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Description
System and method for determining a set of routes, in a computerized environment

[0001] The invention generally relates to client/server architectures and, in particular, to a system, a method, and
computer program product for determining a set of routes, in response to a client request.

[0002] Over the past decades, content provider systems which are based on client/server based architectures have
undergone dramatic changes due to the expansion of the Internet. In particular, most of the developments made to
modern content provider systems aim at improving users’ experience while limiting the system latency and optimizing
their computational resources.

[0003] Modern content provider systems use one or more server computing devices (also referred to as server devices
or servers) which receive client requests from client computing devices (also referred to as client devices) through a
dedicated user interface via a communication network. A user can directly submit a request for content using a client
device. The server device can comprise a search engine implementing one or more searching algorithms to determine
a response to the request and return such response to the client device through the dedicated interface.

[0004] For example, in the field of the travel or carrier industry, content provider systems use a search engine to
determine a set of routes matching a user request (also called 'travel request’). Currently, a travel request can be
submitted at once, for a limited number of travelers, and for a trip which is exactly the same for all the travelers. This
may be restricting when travelers, who are scattered in different cities or in different countries, wish to meet during the
travel, for example when traveling for a specific event. Accordingly, existing travel provider systems only enable a group
of users intended to travel together (e.g. as a group of friends, members of a family, or colleagues), each coming from
a different location, to search and book separate travels. The travel provider systems can consume a lot of computational
resources and have a low latency to perform such search. For example, if a determined number of users intend to travel
together, all the potential routes, for each user, are computed. Then, the availability requests and the pricing requests,
which are particularly resource consuming, are also processed for each user.

[0005] At the users’ side, this takes much time to find a trip that would enable the set of users to travel together,
considering the constraints of all the members of the group. The users of the group have to synchronize together to find
the most relevant travel. Some users of the group may also fail to purchase the trip tickets in time, if all the tickets are
finally sold, whereas another part of the users of the group has successfully purchased their tickets. As a result, this
represents a loss of sales for the airline, and a decreased use of the travel provider system. Further, existing travel
provider systems only stores an independent PNR (Passenger Name Record) per traveler. Accordingly, once the tickets
have been purchased, each user of the group will be assigned a PNR (Passenger Name Record) independent from the
others, which does not make easy for the different users of the group to travel side by side, as generally desired.
[0006] Improved systems, methods, and computer program products for determining a set of routes matching a user
request identifying a set of users are therefore required. An example of determination of a set of routes, using a graph
comprising a plurality of nodes and links connecting the nodes, is described in document BERUBE J-F ET AL: "Time-
dependent shortest paths through a fixed sequence of nodes: application to a travel planning problem".

[0007] Itis proposed, accordingtooneaspectofthe invention, a systemfordetermining a set of routes, in acomputerized
environment, using a graph comprising a plurality of nodes and links connecting the nodes, the set of routes being
determined for one or more tokens, each token being associated with an origin node and a destination node included
in said graph and with a token weight, the system being configured to:

- receive, at a computer, a set of token constraints for each token, said token constraints received for each token
comprising at least one constraint related to the token weight;

- determine, by the computer, and for each token, a set of candidate routes satisfying at least some of the token
constraints received for said token, each candidate route being connected by the origin node and the destination
node associated with said token, said candidate route comprising at least one route link included in said graph, said
route link being associated with a link weight,

- determine, by the computer, shared route links, each shared route link being a route link comprised in a route in the
sets of candidate routes determined for at least two tokens;

- filter, by the computer, the set of candidate routes determined for the tokens based on a condition related to the
weight of each shared route link in a route of said sets of candidate routes and to the weights of the tokens sharing
said link.

[0008] According to particular embodiments of the invention:
The system may be further configured to:

- compute a set of solutions, each solution comprising a unique combination of the candidate routes of the tokens
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and for each solution:

- determine a set of items, each item comprising a node or a link which is comprised in a candidate route determined
for one or more tokens, and said one or more tokens;

- compute, for each item, an item value, the item value representing a time needed for a token to browse the node
or link comprised in the item, multiplied by the number of tokens comprised in said item;

- determine a solution value by adding the item values of all the items of the solution;

- select the solution having the optimal solution value, which provides a set of routes.

