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Abstract. This paper presents an extension to the Semantic Web Rule
Language and a methodology to enable advanced mathematical support
in SWRL rules. This solution separates mathematical and problem se-
mantics allowing the inclusion of integration, differentiation and other
operations not built-in to SWRL. Using this approach, it is possible to
create rules to cope with complex scenarios that include mathematical
relationships and formulas that exceed the SWRL capabilities.

1 Introduction

Current Semantic Web languages provide a way to represent knowledge formally
and exchange information. Some of these languages introduce Horn-like rules or
First-order-logic support, so they enable declarative programming. One example
is the Semantic Web Rule Language (SWRL) [2].

Developing complex systems will require the use of mathematical functions
that are not currently supported in the Semantic Web languages. An example can
be the implementation of real-time systems for emergency care units or vehicular
control. Semantic Web languages do not provide the tools to cope with these
scenarios. They usually include some mathematical built-ins to perform simple
operations such as addition or subtraction. However, they are not designed to
work with complex formulas.

This paper presents a methodology and a practical approach to add the re-
quired functionality to SWRL. The strategy is based on the separation between
mathematical and problem semantics.

2 SWRL and Mathematical Semantics in the Web

The OWL Web Ountology Language [4] provides the base for knowledge represen-
tation by means of the definition of classes, properties and individuals. SWRL
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is based on OWL, adding high level abstract syntax to support Horn-like rules
that can be used to deduce new facts in the knowledge-base. SWRL built-ins are
used to perform specific mathematical computation (e.g. add, subtract, round,
sin), comparisons (e.g. equal) and operations on different types of data value
(e.g. strings).

Mathematical built-ins are useful, but the problem arises when the relation-
ship to be presented implies unsupported operators (e.g summations). An exam-
ple could be the calculation of a cumulative value of a Gaussian distribution as
it requires the use of integration operators. There is also a problem of clarity due
to mixing mathematical and problem semantics in the same rule. Furthermore,
when the formula implies a high number of operations, the memory requirements
for the reasoner increase as it has to store many temporary variables. The reason
is that SWRL built-ins were designed as predicates. However, the capabilities of
the existing reasoners allow us to use the built-ins as functions.

It becomes necessary to find a different way to represent mathematical formu-
las in SWRL. One of the main efforts to represent mathematical equations and
formulas on the Web is OpenMath [I]. OpenMath is formed by a set of tags and
content dictionaries. The tags allow the definition of primitive types, variables,
symbols (e.g. 7) and operators. Content dictionaries (CD) group mathematical
symbols and define their semantics including arithmetic functions, transcendental
functions, polynomials, differentiation and integration.

3 Working with SWRL and OpenMath

In order to overcome the issues pointed out in Section [2] we propose a combina-
tion of SWRL and OpenMath.

The solution uses SWRL to select the information to be included in the for-
mulas and the formula itself. OpenMath is used to represent the formula and
pass the information to a mathematical software tool. It is necessary to perform
a binding between both languages in order to relate the information located by
SWRL and the variables included in the OpenMath expression.

A new class is created called Formula with a datatype property (hasOMEz-
pression) to hold the OpenMath expression in XML. Additionally, a new built-in
(mathext) is defined in a new namespace (swribext). This built-in has a mini-
mum of three arguments. The first one is the result of the formula. The second
one is the OpenMath formula. The rest of the arguments are the values that
correspond to the variables in the formula. The reason for having a Formula in-
stance rather than just passing the OpenMath expression to mathext is to allow
reuse of the formula.

The classes, rules and formulas are written using an OWL editor. The formula,
written in OpenMath, is set as the value of the hasOMExpression property of
an instance of the Formula class.

When the reasoner uses a rule (Figure [), it selects the appropriate val-
ues, placing them as values of the variables used in the rule. When it finds
a customized SWRL built-in, it calls a built-in handler function that delegates
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Fig.1. SWRL-OpenMath Architecture

mathematical computation to programs specially prepared for it. It links to a
mathematical application through existing tools (OpenMath and syntax transla-
tion APIs), gets the result and returns it to the reasoner. The reasoner resumes
the rule execution and generates new statements depending on the values com-
puted using the formula. The proposed architecture has been implemented using
Bossam [3] and Mathematical5].

4 Conclusions

This paper has identified the limitations of Semantic Web Languages to cope
with complex scenarios that require the use of advanced mathematical expres-
sions and conditions to deduce new facts. A new practical approach and architec-
ture has been presented to add the required functionality to SWRL. The strategy
is based on the separation between mathematical (OpenMath) and problem se-
mantics (SWRL).
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