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O About this Document

This documentation summarises the state of the DELFI information system to show

that potential new partners and their system providers are able to identify the
advantages of the system and t he efforts necessary to develop a system in order to be
able to communicate wit h existing DELFI servers. This document follows the very
formal guidelines according to the UML definition standard which are supplemented by

figural explanations if necessary. In chapter 1, a short summary of the background
will be given. In chapter 2, the general Use Cases and the mechanism of the
communication flow is explained. The process of integrating metadata is de scribed as
well. Chapter 3 describes the methods, data structures and their usage in detail. In
chapter 4, the instruction manual is given which describes the implementation of such

a complex system and its possibilities to test the system. Additionally, this document
includes a short glossary and the annexes of the IDL print as well as theoretical
background.

DELFI &8s Il ong history of developments is documented
Section 2.1). A particular basic document according to DELFI 2 was prepared in view

of a research project. This document represents the state of development at this time

and can be used as additional literature but not as valid paper f or the current status.

In order to understand the data description model of each system provider in

Germany, the data model of time table exchanges defined in DELFI 2 had been

developed. There is no direct implementation of this model. All data models nece ssary

for the DELFI system are presented in this document.

This version of the document reflects the newest version 5 of the DELFI API. With this
version, the API has been switched from a CORBA API interface based on an IDL to a
SOAP Web Service based ona  XSD/WSDL specification.
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1 What is DELFI?

1.1 Overview

Maintenance of our mobility is a central must and challenge for our society. With
motorized mobility, which is a precondition for the collaboration of areas, economic
entities and persons, problematic cons equences are associated which are not easy to
cover especially with regard to the growing globalisation. The fundamental starting

point is to find solutions to those resulting problems which are well known. Real
solutions, however, partially exist but are difficult to realize under the circumstances
within todayds framework of gl obal economy. A centr
to use information more efficiently than today in order to optimise, prioritise and
control physical movement. It is especia lly important to provide top quality and
updated information in order to reach the aim of efficient utilisation of all kinds of
public means of transport.

With regard to the aforementioned problem, the improvement of the competitive
situation of the public transport deserves special importance, even though improved
information systems are implemented. Surveys of mobile people prove that only
approximately 10% of the potential users of public transport are good enough
informed about the supply of public tran sport and the possible itineraries. About 60%
of the questioned people felt not to be or only badly informed. Just a third of the
regular customers of public transport stated that they received enough information.

Figure 1: Itin erary information without DELFI: the different information of
long -distance and local transport have to be selected and
combined manually
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According to the described problem, the Federal Ministry of Transport initiated the
project DELFI in order to achieve the political aim of strengthening the public transport
and, therefore, to manage the customers to overcome their inhibitions to use public
transport. This is to be achieved by providing electronic travel information about all
public means of transport at national level by establishing an independent travel
planner.

The Federal Ministry of Transport pursues the following policies:

e the realisation of a national information system for the complete public
transport,

e maintenance and preservation of market var iety of different transport
information systems,

e overcoming onebs inhibition and

e providing contributions in the field of future transport information systems in
Germany

Due to the brisk information market, a number of public and private enterprises
compe te against each other. The decentralised structure of DELFI creates high
flexibility and gains ~ momentum; see the example available in the Internet.

The supply of adequate partial information from the different single information

systems enables the DELFI s  ystem to realize its service by combining and connecting

all partial information. This leads to sustainability and eases the co -operation of the
partners who partially compete on the market.

Figure 2: ltineray information via DE LFI: necessary information will be
combined with each other at the DELFI system and then
provides a continuous itinerary for the customer
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The following items emerged:

e |ts objective is to realise a sustainable nationwide itinerary information system based
on means of communication by using an Application Programming Interface (API).

e Harmonisation of database (no integration) is required

e |t is an essential requirement for future telematics applications, especially at
international level, to provide open int erfaces. In that case, extended versions of
electronic timetable information including international information data, integration of
real time information, providing further services, and the extension of the project
regarding new partners would be unprob lematic.

