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1. Introduction

1.1. Objective

This document is targeted towards all stakeholders that want to understand the modelling
methodology applied throughout the DATEX Il specifications. While this is potentially a wide range
of readers, the document addresses specifically those users that intend to extend the DATEX I
data model and therefore need to understand — and comply with — the modelling principles, the use
of the Unified Modelling Language (UML) and other conventions for DATEX Il modelling.

1.2. Document structure

This document is structured as follows:

Section 1 “Introduction” gives an overview on the objectives of this document, its structure
and how it fits into the whole set of DATEX Il reference documents.

Section 2 “Modelling Principles” introduces the principles used throughout the modelling of
DATEX Il, in particular

the principle of platform independent vs. platform dependent modelling adopted from
Model Driven Architecture (MDA), and

the split between modelling of exchange principles and payload content, which has been
suggested by several R&D projects looking into improving DATEX in the late nineties.

Section 3 “Use of UML in DATEX II” sets out the way the UML is used in DATEX Il, denoting
the data concepts and diagram types in the DATEX Il specifications and the semantics
assigned to them, as well as any conventions applied to their use.

Section 4 “Extensibility” provides the DATEX Il extension mechanism and the rules that users
extending the DATEX Il data model have to apply.

Annexes :

Annex 1 - Glossary

1.3. DATEX Il reference documents

Reference in this document DATEX Il document Document Date
version

[Migration study] Migration study 1.3 15/12/2005

[Modelling methodology] DATEX Il v1.0 1.0 22/12/2006
Modelling methodology

[Data model] DATEX Il v1.0 1.0 22/12/2006
Data model

[Dictionary] DATEX Il v1.0 1.0 22/12/2006
Data definitions

[XML schema] DATEX Il v1.0 1.0 22/12/2006
XML schema

[Exchange PIM] DATEX Il - Exchange mechanism (Platform 1.01 08/02/2005
Independent model)

[Exchange PSM] DATEX Il v1.0 1.0 22/12/2006
Exchange Platform Specific Model

[Software developers Guide] DATEX Il v1.0 1.0 22/12/2006
Software developers Guide
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2.

2.1.

2.2.

Modelling Principles

Introduction

In the late nineties + shortly before the DATEX specifications that had been elaborated by the
DATEX Task Force about five years earlier eventually became the endorsed CEN prestandards
CEN ENV 13106:2000 and 13777:2000 + implementers already knew about deficiencies in the
DATEX specifications that made DATEX difficult and expensive to use. This usually resulted in poor
performance and unreliable data exchange. The first pilot implementations had exposed these
problems and systems from different vendors usually were not interoperable. At this time R&D
activities like the 5™ framework program project TRIDENT and the TEN-T funded project COURIER
had already started looking into potential improvements, which all circulated around two basic main
suggestions:

To clearly separate the content data model (i.e. the traffic engineering application domain
model + the What?) from the data exchange related specifications that stipulated how this
information should be exchanged between software systems (the information and
communication technology solution domain model + i.e. the How?)

To adopt the distinction between an abstract platform independent model (PIM) and its
concrete implementation(s) in (a) specific target platform(s) as a platform specific model(s)
(PSM), which is a basic principle of the Model Driven Architecture (MDA) approach (see the
website of the Object Management Group for details on MDA).

Both recommendations follow the principle of separation of concerns in order to make DATEX II
more robust and more manageable, and also intend to separate the more persistent, abstract,
application domain oriented specifications from the short innovation cycles of ICT platforms. More
details on the four possible combinations of content/exchange related platform
independent / dependent modelling are provided in the following sections.

Separation of payload content and exchange

TRIDENT and COURIER = the two R&D projects that first aimed at improving DATEX + had both
concluded that the DATEX-Net specifications in particular + but also the DATEX dictionary in a few
places + were mixing up aspects of modelling the content domain of travel and traffic related
information with data constructs required by the exchange mechanisms that aimed at exchanging
this information.

In the best case, the consequence of this was that the DATEX specifications became cumbersome
for users, since the information they looked for from one domain was often veiled by many other
regulations with relevance only for the other domain. Implementers of the data exchange
mechanisms found it difficult to find the few data exchange related attributes amongst the many
(200+) attributes from the traffic engineering domain. Traffic engineers and application designers
sometimes stumbled over seemingly redundant attributes that looked at the same thing from the
different viewpoints of the domains (i.e. there is a potentially substantial time gap between the start
in time of a traffic situation on the road and the point in time that a database record was created to
capture the information about this traffic situation). In the worst case, this led to non-interoperable
systems!

These considerations went along with the general observation that a more specific modelling of the
data model underlying DATEX data exchange was needed. The considerations about appropriate
modelling technologies (see next section) actually led to the obvious conclusions that more or less
independent UML models should be provided for the traffic engineering content of DATEX
messages, and the exchange mechanisms used to effectively and efficiently exchange this content
between systems.

Since the use of UML was finally agreed as the tool to specify the payload content (and also the
exchange mechanisms, although on a different level of detail), it was again a more or less obvious
decision to implement both models in one UML model database, with those UML packages related
to the exchange model being aware of + and actually using elements from + the payload content
model, but not the other way round, i.e. the content payload modelling is entirely unaware of the
exchange model.
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2.3.

class Logical View
Exchange Payioad

Figure 1 £ Exchange Dependency on Payload

Readers trying to confirm this relationship between the Exchange and Payload packages when
looking at the final DATEX Il v1.0 UML model will make the observation that on the top level, there
are two more packages not mentioned yet: General and Management.

The General package reflects the fact that data concepts in DATEX Il can be reused throughout the
model. This does hold particularly throughout the various parts of the content model, where
common data concepts like data types or data structures can be defined at one place and then be
(re-)used throughout the model. Nevertheless, it is also possible to reuse these concepts in other
packages, like for instance the Exchange package. Therefore, concepts like reusable classes, data
types, enumerations and location references have been collected separately from the payload
content in the General package on the top level.

