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Ixsi defines a protocol for information exchange between management
systems for carsharing and car rental on the one side and travel
information systems on the other side. The ultimate goal is a coupling of
such systems in a way that a user can access information of both systems
through either interface in an integrated way.

This specification document consists of multiple sections containing different information
parts:

* We present the actors and define a role model.

* We suggest service layers with different quality of information coupling.

Interaction protocols describe the data flow between the actors on those service layers.
* Base data types allow representation of the information passed between the actors.

* A data scheme allows to represent the whole information flow from one system to the
other, including the internal data flow needed to process the information.

Code tables define the allowed values for the required data enumerations.
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Chapter 1. License

The documentation on Ixsi v5 is licensed under the Creative Commons Attribution-
NoDerivatives 4.0 International License. To view a copy of this license, visit
http://creativecommons.org/licenses/by-nd/4.0/ or send a letter to Creative Commons, PO
Box 1866, Mountain View, CA 94042, USA.

Written by Dirk Hillbrecht and Peter von Grumbkow.

Ixsi v5 is extending its predecessors Ixsi v3 and Ixsi v4. The documentation of those
versions of Ixsi is licensed under the Creative Commons Attribution-NoDerivatives 3.0
Germany License. Authors of that version are Markus Beutel, Sevket Gokay, Peter von
Grumbkow, Dirk Hillbrecht, Karl-Heinz Krempels, Christian Samsel, Christoph Terwelp,
Heike Twele, Gerhard Wagner.
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Chapter 2. Document authors and
history

2.1. Authors

e dh: Dirk Hillbrecht, cantamen GmbH

2.2. Editing history

Date Author Changes
2019-10-08 dh Clearify representation of fleet provider information
2018-11-27 dh Fix some details regarding the removal of book/trip/bill services
2018-11-26 dh Remove book, trip, and billing service from the document
2018-08-21 dh First version of the "Ixsi ideas" chapter finished
2017-12-07 dh Attribute class type table
2017-11-15 dh Error code type table
2017-10-27 dh Class and engine type code tables
2017-10-20 dh Concepts chapter

Basic transition of Ixsi v4 documentation finished, several

2017-10-17 dh . T s
sections still missing

Document started by translating the existing documentation of

2017-08-14 dh .
Ixsiv4

Version from 2020-04-03 3 0f59



IXSI v5 - Interface for X-Sharing Information Version 5

Ideas, Structures And Concepts
Of Ixsi

The first part of this document describes the general structures and ideas of Ixsi. We start
with a role model of the different parties connecting through Ixsi. We continue with some
basic concepts which are crucial to understand, implement and use the protocol. From
thereon we continue with a complete view on the inner structure of Ixsi and the services it
provides.

The actual technical specifications are covered by the second part of this document which
is derived directly from the XML schema files which define Ixsi on a technical level.
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Chapter 3. The Ideas Of Ixsi

To understand the processes Ixsi models and the data it exchanges, it is important to get
an overall idea of what Ixsi is actually about. This section of this documentation explains
these basic ideas behind the Ixsi protocol. Note that this is not the place for formal
specifications, it’s about the ideas which lead to the formalisms described later in this
document.

3.1. What Ixsi talks about

Ixsi is about making things which are under control of a managing system to be visible in
an independent service.

Figure 1. Most basic idea of Ixsi

While the things could theoretically be anything, they are practically connected to a fleet of
vehicles. Of course, this includes the vehicles themselves, but Ixsi has a far broader
approach these days supporting different models of vehicle fleets and accompaigning
resources of the fleet, too.

The managing system usually is some fleet management software. Ixsi has started with a
strong bias towards "classical" carsharing, therefore carsharing management software has
been the earliest adopter of the protocol. With the broader design and approach of Ixsi 5,
other fleets can also use Ixsi for information exchange.

Making the vehicles (and other resources) of a fleet visible means that Ixsi transfers
information about these items. Such information can be static like "Where are vehicles
located?". They can be dynamic like "When is a vehicle available (and not used by
someone)?". Dynamic information updates can also be sent by the managing system as
soon as they change as so-called "push messages".

The independent service is some system which combines or consolidates informations and
actions in which the managed fleet is involved. A typical example are travel information
services which combine multiple means of transportation into one chain of transportation.
While these systems used to concentrate on timetables and traffic networks, Ixsi has been
an initial approach to broaden their capabilities. With Ixsi 5, additional information is
made available which makes the interface interesting for other services, as well.
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show resources
IXsi

h

Vehicles and
other resources

Figure 2. The practical Ixsi setup

3.2. Resources in the fleet management system

A fleet management system has resources. Ixsi 5 knows about three kinds of such
resources:

1. The actual fleet of vehicles. These vehicles are used to satisfy transportation needs
and are parts of a chain of transportation managed by the transport information
system.

2. Some parking space for the vehicles. Parking space might need reservation to use
for the vehicles of the fleet. It might even be reservable for vehicles from other
managed systems. Ixsi can represent such reservations. Of course, there are also
setups (and they might be the norm) where parking space reservations are not needed.
In such cases, there is no parking space handling in the fleet management system.

3. Charge points for electic vehicles can be managed. As charging electrially driven
vehicles follows a scheme fundamentally different from vehicles with a combustion
engine, Ixsi can manage such charge points additionally to the vehicles. It handles
their reservation and can also represent the charge state of electrically driven vehicles.

Of course, the main part of the whole scheme are the actual vehicles. They are used for
transportation in shared schemes, i.e. each usage is timely constrained and seperated from
each other. Ixsi models three different types of vehicle location management:

1. Fixed locations. Each vehicle has a dedicated location where it is picked up at the
beginning and released at the end of the trip. Vehicles do not logically change
locations, small physical variances like using another lot on a parking place are not
modelled. This is the "classical" carsharing scheme with vehicles at dedicated locations.

2. Flex locations. There is a number of locations where vehicles can be place, usually
multiple vehicles per location. The vehicles can be picked up at one location and
returned at a different one. For each trip, the return location can be defined before or
after the trip start. Returning at a location might be impossible if there are no slots left
for the vehicle. Slots can be reserved for vehicle release for a short amount of time if
the return location has not been defined before vehicle pickup time.

3. Float locations. An area, e.g. a number of districts of a city is defined. A set of vehicles
is located anywhere within this area. Each vehicle can be picked up at its current
location and returned anywhere else within the defined area. For certain parts of the
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area, additional constraints for pickup and release may apply, e.g. an additional fee for
ending the trip in some more remote city parts. This scheme is known as "free-floating"
carsharing.

3.3. Interactions through Ixsi

Ixsi allows the independent service to access two different types of information from the
managing system:

1. Static information. On request, the managing system delivers the long-term non-
changing data of its entities. These are things like the vehicles types, names or
attributes; or locations' physical place and additional information.

2. Dynamic information. Additionally, Ixsi transfers information to the independent
service which change on a more regular base. Examples are the actual location of a
vehicle in flex or float scenarios, the actual availability of vehicles, the charge state of a
vehicle or whether a certain location in the flex scenario can still handle more vehicles
to be returned there.

The independent system can request such information in a classical pull scheme.
However, it also can register a subscription handler in the fleet management system to
receive changes in such information as pushed messages as soon as they occur.

3.4. Access modes to the managing system

Ixsi allows two different modes to access the managing system:

1. Anonymous access is always possible as long as the independent system is known to
the managing system. It only allows a subset of information to be requested, mainly
the static and dynamic fleet information as descriped above. Even here, certain
restrictions may apply, e.g. regarding the dynamic availability of vehicles.

2. Identified access means that the independent service accesses the managing system
on behalf of some user which actually is known to the managing system. Normally this
will be a user of the fleet scheme which also uses the independent system and accesses
the fleet now through the independent system instead of interacting directly with the
managing system. In this use case, the managing system transmits all information
available for the user and allows access to everything that user would also be allowed
to access directly.

There are access scenarios where only the anonymous access is enough, namely if
identified access makes no difference as all accessors always get the same information. If
it is implemented, it is possible to change the access mode rather easily making it a
sensible scheme to start an interaction using anonymous access and switch somewhen in
the process to identified access. For the user, this is rather seamlessly.
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For identified access to work smoothly, certain mechanisms like single-sign-on or access
token authentication must be available. This is discussed later in this document.

3.5. What Ixsi does not talk about

In version 5, Ixsi is only about information on something, e.g. a vehicle fleet. It does not
cover usage of the fleet. Therefore, reservations, usage information or billing information
is not covered by Ixsi. Adjacent protocols can be used to cover theses flows of information.

