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Probabilistic	and	 logical	reasoning	are	 the	cornerstones	of	many	developments	
in	artificial	intelligence.	Over	the	past	20	years,	there	has	been	a	lot	of	attention	
to	combining	these	two	forms	of	reasoning.	This	has	resulted	in	a	rich	variety	of	
representations,	 languages	 and	 systems	 for	 dealing	 with	 probabilistic	 logical	
reasoning.	These	approaches	have	also	been	applied	in	machine	learning	context.	
In	 the	 first	part	of	 this	 talk,	 I	 shall	provide	a	gentle	 introduction	 to	 such	 logics	
using	ProbLog		and	ProPPR.	
	
In	 the	 second	 part,	 I	 shall	 illustrate	 their	 use	 and	 promise	 on	 two	 challenging	
applications	:	in	bioinformatics	and	in	recommender	systems.	The	first	is	based	
on	ongoing	work	 in	Leuven	with	Dries	Van	Daele,	 the	second	on	ongoing	work	
with	Sirawit	Sopchoke	and	Prof.	Masayuki	Numao	from	ISIR,	Osaka.	
	
De	 Raedt,	 Luc;	Kimmig,	 Angelika.	Probabilistic	 (logic)	 programming	 concepts,	
Machine	Learning,	volume	100,	issue	1,	pages	5-47,	2015	
	
De	 Maeyer,	 Dries;	 Weytjens,	 Bram;	Renkens,	 Joris;	De	 Raedt,	 Luc;	 Marchal,	
Kathleen.	PheNetic:	 network-based	 interpretation	 of	 molecular	 profiling	 data,	
Nucleic	Acids	Research,	volume	43,	issue	W1,	pages	W244-W250,	2015		
	
Van	 Daele,	 Dries;	Kimmig,	 Angelika;	De	 Raedt,	 Luc.	PageRank,	 ProPPR,	 and	
stochastic	 logic	 programs,	 24th	 International	 Conference	 on	 Inductive	 Logic	
Programming,	 Nancy,	 FRANCE,	 14-16	 September	 2014,	 Lecture	 Notes	 in	
Computer	Science,	volume	9046,	pages	168-180,	Springer,	2015	
	
Catherine,	Rose	and	Cohen,	William	W.	(2016):	Personalized	Recommendations	
using	 Knowledge	 Graphs:	 A	 Probabilistic	 Logic	 Programming	
Approach	in	RecSys	2016.	
	
Yang	 Wang,	 	 William	 and	 Mazaitis,	 Kathryn	 	 and	 Cohen,	 William	W.	 (2013)	 :	
Programming	 with	 Personalized	 PageRank	 :	 A	 locally	 groundable	 first-order	
probabilistic	logic.	In	CIKM-2013.	
	
	
	
	



16/11/14	  

1	  

 
Beyond Similarity:  

Serendipity Music Recommenders 
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Recommender System – Introduction
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}  The more information available online, the harder for people to 
make choices 

}  Insufficient or limited experience leads to a poor decision

Recommender systems needed! 

}  Problem definition: 
}  Given user u and target item i 
}  Predict the unknown rating ru,i 

}  Vs. information retrieval (IR) 
}  IR – “I know what I’m looking for” 
}  RecSys – “I’m not sure what I’m looking for”  

Recommender System – Traditional Approaches

}  Collaborative Filtering vs. Content-based 

[Radek Pelanek,  2011] 
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Collaborative: “Tell me what’s popular 
among my peers” 

Content-based: “Show me more of 
the same what I’ve liked 

Collaborative 

Content-based 

Related Works – Music Recommendations 

}  Music Context-based 
}  “X similar to (or influenced by) Y” 
}  i.e. artist,  tags,  genre 

}  Music Content-based 
}  “X and Y sound similar” 
}  i.e. rhythm pattern, melodiousness 

}  Collaborative filtering 
}  “People who listen to X also listen to Y” 

}  Hybrid  (combination) 
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Problems of Traditional Approaches: 
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1.  Similarity bubble problem 
}  Assume that the users want to see the content that’s similar to 

what they already rate highly
}  (or, in case of collaborative filtering, the content their friends 

rate highly) 
No surprise! 

2.  Cold start problem
}  Lack of data for new users and new items 
Not effective recommendations! 

The Similarity Bubble 
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Popularity bias 
Low novelty ratio 

Similarity & The Limited Reach of Music 
Recommendation 
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“Help! I’m stuck in the head” 

From [Oscar Celma 2011] 

Finding unknown, 
relevant music is hard!  
(awareness vs. access 
to content) 

Serendipity in Music 
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Emitt Rhodes 

Rolling Stone 


