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		Abstract

		We present a family of novel methods for embedding knowledge graphs into real-valued tensors. These tensor-based embeddings capture the ordered relations that are typical in the knowledge graphs represented by semantic web languages like RDF. Unlike many previous models, our methods can easily use prior background knowledge provided by users or extracted automatically from existing knowledge graphs. In addition to providing more robust methods for knowledge graph embedding, we provide a provably-convergent, linear tensor factorization algorithm. We demonstrate the efficacy of our models for the task of predicting new facts across eight different knowledge graphs, achieving between 5% and 50% relative improvement over existing state-of-the-art knowledge graph embedding techniques. Our empirical evaluation shows that all of the tensor decomposition models perform well when the average degree of an entity in a graph is high, with constraint-based models doing better on graphs with a small number of highly similar relations and regularization-based models dominating for graphs with relations of varying degrees of similarity. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: knowledge graph, knowledge graph embedding, tensor decomposition, tensor factorization, representation learning, fact prediction

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Padia,  Ankur and Kalpakis,  Konstantinos and Ferraro,  Francis and Finin,  Tim, Knowledge Graph Fact Prediction Via Knowledge-Enriched Tensor Factorization (February 8, 2019).  Available at SSRN: https://ssrn.com/abstract=3331039 or http://dx.doi.org/10.2139/ssrn.3331039 
		
	

	

	
	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Ankur Padia

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Maryland, Baltimore County (UMBC)  ( email )

			

			
			
				
				
				
					1000 Hilltop Circle
Baltimore, MD  21250
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Konstantinos Kalpakis

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Maryland, Baltimore County (UMBC)  ( email )

			

			
			
				
				
				
					1000 Hilltop Circle
Baltimore, MD  21250
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Francis Ferraro

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Maryland, Baltimore County (UMBC)  ( email )

			

			
			
				
				
				
					1000 Hilltop Circle
Baltimore, MD  21250
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Tim Finin (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Maryland, Baltimore County (UMBC)  ( email )

			

			
			
				
				
				
					1000 Hilltop Circle
Baltimore, MD  21250
United States

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research youâ€™d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       92

			

		
		
		
			Abstract Views

			      940

		

		
		
	


	

	
		
			
				       55 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Journal of Web Semantics First Look
									

									
										
											All Journals (465)
										
											Agents (10)
										
											Databases & the Semantic Grid (37)
										
											Human-Computer Interaction (6)
										
											Information Retrieval (32)
										
											Interdisciplinary Semantic Methods & Applications (40)
										
											Knowledge Discovery (15)
										
											Knowledge Technologies (55)
										
											Language Technology (26)
										
											Large-Scale Experiments & Their Analysis (19)
										
											Ontology (121)
										
											Semantic Web, Other Topics (190)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Innovation Measurement & Indicators eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Innovation Measurement & Indicators eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              334

                                    

                                    
                                        PAPERS

                                            1,250

                                    

                                

                                
                            

                        

                    

                
	
                    Environment for Innovation eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Environment for Innovation eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              255

                                    

                                    
                                        PAPERS

                                           15,544

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Journal of Web Semantics

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Journal of Web Semantics

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               93

                                    

                                    
                                        PAPERS

                                              465

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.125 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