Earlier versions of Ixsi included subsets of booking or usage information

o exchange. Parts of this document might still cover these. However, these
services are not part of the Ixsi core any more and will be removed from
this document in the future.
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Chapter 4. Concepts

Ixsi contains a number of domain-specific concepts. They must be understood to master
usage and implementation of this protocol. This section describes the more sophisticated
concepts one by one. You will find these concepts later in the descriptions of services and
in the formal reference in part 2 of this document.

4.1. Identification of communication partners

Communication in Ixsi is always between a Travel Information System (TIS) and a Fleet
Rental System (FRS). The TIS is always a client of the FRS. The FRS generally has a list of TIS
which are allowed to access the system. The TIS are identified by a system ID and an API
key (recheck - is this needed?). FRS may allow TIS connect only from certain IP addresses
(well, that increases security...).

4.2. Subscriptions

Ixsi allows TIS to subscribe to information channels of FRS. These channels offer updates
to certain types of information, namely

» Location capacities: How many booking targets are available at a certain place?
* Booking target availabilities: During which time ranges is a booking target available?

* Booking data: To which booking target is a booking assigned? (This may be changed by
FRS due to technical or organisational reasons.)

For each of these subscriptions, TIS can subscribe to changes of certain elements. From
that moment on, FRS sends changes to the subscribed location capacities, booking target
availabilities or booking data to the subscribed TIS.

4.2.1. Subscription change types

TIS can subscribe to changes of multiple (or even many) elements of the mentioned types.
For this, it uses subscription requests. They are seperated by subscription type. A
subscription request contains one or more element ids and a request type. The request type
defines how the set of subscribed elements changes. The following subscription request
types are defined:

* Initial - The subscription starts "from scratch". All former subscribed elements (if they
exist) are dropped. The subscription starts freshly with exactly the elements given in
the request.

* Renew - The set of subscribed elements changes. It is transmitted absolutely with this
request. Elements which have been subscribed so far but are not any more generate no
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messages on the subscription channel any more. New elements are added any may
generate "catch-up messages" (see below). Elements which have already been
subscribed and are also mentioned now do not face any change.

* Add - Differential version of Renew: The elements given in the request are added to the
list of subscribed elements. They may generate "catch-up messages".

* Remove - Differential counterpart of Add: Removes the given elements from the
subscription list.

4.2.2. Catch-up messages

Subscriptions are mainly used to keep TIS informed about the current state of elements of
its interest. To make this feature actually useful, continuity of the transmitted information
must be reliable. Therefore, FRS may send "catch-up messages" for an element which has
just been subscribed to.

These "catch-up messages" are not actual changes to the element of interest, but change its
state known to TIS from the initial "undefined" to the current state. E.g.: TIS subscribes to
booking data for booking no. 586. FRS then will send a change message to TIS containing
the current booking target for this booking, e.g. "283". This way, TIS will get the current
state of the booking without the need to implement another data representation than the
(differential) change messages.

4.2.3. Subscription continuity over connection changes

An important basic building block for this subscription mechanism is the Websocket
protocol which is used for Ixsi. It works with permanently opened connections between
both communication parties so FRS usually has a connection through which it can send
the data.

However, network connections may become inavailable or need to be reestablished. It is
not sufficient to rely on the asynchronous nature of Websockets to have a permanent
subscription service.

Therefore, Ixsi binds subscriptions to the system IDs of the connected TIS. If TIS subscribes
to an information channel, FRS assigns this subscription not the actual network
communication channel, but to TIS' ID. If TIS must reestablish the connection to FRS on
the network layer, it can reestablish the transmission of subscribed messages for one type
of elements by sending a subscription change query for this element type through the new
network connection. If this message is of type Add with an empty element list, message
sending for all subscribed elements will simply resume.

Some time may pass between the drop of a connection used for subscribed change
messages and establishing a replacement connection. FRS will store change messages for
affected clients. The messages will be delayed and sent through the new network channel
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once it becomes available.

However, FRS can cache such messages only for a certain time period, usually some tens
of seconds. If this period is exceeded, FRS will drop the non-delivered messages and the
whole subscription. If TIS reconnects later and tries to continue the subscription with the
described Add message type, an error will occur. In this case, FRS must reestablish the
whole subscription for this element type with an Initial request.

Generally, Renew, Add and Remove requests on subscription channels may fail as FRS might
have lost state of the messages sent to TIS for various reasons. In all these cases, TIS can
only reinitiate the subscription from scratch with an Initial subscription request.

4.3. Fleet providers

TIS and FRS may communicate about fleet information of different fleet providers. This
information may even be combined in one exchanged base data set ("Service 1").
However, different fleet providers do never share any information. I.e. all booking targets,
chargers, places etc. which link to each other are always from the same provider.

This allows to pass provider information only very sparsely in the transferred base data.
Actually, the provider is only assigned to the generic "PlaceAndArea" information which is
assigned to places and free floating domains. All other elements of some base data derive
their fleet assignment from that element.

If a TIS wants to store the provider information at other elements of the fleet information,
it is up to its implementation to populate subsequent provider fields in their own fleet
representation. This may be sensible if TIS works with partial base data invalidation as
that one returns all providers with changed base data since some point of time. TIS would
throw away their fleet information for exactly those providers and rereceive them and
that, of course, includes all information elements of that providers.

Having the providers only at those information elements leads to inherent consistency as
it is simply impossible to mixup fleet information of different providers.

FRS may manage fleets which allow cross usage, i.e. customers of one provider may use
booking targets of another one. In those, cases, FRS will return fleet information for all
providers independently and including the cross usage vehicles for each of them! That
may lead to situations where a certain element is transferred multiple times in one static
base data information element, each time for another fleet provider. This behaviour is
intentional! TIS should not need to model inter-provider dependencies. Therefore, all fleet
information is transferred in way that from the selection of the actual fleet to operate on,
all booking targets are accessible, regardless of their actual fleet provider.
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Chapter 5. Role model

The role model describes the roles when integrating a fleet rental system (e.g. a car
sharing scheme) with a travel information system

FRS operator

\

-—> Fleet rental system (FRS);

<

TIS operator Travel information system (TIS)

Figure 3. Role model overview

5.1. Travel information system

The travel information system (TIS) is a general service for travel information. It combines

travel offers

* concise presentation of chains of transportation

« all-inclusive price calculation

* reservation of mobility services if needed

 refactoring all data for representation in user interfaces and

* actual representation of the data.

5.1.1. Use case

The customer asks the travel information system for a mobility offer using certain search
criteria and preferences. These can be start and end location and time, preferred means of
transportation, maximum number of changes, maximum price etc. The results are
presented in the user interface of the TIS as a number of different chains of
transportation.

5.2. Fleet rental system

The fleet rental system (FRS) manages fleets of vehicles, customers and their bookings.
Vehicles can be of different type and have fixed places or can be located flexible in an
area.
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5.2.1. Use cases

* A customer queries the FRS about locations, types, and other information about the
vehicles in a fleet.

* A customer queries the FRS about the availabilty of a vehicle.

5.3. TIS user

A TIS user is a person or a legal entity who may organize and book a journey and who will
actually perform the journey by using the vehicles which form the chain of transportation.

5.3.1. Use cases

» User queries the TIS for information

» User books a journey through the TIS

o While booking a journey in TIS may be possible, this is not within the
realm of Ixsi.

5.4. FRS user

The FRS user is also a person or a legal entity who is allowed to book and use vehicles.

5.4.1. Use cases

» User queries FRS for information

» User books a vehicle through the FRS

5.5. TIS operator

The TIS operator usually is some kind of mobility service provider who manages the TIS as
a public platform.

5.6. FRS operator

The FRS operator offers the service of the FRS platform.
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Chapter 6. Service layers

Ixsi is seperated into different layers of information interchange. They are based on
service groups and suggest a certain order of implemenation an Ixsi-conformant interface.

Service 2: Availability information Service 3: Availability subscription

\ /

Service 1: Static data

Figure 4. Ixsi service stack and dependencies

The minimum requirement to connect FRS and TIS is service 1 so that static fleet
information can be transmitted.

All services depend on several base services which are needed for session handling and
access management. They and all the other services are described below.

6.1. Base service A: Session handling

Base service A allows to authenticate a user to the FRS

6.1.1. Functions

* Open and close sessions

6.1.2. Dependencies

None

6.2. Base service B: Subscription handling

The base service B contains only the heartbeat function which allows to check the current
state of a connection for subscribed messages.

6.2.1. Functions

¢ Heartbeat

6.2.2. Dependencies

None
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6.3. Base service C: Tokens

The base service C allows to create authentication tokens for end customers which can be
used instead of passwords if the customer has been successfully authenticated.