[0009] The system may be configured to compute said set of candidate routes for a given token by determining the
routes having link weights matching a condition related to the token weight of the corresponding token.

[0010] Each route may further comprise a route duration value, the token constraints including a duration constraint
related to the route duration value, a route of the set of candidate routes satisfying said duration constraint if the route
has a route duration value which is inferior or equal to a predefined route maximum value.

[0011] Each route may further comprise one transit time value for each node of the route, the token constraints including
a time constraint related to the route transit time, a route of the set of candidate routes satisfying said time constraint if
all the nodes of the route have a transit time value which is inferior or equal to a predefined node maximum value.
[0012] The optimal value may be the highest value among the solution values.

[0013] Alternatively, the optimal value may be the lowest value among the solution values.

[0014] The system may be configured to filter the set of solutions based on a condition related to a comparison, for
each item having a shared route link and at least two tokens, between the sum of the token weights of the at least two
tokens and the weight of the shared route link of said item.

[0015] Each route further comprises a route cost value, the token constraints including a cost constraint related to the
route cost value, a route of the set of candidate routes satisfying said cost constraint if the route has a cost value which
is inferior or equal to a predefined maximum cost.

[0016] The invention also relates to a method for determining a set of routes, in a computerized environment, using
a graph comprising a plurality of nodes and links connecting the nodes, the set of routes being determined for one or
more tokens, each token being associated with an origin node and a destination node included in said graph and with
a token weight, the method comprising the steps of:

- receiving, at a computer, a set of token constraints for each token, said token constraints received for each token
comprising at least one constraint related to the token weight;

- determining, by the computer, and for each token, a set of candidate routes satisfying at least some of the token
constraints received for said token, each candidate route being connected by the origin node and the destination
node associated with said token, said candidate route comprising at least one route link included in said graph, said
route link being associated with a link weight,

- determining, by the computer, shared route links, each shared route link being a route link comprised in a route in
the sets of candidate routes determined for at least two tokens;

- filtering, by the computer, the set of candidate routes determined for the tokens based on a condition related to the
weight of each shared route link in a route of said sets of candidate routes and to the weights of the tokens sharing
said link.

[0017] The method may comprise the steps of:

- computing a set of solutions, each solution comprising a unique combination of the candidate routes of the tokens
and for each solution:

- determining a set of items, each item comprising a node or a link which is comprised in a candidate route determined
for one or more tokens, and said one or more tokens;

- computing, for each item, an item value, the item value representing a time needed for a token to browse the node
or link comprised in the item, multiplied by the number of tokens comprised in said item;
determining a solution value by adding the item values of all the items of the solution;

- selecting the solution having the optimal solution value, which provides a set of routes.

[0018] The step of computing of said set of candidate routes for a given token may comprise determining the routes
having link weights matching a condition related to the token weight of the corresponding token.

[0019] Each route may further comprise a route duration value, the token constraints including a duration constraint
related to the route duration value, a route of the set of candidate routes satisfying said duration constraint if the route
has a route duration value which is inferior or equal to a predefined route maximum value.

[0020] Each route may further comprise one transit time value for each node of the route, the token constraints including
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a time constraint related to the route transit time, a route of the set of candidate routes satisfying said time constraint if
all the nodes of the route have a transit time value which is inferior or equal to a predefined node maximum value.
[0021] The optimal value may be the highest value among the solution values.

[0022] Alternatively, the optimal value may be the lowest value among the solution values.

[0023] The method may comprise the filtering of the set of solutions based on a condition related to a comparison, for
each item having a shared route link and at least two tokens, between the sum of the token weights of the at least two
tokens and the weight of the shared route link of said item.

[0024] Each route may further comprise a route cost value, the token constraints including a cost constraint related
to the route cost value, a route of the set of candidate routes satisfying said cost constraint if the route has a cost value
which is inferior or equal to a predefined maximum cost.

[0025] The invention also relates to a computer program product comprising a non-transitory computer readable
storage medium, and instructions stored on the non-transitory computer readable storage medium that, when executed
by a processor, cause the processor to execute the predefined method.

