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Abstract
There is an increasing demand for the exchange of important product
and manufacturing information in a computer interpretable way. Large manufacturing companies are dependent on having access to the necessary information electronically. If they do not get information about their manufacturing resources from their vendors, they will buy their resources elsewhere,
or they will have to create the information themselves.
In the end, the cost of the manufactured products will increase to accommodate the cost increase from having to create, integrate, and maintain
this information.
In order to solve this problem, the use of international standards for
product data is required. One area where such a standard is required is the
area of cutting tools.
This thesis describes the requirements for an international standard for
the representation and exchange of cutting tool information and the resulting
information model together with necessary reference data.
The representation of cutting tool information using an international
standard requires a generally applicable information model which is used
together with a reference data library. The reference data provides the explicit, unambiguous concepts necessary for successful information exchange.
ISO 13399, the international standard that is the result of this research
project, uses P-Lib (ISO 13584) to define its reference data. To successfully
use P-Lib in this way, requires some basic assumptions to be made, since
P-Lib is originally developed for component catalogs.
As a result of the chosen representation technique, the standard is capable of accommodating current and future developments of cutting tools,
e.g. multi function tools.
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1 Introduction
This chapter is an introduction to the research area, and
includes research problem, hypotheses, and limitations of scope.
1.1 Research problem . . . . . . . . . . . . . . . . . . . . .
1.1.1 Information management based on standards . .
1.1.2 Intentions with the research . . . . . . . . . . .
1.1.3 Limitation of scope . . . . . . . . . . . . . . . .
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2 Method
This chapter introduces the view on research that the author holds and the method with which the research has been
conducted, it also introduces fundamental concepts of importance to the area.
2.1 Research methodology . . . . . . . . . . . . . . . . . .
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What is written without effort
is in general read without
pleasure.
Samuel Johnson
Seward’s ’Biographia’, 1799

Chapter 1
Introduction
This chapter is an introduction to the research area, and
includes research problem, hypotheses, and limitations of
scope.
This thesis is a part of the result from a research project that started
in 2000. The work has been closely linked to the development of an international standard for cutting tool data representation and exchange.
In 2000 there existed a draft of a previous version of the standard. At
that time it was becoming apparent that the attempt would fail. It
was a good initial idea but was not followed through, which resulted
in a framework where the pieces would not fit. Early tests between
participating members also showed that the standard did not work as
intended in real world scenarios. Several participants in this previous
working group still saw the need for the standard, and decided to fund
a separate project with a Ph.D. student to continue developing the
standard.
Caterpillar Inc. was a driving force to get the project started, but
they were unfortunately not able to continue participating beyond the
year 2000. The industry partners in the project has since then been
AB Sandvik Coromant and Kennametal Inc.
This research has been carried out in the context of the Digital
Plant. The aim of the Digital Plant is to realize true digital manufacturing. It should be possible to develop, prototype, validate, simulate,
and verify digitally, thus effectively eliminating the need for physical
prototypes and ramp up of production.
3

1. Introduction
Information about cutting tools will play an important role in the
machining portion of the Digital Plant.
The vision for the Digital Plant also includes that it be based on
standardized information models, to ensure openness, interoperability,
longevity, extensibility, and ownership to name a few key drivers.
The need for a standard for cutting tool data representation and
exchange has over time become more and more urgent. The cutting tool
manufacturers are required by their customers to deliver data about
their tools. Since a standard has not been available, all such requests
have had to be dealt with manually and in a unique way for each request
at great expense for the tool manufacturers, and thus, ultimately the
tool users.

1.1

Research problem

The reasearch presented here is not related to any particular activity
or method, e.g. process planning, manufacturing system development,
axiomatic design, design for assembly, the list goes on. It is directly
related to the representation of information about cutting tools.
Previous and current work in the area is fairly limited, ISO/TC184/SC1 (2001, 2004d); Jurrens et al. (1995) have produced simple static,
although modular, models of cutting tools. Giachetti (1999) presents
an information model for manufacturing in the extended enterprise,
which includes a suggestion for a manufacturing capability model. The
cutting tool model included by Giachetti (1999) is the one presented
by Jurrens et al. (1995). Veeramani et al. (1992) did a comprehensive
study of tool information management, focused on how cutting tools are
best deployed, managed, exhanged, and what implications tool managent has on the realization of flexible manufacturing systems (FMS).
There has also been a previous project at the Division for Computer
Systems for Design and Manufacturing, KTH, together with Sandvik
Coromant. That project was a limited pilot study about an information model for cutting tools. Other initiatives are usually focused on
optimizing the cutting process itself, not the actual information about
the tools.
4

Research problem
Information representation for cutting tools poses a problem. Current nomenclature is important for usability and support, but it also
limits the apparent solutions, since new tool development does not fit
into the current nomenclature. The research presented in this thesis
bridges the gap between the rigid nomenclature and the general information representation support required by the cutting tool industry.
Hypothesis 1 It is possible to create an information representation
for cutting tools that is both generic and explicit.
Hypothesis 2 A generic information representation for cutting tools
requires reference data in order to be explicit.
Chapter 5 Information Requirements for Cutting Tools on page 45
and Chapter 6 Reference Data Libraries on page 75 are the main source
for the validation of these hypotheses.

1.1.1

Information management based on
standards

Information management based on standards could be considered to
be the dominant paradigm in this field of research. However, it is not
homogeneous enough to work as a paradigm. The main standard for
product data, ISO 10303 STEP, contains several different approaches
to information management. Within the sub committee in ISO, which
manages STEP, there are also other standards that are used together
with, or instead of, ISO 10303. The common denominator is a standard
which enables the exchange of information, but the way in which it is
realized vary.
Due to the immaturity of the field, several aspects that could have
been taken for granted, if there existed a paradigm, will have to be
explained in this thesis. cf. Section 2.1.1 The missing paradigm on
page 8.
As will be explained later, there are several aspects of information
models for manufacturing (or the Digital Plant) that have reached maturity. Most of the information models necessary already exist. However, their effective use to realize the Digital Plant has not yet been
5
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established. cf. Section 3.3.2 Information models related to manufacturing on page 34

1.1.2

Intentions with the research

In addition to the general issues in information management based on
standards that will be discussed, this thesis will in particular deal with
the area of information representation for cutting tools. As stated
briefly in the beginning of Chapter 1 Introduction, the cutting tool
industry is facing a huge problem as the demand for information increases.
The intentions with this research is to address a current problem
area and find a solution. That solution may be a new unique solution
or it may be a solution based on best practice from related areas. The
solution should be based on research results.
• Research a specific area of information management which currently has a problem and propose a solution.

1.1.3

Limitation of scope

Although cutting tool information in general is well covered there are
important pieces that have had to be left out because of time considerations in relation to the standardization part of the project. The main
piece is information related to process parameters for cutting tools;
what is often referred to as performance data. There will be a cursory
discussion about performance data in Section 5.2 Information related
to cutting tools on page 47, but no proposed information structure will
be presented.

6

The most exciting phrase to
hear in science, the one that
heralds new discoveries, is not
’Eureka!’ (I found it!) but
’That’s funny ...’
Isaac Asimov (1920 - 1992)

Chapter 2
Method
This chapter introduces the view on research that the author holds and the method with which the research has been
conducted, it also introduces fundamental concepts of importance to the area.

2.1

Research methodology

Most doctoral students realize that the available literature in their field
of research is an expression of certain points of view. This realization is
a result of their specialization within a field. The same is true regarding
researchers in the field of scientific philosophy and the view on science
and research methodology.
The point trying to be made is this:
Since most doctoral students are not doing research in the philosophy of science, their view on what science and scientific methodology
is, is probably somewhat limited.
Hopefully, all doctoral students critically review the texts they read
on the philosophy of science, but chances are that they take some things
as “truths” at face value. This would not have been the case if it
would have been their area of expertise. Therefore, any description of
science and scientific methodology in a thesis such as this, is at best
a summary of the works on the philosophy of science that the author
has encountered.
7

2. Method

2.1.1

The missing paradigm

Paradigms have greater importance in the natural sciences than in
applied science which is the scene for this theses. However, this section
will explain how a paradigm would be a big help in a field such as this.
A scientific paradigm is a framework in which research can be carried out. To be accepted as a paradigm, a theory must seem better
than its competitors. (Kuhn, 1996)
Kuhn (1996) states that:
When the individual scientist can take a paradigm for granted,
he need no longer, in his major works, attempt to build his
field anew, starting from first principles and justifying the
use of each concept introduced.
Chalmers (1999) gives a more nuanced picture of science and paradigms, or research programs. He tries to find common denominators
in the schools of Popper (2003) and Kuhn (1996) and some other influential schools in the philosophy of science.
Although this research has been carried out within a research program, there is little consensus in the area of information representation.
Things like data, information and knowledge are often being defined,
usually in a slightly different manner than previously. Data, information and knowledge will be defined in this thesis as well. The efforts of
writing a thesis like this could be better spent if these basic concepts
were taken for granted within a paradigm. As it currently stands, there
are factions of people subscribing to different points of view about the
basics of information and information representation.
What Lakatos (Chalmers, 1999) calls the hard core of a research
program, would in this case be the neutral representation of information. Neutral representation of information is a common denominator in many related standardization and research projects. Furthermore, the information being represented should always be model based.
Model based means that the information is always
• kept in context
• versionable
8
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• possible to associate with other relevant pieces of information,
e.g. features
• retrievable as properties or geometry through the model, not by
reference to documents.
Another important aspect is separation of content and presentation.
From this the following conclusion can be drawn; The application
and further development of information representation technology in
this thesis contributes to the research area of neutral information representation. It is mainly in that area that new knowledge has been
created. The area of cutting tools has as a result got an application of
the research result. New knowledge has most definitely been created
in the cutting tool area, but it is a calculated side effect of the research
project. This calculated side effect is the reason for the funding of this
research project.
Of course, it is an oversimplification to say that the application of
the result in the cutting tool domain is a side effect of the research.
From the point of view of the participating tool manufacturers, the
research project is a side note, the main benefit is the international
standard that is the result of the collaborative project.
The problem area that is the source for the research results is the
cutting tool domain, but the main research area is still information
representation and not cutting tools.

2.1.2

The research project

This research project differs from the project of many other Ph.D students. It has throughout the project, been a close collaboration between academia and industry to reach a predefined goal; the international standard.
The main problem has been to capture all the aspects of cutting tool
information that the industry experts knows. Most of this information
is implicit and self evident to the experts, but for the purposes of the
standard it is important that it is captured and represented in a way
that is usable for information representation and exchange.
9

2. Method
About a third of the way through the project, the team arrived at a
method which has been the reason for the success of this project. The
cutting tool experts have been detailing their knowledge about cutting
tools through the specification of classes and properties in a reference
data library, cf. Section 6.1 The role and importance of reference data
libraries on page 75. Apart from the technical benefits of using reference
data, it has also been the necessary bridge between the information
experts and the cutting tool experts in the project.

2.2

Data, Information and Knowledge

Information exchange is essentially a poor substitute for what is ultimately desired: knowledge sharing. Manufacturing companies should
be able to purchase the knowledge of how to best use a specific cutting
tool to reach their goal. Knowledge depends on information, which
depends on data. These concepts are discussed in this section of the
thesis.

2.2.1

Data

Definition 2.1 (Data) Representation of facts, terms, or instructions
in a form suitable for transmission, interpretation, or computation by
people or machines.
(Nationalencyclopedin, 1990)
Definition 2.2 (Data) Data are symbols (or functions) which represent information for processing purposes, based on implicit or explicit
interpretation rules.
(Schenck and Wilson, 1994)
Data are the atoms in information representation (they can be broken down further but in most cases it is unnecessary). However, data
by itself does not constitute information. Something more than data is
10
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needed to create information, or at least the combination of different
types of data.
The intent with the two selected definitions of data is to provide a
base view of what data is. The main drawback of Definition 2.2 is that it
includes information in the definition of data. However, because of the
influence of Schenck and Wilson (1994), the definition is included here.
Definition 2.1 does not include information in its definition of data and
is one of many similar definitions. Irregardless of the definition of data
you choose, you end up with pretty much the same view; data are the
small pieces that get represented somewhere, somehow.
For the purposes of this thesis, Definition 2.1 will be used.

