
Learning meta-features
from _________ cards.

Cory Bennett, Murtaza Husain



● Our dataset contains card data (text, stats) as well as role tags from Magic: 
The Gathering cards

● In this project, we want to explore how to cluster cards conceptually.
We expect that assigning conceptual tags to cards will be allow for effective 
clustering into different game features and strategies.

● Our clusters will be evaluated using metrics such as silhouette scores, 
accuracy, precision, and recall. This is possible because a subset of cards 
comes with tags, meaning we can evaluate the results by comparing learned 
groupings vs known groupings. We generally expect the model will work 
well considering the many different groupings that exist for strategies and the 
high quality of the dataset.

Overview



Datasets



Project Datasets
Card dataset (30,837 rows x 3 columns)

Tag dataset (2,257 rows x 3 columns)

Card text 
represents 
mechanics 
and abilities.

Other tags are categorical and 
contain descendants, like “burn” 
contains sub-tags “burn-player”, 
“burn-creature”, “burn-any”, etc.

Some describe non-text features.

Tags describe game concepts and strategies.

Each tag contains a set of tagged cards as examples.



Card Embeddings - Generation Process
Card dataset (30,837 rows x 3 columns)

New Features

BAAI/bge-large-en-v1.5

Embedding Model
(batch size 64)

Card Metadata

Card text 
represents 
mechanics 
and abilities.

Learned embeddings capture only 
semantic information of the card text. 
The model has no understanding of the 
game rules, keywords, or concepts.

We want to learn this from the tag dataset.



Tag Embeddings - Generation Process
Card embeddings (30,837 rows x 1027 columns)

Average
100 random 
tagged card 
embeddings.

Produces 
tag-centroid 
embeddings.

Tag embeddings (2,257 rows x 1026 columns)

New FeaturesTag Metadata



Data Cleaning



Tag ngrams (30,837 rows x 1027 columns)

Tag Embeddings - Feature Selection



After Filtering

644 tags

Before Filtering

2,257 tags

Tag Embeddings - Data Filtering



Dimensionality
Reduction



Tag Embeddings - UMAP Projection
Global Structure

Frame 3

Local Structure



Clustering



Mini-Batch KMeans Clusters

n_clusters=19



Spectral Clusters

n_clusters=25



HDBSCAN Clusters

n_clusters=10

17-25 clusters

9-10 clusters



Mini-Batch KMeans Clusters - Prediction

n_clusters=19



Spectral Clusters - Prediction

n_clusters=25



HDBSCAN Clusters - Prediction

n_clusters=10



Results



Clustering Results Comparison



Overall we found good diversity of features in the tag clusters with high 
coherency with the card embeddings. 

Comparing the ground truth labels to our predictions, the clusters learned from 
our models are also very consistent semantically. We saw a large improvement in 
the dataset quality after filtering, which after inspecting these results visually, 
gave us good confidence into the quality of these tags.

We found that these tags effectively explore the concept space of the card 
dataset, and the clustering results showed that these tags are well enough 
separated to make accurate predictions.

Summary



Card and tag data provided courtesy of Scryfall and the Tagger project:
● https://scryfall.com/docs/api/cards
● https://scryfall.com/docs/tagger-tags

Embedding model provided by the Beijing Academy of Artificial Intelligence (BAAI) on Hugging Face:
● https://huggingface.co/BAAI/bge-large-en-v1.5

Libraries used:
● pandas for data manipulation and analysis.
● numpy for high-dimensional numerical computations.
● matplotlib  and seaborn for data visualization.
● sklearn for clustering methods, metrics, and similarity functions.
● hdbscan for the HDBSCAN hierarchical clustering algorithm.
● umap-learn for UMAP dimensionality reduction.
● emblaze for interactive embedding visualization.

Model training and inference code available on GitHub:
● https://github.com/videre-project/mlm
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Tag Embeddings - UMAP Projection (Random Initialization)

Using Cosine Distance Metric



Tag Embeddings - UMAP Projection (Spectral Initialization)

Using Cosine Distance Metric



Mini-Batch KMeans Clusters - Embedding Spaces

n_clusters=19



Spectral Clusters - Embedding Spaces

n_clusters=25



HDBSCAN Clusters - Embedding Spaces

min_cluster_size=12


