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Time-centric Product Lifecycle Management (PLM) System and

Method for Developing the Same

Field of the invention

The present invention relates to a time-centric Product Lifecycle
Management (PLM) system. The present invention further relates to a method

for the development of a time-centric PLM system.

Background of the invention

Product Lifecycle Management (PLM) is the process of managing the
entire lifecycle of a product, for example a manufactured product, from its
conception to its disposal, the main stages in-between being typically

development, design, production, selling and maintaining, for example.

In practice, different systems for managing different stages and/or for
managing different aspects of the same stage(s) are often combined in order to

achieve a complete management of the entire product lifecycle.

The visibility of information between different levels of abstraction in
different information and data management systems is not always available
and, if achieved, it requires a lot of effort due to the complexity of the systems
(the term “system” relates here and in the following to “information and data
systems”). These systems are either different from each other or they are under
the same commercial “PLM” system. In both cases, it is very difficult to
synchronise the data after the product exits its Beginning of Life (BOL) phase
(conception, development, design and production). Furthermore, data is
collected only for some pre-defined products and/or components. However,
experience shows that the data requirements change, depending on the use of
each part of the model and hence, data is missing and is impossible to recover
when needed in later stages. This leads into having stored information, which is
for use as input in decision making, with incomplete or without data and

therefore support is unsatisfactory. There is thus a need to change the
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philosophy of the systems and simplify them, especially in the ever more

competitive global market.

Summary of the invention

An aim of the present invention is thus to provide a Product Lifecycle
Management System that allows for a better visibility, integration, coherence

and recoverability of data during the entire lifecycle of a product.

Another aim of the present invention is to provide a Product Lifecycle
Management System preserving data integration when a plurality of PLM

systems according to the invention work together.

An aim of the present invention is also to provide a method for

developing such a PLM system.

These aims are achieved by a PLM system and by a method for
developing a PLM system comprising the features of the corresponding

independent claims.

These aims are achieved in particular by an information and data
management system comprising a semantic model with a plurality of classes for
modelling the elements of the system, and a superclass comprising all time-
related information and data characterizing the modelled elements of the

system.

These aims are also achieved in particular by a method for the
development of an information and data management system comprising the
steps of defining a semantic model comprising a plurality of classes for
modelling the elements of the system, defining a superclass comprising all time-

related information and data of the system.

Many difficulties in the prior art information and data systems derive from
the methodologies they are based on. In the prior art models, time is treated as
a small part of the model and it is associated with a number of the models’

entities, even though it is one of the very few common elements to all models.
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According to the present invention, the system’s complexity is reduced
through a time-based method of modelling, i.e. by making time the main central
and “moving” (variable) element of the model and the basis for all systems. This
is achieved by having time in the logical centre-basis of the model and
developing the entire model around time. According to the invention, time is
thus transformed into the main element of the model and everything else is
described through it. All systems according to the invention at all levels of

abstraction and their elements, or data, are thus “Duration of Time” elements.

This allows for a better compatibility and portability of data from one
system according to the invention to another one and/or between different
levels of abstractions within a system according to the invention, since all of
these elements are thus essentially defined with reference to time, which is

common across all systems.

Furthermore, when data is integrated from a plurality of systems, all the
different parts of these systems are synchronized, which provides a first level of
integration no matter the different vocabulary, definitions, semantics or

language used in the different systems.

Brief description of the drawings

The present invention is explained in more details below with the help of

the figures, where:

Figure 1 is a schematic representation of an example of the Duration of

Time modelling according to the invention;
Figure 2 is a schematic representation of the Pyramid of Abstraction;
Figure 3 is a schematic representation of the Tree of Abstraction
Figure 4 is a representation of a multi-system according to the invention;

Figure 5 illustrates a PDKM SOM as it is in a Time-Centric PLM

according to the invention;
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Figure 6 illustrates the PDKM SOM of Figure 5 extended with additional

classes;