During the work on the first draft of DATEX Il + which was carried out by an expert consortium
contracted by DG-TREN in a project called D2 * it became apparent that there was a need for
some particular metadata constructs that appeared to be half-way between the Payload content
and the Exchange specifications. These data concepts were mainly addressing the management of
data in the client's database, based on triggers from the supplier, covering concepts well known
already from DATEX like indicators for ending a situation, cancellations or for conveying the status
of records related to client specific filters inside the supplier. Clearly, these concepts were not
addressing traffic information as such, but rather describing the means to properly handle the
information. On the other hand, they were not directly related to the exchanged artefacts of
serialised content payload, i.e. they were artefacts of a higher level of abstraction than those found
in the Exchange package. The final conclusion was to create a third package at the top level of the
model that covers all metadata related to the Management of exchanged information.

Modelling approach: abstract specification and platform mappings

Following the recommendations from R&D (TRIDENT, COURIER), but also based on the TRIDENT
assessment carried out by the DATEX Technical Committee (TC) and the input from the Centrico
OTAP demonstrator, the DATEX TC recommended that DATEX Il should have a rich, structured
data model formally specified in UML. The DATEX Data Dictionary, which so far had contained the
data concept definitions of DATEX, could then be generated automatically from the data model, e.g.
via a report generator built into the tool used to maintain the model or via a software package
working on the UML model exported in the interoperable XMI (XML Metadata Interchange) format.
Furthermore, the data model could then be used for creating mappings of the model to specific
implementation platforms via Platform Specific Models (PSM), using the Model Driven Architecture
approach. This procedure has the advantage that all the required steps can be implemented as
software tools and are carried out automatically, allowing for quick and cheap adaptation of the
PSM whilst ensuring consistency. The experiences with DATEX had shown that manual mappings
of sizable models are unmanageable and usually inevitably lead to inconsistencies.

When starting to create a DATEX Il data model in UML, it quickly became apparent that UML offers
a vast variety of mechanisms that would not all be required for the DATEX Il modelling exercise. On
the other hand UML was a fairly generic tool, and applying it for DATEX Il modelling required some
additional clarifications, conventions and agreements on semantics that are not to be found in
general purpose UML documentation. These need to be understood by users that want to fully
understand and make full use of the features offered by DATEX Il, e.g. when introducing national,
regional or application specific extensions to the DATEX Il standardised model in an interoperable
way.

This included a UML profile for DATEX Il, where a huge amount of metadata required to maintain
and use DATEX Il is captured in UML stereotypes and tagged values (i.e. data concepts on the
meta-model layer of DATEX Il). Further to this, conventions on naming, structuring/packaging and
interpreting UML concepts are also required. The D2 project had created an initial input into this in
a document called “UML Methodology and Modelling Constraints”. The document at hand builds on
this D2 input and extends it with further information, especially with many agreements and
conclusions that were achieved when further developing the DATEX Il data model and the DATEX
Il tools.

Page 8 of 31



2.4.

24.1.

Abstract content modelling: the DATEX Il data model

Some of the problems with DATEX were due to problems in processing the EDIFACT messages,
and were thus expected to disappear ‘automatically’ at the time the EDIFACT messages were
replaced with up to date transfer syntax (e.g. XML in conjunction with XSD that allow for online
validation of messages against a pre-defined schema). But there were also quite a few
interoperability problems in the past that actually occurred on a higher abstraction layer, i.e. clients
made false assumption after successful EDIFACT processing. These problems were not due to the
syntactical structure of DATEX, they were rather caused by the fact that the so called DATEX
aconceptual data models® actually only contained a very lax modelling of the application domain,
and real world, commercial strength system implementations required a lot of additional context to
properly 2understand® each other. It is not surprising that virtually anywhere where DATEX had
been used operationally, additional specifications like the DATEX rule sets issued in France or Italy,
or the Centrico DATEX implementation profiles were created.

During the conceptual work on DATEX Il it was agreed that this situation should be improved by
providing a clearly specified, rich content model, which should aim to be as strict and unambiguous
as possible for a European standard. UML seemed to offer all the tools required to define such a
model. The problem was that at the same time there was another, effectively contradicting
requirement: flexibility. As soon as the basic interoperability problems with DATEX had been
overcome in a given context + e.g. by creating a specific user profile £ the need for adding things
not covered properly in the DATEX Data Dictionary arose. There was no mechanism in DATEX that
could support this, so many users created their own, non-interoperable 2extensions®. DATEX Il was
supposed to do better than that, so extensibility had to be incorporated into the approach from day
one.

The three layer approach

The basic idea to deal with these conflicting requirements in DATEX Il is a concept of three layers
of interoperability:

Layer A is for users that only want to use the full, rich data model that has been agreed and
harmonised amongst all European stakeholders. The model is expressed as a class model in
UML (see the next section for details on how UML is applied). It was designed to be as strict
and as unambiguous as possible in the difficult context of European harmonisation. It is fully
specified to an extent that implementation artefacts can be created automatically from it, and it
replaces the former DATEX Data Dictionary as the master resource for content modelling of
traffic and travel related information. Applications that have no content requirements beyond
what this substantial model already has to offer do not need to consider interoperability
problems.

Layer B provides a mechanism to extend level A in an interoperable way, i.e. users that are in
principle happy with level A but think there are only a few details missing in the model can
amend the model by adding the missing bits for local applications. DATEX Il provides the rules
to apply when amending the model, and the tools to create updated PSMs and implementation
artefacts. DATEX Il ensures that extensions following the rules and using the DATEX tools will
be interoperable in the sense that any level B extended supplier/client will still be backward
compatible with all level A standard supplier/client systems, and will also be interoperable + on
level A + with all other level B extended systems.

Layer C comes in where the level B rules are too constrained to allow a proper model being
created for new, innovative content. In such a situation, a level B extended model may not be
suitable but the user might still want to use the DATEX methodology and tools. Therefore, a
third level C has been incorporated where users can still use and benefit from the DATEX
framework, but the resulting model can only be used by systems that are aware of this
extension, and it is not interoperable with standard level A equipment.

The main innovation in this concept is the notion of interoperable extensions, i.e. level B. Level C is
actually the situation that had already existed in DATEX. Of course a DATEX user could have
created its own EDIFACT message, following the EDIFACT syntax rules and created a new
branching diagram (i.e. message definition) + which is the principle idea of level C. But level B goes
beyond this in that DATEX Il requires implementation platforms to implement level B extensions in
a way that the same interface can be used by extended as well as standard level A, non-extended
systems! The principle is illustrated in the following figure for an XML scenario, where the middle
(blue) system is a standard, level A system (e.g. COTS software). The systems left and right extend
the sample data (vehicle) with their own specific extensions (for colour and type). All clients can
plug in and process (and validate!) all messages from all feeds! Just that the content of the
extension part is only available to clients aware of this specific extension, illustrated by the various
levels of detail depicted on the three systems’ @screens®.
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2.5.

