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Abstract

CastNode platformis a knowledge base dedicated to casting technology and foundries. Applications database
(the InnoCast) integrates four components of knowledge: (1) foundries and supplier base, (2) the base of
innovations in the field of casting, forging and rolling, (3) database of publications and (4) patents for casting
techniques and products. The schema of the relational database is a diagram of the data structure and is
divided into several parts although physically it forms one component. Each module is treated separately. This
is due to the complexity of the application and requirement to process itinto a knowledge base where different
parts are merged by keywords, which are common to all components. Additionally, the systemis enhanced by
a module of knowledge in the form of ontologies, which shows what data are stored and what relationships
take place between them. This method of archiving has many advantages. The main advantage is ease of
searching the contents according to users' criteria. In a very extensive database containing several thousands
of records, we can search for information in a short period of time. The paper presents the architecture of the
CastNode platform and the methodology of integration of technological data using mapping of database
schema to ontology. The innovation of the platform is based on the enrichment of the information layer with
the semantic scheme and providing modern search engines and navigation through the information resources.

Keywords: Application of Information Technology to the Foundry Industry, Innovative Foundry Technologies
and Materials, Ontology, Knowledge Sharing, Knowledge Base

1. INTRODUCTION

For several years, Foundry Research Institute in Krakow has been running projects, in which data sets are
being developed making components of knowledge about casting and metallurgy. These components are
intended to provide the user with a constant supply of current information and knowledge in the field of casting,
not only derived from literature, but also from other sources, including various sources available on the Internet.

InnoCast module discussed in this report refers to the knowledge about innovations in foundry and metallurgy.
These innovations are understood as published patents, research projects, and publications in journals. In
addition, data were collected on modern materials for the foundry and on suppliers of these materials. All these
data have been organized for the purpose of import into a database, and then a common, relational data model
was created for them and the data loading operation into a MySQL database was performed. Up to date
information on innovations in foundry and metallurgy was collected. The data collected included various types
of information: (1) concerning the companies involved in the metallurgical industry, and specifically foundries
and suppliers for foundries, (2) on articles and publications (especially about ADI [1,4] supporting and control
modern devices [2,3,5] for other fields of an application) and (3) on patents and research projects for foundry
products and techniques.

The collection included knowledge about: (1) process improvements, new processes of rolling, forging and
continuous casting and (2) theoretical (metallurgical) foundations to improve the properties of products
manufactured by rolling, forging, and continuous casting. It was divided into different files with different
structures for projects from various sources. It has been adapted to the needs of a relational database, and a
common, unified data structure was developed.
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The system is equipped with semantic model in the form of ontology due to an easy searching the contents
according to users' criteria. The paper presents the architecture of the CastNode platform and the methodology
of integration of technological data using mapping of database schema to ontology. In the consequence it is
an original source of information desired by the user in the field of an applied technology and innovation in the
foundry industry.

1.1. Relational Data Model

The database application integrates four components of knowledge provided by the Foundry Research
Institute in Cracow: supplier base, base for innovations, base of publications and base of patents in the field
of casting, forging and rolling. The base is a diagram of data structures needed to record information received
from the Foundry Research Institute. It is divided into several parts and, although physically it forms a single
component, each module is treated separately (Fig. 1). This is due to the complexity of the application and
attempt to process it into a knowledge base; its individual parts are merged by the table of keywords, which
are common to all components.
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Fig. 1 Entity Relationship Diagram for the InnoCast

The database can be edited (supplemented and updated) via a standard mysql input interface or via ready-
made CRUD service tools.

2, CASTNODE KNOWLEDGE BASE

CastNode platform is a system integrating knowledge about casting and metallurgy archived and made
available through the components of the knowledge accumulated in InnoCast databases. The platform uses
an ontological model to navigate the system and support the management of the knowledge components.