2.2.2

Information

Definition 2.3 (Information) Information is knowledge of ideas,
facts and/or processes.
(Schenck and Wilson, 1994)
There is one problem with Definition 2.3, it includes knowledge in
the definition of information. Knowledge is different from information
and should not be included in the definition of information. However,
the definition is included here due to the fact that many of the ideas presented about information and information modeling are influenced by
the definitions and assumptions made by Schenck and Wilson (1994).
Definition 2.4 (Information) Information is data placed in context.
(Loomis, 1987)
Context is provided by a different type of data, which when combined with the first piece of data creates information. The different
type of data may also be called meta-data, data about data.
The different types of data and their combination into information
is illustrated in Figure 2.1 Illustration of the relationship between data
and information, adapted from NIST (1993b). on page 12. “Facts”
11
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Figure 2.1: Illustration of the relationship between data and information, adapted from NIST (1993b).

and “Meanings” are different types of data, cf. Definition 2.1, which
when combined may produce information.
Figure 2.1 is adapted from NIST (1993b), in which an example is
given of “Facts” and “Meanings”. A single meaning can be applied
to many different facts. For example, the meaning “zip code” could
be applied to numerous five digit numbers. A fact without a meaning
is of no value and a fact with the wrong meaning can be disastrous.
Statistically, 400 pieces of data can be combined in 400! ≈ 10869 ways
to create various forms of information. There are in most cases only
a few desired combinations. Hence, meanings and facts can not be
indiscriminately combined. The combinations must be limited using
interpretation rules.
Applying interpretation rules to data in order to create information
can be formally illustrated using an example from Schenck and Wilson
(1994). Let I and D stand for information and data respectively; also
let R be the set of interpretation rules that produce information from
data. Symbolically we can then write
R(D) 7→ I

(2.1)

to mean that applying the interpretation rules R to the data D produces the (interpreted) information I. There is also the inverse process
12
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required which is necessary to define the data which represents some
information. We write this as
R−1 (I) 7→ D

(2.2)

Combining the above, provided R is invariant in an information system, then
R(R−1 (I)) 7→ I

(2.3)

i.e., provided the interpretation rules are constant and complete, it is
possible to exchange information with no loss.
Equation 2.1 shows the basic idea also expressed in Definition 2.4
on page 11: Information is interpreted data.
Schenck and Wilson (1994) goes on to show what happens if the
interpretation rules are not invariant. The result is that communication
will fail when the data is interpreted differently by the receiver than
by the sender.

2.2.3

Knowledge

Definition 2.5 (Knowledge) Knowledge differs from data or information in that new knowledge may be created from existing knowledge
using logical inference. If information is data plus meaning then knowledge is information plus processing.
(Howe, 2004)
It is important to differentiate between data, information and knowledge. Definition 2.5 does this in a straight forward manner. It is also
in line with the previous definitions of data and information.
Further discussion on knowledge representation can be found in
Section 2.5 Knowledge Representation on page 21.
13
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2.3

Model
A message to mapmakers: highways are not painted red,
rivers don’t have county lines running down the middle,
and you can’t see contour lines on a mountain.
(Kent, 1978)

There are probably as many definitions of model as there are people
working with modeling of some kind.
Definition 2.6 (Model) M is a model of a system S if M can be
used to answer questions about S with an accuracy of A.
(Marca and McGowan, 1988)
Although it is possible to deduce from Definition 2.6 that a model
is a simplification, it does not explicitly state this fact.
What Definition 2.6 means is that M is a model, a simplified representation, of S. Since M is a simplified representation, the range
within which M is valid must be known in order for M to be useful
in answering questions about S, this is the accuracy A. The only reason for M to exist, in an engineering or business context, is to answer
questions about S.
Definition 2.6 is the formal definition of a model that will be used
in this thesis.
This is a very general definition of a model, but in being general it
is also well suited for the purpose of a basic definition of a model upon
which further definitions can be based.
When creating a model it is important to consider the purpose of
the model because it will influence the choice of modeling technique.
Each technique will be suitable for a specific purpose.

2.3.1

Activity modeling

Activity modeling is a way to analyze an activity and in a formal and
structured way identify different requirements and conditions for the
14
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activity. The modeling language that is used for activity modeling
in this thesis is Integration Definition for Function Modeling (IDEF0)
(NIST, 1993a), which is the language used in Structured Analysis and
Design Technique (SADT) (Marca and McGowan, 1988).
In any activity analysis it is important to use a formal modeling
technique, e.g. SADT. It does not matter if computer support is going
to be implemented or not, in order to be able to successfully manage
everything related to an activity it is necessary to know what should
be managed. In IDEF0 this is accomplished by specifying input, output, control and mechanism for each of the activities in the model, cf.
Figure 2.2. The activities can also be subdivided hierarchically into
sub activities.
C1

I1

C2

Activity modeling

Experience

O1

A0

M1

Figure 2.2: Basic IDEF0 construct with Input, Control, Output, Mechanism (ICOM).

2.3.2

Information modeling

Information modeling is a way to model relationships between different types of information, information being knowledge of ideas, facts
15
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and/or processes.(Schenck and Wilson, 1994) From the activity model,
cf. Section 2.3.1 Activity modeling, different types of information is
identified. There is information in all of the different specifications of
input, output, control and mechanism from the activity model. These
information flows have different meanings, but are all equally important
for the activity, and can through the process of information modeling
be documented in a formal and structured way. This description of
information types and there relationships to each other is called an
information model.
Definition 2.7 (Information Model) An information model is a formal description of types of ideas, facts and processes which together
form a model of a portion of interest of the real world and which provides an explicit set of interpretation rules.
(Schenck and Wilson, 1994)
There are many different modeling languages that can be used for
information modeling. Along with the fact that the term information
modeling is used in many different ways, this means that it can be
difficult to decide which language to use.
The choice of language is closely related to Definition 2.6, it goes
to the purpose and viewpoint of the model. What is the purpose of
the model that is to be created? If it is a model that is to be used
directly for implementing a computer application then a language like
UML is probably advisable; If it is a conceptual information model then
a language like EXPRESS (ISO/TC184/SC4, 1994a), NIAM (Nijssen
and Halpin, 1989) or IDEF1X (NIST, 1993b) is probably more suitable.
EXPRESS is primarily a lexical language with a graphical subset, cf.
EXPRESS-G on page 17.
Through the use of XML, it is also possible to have lexical representations of UML models. However, the XML representation is not standardized like EXPRESS. EXPRESS is also directly linked to a physical
exchange format, which means that it is possible to go directly from
an EXPRESS model to information exchange.
The choice of EXPRESS as the information modeling language is
not accidental. The type of information model presented here needs
16

Model
to be computer-sensible, which EXPRESS is through its lexical representation (Schenck and Wilson, 1994). EXPRESS-G which is used
in this thesis is the graphical representation, which is a subset of EXPRESS. EXPRESS is also an international standard, ISO 10303-11
(ISO/TC184/SC4, 1994a), and is used in the ISO 10303 suite of standards which is commonly known as STEP. Due to the close relationship
between the standardization project related to the research presented
in this thesis and STEP, EXPRESS is really the only sensible choice of
language in this case.
EXPRESS-G
As stated previously, EXPRESS-G is a graphical subset of EXPRESS.
The parts of EXPRESS-G that will be used to present information
models in this thesis will be briefly explained.

Figure 2.3: Elements of EXPRESS-G used in this thesis.
Figure 2.3 shows a sample of the EXPRESS-G constructs available.
An attribute is used to specify both data to be represented using simple data types, e.g. a string or an integer, or a relationship to another
entity. Attributes can have different aggregation types and cardinalities, in Figure 2.3 an attribute is shown, with a set that can have any
size from one and up. Inheritance between super- and sub-class is represented using a bolder relationship. Inverse attributes can be useful
either to put a constraint on a relationship from another entity or to
17
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facilitate finding entities that relate to the current entity. Retyping of
an attribute is useful when an inherited attribute needs to be renamed
or semantics of the attribute need to be altered.

2.4

Ontologies

What an ontology is can differ greatly depending on who you ask. The
original meaning of ontology is: the metaphysical study of the nature
of being and existence (WordNet r, 1997), i.e. the nature of reality –
of what exists (Integrated Definition Methods, 2006).
For the purpose of this thesis, the following definition will be used:
Definition 2.8 (Ontology) An ontology is an explicit specification of
a conceptualization.
(Gruber, 1993)
Definition 2.8 portrays the prevalent interpretation of ontology in
the field of information science. An ontology explicitly describes concepts and semantic relationships between concepts.
How are ontologies related to information models? An ontology
and an information model serve different purposes and as such are not
directly comparable.
According to the definition given in Definition 2.8 on page 18 an
information model could be considered to be an ontology, but that
would be an oversimplification. An information model is most often
used to describe something particular in depth, while an ontology is
used to define the concepts that are relevant in a universe of discourse.
Ontologies also contain axioms that are used to compute allowed inferences, e.g. required or prohibited relationships between entities. These
types of rules can also be specified in EXPRESS, but that does not
mean that an information model made in EXPRESS is an ontology.
Classes in a real ontology should be defined by their relationships,
not by a human readable text. The relationships state which properties
a class has and how it is related to other classes, e.g. parents, children,
and siblings.
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Simple ontologies, similar to those found as examples in various
papers, could easily be describe using EXPRESS. However, if the ontology becomes more complex with complicated logical relationships
then a formal “logic” representation is a better choice where there are
predefined semantic relationships. That model for the representation
could of course be created using EXPRESS.
To illustrate that an ontology is a concept and not a language, a
simple example will be used. The following ontology example is taken
from Lin et al. (1996).
The structure of a part is defined in terms of the hierarchy of its
component parts. The relationship between a part and its components
is captured by the predicate component of . Between two parts p and
p0 , component of (p, p0 ) means that p is a component (subpart) of p0 .
For example, there are three components of a desk spot lamp, namely
Heavy base, Small head and Short arm:
component of (Heavy base, Desk spot lamp)
component of (Short arm, Desk spot lamp)
component of (Small head, Desk spot lamp)
The following axioms state that component of is a non-reflexive and
anti-symmetric relationship.
(∀p)¬component of (p, p)
(∀p1 , p2 )component of (p1 , p2 ) ⊃ ¬component of (p2 , p1 )
This example includes a few elements that will now be represented
using EXPRESS instead. The elements are:
• The part;
• The component of relationship;
• The axioms stating the non-reflexive and anti-symmetric nature
of the relationship.
And the EXPRESS equivalent is:
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SCHEMA ONTOLOGY_EQUIV_SCHEMA;
ENTITY part
part_name : STRING;
component_of : OPTIONAL part;
WHERE
non_reflexive : component_of <> SELF ;
END_ENTITY;
RULE anti_symmetric FOR (part);
WHERE
WR1 : SIZEOF( QUERY( p1 <* part | SIZEOF(
QUERY( p2 <* USEDIN( p1,
’ONTOLOGY_EQUIV_SCHEMA.PART.COMPONENT_OF’) |
(p1.component_of = p2)) = 0)
)) = 0;
END_RULE;
END_SCHEMA;
The part is represented by the EXPRESS entity part, which has two
attributes: name and component of. The attribute name is intended to
hold the name of the instance of a part, e.g. Desk spot lamp. The
attribute component of represents the predicate component of .
The axioms are represented as EXPRESS rules, one local rule and
one global rule. The non reflexive local rule enforces the constraint that
a part can not be a component of itself. The anti symmetric rule uses
a query on the entire information base to enforce that there are no
circular component of relationships. This second test is limited since it
will not check more than the first level, a circular graph is still possible.
In Lin et al. (1996) the example contains a further axiom which
states the transitive nature of the component of relationship. This
means that if a part is a component of another part that is a component
of a third part, then the first part is a component of the third part.
The transitive and anti-symmetric axioms together exclude circular
graphs. These types of declarations are easier to achieve using first
order predicate logic than EXPRESS rules. Since it is also possible to
declare functions in EXPRESS, it is possible to recurse the information
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base to ensure that no circular graphs exist.
It should also be mentioned that although it is simple to make the
declarations using first order predicate logic, in order for the calculation
to be made in a computer, the logic still has to be implemented.
The fact that EXPRESS can represent the necessary building-blocks
for an ontology is beneficial, since EXPRESS plays a large role in the
different information standards that are used in this thesis. Another
aspect of ontology and EXPRESS is that EXPRESS apart from being
able to represent basic building blocks of an ontology itself, can be used
to create a model of an ontology.
As with all models, in the end it comes down to what the purpose
of the model is. Different purposes will require different methods.
If an attempt is made at combining ontology and information model
the chosen method is important. Either have them separate and use
the ontology as a base for references from the information model, or
combine the two into one. If they are to be combined then a decision
has to be made as to which representation should be used. Either
model product data (geometry, properties, product structures) using
an ontology language or represent the ontology using the language used
for the product model.