6.3.1. Functions

¢ Create authentication token

6.3.2. Dependencies

None

6.4. Service 1: Static data

The static data service can be used to transfer static information about fleet providers and
their fleets. "Static" does not mean that this data does never change but that it changes so
occasionally that it can be handled as immutable for certain amounts of time.

A use case for service 1 is for the TIS to obtain information about existing vehicle locations
of the FRS.

6.4.1. Functions

* Obtain booking target and operator information

6.4.2. Dependencies

None

6.5. Service 2: Availability information

Service 2 allows synchronous requests for the availability of vehicles on behalf of the FRS.
Their base are usually usage times ranges which are deduced from a travel information
request passed to the TIS

6.5.1. Functions

* Request of vehicle availabilities

* Request of place capacities (Service 2a)
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6.5.2. Dependencies

¢ Service 1

6.6. Service 3: Availability subscription

As with all subscription services, service 3 is about the asynchronous information
exchange about vehicle availabilities and place capacities. To accelerate travel
information retrieval, TIS can subscribe to vehicle availabilities. This prevents the need
for a synchronous availability request through service 2 as FRS will inform TIS
asynchronously about any changes of the availability state of all subscribed vehicles.

6.6.1. Functions

» Subscription of vehicle availabilities
* Push messages about availabilies of subscribed vehicles

» Subscription of place capacities (Service 3a)

6.6.2. Dependencies

e Service 1

* Base service B
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Chapter 7. Interaction protocol

We are now describing the interaction schemes and protocols used by Ixsi. To keep things
simple, we use informal sequence diagrams without the exact technical function names.

Generally, Ixsi uses two types of interactions:

1. The well-known request-response scheme is used for all client side queries which
result in exactly one reply from the server side. In Ixsi, TIS is always the client, FRS, is
always the server.

2. For all subscription-like types of information exchange, TIS sends one query to
subscribe to the information channel and from then on receives information as soon
as there is information without any further query sent to the server. The
communication channel is left open in this case the whole time.

7.1. Overview

The following sequence diagrams show how information exchange is organized in Ixsi.
The mentioned services are described in greater detail in the following sections of this
document.

The use case described here shows how a customer obtains travel information from TIS,
and keeps himself informed about any subsequent changes of the vehicles.

The first block of information exchange preceeds any interaction between customer and
TIS. In this part of the interaction, TIS obtains the (static) fleet information from FRS to
cache it internally, Additionally, TIS subscribes to the information channel sending
changes of the fleet data and stays connected to that one.
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TIS FRS

I
|
Get booking target information

(Service 1)
I
1 Get booking target information request

Customer
I

:1 List of booking targets with information
N
|

Subscribe to booking target information updates
(Service 3)

|
I
|
I
|
I
|
I
|
I
|
I
:
|
; . Subscribe on booking target information changes
I
|
I
|
I
|
I
|
I
|
I
|
I
|

I
I I
:( Booking target information change !

Figure 5. TIS obtains fleet information and updates to it from FRS

Now a customer actually starts a travel information request on TIS, e.g. through a mobile
device. Based on the preloaded booking target information, TIS finds multiple FRS-
controlled vehicles which might be part of the travel chain. For these vehicles, TIS requests
the availability synchronously in the FRS. For all available vehicles, another synchronous
request asks for pricing information.

The result of all these information is consolidated into some alternative travel chains
which are returned to the customer. As the initial request has been sent by the customer
(or, precisely: the customer’s device), an implicit session is created which acts as context
for the information exchange. As the customer is not logged in, the whole session is
anonymous.

18 of 59 Version from 2020-04-03



IXSI v5 - Interface for X-Sharing Information Version 5

TIS FRS

Customer
I

I
I
Travel information 1
V

|

I
I
I
I
!
Anonymous session / :
I
I
I
I

I

I

:

I

; | Potential booking targets for travel chain
l <]

|

| Get availability ’
; (Service 2)

|
I
I
I
|
I
I
I
I
I
I

| Get availability of potential booking targets

Ny
>

Availability information

I
1
[ 4
W

<
Y

List of travel chains : :
I I
I I

Figure 6. Customer requests travel information from TIS

If the customer decides for one of the offered travel chain alternatives (and that one
actually contains a vehicle from FRS), a booking process is started. For this, the customer
logs via TIS into his FRS account. TIS obtains an authentication token from FRS and uses it
for a personalized session. This session builds the framework for the booking request to
FRS.

TIS FRS

I
|
Login credentials !
V

|

Token generation
(Base service C)

|
I
I
|
:
: : Login credentials (just passed on)
:
I
|
I
|
|

Customer
I

I ad

Authentication token

Authentication token (just passed on)

<
N

|
'«
| N
|
|
]
|

Figure 7. Customer login and token generation

7.2. Service 1 - Static data
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7.2.1. BookingTargetsInfo, query booking target data

TIS

FRS

Booking target data /

I
! _ Complete list of booking target data

<
N

I
:
|
. General booking target data query; service provider (optional) >:
I
|

Figure 8. Service 1, query booking target data

All information exchange between TIS and FRS is based on the booking targets.They are
logical representations of one or more vehicles (or other bookable objects) with common
properties, e.g. they are from the same provider, have the same type and are located at the

same place. Theses properties are static.

It is possible to filter the request by provider so that only booking targets of that provider

are returned.

The data transfer is always initiated by TIS.

7.2.2. ChangedProviders, query providers with booking target data

changes

TIS FRS

- -

Providers with booking target data changes

| Query providers with booking target data changes _ |
I I
' Provider list !

lZ
N

Y

Figure 9. Service 1, query providers with booking target data changes

To prevent TIS from repeatedly querying complete fleets without any need, the
ChangedProviders query allows to ask for those providers which have changes in ther static
fleet information. Changes are consolidated against a point of time which is passed by TIS

to FRS in the timestamp parameter.

The query returns a list of provider references which is to be passed to a subsequent

BookingTargetsInfo request.
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7.3. Service 2 - Availability

7.3.1. Query Availabilities

TIS FRS

|
Availabilities /
. Reference to stations/areas; time range _

>

I
! List of available booking targets

<
N

I I
Figure 10. Service 2, query availabilities

To obtain actual availabilities, TIS sends a request containing either a list of booking
targets or a geographical area of interest. Additionally, the time range for the availability is
given in the query. FRS returns the list available booking targets with additional
availability information regarding partial availabilities. If no geographical or booking
target list restriction is given, availabilities for all booking targets are returned.

7.3.2. Current station capacity (service 2a)

TIS FRS

I

|

H iti I
Station capacities / !
| Reference to stations/areas; time range _ |
I

|

>

List of station capacities

1
1
(74
W

1 1
Figure 11. Service 2a, station capacities

TIS may request the current capacity of rental stations with certain ids or within a certain
geographical area, e.g. to present them on a map. FRS returns for each matching station
the number of currently available vehicles.

7.4. Service 3 - Availability subscription

TIS can subscribe to changes in availability of vehicles. This reduces the need for ongoing
requests about booking target availabilities. Particulary, synchronous requests of
availabilities during computation of travel chains are avoided.

FRS transfers information about availability changes just when they occur directly to TIS.
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7.4.1. CompleteAvailability for initial setup

TIS FRS

CompleteAvailability /

. Query, maximum number of booking targets
I
' Availabilities of all booking targets

lZ
T

I
|
1
1
I
A Y}
,|
1
]

I I
Figure 12. Service 3, CompleteAvailability

To synchronize state of TIS and FRS regarding availabilities, TIS can send a
CompleteAvailability request. FRS answers with all current availability information on all
(selected) booking targets.

7.4.2. AvailabilitySubscriptionRequest and AvailabilityPushMessages

TIS FRS

I
|
AvailabilitySubscriptionRequest / |

. Subscription request, booking target reference, (revocation flag) |

|
1 ,I

' (Acknowledge) !

AvailabilityPushMessages /
' Availability update

A

Availability update

AR

Availability update

(4

A

Figure 13. Service 3, AvailabilitySubscriptionRequest and AvailabilityPushMessages

An initial AvailabilitySubscriptionRequest starts a subscription of TIS on FRS availability
updates. TIS passes a booking target reference. The same call buth with revocation flag set
cancels such a subscription.