Extension 1 Standard Extension 2

(includes colour) (vehicle) (includes type)
‘wvehicle> l <wvehicle> <vehicle>
<brand>Renault</brand> <brand>Ford< /brand> <br and>BMW< /br and>
<extension:- </vehicle> <extension>

<golouri>greens/colours <typercabriolet</type>
</extension: </extension:
c/vehicle> < /wehicle:

Brand Colour Brand

Ford = Ford Ford

Renault green Renault Renault -

BMW = BMW BMW Cabriolet

Figure 2 £ Level B Interoperability

Content serialisation for transfer: the mapping to XML / XML schema

When the work on DATEX Il was taken up, it became very quickly clear that for the near future
there would be only one dominant target platform for content serialisation, the eXtensible Markup
Language (XML). XML as such is only a markup language that governs the principle syntax
structure of messages, but does not provide means to define and validate data structures in the
syntax. This functionality is added by using the XML Schema Definition (XSD) standard on top of
XML. Both standards are maintained by the World Wide Web consortium (www.w3.0rg) and can be
obtained online (see www.w3.org/XML/Core or www.w3.org/XML/Schema respectively). It was
therefore clear from the start that a PSM to XML/XML schema should be created together with the
abstract modelling of the content data model.

As will be discussed in detail in the section about use of UML, metadata for the DATEX Il PIM is
captured in UML stereotypes and tagged values. The details about these tagged values are to be
found there. The same mechanism is used for metadata required for platform specific models, i.e.
in the content domain currently for the mapping of the DATEX Il PIM to an XML Schema Definition.
The following types of information are captured in the PSM related tagged values:

Data types + the PIM models data types as classes which usually are empty and all
information about the characteristics of the intended type is essentially captured in the
definition tagged value in free text. These classes are found in the DataTypes sub-package of
the General package. Implementers of a PSM need to decide how to best implement the
intended basic data type in their target platform and capture this decision in the PSM. For the
XSD mapping, this is done via the schemaType tagged value, which can contain any pre-
defined type from the XSD specification. In addition, xsd:string derived types may contain an
attribute maxLength that gives a string size limitation for database implementation. All classes
denoting data types are marked up with the stereotype <<datatype>>.

Enumerations % although also data types by nature, enumerations are treated differently.
They are found in the PayloadEnumerations sub-package of the General package. First of all,
enumerations are a data concept of UML itself, and it would be more than awkward to ignore
this definition and invent something separately for DATEX Il. Thus, enumerations in DATEX I
are marked up with the <<enumeration>> stereotype. These classes contain UML attributes
that denote the permissible literals for the respective data type, which are defined by the name
of the UML attribute. Hence, no PSM specific tagged values are needed on enumeration
classes or their literals.

Data structures + besides the basic types (data types and enumerations), DATEX Il allows for
clustering semantically related data concepts in data structures represented as UML classes.
These classes can define their own attributes, or they can (recursively) reuse other classes.
For any serialisation of these data structures in a sequential target platform + which is required
for XSD = it is essential to determine the correct order of attributes and contained
substructures. This order is defined via the order tagged value, in the following way:

Page 10 of 31



o First, the inherited items fro the supertype hierarchy is copied in the same order
they appear in the direct predecessor class  if applicable.
(Note: DATEX Il does not allow multiple inheritance!)

0 Second, the attributes of the class itself are serialised in the order of increasing
order values

0 At last, the items contained in related classes (i.e. composed or aggregated) are
copied into the serialised state, in the order of increasing values of the order
tagged values of the associations ends connected to the class at hand.

The following gives an example for the order of serialised object state.

class Order

ClassA Walues of order tag for attributess:
attedd: 0
: ":’:;j attrez: 1
/' attras: ‘\ attrB1: 0
attrC1: 0O
Cl C Cl B
=== === atrb1: 0
+  attrC1: +  attrBd: attrDZz: 1
attre1: 0
attrF4: 0
ClassD Walues of arder tag for asseciation ends at ClassA:
compasition to ClassB: 0O
+ el 1
. :t‘t:DZ' composition to ChassC: 1
ClassE /' ‘Q\ ClassE Walues of order tag for asseciation ends at ClassD:
+  attrE1: + athiF1: compaosition to ClassE: 0
aggregation to ClassF: 1

25.1.

25.2.

Figure 3 £ Example for State Serialisation
In the depicted scenario, the order of appearance of the attributes in the serialised state of Class D
would be:
attrAl, attrA2, attrB1, attrC1, attrD1, attrD2, attrE1, attrF1
On top of the regulations stipulated in this UML profile for the XML Schema mapping, there are
some basic conventions and also some constraints on the use of UML which are imposed by the
XSD mapping that are globally defined:
DATEX Il naming definition imposed by XML Schema
To successfully convert from a UML model to XML Schema, the constricted naming definition of
XML Schema has to be used. To avoid possible conflicts with different platform dependent
implementations it is recommended to restrict the list of permitted characters.

A valid DATEX Il name must begin with a letter, followed by none or more letters or digits. A name
is case sensitive.

@ UMLName ::= ( Letter ), { [ Letter | Digit] };

For a language independent understanding of names the definition of 2Letter® is as follows:
Letter = aAO I aBO | aco | aDO I an | a|:o I aGO I aHO | a|o | aJO I aKO I a|_o | aMO I aNO I
@ aoolapolaQoIaRolasolaTolauolavolawolaxolayolazolaaolabolacoladol
%0 | o0 | %0 | *ho | o | 4o | ske | 4o | ame | 2n° | 200 | Ap° | 20 | o0 | 25° | A°| e | A |
e | & | aye | 2
Similarly, 2Digit° is defined as:
@ D|g|t = 600 I alO | a20 I 330 | a40 I a5o | aso I a7o I 380 | 690’
This applies to all names which are used while modelling UML to ensure the compatibility to XML
Schema and other platform dependent solutions.

DATEX Il naming convention

aUniversal® PIM to PSM mappings impose the use of a formal language to define naming
conventions.
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2.53.

