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Semantic Web journal 

• EiCs:  Pascal Hitzler 
  Krzysztof Janowicz 
 

• New journal with significant initial uptake. 
 

• We very much welcome contributions at  
the “rim” of traditional Semantic Web 
research – e.g., work which is strongly 
inspired by a different field. 
 

• Non-standard (open & transparent) 
review process. 
 

• http://www.semantic-web-journal.net/ 
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Semantic Web 

Pursues the vision of making information on the web available for 
intelligent processing. 

 
Uses many methods from different fields in AI / CS. 
 
 
Knowledge representation and reasoning (using so-called ontology 

languages) is a key component of the approach. 
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Semantic Web Technology Stack 

description 
logics 

logic 
programming

/ datalog 
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Rules 
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Rules to DL conversion 
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Rules to DL conversion 

But we can’t express the following in SROIQ: 
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So how can we pinpoint this? 

• Tree-shaped bodies 
• First argument of the conclusion is the root 
 
• C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! E(x) 

– C u 9R.{a} u 9S.(D u 9T.{a}) v E 
 
 

duplicating 
nominals 

is 
ok E E 
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So how can we pinpoint this? 

• Tree-shaped bodies 
• First argument of the conclusion is the root 

 
• C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! V(x,y) 

 
C u 9R.{a} v 9R1.Self 
D u 9T.{a} v 9R2.Self 
R1 o S o R2 v V 
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Rule bodies as graphs 

C u 9R.{a} v 9R1.Self 
Du 9T.{a}) v 9R2.Self 

R1 ± S ± R2 v P 
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Rule bodies as graphs 

 
 
 
 
 
 
 
 
 
with y,z constants: 
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Formally 

Given a rule with body B, we construct a directed graph as follows:  
1. Rename individuals (i.e., constants) such that each individual 

occurs only once – a body such as R(a,x) Æ S(x,a) becomes 
R(a1,x) Æ S(x,a2). Denote the resulting new body by B’. 

2. The vertices of the graph are then the variables and individuals 
occurring in B’, and there is a directed edge between t and u if 
and only if there is an atom R(t,u) in B’. 
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Formally 
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The regularity issue 

 
 
hasChild(x,y) Æ female(y)  → hasDaughter(x,y) 
 
hasDaughter(x,y) → hasChild(x,y) 
 
 
Each of these is representable in SROIQ, but together they are not. 
 
 
We need to weaken regularity requirements! 
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Rule representation wish list 

• class conjunctions 
• role chains (without regularity constraint) 
• existential quantifier 
• inverse roles 
• universal role 
• nominals 
• Self construct 

 
Seems this is SROIEL.  
How much can we push decidability? 
 
Some form of negation would be really nice for modeling class 

disjointness. 
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Extending ERI 

• ERI: existential, role chains, inverse roles 
 

The following two can be shown by reduction of the domino 
problem. 
 

• ERI(:) is undecidable 
• ERI(t,?) is undecidable 

 
However, the following works: 
 
• SROIEL(?) is decidable, even after dropping the regularity 

condition. 
 

[David Carral Martinez, Cong Wang, H, in preparation] 
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SROIEL(u,?) 

I.e., adding unrestricted role conjunction. 
 
SROIEL(u,?) is decidable, and 
 
• covers ELP [Krötzsch, Rudolph, H 2008] 
• covers the tractable OWL profiles 

OWL EL  (SROEL) 
OWL QL  (DL LiteR) 
OWL RL  (naïve rules fragment) 
 

• We also have the “logical” fragment of RDF Schema covered 
(critical are range declarations, which we have via role inverses) 
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Why role conjunction? 

 
 

 
 
 
is not expressible in SROIEL without role conjunction, but can be 

expressed with role conjunction as 
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Coverage of SROIEL(u,?) 

 
 
 
Essentially, all binary rules with 

 
• body such that graph does not contain four (variable) nodes 

which are connected by paths such that the pattern forms a 4-
clique. 
 
 

[David Carral Martinez, H, ESWC2012] 
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Nominal Schemas 

 
 
 
 
 
assume y,z bind only to named individuals 
we introduce a new construct, called 
  nominal schemas 
or   nominal variables 
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DL-safe variables 

• A generalisation of DL-safety of rules. 
• DL-safe variables are special variables which bind only to named 

individuals (like in DL-safe rules). 
 
