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The fare management data model aims at a generic description of the data objects and elements needed
to support functions such as defining of the tariff structures, fare products and their parameters;
operating sales, validating the consumption and charging customers. Tariff structures and products can
be complex and there are differences in how these functions and their underlying data structures are
handled in different European countries, and even between the public transport operators within one
country - it is notable that historically there have been little attempt to standards fares across all modes.

Faced by such a degree of complexity and diversity in the concepts to be taken into account, in order
define a single fare management data model capable of covering as many existing solutions and
practices as possible, a careful separation of concerns is required, together with some novel modelling
abstractions. The resulting fare management data model concentrates on the abstract, generic concepts
that form the core of any fare system, independently of how these abstract concepts are implemented
by a set of concrete fare products (e.g. tickets or passes) offered for sale to the public.

The starting point for the description of these fundamental concepts is the definition of theoretical access
rights, based on use of network and temporal elements. These can be combined to form immaterial fare
products, which are linked to travel documents in order to form sales packages to be sold to passengers.
Controls may be applied to these travel documents to validate the utilisation of the public transport
system. Price components are linked to the access rights, fare products and sales packages: they are
used to calculate the price to be paid by a customer for a specific consumption (e.g. sale on a vending
machine, debiting a value card, post-payment).
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1 Overview
1.1 Fare model in the overall context of transportation
The Fare Management model covers mainly the planning and operational stages of use:

o definition of the fare offers, information on fares and prices in the planning stage
e operational processes, such as sales, control and validation of access rights.

Transport usage information through the registration of fare-related data is also modelled.
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However, not all the functional aspects of the planning and operational stage are taken into account in
the reference model. Data requirements for the following domains are only partly covered:

Sales organisation:
¢ Management of the sales network (not covered, some basic retail and distribution elements
relevant for passenger information are included).
e Sales operations, including fulfilment (partly covered).
e Management of customers (partly covered).
e Collecting funds or accounting (not covered).

Pricing:
e Pricing parameters specification (partly covered).
e Exact price calculation (not covered).

Consumption control:
e Access right validation & control (covered).
e Fraud management and revenue protection measures (partly covered).
e Collection and aggregation of consumption data (partly covered).

The implementation of Transmodel as an XML schema within the Technical Specification NeTEx (TS
16614-3) covers the planned fares offer including information on fare offers and prices, i.e. concerns
the planning stage.
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1.2 What data domains are part of the Fares Model?
The data model for the Fare Management domain incorporates the following data packages:

Fare Structure Description
Access Rights Description
Pricing

Sales Description

Customer & Sales Transaction
Fare Roles

Validation and Control

Explicit Frames

As in all other domains the model represents the data needed for the different processes; in this case,
it is concerned with functional domains such as sales, distribution, retail, traveller information on
available fare products, control of access rights and validation.

In other words, the modelling addresses what information elements are needed and not how the
information is processed.

The fare offer data domain splits further into sub-domains corresponding to well identified data packages
as described above: Fare Structure Description, Access Rights Description (Access Rights Rules & Fare
Products), Pricing and Sales Offer Description.
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1.3 General nature of the approach, through an example

Often there is a simple one-to one correspondence between the network, the fare structure, the access
rights, and the products offered. For example, a product giving use of a zone or zones in a zonal system,
or to go between an origin and destination in a point-to-point tariff system. Such fare structures are
relatively trivial to describe. Here we consider a slightly more complex example that serves to illustrate
the distinctions between network elements, access rights and products.

The following example considers a number of different access rights to use different elements of Public
Transport that could be combined within one or more fare products:
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1. The operator of a Public Transport system offers travel on public transport services within a zonal
fare system covering a city. The same set of tariff zones apply to both bus and metro but there are
slightly different constraints on travelling by each separate mode:

e The bus trip allows travel between any bus stop within the named zones, with unlimited
transfers between different bus lines during a specified time interval.

e The metro trip allows travel through a specified number of zones.

e A bus trip may be followed by a metro trip (in that order only).

2. Parking stakeholders (with their own fare structure) may define an access right:

e parking for up to 3 hours.

3. A joint Public Transport + Parking product might offer the following access rights:

e parking up to 3 hours followed by a bus/metro 2-zones trip.

This requires the product definition to impose a sequence of use of the access rights and furthermore,
to place usage limitations on this sequence (that is, a passenger must use the access rights in a
particular order and may not be allowed to use certain rights without previously having consuming
another).

A fare product, called in this example Ticket t+++, could combine the right to use all the above access
rights.

Fare Structure: zones, allowed routings, etc) FARE STRUCTURE ELEMENTs
Fare distance/time quality factors, sequence of use,
Structure + Point to point fare, flat fare,

Parking 3 hours 1 metro trip or bus trip zone 1 to 2 @
VALIDABLE ELEMENTSs:
Space-, time-based...access rights A sequence or set of FARE

A(fl:ess \falldlty and usage rUIE? STRUCTURE ELEMENTS,

right + bus trip zone 1 to 2, metro trip 3 zones, rouped together to be

Il * chained access rights bus trip+parking g ) P _Q

ules validated in one go
bus i metro s Zone 0|2 bus trip within an area with transfers
parking 3 hours + bus and/or metro 2 zones during 90 minutes

Marketable combinations of access rights associated
Fare to
Products charging moment

FARE PRODUCT
Marketable and differetiated
through post-prepayment
Ticket t+++

For this example, we assume that Ticket t+++ is prepaid before use. However, the same access rights
may be used in several FARE PRODUCTS, e.g. pre-paid (materialised on a paper ticket and paid
before use), post-paid (materialised on a smartcard) and post-paid using a debit card or bank credit
card and charged to account).

A FARE PRODUCT is defined in Transmodel as an immaterial marketable element (access rights,
discount rights, etc.), specific to a CHARGING MOMENT, which provides a classification of FARE
PRODUCTSs according to the payment method and the account location (and thus having different
contractual terms for the passenger as to obligations and financial risk). For example, pre-payment
with cancellation (throw-away), pre-payment with debit on a value card, pre-payment without
consumption registration (pass), post-payment etc.

T
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1.4 Travel documents
A distinction is also made in Transmodel between

e the access right to a service,
e the corresponding products offered to the public (e.g. pre-paid or post-paid fare products) and
e the materialisation of a fare product on a medium when sold to the public.

A SALE OFFER PACKAGE is used to describe the materialisation of one or more FARE
PRODUCT(s) on a specific media or TYPE OF TRAVEL DOCUMENT.

The same product may be used in different offers with differentiated pricing for different media and
distribution channels. Thus our prepaid Ticket t+++ described in the example above, might be offered
both as a paper ticket “Ticket t+++ classic” and as an app “Ticket t+++ mobile” and on a smartcard
“eTicket t+++”.

T
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2 Fare Structures and Tariffs
2.1 What are the main types of tariff structures?

As a general classification, the following broad types of tariff structures are commonly found in public
transportation:

e Space-related fares: these may be flat or progressive, and may be zonal or interval-based,
point-to point, etc. Interval based fares may be based on simple distances, humbers of stages,
numbers of zones, etc.

e Time-related fares: depending upon time-intervals, may be flat, progressive, etc

e A combination of the two (e.g. fare structure elements are defined for zones and for time-
intervals).

The main components of a fare structure are FARE STRUCTURE ELEMENTS.

class FM FS Fare Structure MODEL Overview/

+including
. 0.*
CC Alternative Name CC Generic Organisation MODEL::
ALTERNATIVE N = ] ORGANISATION
*

+alias for 0.. +defined for +part of +using 0.1 I
0. +a classification for

+aliasing +characterised by 0.1 +for 0..* +classified as 0..*

+defined by 0.* +defined by 0.* +defined by 0.*  defined | 0.* ;defined 0.* +defined by 0.*
) by Y
+used to define +used to define 01
FARE UNIT
+used +used FS Time Fare Structure MODEL::TIME
to to UNIT
define define
+used to define 0.* +used in 1 0.* +usedin/[\ 1
FARE INTERVAL|
FS Time Fare Structure MODEL::TIME
INTERVAL
- +usedin |\1 +used in\0.. +used in 0..* i 1
+used in 0.* +usedin /]\1 +part +usedin
of
N fexclusion} =Y - _ «invariant» «invariant» 1N _ |
- {exclusion} +used {exclusion}
| to i
\ . . . +given
S ) , . +comprising define K +given e for o
. + + i .. -
- E R LR e\ 2 - S
. = = for ‘. FARE STRUCTURE FACTOR|
‘ FS Time Fare Structure MODEL:
TIME STRUCTURE FACTOR
+used to 0..%
+used to define +used in 0.* define
+defined by 0% +defined by +defined by +using L * +definedby | 0..* +defined by 0.%

A TARIFF is a particular instance of a fare structure that groups together the individual elements as a
named group with common validity and other properties.
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2.2 Access rights and fare structure

In terms of data model concepts, the description of access rights is organised in a hierarchy of three
levels:
¢ CONTROLLABLE ELEMENTS,
e FARE STRUCTURE ELEMENTS (corresponding to one or more CONTROLLABLE ELEMENT).
e VALIDABLE ELEMENTS (corresponding to one or more FARE STRUCTURE ELEMENT).