1.2 Stakeholders of DELFI

All federal states of Germany must fulfil the necessary requirements in order to be
able to find solution strategies.

Schleswig-Holstein
Hamburg

Bremen
Niedersachsan

Noetsitn

Medcklenburg-
Vorpommern

Berlin
Brandenburg
Sachsan-Anhalt

Sachsen
Thiiringen

Hessen

Rheinland-Pfalz

Saarland

Bayern

. Baden-
Wiirttemberg

Figure 3: The partners of the DELFI information system: all federal states of
Germany together act as the provider together with DB AG that
provides the long -distance information

According to a call from the Federal Ministry of Transport, the Delfi partners formed

the current work group. A steering committee was set up consisting of specialists from
each German federal state. The Delfi group discussed possible solutions to provide
continuous travel information nationwide very early in order to be prepared and
organised by providing these solutions for the operation phase. Each part ner entered
into an unsolicited commitment to be responsible for the integration and maintenance

of the timetable data within their region.

Furthermore, organisational and instrumental possibilities were discussed and
evaluated in the latest project phase s in order to ensure quality and stability of the
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system.

All federal states of Germany act as provider together with DB AG that provides the

long - distance data. Every partner provides organised timetable data integrated in its

own system. In some cases, t imetable data were integrated in a supra -regional
system, for instance in Lower Saxony (Niedersachsen), Bremen and Hamburg.

1.3 Summary

The main contribution to the safeguarding of mobility aimed by the DELFI project
consists of the basic requirements for an economic adjustment of the market and
potential users who focus on intermodal countrywide linked transport information
system. The adequate approach of a distributed open concept is based on systems
which are coupled by means of communication; that is ver y suitable in order to reach
the (difficult to reach) high grades of dependencies of information among each other.

The core of DELFI can be used for further developments by using a convenient
algorithm for the distributed itinerary search:

e integration of supra -regional tariff information,
e possibilities to booking,

e taxiinfo rmation and booking,

e integrated payment and ticketing,

The communication among independent information providers and their information
system together with the combination of partial information to a continuous itinerary
provide a complete new (high) quality of information for the customer. The solution by

means of communication in this situation is found when the complete time table data
exchange and pooling among all participants is economically not arguable or not
desired. The idea of a solution by means of communication on the base of an interface
between different servers leads to an architecture which

e allows a more flexible adoption of information server to existing constraints ( ie.
scaling of information systems)

e allows the exchangeability of partial systems and by this a more fair competition
(of system providers)
e allows the integration of new information servers on public transport (i.e. on
European level) even as the acquis ition of new data in existing systems (extend -
ability of information server)
e eases the adoption process to other modes of transport (i.e. motorized individual
transport or air transport) and new functionalities (i.e. price information)

e eases the extension to real time information which is in most cases very close to
the origin data source.
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2 The Principle Behind

2.1 History

The central algorithmic problem with the distributed itinerary computation is the
optimization of partial information from single system s, especially under the aspect of
communication costs among the systems. On the other hand, the optimization
criterion of customers has to be taken into account. General solutions for optimal

itinerary searches as short path searches in directed graphs are well known for
standard information systems with pooled time table data (see section 4.3).

The main questions of the distributed itinerary computations were:

e Which information of what kind has to be offered at the open interf ace of the
single information systems which can be retrieved by the search controller (see
section 2.2), in order to realise an optimised selection and connection of partial
inform ation?

e Which meta information is necessary and allows selection and combination of
partial information by the search controller?

Basic theoretical investigations on these questions were done using graph theory (see
section 4.3).

