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- Spotify

- Factorization Machine

- Epsilon-greedy

- IPS(inverse propensity score)



Factorization Machine



Collaborative filtering perpetuates the Pareto principle



Standard collaborative filtering methods are
limited because they can only exploit or ignore



Exploration-Exploitation Policy & Propensity Scoring



Let’s restart from the basic ideal of randomized controlled 
trials



Off-Policy Training

IPS(inverse propensity score)



Off-Policy Training



Causal Inference Recommendation Papers
● Schnabel, Tobias, Adith Swaminathan, Ashudeep Singh, Navin Chandak, and Thorsten Joachims. 

"Recommendations as treatments: Debiasing learning and evaluation." arXiv preprint arXiv:1602.05352 (2016).
○ Propensity-Scored Matrix Factorization (= IPS + MF)

● Liang, Dawen, Laurent Charlin, and David M. Blei. "Causal Inference for Recommendation." (2016).
○ IPS + MF

● Bonner, Stephen, and Flavian Vasile. "Causal embeddings for recommendation." In Proceedings of the 12th ACM 
Conference on Recommender Systems, pp. 104-112. ACM, 2018.

○ Criteo, MF + Counterfactural Risk Minimization(CRM)
● Gilotte, Alexandre, Clément Calauzènes, Thomas Nedelec, Alexandre Abraham, and Simon Dollé. "Offline A/B 

testing for Recommender Systems." In Proceedings of the Eleventh ACM International Conference on Web Search 
and Data Mining, pp. 198-206. ACM, 2018.

○ Criteo, IPS
● Joachims, Thorsten, Adith Swaminathan, and Maarten de Rijke. "Deep learning with logged bandit feedback." 

(2018).
○ Unbiased estimate of risk => IPS
○ Partian Information => Variacne Control
○ Propensity Overfitting => SNIPS(self-normalized IPS estimator)



Evaluating Online Metrics Offline



Off-Policy Risk Evaluation



Partial Information Empirical Risk Minimization



Variance Control



Problem: Propensity Overfitting



EQUIVARIANT COUNTERFACTUAL RISK 
MINIMIZATION



TRAINING ALGORITHM



More about causal inference
● Ryan Tibshirani's lecture notes on causal inference

○ http://www.stat.cmu.edu/~larry/=sml/Causation.pdf
● Hernán, Miguel A. and James M. Robins. 2012. Causal Inference. 

Forthcoming, Cambridge University Press.
○ https://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/

http://www.stat.cmu.edu/~larry/=sml/Causation.pdf