The basic component of a fare structure (FARE STRUCTURE ELEMENT) is defined as a sequence or
set of CONTROLLABLE ELEMENTSs to which rules for limitation of access rights and calculation of
prices (fare structure) are applied.

A CONTROLLABLE ELEMENT is the smallest controllable element of public transport consumption
throughout which any particular VALIDITY PARAMETER ASSIGNMENT remains valid.

class Controllable elements

LOGGABLE OBJECT

PRICEABLE OBJECT
FS Validable Element MODEL:: .

CONTROLLABLE ELEMENT ;‘S”ewed
’—l +a view of
0.* FARE ELEMENT IN SEQUENCE
PRICEABLE OBJECT| {ordered} | £ Validable Element MODEL::CONTROLLABLE
FS Fare Structure Element MODEL::FARE +indluded in ELEMENT IN SEQUENCE
STRUCTURE ELEMENT

+viewed 1 +a chain of 1.*
as

0.*
+a view of | {ordered}

FARE ELEMENT IN SEQUENCE

FS Fare Structure Element MODEL::FARE
STRUCTURE ELEMENT IN SEQUENCE

Examples (see § 1.3) show the usefulness to 'chain’ access rights related to different fare structures, as
in a multimodal, multi-service environment combined (joint) fare products granting access to services to
which access rules are determined by several organisational entities are often proposed to the public..
For example, a fare product may include the access to a car park, followed by the access to a museum,
or a discount for travellers using a car park and then public transport. If the fare structure of these two
components is different (e.g. flat fares for public transport and price based on duration of stay for car
parking), they will be described by two different FARE STRUCTURE ELEMENTSs. The discount is
granted only when the validation process recognises that both have been consumed in sequence.

T
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class Fare structure elements and Validable Element/

+represented by

+viewed as

0..*
+a view of {ordered}

+included in

+a chain of

—3 PRICEABLE OBJECT|

+representing

VALIDABLE ELEMENT

A sequence or set of FARE STRUCTURE ELEMENTS, grouped together to be validated in one go is
called a VALIDABLE ELEMENT (A FARE STRUCTURE ELEMENT, dedicated to being consumed as
such, is identical to a VALIDABLE ELEMENT).

A VALIDABLE ELEMENT may, for example, indicate the consumption rights of a PREASSIGNED FARE
PRODUCT (specifying a particular trip).

class Access Rights and Fare Products /

FS Validable Element MODEL:: related to 0.%
CONTROLLABLE ELEMENT
given for
viewed as

aview of

achainof O ..* | Fs Validable Element MODEL::CONTROLLABLE
ELEMENT IN SEQUENCE

included in

representedby ~ Viewedas

o oux
LA view of | {ordered}

{exclusion} AN
\
| included in
.
v a chain of

v
—I—<. > related to 0.*
It

- FS Validable ODEL:
representing ELEMENT given for

refining 0..*

viewed as 1 represented by

cnvarianth
exclusiont |~ 7T~
v

o* \

aview of i refined by
representing
\

included in

composed of
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A key point to grasp is that a VALIDABLE ELEMENT in effect represents the allowed set of choices
(conform to the access right rules within a particular fare structure) from which a user may select for a
particular step in the journey, rather than one particular single combination of such choices. Thus,
continuing with our example, if the access rights are for zone A, or zone B, or a combination of the two
(A+B), each with a different price, then the VALIDABLE ELEMENT may be specified using FARE
STRUCTURE ELEMENTSs that specify the various zone combinations which may be selected. This
selection may be multidimensional — for example for a season pass there might both be a selection of
zones, and a selection of time periods associated with a given VALIDABLE ELEMENT through the
appropriate FARE STRUCTURE ELEMENTs. When a user comes to purchase a product (see later) a
selection is made in each required dimension of the tariff structure.

2.3 Fare products

As already mentioned in §1.3 above, a FARE PRODUCT is an immaterial marketable element (access
rights, discount rights, etc.), specific to a CHARGING MOMENT (i.e. the payment method and the
account location: pre-payment with cancellation (throw-away), pre-payment with debit on a value card,
pre-payment without consumption registration (pass), post-payment etc).

So, the CHARGING MOMENT is a classification of FARE PRODUCTSs according to the payment method
and the account location. This means that to the "access right to the metro network" may correspond to
three separate FARE PRODUCTS:

e apre-paid one: materialised e.g. by a throw-away ticket

e a pre-paid one with a debit on a value card

e a post-paid one: amount debited on a bank card.

class FM AR Fare Product MODEL Intro [INFO] /

PRICEABLE OBJECT|  +classified as 0.1 e OE VAR
SERVICE ACCESS RIGHT |
0% fcation f = |L__1vPe OF FaRE PRODUCT

+a for

TYPE OF VALUE| +reference for
+derived

MOMENT from 0..* 0.1

+used to charge 0.1 FARE PRICE
ENTITLEMENT PRODUCT

+charged according to | g, *

+refined by | FARE R +relatedto o«
FARE PRODUCT PRICE
+given for

ACCESS RIGHT PARAMETER ASSIGNMENT|
VALIDITY PARAMETER ASSIGNMENT

+specified by

+refining 0..%

Name: FM AR Fare Product MODEL Intro [INFO]
Author:  Transmodel

Version:  6.0-1.0

Created:  24/01/2017 00:00:00

Updated: 17/11/2017 10:42:22

+specifying limits for 0.*

I GENERIC PARAMETER ASSIGNMENT ]

Continuing with the example from earlier, the access right '3 hours parking followed by a trip on the
bus or metro within 1 to 3 zones' is an example of a sequence of 2 access rights originating from 2
different fare structures, used in a certain order (parking followed by public transport trip) and required
to be validated together.

T
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Fare Structure: zones, allowed routings, etc)
Fare distance/time quality factors, sequence of use,
Structure -+ Point to point fare, flat fare,

Bus or metro zone 1 to 3 Parking 3 hours

Access Space-, time-based...access rights
right validity and usage rules
rules *  bus trip zone 1 to 3, metro trip 3 zones,

* Chained access rights bus trip+museum access

FARE STRUCTURE ELEMENT
may be composed of a sequence of
or be identical to

CONTROLLABLE ELEMENTs

g

VALIDABLE ELEMENT:

A sequence or set of FARE
STRUCTURE ELEMENTSs,
grouped together to be
validated in one go

FARE PRODUCT

Parking 3 hours + Bus and/or metro 3 zones @
Marketable combinations of access rights associated
Fare to
Products charging moment

P &R prepaid
P & R postpaid

This access right may be pre-paid or post-paid, i.e. may correspond to 2 different FARE PRODUCTSs.
To be noted, that the different access right elements are related to their PRICE determined through
pricing algorithms (see also §6.4 below).

A FARE PRODUCT may need another FARE PRODUCT to be used, for instance an ENTITLEMENT
PRODUCT, defined as a precondition to access a service or to purchase a FARE PRODUCT issued
by an organisation that may not be a PT operator (e.g. military card).