2.5

Knowledge Representation

A knowledge representation is a combination of knowledge, model, and
ontology. Davis et al. (1993) summarize what a knowledge representation is in five basic principles.
1. A knowledge representation is a surrogate
2. A knowledge representation is a set of ontological commitments
3. A knowledge representation is a fragmentary theory of intelligent
reasoning
4. A knowledge representation is a medium for efficient computing
5. A knowledge representation is a medium for human expression
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These are also used by Sowa (2000) as the principles of knowledge
representation.
The previous statements can be summarized as follows:
Definition 2.9 (Knowledge representation) A knowledge representation is a model of knowledge, the ultimate purpose of which is to aid
human beings.
(Nyqvist, 2007)
All items in the previous list are related to assumptions about what
knowledge is and how it is captured. A rule based system has made
the assumption that reasoning is based on rules, while a frame based
system has made the assumption that reasoning is based on finding
a stereotyped situation and applying that situation using the specifics
of the current situation. They represent two different approaches to
knowledge and reasoning.
In a mechanical design or production engineering context, a knowledge representation should be able to react to situations where design
rules are being violated, or best practice for manufacturing is not being
followed. That is probably the first step for a knowledge representation.
In the long run, a knowledge representation should also be possible to use in the transfer of knowledge from A to B, i.e. knowledge
exchange.

2.6

Testing with instantiation

Apart from actually implementing the use of a certain information
model in a system, the only method available to verify an information
model is to test it manually through instantiation. Theorem prover
engines that are used to validate control systems and micro processors,
test functions and states, e.g. to make sure there are no possible deadlocks in the system. These functions and states have to be represented
using some form of logic, usually first order predicate logic. As such
they are probably unusable in testing an information model.
An EXPRESS model can be put through a simple validation test,
but the test only shows if the EXPRESS code is valid or not according
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to the EXPRESS syntax. There are no automated tests that show if
the model itself is usable or not.
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Le sens commun n’est pas si
commun
Voltaire

Chapter 3
Communication and Product
Data
This chapter includes some definitions of the basic concepts
that are important and an overview of the area in which this
research is positioned.

3.1

Communication

There is an increasing need in a growing number of industries to share
information. This includes sharing of information within a company,
between companies1 , or between a company and a customer2 . The scenarios are endless. However, it is important to note that with the trend
of more and more business being conducted in what is generally referred
to as the extended enterprise, the way in which the necessary information is managed becomes even more important. Business partners are
now designing and developing different parts, sometimes major parts,
of an OEMs product. If not designing then definitely manufacturing
parts.
The awareness of the information management problem varies a lot
between different industries.
1
2

Also known as Business-to-Business
Also known as Business-to-Customer
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All successful communication relies on a common understanding of
what is being communicated. In human communication the common
understanding is to a large extent implicit, whereas computers that
communicate need to have an explicit common understanding (Schenck
and Wilson, 1994). This explicit common understanding needed by
computers can be referred to as an information model, cf. Definition 2.7
on page 16.
Communication between different computer systems is currently
burdened by the fact that most systems have their own information
model. Even though each information model may contain the necessary
definitions and interpretation rules, communication can still not take
place since each system needs to understand the models, or formats, of
the other systems.

Figure 3.1: Point-to-point translators compared to neutral format
translators (Nyqvist and Nielsen, 2001)
To enable communication between the different systems, standardized information models are necessary (Al-Timimi and MacKrell, 1996).
Figure 3.1 illustrates the difference between the number of point-topoint translators (or integrations) necessary as compared to the number of neutral format translators. The white circles represent systems,
when a new system is introduced the number of point-to-point connec, while the neutral format solution
tions will grow exponentially, n(n−1)
2
will grow linearly, n. Add to that the customization effort if one of the
systems is updated; the point-to-point solution will require all connections of the system to be updated.
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3.2

General product data requirements

At the division of Computer Systems for Design and Manufacturing,
Product Data Management (PDM) has long been considered to encompass what today is called Product Life-cycle Management (PLM).
According to CIMdata Inc. (2005), PLM is defined as:
• A strategic business approach that applies a consistent set of business solutions that support the collaborative creation, management, dissemination, and use of product definition information
• Supporting the extended enterprise (customers, design and supply partners, etc.)
• Spanning from concept to end of life of a product or plant
• Integrating people, processes, business systems, and information
The information related to cutting tools, which is the focus for this
thesis, need to fit that overall goal. It should be an integral part of an
overall strategy.
To accomplish the PLM strategy, certain requirements on the product data must be fulfilled. The requirements on product data are illustrated as pieces of a puzzle in Figure 3.2 Key pieces of the product
data puzzle. (Al-Timimi and MacKrell, 1996) on page 30.
These requirements are the key drivers for ISO-10303 STEP, which
is discussed further in Section 3.3.1 ISO 10303 STEP on page 32.
Regardless of the domain of interest, e.g. cutting tools or automotive industry, there are certain aspects of product data management
that are common.
Some industries have a practice in which certain aspects of what
is general product data requirements are not considered. The cutting
tool industry is an example of this, versions have not been considered to
be part of the product information. At least not when communicating
with customers; cutting tools simply do not have versions.
When communicating product data it is important to consider how
the information shall be consolidated on the receiver side. There must
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Portability

Interoperability

Longevity

Extensibility

Figure 3.2: Key pieces of the product data puzzle. (Al-Timimi and
MacKrell, 1996)

be some mechanism to validate the information. It then becomes important to have access to information about version and effectivity
(whether a certain piece of information is currently valid or not).
Based on this information, it is then possible to automatically consolidate the information when importing cutting tool data from a new
delivery. To minimize the burden of information management when
communicating with business partners these activities must be tailored
to automation.
Due to the fact that most companies have a multitude of different
systems which are not integrated, it is often difficult to consolidate
information.
However, through the use of international standards for product
data, it is possible to consolidate information even in the heterogeneous
system landscape of today.
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Standardized information models

Several recent research projects have investigated the use of standardized information models to represent information about manufacturing
systems and manufacturing processes. (Johansson, 2001; Nielsen, 2003)
There are some important issues to consider when discussing standardized information representation. One that may be the most important one is mostly overlooked in the available literature, it is the
issue of ownership.
If you are not allowed to access the information you have created
(at great expense) in the way you want, are you truly the owner of
the information? Probably not, you are at the mercy of your system
providers. To ensure that the owner can access the information in any
way required, standardized formats are necessary.
There is a common misconception about information standards.
Many people believe that it is the content that is standardized, and
that you are thereby restricted in your business options or required to
reveal information that is proprietary.
Nothing could be further from the truth. An information standard
standardizes the structure and semantics of the information, thereby
enabling successful communication. Nothing in such a standard mandates what information should be shared, only how.
In a study commissioned by the European Union (VALORIS, 2003),
a comparison is made between available open document formats, e.g.
word processor documents and spreadsheets. The purpose with the
study is to evaluate formats and make recommendations as to what
the EU must support for communication with its citizens. The conclusion is that communication can not be locked in to particular software
applications, it must be based on open formats that enable people to
use whatever software they want. The drivers are the same as those
identified for product data, cf. Figure 3.2 Key pieces of the product
data puzzle. (Al-Timimi and MacKrell, 1996) on page 30.
In 2006 the OASIS Open Document Format (ODF)
(ISO/JTC1/SC34, 2006), a file format for “office applications”, e.g.
word processors and spreadsheets, was published as an ISO/IEC-standard.
31

3. Communication and Product Data
Everything that is referred to as a file format has a model, whether
it be implicit (as a result) or explicit (by design).
Graduates from computer science, that are the work horses of enterprise integration, usually consider information exchange trivial. It
is the system centric view that dominates the corporate landscape.
Brunnermeier and Martin (1999) estimates that the cost of imperfect
interoperability for the automotive industry in the USA was $1 billion per year in 1999. The case for standardized information models
for product data and the fact that information exchange is not trivial
seems self evident.
Information integration within an enterprise is only feasible if enabled by a standardized information representation.

3.3.1

ISO 10303 STEP

ISO 10303, Standard for the Exchange of Product model data, STEP,
is a project concerning standardized information representation for industrial automation. It is a very big project that has been in progress
since the mid 1980’s. Because of the nature of the work and the domain, it is not a project that at some point meets its conclusion but
rather an ongoing process.
The work is organized under ISO TC184/SC43 . The active participants come from all over the world and many represent large companies in which the awareness of the information management problem
is greater than usual.
Application Activity Model
The collection and documentation of information requirements in STEP
begins with the Application Activity Model (AAM). The AAM documents the activities that are inside the scope of the current Application
Protocol. It is then used to identify the information types and relationships in the activities. The model is usually done using IDEF0,
cf. Section 2.3.1 Activity modeling on page 14.
3

Technical Committee 184 – Industrial Automation Systems and Integration /
Sub Committee 4 – Product Data Representation and Exchange
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Application Reference Model
From the requirements identified in the AAM the Application Reference Model (ARM) is created. The ARM documents the information
requirements. It can be created using EXPRESS, NIAM or IDEF1X
cf. Section 2.3.2 Information modeling on page 15.
Originally the intent was to create the ARM using the terminology
of the domain of interest, this would make it easier for domain experts
to contribute with their knowledge. Lately, several application protocols have been created that are more generic in their constructs. To
be familiar with these more generic models require more information
modeling knowledge. However, it would seem that in many information domains, it is a direct information requirement to have a generic
model.
Application Interpreted Model
The Application Interpreted Model (AIM) is a source for much debate.
It is the integration mechanism of choice for the STEP standard.
The AIM is the result of a mapping of the ARM to the Integrated Resources (IRs). The specific information types of the ARM
are mapped to highly generic information types in the integrated resources.
The integration is done by making sure that similar concepts in
different domains are mapped in the same way to the integrated resources. A database based on the AIM models can then implement
several application protocols and share common objects between the
different domains.
STEP Modules
A part from the traditional development model of STEP, as described
in the previous sections, there is also the STEP modular architecture.
Several of the latest application protocols make use of this new architecture, e.g. AP 233(ISO/TC184/SC4, 2003c) and AP 239(ISO/TC184/SC4, 2004b).
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One of the main differences between the modular architecture and
the traditional approach is that the modular architecture makes the
AIM mapping obsolete. Since the modular APs uses the same modules
when representing a common concept, the models are already harmonized. It also means that if a new AP is being developed, most of what
is needed will already exist and can be used directly.
However, since this is a major change in the way that SC4 works,
there are many of the active participants that still cling to the traditional approach.