2.54.

In order to enforce a consistent capitalisation and naming convention across all parts of the UML
model 2Upper Camel Case® (UCC) and 3Lower Camel Case® (LCC) capitalisation styles shall be
used. UCC style capitalises the first character of each word. LCC style capitalises the first character
of each word except for the first word.

Note: This style guide is not applicable for notes, names of fragments in sequence diagrams or
conditions in activity diagrams.

Packages, classes, objects, boundaries, actors and names of diagrams shall
use the UCC convention.

Attributes, compositions, aggregations, roles, data types, states in a timing
diagram, use cases and messages shall use the LCC convention.

Acronyms should be avoided, but in cases where they are used, the
capitalisation shall remain.

Special constraints on naming convention imposed by XML

To enable a fully automated conversion process the following constraints on haming UML elements
shall be used.

@ Package and class nhames shall be unique for the whole model.

Names of attributes and roles - be they explicitly given in the model or implicitly
@ derived from the corresponding class name by turning it into LCC in cases
where no role name is given - shall be unique within the scope of the class that
holds the attributes and relations.
Each package shall have a diagram with the same name as the package itself.

Each package shall have exactly one class as entry point within the
aD2LogicalModel® except for the 8General® package.

The entry point class for a package must have the same name as the package.

Only one class as entry point per Package is allowed.

ONORONO)

For every package and every class (except the entry point class) a complex type will be created
within the XSD. The names of the elements have to be unique within the whole namespace.
Otherwise a validation of the XML Schema will not be successful.

Constraints of multiplicity
Because 0..* --> 0..* relationships cannot be mapped from a PIM to XSD, they must be prohibited
within the D2LogicalModel and any Content model within the DATEX Il Community
(Note: 0..1 ->0..1, 0..1->0..n and 0.n->0..1relationships are a subset of 0..n -> 0..n ones, and
therefore must be prohibited as such).
All multiplicity should be explicitly stated.

Note that the Content models must be seen and designed from a Publication point of view, and that
aspect most of the time solves the modelling problem.

Let's take the following example about modelling the location of traffic elements:
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2.5.5.

2.6.

cd TrafficElement /

LocationContainer::
GroupOfLocations

«abstract»
TrafficElement

+ trafficElementSeverity: SeverityEnum [0..1]

Figure 4 + ‘Pure' Location Modelling

From a pure modelling viewpoint, A GroupOfLocations can apply to 0 to many TrafficElements, and
a TrafficElement may have 0 to 1 GroupOfLocations.

From a Publication viewpoint, we can consider that when a TrafficElement is exchanged
(throughout a SituationPublication for example), it may have 0 to 1 GroupOfLocations.

This Publication approach comes to the following modelling that must be adopted within the DATEX
Il Community.

cd TrafficElement /

LocationContainer::
GroupOfLocations

0.1

«abstract»
TrafficElement

+ trafficElementSeverity: SeverityEnum [0..1]

Figure 5 + Modelling Locations for a Publication

Circular references must not be used

Although convenient in terms of modelling, such circular references (between Packages or Classes)
are not supported when mapping to some PSMs.

To avoid problems in namespace usage in PSM mappings where namespaces are tied to
packages, circular referencing between packages is not permitted. Therefore the reuse of classes in

one package by another package must follow the defined hierarchy of packages without any circular
package referencing.

Abstract exchange modelling: the principles of data exchange

UML as such is not restricted to data modelling; indeed the claim of UML is to be a tool that can be
used to model all (or at least most) important aspects of a system. This includes system behaviour,
and the tools used for this in general can of course be used to also model the behaviour of
communication peers in a data exchange system like DATEX I

The obvious consequence was to use UML also as a basis for specifying the abstract data
exchange Platform Independent Model. Nevertheless, this could not be taken to the same level of
formal specifications as for the data model, where the software artefacts for the implementation of
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2.7.

the model can automatically be generated from UML. In the exchange PIM, UML concepts and
diagrams are used rather to visualise the specification, which in itself is contained in a textual
specification document (that includes these diagrams) which had been created during the D2
project and has become part of the DATEX Il V1.0 reference set.

The UML modelling used for exchange has fully adopted the UML rules and constraints defined for
the content model, except one extension: in the information management package, classes are
depicted with methods as well as attributes, and the methods defined therein for the two classes
Situation and LifeCyclemManagement are placeholders that symbolise management actions
carried out on the system representations of the corresponding DATEX Il entities.

Implementing DATEX Il exchange on the Internet protocol stack

The DATEX Il exchange PIM is currently mapped to the Internet family of communication protocols
(on top of the IP network layer protocol). Two incarnations of this mapping exist, a restricted
mapping of the client-pull exchange pattern of the PIM to plain use of HTTP, and a more extensive
mapping of all exchange modes of the PIM to the Web service protocol family (WSDL and SOAP).

Both are textual specifications and not implemented as PSMs in the UML model. They can both be

found in a specific document which forms Part 4 of the DATEX Il specification set: DATEX Il
exchange — Platform Specific Model.
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3.

3.1.

3.2

3.2.1.

Use of UML in DATEX I

Introduction

As explained already in previous sections, the DATEX Il Platform Independent Models (PIMs) are
captured using the Unified Modelling Language (UML). The work on this model took quite a while,
and although UML 2.0 is the current state of the art, it was not stable and tool support was lacking
when the work on DATEX Il began. Therefore, the work started based on UML 1.5, which has some
implications on the use of UML concepts and UML profiles. There is a wish to adopt UML 2.0 in the
future, but for the first release, it is important to understand that DATEX Il is still based on UML 1.5.

Use of UML diagram types

Diagram types used in content modelling

The content model of DATEX Il is contained in the General and Payload packages on the top level
(D2LogicalModel) of the DATEX Il UML model. These packages use sub-packages to structure the
extensive DATEX |l content model, and within these packages it uses class diagrams to specify the
static data structures of DATEX II. Within these diagrams UML classes + with or without UML
attributes * are used to denote data types & enumerations, complex data structures and entities.
The classes are connected to each other using a subset of the UML relationships: specialisations,
aggregations, compositions. Textual comments on these elements are in some diagrams captured
in UML notes. The following figure summarises the used concepts. Details on the use of specific
UML features follow in the next sections.

clzss DizgramElements Uzed Static /

SubPackage ClassE

+ ClassInSubPadiage

Motes are allomed
in diagrams!

edatatypes wdatatypes
DataType DataTypeZ

«ldentifiablax «ldentifiable =

Clas=A Cla=s=C

+ attrl: DataType

+ attr2: DataTyped

cenumeratio...
ErnumType2
+explizitRoleMame 1 index 1 {orderad}
literald
literal? ClazskB Class0D
+  attr2: EnumTypel + atted DataTyped

3.2.2.