Figure 7 illustrates a first example of a system according to the invention

as seen from the “duration of time” point of view;
Figure 8 illustrates the example of Figure 7 with queries;
Figure 9 illustrates the example of Figure 7 along time;
Figure 10a shows an example of “which” queries;
Figure 10b shows an example of “availability in given times” queries;
Figure 10c shows an example of “document availability” queries;
Figure 10d shows an example of “MOL-phase availability” queries;

Figure 10e shows the result of the “MOL-phase availability” query
exported to excel,

Figure 11 illustrates a PDKM SOM extended with additional classes;

Figure 12 illustrates a second example of a system according to the

invention as seen from the “duration of time” point of view;
Figure 13 illustrates the example of Figure 12 with queries;

Figure 14a shows an example of “which book is available, when and for

how long” queries;
Figure 14b shows an example of “availability on given days” queries;
Figure 14c shows an example of “book availability” queries;
Figure 14d shows an example of “which user borrowed which book,

when and for how long” queries.

Detailed description of the invention

In a PLM system, a managed product, its properties, data and

documentation relating to the product, as well as any other aspect of interest



10

15

20

25

30

WO 2010/103124 PCT/EP2010/053238

related to the product and/or within the product’s environment, are represented

and categorized in a data model as elements of corresponding classes.

According to the Duration of Time concept of the invention, all aspects
and elements of the model are seen as parts of time, i.e. all parts of the model
are time. Therefore, when two or more time-based systems of the invention are
combined together, mapping is achieved through time. Figure 1 illustrates a
schematic example relating the classes Field Data, Property, Activity, Process,
Event, Physical Product, File, Document, Field Data Source, Information
Provider, Condition, Resource, etc. with a Duration of Time class. The

corresponding source code is listed in Appendix A.

According to the invention, all classes except for the Duration of Time
class either have no time attributes or any local time attributes of the classes
are deleted. Therefore, there are no time attributes in the classes of the model,
except for the Duration of Time class. Furthermore, the Duration of Time class,
which contains the time related attributes such as for example start and end

date, start and end time, duration, etc., is set as the superclass of the model.

Accordingly, when applying the method of the invention to a system that
is already functioning and that already contains data, the following steps have to
be performed: the Duration of Time class is set as the superclass of the model,
the already existing time related data of the model are copied from the local
attributes of the subclasses to the new attributes defined by the Duration of
Time class, and the local time attributes of the subclasses are removed from the

model.

Depending on the actual implementation of the PLM system of the
invention, for example the computer language used for implementing it as a
computer program, parts of the above steps can be performed automatically by
the available software tools. Similarly, some standard terms can vary, while the
concept of the invention remains the same. For example, when implementing
the system of the invention in Java or C++, the Duration of Time class which

has been set as superclass can become the domain for all the already existing
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time related attributes and then the subclasses are removed as domain of these
attributes. In this way, there is no need to copy the data itself. This is managed

automatically by the software tools.

Thus, in both cases above the attributes of the Duration of Time class
are all time related attributes existing in the model. In information systems (i.e.
databases, ontologies) subclasses are extending the concepts described by
their superclasses and they inherit all the attributes and the other characteristics
of their superclasses. Thus, in Figure 1 all subclasses are extending the
concept of the Duration of Time and they inherit all the time attributes of the
Duration of Time class. Therefore, all subclasses of Figure 1 have the same
time attributes as each other and as the Duration of Time class. This means
that all parts of the model are time and time expresses all parts of the model in
a unique way, i.e. as defined by the time attributes of the Duration of Time

class.

The list of values, or classes, in Figure 1 is not exhaustive, and is only an
example of possible values for illustrating the Duration of Time concept of the
invention. For the model shown in Figure 1, an instance, or element, of the
Resource class is the time that this resource is available or is being used in the
model. An instance of Human Agent is the time that a workforce is employed to
work in the model. An instance of the Process class is the time during which the
process represented by this instance is being executed in the model. A more

detailed example is presented later in this description.