3 Distance-based fare structure

The most common fare structure rules are space-based, or more precisely, distance-based. The three
main types are respectively:

progressive (based on intervals), a GEOGRAPHICAL INTERVAL specifying access rights
within the range of this interval: 0-5 km, 4-6 zones etc.;

graduated depending on a distance covered during the trip; the distance is computed using a
certain unit, the most classical being the distance in kilometres, the number of fare sections (or
zones) or the number of stop points. Such a graduation unit is described by the entity
GEOGRAPHICAL UNIT;
using zones or sections; a TARIFF ZONE is a view of a ZONE, specifically defined for fare
calculation; a FARE SECTION is another type of fare structure parameter: it is a subdivision of
a JOURNEY PATTERN, consisting of consecutive SCHEDULED STOP POINTs in that
JOURNEY PATTERN;

Some of these types may be combined together. The entity GEOGRAPHICAL STRUCTURE FACTOR
makes it possible to combine two simple structures into a complex factor. It is identified by a
GEOGRAPHICAL UNIT, describing the used graduation unit, and by either a GEOGRAPHICAL
INTERVAL (specifying access rights for the FARE STRUCTURE ELEMENTSs within the range of this
interval: 0-5 km, 4-6 zones etc) or a DISTANCE MATRIX ELEMENT (a cell of an origin-destination
matrix for TARIFF ZONEs or SCHEDULED STOP POINTs, expressing a fare distance for the
corresponding trip: value in km, number of fare units etc.).

T
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class FM FS Geographical Fare Structure MODEL Basic [INFO] /

+defined by 0.* +definedby [ 0..* +defined by 0.*

+used to define

0.*
+usedin

+related to

+used in

+used to define +related to

+used

+used ing

+given for 0.*

+related to

0.* 0.*

to
defin
0.1
2 o

+used in

+start of +end
+given for 1 of

) m

+composed of\ 0..*

1 N

\
'\ +given for .
N o.* +givenfor | o

+startof  +end
of

+given 0.*
for

+included in

+defined by

0.*

+related to
+defined by ~e

+given for 0.* +given for 0..*

0..*

+used in

0.*
Name: FM FS Geographical Fare Structure MODEL Basic [INFO]
Author:  Transmodel
Version:  6.0-1.0
Created:  22/01/2017 00:00:00
Updated: 17/01/2018 10:41:51

4 Main components of a time-based tariff structure

The time-based fare structures are described in a similar way to the space-based structures. The entity
TIME INTERVAL describes intervals of time (0-1 hour, 1-3 hours, etc.) during which a certain fare is
applied to FARE STRUCTURE ELEMENTS. A graduated time-based structure will be defined using a

specified TIME UNIT (e.g. days, hours or minutes).
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class FM FS Time Fare Structure MODEL Basic [INFO] /

+defined by 0..*
+used to define 0.%
FARE INTERVAL +used in

TIME INTERVAL

+related to +usedin

+defined by

+given for 0..%

+related to

+given for

+defined by 0.*
+used to define 0.1
0..* FARE STRUCTURE FACTOR . f 1
+given for
+given f TIME STRUCTURE FACTOR FARCCAL
giventor TIME UNIT
*
§ N 0.. +used in
+used to define 0.. trelated to
0..*
+given for
Name: FM FS Time Fare Structure MODEL Basic [INFO]
Author:  Transmodel
Version:  6.0-1.0
Created: 22/01/2017 00:00:00
Updated: 17/01/2018 10:46:05

Both types of structures may be combined into TIME STRUCTURE FACTORSs. This allows for instance
to specify a fare per hour spent, which varies depending on the range of days spent.
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5 Modelling access right rules

To model a 'fare’, Transmodel uses the concept of an 'access right' to a service rather than 'pricing' or
'tarification' rules. Transmodel distinguishes between:

e ‘'access rights' to a service which are represented by a set of rules (determined by a range of
parameters) and related to the fare structure and
e 'prices' which are applied to the 'access rights'.

This approach allows the combination of different rules and a flexible assignment of different
parameters.

- —
i Ve Specific w
Scoping & \_  Parameters %
Temporal — —
Fare Sales
arameter Transaction
Validity Structure
Parameters . ~" Control
Access right ( )
Parameters
Usage rules 2\\ —
Parameters Contol
Fare
Products

Sales offer , e \
Packages Validation S
@ Validation N

/
\ Parameters -

It is possible, for example to express the following rules (using the different types of parameters):
e the access right is valid on all bus network LINEs except for LINE 278 and LINE 66’ or
e the access right to zone 4 is not valid between 2 a.m. — 4 a.m.

5.1 Assigning and combining rights

Access rights are specified using an ACCESS RIGHT PARAMETER ASSIGNMENT, which allows
specific access rights to be associated with fare structure components using a variety of ‘validity
parameters’, each specifying which access rights may be consumed.

Access right limitation rules may be complex and involve several combinations of parameters and
conditions. These rules may be expressed as logical propositions with logical operators (and, or,
exclusive or). This means that different types of combinations of groups of parameters have to be taken
into account and that the ACCESS RIGHT PARAMETER ASSIGNMENT is a multiple (or composite)
assignment.

T
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dos VokdPerametersats )

wenumeration» AssignmentType attribute is a
FM AR comparison operator and may have
AccessRightAllowedValues:

the values greater or equal, smaller

ComparisonOperatorEnum ..|or equal, strictly greater, strictrly
£Q

B smaller, equal, different.
NE

. The value "different” is for
B exceptions
GE .

LE
e

e rone
‘ AR Validity Parameters MDDEL:-_ACEIESS RIGHT PARAMETER “ » ~{VALIDITY PARAMETER
+  Description: MulitlingualString [0..1]

+  IsAllowed: boolean [0..1]

+ Name: MulitlingualString [0..1] et AR Validity Parameters

+ y pe: C [0.1)[= = MODEL::SCOPING
+ Validity Fr e 10.1] B o | VALIDITY PARAMETER
«UID»
+idt AccessRightParameterAssignmentidT ype e
A o o PRICEABLE OBIE
T AR Usage Parameters
MODEL:USAGE
SERVICE ACCESS RIGHT| AR Validity Parameters MODEL:: PARAMETER
AR Fare Product MODEL: | '~ VALIDITY PARAMETER ASSIGNMENT

FARE PRODUCT

5.2 Different characteristics of access rights

Access right rules may concern different components of a fare structure (e.g. FARE STRUCTURE
ELEMENT, DISTANCE MATRIX ELEMENT, GROUP OF DISTANCE MATRIX ELEMENTS), products
(e.g. FARE PRODUCT, SALES OFFER PACKAGE) or other elements (e.g. VALIDABLE ELEMENT, or

CONTROLLABLE ELEMENT) in order to specify the specific rights that are granted or need to be
validated.

class FM AR Access Right Parameter Assignment MODEL /

LOGGABLE OBJECT]|

ARValidity B ARValidity #
PRICEABLE OBJECT|
PRICEABLEOBJECT|  *specified by TEMPORAL VALIDITY PARAMETE! SCOPING VALIDITY PARAMETER
FS Validable Element MODEL: g i
CONTROLLABLE ELEMENT USAGE PARAMIETER) «UID» «UID»
+ id + id
p—— p—
+assignedto /|\ 0.* 0
TYPE OF VALUE| +assigned to g
0.* TYPE OF ACCESS RIGHT ASSIGNMENT. GroupingType: combination operator
+a view of {ordered} enabling the representation of the
«UID» +a classification for +for | 0.* r +for complexity of rules for the limitation of
FAREELEMENT IN SEQUENCE| | ",y 0.* or access rights, involving several
FS Validable Element MODEL: of different p
& htvalid either ( (for by
TR OLL A B s 0.1 +classified as ACCESS RIGHT PARAMETER ASSIGNMENT | te-g-access right valid either  for bus
2L . .--"] line atb+c or metroline 1)for period X)
4included in 1.* o + IsAllowed [0..1] - ﬂ(foval\buS/met:ol\nfsin period Y).
+ Name[0..1] If GroupingType is 'none’, the
+ Description [0..1] - assignment is simple:
+a chain of + ValidityParameterGroupingType [0..1] RN
PN + ValidityParameterAssignmentType [0..1] ~
PRICEABLEOBJECT|  +specified by . T +included in~
FS Fare Structure -- - /’ \'. +“Ui‘d"” 0.* X «enumeration»
FARE STRUCTURE ELEMENT . N  FMAR
/ \ < sincluding AccessRightAllowedValues::
J N 4 Vo LogicalOperatorEnum
1 . \ N f
+represented | 1.* +viewedas 0.* K \\ \ N \
by +a view of {ordered} / \ VALIDITY PARAMETER ASSIGNMENT \ N .
h N \ S N
FARE ELEMENTIN SEQUENCE| | «UiD» \ N :
FS Fare Structure Element MODEL:: |,/ sspecifying | . T L . . T
- FARE STRUCTURE ELEMENT IN / limitsfor [, \ . I !
{exclusion} SEQUENCE ; ) S \ . N :
T 0.+ ! limits for " 0.7 ! ——
+includedin_ , 0., " AssignmentType attribute is a
H 5 comparison operator and may
+representing +a chain of ! ‘GENERIC PARAMETER ASSIGNMENT P have the values greater or equal,
pm— z AR smaller or equal, strictly greater,
FS Validable Element MODEL:: S % peeessishtallows dVelioey | ettt
VALIDABLEELEMENT | . ; % ComparisonOperatorEnum | .-~~~ ¢ value "different"is for
sspecifyinglimits for +/[\ o EQ
. 1 1.% N NE
+iewed as -
+represented fied b GT
by +specified by o7
SERVICE ACCESS RIGHT| oE

FARE PRODUCT

) +refining
\ +refined !
+aviewof 0., by 0. Name:  FMAR Access Right Parameter Assignment MODEL

+representing Cu(hor. ;rgnlsgodcl(NTx;

FARE ELEMENT N SEQUENCE| fersion:  6.0-1.