DELFI was realised in a series of Steps:

1. DELFI I: from 1994 to 1996, basic investigations into possible solutions for
nationwide electronic time table information

2. DELFI II: from 1996 to 1997, a first design and general developments in a
communication interface and a harmonised data base

3. DELFI llI: f rom 1999 to 2000, a test of the possible solution by means of
communication showed the performance and quality of the system

4. From 2001 to 20 04, the development of the meta data base and the
preparations into the introduction of the system

In 1994, the Fe deral Ministry of Transport (BMV) set up a project in the frame of a
research program (FOPS) which will indicate the technical feasibility of nationwide
electronic time table information (DELFI I). The evaluators draw a positive conclusion
but also remark that detailed investigations from their position will be necessary.
During this stage, the German federal states were not involved. Afterwards, the
Federal Ministry set up the following project DELFI Il including all federal states. Since
the federal state s join DELFI it became clear that it is not only quintessential to
approve the technological feasibility but also to step forward to practical
implementation because the information system of the DB AG and regional
information systems of a series of other providers are online. Thus, the task was to
connect the single systems for a continuous itinerary. The project started in 1996
analysing the actual situation and possibilities of transport information systems. The
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target was to evaluate the most successful approaches for continuous itinerary
information. It resulted in the fact that it will be developed on a basis of means of
communication between single transport information systems. Beside this, a common

model of time table data interpretation improves th e data exchange between different
information provider at which the communication model may have not enough
performance and at which the effort for data exchange is legitimated.

In 1997/1998, a first design of the communication interface and the common da ta
exchange model was developed and tested by a few providers. During this stage of

the project, problems of the interface definition and algorithms were identified and

solutions adopted. First requirements on connecting data (metadata) were defined.

Based on the specifications of the first stage, a first implementation of the interface

description was implemented and prototypically tested during the second phase. A

detailed specification document was developed in order to approve the implemented

interface and compare it with integrated data bases. The following project flow was
established in parallel:

e Technical part: In the frame of the project
providers for public transport information systems co -operated in order to find
a feasible technical solution for chaining different systems. Requirements were:
indiscriminating and open for others.

e Administrative part: The federal states together with the federal ministry and
the DB AG aimed to define and fix the frame for responsibili ties, organisations
and financing. Therefore, a board of all partners (steering committee or DELFI
board) was established.

DELFI Il showed the desired result. It was pointed out that it is possible to realize the
core information by the two technical appro aches if the frame conditions are
adequate:

e The already exercised integration of different time table data of different
formats into a data pool for a single information system; this is called pooling.
The resulting integration effort is proportional to th e frequency and size of
integrations.

e The open system of the distributed itinerary search (interface -solution); during
a request covering more than one regional system, every system provides a
partial itinerary which is combined by a super composer to a ¢ ontinuous
itinerary information. A data pooling is herewith no longer necessary. Data can
be more up to date and an expansion over boarders is possible without the
necessity of data pooling in a single system.

In a series of sessions the members of the DEL FI board agreed to further develop an
interface solution. At the same time, an agreement about the organisational
constitution and a start  -up financing for the first three years was achieved. The target

of the project and the principles of the co -operation , organisation and financing were
constituted in a convention to which all German federal states and the DB AG started

to join step by step.

After the technical basics had been developed via the project DELFI II, the Federal

Ministry of Transport (BMVBS) was ready to start the following project I DELFIII 7T in
2001 which focused on the demonstration of the maturity of the system by a
consortium of all partners of DELFI II.

July 1, 2009 15/218
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A DELFI co -ordinator for all participants was established whose task is to ensure a
collaboration. At the conference of transport ministers in 2000, the DB AG took up the
job because the chairman of the board of the DB AG offered and thus promised to fulfil
this function unlimited in time and at no charge for the federal states.

DELFI 11l had been successfully finished in June 2002. It was demonstrated at a test
environment that the distributed itinerary computation performs well.

From 2001 to 2004, the meta data base was built up and training courses for local data
administrators were c¢ arried out in order to guarantee a smooth system start.
Additional system checks were made to integrate all German federal states.

Between July 2003 and May 2004, all partners had raised the quality and the
performance of the system so that the distributed system is nearly equivalent to an
integrated system. In the final test, which took place in the first half of 2004, 3398
randomly chosen start -destination requests had been performed resulting correctly.
Another result of this phase was a forum where all developers and the responsible
data administrators of the federals states can report detected problems or mistakes

and follow the process of clearing.