As illustrated in Figures 2 and 3, having all systems of all levels of
abstraction based on time provides the important advantage of a common
language/platform among the systems at all levels. This is because time exists
in all systems and at all levels, and because all elements are described by it. As
a result, this provides the benefit of vertical (multi-level) and horizontal (on the
same level) transparency/visibility of the systems and an administrator of the
PLM system of the invention, or whoever has the right access rights, can “drill”
the desired detailed information; for example, one can obtain all desired

information related to a given time, as shown in Figure 4. Describing the entire
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multi-level system through time can be seen as putting the question of “when”

before “who”, “where”, “how”, “what”’, “why” and combines them with each other.

In the illustrative, but not limitative example of Figure 2, the Pyramid of

Abstraction illustrates the following:

e Each PLM system controls or manages more than one OEM (Original

Equipment Manufacturer).

e Each OEM controls or manages more than one Decision Making
System, for example its own structure and/or that of subcontracting or
sister entities, that correspond to the Organisation (or Execution) level

of the system.

e Each Decision Making System’s action controls more than one
Component and/or Part and includes all the artefacts involved in
decision making. This Decision Making System level links the

Organisation level with the Component/Part level.

e Each (type of) Component/Part belongs to/is used in more than one

product.

The advantages of the Duration of Time concept of the invention stem
from the fact that the model is based on time and therefore allows seeing the
model from the time point of view. The system of the invention implementing the
Duration of Time concept allows seeing all aspects and elements of a model as
parts of time and provides flexibility, application independence and simplicity.
Moreover, time characteristics are objective and can be used as a guideline
basis for achieving data integration and system interoperability. Advantages of
the PLM system of the invention are deriving from the model structure. These

are:
1. Simple models.
2. Describe entire model by Duration of Time.

3. Track system/data changes through time.
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. Time data on all system parts, which allows vertical visibility of the

system, as illustrated for example in Figure 4.

Thanks to its visibility, the PLM system of the invention supports

System interoperability and Data Integration (over time).

According to the invention, the method for the development of a time-

centric PLM model/system comprises:

Making Duration of Time as the superclass of the model.

Developing a time framework for the ontology of the PLM system.
This framework only has the “time” properties of the ontology. Thus,
all classes and subclasses of the ontology have this same time

framework.

Choosing a central reference time, for example GMT or CET, in order
to avoid misunderstandings concerning time in communication
between different agents that are for example scattered around the

globe.

According to the invention, in case of implementing the invention in a

system which is already functioning and contains data, the development of a

time-centric PLM model/system comprises:

Making the Duration of Time class as the superclass of the model.
Developing a time framework for the ontology of the PLM system.

Choosing a central reference time, for example GMT or CET, in order
to avoid misunderstandings concerning time in communication
between different agents that are for example scattered around the

globe.

Copying the already existing time related data of the model from the
local attributes of the subclasses to the new attributes defined by the

Duration of Time class.
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Removing the local time attributes of the subclasses from the model.
Thus, the framework of the Duration of Time class defines the “time”
properties of the ontology model and all classes and subclasses of

the ontology have this same time framework.

According to the invention:

All systems and parts of the system are based and/or developed on

the Duration of Time.

The Duration of time system as described has the Duration of Time

class as root element.

All abstraction levels of all systems are Duration of Time, and they
are connected/related to each other through time.

All individuals, parts, products, systems, activities, events are
modelled as Duration of Time elements.

All systems and parts of the system are Duration of Time elements.

Example A: MOL maintenance

A first example is a system according to the invention used for the

maintenance of locomotives. The system includes some parts of the model

such as documents that are usually not considered by engineers or other users

from the time point of view. This example is based on the Product Data and
Knowledge Management (PDKM) Semantic Object Model (SOM). As illustrated

in Figure 5 and according to the invention, the SOM is a sub-class of time.

The method for developing the PLM system is:

The class Duration of time is made the superclass of the model.

A time framework for the ontology of the PLM system is developed.
This framework only has the “time” properties of the ontology. Thus,
all classes and subclasses of the ontology have the same “time”

framework.
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e A central reference time CET is chosen, in order to avoid
misunderstandings concerning time in communication between

different agents around the globe.