For subscribed booking targets, FRS send asynchronous AvailabilityPushMessages for each
change in future availabilities. They are delivered through the same communication
channel as the subscription message was sent. If this channel is closed, all availability
subscriptions of this channel expire immediately.
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7.4.3. Location capacity subscriptions (Service 3a)

TIS FRS
I
|

Complete location capacities /

. Query, maximum number of locations
I
' Capacities of all matching locations

lZ
N

I AN

|
Request location capacity subscription /
' Subscription request, location reference, (revocation flag)

_Y__ |

' (Acknowledge)

Location capacity push messages /
' Availability update

A

Availability update

A

Availability update

4
N

A

Figure 14. Service 3a, location capacity subscriptions

TIS can also subscribe to changes of location capacities. The interaction is similar to
availability subscriptions.
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Chapter 8. Technical realisation

8.1. Message encoding

Messages between the connected systems are transferred as XML-enconding strings. The
XML schema defines valid messages.

If message compression is needed due to data size, lower protocol layers may implement
appropriate measures. Examples are GZIP compression on the HTTP/Websocket level.

8.2. Communication channel

Ixsi consists of queries, requests and asynchronous push messages. A simple synchronous
protocol like HTTP fits not well for such information streams. Therefore, Ixsi uses HTTP/2
Websockets as basic protocol layer.

FRS always acts as server and TIS as client when it comes to establishing a connection.
After the connection has been established, messages can be exchanged freely in both
directions.

add information about logical connections and push message assignment

8.3. Authentication of FRS and TIS

Ixsi is a B2B interface between fixed server systems. add information about authentication.
Ixsi 3/4 is outdated?

8.4. Customer authentication

Ixsi passes customer-induced requests from TIS to FRS. Therefore, the customer must be
appropriately authenticated in FRS. Usually, this is done via the information about the
customer’s provider, his id and a password. This password must not be stored in the TIS
realm.

To allow authenticated access nevertheless, Ixsi allows the wusage of so-called
authentication tokens between TIS and FRS:

* The user enters his password initially into some TIS-driven interface. TIS forwards it to
FRS.

« If the password is correct, FRS answers with an authentication token.

* TIS stores the authentication token and uses it for all subsequent queries on behalf of
this customer as long as the sessions persists.
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* The authentication token can even be stored in the customers realm (e.g. the mobile
device) and can be used in new, independent sessions.

Within one session, authentication overhead can even be reduced further by using Ixsi’s
session scheme. The first message from TIS to FRS (or alternatively a OpenSession call)
opens a session for data exchange. Further queries in that session may simply refer to the
session id.

Note that sessions time out or can be closed explicitly via CloseSession. If a session has
become invalid, authentication has to be repeated.

0 Reauthentication can be done via token?

8.5. Connection security

Conenction encryption is enforced by the underlying HTTP/2 protocol. Additionally, VPN
or similar mechanisms can be used to secure the B2B connections between the servers
further.

Version from 2020-04-03 25 of 59



IXSI v5 - Interface for X-Sharing Information Version 5

The Complete Ixsi Reference

This is the second part of the Ixsi documentation. It contains the formal specification of
Ixsi. Apart from this introduction and the final code table lists, this reference is completely
directly derived from the decisive XML-based schema definitions.

Ixsi messages are based on five messages types of the kind "request/response” and "push".
All messages from TIS to FRS are requests. Direct answers of FRS to such a request are
responses. Responses are assigned to their request by the transaction id which has been
sent with the request and is dubbed into the response.

Note that error messages are also "normal" responses.

If FRS sends information asynchronously, i.e. without an explicit request sent earlier, it is
a push message. They are always sent with regard to a message subscription which has
been sent earlier from TIS to FRS.

add more general information about the data model
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Chapter 9. Ixsi 5 toplevel specification

9.1. The toplevel element Ixsi

Ixsi is of type IxsiMessageType.

Root element for all IXSI messages. IXSI = Interface for X-Sharing Information. === The
IxsiMessageType type

Type for all IXSI messages.
The element contains one of the following elements:
* Request of type QueryRequestType: Independent requests in query scheme. This element

may be repeated.

* Response of type QueryResponseType: Independent responses in query scheme. This
element may be repeated.

» SubscriptionMessage of type SubscriptionMessageType: Push message in subscription
scheme.

 SubscriptionRequest of type SubscriptionRequestType: Request in subscription scheme.
Each request leads to at least one response.

» SubscriptionResponse of type SubscriptionResponseType: Response in subscription
scheme. Each response corresponds to exactly one request.

9.2. The PushMessageGroup group

Messages for getting subscribed information. Messages do not correspond to any request
or response.

The element contains one of the following elements:

* AvailabilityPush of type AvailabilityPushMessageType: Push message for availabilities.

» ChargerAvailabilityPush of type ChargerAvailabilityPushMessageType: Push message
for charging places.

* PlaceAvailabilityPush of type PlaceAvailabilityPushMessageType: Push message for
places.

9.3. The QueryRequestType type
Request messages in query scheme.

The element contains a sequence of the following elements:
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 Transaction of type TransactionType: Transaction identifier, set by the requestor.

SystemID of type SystemIDType: ID of the requesting system.

APIKey of type xs:NMTOKEN: API key of the calling system. Should be sent always, if
defined.

Then, the element contains one of the following elements:
o StaticDataRequestGroup

o UserTriggeredRequestGroup

9.4. The QueryResponseType type
Response messages in query scheme.
The element contains a sequence of the following elements:

* Transaction of type TransactionType: Transaction identifier, copied from the
corresponding request.

* (CalcTime of type xs:duration: Real time needed for calculating the contained results.
* Then, the element contains one of the following elements:
o StaticDataResponseGroup

o UserTriggeredResponseGroup

9.5. The StaticDataRequestGroup group

Requests for static data.
The element contains one of the following elements:

» BaseData of type BaseDataRequestType: Get static data for all booking targets.

* ChangedProviders of type ChangedProvidersRequestType: Get providers with changes in
their static data since the given timestamp.

9.6. The StaticDataResponseGroup group
Responses containing static data.
The element contains one of the following elements:

» BaseData of type BaseDataResponseType: Get the static data for all booking targets.

* ChangedProviders of type ChangedProvidersResponseType: Get providers with changes
in their static data since the given timestamp.
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9.7. The SubscriptionAdministrationRequestGroup
group

Requests for administrating subscription connections. Each request is answered by exactly
one response.

The element contains only one element:

* HeartBeat of type HeartBeatRequestType: Check a connection.

9.8. The SubscriptionAdministrationResponseGroup
group

Responses for administrating subscription connections. Each response corresponds to
exactly one request.

The element contains only one element:

* HeartBeat of type HeartBeatResponseType: Check a connection.

9.9. The SubscriptionMessageType type
Delivery messages in subscription scheme.
The element contains only one element:

* PushMessageGroup

9.10. The SubscriptionRequestGroup group
Requests for subscriptions. Each request is answered by exactly one response.
The element contains one of the following elements:
* AvailabilitySubscription of type AvailabilitySubscriptionRequestType: Subscribe for

availabilities of booking targets.

* AvailabilitySubscriptionStatus of type AvailabilitySubscriptionStatusRequestType:
Check availability subscriptions.

» ChargerAvailabilitySubscription of type ChargerAvailabilitySubscriptionRequestType:
Subscribe to availabilities of charging places.

e ChargerAvailabilitySubscriptionStatus of type
ChargerAvailabilitySubscriptionStatusRequestType: Check charging place subscriptions.
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PlaceAvailabilitySubscription of type PlaceAvailabilitySubscriptionRequestType:
Subscribe to available capacities of places.

PlaceAvailabilitySubscriptionStatus of type
PlaceAvailabilitySubscriptionStatusRequestType: Check place subscriptions.

9.11. The SubscriptionRequestType type

Request messages in subscription scheme.

The element contains a sequence of the following elements:

Transaction of type TransactionType: Transaction identifier, set by the requestor.
SystemID of type SystemIDType: ID of the requesting system.

APIKey of type xs:NMTOKEN: API key of the calling system. Should be sent always, if
defined.

Then, the element contains one of the following elements:
o SubscriptionAdministrationRequestGroup

o SubscriptionRequestGroup

9.12. The SubscriptionResponseGroup group

Responses for subscriptions. Each response corresponds to exactly one request.

The element contains one of the following elements:

AvailabilitySubscription of type AvailabilitySubscriptionResponseType: Subscribe for
availabilities of booking targets.

AvailabilitySubscriptionStatus of type AvailabilitySubscriptionStatusResponseType:
Check availability subscriptions.

ChargerAvailabilitySubscription of type ChargerAvailabilitySubscriptionResponseType:
Subscribe to availabilites of charging places.

ChargerAvailabilitySubscriptionStatus of type
ChargerAvailabilitySubscriptionStatusResponseType: Check charging place
subscriptions.

PlaceAvailabilitySubscription of type PlaceAvailabilitySubscriptionResponseType:
Subscribe to available capacities of places.