This concept consists in mapping relational database tables to the base of knowledge, i.e. to the base that has
well-defined contextual relationships between individual tables. The tables are treated as "data" and the
defined links as compounds. Combining the data in an appropriate context creates information, while
combining multiple information with the relationships taking place between this information and the context
creates knowledge. All this serves the possibility of creating rules of inference based on knowledge and
ontology for a given topic. The use of the described procedure allows processing the ordinary relational
database into a knowledge base.
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2.1. Ontological knowledge base

Currently, computers are becoming "smarter". They are able to process more and more information and can
also be faster in drawing conclusions and making decisions. However, the way in which the computer operates
is based on mathematics, and more specifically on logic. Ontology in terms of information technology is also a
formalism of logic, because knowledge is made up of rules or arguments, i.e. of interrelated information. In
contrast, information consists of data connected by relations.

Ontology is a kind of mediator between man and computer. The requirement imposed onto a computer is that
it should understand knowledge in the way it is understood by human. The problem is not understanding the
knowledge in the grammatical sense, because this goal has already been largely implemented, but
understanding it in the semantic sense, or understanding the links between the concepts expressed in natural
language and abstract concepts. Here the main role is played by the "semantics" of inference [6,7].

Possessing some data, we can give them context. Combining this data with appropriate relationships we
create, so-called, "triples" that are simple phrases in natural language containing subject, predicate and object.
In RDF, each of these parts of ontology has its own description in the form of URI. Data is written as a class
of ontology. One can also store additional components i.e. the properties defined as DatatypeProperty or
relationships between individual ObjectProperty resources. In this way, the basic objects are stored that make
up the entire system, which also includes the rules of inference. In addition to the built-in rules of hierarchy and
subsumption, the user is able to define his own rules, on the basis of which the requesting machines
automatically process the knowledge base. One of the most popular tools for creating and editing of ontology
is Protege program. It allows defining all the aforementioned components. In addition, it may create graph
dependencies, which also form an important part of the data processing system from the point of view of the
user. It is visualization, which another user is able to quickly understand and thus learn from the knowledge
offered to him.

2.2. Ontology-Based Data Integration

For data integration it is necessary to provide in a transparent and uniform manner the user or machine with
access to heterogeneous data sources. Information technologies long moved towards dispersion of data due
to the dynamics of the processes of creating repositories, the use of local information across applications, and
hence the need to diversify data structures and syntactic formalisms. Currently, we have a situation in which
access to, generated by various sources, information is heavily congested, the growth of data is not
suppressed, and therefore it is not possible to dispense with the idea of having scattered and varied archiving
systems. The developing data integration techniques [8, 9] pursue a common solution where there is a need
for application of an additional layer in systems architecture, which means that itis suggested to place between
the data layer and application layer a conceptual layer allowing for semantic description of data sources. As a
conceptual layer we use ontologies to ensure uniform access to sources in terms of the naming and data
redundancy [10,11].

When designing the systems we often use the ER or UML models acting as interpreters of data structures.
Usually, however, these models are not utilized during use of the system. In the proposed solution, it is ontology
that performs this role.

2.3. Process of the ontology construction

Creating ontology may be done in small fragments, depending on the application needs. In this case,
knowledge model is determined by the data. The ability to embed it in the context of domain knowledge is
provided by the ontological model discussed in the earlier part of the work. Ontology written in the language
of OWL will enable in the future the integration of model data structures with decision rules resulting from the
processes of data mining [12]. Such rules may be extracted e.g. on the basis of the studies of regression and
correlation. Systemic use of thus created knowledge ensures the correct semantic description of the data
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structures. To this end, a database schema transformation to the form of an ontology stored in OWL was
performed.

Currently, methods are already known for semi-automatic transformation of database schema into ontologies
written in OWL. Most of them, however, require interaction with the ontology designer at one of the
transformation stages. It turns out that for simple database, the transformation can be successfully performed
manually, using tools for the edition of ontologies, as well as basic transformation rules.

The first step is to save all the tables and individual fields in graphical form. Most tables will reflect the future
classes. Linking tables, which are the embodiment of a many-to-many (n:m) relation, form the basis of future
relations in the ontology (object properties). Also, fields being foreign keys establish relationships in the
ontology. In this way, one can limit the number of attributes in the diagram to obtain a basis for future ontology.

