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Prototype-based Machine Learning Models

[1] Li, Oscar, et al. "Deep learning for case-based reasoning through prototypes: A neural network that 
explains its predictions." AAAI 2018. [2] Chen, Chaofan, et al. "This looks like that: deep learning for interpretable image recognition." NeurIPS 2019.

[3] Rymarczyk, Dawid, et al. "Protopshare: Prototypical parts sharing for similarity discovery in 
interpretable image classification." SIGKDD 2021.

[4] Nauta, Meike, et al. "Neural prototype trees for interpretable fine-grained image recognition." CVPR 2021.
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Prototypes

“A Prototype is an object that is representative of a set of similar 
instances and is part of the observed points, or it is an artifact 
summarizing a subset of them with similar characteristics” 
[5] Guidotti, Riccardo, et al. "A survey of methods for explaining black box models." CSUR 2018.

[1] Li, Oscar, et al. "Deep learning for case-based reasoning through prototypes: A neural network that explains 
its predictions." AAAI 2018. [2] Chen, Chaofan, et al. "This looks like that: deep learning for interpretable image recognition." NeurIPS 2019.

Data points

Prototypes
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Aim:
Explain recommendations of matrix 

factorization approaches using item and 
user prototypes.
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The input user         and input item         are a 
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Prototyped-based Matrix 
Factorization (ProtoMF)
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Matrix Factorization

[6] Koren, Yehuda, et al.. "Matrix factorization techniques for recommender systems." Computer 2009.
[7] Rendle, Steffen, et al. "BPR: Bayesian personalized ranking from implicit feedback." UAI 2009.
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User Prototype Matrix Factorization (U-ProtoMF)
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Item Prototype Matrix Factorization (I-ProtoMF)
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User-Item Prototype Matrix Factorization (UI-ProtoMF)
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Experiment Setup

■ Datasets:
■ MovieLens-1M [8]
■ LFM2B-1Month [9]
■ Amazon Video Games [10]
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■ Baselines:
■ Matrix Factorization [6]
■ Representative-based Matrix Factorization [11]
■ Anchor-based Collaborative Filtering [12]

[8] Harper, F. Maxwell, and Joseph A. Konstan. "The Movielens Datasets: History and Context." TIIS 2015.
[9] Schedl, Markus, et al. "LFM-2b: A Dataset of Enriched Music Listening Events for Recommender Systems Research and Fairness Analysis." CHIIR 2022.

[10] McAuley, Julian, et al. "Image-based Recommendations on Styles and Substitutes." SIGIR 2015.
[6] Koren, Yehuda, et al.. "Matrix factorization techniques for recommender systems." Computer 2009.

[11] Liu, Nathan N., et al. "Wisdom of the better few: cold start recommendation via representative based rating elicitation." RecSys 2011.
[12] Barkan, Oren, et al. "Anchor-based collaborative filtering." CIKM 2021.

■ NDCG and Hit Ratio at 5, 10, 50.
■ Statistical tests assessing the improvements.
■ Extensive hyperparameter optimization.



Evaluation Results (@10)
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Explaining UI-ProtoMF Recommendations
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Thank you for your attention!
Code, dataset splits, and more are hosted on 

https://github.com/hcai-mms/ProtoMF
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