In the frame of a public presentation of the Federal Ministry of Transport in Berlin, the

official start  for the productive DELFI information system was announced on 28 June

2004. Ever since, all federal states of Germany provide information via their Internet

portals based on the DELFI technology. Partners are the transport associations and
information syste ms of the federal states which integrated the DELFI -Technology into
their regional system.

Hereby, the customer receives complete itinerary information which can be developed
in two ways:

1. If start and destination is covered by the regional system the cust omer receives
his information only via the regional system in a well known form.

2. If the active system discovers (using t he town information of the meta data table
MetaCity), a requested location that does not lie within the area covered, the
DELFI technolog y will be used to request this location via other responsible local
systems and the partial connection information will be computed. This is possible
since 28 June 2004. The active system combines the partial trip information to the
complete itinerary. Thi s form of computation can realise real time information in
an easier way compared to an integrated system (also called pooled system) that
allows nationwide high standard information. The over all possibilities are
dependent on the abilities of the single systems and can be different for start and
destination (i.e. addresses are not in every system available). The customer
receives an itinerary in any case.

To guarantee this high standard of quality and in order to correct identified errors, a

quality mana gement was set up which is managed by the DELFI co -ordinator. A long -
lasting technology has yet been developed and all actors agreed about a consensus to

ensure the continuous operation of DELFI. Therefore, the DELFI information system

has been available o verall in Germany since 28 June 2004 and is invisibly integrated

into the Internet information portals of the German federal states.
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2.2 The Architecture and Partners

The approach to a distributed information system is based on a co -operation of stand -
alone systems of the federal states.

Figure 4 to Figure 7 show the schematic principle of the DELFI system architecture. In

order to search for a connection of a query, the customer can look for a connection i n

any webportal, usually his regional transport comp
decides if the query can be answered by the local system or if to query the distributed

system via the search controller. This controller communicates with the other partne rso

servers in order to retrieve the informatio n. The meta data base knows which server

provides the requested data.

In contrary to a solution where all timetable data has to be integrated into a single

data base a DELFI data  exchange is limited to the met adata base which contains only
the responsibility and contact information which is much less changing than timetable

data.
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— Medcklenburg-
Yorpommern
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"

Sachsen
Thiiringen

>

Hessen
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Saarland —=

wumean‘?.gee%i;/j

Figure 4: Overview: every German state has one or more information portals
with its public transport in formation system

Every DELFI provider has to extend his normal information computation system with

an interface which is able to provide partial itinerary information in a way which is well

suited to be composed by the search controller (see Figure 5). The resulting
component is called a passive DELFI system.
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Local Information

/ System
_ The internal itinerary

computing algorithm
DELEI working on the internal
|:> time table data base
The local integrated time
| | table data base covering
k WWEhEIONtENs J all trips in the area of
f | the responsible provider

| Internet - Portal provider |

Figure 5: Overview: The principle of a stand -alone information server
In order to retrieve itinerary information from other passive DELFI server s, also called
search controller, has to be implemented within the information server (see Figure 6).

The search controller is a kind of middleware between the front end web interface and

other DELFI servers, communicating with th em via DELFI -API. The search controller
resolves complete continuous itineraries by means of communication from other DELFI

servers. A DELFI server delivers partial itineraries and the search controller puts them

together to complete itineraries and select s the optimal one. This result will be replied

to the web interface to display it.

In order to perform the task, the search c ontroller needs to provide metadata. The
meta data is centrally hosted by a co -ordinator.

In Figure 6, th e principle of a complete DELFI system is shown. The normal itinerary
calculation component has to be extended with an interface which allows search
controllers access to resolving locations and calculating connections. The search
controller is a new compo  nent which has the task to decide about the appropriate
server. The chosen server has to provide the data needed to answer the request so
that complete and homogenous itineraries will be the result.