3.3.2

Information models related to
manufacturing

In SC4, which includes more than just STEP, there are several standardized information models relevant to manufacturing. Together they
form what must be considered a solid base for the digital plant. Most
of the necessary models already exist, but there effective use to realize
the digital plant is yet to appear. The following is a list of the standards currently available or under active development with relevance
for manufacturing:
• STEP Part 203: Application Protocol: Configuration Controlled
Design (Edition 2, which includes geometric dimensioning and
tolerancing (GD&T)) (ISO/TC184/SC4, 1994b)
• STEP Part 207: Application Protocol: Sheet Metal Die Planning
and Design (ISO/TC184/SC4, 2001b)
• STEP Part 212: Application Protocol: Electrotechnical Design
and Installation (ISO/TC184/SC4, 2001c)
• STEP Part 214: Application Protocol: Core Data for Automotive
Mechanical Design Processes (ISO/TC184/SC4, 2003b)
• STEP Part 219: Application Protocol: Dimensional Inspection
Information Exchange (ISO/TC184/SC4, 2006g)
34

Standardized information models
• STEP Part 223: Application Protocol: Exchange of Design and
Manufacturing Product Information for Casting Parts
(ISO/TC184/SC4, 2006h)
• STEP Part 224: Application Protocol: Mechanical Product Definition for Process Planning Using Machining Features (ISO/TC184/SC4, 2001d)
• STEP Part 229: Application protocol: Exchange of Manufacturing Product Information for Forged Parts (ISO/TC184/SC4,
2006i)
• STEP Part 233: Application Protocol: System Engineering and
Design (ISO/TC184/SC4, 2003c)
• STEP Part 235: Application Protocol: Materials Information for
Product Design and Validation (ISO/TC184/SC4, 2005c)
• STEP Part 238: Application Protocol: Application Interpreted
Model for Computerized Numerical Controllers (ISO/TC184/SC4,
2005d)
• STEP Part 239: Application Protocol: Product Life Cycle Support (ISO/TC184/SC4, 2004b)
• STEP Part 240: Application Protocol: Process Plans for Machined Products (ISO/TC184/SC4, 2005e)
• STEP-NC (ISO 14649 and AP 238)
• ISO 14649 Data Model for Computerized Numerical Controllers
(ISO/TC184/SC1, 2001, 2003, 2004a,b,c,d)
• ISO 13399 Cutting Tool Data Representation and Exchange (ISO/TC29/WG34, 2004, 2006a,b,c,d,e,f,g)
• ISO 15531 Industrial Manufacturing Management Data (MANDATE) (ISO/TC184/SC4, 2004)
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• ISO 18629 Process Specification Language (PSL) (ISO/TC184/SC4, 2004a, 2005a,b, 2006a,b,c,d,e,f)
What becomes apparent when considering the previous list, is that
the current standards are heavily biased toward machining. There is
next to no support for assembly, sheet metal forming, and in general
manufacturing activities not directly linked to machining. This is probably one of the major obstacles for the realization of the digital plant
based on standardized information models.
From a process perspective, these activities can be described by
existing standards, but there is no standard that has explicit support
for activities other than machining.
Currently available software that support digital factories is rapidly
maturing and making inroads in larger manufacturing companies. This
facts highlights the need for standards in this area.

3.4

Emerging trends in the cutting tool
industry

An emerging trend in the cutting tool industry is for tools to be usable
for more than one purpose, multi function tools.
As tools become more and more complex their correct use is more
difficult to convey using current methods. There is a need for a way
to communicate information about the use of a cutting tool and its
properties.
This is an additional driver for a standard for information about
cutting tools.
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Study the past if you would
define the future.
Confucius (559 BC - 479 BC)

Chapter 4
Current state of tool
information management
This chapter describes the current state of cutting tool information management and communication.

4.1

Information management in general

All companies that produce anything, whether it be mechanical products or information services, will have to manage information in one
way or another. Historically this information management has been
done on paper (there is no point in going further back in history) and
in paper archives. Currently, more and more of this information management is being computerized but there are still many things that
are managed on paper, if not entire companies then processes within
companies. Generally it is more important for a large company to have
computer support for their activities because of their size and the shear
amount of work it would require to manage everything on paper. With
that work there is of course the cost and time consumption that are
major factors in the need for computerization.
The general view on how information is managed today is that most
companies use some kind of computer support. This might be true, but
the level of computer support is actually often quite poor and not as
extensive as most people think. There are often different processes re37
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lated to the management of product information that are still managed
on paper, like Engineering Change Order, ECO, or inventory requests.
Unrelated (not entirely true) to the product information but still
very important is the information related to the administrative management of the company. In this area the situation is much the same,
there is usually some support but there are processes that are still
managed on paper.
As the level of computerization increases most companies discover
that the computer support they have lack a strategy, and that they
have a plethora of different systems that each manage small bits and
pieces. This usually means that the same information is entered manually into several different systems because these systems are unable
to communicate, let alone share information, with each other.
The companies with the best awareness regarding the product data
problem and information management in general, are usually larger
companies with complex products, industries with special documentation requirements. e.g. aerospace industry, or other industries with
special demands on documentation, like defense industry.
In the case of aircraft manufacturers, they have products with a
lifespan of about 70 years. During that time they will need to have
access to the product data in order to make improvements and alter
design when a risk of failure is identified. Considering the development of computer systems during the last 50 years, who knows what
computers and applications we will be using in 70 years?
Without the use of standardized information models it will not be
possible to maintain the product information over such a long period
of time.

4.2

Original version of ISO 13399

The development of the previous version of ISO 13399 began in the
mid 90’s. It was based on work done at NIST (National Institute of
Standards and Technology) in the USA. (Jurrens et al., 1995) There
are several basic ideas that are common between the two versions.
However, there are major differences as well. The initial idea of the
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original ISO 13399 was good, but it does not seem that it was thought
or carried through all the way.
The similarities between the original version and the current version
are primarily that they are both property based, and that they both
divide the cutting tool into different pieces.
There where some troublesome shortcomings that have been a challenge for the new version. The original version was still structured according to current nomenclature in the cutting tool industry. Perhaps
it may be difficult to see why this is a bad thing for a standard for cutting tool information. The problem lies in that as cutting tools evolve
toward multi function tools, they do not fit into the existing implicit
and inconsistent nomenclature. A more thorough explanation of this
can be found in Section 5.1 New effort in developing ISO 13399 on
page 45.
Furthermore, the scope of ISO 13399 was too limited. It did not
take into account several items that are an essential part of cutting
tools. This would have resulted in a standard that could be used for a
part of a cutting tool but not for the complete cutting tool.
Even if the standard would have been usable in itself it would not
have been usable by the industry since it did not cover their need. In
early tests of the original ISO 13399 it failed. The information transfer
was not successful due to ambiguities in the standard.

4.3

German standard DIN 4000

DIN 4000 is a German national standard for cutting tools. It is property based and includes a vast list of types of tools with pictorial descriptions. It is not intended for information exchange using computers. However, a recent development at DIN has made the properties
of DIN 4000 electronically available in the form of a Parts Library dictionary, see Section 6.2 ISO 13584 Industrial automation systems and
integration - Parts Library on page 76 for a further description of Parts
Library.
The scope of DIN 4000 is smaller than that of ISO 13399 and has
not been considered as a starting point for the standardization effort in
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ISO 13399. It is, however, a good source for requirements for specific
parts of ISO 13399.
Political considerations in standardization should not be taken lightly.
If DIN 4000 had been used as a starting point for ISO 13399 there would
have been many issues concerning the fact that it is a German national
standard, when trying to reach international consensus.

4.4

Tool information management
systems

This section contains a brief look at some different commercially available applications that deal with tool information in some way.
These different systems will, from a user perspective, benefit from
an international standard for cutting tool information. In the case
where the systems are geared toward automation of ordering and purchasing, some tool manufacturers may be vary of a standard which will
enable their customer to order their tools from any supplier, not just
the one selling the system.
The tool manufacturers already operate in a world where their customers purchase tools from several manufacturers to fulfill their toling
requirements. An international standard will only facilitate their current operations, not threaten their business.
The main tool information management systems share many of the
same features. The systems that have been considered here are:
• AutoTAS (AB Sandvik Coromant, 2005)
• TDM (TDM Systems GmbH, 2005)
• KATMS (Kennametal Automated Tool Management Solutions)
These systems are modular and contain modules similar to these:
• Item management
• Assembly management
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• Tool setup management
• Purchasing management
The different tools emphasize different ares with more detailed functionality.
TDM is the most widely used tool management system available
today. The specifications for drawings and tool information used in
TDM is a de-facto standard in the cutting tool industry. When a
CAM-system integrates functionality for displaying drawings of tool,
they usually follow the TDM specification.
Applications such as these can be used as an example of the benefits
with a standard for cutting tool data representation and exchange. A
standard would enable the users of a tool information management
system to purchase their cutting tools from any vendor and still benefit
from the use of the application.

4.4.1

CIMSource

CIMSource (CIM GmbH, 2005) is currently the most extensive digital
tool information source available. The CIMSource application uses a
data format called Standard OpenBase that is owned jointly by CIM
GmbH, AB Sandvik Coromant, Kennametal Inc., and Plansee Tizit.
The Standard OpenBase format is closely linked to the German
DIN 4000 standard.
Based on the availability of tool information from different vendors CIM has created a range of products that provide value adding
functionality. This is a clear example of the benefits of having readily
available tool information from different vendors. Instead of focusing
on getting the data, the focus can be put on the actual engineering
tasks.
When ISO 13399 becomes available and starts to be implemented,
CIM will benefit from having an actual standard through which they
receive information from tool vendors.
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The one who says it cannot be
done should never interrupt the
one who is doing it.
The Roman Rule

Chapter 5
Information Requirements
for Cutting Tools
This chapter describes the drivers for the design of the information model, and how the main features of the information model works.

5.1

New effort in developing ISO 13399

As stated in Section 4.2 Original version of ISO 13399 on page 38 there
has been a previous attempt at developing a standard for cutting tool
data exchange.
The current attempt has done several things differently. At the
outset it was intended to create a standard that would be able to deal
with continuing development in the cutting tool industry. This has
since then been one of the major efforts in the project.
Historically, tools have been named according to their use, e.g. face
mill, boring bar. As more and more tools are being developed that can
be used for more than one purpose this type of naming is no longer
practical. In actuality a name is fairly unimportant, it is simply a
designation for a thing, it is not usually used for identification purposes
in computer systems.
Contrary to these statements, cutting tools have included several
pieces of information in their name; usually type of tool and process in
which it is used.
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This is one of many examples in the cutting tool industry where
several pieces of information are combined and together create a code,
which is designed so that humans in an easy way can get a fairly large
amount of information, e.g. ISO designation systems for indexable
inserts (ISO/TC29/SC9, 2004). However, ISO 13399 is intended to enable information exchange between information systems, not humans.
Although a human is in many cases the final recipient, the information exchange will be quite different. In this scenario the requirements
are quite different than in human communication. The ISO code mentioned earlier for example:

Figure 5.1: Example of coding based on ISO-designations for indexable
inserts.
In Figure 5.1 the position representing insert shape has a set of
possible values, each value represents a unique shape. In Figure 5.1
only one example is given. For each position there is a similar set of
corresponding information. Although it is not a problem to create a
program that unscrambles the code, there is no point in doing so. When
representing and transferring the same information using standardized
information models, what is interesting is the information content. For
the first position that would be the shape of the insert, in this case
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square, which can be represented either as a classification or a property
of the insert. Several of the insert shapes include additional information
that is not shown in Figure 5.1, this information would be represented
as a property of the insert, e.g. included angle.
If the code is still warranted for the people who are used to it, it
can easily be presented to them from the information available about
the insert.
Jurrens et al. (1995) have attempted to capture the information
requirements for machine tools, cutting tools and tooling components.
This work is indicative of previous work done in the area, e.g. by Feng
and Song (2000) and ISO/TC184/SC1 (2001). They have a static view
of the world and models it as-is. To be able to cope with the complexity
of what is and what will be, the method for modeling manufacturing
resource information needs to be more generic. Johansson (2001) shares
this view, the model should not be too explicit because it will limit the
usability and longevity.
However, successful information exchange requires the information
representation to be explicit, cf. Section 2.2 Data, Information and
Knowledge on page 10. An explicit representation can still be achieved
using a generic model through the use of reference data, cf. Section 6
Reference Data Libraries on page 75.
There are many different areas which are in need of standardized
information models to enable communication or solve a communication
problem. One such area is the area of cutting tools where support for
information sharing is in high demand but short supply.