• C(x) Æ R(x,xs) Æ S(x,y) Æ D(y) Æ T(y,xs) ! E(x) 

 with xs a safe variable  
 
C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! E(x) 
 can be translated into OWL 2 (SROIQ). 
 
 

duplicating 
nominals 

is 
ok E E 



May 2012 – TU Dresden – Pascal Hitzler 27 

DL-safe variables 

• A generalisation of DL-safety. 
• DL-safe variables are special variables which bind only to named 

individuals (like in DL-safe rules). 
 
• C(x) Æ R(x,xs) Æ S(x,y) Æ D(y) Æ T(y,xs) ! E(x) 

 with xs a safe variable  
 
C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! E(x) 
 can be translated into OWL 2. 
 

• with, say, 100 individuals, we would obtain 100 new OWL axioms 
from the single rule above 
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DL-safety 

• DL-safe variables:  
 variables in rules which bind only to named individuals 
 

• Idea: 
– start with rule not expressible in DL 
– select some variables and declare them DL-safe 

such that resulting rule can be translated  
into several DL axioms 
 

 
• DL-safe rule: A rule with only DL-safe variables. 

 
It is known that “OWL 2 DL + DL-safe rules” is decidable. 
  It is a hybrid formalism. 
  E.g. OWL plus DL-safe SWRL. 
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Nominal schema example 2 
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Adding nominal schemas to SROIQ 

• Decidability is retained. 
• Complexity is the same. 
    [Krötzsch, Maier, Krisnadhi, H, WWW2011] 

 
• A naïve implementation is straightforward:  

 
Replace every axiom with nominal schemas by a set of SROIQ 
(OWL 2 DL) axioms, obtained from grounding the nominal 
schemas. 
 
 
However, this may result in a lot of new axioms. 
This naïve approach will probably only work for ontologies with 
few nominal schemas. 
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What do we gain? 

• A powerful macro. 
 

• We can actually also express all DL-safe Datalog rules! 
 
 
 
 
 
 
 
 
 
 
 
(this works similarly for arbitrary arity) 
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A tractable  fragment 

 
 
 
 
 
 
 
 
 
 

                                       is tractable (Polytime) 
   covers OWL 2 EL 
   covers OWL 2 RL (DL-safe) 
   covers most of OWL 2 QL 
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Tractable rules approximation 

We saw earlier that SROIEL(u) is the DL for capturing rules. 
 
However, it is not polytime. 
 
 
But we can do a polytime approximation by removing role inverses:  
 
R v S 
 
becomes 
 
{x}vuv9R.{y} v {y} u 9S.{x}. 
 
I.e. we’re approximating in SROELVn(u). 
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Polytime smart transformation 

 
 
 
 
 
becomes (ai, aj range over all named individuals) 
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Nominal Schema Algorithms 

For avoiding full grounding, we require delayed grounding, i.e., 
grounding by need at runtime of algorithm. 

 
We have successfully developed: 
 
• SROIQV tableau algorithm 

 
• SROELV ordered resolution algorithm (polytime) 

 
But results need to be published and implemented. 
 
[work in cooperation with Adila Alfa Krisnadhi and Cong Wang] 
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SROIELV(u,?) 

 
 
 
In SROIELV(u,?)  (i.e., with nominal schemas), we have: 
 
• Every rule with m>3 different variables can be expressed using 

at most m-2 nominal schemas. 
 

• Every rule with m different free variables can be expressed by 
fully grounding m-3 variables. 
 

[David Carral Martinez, H, ESWC2012] 
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Local Closed World 

[Knorr, Maier, H 2012] 
• Introducing the MKNF DL 

 
– decidable (some restrictions on modal operators apply) 
–  covers key proposals for local closed world rule+DL: 

• SROIQ (OWL 2 DL) and all tractable profiles 
• RIF-Core (n-ary Datalog) as DL-safe rules 
• DL-safe SWRL 
• ALCKNF 

• Closed Reiter and DL defaults [Baader Hollunder 1995] 
• Hybrid MKNF 
• Answer Set Programing 
• AL-log, CARIN, DL+log(?), disjunctive dl-programs 
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Thanks! 
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