AR Types of Fare Product MODEL :: Created: 28/11/2016 00:00:00
ACCESS RIGHT IN PRODUCT Updated: 17/11/2017 12:33:04

AR Types of Fare Product MODEL ::
. PRE-ASSIGNED FARE PRODUCT
1.* o

The validity parameters that may be assigned with an ACCESS RIGHT PARAMETER ASSIGNMENT
can be considered as being of two main categories:

TEMPORAL VALIDITY PARAMETERS reflecting temporal limitations, for example: DAY TYPE
or OPERATING DAY on which the assignment applies, the TIMEBANDs during which the

T
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assignment applies, the VALIDITY CONDITION or AVAILABILITY CONDITION restricting the
assignment.

e SCOPING VALIDITY PARAMETERS, reflecting mainly spatial limitations, for example: which
OPERATORs or GROUPs of OPERATORS, which VEHICLE MODEs and submodes, which
LINEs, GROUPs OF LINEs or NETWORKSs, which TARIFF ZONEs, FARE SECTIONSs, which
SCHEDULED STOP POINTs may be used, etc.

5.3 Further conditions on fare products

Fare products may also be subject to conditions as to eligibility (who may purchase a fare, adult child,
senior, etc) or commercial terms (can it be exchanged, refunded, replaced etc) and other considerations,

A USAGE PARAMETER is another type of parameter linked to the actual usage of the access rights
(e.g. particular user profiles, luggage allowance, booking possibility, necessary to provide a particular
entitlement, etc.).

The figures below show how some of the parameters are instantiated, taking an example of the
access right : 'valid on 1 to 3 zones, for bus network x operated by B, with different price according to
whether the user is an adult, child or a student, transfers are allowed up to 30 minutes'

bus network x -
operated by B

‘ FARE PRODUCT VALIDITY ‘

PARAMETER

sconsdersdas | 00+ | 0.0 o w|o-
e 0.1 +consigeredas [ 01

GROUP OF DISTRIBUTION FULFILMENT
CHANNELS METHOD

S TYPE OF FARE

» o1 onsdered s PRODUCT
RN S o
SITELELERER DISTRIBUTION

CHANNEL

VEHICLE MODE bus

‘ . . waperating
VEHICLE | o
ORGANISATIONAL VALIDITY PARAMETER | &.* v
=z semserdas MODE T
oo - lo- - o ot ©consi
or

schara
—|_SUBMODE |€‘|
dered zs o

‘ SERVICE VALIDITY PARAMETER

PARAMETER

o | VEHICLE e
- JOURNEY sconsisereazz /o
P

J der

pe:
o.

ROUTING VALIDITY \‘

‘GROUP OF
OPERATORS

OPERATORB =

1
OPERATOR

sernving pTfor

l JOURNEY PATTERN ‘

A

ragedby

T
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6 Sales

6.1 What is actually sold during a sales transaction? A travel document? A fare
product?

A distinction can be made between the following types of sales-related fare information:
o sales offer: what is proposed to customers for sale,
o travel specification; the travel choices the user wishes to make,
e sales transaction: the record of the purchase event, including what was purchased (and how it
was paid for).
e customer purchase: the particulars of what was actually purchased and whether it has been
consumed or not.

A SALES OFFER PACKAGE represents a package to be sold as a whole, consisting of one or several
FARE PRODUCTs materialised thanks to one or several TRAVEL DOCUMENTs. The FARE
PRODUCTSs may be either directly attached to the TRAVEL DOCUMENTS, or may be reloadable on the
TRAVEL DOCUMENTSs.

A SALES TRANSACTION is a record of a sale of a SALES OFFER PACKAGE, which is distributed by
one or more DISTRIBUTION CHANNELs. The purchase may require the selection of specific tariff
elements and usage fare parameters out of all those available in the product or products

The CUSTOMER PURCHASE PACKAGE is the result of an individual purchase of a SALES OFFER
PACKAGE by a TRANSPORT CUSTOMER, giving access rights chosen from those offered by one or
more FARE PRODUCTS in the offer, materialised as one or several TRAVEL DOCUMENTS.

A TRAVEL DOCUMENT is a particular physical evidence to be held by a passenger, (ticket, card, etc..)
allowing the determination of the right to travel or to consume joint-services. It may comprise just a token
associated with an online account, or some form of representation of the access rights. Sometimes, the
TRAVEL DOCUMENT may be used by the customer as means of payment (e.g. a smartcard with an
electronic purse allowing the consumption of access rights). In some cases, especially with Account
Based Ticketing, there is no proper TRAVEL DOCUMENT issued: the means of payment (e.g. a credit
card) plays the role of a TRAVEL DOCUMENT during the consumption.

The TYPE OF TRAVEL DOCUMENT specifies the nature of the TRAVEL DOCUMENT which can be
created for a specific SALES OFFER PACKAGE. An instance of the TRAVEL DOCUMENT will be
created when the SALES OFFER PACKAGE is purchased, its contents being represented by a
CUSTOMER PURCHASE PACKAGE.

class FM SD Sales Offer Package Introduction [INFO] /

ACCESS RIGHT PARAMETER ASSIGNMENT|
Name:  FM SD Sales Offer Package Introduction [INFO] VALIDITY DA A e,
Author:  Transmo del
Version:  6.0-1.0
Created:  06/04/2017 17:13:03
Updated:  17/01/2018 00:18:56

0. ~
GENERIC PARAMETER ASSIGNMENT
+specified by +specifying limits for

+related to o
+specifying limits for

PRICEABLE OBJECT]|

*o— 0~

SALES OFFER PACKAGE

FARE PRI
1 <> 0.1 fd\slnbule(‘b +composed of +givenfor SALES OFFER PACKAGE PRICE
+substituted +substiutable by under

with
0%

+given for
PRICEABLE OBJECT]
SERVICE ACCESS RIGHT

+substituting for +used for 0.1

1.
BN/ ooy +pricing +or

SALES OFFER PACKAGE SUBSTITUTION

ASSIGNMENT] o +distributed
PRICEABLE OBJECT]| according to
SALES OFFER PACKAGE ELEMENT

+or | 0.*

0.1 pe
+assignedto TYPE OF TRAVEL DOCI
Hor \|/ o+
% +for
DISTRIBUTION ASSIGNMENT | 0. +for
L_a

+or 0. 0%

+usedfor \|/ 0.1 +usedfor/ [\ 0..%

+++++ 3
DISTRIBUTION CHANNEL
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6.2 What information is needed to describe the sales transactions?
The Sales Transaction model is modularised into a number of sub-models:

e The Fare Contract MODEL describes identified CUSTOMERs and their CUSTOMER
ACCOUNTs and FARE CONTRACTs. The Customer Payment Means MODEL and the
Customer Eligibility MODEL describe additional aspects of CUSTOMER ACCOUNTSs.

e The Retail MODEL identifies RETAIL CONSORTIUMs, ORGANISATIONSs that sell products,
and RETAIL DEVICEs used to sell products.

e The Sales Transaction MODEL records sales of SALES OFFER PACKAGEs. TRAVEL
SPECIFICATION ENTRYs describe each specific selection of theoretical fare elements for an
individual SALES TRANSACTION.

e The Sales Debit MODEL describes the different types of debit which may occur during the
purchase and after sales of fare products (e.g. refund, exchange).

e The SALES TRANSACTION FRAME model describes the elements used to group sales data

for exchange, such as SALES TRANSACTIONs, CUSTOMER PURCHASE PACKAGEs,
TRAVEL DOCUMENTS, etc.