The tables, in which the foreign key is also the primary key, will form subclasses in the ontology combined by
is_a relationship. After transformations performed in this way, what remains for the designer is to decide how
to process the remaining fields. Some of them will automatically create in OWL the datatype properties, but
the designer can decide that individual attributes become subclasses, if this is relevant to the description field.
The correct description of each class involves the description of an object by object properties and datatype
properties. The difference between these properties is that the object properties connect a particular class with
another class using the relationship. Datatype properties allow us to assign to a class properties which are
expressed by given values. The next step is mapping of tuples from a database to instances of classes in the
ontology. For this purpose, one can use ready-made tools accelerating this process or manually enter
individual instances. Supplementing of instances is done to adapt a model to future processing using rules
stored in e.g. SWRL.

With the dependence created, we are able to generate a directed graph showing the whole ontology (Fig. 2).
2.4. Implementation of the CastNode platform

The project assumption was to create a Web application that supports relational database, along with its
mapping to ontology, which is a component of knowledge. The application performs all CRUD operations on
the database for application components. Additional functionality is the ability to import large batches of data
to repository. This is accomplished by allowing the import of .xls files directly from the view level. This allows
the user to quickly back up data that is stored on computer disks or enter data from the documents. The
limitation imposed on the import mode is defined structure of .xls files themselves. To make import correctly,
it is recommended to use the templates provided in import section, which is available for each specific
application module.

An important feature of the application is providing a database in the context of knowledge. To this end, the
ontology module reproduces relationships that occur in the database, giving them a context and thereby
building knowledge. Each table is mapped to the class of ontology and appropriately connected to the base by
semantics. Browsing the graph, the user is able to determine what data are stored in the application, of which
parts a particular module consists, and what messages can be obtained from this module. Knowledge about
the application is presented in a way natural for the user, making it easier to understand the information held
in the database. Additionally, connecting the application components to the appropriate classes of ontology
allows direct navigation across the application to perform data processing.

The system architecture is based on a division into several smaller modules. The modules use a variety of
tools realizing the objectives that are assigned to them. Dividing the project and avoiding bottlenecks we make
the application prone to expansion by further components. Just by adding a reference to the relevant project,
which requires a new component, it is immediately possible to work with its contents. This is consistent with
one of the principles of good S.O.L.I.D design namely "Open-Closed Principle," which says that a class or
project will be open for extension but closed for own modification.

1985



JE . -
ME 1AL

2015 Jun 3™- 5t 2015, Brno, Czech Republic, EU

— = —a

T

Fig. 2 Fragment of the ontology of the Foundry module

The aim of this module is parsing OWL file with ontology and then plugging it into the model layer. Physically
entity is saved to the database, and reflects the ontology relationships in the context of relations between the
tables and their attributes to create knowledge. Ontology built in the Protege application is read and parsed
for the class model. Then it goes to the view layer, where classes are converted to HTML and presents in the
form of a graph which shows the relationships between the various entities of the database. Following a report
the user is able to read relationship between classes comprised a main component and what information is
able to find with the specific module. The system is a very good base for expansion as the environment
inference. Because the database system is scalable, there is a possibility of connecting to the ontology of
another data source, user can build rules of inference that improve automatic data management.

3. CONCLUSIONS

CastNode platform creates new opportunities for the collection and sharing of information by integrating data
at the semantic level. Still not fully developed management layer thus an ontological model and the
management of the knowledge through semantic interface layer leaves open the direction of further research
and development of the platform. The system has a module of knowledge in the form of ontology, which shows
which data are stored and which dependencies take place between them. The purpose of using the semantic
technologies is to enable transparent sharing of knowledge and relationships between the data store creating
knowledge in a broader context. Such a method of recording has a number of advantages. The benefit of such
architecture is an ease of searching the content according to one’s own criteria. In a very extensive database
it provides the ability of semantic search based on the relationships and not just on keywords. Expanding the
application to include the system of inference can further increase the efficiency and clarity of the data collected
and allow easy extension of the structure by new components, e.g. data from the Web [13]. The presented
work describes the assumptions and CastNode platform architecture as well as methodology of data model
mapping to ontology, which is one of the most important aspects of semantic data integration.
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