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What	is	knowledge	graph?

What	is	Knowledge	graph	embedding?

What	is		diversity	of	structures?

Knowledge	Graph	Embedding	with	Diversity	of	Structures Wen	Zhang	.	Zhejiang	University	.	China



Triple	example:
<Perth, locatedIn, Australia>

Famous	large	KGs:	
WordNet,
Freebase,
YAGO,
Nell,
…
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What	is	knowledge	graph?
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What	is	knowledge	graph	embedding?
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Translate-based	methods

𝒆"+ 𝒓 =	𝒆'for	true	triple	<e1	,	r	,	e2>:	
TransE,	TransH,	TransR,	TransD
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What	is		diversity	of	structures?

Knowledge	Graph	Embedding	with	Diversity	of	Structures

“One-relation-circle”
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What	is		diversity	of	structures	?	---- ORC	structures	
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reflexive	object	properties	

symmetric	object	properties	 transitive	object	properties	
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Diversity	of	structures	---- Is	ORC	structures		common	in	KG	?

Knowledge	Graph	Embedding	with	Diversity	of	Structures

C1 C2 C3 ORC

WN18 9(0.00%) 30048(19.84%) 2237(1.48%) 32294(21.68%)

FB15k 2250(0.38%) 52376(8.84%) 59620(10.07) 114241(19.29%)

Table:	the	number	and	percent	of	entities	which	construct	at	least	one	of	C1,	C2	or	C3	
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Why	previous	translate-based	methods	can’t	encode	ORC	structures?
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𝒆"+ 𝒓 =	𝒆'for	true	triple	<e1	,	r	,	e2>:	

C1:	<e1,	r,	e1>
𝒆"+ 𝒓 =	𝒆" =>		𝒓 = 0

C2:	<e1,	r,	e2>,	<e2,	r,	e1>
𝒆"+ 𝒓 =	𝒆', 𝒓 = 0

C3:	<e1,	r,	e2>,	<e2,	r,	e3>,<e1,	r,	e3>
𝒆"+ 𝒓 =	𝒆",			
=> 𝒓 = 0

𝒆' + 𝒓 =	𝒆" =>		

𝒆' + 𝒓 =	𝒆+,			𝒆"+ 𝒓 =	𝒆+
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Why	previous	translate-based	methods	can’t	encode	ORC	structures?
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Key	idea	to	decompose	ORC	structures
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Key	idea	to	decompose	ORC	structures
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Our	method
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Score	function	for	triple	<e1,	r,	e2>:	
𝑓- 𝑒"	, 𝑒' =∥ 𝑒"0	 + 𝑟 − 𝑒'3 ∥4"/4'

Loss	function:

𝐿 = A A [𝑓- 𝑒", 𝑒' + 	𝛶	 − 𝑓-(𝑒"E , 𝑒'E )]H
(IJK ,-K ,ILK )∈NK(IJ,-,IL)∈N

where:
[𝑥]H= max	(0,𝑥)
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Apply	our	method	to	TransH,	TransR and	TransD
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TransH(dORC)

𝑒"0 = 𝑒"	 −𝑤-0⊺ 𝑒" U 𝑤-0			
𝑒'3 = 𝑒'	 −𝑤-3⊺ 𝑒' U𝑤-3

TransR(dORC)

𝑒"0 =	𝑀-0 U 𝑒"
𝑒'3 = 𝑀-3 U 𝑒'

TransD(dORC)

𝑒"0 =	𝑀-0 U 𝑒", 				 𝑒'3 = 𝑀-3 U 𝑒'
𝑀-0 =	 𝑟0𝑒"W⊺ + 𝐼Y×Y,		𝑀-3 =	𝑟3𝑒'W⊺ + 𝐼Y×Y	
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Experiment	results
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Link	prediction:
<e1,	r,	?>	or	<?,	r	,	e2>

mean	rank		&	hit@10
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Thanks
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