3.3.

3.3.1.

Figure 6 + Diagram Example for Content Modelling
Diagram types used in exchange modelling

The Exchange package of the DATEX Il UML model also uses class models. The exchange PIM
also uses some sequence diagrams to depict sequences of actions in the abstract modelling of
exchange patterns, which can be found in the Dynamic part of the model, as opposed to the class
diagrams found in the Logical section.

Use of UML data concepts

Modelling attributes

DATEX features the principle concept of attributes, as does UML. Thus it looks pretty straight
forward to map DATEX attributes against UML attributes. UML attribute can have a type assigned
to them. These types are modelled in DATEX Il explicitly (i.e. no internal types are used) by
defining a corresponding UML class with either the stereotype <<enumeration>> in case of
enumeration types, where permissible literals a defined as attributes of the UML class without type
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definition, or with the stereotype <<datatype>> denoting any other data type. The enumerations
are found in the PayloadEnumerations package, the data types in the DataTypes package; both are
sub-packages of the General package.

The metadata used to describe attributes in former DATEX were: Coded name, Full name,
Definition, Class, Values and unit(s) codes. When trying to apply these categories to the use of
UML attributes, the following mapping was applied:

Coded name and Full name are merged together into the attribute name, by using the full
name transformed into Lower Case Camel notation as UML attribute name.

Definition is captured in a dedicated tagged value (definition).

Class was a markup to distinguish content (3D°), management (3M° and metadata (3MD°)
related attributes. This has become obsolete by separating these aspects into different UML
packages. 2D° attributes are now typically found in the General and Payload packages, @M° and
aMDe attributes are typically found in the Exchange and Management packages.

Values described the type modelling; mainly this was used to define literals for enumerations.
These aspects are now covered by the explicit (and stronger) type modelling in the DataTypes
and PayloadEnumerations packages.

unit(s) codes gave the permissible physical units for the attribute, where applicable. The lack of
clear definitions on the use of units sometimes caused interoperability, and DATEX Il has
clarified this situation by requiring data types to stipulate a single unit for any given physical
type, which is then usually contained in the type name, e.g. MetresAsFloat.

The following gives an example for the translation of a DATEX attribute into DATEX II:

Coded Full name Definition Class | Values | unit(s)
name codes
Ya
DSL ALERT C distance when using ALERT C location D Positive | m: MTR
from secondary referencing: distance to the secondary integer
location location of asituation
Ya

elp

The corresponding DATEX Il attribute offsetDistance looks like this:

2R k- OBABRE B -
{005 15:27:50 modified: 16.11.2006 10:16:26 100% 791 # 113 > |Taoged Values 52 L i
| I 9
= offsetDistance [Attribute]
" changed no
! definition The non negative offzet distance from the dlert C refer...
w t
Location:: MffsetDistance arigin DATEX
B oifsetDistance: hMetresfsMonMegativelntege® or?g?nalcode D_PL&DSL 2 * ™
originalt ame Digtance from primary location & Distance from secon...
n type content
order 1]
kemeltdodel yes
il from MetresfizHonh aer
= {from NonMegativelnteger
schemaTl ype nont egativel nteger

# from Integer

from NonMNegativelnteger

Pan B Zoom DQPropertues D%Tagged Values &Notes

The full name has been reduced to 2offset distance® and then transformed to LCC offsetDistance
(note that the original information is still captured in the originalName and originalCode tagged
elements!) The value range and the unit have been captured in the data type, both in the name but
also note how the data type for the XSD mapping is tuned to prohibit negative integers. The
definition is now provided as a tagged value.

One issue of concern is the scope of the attribute definitions. In DATEX, the attributes' scope was
global, i.e. an attribute name could only be provided once, and when being used in different places
referred to the same attribute, i.e. using the same name in two places also meant same definition,
permissible values & units, etc. This is not inherent to UML, i.e. UML attributes are inherently
scoped by the class they are defined in. Thus, attributes do not implicitly have a global scope in
DATEX II! Nevertheless, it is strongly recommended to use unique attribute names wherever
possible and keep the attribute's scope global by doing so, since this would ease backward
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3.3.2.

3.3.3.

compatibility and migration and would * in principle + allow for easier mappings to platforms that do
not provide the means for local scope.

Modelling entities and reusable data structures

UML attributes can be grouped into UML classes. In the same way, related DATEX Il attributes can
be grouped into data structures. Thus, it is obvious to map these data structure to UML classes. But
UML classes are also used to denote entities in DATEX I, i.e. objects £ be they physical or
conceptual + of the traffic and travel information application domain. These form single, unique
elements of information, with their own identity, own lifecycle and a time varying element state that
can be described by giving the current values for the contained attributes. The classes used to
define entities are marked with the stereotype <<identifiable>>.

The whole modelling of attributes and classes representing logical, complex data structures only
serves the single purpose of describing the state of DATEX Il entities at any particular point in time.
The whole process of DATEX Il data exchange deals with the client and the supplier agreeing on a
selection of entities in the supplier's responsibility (i.e. stored in his database), the appropriate point
in time and protocol regulations to convey their state from supplier to client, and finally the
serialisation rules that transform the entities' state into a sequential transfer syntax for transmission.

Thus, we have in total three different types of UML classes in DATEX II:

1. classes that represent data types, marked up with either the <<datatype>> or the
<<enumeration>> stereotypes,

2. classes that represent entities, marked up with the stereotype <<identifiable>>

3. classes that represent data structures that capture logical groupings of attributes and
other (sub-)data structures, which do not have any stereotype.