¢ Instances are stored in the classes of the ontology for every

necessary physical product, activity, event, process, resource etc.

This example describes the application of the model of the invention by
an authorized locomotive maintenance provider (MP). For the sake of simplicity,
the MP is specialized in one model/type of locomotives only. The MP has two
maintenance platforms: Platform A and Platform B; each one has one machine
to aid maintenance: Machine A and Machine B; and one mechanic who
performs the maintenance on the platform: Mechanic A and Mechanic B; each
mechanic uses one toolbox: Tool-Box A and Tool-Box B; and there are 5
documents: Document 1, Document 2, Document 3, Document 4 and
Document 5. Document 1 contains the field data from the locomotive and it is
updated each time the locomotive visits the garage (one per locomotive, for this
reason there are Document 1a, Document 1b, etc.). Document 2 contains the
maintenance history of the Locomotive and it is updated each time the
locomotive enters the maintenance (one per locomotive having a, b, c and d,
similarly to document 1). Document 3 contains the manufacturer’s guidelines for
performing/operating maintenance according to the working hours of the
locomotive or to the period of time lapsed since the last maintenance.
Document 4 contains the manufacturer’s instructions with schemas for
removing/replacing parts. To facilitate and to better categorize the data for this

application, the model was adapted accordingly, as illustrated in Figure 6.

In this scenario, locomotives are visiting the MP with an appointment.
The duration of time for each resource, activity, etc. is shown in Figure 7. The
different shades of gray in the rows are referring to Locomotive No. 1, No.2 and
No.3 according to the legend below and show for which locomotive and for how
long each resource is used. The time frame of this example can be referring to
the future (daily/weekly/monthly etc.) schedule according to appointments. In

this example, the documents are represented as Time Duration elements
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according to the invention. All the white cells of each row represent the time that
the resource related to this row is in idle status. Each column represents for
example 5 minutes. Other time intervals are however possible within the frame
of the invention, such as years, months, days, hours, minutes, seconds,
milliseconds, etc., depending in particular on the application of the PLM system

of the invention.

As illustrated in Figure 7, Locomotive No.1 arrives and Mechanic A is
responsible for it. He updates Document 1a with field data from the locomotive’s
on-board computer and he checks Document 2a which contains its
maintenance history. Then, according to the status of the locomotive, he reads
the manufacturer’'s guidelines for this type of locomotive to see the maintenance
activities to be performed and for example decides to replace some parts. He
checks document 5 to see if there is any in the local stock and document 4 for
the replacement instructions. Similar are the activities for Locomotive No. 2 and
No. 3 shown in Figure 7, except that for Locomotive No. 2, there is no need to
remove/replace parts and Locomotive No. 3 arranges an appointment out of
schedule. In case the MP provides multiple maintenance sites, locomotive No. 3
would have chosen the closest, soonest available maintenance site. The
documents like all other resources are seen as duration of time elements that

appear when they are used.

Using the Duration of Time approach according to the invention provides
with all necessary information about the state of each resource at every
moment. An example is shown in Figure 8. One can have information according
to Which-queries such as “Which machines are available at this time slot?”
which is equivalent to “Who is not working at this time?” and returns the non-
active values at that duration of time, or according to Availability-queries such
as “Is Mechanic A available at a given time?” which returns a Yes or No or
“When and for how long is a given resource (machine or document, for
example) available?” This information allows optimizing resource management.
Moreover, the system also provides with the information of the time that a

Locomotive is using resources, as illustrated in Figure 9.
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In Figure 10a, an example of a Which-query is shown. The query is
applied on the machine and describes “Which Machine(s) is (are) available right
now (now = 8:40 AM) and for how long?” It returns either the idle instance of the

available resources or nothing if the resources are not available.

Figure 10b shows an example of the query “Is Mechanic B available right
now (now = 6:30 AM) and for how long from now?” This query applies only to
the given resource instance (the query could be more generic like “who is
available at this time?”) and returns either the idle instance if the resource is

available or nothing if the resource instance is not available.

Figure 10c shows an example of the query “When and for how long is
Document 3 used?” This query applies to all instances and returns the result
shown in Figure 10c.