SOLAP
Requestto
Local Information own Systerm
Systerm
"f | Search Controller | | DELFI-Server
peL Computation
kemel
10 eb-Fronibend
S0AP Request o
| DELFI meta data base external systermns

| DELFI communication and partial intinerary supply extension |

Figure 6: Overview: a complet e DELFI system with a DELFI interface
extended server and a search controller (active system)
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NOTE: Instead of CORBA requests as shown in the figure, web service operations are
called.

The communication flow between the local search controller and other s ervers
necessary for the whole itinerary is shown in a diagram in Figure 7. The detailed
description of this communication process can be found in section 2.3.

Search controller

Communication between search
controller and DELFI servers

Internet

Serveri

. Server k
Server j
Figure 7: Com munication via the DELFI -API| extension between the search
controller and passive servers u sing meta knowledge of the

meta data base

According to the transport associations and DB AG, few requirements apply only to
delivering partial information by the DELF | servers and to prepare and deliver
information to the customer. In fact, the design of the existing servers within the

DELFI co-operation do es not need to be standardised. The partners only made
arrangements for a few requirements regarding the use of th e DELFI -communications
manifested in the agreement.

The individual parts of the whole requested itinerary can be rated by the search
controller but not interpreted. This means that a search controller can connect parts of

the itinerary but is not allowed t o filter specific elements. Especially the result can
neither be shortened nor extended. The results of the individual parts of the whole
itinerary should be connected by the search controller.
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2.3 The Principle

The architecture is shown in the previous cha pter. The following description is an
abstract view on the general flow of communication between the three types of
components existing in the DELFI architecture: We separate web front ends including

any local component which provides info rmation retrieved  from the meta data base,
search controllers (also called active servers) and servers (also called passive
servers). The description in this chapter is a combination of abstracted flows and
schematic figures. There are many possibilities of implementing the web interface and
the search controller. Typically, the server is a stand -alone component based on a
normal information server compiling itineraries from the time table data. The phases

can be divided into two main elements:

1. the locations to be identifie d and matched with the appropriate server and
2. generating the connection of the itineray

NOTE:

The description of a function exists and is therefore available in two different models,

at the implementation and thus at the description, for those flow par ts of which the
implementation of the Locations () operation at the search controller differs between a
possible implementation and the one realised today in DELFI . That difference has no
impact on the usage today because all search controllers are local co mponents and are

only accessible directly within a local system. These two flow possibilities are only
documented in order to show the different possibilities of implementation.

In Figure 8, a formal diagram is shown which display s the first principle mechanism of
interaction between the main types of components. This interaction diagram shows
not the complete real detailed flow but illustrates the main mechanism of interaction

between the base component types. All following figure s illustrating the first flow type
(principle flow) ar e named 0. . possible fl ow
i mpl emented flow are named 6.. real flow . .6.

20/218 July 1, 2009



DELFI-Documentation / APl  -Reference

sd Abstract Scheme Main Components/
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LocationsResponse()
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ConnectionsRequestO,_

origin and destination Server
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Connections() PartialConnectionsRequestg_l
PartialConnectionsReply()
[] i
; [
ConnectionsRepl
0 < ply( |
L] [
. [ [
<ItmeraryResponseO I I
[ [
T I I
1 1 1 1
Figure 8:S cheme of possible flow between main types of compone nts.
In Figure 8, the flow from the web front end to t he search controller for the
Locations () is shown which is dependent from the local implementation of the search
controller. This form must be chosen whenever a search control ler has to be usable for

other web front ends.

In DELFI, all web front ends are directly connected with their own search controller.

This fact and the fact that it is easier for the implementing partners to use their
existing systems that extend their own algorithms for stop searches (depending on the
system), led to the actual implemented flow shown in Figure 9.

The difference is that the first step of location resolving is done by another component
and not by the search controll er.
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sd Abstract Scheme of Real Implemented Flow
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Figure 9: Scheme of real implemented flow between main types of
components.

All parts of the flow will be described in the following sections.