An overview is presented below:

class FM ST Sales Transaction MODEL

LocasLe oBJeCT] eI g - LoG EnTRY] SALES TRANSACTION assiGument) *U5e4PY 0.1 pmc;SBSL,ggZ?g
STFare Contract MODEL:: STFare Contract MODEL:: 5 T CUSTOMER PURCHASE PACKAGE ELEMENT| 0. SD Sales Offer Package MODEL::
FARE CONTRACT +recording | FARECONTRACTENTRY + StartoNvalidity [0.1] * using [l Ses Ofter Package MODE LA

N «UID»
ownedby /N 0.+ 0.* + EndOfvalidity [0..1] o ! = .
+governed LOG ENTRY, «UID» +for | 0. 1.% sfor | 0.
by TRAVEL SPECIFICATION i spartof o +part| fordered]
- . - +acquisition 0.1 {ordered} of +used for 0.1
wner o >
~ i > #specifying +recorded in 0.% +composed of A AT
+related to
o 0.* AR Fare Product MODEL::
ST Fare Contract MODEL:: iedby o4 PRICEABLE OBJECT) ERVICE RCecseRTaT
TRANSPORTCUSTOMER - CUSTOMER PURCHASE PACKAGE +given for
+acquired by 0.1 \
) «UID» ;
+registered +specified by N y i . af ereone +distributed
to +used by 0.1 SP AvaKAG[ PRICE according to
+characterised TRAVEL DOCUMENT o - . S e
B +using - * ..
o + Name[0..1] +characterised by +specified by +purchase of «uiD» AR Fare Product MODEL::
+ Description [0..1] i FAREPRODUCT
#  Active +status for 0.1
+ IdentityToken TYPE OF VALUE] +specified by
Vel
«UID» CUSTOMER PURCHASE STATUS
+ id +purchase as 1 +composed of
L . . +assigned to 0.1
+acquisition | L jareq | O- 0. PRICEABLE OBJECT|
[tregistered | for to +materialised 0.1 SD Sales Offer Package MODEL::SALES OFFER PACKAGE
+registered to 0.1 as
for
0.* +registering +materialisable as +distributed under +specified by 0
rked by
A LOGGABLE ;751557 0.1 ASSIGNMENT|
Fare Contract MODEL: " N
AR Access Right Parameter Assignment MODEL::
CuSToMER el NOTICEASSICRRERH 0.« ACCRSS RIGHT PARAMETER ASSIGNMIENT
SD Sales Offer Package MODEL:: "
SALES NOTICE ASSIGNMENT +for| 0. A
scharacterising +annotated by 0.* J AR Access Right Parameter Assignment MODEL::
" VALIDITY PARAMETER ASSIGNMENT
+or q/ or \D
) 0.1 N
+used for 0.1 fassignedto,| o . 0-
ST Customer Eligibility MODEL:: ASSIGNMENT]| 5o
CUSTOMER ELIGIBILITY PRICEABLECEES SD Sales Offer Package MODEL: :
AR Usage Parameters MODEL:: DISTRIBUTION ASSIGNMENT 0.*
USAGE PARAMETER N
sfor | 0.* +for | O..
+specifying +specifying
used for o1 +ulfilled by 0.1 limits for 0.  limitsfor o
ST Customer Eligibility MODEL:: | +satisfying 1 -
PRICEABLE OBJECT| i " .
USERPROFILEELIGIBILITY | | AR Eligibility Usage Parameters MODEL: B salosDistri 145 CL 4 OBJEC AR Access Right Parameter Assignment MODEL::
0.* isfied USER PROFILE DISTRIBUTIONCHATILEY SD Sales Distribution MODEL: GENERIC PARAMETER ASSIGNMENT
by FULFILMENT METHOD
Name:  FMSTSales Transaction MODEL
1. CUSTOMER PURCHASE PARAMETER ASSIGNMENT Author:  Transmodel

Version: 6.0-1.0
Created: 28/11/2016 00:00:00
Updated: 18/01/2018 13:12:30

+specifying limits for «UID»
+ id
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6.3 How are represented retail and security aspects?

Certain aspects of the retailing networks that sell fare products are relevant for control purposes, and
also for the provision of passenger information. The groups of approved organisations who may sell
products are represented as RETAIL ORGANISATIONSs; these may be any of the specific types of
organisation (OPERATOR, AUTHORITY, TRAVEL AGENT, etc.) found in the reference model, who
fulfil a FARE PRODUCT RETAILER ROLE.

A RETAIL CONSORTIUM is a legally incorporated ORGANISATION with two or more members that
undertake the sale of certain products. It registers RETAIL DEVICEs able to sell FARE PRODUCTS
and issue TRAVEL DOCUMENTSs

The RETAIL CONSORTIUM maintains SECURITY LISTs of valid and invalid RETAIL, along with those
of CUSTOMERs, CUSTOMER CONTRACTs and TRAVEL DOCUMENTS.

class FM ST Retail MODEL Basic [INFO]

SECURITY LISTING

Name:  FM ST Retail MODEL Basic [INFO]
Author:  Transmodel

Version:  6.0-1.0

Created: ~ 23/01/2017 00:00:00

Updated: 22/12/201700:11:05

+used by

ORGANISATION |

+partof

+made up of ‘

+composed of

SECURITY LIST I

CUSTOMER SECURITY LISTING

CUSTOMER ACCOUNT SECURITY LISTING

+listing of | 0..*

+registered to

+listed by 1 +registered for

+registering

LOGGABLE OBJECT
CUSTOMER ACCOUNT
0.1

+composed of

0. Zr

0..
GROUP OF ENTITIES
+using RETAIL CONSORTIUM
TYPE OF VALUE|
TYPE OF RETAIL DEVICE AUTHORITY

OTHER ORGANISATION
OPERATOR

+registered to

X 0.1
+acquisition for ot

+recorded in

PRICEABLE OBJECT
SALES OFFER PACKAGE

+acquiredby 0.

0.* 0.1
+partof +classifying
RETAIL DEVICE SECURITY LISTING TRAVEL AGENT
+listing of | 0..%
+classified as 0.+
+isting of 0.*
1 SECURITY LISTABLE|
- TICKETING EQUIPMENT|
+listed by RETAIL DEVICE
+isting of 1 recorded in o1
TRANSPORT CUSTOMER FARE CONTRACT SECURITY LISTING
+owner of +listing of | 0
+owned by 0.+ +listed by 1 +recorded in 1 LOGENTRY|
LOGGABLE OBJECT] FARE CONTRACT ENTRY
FARE CONTRACT +recording A\
0.
+govemed by /[\ 0.*

0.*

+purchase of

+purchase as

0.1

PRICEABLE OBJECT |
‘CUSTOMER PURCHASE PACKAGE +characterised by
+using /[\ 0.1 +specifiedby () 0.
+status for
rusedby | o . +specifying 0.+

0.*
TRAVEL DOCUMENT
+related to

LOG ENTRY|
TRAVEL SPECIFICATION

TYPE OF VALUE
CUSTOMER PURCHASE STATUS
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6.4 How to represent the prices of the fare elements?

The data model includes a set of pricing entities, which provide the factors necessary to calculate the

price. Specific algorithms are responsible for applying the local price calculation rules to this basic data,
but which are not themselves modelled in detail.

Prices may thus either be distributed as a set of base prices and the pricing parameters, or as fully
resolved derived prices for every required fare structure element and access right.

The method used to derive a price from another price can be indicated on the price by a PRICING RULE,
which can include a discount applied (DISCOUNTING RULE) and limits as to the minimum and
maximum prices to be charged that are in effect (LIMITING RULE), as well as recording any tax applied.
Any FARE PRICE may be calculated by PRICING RULEs, in particular discounts may be calculated
using specific DISCOUNTING RULEs.

class FM FP Price MODEL Basic [INFO]

0.*

+characterised by

+defined for

TYPEOFVALUE|  + clssification for
TYPE OF PR
0.* 0.1

+classified as
0.1

+using 0.1 0..“'
+used by PRICING RULE

S
0.1 -
+using

+defined for

+characterised by

+comprising

0..%

+comprising +determined within

+used by +chained 0..*

+made up of 0..* +composed of

+calculating

+deri
+determined derived

.
within from 0..