Figure 10d shows an example of the query “When and for how long are
any resources available?” This query applies to all instances and returns the
result shown in Figure 10d. Figure 10d is only a snapshot and doesn’t contain

all the results, which are shown in Figure 10e in another format.
According to the invention:
e The PLM system provides a complete data visibility.

e The visibility exists under multi-system circumstances, i.e. when data

from two or more systems is combined.

e The PLM system allows optimal management of resources, activities,
agents and processes thanks to a complete overview of the time

slots.

e Documents like all other resources are seen as duration of time
elements that appear when they are used. Under this perspective,

one can have an overview of all documents available in all systems.

e The system allows inter-OEMs/Suppliers co-operation for better

resource exploitation.
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¢ New classes, sub-classes of the tree, can be added to the ontology.

Example B: Public Library Book/Asset Management

This example illustrates the behaviour of an everyday “library
management” system implementing the Duration of Time PLM system of the
invention. This example is based on the Product Data and Knowledge
Management (PDKM) Semantic Object Model (SOM). The SOM is a subclass

of time, as illustrated in Figure 5.

According to the invention, the method for developing the corresponding

PLM system is:
¢ A class Duration of Time is made the superclass of the ontology.

¢ A time framework for the ontology PLM is developed. This framework
has the only “time” properties of the ontology. Thus all classes and

subclasses of the system have the same “time” framework.

e A central reference time, for example CET, is chosen in order to avoid
misunderstandings concerning time in communication between

different agents around the globe.

e Instances are stored in the corresponding classes for every physical

product (for example book), user and field data.

The public library is for example open to the public from 8:00 until 18:00.
Each person who uses its services is a user and is allowed to borrow up to two
books at a time. If he wants a third one, he must return one of the two previous
ones first. Books can be borrowed up to one week and then they must be
returned to the library’s return box. In this way, books can be returned even
when the library is closed. The box is opened by the personnel everyday at 7:30
and at 18:00 and the books are returned to the right shelves. To facilitate and to
better categorise the data for this application, the ontology model was adapted
accordingly with the classes User and User_Group and their necessary

relationships, as illustrated in Figure 11.



10

15

20

25

WO 2010/103124 PCT/EP2010/053238

14

In this scenario, users are borrowing books from the library. The duration
of time representing each book according to the system of the invention is
shown in Figure 12. According to the invention, a document like a book is seen
as time by the library manager. The library manager looking for example at this
data sees books as the duration of time for which they are borrowed and the
duration of time during which they are on the shelves. An aim for the library is to
be able to track the history of its books (previous users of the book) as well as
to provide its users with the information of when and for how long the desired
book will be available. The different shades of gray in the rows are referring to
User No. 1, No. 2 and No. 3 according to the legend below and show by which
user and for how long each book is used/borrowed. All the white cells of each
row represent the time that the corresponding resource is in idle status. Each
column represents for example 1 day. Other time periods such as years,
months, days, hours, minutes, seconds, milliseconds, etc., are however
possible within the frame of the invention, depending in particular on the specific

application.

Using the duration of time approach of the invention provides with all the
necessary information for the use of every book at every moment, as illustrated
in Figure 13. One can have information according to which-queries such as
“Which book is available on this day?”, which is equivalent to “which book is not
used on this day?” and returns all the non-active values at that Duration of
Time, or “When and for how long is a given book available?” This information
helps tracking history or planning and can be used for an optimized
management of the books, which could then be used for example in inter-library

systems where all information synchronise through time.

In Figure 14a an example of a Which-query is shown. The query is
applied on the books and describes “Which book(s) is (are) available on the 8™
day and for how long?” It returns either the idle instance of the available books

or nothing if they are not available.
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Figure 14b shows an example of the query “Is Book 1 available on the 9™

day and for how long from now?” It returns either the idle instance if the book is

available or nothing if it is not available.

Figure 14c shows an example of the query “When and for how long are

any books available until the 30" day?” This query applies to all book instances

and returns the result shown in Figure 14c.