2.3.1 Resolving and ldentifying Locations

NOTE:

The following description illustra tes a flow which ind icates the pre -processing
(meta data processing) in the search controller component. The real implementation

differs in this point because the search controller looks at the real implemented pre -
processing externally and expects identifi ed cities. Therefore, they only have the task

to send the request with the resolved city (with the unique identifie d city by the city
ID, see meta data section 2.4) and the string for the stop or address to the responsible

local server. In fact, this real implementation has no impact on other partners as long

as every partner implemented this construction in its local system. Both
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implementation forms will be illustrated for potential implementations.

Description of the task: A customer types a series of strings into the web interface
in order to define the origin and destination of his trip, his start or arrival date and
time (perhaps additional selections of products or attributes). This can be done in
different ways but for DE  LFl it is necessary that the cities of origin and destination are
named. The dialogue and the form of the presentation in general is not part of DELFI
itself. Both, origin and destination have to be identified in a way that the connection
calculation proce ss can be done with individually identified locations. Stops or
addresses are possible for a calculation.

A typical flow for the identification of a location as follows:

Flow elements:

In Figure 10, the input of the customer to t he web front end (itineraryRequest) leads
to the first call of a DELFI method : Locations (all methods are described in detail in
section 3). There might be a lot of possible implementations (the web front end can

handle more fu nctionalities and the connection to an existing local server can be
implemented in a way that the search is done first locally and only in case the location

cannot be found, the DELFI mechanism will be contacted) but in this description we

prefer a form wh ere the components are separated from each other. Therefore, the
controller is a separate component which is addressed from the part which sends the

direct input/output to the customer, here, called the web front end.
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sd Possible Flow of Resolving the Location/
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Figure 10: Possible flow of resolving the location so that an itinerary
calculation is possible

The call of Locations () in the controller causes a flow shown in Figure 11. Both city
names (origin and destination) will be matched with all city names in the table

MetaCity of the meta data. Metadata are described in section 2.4 . Here, it might be
interesting that, besides the table MetaCity, two other tables named MetaRegion and
MetaServer will be used. The resulting match of every city nam e input has one (in

case of an explicit identification) or more possible entries or an empty resulting list. If

there are more than one possible matches the customer will receive a list with the

different possibilities in order to choose an appropriate one (for more details see
chapter 3) or renew his request. The customer has, of course, also to renew his

request if there are no results available. If there is only one match, the city -ID ( AGS)
of the city will be used in order t o figure out the responsible provider for the city.
Therefore, the table MetaRegion is to be used and the centre co -ordinates every  AGS
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from the table InfoRegion. In addition, the table MetaServer provides the actual valid
server access data for every prov ider.

The activities of
Controller are
described,

Init: MetaCity, MetaReqgion
and MetaServer are needed,

Match inputString "towniMame" with colurmn
Mame of MetaCity. The result will be a list of
name-gkz-Pairs

For every GKZ get the column
praviderCode from table
MetaRegion.

Far ervery providerCode get
the complete
serverinformation from table
MetaServer.

:

Figure 11: The flow illustrates the mechanism of server identification by the
search controller or any other component using the string
information of the origin and destination cities and the
meta data tables.

If the respo nsible provider for origin differs from the provider responsible for the
destination (see  Figure 13), a distributed itinerary calculation is necessary.

The next step is to verify the input string by entering a stop or address nam e selected
by the customer. The string will be sent to the responsible server for the location. This

indicates a Locations () call to both of the identified servers but it is possible that the

request of the customer, who defines a stop or address, cannot b e resolved. In this
case, possible choices of stops or addresses will be available for the customer in order

to select one of the presented choices. The chosen one will then be sent again to the

local server in order to receive the appropriate data to prov ide a connection for the
customer6s request.

