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1 Introduction

This document aims at providing a better understanding of the different types of
elements and different elements itself that can be used with this library. There
are four different types of elements: concepts, roles, boolean, and numericals.
The main difference is that each type returns different types of objects when
evaluated on a given planning state. Evaluating a concept returns a set of unary
relations over objects, evaluating a role returns a set of binary relations over
objects, evaluating a boolean returns a Boolean, and evaluating a numerical
returns a natural number. The following section shows how elements can be
composed to obtain more complex elements.

2 Available Elements

In this section, we describe the elements that are available to construct more
complex elements. We make use of description logics [1] and include Boolean
and numerical elements as described in [2].

Consider concepts C, D, roles R,S,T, the universe A containing all ob-
jects, and X to be either a concept or a role. Also consider some predicate
p(co, ..., Cn_1) with arity n, integers 0 < 4,5 < n — 1, integer k € {0,1}, and
some constant a that occurs in every instance.



2.1 Syntax Overview

2.1.1 Concepts
Name Abstract syntax ~ Concrete syntax
Primitive concept pli] c_primitive(p,i)
Top T c_top
Bottom L c-bot
Intersection cnbD c.and(C, D)
Union cubD c_or(C, D)
Negation -C cnot(C)
Difference C\D c_diff(C, D)
Value restriction VR.C call(R, C)
Existential quantification JR.C c_some(R, C)
Role-value-map RCS c_subset(R, S)
R=S cequal(R, S)
One-of a c_one-of(a)
Projection R[k] c_projection(R, k)
Table 1: Concepts
2.1.2 Roles
Name Abstract syntax Concrete syntax
Primitive role plt, ] r_primitive(p,i,j)
Universal role T r_top
Intersection RMS rand(R, S)
Union RUS ror(R, S)
Complement -R rnot(R)
Difference R\ S rdiff(R, S)
Inverse R1 r_inverse(R)
Composition RoS r_compose(R, S)
Transitive closure R* r_transitive_closure(R)
Transitive reflexive closure R* r_transitive_reflexive_closure(R)
Role restriction Rlc r_restrict(R, C)
Identity id(C) r_identity(C)

Table 2: Roles



2.1.3 Booleans

Name Abstract syntax ~ Concrete syntax
Empty Empty(X) b_empty(X)

Concept inclusion CCD b_inclusion(C, D)

Role inclusion RCS b_inclusion(R, S)
Nullary Nullary(p) b_nullary(p)

Table 3: Booleans

2.1.4 Numericals

Name Abstract syntax Concrete syntax
Count Count(X) n_count(X)

Concept distance ConceptDistance(C, R, D) n_concept_distance(C, R, D)
Sum concept distance  SumConceptDistance(C, R, D) n_sum_concept_distance(C, R, D)
Role distance RoleDistance(R, S, T) n_role_distance(R, S, T)
Sum role distance SumRoleDistance(R, S, T) n_sum_role_distance(R, S, T)

Table 4: Numericals

2.2 Semantics

Our interpretation is a state s that consists of ground atoms over a set of
predicates.

2.2.1 Concepts

o (pli])* ={ci € A p(co,--.1Cis- .oy Carity(p)) € 5}

e TP =A

o L5=10

e (CMD)* =C*ND*

e (CUD)* =C*UD*

o (-C)=A\C*

e (C\D)* = (C*\D?)

o (VR.C)*={a|Vb: (a,b) € R® —be C5}

e (GR.C)*={a|3b: (a,b) € R NbE C*}

e (RCS)*={a|Vb:(a,b) € R®* — (a,b) € S}
e (R=S5)"={a|Vb:(a,b) € R® <> (a,b) € S5°}



(3R.T)® ifk=0

BR7LT)* ifk=1

2.2.2 Roles
o (pli,])° = {(ci,c5) € AX A p(cos- - CisevvsCjyenry Capity(p)) € S}
e T5=AXA

(
(
(
o (R\S)" = (R*\S%)
o (R7Y)*={(bya) € Ax Al (a,b) € R}
(
(
(
(
(

R*)* = Uz (R)"

Rlc)* = RN (A x C¥)

id(C))* ={(d,d) | d € C*}

where the iterated composition (R*)" is inductively defined as (R*)? =

{(d,d) | d € A} and (R*)"*! = (R®)" o R".

2.2.3 Booleans
o Empty(X)® is true iff | X*| =0
e (CC D)®is true iff C* C D?
e (RLC S)% is true iff R®* C S°

S

e Nullary(p)® is true iff p() € s



2.2.4 Numericals
e Count(X)* = |X?|
e ConceptDistance(C, R, D)® is the smallest n € Ny s.t. there are objects
2o, ..., Tn with zg € C*, x,, € D* and (x;,x;41) € R® fori=0,...,n—1.

Special cases: If C* is empty then the element evaluates to 0 and if no
such n exists then it evaluates to oc.

o SumConceptDistance(C, R, D)* := )" .. ConceptDistance({z}, R, D)* where

the sum evaluates to oo if any term is co.

e RoleDistance(R,S,T)* is the smallest n € Ny s.t. there are objects g, . . . , T,
there exists some (a,z9) € R®, (a,x,) € T°, and (z;,z;41) € S*® for
i=0,...,n— 1. Special cases: If R® is emtpy then the element evaluates
to 0 and if no such n exists then it evaluates to co.

e SumRoleDistance(R, S,T)* := ) . p. RoleDistance({r}, S, T)*, where the
sum evaluates to oo if any term is co.

3 Feature Generation

In the feature generation, we place the following additional restrictions on the
above elements in order to decrease the combinatorial blowup.

o r_restrict(R, C), r-inverse(R), r_transitive_closure(R), c_equal(R, S),
r_transitive_reflexive_closure(R) where R, S are a primitive roles and C is
a primitive concept

e ConceptDistance(C, R, D) where R is restricted to complexity at most 2
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