+reference for

+included in DISCOUNTING RULE

PRICE UNIT I ZF
l LIMITING RULE l

+calculated by

+givenin 1

«Abstract»

+related to 0.*

+used to specify

+given for

=

Name:  FM FP Price MODEL Basic [INFO]
Author:  Transmode

Version:  6.0-1.0

Created:  23/01/2017 00:00:00

Updated: 22/02/2018 19:46:23
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7 Ticketing equipment

TICKETING EQIPMENT (introduced in EN12896-2) is a specialization of PASSENGER EQUIPMENT

for ticketing.

class NT FO Ticketing Equipment MODEL

Created:  05/02/2014 11:24:53
Updated: 19/01/2018 18:51:06

MODEL::PASSENGER
EQUIPMENT

class FM ST Retail Model HIERARCHY [INFO] /

EQUIEMENT] CC Generic Equipment MODEL::EQUIPMENT ‘
C Generic Equipment
e Itilingual
ooy +  Description: Multiingualsting [0..1]
EQUIPMENT + Image: anyURI [0..1]
+ Infolink: InfoLink [0..1]
+ Name: MultiingualString (0..1]
+ Note: MultiingualString (0..1]
Name:  NT FO Ticketing Equipment MODEL OutOfService: boolean [0..1]
Author:  Transmodel «iD»
Version: 1.0 CC Generic Equipment + Id: EquipmentldType

CC Generic Equipment MODEL:
INSTALLED EQUIPMENT

MODE|
CC Transport Mode
MODEL::VEHICLE MODE| A
+concemed by +or
0. 0.* Ul A TICKET VALIDATOR EQUIPMENT ‘ - ‘
+  HeightOfLowCounter [0..1] *
+  HeightofMachinelnterface [0..1] gl ottt -1 +  Fixed: boolean [0..1)
+  InductionLoops [0..1] oy «iD»
SERVICE RESTRICTION| +  LowCounterAccess [0..1] * 5 + 1d
CCservi i 0.* by [+ NumberOfMachines[0..1]
MODEL::TICKET SCOPE + NumberofTills [0..1] +characterised by | 0..*
+a characterisation of 0.*+  QueueManagement [0..*]
+ TicketCounterService [0..1] NT Ticketing Equipment MODEL::TICKETING EQUIPMENT
+  TicketingFacilityLi *
wcharactersed by ST etnefackty U] +  HeightOfLowCounter: LengthType [0..1]
oo I erorron 0] +  HeightofMachinelnterface: LengthType [0..1]
+characterised by + InductionLoops: boolean [0..1]
«ID» b +  LowCounterAccess: boolean [0..1]
+ 1d 0. +  NumberOfMachines: integer [0..1]
— | +  NumberOfTills: integer [0..1]
} +  QueueManagement: QueueManagementEnum [0..*]
+characterisedby | 0.*
+a characterisation of | 0.+ Y +a characterisation of +  TicketCounterService: boolean [0..1]
o | o + TicketingFaciltyList: TicketingFaciltyEnum [0..%]
SERVICE RESTRICTION)| +a characterisation of - - +  TicketMachines: boolean
CC Service Restriction +a characterisationof |o..* SERVICE RESTRICTION| + TicketOffice: boolean [0..1]
MODEL: TYPE OF SERVICE RESTRICTION CC Service Restriction MODEL:| «UID»
TICKETING I Sy TYPE OF TICKET +  Id: TicketingEquipmentidType
MODEL:TYPE OF
PAYMENT METHOD %

SECURITY LISTABLE|
RETAIL DEVICE

+  Status: normalizedString [0..1]
«iD:
"

A RETAIL DEVICE is a specialisation of the TICKETING EQUIPMENT used to sell FARE PRODUCTSs.
Its identity can be used to record fulfilment and support security processes.

A RETAIL DEVICE is also SECULITY LISTABLE, i.e. an entity capable of being placed on a SECURITY
LIST.
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8 Control and Validation

8.1 What are the control / validation processes?

Control is the checking of a passenger’s entitlement to consume access rights, e.g. at the start or during
a trip and involves checking that the customer has an appropriate ticket and marking it as used
(‘cancellation’). Multiple controls may be made on a passenger during a trip.

A control process is thus an elementary action of collecting data on the rights attached to the TRAVEL
DOCUMENT being controlled and comparing it against equivalent parameters describing the actual
inspection context (location, time, specific train, etc.) in order to validate it.

Validation is the verification that an access right is valid, has been consumed and that this consumption
was allowed. It uses the results of one or several consecutive controls and with media centric and
account based ticketing systems, may trigger the charge to the customer for the trip.

Validation is based on the comparison between the rights attached to a FARE PRODUCT stored on a
TRAVEL DOCUMENT and the data collected through previous controls, characterising the actual
situation. In the event that access rights are not valid, a penalty may be incurred by the traveller. In
interoperable systems, validation is important for accounting between different networks.

Possible consequences of these processes are:

An overview of the different aspects and stages of the control/validation
processes and main data concepts involved are presented below.

pricing rules,
price
calculation
parameters

T
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pke Fares main packages

Validation and Conti

Offence, registration on security lists, etc

Debit

Possibly marking of the travel document and/or contract

Preparation of data for registration in the back office

tructur

R

Access
rights

C

Fare
Products

i

Sales

Packages

s

|+ FC Control & Validation Views

" +FC Control Means MODEL

-+ FC Access Right Control Model

— + FC Access Right Validation MODEL
"+ FC Fare Validation Debit Model
|+ FC Fare Validation Event MODEL

(from Part 5 - Fare Management (FM))

Validation

class FM FC Validation & Controlaspects (INFO] /)

W Tvee o vALLE
[ﬁwmwm contRoL v

+composed of 0. e N\ oa s
spartof \y lrered) susedby | 0.+

Created: ~ 20/06/2017 00:00:00
Updated: 23/02/201800:34:27

[ ASSIGNMENT

[ roavetoocumenr | _C sy .

CONTROL RECORD)
CONTROLENTRY

PRICEABLE OBIECT |

CONTROLLABLE ELEMENT +used by

~FARE ELEMENT IN SEQUENCE]
FARE STRUCTURE ELEMENT IN SEQUENCE

FARE COF

1: control & marking  (also called
validable elements) as CONTROLLED

L v

CONTROLLABLE ele
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9 Fare Management Events end Log Entries

9.1 Events and associated entries

The Generic Event model (introduced in EN12896-5, Annex B "Additional Common Concepts")
represents interactions with a system by an external actor. An EVENT represents such an interaction,
occurring on an OPERATING DAY and usually recorded in the system, having some consequences on
one or more ENTITIEs. EVENTs may be classified as TYPE OF EVENTSs.

The LOGGABLE OBJECT is a general-purpose mechanism allowing the recording of state of an object.
When an EVENT happens to a LOGGABLE OBJECT it is recorded as a LOG ENTRY.

A LOGGABLE OBJECT can have one or more timestamped LOG ENTRIES. LOG ENTRIES provide a
detailed audit trail and may be processed to create summary statistics; they may be archived off- line.

«TRANSMODEL VIEW» 0% AC Generic Loggable Object
AC Generic Loggable Object ” MODEL::LOG ENTRY

MODEL::LOGGABLE OBJECT | *recordedas  {ordered}

+ LoggedAtTime
Name [0..1]

o

«UID»

’ +record for

+ Id + Description [0..1]
«UID»
0.* i + Id
+occuring
for +recorded 0..*
due to
«Abstract»
+happening 1 | +triggering
to 0..*
TYPE OF VALUE EVENT
TYPE OF EVENT +classified
+classifying as + Description
«UID» + OccuredAtTime
1 0.*
E Id «UID»
+ Id
Name: TM AC Event MODEL GENERAL EVENT
Author:  Transmodel
Version:  6.0-1.0 «UID»
Created: 21/06/2017 00:00:00 + A
Updated: 20/12/2017 13:34:02

9.2 Fare Management Events

In the context of Fare Management, the EVENTSs may be either initiated variously by passengers taking
PASSENGER TRAVEL EVENTs, CUSTOMER RETAIL EVENTs, CUSTOMER ACCOUNT EVENTSs or
CUSTOMER FULFILMENT EVENTS, or be initiated by fare control and Account Based Ticketing
systems, represented by ACCOUNT PROCESSING EVENTS.