5.2

Information related to cutting tools

The requirements on information related to cutting tools have been
investigated together with experts from two of the worlds largest manufacturers of cutting tools. The tool manufacturers are facing an increase in the demand from their customers for electronic information
about cutting tools. The information that needs to be communicated
varies. In general the types of information are:
• Solid geometry models, i.e. 3D CAD models.
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• Dimensional properties, e.g. length, weight, and diameter.
• Functional properties, e.g. lead angle, rake angle, and cutting
depth.
• Components related to a certain tool, e.g. possible inserts for a
tool body, and possible adaptors.
• Structural information, e.g. bill of material, and structure of an
assembly.
It is important to realize that different tools are used in quite varied ways, e.g. turning and milling tools, but the information related
to these tools does not differ that much. Both the turning and the
milling tool are things with properties and other related information
as exemplified in the list above. Turning and milling are merely labels
that make statements about the intended use or the perceived type of
tool.
In addition to the items in the list above, referred to as tool-inhand information, there is also information about the use of a tool in
the context of a process, called tool-in-use. Tool-in-use has been out
of scope of the standard development process, hence also out of scope
of the research. The information itself is of course very important for
the complete management of tool information within a manufacturing
company.
The necessary additions to the information model presented in Section 5.3 Main features of the information model on page 50 are in them
self probably quite small, but they also require further properties to be
defined in the reference data library.
The tool needs to be put in a context which includes machine tool,
process, material, and fixture. The main addition to the information
model would be a process which would be used to provide an interface
to the related information, cf. Figure 5.2 Illustration of the process as
an interface in manufacturing on page 49.
It would probably not be a good idea to extend ISO 13399 with all
necessary information, since there are many things involved which are
not cutting tools.
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Figure 5.2: Illustration of the process as an interface in manufacturing

One standard that has been the focus of several research projects
concerning manufacturing resources (Johansson, 2001; Nielsen, 2003) is
ISO 10303-214 Core Data for Automotive Mechanical Design Processes
(ISO/TC184/SC4, 2003b). Parts of this model is highly relevant for
representing information about cutting tools. Parts of ISO 10303-214
make up a generic model for items, versions, structures, properties and
classifications.
The generic parts of the model is in principal shared by several
other application protocols, e.g. AP233 Systems Engineering and Design (ISO/TC184/SC4, 2003c) and AP239 Product Life Cycle Support
(ISO/TC184/SC4, 2004b). As such it is a well tested and proven core
for product data management and can be used as a starting point.
The information model that will be presented here has been developed in phases, it has moved from an explicit model in the very
beginning to a more generic model similar to that in AP214. There are
several reasons for this connection with AP214, one important reason
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is harmonization. Cutting tools do not exist in isolation, they have to
be connected to the rest of the information about resources, processes
and products in a company.

5.3

Main features of the information
model

Based on what has been stated in the previous sections the main features of the information model will now be presented in a step-by-step
manner. The information model is represented using EXPRESS-G notation (ISO/TC184/SC4, 1994a), cf. Section 2.3.2 Information modeling on page 15. To provide an uncluttered view suitable for the
presentation in this thesis, all attributes are not shown. For a complete graphical representation of the information model, please refer
to Appendix A EXPRESS-G diagrams of the information model on
page 101.
A schematic overview of the parts of the model that will be presented here is shown in Figure 5.3 Schematic overview of the main
features of the information model on page 51.
Throughout this section there will be references made to entities
in the information model, these will be distinguished by the use of a
different font.

5.3.1

Different types of items

As stated in Section 5.2 Information related to cutting tools on page 47,
different tools can all be seen as similar things. The general thing is
in the information model referred to as an item. Figure 5.4 on page 52
shows a view of different items and assemblies of items.
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Figure 5.3: Schematic overview of the main features of the information
model
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Figure 5.4: View of different types of items and assemblies. (ISO/TC29/WG34, 2006a)
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The division of a tool into the different pieces shown in Figure 5.4
View of different types of items and assemblies. (ISO/TC29/WG34,
2006a) on page 52 has been a big help in the development of ISO 13399.
Because of their definitions the different types are mutually exclusive,
and has helped to categorize items that the tool manufacturers them
self’s saw as potential problems for the standard. The definitions of
the different types are as follows:
• A cutting item is either an insert or the cutting edge of a solid
tool, it holds information about the cutting portion of a tool.
• A tool item holds a cutting item. It may be the tool body of an
assembly or the body of a solid tool.
• An adaptive item modifies the properties of an assembly and
cannot hold a cutting item by itself, e.g. an adaptor or extender.
• An assembly item is a component necessary for the complete
assembly of a tool. It may change properties of components but
does not change the properties of the assembly. It may be a shim,
screw, nest, collet etc.
Table 5.1 on page 54 shows the resulting type of item when combining different types of items. The type assembly item is missing from
Table 5.1 as it does not influence the resulting item type.

5.3.2

Item, Item Version and Item Definition

To be able to distinguish between the different types of items in an
information base a specific item classification is used. A specific itemclassification is used to indicate whether an item is a cutting item, tool
item, adaptive item or an assembly item. It is also used to indicate if
an item is a component or if it is an assembly of components.
An item can have several versions, version in this context implies a
predecessor or a successor, not a variation.
Managing different versions is important from an information management perspective. The cutting tool industry currently does not
seem to care to much about versions of items, this may stem from the
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cutting
item
cutting
item
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item
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cutting
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cutting
tool
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tool
item
cutting
tool
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cutting
tool
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cutting
tool

N/A

N/A

tool
item
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item
cutting
tool

cutting
tool
cutting
tool
cutting
tool

Table 5.1: Resulting item type when combining different types of items.

fact that electronic information exchange has not been common until
now.
It is also a question of the difference between information management and information exchange. Tool manufacturers may internally
manage versions of their products, but the tools they sell to their customers do not have version. ISO 13399 should be possible to use both
as a base for information management and for information exchange.
Thus, managing versions is necessary for the information model.
The entities item and item version can be seen in Figure 5.5 on
page 55 with their relationship. The relationship states that an item
can have many versions but must have at least one version.
The item version represents a physically realizable item. The itemversion can have one or more definitions that collect information for
different views or aspects of an item version. The cutting item part of
a solid tool will contain other information than the tool item part of
the same solid tool. The information construct for the item related
portion of this information is seen in Figure 5.5 item, item version, and
item definition and their mutual relationships. on page 55. The classification related portion can be found in Section 5.3.4 Classification
on page 64 and Figure 5.12 Information model construct for classification. on page 64. In the same way as many item version instances
can be related to the same item, many item definition instances can be
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Figure 5.5: item, item version, and item definition and their mutual relationships.

related to the same item version. Both item and item version are referenced from other entities, item version and item definition respectively
in this case, there are many other entities that are also related to item
and item version. In this case neither item nor item version limit the
maximum number of entities that can reference them.
As stated in Section 3.4 Emerging trends in the cutting tool industry
on page 36, tools are moving toward multi function tools, cf. Figure 5.6
on page 56. The information model presented here is ideally suited for
this purpose. The construct with item definition allows for each function
of the tool to have its own item definition which collects information for
that function.
As part of that information, each function (item definition) can have
its own properties and be classified separately. If a tool combines a
milling and a turning function the two corresponding item definition
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Figure 5.6: An example of a tool with multiple functions, in this case
one milling function and two turning functions.
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entity instances can be classified as, e.g. end mill and boring bar respectively.
A good example of different properties for different views is the
multi function tool shown in Figure 5.6 on page 56. The three different
views of that tool all have functional lengths, but the functional length
is different for each of the views.
An example of how this can be presented to the user in an application is shown in Figure 5.7. The example shown contains the actual
values for the multi function tool.

Figure 5.7: An example of a search for the property “functional length”
on a multi function tool.

57

Figure 5.8: item definition, its subtypes and their structural associations.
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Furthermore, item definition is specialized into two subtypes, assembly definition and mating definition, cf. Figure 5.8 item definition, its
subtypes and their structural associations. on page 58. assembly definition is used to describe an assembly of items from a structural point of
view. It is meant to answer questions like: Where in an assembly is a
certain item located? and What items are a part of this assembly? An
assembly is described by relating instances of the items that are part
of the assembly to the assembly definition, cf. Figure 5.9 Illustration of
an assembly represented using assembly definition. on page 60.
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Figure 5.9: Illustration of an assembly represented using assembly definition.
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mating definition on the other hand, is intended to represent how
items are mated together to create the assembly. One mating definition
instance represents one joint and there can be more than two items
involved in the joint. An example of a mating is the mating of a
clamp to a tool body, this mating will in many cases also require some
sort of screw. This can also be represented in the complete model,
cf. Figure 5.10 Illustration of a mating structure represented using
mating definition.
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relating
mating_association

related

item_instance

definition

related
mated_item_
relationship

mating_material

item_instance

definition

mating_association

related
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Figure 5.10: Illustration of a mating structure represented using mating definition.
mating definition is one of the entities that differ from its counterpart
in ISO 10303-214. In ISO 10303-214 it is restricted to only allow a
mating to occur between two parts, the mating hierarchy has to be a
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binary tree. This restriction is removed in ISO 13399, allowing three
or more items to be part of the same mating.
If there are more than one joint in the mating of an assembled item,
it will be necessary to use more than one mating definition.

5.3.3

Property

The mechanism for handling properties is an essential part of the information model presented here. There are several aspects of properties
that need to be considered:
• Different items will have different values related to the same property, e.g. overall length.
• Different properties may have identical values, either by chance
or by choice. Both these situations need to be dealt with.
• Several items may share identical values of the same property.
• Different views of the same item may need a representation of a
common property or a different property with the same value.
• All applications and users need to use the same definition of the
properties when communicating.
The first step in meeting these requirements is to separate the definition of the property from the value of the property, property value, cf.
Figure 5.11.
The central entity for property representation is property value representation. A property value representation has a definition and a specified value which point to property and property value respectively. This
construct allows many instances of property value to be related to the
same property instance, each relationship is represented by one property value representation instance. property value representation also allows for two instances to relate the same property value but different
property instances.
The second step is to provide a mechanism through which it is
possible to relate a property value representation to an item definition.
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Figure 5.11: Information model construct for properties.

This is done through the entity property value association, which links
an entity that may have a property (through item property select) to
a property value representation, cf. Figure 5.11. Properties are related
to an item at the item definition level. This allows the creation of
relationships that are unique to an item definition or relationships that
relate different item definition instances to the same property value representation instance.
The third step is to make use of a reference data library that contains classes, properties related to those classes and definitions of both
the classes and properties, cf. Section 5.3.5 External definitions on
page 64.
The use of an external source for definitions of classes and properties is one of the key features of ISO 13399. Apart from the information model aspects of reference data libraries that are described in
Section 5.3.5 External definitions on page 64, reference data libraries
as such are dealt with in depth in Chapter 6 Reference Data Libraries
on page 75.
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5.3.4

Classification

A classification is used to classify items according to some classification
scheme. In ISO 13399 a classification hierarchy can be built using the
facilities in the information model described in this section, but the
intention is to provide an external reference data library as described
in Section 6.1 The role and importance of reference data libraries on
page 75.

Figure 5.12: Information model construct for classification.
general classification is used to classify a tool as a kind of tool and
thereby identify its main intended purpose or function. The classifications available will be related to both operations and types of tools.
It is in general classification that words like milling and drilling will be
found.
The classifications used for everyday use of tools are closely related
to the function of the tool. This is an important requirement for the
reference data library that should be used.
The construct for general classification can be seen in Figure 5.12 on
page 64. A classification hierarchy can be built using the general classification hierarchy relationship.

