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2005:	Weak	Acyclicity	(WA)	
2011:	Joint	Acyclicity	(JA)	
2013:	Model	Summarizing	Acyclicity	(MSA)	
and	Model	Faithful	Acyclicity	(MFA)	



-	Restricted	JA	(RJA)	
-	Restricted	MFA	(RMFA)	
-	Restricted	MSA	(RMSA)	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	
Film(★)	
IsFilmDirectedBy(★,	★)	
Director(★)	
DirectsFilm(★,	★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy	

fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy	

fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy	

fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	

fz(★)	:	Film	
DirectsFilm	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	

fz(★)	:	Film	
DirectsFilm	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	

fz(★)	:	Film	
DirectsFilm	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	

fz(★)	:	Film	
DirectsFilm,	
IsFilmDirectedBy-	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	

fz(★)	:	Film	
DirectsFilm,	
IsFilmDirectedBy-	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	
DirectsFilm,	
IsFilmDirectedBy-	

fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	
DirectsFilm,	
IsFilmDirectedBy-	

IsFilmDirectedBy	

fw(fz(★))	fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	
DirectsFilm,	
IsFilmDirectedBy-	

IsFilmDirectedBy	

fw(fz(★))	fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	
DirectsFilm,	
IsFilmDirectedBy-	

IsFilmDirectedBy	

fw(fz(★))	fw(★)	



DirectsFilm,	
IsFilmDirectedBy	

★	:	Film,	Director	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	
DirectsFilm,	
IsFilmDirectedBy-	

IsFilmDirectedBy,	
DirectsFilm-	

fw(fz(★))	fw(★)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

IsFilmDirectedBy,	
DirectsFilm-	

fw(fz(★))	fw(★)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x)	⟶	∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

IsFilmDirectedBy,	
DirectsFilm-	

fw(fz(★))	

MFA	

fw(★)	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm	

DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm	

DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm	

DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm	

fw(fz(fw(★)))	:	Director	

IsFilmDirectedBy	
DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm	

fw(fz(fw(★)))	:	Director	

IsFilmDirectedBy	
DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm	

fw(fz(fw(★)))	:	Director	

IsFilmDirectedBy	
DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm	

fw(fz(fw(★)))	:	Director	

IsFilmDirectedBy	

Not	
MFA	

DirectsFilm,	
IsFilmDirectedBy	



Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

fz(fw(★))	:	Film	

DirectsFilm	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



fw(t)	

fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



fw(t)	

fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

fz(fw(t))	DirectsFilm	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

DirectsFilm	 fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

DirectsFilm	 fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

DirectsFilm	 fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



t	:	Film	

fw(t)	:	Director	

IsFilmDirectedBy	

DirectsFilm	 fz(fw(t))	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	

Blocked	ApplicaLon	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

fz(fw(★))	:	Film	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fw(★)	:	Director	

fz(★)	:	Film	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



fw(fz(★))	:	Director	

IsFilmDirectedBy	

★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



fw(fz(★))	:	Director	

IsFilmDirectedBy	

★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



★	:	Film,	Director	

IsFilmDirectedBy,	
DirectsFilm-	

fz(★)	:	Film	

fw(★)	:	Director	

RMFA	DirectsFilm,	
IsFilmDirectedBy	

DirectsFilm,	
IsFilmDirectedBy-	

Film(x)	⟶	∃w	.	IsFilmDirectedBy(x,	w)	⋀	Director(w)	
IsFilmDirectedBy(x,	y)	⟶	DirectsFilm(y,	x)	
Director(x) ⟶ ∃z	.	DirectsFilm(x,	z)	⋀	Film(z)	
DirectsFilm(x,	y)	⟶	IsFilmDirectedBy(y,	x)	