In principle, the PIM does not impose any particular order on the elements that make up an entity or
data structure class. In UML, the attributes of a class do have an implicit order which is visible in the
diagram since the attributes appear sequential in the class object. Relationships to other classes do
not have such a clearly visible order, although in any real world model store they will also be most
probably stored in a particular order. Since already the first decision on an implementation platform
(i.e. XML/XSD for serialising content) suggested it would be beneficial to have a well defined order,
it was decide not to build on these 2implicit® orderings, but instead to create an order tagged
element to explicitly define the order of attributes and association ends of relationships on a class.

Names of attributes are given as the names of UML attributes. Names of data structures can also
be implicitly created by taking the name of the class representing the data structure and turning its
name from UCC to LCC, e.g. an unnamed composition from ClassA to ClassB would implicitely
mean that the data structure of ClassB (including substructures) would be known inside ClassA as
aclassB®. Wherever this convention does not seem appropriate, explicit names can be provide by
giving a UML role name to the association end connected to the contained data structure class.

Note that parameterised and nested UML classes are not supported in DATEX II!
Modelling Relationships
DATEX Il knows two different kinds of relationships between classes.

Specialisation is the classical (single) inheritance relationship, which is directly mapped to UML
Generalization. DATEX Il does not make any further assumptions in the PIM, except that multiple
inheritance is prohibited in DATEX II.

Containment is the relationship where one class is contained in the other. This would in principle
preferably be mapped to a UML composition relationship, in diagrams indicated by a filled diamond
at the association end of the aggregate class. Unfortunately, with the way reusable classes are
modelled in DATEX II, the semantics of UML compositions would be violated (quote from the UML
1.5 specifications “Composition instances form a strict tree (or rather a forest).”), therefore the
weaker notation of UML aggregations (hollow diamond) is used in these cases.

Containment relationships have an implicit navigability assumption in DATEX Il from aggregate to
part, and they have an implicit naming convention, i.e. the part is implicitly named by the name of
the associated class, turned from UCC to LCC. Explicit names for navigation can be provided by
specifying a role name for the association end on the part side. Multiplicities for both sides should
be given explicitly in all cases, and in cases the multiplicity exceeds 1 and the relationships is
supposed to be ordered, the composition/aggregation can be denoted as such. It is recommended
to give an explicit qualifier for ordered multiplicities, which can then be mapped to appropriate
platform specific mechanisms to explicitly address the associated data structures, e.g. qualifiers are
mapped to XML attributes in the XML Schema PSM.

Note that circular relationships, i.e. classes with relationship to themselves are not allowed in
DATEX Il. After the explanation of the use of relationships in DATEX I, this requirement is not
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3.3.4.

3.4.

3.4.1.

overly surprising, since a class can neither specialise itself, nor can it be contained in itself.
References, i.e. explicit relationships between two instances of entity classes, are implemented
using the <<identifiable>> stereotype and the predefined Reference data type (see the explanation
of the stereotype in the UML profile section below for details).

Note further that for similar reasons as above
DATEX Il does not allow n-ary relationships with n > 2, and
navigation is always implicit in DATEX II, i.e. explicit navigation should be avoided.

Note further that other UML relationship types + i.e. associations and dependencies — are not
supported in DATEX Il

Modelling model components and publications

UML packages should be used to structure model components in DATEX Il. The top level structure
of DATEX Il is fixed and may not be changed:

Project Browser * 0 X

B @@ A
= (7 DATE®2System
Documentation
4 [@] Analysis
+ Dynamic
= Logical
=[] DeLogicalModel
S D2LogicalMadel
[Z] Exchange
Z] General
[:] Management
Z] Payload
DZLogicalModel
+ Functional

- -

| EIProject Browser @Resources

Figure 7 £ DATEX Il Top Level Package Structure

Inside these fixed set of packages, sub-package can and should be used to subdivide the model
into logical components. One of the four dedicated top level packages is Payload, which essentially
contains one sub-package Publication that contains the entry points into DATEX Il publications,
i.e. DATEX II's principle notion of packaged, serialised content. Since the content data model is
deliberately phrased unaware of the data exchange layer, this rather abstract terminology is used.
In data exchange systems, these publications are typically called messages, as was the case in the
former version of DATEX.

Metadata — the UML profile

As already mentioned in previous sections, DATEX Il uses UML stereotypes and tagged values to
captures the DATEX Il metadata model. The same principle is applied for the PSM for mapping
serialised DATEX Il content to XML Schema Definitions. The stereotypes and tagged values used
for this purpose have already been presented in the previous section. The PIM related stereotypes
and tagged values are described below. Since DATEX Il is based on UML 1.5, the stereotypes and
tagged values used have a less stringent relationship than would be the case with UML 2.0, and
therefore stereotypes and tagged values are presented here separately.

Stereotypes on classes

<<datatype>>

This stereotype indicates classes that represent a basic data type. The classes are empty (i.e. no
attributes, no methods) and the natural language specification of the target data type is captured in
the definition tagged value. This should indicate a basic type pre-defined in any implementation
platform (e.g. string, float, integer, etc.) include any constraints on permissible values (e.g. vaue
range intervals) and physical units, where applicable. It is recommended to include type and
optional unit in the class name, e.g. MetresAsFloat.

<<enumeration>>
Indicates enumeration types, where permissible literals are given as class attributes without type.
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3.4.3.

<<identifiable>>

This stereotype indicates UML classes that define identifiable objects (entities) in DATEX II. DATEX
Il does not stipulate or model how identity is realised; on the PIM level it is simply assumed to be
available. The corresponding mechanism to refer to an identifiable object is a pre-defined type
Reference, which again is not explicitly modelled at the PIM level. It is assumed that platform
specific mappings transform these two mechanisms into appropriate platform features to implement
identity and a means to refer to specific objects.

Tagged values on classes and attributes

changed * (no/yes/new) indicates whether the definition of this structure has been taken over
without changes from DATEX, whether it has been taken over with changes from DATEX, or
whether it is a new structure

definition £ provides the definition of the data element

origin * indicates the source of this concept, e.g. DATEX, TPEG-Loc, etc.

originalCode % gives the coded representation of the concept in the origin standard, mainly
used for DATEX where the original DATEX trigram is given

originalName = gives the original name of the data concept, e.g. in DATEX derived data
concepts this is typically the content of the name or full name table columns

type + indicates the use of the data concepts in the model, i.e. content, management or
exchange

Special tagged values on specific classes

The D2LogicalModel top level class has three specific tagged values:
modelBaseVersion + denotes the version of the level A model
extensionVersion = gives the version of a potential extension, if applicable
extensionName = allow to give the extension a human readable name

Note that there is no pre-defined scheme in place to ensure uniqueness of the choice for
extensionVersion and extensionName from different stakeholders. Thus, stakeholders intending to
use these mechanisms are advised to consider the choice for these attributes carefully and try to
make their values distinct from extensions from potential other stakeholders.
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4.1.

