

Predicted mana cost: 1 Predicted mana cost: 1  Predicted mana cost: 2 Predicted mana cost: 2

Predicted mana cost: 1

[Angel of Mercy r3 Aven Cloudchaser a#)
4|
[ CETESr ) (Creature —Bird Soldier W),
Flying (This creatue can't b bocked Fiying (Ths s can', b Hocked
except by ereanures oith flying,) except by ereasures oih i)
When Angel of Merey comes into T v Eliiine s e
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e ey 22 )

Predicted mana cost: 5 Predicted mana cost: 4

Conclusions
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