BCQ	entailment:	co-N2ExpTime	 

Membership	Check 

RJA	 RMSA	 RMFA	
No	restricLons	 ExpTime	 ExpTime	 2ExpTime	

Variables	per	rule	
bounded	 P	 P	 2ExpTime	

<1	FronLer	
Variable	per	rule	 ExpTime	 ExpTime	 ExpTime	



0	

1220	

MFA	(884)	 RMFA	(936)	

Determinis4c	

0	

356	

MFA	(90)	 RMFA	(123)	

Non-Determinis4c	



0	

1220	

MFA	(884)	 RMFA	(936)	

Determinis4c	

0	

356	

MFA	(90)	 RMFA	(123)	

Non-Determinis4c	

+37%	+6%	



-	Model	Faithful	Cyclicity	(MFC)	
-	Restricted	Model	Faithful	
Cyclicity	(RMFC)	



0	

1220	

MFA	(884)	 RMFA	(936)	

Determinis4c	

0	

356	

MFA	(90)	 RMFA	(123)	

Non-Determinis4c	



0	

1220	

MFA	(884)	 RMFA	(936)	

Determinis4c	

0	

356	

MFA	(90)	 RMFA	(123)	

Non-Determinis4c	



0	

1220	

MFA	(884)	 RMFA	(936)	

Determinis4c	

0	

356	

MFA	(90)	 RMFA	(123)	

Non-Determinis4c	

-54%	



0	

1220	

MFA	(884)	 RMFA	(936)	

Determinis4c	

0	

356	

MFA	(90)	 RMFA	(123)	

Non-Determinis4c	

-54%	



0	

1220	

MFA	(884)	 RMFA	(936)	

Determinis4c	

0	

356	

MFA	(90)	 RMFA	(123)	

Non-Determinis4c	

-14%	-54%	
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Rules 



Disjunctive 
Existential 
Rules 

RJA 



Disjunctive 
Existential 
Rules 

RMSA RJA 



Disjunctive 
Existential 
Rules 

RMFA 
RMSA RJA 



Disjunctive 
Existential 
Rules 

RMFA 
RMSA RJA 

RMFC 
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Reactome	
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LUBM	

0	

30	

60	

2.2	 4.5	 6.6	 8.9	

UOBM	



RDFResource	⊑	∃RDFType.RDFClass	
RDFClass	⊑	RDFResource	
∃RDFType.T	⊑	RDFResource	



RDFResource	⊑	∃RDFType.RDFClass	
RDFClass	⊑	RDFResource	
∃RDFType.T	⊑	RDFResource	
RDFResource(★)	
RDFClass	(★)	
RDFType(★,	★)	



RDFResource	⊑	∃RDFType.RDFClass	
RDFClass	⊑	RDFResource	
∃RDFType.T	⊑	RDFResource	

★	:	RDFResource,	RDFClass	

RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

★	:	RDFResource,	RDFClass	

RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

★	:	RDFResource,	RDFClass	

RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass	

★	:	RDFResource,	RDFClass	

RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass	

★	:	RDFResource,	RDFClass	

RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass	

★	:	RDFResource,	RDFClass	

RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass,	Resource	

★	:	RDFResource,	RDFClass	

RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass,	Resource	

★	:	RDFResource,	RDFClass	

RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass,	Resource	

★	:	RDFResource,	RDFClass	

RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass,	Resource	

★	:	RDFResource,	RDFClass	 fα(fα(★))	:	RDFClass	

RDFType	 RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass,	Resource	

★	:	RDFResource,	RDFClass	 fα(fα(★))	:	RDFClass	

RDFType	 RDFType	
RDFType	



RDFResource(x)	⟶	∃y	[RDFType(x,	y)	⋀	RDFClass(y)]	=	α	
RDFClass(x)	⟶	RDFResource(x)	
RDFType(x,	y)	⟶	RDFResource(x)	

fα(★)	:	RDFClass,	Resource	

★	:	RDFResource,	RDFClass	 fα(fα(★))	:	RDFClass	

RDFType	 RDFType	 Not	RCA	
RDFType	