Figure 14d shows an example of the query “When and for how long a

book was borrowed and by which user?” This query applies to all book

instances and returns the result shown in Figure 14d.

According to the invention:

The PLM system provides a complete data visibility.
This visibility exists under multi-system circumstances.

Optimal management of Books or other resources is possible thanks

to a complete overview of the time slots.

Books like all other resources are seen as duration of time elements
that appear when they are used. Under this perspective, one can

have an overview of all documents of all systems.
The library is able to track the history of its books.

The library is able to provide its users with the information of when

and for how long the desired book(s) will be available.

The system of the invention allows for Inter-library co-operation for a

better resource exploitation.

This ontology of the PLM system can be extended to facilitate the
complete library management including books and resources
(personnel, software, facilities, etc.) according to the same duration of

time system.

The system and method of the invention were described above with the

help of two illustrating but not limiting examples. The system and method of the
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invention can apply to very different technical fields. Time appears as a central
parameter in healthcare, in Product Lifecycle Management (PLM), in Asset
Lifecycle Management (ALM), in education, in data warehousing, in supply
chain management, etc. Time is one of the few parameters common to all of
these domains. Similarly, time affects the entire PLM and is common for all
different PLM elements. It affects Actors, Software and Human Agents,
Processes, Resources, Events, Conditions, etc. Therefore, the Duration of Time
model of the invention can be applied in various sectors of the society and
science including, but not exclusively, healthcare and medicine, process
scheduling, field data tracking and tracing, etc. A use of this concept in PLM is
possible for example, but not limited to, for processing data for prognostics,
diagnostics, logistics, statistics and discovering valuable information.
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Appendix A

The xml source code of the model of Figure 1.

<7xml version="1.0" 7>

<IDOCTYPE rdf:RDF {View Source for full doctype...)>»
<rdf:RDF xmins="http:/ S www.owl-
ontologies.com/Ontology 1202458344, . owl#” xmibase="http://www.owl-
ontologies com/Ontology 12024582344 owl” umins: pl="http:/ www . owi-
ontologies.com/assert.owi#”
xmins: xsd="http://www.wi.org/2001/XMLSchema#”
xmérw:ys,gbm"mtgs*/fwww owi-ontologies.com/ /2008708707 /xsp.owli#”
xmins:swri="http://www.w3.org/2003/1 1/ swri#"
amins:swrib="http: /S www.w3.org/ 2003/ 11 /swrib#”
xmins:protege="htip://protege.stanford.edu/plugins/owl/protege#”
xminsirdfs="http://www.w3.org/2000/01 /rdf-schema#"
sminsrdl="hitp: /A www . wd.org /1999702722 rdf-syntax-ns#”
amins:owl="hitp/ Awww . w3 org /2002707 Jowi# >

<owl:Ontology rdf:about="" />
<owl AllDiFerent>

<owh distinctMembers rdfparseType="Collection” />

</owi: AllDifferent >
<owiAlDIfferent>

<owl distinctMembers rdf:parseType="Collection” />

</owl AliDifferent »
<owl:Class rdf iD="Activity">

<rdfs:subClassOf rdf:resource="#Duration_of_Time" />

</owl: %a
i’“%' 1D="Condition" >

<y ffs su%’s%’;, a%@@? “dfresource="#Duration_of Time" />
</owl: Class>

<owl:Class rdf: 1D="Document” >
<rdfs:subClassOf rdf resource="#Duration_of_Time"
</owl: Class»
«<owh: Class rdf: %{):"Duratiun_,of_Time” 15

<owh Class rdf: 1D ="Event” >
«mf&sub(’;a&s@f raf:resource="#Duration_of Time” />
</owi Classs>

<owl Class rdf: |1D="Field Data">
<rdfs: subllassOf rafliresource="#Duration_of_Time" />
</owl:Class>

<owh:Class rdf 1D="Field_Data_ Source">»
<rdfs:subClassOf rdfresource="#Duration_of_Time" />
</fowl.Classs>

<owl Class rdf: 1D ="File"»