5.3.5

External definitions

Both properties and classifications can use an external source as their
definition. This capability of the information model is very important.
It allows the model to stay general, and for the main part identical to
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Figure 5.13: Information model construct for referencing definitions of
classifications and properties.

common product data models, while still allowing the explicit definition
of concepts that are required for unambiguous information transfer
within this information domain.
The information construct for referencing external definitions is
shown in Figure 5.13 on page 65.
Figure 5.14 on page 66 shows an illustration of the use of external
definitions, reference data. The insert in the illustration has several
classifications, all of which are defined in the reference data library. The
actual information about the item is represented using the information
model, but classes and properties have references to an external source
where they are defined.
The source for the references will be shared by all implementations
of the standard, and will ensure that everyone uses the same property
and class definitions when exchanging information.
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Figure 5.14: Illustration of the use of reference data.
The capability of classifying items and assigning properties according to an external reference data library is the most important capability of the information model. It is through the use of reference data
that ISO 13399 is possible.

5.3.6

Explicit non-structural relationships
between items

Traditionally, relationships between different types of item, e.g. tool
body and insert, have been managed using interface codes, cf. Section 5.1 New effort in developing ISO 13399 on page 45. These interface codes are not always possible to deduce from the properties of the
item. As such, when the code is assigned, it is done so using knowledge
from domain experts not by constructing a code from properties.
An alternative way to relate different items to each other is by
explicitly creating a relationship between them. Means for using this
method is provided in ISO 13399, cf. Figure 5.15 on page 67.
Using item definition relationship, it is possible to create explicit
links between different items and specify what type of relationship it
is. This relationship is not a structural relationship like item structureassociation and its subtypes, cf. Section 5.3.2 Item, Item Version and
Item Definition on page 53. Relationships of this kind will be possible
to use in applications such as guided component selection, i.e. an al66
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Figure 5.15: item definition and item definition relationship.

ready selected component limits the possibilities when selecting other
components.
As with other assignments and relationships, they should be managed at the item definition level. This is due to the fact that itemdefinition is used to manage different functions of a multi function tool.
Each of the functions of such a tool must have its own relationships to
other components, and its own classification.

5.3.7

Physical item

When cutting tools are used in manufacturing, the properties of the
tool are measured in the pre-setting of the tool. This is an important
part of the use of tool information, therefore the standard must support
the representation of physical individuals of tools. The values provided
by the tool vendors are merely nominal values, the actual values of a
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tool assembly are measured during tool pre-setting.

Figure 5.16: Core entities for representation of physical individuals.

In Figure 5.16 on page 68 the core information construct for physical
individuals is shown, and can as an information construct be modeled
as a subtype if item. However, it must be noted that the entities item
and physical item represent very different things in the real world but
share many of the same information characteristics.
The information that is captured in the context of physical item will
be the information that is used on the shop floor by applications such
as the NC-controller.
In addition to the capabilities inherited from item, physical item can
also record information about state and location.
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5.4

Implementation and usage of ISO
13399

Standards such as STEP, P-Lib (cf. Section 6.2 ISO 13584 Industrial
automation systems and integration - Parts Library on page 76), ISO
15926 (cf. Section 6.3 ISO 15926 Integration of life-cycle data for process plants including oil and gas production facilities on page 77), and
ISO 13399 require a large initial effort in implementation to start being
used.
Without widespread software tools able to read and write these
standards, they are of no use for communication purposes. Although
they can still be used for archiving of information within an organization or corporation, these implementations will be information islands.
In the case of ISO 13399, a publicly available application programming interface (API) has been developed. The API will ensure that
anybody who needs to create and/or access ISO 13399 information can
do so, without having to understand all the intricate details of the standard. Instead they will be able to use easily understandable function
calls in the API to create or access information.
Along side the implementation of the API, a usage guide for ISO
13399 is also being written (ISO/TC29/WG34, 2007). The usage guide
will aid and control implementations other than the publicly available
API and should help ensure that different implementations will create
information in the same way. The usage guide will also be helpful to
those wanting to use the API, as it will demonstrate how things are
related in the schema.
Having access to tool information in the way of ISO 13399 data
opens up new possibilities for applications that make use of such information.
One such possibility would be integration with ISO 14649, STEPNC (ISO/TC184/SC1, 2003), cf. Section 5.4.3 STEP-NC on page 72.
It is also likely that there will be public web services based on
ISO 13399 to make on line queries for tool information. Instead of
having a local copy of the reference data library, it would be possible
to query public reference data servers for the information. It would
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also be possible for a tool supplier to present information from several
manufacturers in a fairly simple way.

5.4.1

Tool management systems

A couple of tool management systems were mentioned in Section 4.4
Tool information management systems on page 40. This type of application will benefit from a standard like ISO 13399. The standard will
enable users to integrate information from the suppliers regardless of
what system they are using. The capabilities of the information covers
most of the areas addressed by the tool management applications.
The capabilities that are covered are:
• Tools with nominal values (as described by their manufacturer).
• Matching of components of tools.
• Assemblies of tools, complete tools.
• Measured values of physical tools.
• Location and state of physical tools.
• Administrative data associated with the management of cutting
tools.
There are of course areas which currently fall outside the scope of
ISO 13399, such as:
• Financial information for purchasing purposes.
• Stock management
Although there are ways of representing the necessary information in
ISO 13399, it would require some creative use of the current information
model and is as such not a good idea. The necessary reference data
would also have to be defined.
70

Implementation and usage of ISO 13399

5.4.2

Feature based tool capability description

Some tool manufacturers currently provide a sort of feature based tool
selection in their on-line catalogs. As part of the selection of a tool
they provide a guide which, through choosing the type of feature that
should be produced, narrows the selection of cutting tools.
This is a general direction in which the cutting tool industry is
moving. The focus is not on the tool as such, but on what the desired
outcome is.
This type of tool selection is achieved by having a description of
the cutting tool and matching that to a description of the product
and workpiece. The description of the tool includes its geometry and
characteristics. Characteristics include properties, but also the capability to perform certain operations. This description of the tool is to
be matched against a description of the product and workpiece. The
product description must contain information about its features, the
finishing tolerances which are specified for different surfaces, the feature
tolerances, e.g. diameter of a hole, and the material of the workpiece.
The capability of the combination of machine tool, cutting tool, and
process can then be matched against the requirements of the product.
Such an all encompassing description does not currently exist. Within this thesis, only the part related to cutting tools is explored.
Through the use of ISO 13399, cf Section 5.1 New effort in developing ISO 13399 on page 45, it will be possible to achieve some of the
desired effects.
With a more extensive representation of tool information than those
currently available it would be possible to select tools based on the
features that are necessary to machine on a workpiece. Due to time
constraints there is only rudimentary support for this in the current
version of ISO 13399.
There are basically two ways of representing workpiece feature information in relation to a cutting tool.
• Explicit relationships between a tool and representations of the
geometries that it can or may produce.
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• Product definition information that allows the computation of
possible applications of the tool.
The first method is the one currently chosen for ISO 13399. It is an
easy way to get a portion of the desired functionality and will probably
be used mainly by the manufacturers to specify the features that the
tool is best suited to machine.
The second method would be the more flexible solution. It would
enable the calculation to be done regardless of e.g. how many axes the
machine has. This is the solution that should be preferred for future
developments of the standard, and for integration with other standards,
e.g. ISO 10303-238 (ISO/TC184/SC4, 2005d), cf. Section 5.4.3. The
representation would most likely be based on the description of fundamental machining cases, machining atoms if you will. They would
serve as descriptions of characteristic geometries that a tool is able to
produce.

5.4.3

STEP-NC

STEP-NC (ISO/TC184/SC1, 2003) is an attempt to develop a new
standard for programming computerized numerical controllers (CNCs).
The main development of STEP-NC was carried out in an international
IMS/EU project with participants from Germany, France, Switzerland,
South Korea, USA, and Sweden.
The basic idea is to move toward a description of what to manufacture instead of the current description of how to manufacture.
In regard to tool information there are important links between
ISO 13399 and STEP-NC. In order to specify what to manufacture
instead of how, STEP-NC has the ability to specify tool requirements as
opposed to a specific tool (or as is the case with ISO 6983 (ISO/TC184/SC1, 1982), only a position in a tool magazine). The information
about the available tools can then be matched against the requirements
and a suitable tool can be selected.
During the development of ISO 13399, there has been continuous
contact with the developers of ISO 14649 to harmonize the description
of cutting tools. The new standard for programming NC-controllers
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needs certain tool parameters in order for the controller to calculate
the correct movement of the tool. These parameters are specified in
parts 111 (ISO/TC184/SC1, 2001) and 121 (ISO/TC184/SC1, 2004d)
of ISO 14649. Through a mapping, these parameters can be retrieved
from a tool information source that uses ISO 13399.
An agreement was reached, that the purposes of ISO 13399 and
ISO 14649, in regards to tool information, are different. ISO 13399 is
a standard for the description of cutting tool as products, while ISO
14649 only describes some simple tool requirements to be used by the
CNC when deciding what cutting tool to use.
Hopefully, at some point STEP-NC will be used for NC-control.
Much of the tool information required by STEP-NC will be represented
using ISO 13399, e.g. information such as length of the tool and cutting
diameter of the tool. Other information such as expected tool life must
be maintained by the controller itself, or an application dedicated to
calculating the expected tool life. This type of information does not
come from the tool itself but rather from its use. Although a standard
such as ISO 13399 can accommodate the property and its value, this
type of data is not within the scope of data exchange between tool
manufacturer and tool user. However, it would be beneficial if the
necessary reference data could be defined and included in the reference
data library. The manufacturer might state the intended tool life, and
the user would keep track of the actual tool life, i.e. expected life
and time in use so far. This scenario also highlights an information
requirement of the standard described in Section 5.3.7 Physical item
on page 67.
In the STEP-NC scenario, where the CNC chooses the tool, it is
very important that the description of the tool is usable for the CNC.
The combination of the capability of the machine tool and the capability of the cutting tool will give a new combined capability.
STEP-NC is intended to be machine independent; in order to achieve
this goal, it is important to have a model of and information about the
machine tool as well. The capability, e.g. number of simultaneously
usable axises, must be known in order to make a choice of machine tool
and cutting tool to use for a given operation.
As stated in Section 5.1 New effort in developing ISO 13399 on
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page 45, the model of the machine tool should be generic in order not
to limit usability and longevity. Most of the necessary pieces of the
model already exists in other standards, e.g. PLCS (ISO/TC184/SC4,
2004b) and AP 214 (ISO/TC184/SC4, 2003b). The development of
the machine tool model should be focused on developing the necessary
reference data.
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What’s in a name? that which we call a rose
By any other name would smell as sweet;
Romeo and Juliet
( Act II, Sc. II )
William Shakespeare

Chapter 6
Reference Data Libraries
This chapter describes reference data libraries, what they
are, and the different types that exist in the context of interational standards.

6.1

The role and importance of reference
data libraries

As stated earlier, cf. Section 5 Information Requirements for Cutting
Tools on page 45, reference data libraries are a key component of a
generally applicable but explicit information representation approach.
A reference data library can contain concepts, features, functions,
classes, properties, their definitions and relationships. The library can
be implemented in any number of ways as the current range of reference data libraries in product data standards show. There are several
reference data libraries under development and they are represented
using these different techniques:
• ISO 13584 Parts Library, cf. Section 6.2 ISO 13584 Industrial
automation systems and integration - Parts Library on page 76,
• ISO 15926 reference data library, cf. Section 6.3 ISO 15926 Integration of life-cycle data for process plants including oil and gas
production facilities on page 77,
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• OWL, Web Ontology Language, cf. Section 6.4 Web Ontology
Language (OWL) on page 79.
In the case of ISO 13399 the reference data library is created using
Parts Library, P-Lib, cf. Section 6.2 ISO 13584 Industrial automation
systems and integration - Parts Library on page 76, which itself is an
EXPRESS based ISO standard. Since P-Lib was initially created with
a narrower scope than it is used for today, there are some inherent
limitations. It is essentially a hierarchical database, and because it is
hierarchical it limits the classification possibilities.
It is an important feature of anything claiming to support the creation of reference data libraries that it not only supports class structures and properties but also contain the definition of these things.
It is on the basis of the definition that information exchange is
enabled.
Reference data enables the use of a generic model together with
explicitly defined concepts, to create an explicit information representation that is extensible. The reference data can be extended to enable,
e.g. information transfer in a consortium using information that is not
supported by the standard set of reference data.