PlaceAvailabilitySubscriptionStatus of type
PlaceAvailabilitySubscriptionStatusResponseType: Check place subscriptions.
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9.13. The SubscriptionResponseType type
Response messages in subscription scheme.
The element contains a sequence of the following elements:
* Transaction of type TransactionType: Transaction identifier, copied from the
corresponding request.
* CalcTime of type xs:duration: Real time needed for calculating the contained results.
* Then, the element contains one of the following elements:

o SubscriptionAdministrationResponseGroup

o SubscriptionResponseGroup

9.14. The UserTriggeredRequestGroup group
Requests which are directly triggered through a user interaction.
The element contains a sequence of the following elements:
* Language of type xs:language: Requested language for the results. All texts returned in
the respective responses should be in this language.
* Auth of type AuthType: Authentication information.

* Then, the element contains one of the following elements:

o Availability of type AvailabilityRequestType: Get the availability for the given
booking targets.

o ChargerAvailability of type ChargerAvailabilityRequestType: Get the availability for
the given charging places.

o (loseSession of type CloseSessionRequestType: Explicitely close a session.
> OpenSession of type OpenSessionRequestType: Open a session for a user.

o PlaceAvailability of type PlaceAvailabilityRequestType: Get the availabile capacity
for the given places.

o TokenGeneration of type TokenGenerationRequestType: Generate a token for a user
which replaces his password.
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9.15. The UserTriggeredResponseGroup group

Responses, which are directly triggered through a user interaction.

The element contains a sequence of the following elements:

» SessionlID of type SessionIDType: If returned, a session for the user was opened. This
session ID can be reused for authentication in the next request.

* SessionTimeout of type xs:duration: Inactivity timeout of the session. If a period of
inactivity on this session exceeds this value, the session timeouts.

* Then, the element contains one of the following elements:

o
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Availability of type AvailabilityResponseType: Get the availability for the given
booking targets.

ChargerAvailability of type ChargerAvailabilityResponseType: Get the availability
for the given charging places.

CloseSession of type CloseSessionResponseType: Explicitely close a session.
OpenSession of type OpenSessionResponseType: Open a session for the user.

PlaceAvailability of type PlaceAvailabilityResponseType: Get the availabile capacity
for the given places.

TokenGeneration of type TokenGenerationResponseType: Generate a token for a user
which replaces his password.
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Chapter 10. Ixsi 5 basic data types

10.1. Simple type definitions

* AttributeClassType of type xs:token: Enumeration for attribute classes.

AttributeIDType of type xs:token: Enumeration for attribute codes.

* BookeeIDType of type xs:token: Bookee IDs.

* ChargerIDType of type xs:token: Charger IDs.

* (lassType of type xs:token: Enumeration for car classes.

* DomainIDType of type xs:token: IDs for free-floating domains.

* EngineType of type xs:token: Enumeration for engines.

* ErrorCodeType of type xs:token: Enumeration for error codes.

* EuroPriceType of type xs:nonNegativelnteger: Prices in Euro cents.

* GlobalIDType of type xs:anyURI: Globally unique IDs for identifiying clone entities.
* PercentType of type xs:nonNegativelnteger: Percent between 0 and 100.

* PlaceGroupIDType of type xs:token: Place group IDs.

» PlacelIDType of type xs:token: Place IDs.

* PlugType of type xs:token: Enumeration for plug types of charging points.
* ProviderIDType of type xs:token: Provider IDs.

* SessionIDType of type xs:token: Session IDs.

» SubscriptionModeType of type xs:string: Subscription mode. "INITIAL", "RENEW", "ADD",
"REMOVE"

* SystemIDType of type xs:token: System IDs.
* UserIDType of type xs:token: User IDs.

10.2. The AbstractBaseResponseType type
Abstract type as a base for responses.
The element contains only one element:

* Error of type ErrorType: This element may be repeated.

10.3. The AddressType type

Address.
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The element contains a sequence of the following elements:

* Country of type xs:string: Name of the country.

PostalCode of type xs:string: Complete postal code of the address.
o City of type xs:string: Name of the city.

 StreetHouseNr of type xs:string: Street and house number in one string.

10.4. The AttributeType type

Structured attribute classification with associated text.
The element contains a sequence of the following elements:

» ID of type AttributeIDType: Internal code of the attribute for referencing.

» Separate of type xs:boolean: If set to true, this attribute describes accessory equipment,
which has to be booked separately.

10.5. The AuthType type

Authentication within a request.
The element contains a sequence of the following elements:

* Then, the element contains one of the following elements:

> Anonymous of type xs:boolean: If neither an existing session, nor a use information is
available, an anonyous session can be opened.

o ProviderSpecificAnonymous of type ProviderIDType: Anonymous session, with given
provider ID. Pretend, user is a user of the referred provider.

o SessionlD of type SessionIDType: Valid session ID. If a session is reused, fill this one.

o UserInfo of type UserInfoType: If no session is available, the user has to
authenticate.

» SessionTimeout of type xs:duration: If set, the client wishes to get a session with the
given inactivity timeout.

10.6. The BookingTargetIDType type

Booking target IDs.
The element contains a sequence of the following elements:

* BookeelD of type BookeeIDType:
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* ProviderID of type ProviderIDType:

10.7. The BookingTargetPropertiesType type
Needed properties of a booking target for synchronous availability.
The element contains a sequence of the following elements:
* (lass of type ClassType: Allowed classes of the bookee. If none are given, all are

allowed. This element may be repeated.

* Engine of type EngineType: Allowed engines of the bookee. If none are given, all are
allowed. This element may be repeated.

* NeededAttributeID of type AttributeIDType: Needed attributes of the bookee. This
element may be repeated.

* ForbiddenAttributelD of type AttributeIDType: Forbidden attributes of the bookee. This
element may be repeated.

* Distance of type xs:nonNegativelnteger: Distance to drive in meters. The car-sharing
system should return only those booking targets as available, which are able to drive
that distance (according to state of charge).

» SeverityFactor of type xs:nonNegativelnteger: Severity factor of the proposed route in
percentage. 100 represents a nearly flat route. The higher the value, the more energy is
cosumed for driving the route. E.g. a value of 200 indecates, that twice as much energy
will be consumed as would be for a nearly flat route of the same length.

10.8. The ChargingPlacelIDType type

Charging place IDs.
The element contains a sequence of the following elements:

¢ ChargerID of type ChargerIDType:
* ProviderID of type ProviderIDType:

10.9. The CoordType type

Geodecimal coordinates. The reference ellipsoid is always WGS84 (GPS).
The element contains a sequence of the following elements:

* Longitude of type xs:decimal:

* Latitude of type xs:decimal:
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10.10. The DurationGroup group
Group for the probable duration and its variance for getting a booking target.
The element contains a sequence of the following elements:

* Duration of type xs:duration: Probable duration for finding a booking target.

* Variance of type xs:duration: Variance of the probable duration for finding a booking
target. The probable duration can vary by this value up or down.

10.11. The DurationPolygonType type

Geographic closed polygon with access duration. Its border must in no case touch or cut
itself.

The element contains only one element:

* DurationGroup

10.12. The ErrorType type

Errors.
The element contains a sequence of the following elements:

* Code of type ErrorCodeType: Code of the error taken from the list of allowed error
codes.

NonFatal of type xs:boolean: If set, the corresponding operation was in general
successful and operations can continue.

» SystemMessage of type xs:string: Text for system logging, explaining the error more
detailed. Should be in English.

* UserMessage of type xs:string: Text for user information in requested language.

10.13. The GeoCircleType type

Geographic circle.
The element contains a sequence of the following elements:

* Center of type CoordType: Coordinates of the circle center.

* Radius of type xs:nonNegativelnteger: Radius in meters of the circle.
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10.14. The GeoPositionType type
Geopraphical position.
The element contains a sequence of the following elements:

* Coord of type CoordType: Geographical coordinates.

* Address of type AddressType: Optional address of the geographical position.

10.15. The GeoRectangleType type
Geographic rectangle.
The element contains a sequence of the following elements:

* UpperlLeft of type CoordType: Upper left corner of the geographic rectangle.

* LowerRight of type CoordType: Lower right corner of the geographic rectangle.

10.16. The InfoType type

Structured information classification with associated text.
The element contains a sequence of the following elements:
» Text of type TextType: Text of the informaton to be shown to the user. This element may

be repeated.

* WithText of type xs:boolean: Defines, whether this information has a text meant for the
user or not.

* (lass of type AttributeClassType: Class of the information, taken from the list of
allowed values.

* Mandatory of type xs:boolean: Defines whether the information has to be shown to the
user in any case.

* Importance of type PercentType: Importance of the information in percent.