The actual realised flow in DELFI differs in a few points from the presented flow
above:

July 1, 2009 25/218



DELFI-Documentation / APl  -Reference

sd Resolving Locations/
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Analogous sequence for the request to the
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Figure 12 : The flow currently implemented (real flow) for resolving locations
- in order to be able to make an itinerary calculation

Flow elements in difference to the description above:

In Figure 12, the customerds request, e. g. a city name,
identified by a local component. Afterwards, the DELFI method Locations of the

responsible passive server is called. The principle flow within the local component is

the same as the one in Figure 11: Both city names (origin and destination) will be

matched with all city names in the table MetaCity of the meta data. Here, the

difference is that both resolving functionalities are splitted into the local city identifier

and the itinerary calculation.

All passive DELFI server expect an identification of the city with its city -ID ( AGS).
Even the responding provider must be identified since the request will be transferred
to his server.
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The schematic illustration of the resolving process is shown in Figure 13. Whenever

the customer makes a request for his or her itinerary, the request will first be led to
the identifier and thus to the identifier of the responsible local server. The functionality

is the same as described above but the resolving component is separated from the

search controller. There, the resolved local city sends a request to the responsible
passive server in order to even get the identification of the stop or address string.

Inputs of the customer

Identify Destination
Identify Origin with server 9
with server 1

Destination in
. server of provider 9

Origin in server
of provider 1

Figure 13 : | dentification of origin and destination with two different servers
(distributed itinerary calculation)

If the identification of the location has been completed successfully, it will be
proceeded without any further action of the customer.

2.3.2 Calculating the Connection

Besides the determined responsible servers for origin and destination, an additional
server for th e long -distance transport modes is necessary. The whole connection will
be calculated by a maximum of three servers in the actual configuration. The special
case that the complete connection can be computed by a single server for the
situation that one ser  ver is responsible for origin and destination represents the usual
situation of a stand  -alone information server.
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Figure 14: Next processing part: distributed computation of connection
(forward)

The detailed technical descriptio n of the process is documented in chapter 3. Here, a
description of the main principle is described schematically. The overview of the

process is shown in Figure 14: The controller resolves and figures out the server
responsibl e for origin and destination. If two different responsible servers result for

the two locations, it leads to the configuration illustrated above: three different

servers join the calculation. As one can be seen in Figure 14, the f low consists of four
single activities (forward search = departure search)

Transitions
PartialConnections (calcConnectionsArrivalTimes )
PartialConnections (  calcConnectionsDepartureTimes )

Eal A

Partial Connections (calcRoutesArrivalTimes )

In Figure 15 (Transitions), the first step is illustrated: both origin and destination
system deliver all or all relevant transition points to a Transition s-Request which is
defined and agreed by the concerned data administrators (see Metad ata Process).
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Request to server 9
Request to server 1 for transition points
for transition points

Transition points in

. server 9
Transition
in server 1
Figure 15 : Request for transition points to the long - distance transport system

Those transition points can be main stations near the origin/destination location, or

main stations of high relevance, or regional stations in borde r area of the local
system. The result of the controller is a 1 (in case that one station only is relevant for

the resolved location at origin), many combination (1:n connection computation case),

and a m:1 combination for the same situation at the destina tion.

Transition nodes

Destination
node

Local and
regional traffic

Local and
regional traffic

Long distance traffic

Figure 16: S patial possibilities of routes from origin to destination; the
calculation process is divided among the three servers and
connected by the transition points

In Figure 16, the situation is shown more graphical ly. The overall itinerary results from
partial routes of the origin system, the long -distance transport mode system, and the
destination system. The first system (origin system) provides 1:n combinations for

routes to be computed. The last system (destinat ion system) provides m:l
combinations for the destination and at least the long transport mode system is able
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to compute n:m different routes which is more theoretical. In real terms, the
algorithms (i.e. Dijkstra) compute all arrivals from one start node as one phase so
that only n calculations are necessary. The effort can be reduced to one calculation by

using an algorithmic method if a pseudo start node is given with its arrival time points

at the start nodes as an offset. For all calculations in a grap h generated by the time
table data, all necessary calculations can be done starting at a start node using the

Dijkstra algorithm (see [20] ). The pro of that distributed itineraries can even be
computed optimally is attached in section 4.3 . In several cases, this calculation can
even be done faster.