T
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Action Name Paper Media ABT Note
based Centric
Customer | CUSTOMER REGISTER EVENT Applicable | Applicable Applicable Classical may
Account register for season
pass
CUSTOMER DEREGISTER EVENT Applicable | Applicable Applicable | ditto
CUSTOMER MODIFY PROFILE EVENT Applicable | Applicable Applicable | ditto
CUSTOMER REGISTER MEDIA EVENT n/a Applicable Applicable
RESTORE CUSTOMER ACCOUNT EVENT | n/a Applicable Applicable
Retail CUSTOMER PURCHASE EVENT Applicable | Applicable Applicable
CUSTOMER EXCHANGE EVENT Applicable | Applicable Applicable
CUSTOMER REFUND EVENT Applicable | Applicable Applicable
CUSTOMER CHANGE BOOKING EVENT Applicable | Applicable Applicable
Fulfilment | CUSTOMER COLLECT EVENT Applicable | Applicable Applicable
CUSTOMER MEDIA INSTALL EVENT n/a Applicable n/a
CUSTOMER PRODUCT ACTIVATION n/a Applicable Applicable | Account may have
EVENT media
CUSTOMER MEDIA RESTORE EVENT n/a Applicable Applicable | ditto
CUSTOMER MEDIA APPLICATION n/a Applicable Applicable | ditto
RESTORE EVENT
Travel PASSENGER CHECK IN EVENT n/a Applicable Applicable
PASSENGER CHECK OUT EVENT n/a Applicable Applicable Post payment only
PASSENGER WAY POINT EVENT n/a Applicable Applicable | Post payment only
PASSGENGER VALIDATE TRAVEL Applicable | Applicable Applicable
DOCUMENT ACTION EVENT
Account ACCOUNT DETECT TRIP EVENT n/a Applicable Applicable
ACCOUNT DETECT NO CHECK IN EVENT | n/a Applicable Applicable
ACCOUNT DETECT NO CHECK OUT n/a Applicable Applicable
EVENT
ACCOUNT DETECT REENTRY EVENT n/a Applicable Applicable Depends on Policy
ACCOUNT SUSPICIOUS BEHAVIOUR n/a Applicable Applicable
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9.3 Fare Management LOG ENTRies

LOG ENTRIies record EVENTS as different actors interact with the system. Different LOG ENTRies are
relevant to different ticketing technologies, as summarised below.

T
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Action Name Classical Media ABT Note
Centric
Customer | CUSTOMER REGISTRATION ENTRY Applicable | Applicable Applicable | Classical may
Account register for season
pass
CUSTOMER DEREGISTRATION ENTRY | Applicable | Applicable Applicable
CUSTOMER PROFILE MODIFICATION Applicable | Applicable Applicable
ENTRY
CUSTOMER MEDIA REGISTRATION n/a Applicable Applicable
ENTRY
RESTORE CUSTOMER ACCOUNT n/a Applicable Applicable
ENTRY
Customer | FARE PRODUCT PURCHASE ENTRY Applicable | Applicable Applicable
Purchase
& After TRIP PURCHASE ENTRY Applicable | Applicable Applicable
Sales
FARE PRODUCT RENEWAL ENTRY Applicable | Applicable Applicable
MEDIA RECHARGE PURCHASE ENTRY | n/a Applicable Applicable
FARE PRODUCT REFUND EVENT Applicable | Applicable Applicable
FARE PRODUCT EXCHANGE ENTRY Applicable | Applicable Applicable
TRAVEL COMPENSATION ENTRY Applicable | Applicable Applicable
CUSTOMER BOOKING ENTRY Applicable | Applicable Applicable
CUSTOMER BOOKING CANCELLATION | Applicable | Applicable Applicable
ENTRY
Account ACCOUNT AUTO RENEWAL ENTRY n/a Applicable Applicable
Auto Sales
ACCOUNT AUTO TOP UP ENTRY n/a Applicable Applicable
ACCOUNT AWARD REFUND ENTRY n/a n/a Applicable
Fulfilment | TRAVEL DOCUMENT COLLECTION Applicable | Applicable Applicable
ENTRY
PURCHASE FULFILMENT ENTRY n/a Applicable Applicable
MEDIA PRODUCT INSTALLATION n/a Applicable Applicable | Account may have
ENTRY media
MEDIA PRODUCT ACTIVATION ENTRY | n/a Applicable Applicable | ditto
MEDIA PRODUCT DEACTIVATION n/a Applicable Applicable | to
ENTRY
MEDIA RESTORE ENTRY n/a Applicable Applicable | to
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9.4 Fare Events and Log Entries: Account Processing Event Model

As shown in the Event Model, EVENTS trigger LOG ENTRIes, for instance, as shown in the Account
Processing Event Model below.

class FM FE Account Processing Event MODEL /
L0GGABLE OBJECT| . *concerned by o EVENT]
STFare Contract MODEL:: —concerning SEFare Contract Event MODEL: ACCOOT PR e —
FARE CONTRACT 1governedby FARE CONTRACT EVENT Roct
«UID»
0.
+registered to il d
+clue for
PASSENGER TRAVEL ENTRY| <~ L
Travel " +clue for ., 0-1 I
PASSENGER CHECK IN ENTRY <1
ACCOUNT DETECT TRIP EVENT o
0.* 0.* 1 scuefor /M ﬂn'ohrymw “rieserine
+clue +clue +clue «ID»
for for for ki
+deduced 0.1 0.1
from 1 +clue for 1 wsduced
+informed rom
ACCOUNT DETECT NO CHECK OUT EVENT v
«UID» +clue for \[/ 1
+ id
PASSENGER TRAVEL ENTR)
“ 0.* nger Travel C
riggeriny
Beering ENTRY
etvetor N 1 0% +clue for 0.*
+clue for
+deduced
+deduced
+deduced +cluefor \[; 1 from 01 rom -
deduced +recording from -
from 0.1 0.1 PASSENGER TRAVEL ENTR)
0.1 . ACCOUNT DETECT SUSPIC
UNMATCHED TRAVEL ENTRY| e T T =
FE Travel Match Log Entry MODEL:: "
NO CHECK OUT DETECTED ENTRY sclue for 0.* il !
striggering 0.1 striggering | 01
+recording \|/ 0.1
+deduced
+deduced
Name:  FMFEAccount Processing Event MODEL from o1 :w‘:f\e ) SECURITY LISTENTR)
Author:  Transmodel FM FE Account Security Log Entry MODEL::
Version:  6.0-1.0 SECURITY LIST DENY ENTRY
Created: 16/03/2017 00:00:00 ACCOUNT DETECT NO CHECK IN EVENT
Updated: 18/01/201813:12:27 - +recording \|/ 0.1
gl id CUSTOMER ACCOUNT ENTR
FM FE Account Security Log Entry MODEL::
ACCOUNT SUSPEND ENTRY
0.*
+deduced from 0.* +input to ACCOUNT DETECT REENTRY EVENT
PASSENGER TRAVEL ENTRY|  +recording Y L
0.* FETravel # g id
PASSENGER USED SAME STOP ENTRY 1 +triggering
+deduced from

Similar models describing in detail the link between the different fare management events and log entries
are presented in EN12896-5. The diagram below describes the PASSENGER TRAVEL CONTROL
EVENT and the associated LOG ENTRIes.