4.2.

4.2.1.

4.2.2.

4.2.3.

Extensibility

Introduction

As explained in earlier sections, DATEX Il provides the methodology and tools to extend the
payload content model. This section introduces the methodology and the constraints in doing so. If
some specific constraints are met by the extension, the extension does not actually break
interoperability with non-extension aware, standard equipment. The difference between these two
types of extensions is denoted by @evel B® and 3evel C° (the term 3evel A° is used for the standard
use of the non-extended model).

Version management rules

General version management rules
DATEX Il will be available in different versions.
Each version should have a unique version number.
New versions should be published on new URLs.

It's possible that a Client and Supplier support more than one version. In that case they have to
provide more than one interface.

A request with a specific version should be answered with a response with the same version.

A DATEX 1l client interface will only be interoperable with a supplier interface that has the
same version number.

A DATEX Il supplier interface will only be interoperable with a client interface that has the
same version number.

In the PSM mappings, every version will have a unique namespace, both for the content
schema and the exchange interface WSDL.

XSD version management rules
The value of modelBaseVersion is part of the namespace.

The version number shall be indicated with the modelBaseVersion attribute in the
D2LogicalModel complexType.

UML version management rules

The version of the model shall be indicated with the modelBaseVersion tagged value on the
D2LogicalModel class.

The version of the extension of the model shall be indicated with the extensionVersion tagged
value in the D2LogoicalModel class.

The name of the extension can be set in the extensionName tagged value on the
D2LogicalModel class.

Below is an example of modelBaseVersion, extensionVersion and extensionName tagged
values on the D2LogicalModel class.
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Figure 8 £ Example with Version and Extension Tagged Values
General extension rules
A supplier interface may be extended with supplier/national specific extensions.

Extensions are recommended to be done in the UML model. If it's not possible, then a manual
process editing the generated schema is possible as a fallback solution.

The level A model can be extended and will then become a Level B, maintaining
interoperability.

The level A model can also serve as a start for an entirely new model based on the DATEX
framework, which will then become a + non interoperable + Level C model.

DATEX Il Level B Extension rules

Level B Extension rules

A Level B extension is an extension that should preserve interoperability between Level A and
Level B.

A Level B extended client or sever interface will have the same namespace and version as the
Level A version.

A Level B extended client will be interoperable with a non extended supplier, as long as
supplier interface and client interface have the same version number.

A Level B supplier interface will be interoperable with a non extended client interface, as long
as the interfaces have the same version number.

UML extension rules

Extensions must be placed in the Extension package.
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Figure 9 + Extension Package
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Each extension should have its own package in the Extension package.

Below is an example of an extension called ExtendedPoint.

Figure 10 + Example Extension

It's only allowed to extend existing classes with attributes, compositions and aggregates. This
is done by adding a new class, to the extension package. The new class is a specialization of
an existing (Level A) class.
The diagram above depicts an example where the class ExtendedPointCoordinates extends
the PointCoordinates class.

All new classes added as extensions should have the extension tagged value set to levelb.
(Otherwise the extension would not be recognized during schema generation in the XSD
PSM).
For new extension classes it is allowed to:

Add new attributes, using existing or new data types and enumerations.

Add new compositions and aggregates to new or existing classes.

Below is an example of a valid extension

Figure 11 + Example for a Valid Extension
Accident is the extended class. MyExtendedAccident is the extension class, which has to be tagged
with a tagged value extension. MyClass is a new class. The Temperature class is reused from
Level A.

All rules specified for UML modelling of DATEX Il in this document must be observed.

It's not allowed to make specialisations of an extended class. (This is just to make it simple)
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It's not allowed to extend an extension class (a class with extension set to levelb)

It is not allowed to change anything in the Payload, Exchange, General, and Management
package.

You cannot add associations from an existing class to an extension class. If you would like to
do that you have to extend the existing class.

XSD extension rules

The tool should name the schema DATEXIISchema_[X]_[Y].xsd. Where X is the version of the
UML model (modelBaseVersion tagged value) and Y is the version of the XSD Schema
generation tool.

The namespace for the Level A schema should be set to http://datex2.eu/schema/[X]/[Y].
Where X is the version of the UML model (modelBaseVersion tagged value) and Y is the
version of the XSD Schema generation tool.

Extensions are generated in the same namespace and file as the other classes in DATEX Il
(D2LogicalModel). This to avoid circular references between schemas and namespaces.

When generating the Schema all complexTypes get an extra element [classname]Extension of
the type ExtensionsType which is defined as follows

<xs:complexType name="ExtensionsType">
<xs:sequence>
<xs:any namespace="##any" processContents="lax" minOccurs="0"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>

This means that every class can be extended with anything and, if extended, it is known where the
extension can be found.

When the tool finds an extension class, by looking for tag extension = levelb, it will generate a
type that looks like this:

<xsd:complexType name="MyClassExtensionsType">
<xsd:sequence>
<xsd:element name = dmyClass® type =°Extension:MyClass® minOccurs=°1°>
<xs:any namespace="##other" processContents="lax" minOccurs="0
maxOccurs="unbounded"/>
<I/xsd:any>
</xsd:sequence>
</xsd:complexType>

[ClassName]ExtensionsType will be used as type on [Classname]Extension element instead of
ExtensionsType.

If a class has two extensions, both of them will be added in sequence in the
[ClassName]ExtensionsType complexType. This means that a non extended client knows that
there are some extensions points but does not care what they are. We still have a strict
validation of the core part of the schema.

The solution above allows

a level A instance to validate against any level B extended model/schema as long as the
modelBaseVersion is the same.

an extended level B instance to validate against any Level A schema as long as the
modelBaseVersion is the same.

Known limitations

An extended level B instance cannot validate against another extended level B Schema.