CerdfsisubllassOf w:éf;i"emmcem"#nuration of Time" />
<fowl:Class» ~

oowl: Class rdf: ID="Information varder , :

«<m§s subClassOf rdf; TRSOUrE= “#Duration_ af Tlme” />
</owl:Class>

<owl:Class rdf; 1D ="Physical_Product”>
<rafs: subClassOf rdhresource="#Duration_of_Time" />
< fowl:Classy»

<owl:Class raf: 1D="Process” >
<rdfs subClassOf rdf resource="#Duration_of_Time" />
<fowh: Class>

s
v
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<owl: Class rdf: 1D="Property”>
< eadfsisubClassOf rdfresource="#Duration_of_ Time" />
<fowl Class»

<owl Class rdf : 1D="Resource” »
<rafs: subClassOf radfiresource="#Duration_of_Time” />
<fowlh Class >
</radf ROF >

PCT/EP2010/053238
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Appendix B

Possibie Case A:
The SWRL Query for Figure 18a

Activity{Zacxy A
ActivityID{7acx, "Idle™) A
famtenance Machine(?mmx) A
ActivityZResource(?acx, Tmmx} A
StartingDate Time{Tacx, 725} A
Finishing Date Time(Zacx, 7dx} A
temporalafter(7dx, 7zx) A
temporal:after(7dx, "2009-02-27T08:41:000") A
temporal:before(?zx, "2009-02-27T08:41:000") A
temporal:duration(Pminute, Zzx, ?dx, temporal:Minutes)
— sgwrlselect{Tacxk, Pmwx, 7zx, 7dx, Tminute) A
sqwrhborderBy(Zacx) A
sqwrbcolummnMNames("Instance”, "Machine”, "Birth Date ¥, "End Date”, "Duration In
Minutes 7

The SWREL Query for Figure 10b

Activity(Tacx) A

ActivitylD{Tacy, "Idle™y A

ActivityZResource{?acx, Mechanic B)

Starting Date Twne{Tacx, 72x) N

Fimshing Date Time(7acx, 7dx) A

teraporabafier{7dx, 7zx) A

temnporabafter(7dx, "2009-02-27106:31.000™

temporalbefore{72x, "2009-02-27T06:31:000" A

temporal:duration Prumute, "2009-02-27T06:38:000", 74k, temporal:Minutes)
= sgwrhiselect{"Mechanic BY, 22x, 7dx, Tunute, Tack, Tox, Ydx, 7minuie)

sgwrhorderBy(Zacx) A

sgwrl:columnNames("instance”, "Birth Date ", "Had Date”, "Duration From Now In

Minutes "

The SWRL Query for Figure ¢

Activity(Tacx} A
ActivitylDY7acx, "Idle™y A
ActivityZResource{?acx, Document Resource 3) /
Starting Date Tume(Pacx, 72x) A
F m15};_1ng___Datﬁ“_sze{ 7acx, Tdxy /
temporalafter(7dx, 7zx) A
temporal:duration{ Tminute, 7zx, 7dx, temporal:Minutes)
— sgwrliselect(Tacx, "Docursent Resource 37, 7zx, ?dx, Jminute) A
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sqwrlcolumniNames("Instance”, "Resource”, "Birth Date ¥, "End Date", "Duration In
Minutes ™}

The SWRL Query for Figure 10d

Activity(7acxy A

ActivityID{7acx, "Idle™ A

Resource(?rex) N

Activity2Resource(7ack, Trex; A

Starting Diate Time{7ack, Tzx) N

Finishing Date Time{7acx, 7dx) A

temporabafter(2dx, 72x) N

temporal:duration{ Tminute, 7ex, 7dx, temporal:Minntes})
— sgwrhiselect{7acx, Trex, 7zx, Tdx, Tmivute) A

sgwrborderBy{7rex) A

sgwricolumnNames{"Instance”, "Resource”, "Birth Date ", "End Date”, "Duration In

Minutes ")