s T Fesengr Trave Convl vere MODEL asINE0l )
CONTROL MEANS. iame: assenger Travel Control Even asic
e R 01 N FM FE Passenger Travel Control Event MODEL Basic INFO]
Author:  Transmodel
PASSENGER TRAVEL CONTROL EVENT [~ roed DEVICE RELATED CONTROL Version:  6.0-1.0
by Created: ~ 27/03/2017 00:00:00
Zr Updated: 10/12/2017 15:29:32
+triggering
1 PASSENGER TRAVEL ENTRY | +clue for
PASSENGER CHECKIN EVENT 5
0.1 ©recording FE Passenger Travel Control Log Entry MODEL::
PASSENGER CHECKIN ENTRY
striggering | 0.1
+clue f 0. 1
cluetor +clue for +deduced from | 1
+triggering
ACCOUNT PROCESSING EVENT]
FE Account Processing Event MODEL::ACCOUNT
+deduced DETECT NO CHECKOUT EVENT o
+recording \|/ 1 from | g+
+recording 0.1
PASSENGER TRAVEL ENTRY|
+deduced from 0.1
B ciriath UNMATCHED TRAVEL ENTRY |
0.+ FE Travel Match Log Entry MODEL::NO
+deduced from CHECK OUT DETECTED ENTRY.
welaefor |, o 4
+clue for
+triggering . PASSENGER TRAVEL
PASSENGER CHECK OUT EVENT o o e
01 PASSENGER CHECK OUT ENTRY +clue for N ‘
: +recording FE
T +deduced from ACCOUNT DETECT NO CHECKIN EVENT
+deducedfrom | O1 0.
PASSENGERTRAVELENTRY] _ _+clue for +triggering
e ! R e o
PASSENGER WAY POINT ENTRY
0.1 +recording +clue for 0.*
+recordedas | 0.1  *deduced
o from | o1
PASSENGER ACTIVATE TRIP EVENT +triggering 1 PASSENGER TRAVEL ENTRY| UNMATCHED TRAVEL ENTRY|
FE Passenger Travel Control Log Entry MODEL::FARE + FE ,,
0.1 +recording TRIP ACTIVATION ENTRY CHECKIN DETECTED ENTRY.
+triggering 1 PASSENGER TRAVEL ENTRY|
CONTROL PASSENGER TRIF EVENT) FE Passenger Travel Control Log Entry MODEL::
0.1 #recording /‘ CONTROL PASSENGER TRIP ENTRY

T
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10 Different roles of actors linked to the fare processes

To describe a fare process, a number of different roles are identified that may be associated with a given
organisation. Some of these are relevant for services other than fares and ticketing, such as ACCOUNT
PROVIDER ROLE, IDENTITY PROVIDER ROLE, MEDIA PROVIDER ROLE, MEDIUM APPLICATION
OWNER ROLE, MEDIUM APPLICATION PROVIDER ROLE, PAYMENT PROVIDER ROLE,
CUSTOMER SERVICE PROVDER ROLE

Others are specific to fares, such as FARE PRODUCT OWNER ROLE, FARE PRODUCT RETAILER
ROLE, FARE PRODUCT DISTRIBUTOR ROLE, etc. Extended distribution for rail may also involve
FARE PRODUCT ISSUER and FARE PRODUCT ATTRIBUTOR ROLEs.

The ROLEs can be considered as specialisations of the general roles shown in the diagram below
(EN12896-5, Annex B).

CC Responsibilty Role MODEL::

RESPONSIBILITY SET

s 0.1 [
‘TYPE OF RESPONSIBILITY ROLE
ication

CCGeneric Organisation MODEL:: ORGANISATION ROLE EMPLOYEE ROLE TRANSPORT USER ROLE
ORGANISATION +undertaking

«ID»
I

«ID «ID»
+undertaker |+ 19 +

+d

Name:  TM AC Common Role MODEL
Author:  Transmodel

6010
24/03/201713:52:29
05/04/201815:51:02

Creat
Updated:

The generic model representing the assignment of responsibilities to an ORGANISATION or an
ORGANISATION PART is presented in EN12896-1.

An overview of the Management Roles of an ORGANISATION is presented below.

lass FM FR Fare Management Role MODEL Overview

: +undertaking 0.*
0. +undert;

RESPONSIBILITY ROLE|
ORGANISATION ROLE
aker

6010

reated:  09/02/2017 00:00:00
jpdated: 18/01/201814:29:27

ﬁ% -

ROLE TECHNOLOGY ORGANISATION ROLE

+serving PT for 0. Zr Zr

— — :
[ p— | —
e
IDENTITY PROVIDER ROLE FARE REGISTRAR ROLE
PAYMENT PROVIDER ROLE
FARE PRODUCT ATTRIBUTOR ROLE ]

MEDIUM APPLICATION PROVIDER ROLE
MEDIUM APPLICATION OWNER ROLE

The abstract class ORGANISATION ROLE, defined as a generic corporate role to provide or manage
transport services, splits into concrete roles, among which into a range of roles related to fare
management, as shown in the diagram below.

Most of these roles have extensively been described by ISO 24014-1 (Integrated Fare Management)
and by the Full Service Model (cf. EN12896-5, Bibliography). Transmodel takes over the semantics of
these roles, although, in some cases uses own terminology (role names).

Specific FARE ORGANISATION ROLEs are also defined and related to the relevant concepts of the
Fare Model.

T
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An ORGANISATION may have the responsibility to provide any kind of travel related service, i.e. fulfil
the TRAVEL ORGANISATION ROLE.

class TM AC Service Organisation Management Role MODEL /

0.*
Y ROLE|
0.* +undertaker AC Common Role MODEL: Name:  TM ACService Organisation Management Role MODEL
ORGANISATION ROLE Author:  Transmodel
Version:  6.0-1.0
Created:  13/04/2017 18:58:06
Updated: 14/12/2017 09:48:17
CC Transport Organisations MODEL::
AUTHORITY TRAVEL ORGANISATION ROLE
+ordering PT service from 0. «UID»
+ 1d
CC Additional Organisation MODEL:: A
OTHER ORGANISATION
+serving PTfor \[/ o «
CC Transport Organisations MODEL:: CUSTOMER SERVICE PROVIDER ROLE
OPERATOR
o «ID»
+undertaking [ O + 1d
/
+undertaker \b 0.*
SERVICE OPERATOR ROLE TRAVEL DOCUMENT CONTROLLING ORGANISATION ROLE
«ID» «UID»
+ 1d + 1d

The responsibility for the fare control process is shared between the SERVICE OPERATOR ROLE
providing any automated barriers and other control equipment, and the TRAVEL DOCUMENT
CONTROLLING ORGANISATION ROLE which undertakes control activities; the execution of inspection
and other duties may be allocated to individual EMPLOYEEs performing a TRAVEL DOCUMENT
CONTROLLER ROLE. The diagram below shows the link of these roles with the related data structures.

class FM FC Access Right Control MODEL Roles /

TRAVEL ORGANISATION ROLE|
AC Service Organisation Role MODEL::
+controller

+managed by TRAVEL DOCUMENT CONTROLLING
+managed \|, o+ ORGANISATION ROLE 0.1
pector for
EMPLOYEEROLE| +eontroller A 0.1

AC Employee Role MODEL:: 0.1
TRAVEL DOCUMENT :
'CONTROLLER ROLE FC Control Means MODEL::
CONTROL MEANS
0.1 TRAVEL ORGANISATION ROLE
+detector ACService Organisation Role MODEL:: .
SERVICE OPERATOR ROLE
+carrier 0.*
+providing service for providing | ¢ *

0.*
+controlling FC Control i
LOG ENTRY o DEVICE RELATED CONTROL FC Control Means MODEL::
CONTROL RECORD - MEANS OTHER CONTROL MEANS

Zr +operated with Name:  FMFCAccess Right Control MODEL Roles

Author:  Transmodel
Version: 6.0-1.0

oF Created: 17/03/2017 00:14:17
Updated: 14/03/2018 23:15:29
CONTROL ENTRY
TECHNOLOGY ORGANISATION ROLE|

FARE CONTRACT ENTRY |

ST Sales Transaction MODEL::
SALES TRANSACTION

.
+paidwith /[\ 0.1 +used by 1. FR Fare Technology Role MODEL::
+recording IDENTITY PROVIDER ROLE
+incurredby \|/ 0.1
+incurred by +responsible +identity supplier 0.1 0.1

LOG ENTRY| +using +identity supplier

ST Fare Sales Debit MODEL::
FARE DEBIT

for

0.1 *paidwith

+paid
with

Access Right Validation
(OFFENCE

sidentifiedby | g.*

LOGGABLE OBJECT|
ST Fare Contract MODEL::
CUSTOMER ACCOUNT

+detecting |0..*

+detecting

+registered for

+registered to

+committed | 0" +committed
by o ST Fare Contract MODEL: " +registering +registering 0.1
+user o
+committing |__TRANSPORT CUSTOMER
stravelling +registered to o
sraveller | 0. PASSENGER EQUIPMENT|
+used by SD Medium Application MODEL::
TRANSPORT USER ROLE MEDIUM ACCESS DEVICE
FR Fare Transport Customer Role
MODEL::PASSENGER ROLE +hostin )
€ +registered +identified by
+hosted on P o 0.
1 \| FRFare Tr rt Cust Role MODEL::
e e exnaTa SD Medium Application MODEL:
/| MEDIUM APPLICATION INSTANCE
+offender

T
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