* URL of type xs:anyURI: URL to additional information on this information. If available,
the whole information text has to be used as the marked link.

10.17. The PolygonType type
Geographic closed polygon. Its border must in no case touch or cut itself.

The element contains only one element:
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* PolyPoint of type CoordType: Geo positions of the closed border polygon. Its border
must in no case touch or cut itself. This element may be repeated.

10.18. The ProviderPlacelIDType type

Provider/place combinations.
The element contains a sequence of the following elements:

* ProviderID of type ProviderIDType:
* PlacelD of type PlacelDType:

10.19. The TextType type

Text with language.
The element contains a sequence of the following elements:

* Text of type xs:string:

* Language of type xs:language: Language identifier according to BCP 47, which is based
in ISO 639.

10.20. The TimePeriodProposalType type

Time period proposal.
The element contains a sequence of the following elements:

* Begin of type xs:dateTime: Wished begining of the booking.

* End of type xs:dateTime: Wished ending of the booking. Always needed for station fixed
bookings.

* MaxWait of type xs:duration: Maximal waiting time until the booking actually may begin
in order to fulfil the booking time grid.

10.21. The TimePeriodType type

Time period.
The element contains a sequence of the following elements:

* Begin of type xs:dateTime: Begining of the time period.

* End of type xs:dateTime: Ending of the time period.
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10.22. The TransactionType type
Transaction ID within requests and responses.
The element contains a sequence of the following elements:

* TimeStamp of type xs:dateTime:

* MessagelD of type xs:nonNegativelnteger: Unique ID.

10.23. The UserInfoType type

User identification.

The element contains a sequence of the following elements:

* ProviderID of type ProviderIDType: ID of the provider of the user. Without the user ID is

not unique.
¢ UserID of type UserIDType: User ID.
* Then, the element contains one of the following elements:

o Password of type xs:normalizedString: Password of the user.

o Token of type xs:token: Authentication token for the user, which replaces the

password for data security reasons.

Version from 2020-04-03

39 of 59



IXSI v5 - Interface for X-Sharing Information Version 5

Chapter 11. Ixsi 5 administrative
services

11.1. The CloseSessionRequestType type

Request for closing an existing session.

11.2. The CloseSessionResponseType type

Response for closing an existing session.

11.3. The HeartBeatRequestType type

Request for checking a connection.

11.4. The HeartBeatResponseType type

Response for checking a connection.

11.5. The OpenSessionRequestType type

Request for opening a session for a user. Can be used for user triggered functions.

11.6. The OpenSessionResponseType type

Response for for opening a session for a user.

11.7. The TokenGenerationRequestType type

Request for generating a token for a user.

11.8. The TokenGenerationResponseType type
Response for generating a token for a user.
The element contains only one element:

» Token of type xs:token: Token for the user. Can be used in future instead of the
password for authentication.
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Chapter 12. Ixsi 5 data services

12.1. The AreaType type

Geographic area for picking up a booking target.
The element contains a sequence of the following elements:

* Polygon of type DurationPolygonType: Geographic closed polygons being part of the
area. A point belongs to the area, if it is within none of the given exclusion polygons
and within at least one of the given inclusion polygons. The duration at a geographic
position is the minimum duration of all fitting polygons. This element may be repeated.

* ExcPolygon of type PolygonType: Geographic closed exclusion polygons. This element
may be repeated.

12.2. The AvailabilityPushMessageType type
Push message containing changes in availability of subscribed booking targets.
The element contains only one element:

* AvailabilityChange of type BookingTargetChangeAvailabilityType: This element may be
repeated.

12.3. The AvailabilityRequestType type

Synchronous request for availabilities of booking targets.
The element contains a sequence of the following elements:

* Then, the element contains one of the following elements:
o BookingTarget of type BookingTargetIDType: This element may be repeated.
o Circle of type GeoCircleType:
o GeoRectangle of type GeoRectangleType:

* TimePeriod of type TimePeriodType: Interesting time period, for which availabilities of
the given booking targets shall be returned. If not given, currently available booking
targets should be returned.

* Properties of type BookingTargetPropertiesType:
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12.4. The AvailabilityResponseType type
Synchronous response for availabilites of booking targets.
The element contains only one element:

* BookingTarget of type BookingTargetAvailabilityType: List of booking targets and their
availabilities. Not listed booking targets are considered to be either unknown to the car
sharing system or not available at all in the requested time period. This element may be
repeated.

12.5. The AvailabilitySubscriptionRequestType type

Request for subscribing to availabilities of given booking targets.
The element contains a sequence of the following elements:

* BookingTargetID of  type BookingTargetIDType: Booking tragets to
subscribe/unsubscribe. This element may be repeated.

* NMode of type SubscriptionModeType: Mode of subscrption change. "INITIAL" defines a
completely new subscription (leads to sending of complete status). "RENEW" redefines
the complete list if subscribed objects (leads to sending of complete status only for
newly added objects). "ADD" adds subscribed objects (leads to sending of complete
status for added objects). "REMOVE" removes subscribed objects.

* EventHorizon of type xs:duration: If set, the event horizon defines the time in future, for
wich the subscription is valid. This value is used for all subscribed booking targets.
This duration is relative to the current time.

12.6. The AvailabilitySubscriptionResponseType type

Response for subscribing to availabilities of given booking targets.

12.7. The AvailabilitySubscriptionStatusRequestType
type

Request for getting all subsribed booking targets.
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12.8. The
AvailabilitySubscriptionStatusResponseType type

Response for getting all subscribed booking targets.

The element contains only one element:

BookingTargetID of type BookingTargetIDType: Subscribed booking targets. This element
may be repeated.

12.9. The BaseDataRequestType type

Request for getting all infos for all booking targets.

The element contains a sequence of the following elements:

ProviderFilter of type ProviderIDType: If set, the filter contains those providers, data is
requested for. If not set, data for all providers is requested. This element may be
repeated.

IncludeBookees of type xs:boolean: If set, bookees and all corresponding information is
included in response.

IncludeChargers of type xs:boolean: If set, chargers and all corresponding information
is included in response.

12.10. The BaseDataResponseType type

Response for getting all infos for all booking targets.

The element contains a sequence of the following elements:

Timestamp of type xs:dateTime: Timestamp of this data delivery. The delivering system
should be able to identify changes compared to this delivery by this timestamp.

Bookee of type BookingTargetType: Collection of bookees. This element may be repeated.
Charger of type ChargerType: Collection of chargers. This element may be repeated.

Place of type PlaceType: Collection of places referenced by bookees. This element may
be repeated.

PlaceGroup of type PlaceGroupType: Collection of place groups referenced by bookees.
This element may be repeated.

FreeFloatingDomain of type FloatingDomainType: Collection of free-floating domains,
referenced by bookees. This element may be repeated.

Provider of type ProviderType: Collection of providers. The providers are directly
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referenced only by the PlaceOrAreaGroups which are used for some information in the
returned data. From that entity on, the places, free floating domains, chargers and
booking target get their provider assignments indirectly. This element may be repeated.

Attributes of type AttributeType: Collection of attributes, referenced by bookees,
chargers, providers, areas, and places. This element may be repeated.

12.11. The BookingTargetAvailabilityType type

Availability of booking targets.

The element contains a sequence of the following elements:

ID of type BookingTargetIDType:

PlaceID of type PlaceIDType: For currently available booking targets, which are not
bound to a specific place, the current place should be returned.

GeoPosition of type GeoPositionType: For currently available booking targets, which are
not place bounded, the current position should be returned.

Inavailability of type TimePeriodType: Periods of inavailability of the booking target.
This element may be repeated.

CurrentStateOfCharge of type PercentType: Current state of charge iof booking target in
percent.

CurrentDrivingRange of type xs:nonNegativelnteger: Current driving range of booking
target in meters, given a nearly flat route. If not given, the vehice is considered to have
an infinite driving range.

12.12. The BookingTargetChangeAvailabilityType type

Changes in availability of booking targets.

The element contains a sequence of the following elements:

1D of type BookingTargetIDType: Booking target ID.

PlaceID of type PlaceIDType: For currently available booking targets, which are not
bound to a specific place, the current place should be returned.

GeoPosition of type GeoPositionType: For newly available vehicles, which are not place
bounded, the position should be returned.

Then, the element contains one of the following elements:
o Availability of type TimePeriodType: New availability period.
o Inavailability of type TimePeriodType: New inavailability period

CurrentStateOfCharge of type PercentType: Current state of charge iof booking target in
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percent.

* CurrentDrivingRange of type xs:nonNegativelnteger: Current driving range of booking
target in meters, given a nearly flat route. If not given, the vehice is considered to have
an infinite driving range.