6.2

ISO 13584 Industrial automation
systems and integration - Parts
Library

ISO 13584 was initially created to support electronic catalogs of components. The scope has later been widened to support the creation and
electronic representation of a dictionary. ISO 13584 (ISO/TC184/SC4,
2001a) is generally referred to as P-Lib.
One of the strengths of P-Lib is that an information set contains
not only the populated data of interest but the definitions of the populated classes and properties. Hence, there is a certain self explanatory
element in P-Lib.
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oil and gas production facilities
There are a couple of fundamental assumptions in P-Lib that are
arguable. The first being that of how classes are determined and created.
P-Lib is strictly hierarchical only allowing single inheritance between classes. Each class is supposed to have a unique set of properties,
those properties common to several sibling-classes should be applied to
the parent class. This is contrary to statements made by Aczel (1988)
and West (2000) where it is stated that a set is any set that can be
constructed. In the cutting tool domain it quickly becomes clear that
the set of properties for a class can not be unique. Many distinctions
between classes are done on the basis of property values, either compared to other properties or compared to an absolute value, not on the
fact that the property exists or not.
The second of the fundamental assumptions is more directly related
to the strict hierarchy of P-Lib. Pierra (1997) argues that class hierarchies is the basic method of organizing knowledge for human beings
and that all paper catalogs are structured in that way. This may well
be true, but it does not mean that the best way of using computers to
capture and organize knowledge is in a hierarchy. The information and
knowledge being represented should be represented in the way that is
best suited for the purpose. When the information is presented to a
human being it may (with the interfaces generally available today) be
a hierarchy that is most suitable.

6.3

ISO 15926 Integration of life-cycle
data for process plants including oil
and gas production facilities

The problem of consolidating data has been highlighted by the oil and
gas industry. For their purposes they have created a standard called
ISO 15926 which essentially supports reference data libraries, and it
does this in a much more advanced way than P-Lib. The information
model in this standard is generally referred to as The EPISTLE1 Core
1

The European Process Industries STEP Technical Liaison Executive
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Model, ECM, and the reference data library that the oil and gas industry provides that is based on the ECM is referred to as The EPISTLE
Reference Data Library, ERDL.
The EPISTLE Core Model is standardized as ISO 15926-2 (ISO/TC184/SC4, 2003a). It is a highly abstract model, there is one root
super-type named thing, i.e. it is the super-type of all other entities.
This is a high level concept that may include anything in the universe.
ISO 15926 is a very different breed of model than those commonly
found in ISO 10303. It stems from set-theory, non-well founded sets,
(Aczel, 1988) and ontologies as opposed to product data models in ISO
10303.
The fact that ISO 15926 is a representation for an ontology becomes
self evident when considering that it is going to be used as the base
for a 4 dimensional (spatio-temporal) ontology within the Standard
Upper Ontology Working Group (IEEE P1600.1, 2005). The model is
(as the developers state themselves) too abstract to be used directly for
unambiguous information transfer. It is intended to be used together
with a reference data library, itself based on ISO 15926-2. There are
also predefined templates that should be used to represent product
data.
In some sense the overall approach of ISO 15926 for process industries is similar to that being developed for cutting tools in ISO 13399.
The difference is that the process industries are developing a more self
contained representation than ISO 13399 and the chosen representation method is much more rigorous. This also means that the effort
for implementing ISO 15926 is considerably larger, but will certainly
result in a more capable system.
There are several aspects of ISO 15926 that makes it the preferable
choice for a reference data library when developing a standard closely
related to TC184/SC4:
• Multiple inheritance
• Unlimited number of complex interdependencies can be represented
78

Web Ontology Language (OWL)
There are also drawbacks that in this instance has prompted a different choice to be made for the reference data library of ISO 13399:
• Too high level of abstraction (for the context, domain experts in
the cutting tool industry)
• Lack of software support for practical development of reference
data to be possible

6.4

Web Ontology Language (OWL)

OWL, the Web Ontology Language, is an ontology language defined for
the World Wide Web in general and the Semantic Web in particular.
OWL is designed for use by applications that need to process the content of information instead of just presenting information to humans.
OWL extends the functionality of RDF2 and RDF Schema with more
capability for describing properties and classes. (W3C, 2004c)
ISO 10303-239, Product Life Cycle Support (PLCS) (ISO/TC184/SC4, 2004b), has chosen to implement its reference data library using
OWL.
As is the case with other ontologies, OWL seem to overload the
name of a class in the human readable context. It is used to identify
the class, name the class, and to some extent even define the class.
There are several reasons why the overloading of the name is bad, the
list below describes the two most important ones:
• The main reason for using a technology such as an ontology is
to remove ambiguity in concepts. When there is implicit information in the name it is directly counteracting the purpose of an
ontology.
• It is important that reference data libraries and ontologies support multiple languages. If the identifier of a class is a word in
English, there can only ever be partial support for multi lingual
solutions.
2

Resource Description Framework
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Although a name is important, it should only be a label used for
a specific purpose. In the case of OWL, it would be ease of use for
humans. A computer does not care if a class is identified as Wine or
7352986, but a human does. When using the ontology, it would be
very inconvenient for a human to refer to a class using an id such as
7352986. This is when a human readable label such as Wine becomes
important.
Apart from the issue of naming and identifying classes, OWL offers
more structural possibilities than P-Lib, e.g. multiple inheritance.
<owl:Class rdf:ID="Wine">
<rdfs:subClassOf rdf:resource="&food;PotableLiquid"/>
<rdfs:label xml:lang="en">wine</rdfs:label>
<rdfs:label xml:lang="fr">vin</rdfs:label>
...
</owl:Class>
The previous example, taken from the W3C OWL Guide (W3C,
2004b), defines Wine as a sub class of PotableLiquid, which is a class
in the food ontology. The Wine class has labels in different languages.
As stated in the OWL guide, the labels add nothing to the definition of
Wine, and rightly so. The definition of the class is based on its defining
properties which may be of two kinds:
• datatype properties, which are relations to RDF literals or XML
Schema data types.
• object properties, which are relations between two classes.
As a language for building distributed ontologies OWL is an excellent choice. As with all technologies for reference data libraries described in this chapter, there are shortcomings.
Since OWL is a language for building ontologies, the definition of
classes is based on relationships. In a reference data library it will
be necessary, initially at least, to have human readable definitions of
classes. In PLCS this is achieved through the use of an rdfs:comment3
3
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tag. This is a minor short coming. Using OWL for reference data in
this way gives the possibility of incrementally building the relationships
which will give the classes there formal logic definition.
As the relationships between classes are elaborated for the purposes
of defining the classes, a new example of a shortcoming is introduced.
The new relationships being defined will, in the same way that a class
which is not defined formally using logic, be somewhat semantically
ambiguous. Although the semantics may seem self evident to the persons creating the ontology, they usually are not. The relationships
need the same elaboration and definition as the classes for them to be
unambiguous.
When the reference data library of ISO 13399 was created, OWL
was not an established technology as it is now, and ontologies had not
yet become a major part of this research project.
Considering the uncertainties of coming versions of P-Lib, the fact
that PLCS uses OWL, and the fact that as a W3C recommendation
OWL will surely be widely supported, it is a very real possibility to
convert the reference data library of ISO 13399 to OWL.
Figure 6.1 on page 83 shows an example of what the reference data
library of ISO 13399 might look like as an OWL ontology. The application shown is Protégé (Stanford Medical Informatics, 2006), an
ontology editor which is widely used in the creation of OWL ontologies. Certain aspects of such an ontology and Protégé, would also
lend support to the management of development and documentation
for the reference data library. In the example shown, a few different properties have been defined, both annotation properties and data
type properties. The property shown in the window in the foreground
is “overallLength”, which has a textual definition, an illustration, it is
defined by the X-axis reference system, etc.
In OWL, as well as in other ontologies, it is important to make
a distinction between a class and an individual. A class is a set of
individuals, individuals are members of those sets. E.g. the class “unit”
and the individual “meter”, “meter” is also a member of the class “SI”
which in turn is a sub class of “unit”.
When used as reference data, both classes and individuals are possible to use as references.
81

6. Reference Data Libraries
It is important to note that there are some aspects of ontologies
that do not seem to be compatible with reference data. In OWL, it is
allowed to create a local modification of a concept defined elsewhere.
When dealing with reference data, it is important that all parties can
depend on the fact that the concept is the same, this is the core purpose
of the reference data. If OWL is used to represent reference data, it
must be used in a way that ensures that concepts are not modified
locally, even if OWL itself allows this to be done.
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6.5

Reference data library of ISO 13399

As stated previously in Section 6.1 The role and importance of reference data libraries on page 75, the reference data library of ISO 13399
uses P-Lib to represent the reference data. For reasons explained in
previous section, cf. Section 6.2 ISO 13584 Industrial automation systems and integration - Parts Library on page 76 and Section 6.3 ISO
15926 Integration of life-cycle data for process plants including oil and
gas production facilities on page 77, P-Lib was chosen over ISO 15926.
However, the main reason was that there was a publicly available
software tool for creating parts libraries according to ISO 13584. The
P-Lib Editor, as it is called, is available on the ENSMA P-Lib website
(LISI/ENSMA, 2006).
In the choice of technology for the reference data library, OWL
was not considered. At the time, the ontology aspect of the reference data had not been fully explored, and OWL was not a widely
accepted technology as it is now. OWL, as opposed to ISO 15926, is
today supported by publicly available software tools (Stanford Medical
Informatics, 2006).
OWL also has the difficult position of being another kind of standard, it is a W3C recommendation, not an ISO standard. However,
PLCS (ISO 10303-239, (ISO/TC184/SC4, 2004b)) uses OWL for its
reference data, and would serve as a useful precedent if OWL were to
be used.
ISO 13399 has used P-Lib for its own purposes, and avoided issues
that arise when discussing component catalogs. The development team
of ISO 13399 has chosen not to try to follow all the rules that would
apply for a normal P-Lib standard, since the purpose of the reference
data library is different from a component catalog.
There are also some important things to note regarding the way
ISO 13399 uses the functionality of P-Lib. The classification hierarchy
in the P-Lib dictionary of ISO 13399 is, or should be, essentially flat.
However, during the work an important requirement was identified. It
would be beneficial if it is possible to find features of items of cutting
tools and their related properties. These feature classes are not to be
used in the same way as the item classes. A P-Lib feature class, as it is
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used in ISO 13399, collects properties related to a feature, e.g. cutting
corner or connection interface. A cutting item may have a cutting
corner, regardless of the classification of the cutting item.
Figure 6.2 Screenshot of the P-Lib Editor showing the reference data
library of ISO 13399 on page 86 shows the reference data library of ISO
13399 in the P-Lib Editor.
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One of the main design choices for the reference data library of ISO
13399 is to define all properties at the top level. They are then possible
to use everywhere in the library where they are necessary. This choice
was made in order to be able to make use of P-Lib as the repository
for the reference data, there were to many drawbacks when trying to
follow the P-Lib guidelines.