In Figure 16, the graph constructed from the time table data is illustrated in a spatial

form. The given example starts at an origin incl uding three transition points to the
connecting long -distance transport system. On the right hand side, the destination
system has also three transition points towards this long -distance transport system.
Therefore, the origin system has to calculate three points (1:3) where the
nodes can be obtained for three arrival times. The long -distance transport system has
to calculate separately the (or one, if optimised via a pseudo node) arrival times of the

end system from all three transition nodes in the origin system. The destination
system must also calculate the arrival time beginning fro m the three (or also only
one) now given computations of the long -distance system. There is a difference of this
planar graph from the real graph which is discre te in time. Therefore, it is possible
that a departure at a later time can be faster and gets, therefore, ahead of the found
connection.

Time

t0

> Space

Origin A B c Destination

Transition points

Figure 17 : Overview: alternative routes with different travel times

The alternative(s) re  garding date of arrival or departure can be found (illustrated in

Figure 17, displayed in a time -space-diagram) if the computation is repeated in a
revised order (Beginning at the destination at the calculated point in time backwa rds).
All the partial connections for the final route are sampled in the last processing step.

This led to the three steps usually named as search forward, search backward, and

again search forward.
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The first phase of requests PartialConnections( calcConnec tionsArrivalTimes)
determines in a sequential order, starting at the origin system (hamed system 1) via

the long -distance transport mode system (named system 2) to the destination system

(named system 3); starting from a given starting point in order of th e arrival time for
every target point (in system 1 to every transition point to system 2 and in system 2

from every transition point from system 1 to every transition point to system 3 and

finally in system 3 from every transition point from system 2 to th e destination point).

Time

t0

> Space
Origin A B c Destination

Transition points

Figure 18 : Phase 1: forward search, starting at origin (at given point in time)
the fastest of all paths to all transition points will be searched
(circles)

The main task of the operation S

e PartialConne ction s(calcConnectionsArrivalTimes) and

e PartialConnections (calcConnectionsDepartureTimes )

is to determine the arrival time point at the destination node (resp ectively the
departure time point at the origin node) and not the complete route information
towards the node.

Due to the aformentioned description, a connection which starts later than the other

one but arrives earlier at another transition point which allows a faster subsequent
connection is possible. That path is calculated via the graphs whe n the
PartialConnection s operation is called but starting from the arrival time point
backwards (searching the departure time). The sequence is performed in the vice

versa order as the first PartialConnection s computation.
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Time

=

Origin A B c Destination

> Space

Transition points

Figure 19: Phase 2: backward search, starting at destination at earliest
arrival time backwards considering the fastest paths over all
transition points to the origin (squares)

In the last step Partial Connections(calcRoutesArrivalTimes ), the process will be
finished by means of establishing the route information by using the latest calculated

departure time point at origin to the earliest possible arrival time point at destination.

In this situation it can happen that a faster train passing the transition poi nt C arrives
earlier at the destination which then would be the fastest solution. In that case, the
destination has to be included into the set of transition points, delivered by the third
(destination) system.

Time

t0

> Space

Origin A B c Destination

Transition points

Figure 20 : Phase 3:resulting fastest itinerary (dotted line)
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In all cases, the necessary transition times in form of mode changes and/or walks are

added by the responsible servers. The complete calculated itinerary might, therefore,

not to be the only existing one. There can be several alternatives varying in
optimization criteria. If so, it leads to a set of itineraries which has to be calculated

(see Figure 21) and combined within the search controller.

Figure 21: Overview: partial optimised itineraries as a result of the partial
computation processes of the participating servers

Afterwards, all results are returned to the search controller. The search controller adds
the partial itineraries to a continuous itinerar y and presents the results on the web
front end to the customer (see Figure 22).

Figure 22 : Complete return of itinerary information to the customer
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