12.13. The BookingTargetType type
Booking target information.
The element contains a sequence of the following elements:
* ID of type BookeeIDType: BookeelD. For one physical booking target this ID has to

remain constant for subsequent responses.

* GloballID of type GloballDType: Globallly unique ID of this object. Used for identifying
clones of this object, if they are delivered from different systems. Such ID should use
the format of a URL

* Name of type TextType: Printable name of the bookee. This element may be repeated.
* Then, the element contains one of the following elements:

o DomainID of type DomainIDType: Domain ID of this bookee. This has to be filled for
free floating booking targets. Also the source for the provider information for this
booking target.

o PlaceGroupID of type PlaceGroupIDType: Place group ID of this bookee, if it does not
belong to a fixed place. Also the source for the provider information for this
booking target.

o PlacelD of type PlaceIDType: Place ID, where the bookee is placed. This has to be
filled for station based booking targets. Also the source for the provider
information for this booking target.

* (lass of type ClassType: Class of the bookee.

* BookingHorizon of type xs:duration: Maximum duration in future, when this target can
be booked. This is relative to the current time. If missing, no maximum is defined.

* BookingGrid of type xs:nonNegativelnteger: Grid for start and end time of bookings in
minutes. Should be a divisor of 60. Examples: 1, 5, 10, 15, 30, 60.

* OpeningTime of type xs:duration: Time needed for actually opening the booking target. If
not given, the client system will assume some reasonable time.

* Engine of type EngineType:
* C02Factor of type xs:nonNegativelnteger: CO2 emmision in gram per kilometer.

* MaxDistance of type xs:nonNegativelnteger: Maximal distance in meters, this bookee can
go without longer stops. If not given, no limit is assumed.
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» AttributelID of type AttributeIDType: Additional information on this bookee, e.g. air-
conditioning, navigational system, etc. This element may be repeated.

12.14. The ChangedProvidersRequestType type
Request for getting those providers with changed static data.
The element contains a sequence of the following elements:

» Timestamp of type xs:dateTime: Timestamp of the static data delivery, the changes are
requested for.

* IncludeBookees of type xs:boolean: If set, bookees and all corresponding information is
included in response.

* IncludeChargers of type xs:boolean: If set, chargers and all corresponding information
is included in response.

12.15. The ChangedProvidersResponseType type
Repsonse for getting those providers with changed static data.
The element contains only one element:

* Provider of type ProviderIDType: List of providers, which have changes in their static
data. This element may be repeated.

12.16. The ChargerAvailabilityPushMessageType type
Push message containing changes in availability of subscribed charging places.
The element contains only one element:

* AvailabilityChange of type ChargerChangeAvailabilityType: This element may be
repeated.

12.17. The ChargerAvailabilityRequestType type
Synchronous request for the availabilities of charging places.
The element contains a sequence of the following elements:

* Then, the element contains one of the following elements:
o Chargers of type ChargingPlacelDType: This element may be repeated.
o Circle of type GeoCircleType:
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o GeoRectangle of type GeoRectangleType:

* TimePeriod of type TimePeriodType: Interesting time period, for which availabilities of
the given charging places shall be returned. If not given, currently available charging
places should be returned.

* Duration of type xs:duration: For how long is the charging place needed?

» NeededEnergy of type xs:nonNegativelnteger: Needed sum of energy for loading in kWh.

12.18. The ChargerAvailabilityResponseType type
Synchronous response for the availabilities of charging places.
The element contains only one element:

* Charger of type ChargerAvailabilityType: This element may be repeated.

12.19. The
ChargerAvailabilitySubscriptionRequestType type

Request for subscribing to availabilities odf given charging places.
The element contains a sequence of the following elements:

* ChargerID of type ChargingPlaceIDType: Charging places to subscribe/unsubscribe. This
element may be repeated.

* NMode of type SubscriptionModeType: Mode of subscrption change. "INITIAL" defines a
completely new subscription (leads to sending of complete status). "RENEW" redefines
the complete list if subscribed objects (leads to sending of complete status only for
newly added objects). "ADD" adds subscribed objects (leads to sending of complete
status for added objects). "REMOVE" removes subscribed objects.

12.20. The
ChargerAvailabilitySubscriptionResponseType type

Response for subscribing to availabilities odf given charging places.

12.21. The
ChargerAvailabilitySubscriptionStatusRequestType

type

Request for getting all subsribed charging places.
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12.22. The
ChargerAvailabilitySubscriptionStatusResponseType

type
Response for getting all subscribed charging places.
The element contains only one element:

* ChargerID of type ChargingPlaceIDType: Subscribed charging places. This element may
be repeated.

12.23. The ChargerAvailabilityType type

Availability of a charger.
The element contains a sequence of the following elements:

* ID of type ChargingPlacelDType:

* Inavailability of type TimePeriodType: Periods of inavailability of the charging place.
This element may be repeated.

» CurrentCapacity of type xs:nonNegativelnteger: Current capacity at the charging place.
No prognosis, only current state. That many vehicles could start charging now.

12.24. The ChargerChangeAvailabilityType type

Changes in availability of charging places.
The element contains a sequence of the following elements:

» ID of type ChargingPlacelDType: Charging place ID.
* Then, the element contains one of the following elements:
o Availability of type TimePeriodType: New availability period.
o Inavailability of type TimePeriodType: New inavailability period

» CurrentCapacity of type xs:nonNegativelnteger: Current capacity at the charging place.
No prognosis, only current state. That many vehicles could start charging now.

12.25. The ChargerType type

Charging places.

The element contains a sequence of the following elements:
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* ID of type ChargerIDType: ChargerID. For one physical charging place this ID has to
remain constant for subsequent responses.

* GloballD of type GlobalIDType: Globallly unique ID of this object. Used for identifying
clones of this object, if they are delivered from different systems. Such ID should use
the format of a URL

* Name of type TextType: Printable name of the charging place. This element may be
repeated.

* PlacelD of type PlaceIDType: PlacelD where this charging place is situated. The place’s
place-and-area-group is also the one which defines to which provider this charger
belongs.

* PlugTypes of type PlugType: Available plug types at this charging place, no matter how
many of each. This element may be repeated.

 Capacity of type xs:positivelnteger: Number of vehicles, which can be charged at the
same time.

* BookingHorizon of type xs:duration: Maximum duration in future, when this charging
place can be booked. This is relative to the current time. If missing, no maximum is
defined.

o AttributelD of type AttributeIDType: Additional information on this charging place, e.g.
maximal power, etc. This element may be repeated.

* UsuallyAvailable of type xs:boolean: Flag, whether this Charger is usually available for
public use, or not (e.g. in case of privately owned chargers).

* OccupancySensor of type xs:boolean: Does the charging place have an occupancy sensor?

12.26. The FloatingDomainType type

Free floating areas.
The element contains a sequence of the following elements:
* ID of type DomainIDType: Domain ID. For one free floating domain this ID has to
remain constant for subsequent responses.

* PlaceOrAreaGroup

* Area of type AreaType: Geographic definition of the free floating area. Contains
including polygons and excluding polygons. This area definition is always used for
picking up a booking target. If no separate return area is defined, this definition is also
used for returning a booking target.

* ReturnArea of type ReturnAreaType: If defined, this area definition defines where a
booking target can be returned. No other polygons may be used then.
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12.27. The PlaceAvailabilityPushMessageType type

Push message containing changes in availability of subscribed places.
The element contains only one element:

* PlaceAvailability of type PlaceAvailabilityType: This element may be repeated.

12.28. The PlaceAvailabilityRequestType type

Synchronous request for the available capacity of places.
The element contains one of the following elements:

* (Circle of type GeoCircleType:
* GeoRectangle of type GeoRectangleType:
* PlacelD of type ProviderPlaceIDType: This element may be repeated.

12.29. The PlaceAvailabilityResponseType type
Synchronous response for the available capacity of places..
The element contains only one element:

* Place of type PlaceAvailabilityType: List of places and their available capacity. Not listed
places are considered to be either unknown to the car sharing system or not available
at all. This element may be repeated.

12.30. The
PlaceAvailabilitySubscriptionRequestType type
Request for subscribing to available capacity of places.
The element contains a sequence of the following elements:
* PlacelD of type ProviderPlaceIDType: Places to subscribe/unsubscribe. This element may

be repeated.

* NMode of type SubscriptionModeType: Mode of subscrption change. "INITIAL" defines a
completely new subscription (leads to sending of complete status). "RENEW" redefines
the complete list if subscribed objects (leads to sending of complete status only for
newly added objects). "ADD" adds subscribed objects (leads to sending of complete
status for added objects). "REMOVE" removes subscribed objects.
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12.31. The
PlaceAvailabilitySubscriptionResponseType type

Response for subscribing to available capacity of places.