Possible Case B
The SWRL (Juery for Figure 14a

Field Data(?idx) A

Group ID{7fdx, "ldie™ A

Field DataZPhysical Product{?fdx, Tppx) A

STAriig MG 1 i J1ax, 12K /0

Finishing Drate Time{7{dx, 7dx)} A

temporaliafter(7dx, 7zx} A

temporalafter(?dx, "2009-03-08T08:01:0007) A

temporal:before{?zx, "2008-03-08T08:01:600™) A

temporal:duration(?day, "2009-03-08T08:60:000", 7dx, temporal:Days)
- sgwrhiselect{ Tppx, T2x, 7dx, Yday} A

sqwrlhorderBy(Tppx) A

sawslcofumnNames(Mnstance™, "Birth Date ", "End Date”, "Duration From Now In

Pays "}

The SWRL Query for Figure 14b

Freld Data(?fdx) A

Group IDMAx, "ldle™) A

Field Data2Physical Product{7Hdx, Book 1} A

Starting Date Time{?fdx, Tax) N

Finishing Date Time(?dx, 7dx} A

terpporabiafier{7dx, 720} N

temporalaftes{?dx, "2009-03-9T0R:01:000") A

temporal:before(?zx, "2009-03-09T08:01:600") A

ternporal:duration{?day, "2009-03-09T08:00:000", 7dx, temporal:Days)
- spwrhiselect{("Book 17, Tzx, 7dx, day) A
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sqwrlcolumnNames("nstance™, "Birth Date ", "End Date", "Duration From Mow In
Days "}

The SWRL Query for Figure 14¢

Field Data(?fdx) A

Group ID{7fdx, "ldle™ A

Field Data2Physical Product(Tidx, Tppx)} A

Starting Date Time{7fdx, 7zx) A

Finishing Date Time(?fdx, 7dx} /A

temporabafter{(7dx, T2} A

temporabafter{?zx, "2009-03-01T07:01:000") A

temporal:before(?zx, "2009-03.30T08:01:000™) A

temporal:duration{?day, 7zx, 7dx, teraporal:Days)
—> sgwrhselectTppx, Tex, 7dx, Mday} A

sgwrlorderBy(Tppx) A

sgwrlcolumnMNames{"Instance”, "Birth Date ", "End Date”, "Duration In Days "}

The SWRL Query for Figure 144

Field Data(?fdxy N

Group TEHMdx, 7gidx) A

swribicontains(7gidx, "User™} A

Field Data2Physical Product(?fdx, Tppx) A

Starting Date Time{?fdx, 7zx)} N

Finishing Date Time(?4dx, 7dx) A

ternporabafier(?dx, Zax) A

temporabafier{?zx, "2009-03-01T07:01:000") A

temparalbefore(7zy, "2009-03-30T08:01:000") A

temporal:duration{ ?day, 7zx, 7dx, teruporal:Days}
— ggwrhselect{Tppx, Tgidy, ?zx, 7dx, 7day} A

sgwilorderBy{(7ppx) A

sqwriicohimmMames("lnstance”, "User”, "Birth Date ¥, "End Date”, "Duration In

Days ™
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Claims

1. Information and data management system comprising:
a semantic model with a plurality of classes for modelling the
elements of the system, and
a superclass comprising all time-related information and data

characterizing the modelled elements of the system.

2. Information and data management system according to claim 1,

further comprising a normalized time framework.

3. Information and data management system according to claim 2,
wherein said normalized time framework is matched to a single international

time zone.

4. Information and data management system according to claim 1,

wherein said semantic model is an ontology.

5. Computer program implementing the information and data

management system of one of the preceding claim when run on a computer.

6. Method for the development of an information and data
management system comprising the steps of:
- defining a semantic model comprising a plurality of classes for
modelling the elements of the system;
- defining a superclass comprising all time-related information

and data of the system.

7. Method according to the preceding claim, further comprising the

step of developing a time framework for the ontology.

8. Method according to the preceding claim, wherein said time

framework is matched to a single international time zone.



WO 2010/103124 PCT/EP2010/053238

23

0. Method according to claim 6, wherein said semantic model is an

ontology.
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