
HW 11 Solutions 

ATTRIBUTION: PROBLEM 1.2 CITES PROF. ERIC XING’S LECTURE NOTES FROM HIS 

PROBABILISTIC GRAPHIC MODELS CLASS (10-708). 

http://www.cs.cmu.edu/~epxing/Class/10708-14/scribe_notes/scribe_note_lecture11.pdf, WHICH 

PROVIDES INTRODUCTION AND DETAILED DERIVATIONS OF STATE SPACE 

MODELS AND KALMAN FILTERING WITH ILLUSTRATIVE EXAMPLES. 

 

 

1 Hidden Markov Model (HMM) v.s. Linear Gaussian State Space Models (SSM) 

1.1 Forward Inference for HMM 

 

 

http://www.cs.cmu.edu/~epxing/Class/10708-14/scribe_notes/scribe_note_lecture11.pdf


1.2 Kalman Filtering for SSM 

State Space Models 

 

 
 

 
 

 

 

 

 



Kalman Filtering 

 
Derivation 

 

 



Predict Step 

 
 

Update Step 

 
 

 

 

 

 



Complexity 

 
 

 



2 Collaborative Filtering 

2.1 Cold Start Problem 

When new users or items come in, their corresponding rows added to the matrix are extremely sparse, 

leading to very poor item-item associations and user-user associations generated using matrix 

factorization methods. Some methods that use SVD will fail miserably if no information from the new 

user is known. This will become a problem when recommending new items to old users, 

recommending old items to new users, or recommending new items to new users, which is a major 

issue when starting a whole new recommender system. 

 

 

2.2 Strategies 

 

Utilizing Meta Information 

 Park, Seung-Taek, and Wei Chu. "Pairwise preference regression for cold-start 

recommendation." Proceedings of the third ACM conference on Recommender systems. ACM, 

2009. 

 

Content-driven Filtering methods can be used jointly with model based methods. 

 Melville, Prem, Raymond J. Mooney, and Ramadass Nagarajan. "Content-boosted collaborative 

filtering for improved recommendations." AAAI/IAAI. 2002. 

 Schein, Andrew I., et al. "Methods and metrics for cold-start recommendations."Proceedings of 

the 25th annual international ACM SIGIR conference on Research and development in 

information retrieval. ACM, 2002. 

 

 

Customized Aspect Models and Flexible Mixture Models provide smoothed solutions with prior 

distributions. 

 Si, Luo, and Rong Jin. "Flexible mixture model for collaborative filtering." ICML. Vol. 3. 2003. 

 

Active Learning: solicit ratings from the new users 

 Jin, Rong, and Luo Si. "A bayesian approach toward active learning for collaborative 

filtering." Proceedings of the 20th conference on Uncertainty in artificial intelligence. AUAI 

Press, 2004. 