6.5.1

Benefits of a flat classification

As stated in Section 6.2 ISO 13584 Industrial automation systems and
integration - Parts Library on page 76, there are limits to the capabilities of P-Lib as a reference data library, primarily its hierarchical
structure. Since P-Lib still was the technology of choice for the reference data library of ISO 13399 an important point shall be explained.
To circumvent the limitation of P-Lib as a reference data library,
extensive sub-classing should be avoided. A reference data library can
have many purposes, but the foremost reason for its existence is to
provide a common source definition for a given concept.
From this point of view, the hierarchy becomes less important. If
the applicable concept for a certain situation can be (easily) identified,
then it will be of great use even if it is not positioned in an extensive
taxonomy.
There has also been an added benefit by avoiding the limitations of
P-Lib. The work of defining classes and properties in the reference data
libraries has progressed at a higher pace than would have been possible
if the classification hierarchy issue was more prevalent. There has of
course still been discussions about hierarchy, but these discussions has
been kept to a minimum thanks to the hierarchy decision.
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Success is the ability to go
from one failure to another
with no loss of enthusiasm.
Winston Churchill

Chapter 7
Verification
This chapter describes the efforts carried out to verify the
research results.

7.1

Test cases used for verification

The two verifications described in Section 7.1.1 Demonstrator developed
by Eurostep AB and Section 7.1.3 Publicly available API have both been
done by people outside the research project. As such, the verification
is possibly stronger, since it is not the researcher that has verified the
research.

7.1.1

Demonstrator developed by Eurostep AB

As part of the effort to develop ISO 13399, a demonstrator application
was developed by Eurostep AB. The development of the demonstrator
has been an external evaluation of the information model developed in
this research project. A screenshot of the application can be seen in
Figure 7.1 on page 90.
The application was developed to demonstrate several of the capabilities in ISO 13399, but primarily to demonstrate how an information
model can make use of a reference data library. The other capabilities
that are demonstrated are:
• Representing assembly structures.
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Figure 7.1: Screenshot of the application developed by Eurostep to
demonstrate ISO 13399.
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Test cases used for verification
• Representing mating structures.
• Representing aliases with organizational context for both items
and properties.
• Representing physical instances of tools.
• Linking classes and properties to external definitions.
It was one of the first implementations ever to demonstrate an information model working together with a reference data library, and as
far as the development team are aware, it was the first implementation
ever of a P-Lib dictionary working together with an information model.
The demonstrator was very helpful in demonstrating the ideas from
the development team, and was a major part of the overall success of
the development.
Although limited, the demonstration API made it possible to do
some quality checking of the library and to facilitate the publishing
process of the documents.

7.1.2

Instantiation of a multi function tool

To verify that the information model can accommodate the complexity
of a multi function tool, an example will be presented with a graphical
instantiation of the information model.
The tool used for this example is a product which combines three
different tools into one. The individual tools are:
• End mill
• Boring bar, rhombic insert with 80 degree included angle
• Boring bar, rhombic insert with 55 degree included angle
In Figure 7.2 Instantiation diagram of a multi function tool on
page 93 there is a graphical representation of the instantiation. Since
instantiation diagrams of EXPRESS schemas quickly grow beyond comprehension, a simple example is used, the property “functional length”
is represented for each of the functions.
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This property serves as a useful example, since the three different
functions each have different values for the property. It also illustrates
the implications of name scope for properties in P-Lib.
This example can also serve as an example of the benefits with a
standard for information representation. In this instance, the demo
application described in Section 7.1.1 Demonstrator developed by Eurostep AB on page 89 was not developed to support multiple views of
tools. However, it does display all information from the instantiation
example.
As a result of the instantiation of a multi function tool, it was
found that the use of item definition for representing different functions
of a tool invalidates the requirement for application context in general
and its uniqueness for an item definition in particular. Consequently
application context was made optional for an item definition.
application context is usually used to provide a context for an information view of an item. Two views may share a context but the set of
contexts should be unique for a view of a particular item. In the case
of ISO 13399 for cutting tools, this requirement can not be met when
using item definition to represent multiple functions. The multi function tool used in this instantiation has three functions, two of which
are turning functions. These two turning functions would require the
application context to be identical which is not generally allowed. In
order to have information that separates the two functions it would be
necessary to have a level of detail on application context which is not
consistent with its purpose. That level of detail should be expressed
using general classification.
The information shown in the instantiation diagram represents a
tool with three different functions. Each function is represented by an
item definition.
Two of the functions share a classification, “boring bar”, hence, they
also share the property definition. In the case of the class “end mill”,
it needs a new instance of the property “functional length” because of
the name scope of the property reference.
The property in P-Lib is actually the same but the name scope is
different for the property when used by the different classes.
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7.1.3

Publicly available API

As a continuation of the work with creating ISO 13399, AB Sandvik
Coromant has commissioned the development of a publicly available
API for ISO 13399. The API was developed by Eurostep AB during
2006.
The purpose of the API is explained in Section 5.4 Implementation
and usage of ISO 13399 on page 69.
Because of the similarities with PLCS, through the use of reference
data, some practices developed in DEXlib have been adopted by ISO
13399. One of the main practices is the use of the value ’/IGNORE’
in strings, where the actual value can be found in information that is
assigned using reference data. The idea is that when using reference
data, the information that can be found in the reference data library
should not be populated in the ISO 13399 file, there should only be
a reference to the information. This should be done in a way that is
transparent to the user; what is presented to the user should look the
same regardless if the information is retrieved using reference data or
not.
The API is intended to take care of this type of rule for the usage
of the standard, in order to facilitate the use of the standard. Through
the use of the API, the user should not need to know all details of the
standard.
Through the availability of the API, the hope is that the adoption
and use of ISO 13399 will be accelerated. It will also help ensure that
everyone uses the standard in the same way.
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Chapter 8
Discussion and Conclusions
This chapter discusses what could have been done differently
and why it was not, the conclusions drawn, and work that
remains to be done.

8.1

Discussion

Had the work on creating ISO 13399 started today with new tools
available and the knowledge acquired during this project, the outcome
would probably have been different. ISO 15926 would most probably
have played a larger role, if not for the entire representation then surely
for the reference data. An alternative to ISO 15926 as the information
model would be ISO 10303-239 PLCS. As it is modular, a new implementation or application module would have been developed that uses
the relevant parts of PLCS. Some parts would require less development
efforts while others might require slightly more.
ISO 13399, PLCS and ISO 15926 is an example of the same idea
being developed and coming to fruition from multiple directions at the
same time. Because of the different starting points and scope of the
projects, the end results are a bit different for the different projects,
but the main ideas are the same.
In the case of ISO 13399, many decisions have been made on the
basis of getting a working solution that is industrially viable within
a limited time period. ISO 13399 is now on the verge of becoming a
widely used standard for cutting tool communication.
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The overall approach, as stated previously, is the same as in PLCS
and ISO 15926. The standard is based on a general information model
that will be valid and usable for a long time, and it is extensible through
the use of reference data.
The value of the standard increases as it is extensible through reference data. Companies can create their own in-house reference data
library for classes and properties that are proprietary and that they do
not intend to share. They will still be able to use the same information
model.
As for the standard, it is not limited to using P-Lib as a reference
data library. If another technology is preferred in a few years time,
it will not be a big problem to exchange P-Lib as the carrier for the
reference data.

8.2

Conclusions

Although it initially seemed difficult to convince the tool experts of
the benefits with a general property based information model, it has
since been accepted. It is now clear that the best solution for the
cutting tool industry is indeed a model which is not based in the current
nomenclature, but can still deal with it.
Further development of cutting tools will in many cases be able
to use the existing classes and properties for describing them. It will
probably not be necessary to add that many new properties to the
standard in order to describe a new kind of tool. There may be a need
to create new classes of tools to facilitate the functional identification
of different tools.

8.3

Future work

There are several things left to do in the area in general and in the
standard in particular. The first obvious point is the “tool in use”
information that is currently missing from the information model and
the standard.
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Future work
In order for the standard to be as beneficial as possible to the end
user, the process parameters has to be developed and added to the
standard. Although the end user can currently get a lot of useful
information about the tools using ISO 13399, they will surely miss the
information they need most; recommendations for efficient use of the
tool. This information will have to be relayed to the user using other
means than ISO 13399. It is possible to use the property representation
capabilities to represent the process parameters themselves, and using a
classification on the properties stating that they are process properties.
However, this solution would mean that you are trying to fit a round
peg in a square hole; it does not fit in the current scope, i.e. purpose and
viewpoint, of the model. Furthermore, the properties are not defined
in the reference data library. Thus, the properties would need to be
proprietary, an agreement between only the vendor and the user, and
of only slightly more use than a completely proprietary point to point
solution.
What is really needed is a process model through which the process
parameters can be given a context and other types of information can
be interfaced. Many other areas of information is related to the process,
and the process cold then serve as the interfacing hub. No one model
would be required to hold all information if they can be combined
through the process. However, all models that need to be linked this
way need a common interface to the process.
The second point is the further technical development of the reference data library in general. OWL would be semantically superior for
the reference data library of ISO 13399. The ability to define properties through relationships with reference systems, points, and planes
has been desired throughout the project.
On a larger scale, it is also necessary to develop a model of a machine tool. As described in Section 5.4.2 Feature based tool capability
description on page 71 and Section 5.4.3 STEP-NC on page 72, a model
of the machine tool is required, but the effort is probably best spent
developing the reference data. Models capable of describing the necessary pieces already exist, e.g. AP 214 and AP 239, only the reference
data is missing.
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Part IV
Appendices
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Appendix A
EXPRESS-G diagrams of the
information model
Developed using
GraphicalEXPRESS from
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A. EXPRESS-G diagrams of the information model

Figure A.1: Entity level diagram of cutting tool schema (Page 1 OF 13)
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Figure A.2: Entity level diagram of cutting tool schema (Page 2 OF 13)
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A. EXPRESS-G diagrams of the information model

Figure A.3: Entity level diagram of cutting tool schema (Page 3 OF 13)
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Figure A.4: Entity level diagram of cutting tool schema (Page 4 OF 13)
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A. EXPRESS-G diagrams of the information model

Figure A.5: Entity level diagram of cutting tool schema (Page 5 OF 13)
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Figure A.6: Entity level diagram of cutting tool schema (Page 6 OF 13)
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A. EXPRESS-G diagrams of the information model

Figure A.7: Entity level diagram of cutting tool schema (Page 7 OF 13)

108

Figure A.8: Entity level diagram of cutting tool schema (Page 8 OF 13)
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A. EXPRESS-G diagrams of the information model

Figure A.9: Entity level diagram of cutting tool schema (Page 9 OF 13)
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Figure A.10: Entity level diagram of cutting tool schema (Page 10 OF 13)
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A. EXPRESS-G diagrams of the information model

Figure A.11: Entity level diagram of cutting tool schema (Page 11 OF 13)
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Figure A.12: Entity level diagram of cutting tool schema (Page 12 OF 13)
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A. EXPRESS-G diagrams of the information model

Figure A.13: Entity level diagram of cutting tool schema (Page 13 OF 13)
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Högskolan. ISSN 1650-1888. ISBN x-xxx-xxxx-x.
Nyqvist, Olof, Nielsen, Johan (2001). Features as a Part of the Functional Interface Between Product and Resource: An Approach Based
on Standards. In International CIRP Design Seminar.
Pierra, Guy (1997). Intelligent Electronic Component Catalogues for
Engineering and Manufacturing. In International Symposium on
Global Engineering Networking, GEN’97, pp. 331–352. Antwerp, Belgium.
Popper, Karl (2003). The Logic of Scientific Discovery. Routledge
Classics. ISBN 0-415-27844-9.
Schenck, D. A., Wilson, P. R. (1994). Information Modeling: The
EXPRESS Way. Oxford University Press. ISBN 0-19-508714-3.
Sowa, John F. (2000). Knowledge Representation : Logical, Philosophical, and Computational Foundations. Brooks/Cole, Thompson
Learning. ISBN 0-534-94965-7.
123

Bibliography
Stanford Medical Informatics (2006). The Protégé Ontology Editor and
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