This is because the extension is in the same namespace as the level A schema. It would be
preferable to have the extension in a separate namespace but this is not possible because the
generated core part has to know about its extensions and the extension has to know about the
level A part (as long as we want to reuse/link classes from the level A model). It should be
noted that such a cross-validation does not make sense, i.e. all extended instance messages
should only be validated against their own extended schema, or the standard level A schema.
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It's not possible to add new additional specialisations of abstract classes like SituationRecord
or Publication.

If that is what is wanted, a Level C extension needs to be created. It is possible to extend the
base class as described in the document, but that will be an extension of the base class not a
new specialization.

It's not possible to add new literals to existing enumerations.

Validation

The following figure gives an overview of where successful validation is possible.

Q_

Figure 12 + Cross Validation Relationship

V[X] means Version of the interface where 1 and 2 is the version number.

A means a Level A model / schema / interface

B1, B2 means a Level B model / schema / interface. But they are different extensions.

The arrows show between which interfaces successful validation can be performed. If
there is no arrow between two interfaces then successful validation cannot be done.

DATEX Il Level C Extension rules

Level C extension rules
A Level C extension is an extension that has no interoperability between Level A and Level C.
A Level C extended client or supplier interface will not have the same namespace as Level A.

A Level C extended client is interoperable with a supplier that has implemented the same level
C extension.

A Level C supplier interface is interoperable with a client that has implemented the same level
C extension.

UML extension rules
A level C extension can in principle change and modify anything of the D2LogicalModel Level
A part. But it is recommended that the rules below which are similar to level B extensions are

observed.
Extensions should be placed in the Extension package.
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Figure 13 + Extension Package
Each extension should have its own package in the Extension package.

Below is an example of an extension called VehicleDataPublication.

Figure 14 + Extension Package Structure
It's recommended only to extend existing classes with attributes, compositions and aggregates.

This is done by adding a new class, to the extension package. The new class is a
specialization of an existing (Level A) class.
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All new classes added as extensions should have the extension tagged value set to levelc.
(Otherwise the extension would not be recognized during schema generation in the XSD

PSM).

For new extension classes it is allowed to:

Add new attributes, using existing or new data types and enumerations.
Add new compositions and aggregates to new or existing classes.

Below is an example of a valid level C extension. Note this extension creates a completely new
publication by specialising Publication. Then a mix of new classes and predefined classes from
Level A are added.

cd VehicleData /

Publication::Publication

+ publicationTime: DateTime
+ publicationStatus: Publicationstatuw

SituationRecord::Sourcelnformation

VehicleDataPublication — —
+ probabilityOfOccurrence: ProbabilityOfOccurrenceEnum [0..1]
<> + sourceCountry: CountryEnum [0..1]
0.1+ sourceldentification: String [0..1]
+ sourceName: MultilingualString [0..1]
+ sourceType: SourceTypeEnum [0..1]
1
1%
identifiabl PointCoordinates::
«i ep ifiable» VehiclePosition PointCoordinates
VehicleData
k>
+ vehicleReference: String [0..1] 1 1
+ measuredDateTime: DateTime oo
+ vehicleState: vehicleStateEnum [0..1]
0.1

TrafficMeasurement::VehicleSpeed

+ individualVehicleSpeed: KilometresPerHour

FloatingCarData

AssistanceCarData

WinterMaintenanceCarData

+ vehicleType: VehicleTypeEnum [0..1] || +
+ vehicleType: VehicleTypeEnum ||+ measureStartTime: DateTime

assistanceMeasure:

+ WinterMaintenanceMeasure:

+ measureStopTime: DateTime

4.4.3.

Figure 15 - Sample Extension Level C

All rules specified for UML modelling of DATEX Il in this document must be observed.

It's not allowed to extend an extension class (a class with extension set to levelb or levelc)

It's not recommended to change anything in the Payload, Exchange, General, and

Management package.

It's not recommended to add associations from an existing class to an extended class. If you
would like to do that you have to extend the existing class.

XSD extension rules

The tool will not generate a name for the schema. The schema name has to be manually

edited in the Scheman

ame field.
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Figure 16 £ XSD Tool Schema Name Dialog

The tool will not generate a namespace name. The namespace name has to be manually
edited in the Namespace field.

Extension classes will be generated in the same namespace as all other classes. This is to
avoid circular references.

When generating the Schema all complexTypes get an extra element [classname]Extension of
the type ExtensionsType which is defined as follows

<xs:complexType name="ExtensionsType">
<xs:sequence>

<xs:any namespace="##any" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>

</xs:complexType>

This means that every class can be extended with anything and, if extended, it is known where the
extension can be found.

When the tool finds an extension class, by looking for tag extension = levelc no special

handling is done. Instead the class will be generated according to the rules. That is a
specialisation will be derived as a type derived by extension.
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5. Annex 1 - Glossary

Centrico

COTS

COURIER

EDIFACT

ICT
LCC

MDA

OTAP

PIM
PSM
TC

TRIDENT
ucc

WSDL

UML

XMI

XML

XML Schema

XSD

Central European Region Transport Telematics Implementation Co-ordination
www.centrico.org

Commercial off-the shelf

(usually used for software that is readily available and does't have to be
individually developed)

Cross-border Organisation & User Requirements for Information Exchange
Review

members.traffic-wales.com/courier

Electronic Data Interchange For Administration, Commerce and Transport

WWw.unece.org
Information and Communication Technologies

Lower Case Camel

(a notation where terms are concatenated, each starting with an upper case
letter except the first. Example: thislsALowerCaseCamelExample)

Model Driven Architecture

www.omg.org/mda

Open Travel data Access Protocol

/www.itsproj.com/otap

Platform Independent Model

Platform Specific Model

Technical Committee

(here usually refers to the DATEX MoU Organisation's Technical Committee,
the body that essentially elaborated this specification)

Transport Intermodality Data sharing and Exchange NeTworks

Upper Case Camel

(a notation where terms are concatenated, each starting with an upper case
letter. Example: ThislsAnUpperCaseCamelExample)
Web Services Description Language
www.w3.0rg/TR/wsdl.html

Unified Modeling Language

www.uml.org

XML Metadata Interchange
www.omg.org/technology/documents/formal/xmi.htm
Extensible Markup Language

www.w3.0org/XML

Also XML Schema Definition (XSD)
www.w3.0rg/XML/Schema

XML Schema Definition (XSD) also XML Schema
www.w3.org/XML/Schema
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