12.32. The
PlaceAvailabilitySubscriptionStatusRequestType

type

Request for getting all subsribed places.

12.33. The
PlaceAvailabilitySubscriptionStatusResponseType

type
Response for getting all subscribed places.
The element contains only one element:

* PlacelD of type ProviderPlaceIDType: Subscribed places. This element may be repeated.

12.34. The PlaceAvailabilityType type

Available capacity of a place.
The element contains a sequence of the following elements:

* ID of type ProviderPlaceIDType:

* Availability of type xs:nonNegativelnteger: Currently available capacity for returning
booking targets. This is the number of booking targets which could be returned now,
without exceeding the overall capacity of the place.

12.35. The PlaceGroupType type

Place groups.
The element contains a sequence of the following elements:

 ID of type PlaceGroupIDType: Place group ID. For one physical place group this ID has
to remain constant for subsequent responses.
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* PlacelD of type ProbabilityPlaceIDType: Places which belong to this place group. The
places in this list are also the source for the provider information for the place group
as a whole. The providers of the places assigned to one place group will always be
identical! The list cannot be empty so that is always access to the provider information
of (at least) one entry. This element may be repeated.

* Probability of type PercentType: Average probability for getting a booking target at a
specific place in this place group. It only applies for those places, for which no specific
value is provided.

12.36. The PlaceOrAreaGroup group

Group for information which is used for places and free floating areas. Note that in base
data transmission, this is the ONLY place where the provider is assigned to the fleet
information. Places, free floating domains, bookees and chargers do all refer to a
PlaceOrAreaGroup and always share their provider information.

The element contains a sequence of the following elements:
» Name of type TextType: Printable name(s) of the place or area. This element may be
repeated.
* ProviderID of type ProviderIDType: Provider ID, to which the place or area belongs to.
* Description of type TextType: This element may be repeated.
» StoplLink of type StopLinkType: Walking links to stops. This element may be repeated.

* AttributelD of type AttributeIDType: Additional information on this place or area. This
element may be repeated.

12.37. The PlaceType type

Place information.
The element contains a sequence of the following elements:
* ID of type PlaceIDType: Place ID. For one physical place this ID has to remain constant

for subsequent responses.

* GloballID of type GloballDType: Globallly unique ID of this object. Used for identifying
clones of this object, if they are delivered from different systems. Such ID should use
the format of a URL

* GeoPosition of type GeoPositionType: Geo position of the place.

» Capacity of type xs:nonNegativelnteger: Capacity of the place for returning booking
targets.

* PlaceOrAreaGroup
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* OnPremisesTime of type xs:duration: Additional time needed for walking to the place on
the premises. Can be used for large parking areas or parking houses. Defaults to 0.

12.38. The ProbabilityPlaceIDType type

Place ID with a probability for getting a booking target.
The element contains a sequence of the following elements:
* ID of type PlaceIDType: Place ID. This place is also source of the provider to which this

entry belongs.

* Probability of type PercentType: Average probability for getting a booking target at this
place. Useful only for places within in PlaceGroups.

12.39. The ProviderType type

Provider information.
The element contains a sequence of the following elements:
 ID of type ProviderIDType: Provider ID. For one provider this ID has to remain constant
for subsequent responses.

* Name of type xs:normalizedString: Printable full name of the provider.

» CustomerChoice of type xs:boolean: If set, this provider is presented to the user as a
"home provider". This way this provider becomes a "customer provider".

 ShortName of type xs:normalizedString: Printable short name of the provider.

* AttributelD of type AttributeIDType: Additional information on this provider (e.g. URLs,
logo, inter-app-URLSs). This element may be repeated.

12.40. The ReturnAreaType type

Geographic area for returning a booking target.
The element contains a sequence of the following elements:

* Polygon of type PolygonType: Geographic polygons being part of the area. A point
belongs to the area, if it is within none of the given exclusion polygons and within at
least one of the given inclusion polygons. This element may be repeated.

* ExcPolygon of type PolygonType: Geographic exclusion polygons. This element may be
repeated.
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12.41. The StopLinkType type

Link from a car-sharing place to a stop.
The element contains a sequence of the following elements:

* StopID of type xs:token:
* DurationGroup

* Distance of type xs:nonNegativelnteger: Distance for walking this link in meters. In case
of areas, this is the probable distance to walk to get a vehicle.
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Chapter 13. Code tables

The IXSI XML schemas intentionally do not contain actual values for several
enumerations. This allows to change the possible values of those data fields without
updating the whole standard.

Instead, the possible values are defined in this documentation. Even though this list not
formally constraining, only the values described here are guaranteed to be understood by
all Ixsi communication partners.

13.1. ClassType - Vehicle classes

Ixsi communication partners can use the following class types for vehicles:

Name Used for
bike Bicycles or e-bikes (see below)
motorcycle Motorbikes
micro Very small vehicles, e.g. Smart4Two
mini Small vehicles, e.g. Opel Corsa
small Compact vehicles, e.g. VW Golf
medium Mid-sized vehicles, e.g. Audi A4
large Large and upper-class vehicles, e.g. BMW 7 series
van smaller transport vehicle, e.g. VIW T5

transporter large transport vehicle, e.g. Ford Transit

13.2. EngineType - Different engines

Ixsi defines the following engine types which can be assigned to the booking target:

Name Used for
none No engine, human power
diesel Diesel engine

gasoline  Gasoline engine

electric  Electric engine
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Name Used for
liquidgas  Liquefied Petroleum Gas (LPG)
naturalgas Compressed Natural Gas (CNG)
hydrogen Hydrogen engine

hybrid Hybrid engine using electic and combustion engine

Electrically powered bicycles are represented by a combination of class type bicycle and
engine type electric.

13.3. AttributeClassType - Attributes of booking
targets

Booking targets and Places can have attributes. For automatic interpretation, these
attributes can be classified. These attribute class types are stored in Ixsi’s
AttributeClassType. They can have the following values:

Name Used for
air_condition Vehicle has air condition
automatic Automatic gear switch
child_seat_0 Baby seat
child_seat_1  Seat or seat extension for small children ("9-18 kg")
child_seat_4  Seat or seat extension for older children ("15-36 kg")
convertible  Vehicle is convertible
cruise_control Vehicle has a cruise control system ("Tempomat")
doors_4 Vehicle has 4 or 5 doors (instead of 2 or 3)

navigation  Vehicle has a built-in navigation system

seats_4 Vehicle has at least four seats
seats_5 Vehicle has at least five seats
seats_/ Vehicle has at least seven seats
seats_9 Vehicle has at least nine seats

trailer_hitch  Vehicle has a trailer hitch

utility Utility vehicle ("Kombi")
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Name Used for

winter_tyres  Vehicle has tyres for winter weather

13.4. ErrorCodeType - The error codes of Ixsi

Instead of the defined response, FRS may send an error in reply to a request. Each error
has a specific error code which is defined as String value. These codes are also used for
warnings which can be added to other replies as additional information about minor
problems during request handling.

Code

auth_provider_unknown

auth_invalid_credentials

auth_invalid_token

auth_session_invalid

auth_anon_not_allowed

auth_not_authorized

sys_backend_failed

sys_unknown_failure

sys_not_implemented

sys_request_not_plausible

booking_target_unknown

price_info_not_available
booking_too_short

booking_too_long

Version from 2020-04-03

Meaning

The provider given in the request is unknown or
access is forbidden.

The given login credentials, e.g. username and
password, are invalid or wrong or are for any other
reason not accepted for login.

The login token is invalid.

The requested session is unknown, timed out or is
for other reasons inaccessible.

The requested operation is not allowed for
anonymous users.

The requested operation is not allowed for the
currently logged in user.

The backend failed to process the query.

An error occurred which is not further specified or
simply unknown.

The operation is not implemented.

Request does not make sense. This is the fallback
error code for semantically incorrect TIS requests.

The booking target given in the request is not known
or for access right reasons inaccessible.

Pricing information is not available.
The requested booking is too short.

The requested booking is too long.
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Code Meaning

The booking target is not available as it is booked by

booking_target_not_available
someone else.

booking_change_not_possible The requested booking change is not possible.

The booking with the given id is either unknown or

booking_id_unknown ) ) i
inaccessible for the currently logged in user.

The differential subscription request cannot be
fulfilled as the message cache has overflown and
messages have been dropped. Client must reissue
request with INITIAL subscription mode.

subscription_desynchronized

The requested language is not supported. The answer
lanqguage_not_supported contains information in another language,
presumably English.
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