[0026] The accompanying drawings, which are incorporated in and constitute a part of this specification, illustrate
various embodiments of the invention and, together with the general description of the invention given above, and the
detailed description of the embodiments given below, serve to explain the embodiments of the invention:

Figure 1 is a diagram representing an operational environment of the system for the determination of routes;
Figure 2 is a diagram representing an operational environment of a travel provider system;

Figure 3 is a flowchart depicting the process of determination of a set of routes;

Figure 4 depicts an exemplary user interface, used by the system according to the invention;

Figure 5 is a diagram representing the content provider system, according to the invention;

Figure 6 is a diagram illustrating an exemplary implementation of an embodiment of the invention.

Figure 7 is a diagram illustrating another exemplary implementation of an embodiment of the invention.

Figure 8 is a diagrammatic view of an exemplary computing system for hosting a component of the environment of
figure 1.

[0027] Referring to figure 1, there is shown a system 100 for determining a set of routes in response to a user request
received from a client device 3 (also referred to hereinafter as a user device).

[0028] A user device 3 may be a personal computing device, a tablet computer, a thin client terminal, a smartphone,
and/or any other computing device that enables the user to manage data to the common storage and submit requests
to the system 100 over a communication network 5. A user device 3 may host web browsers and/or custom applications
software (e.g., a client system) and may include a client user interface 30 (such as a Graphical User Interface GUI).
[0029] The communication network 5 may include one or more private and/or public networks (e.g., the Internet) that
enable the exchange of data such as the Internet, a local area network (LAN), a wide area network (WAN), a cellular
voice/data network, one or more high speed bus connections, and/or other such types of communication network. Each
communication network 5 may use standard communications technologies and/or protocols such as 4G, Ethernet,
802.11, TCP/IP (Transmission Control Protocol/Internet Protocol, HTTP (Hypertext Transport Protocol), FTP (File Trans-
fer Protocol), etc. Data can be exchanged over each network 5 according to different data exchange technologies and/or
formats such as the hypertext markup language (HTML) and the extensible markup language (XML).

[0030] The system 100 may be a content provider system, such as a transaction system implementing a processing
flow starting from a user request received by the system for a product corresponding to at least some of the parameters
of the request and terminated by a purchase operation of a product through the transaction system (a "transaction" may
be for example a "purchase", a "shopping" or a "booking" operation). In a client/server architecture, a "transaction" thus
corresponds to a request/response session initiated by a client request and terminated by the purchase of a product
(selection of a main product by the user and validation of the selection by payment of the value (or price) associated
with the product). In an exemplary application of the invention to the travel field, the content provider system may be a
travel provider system.

[0031] The system 100 is configured to determine a set of routes S)), in a computerized environment, using a graph
comprising a plurality of nodes and links connecting the nodes, the set of routes being determined for one or more tokens
(Tk), each token being associated with an origin node and a destination node included in the graph and with a token weight.



10

15

20

25

30

35

40

45

50

55

EP 3 790 238 B1

[0032] The system 100 initially receives a set of token constraints for each token (T), the token constraints received
for each token comprising at least one constraint related to the token weight.

[0033] The system 100 may comprise a route determination unit 101 configured to determine, for each token (Tk), a
set of candidate routes satisfying at least some of the token constraints received for the token, each candidate route
being connected by the origin node and the destination node associated with the token, the candidate route comprising
at least one route link included in the graph, the route link being associated with a link weight.

[0034] The system 100 may further comprise a route link determination unit 202 configured to determine shared route
links, each shared route link being a route link comprised in a route in the sets of candidate routes determined for at
least two tokens.

[0035] The system 100 may also comprise a filter 203 configured to filter the set of candidate routes determined for
the tokens (Ty) based on a condition related to the weight of each shared route link in a route of the sets of candidate
routes and to the weights of the tokens sharing the link.

[0036] The request parameters of the user request submitted to the content provider system 100 may include "man-
datory" and/or "optional" request parameters, the mandatory request parameters being required by the content provider
system to process the request.

[0037] Inanexemplaryapplication of the invention to the travel field, the content provider system 100 may be a booking
system configured to provide candidate travel products (travel proposals), such as airline travel products, matching a
travel request comprising a specified service set.

[0038] The travel request may have a predefined format defining a set of request parameters including:

- departure location/date/time parameters;
- arrival location/date/time parameters;
- additional travel related parameters.

[0039] The optional parameters of the user request may include for example the user preferred language, or refining
parameters (e.g. time of day, preferred company).

[0040] A travel request parameter may have a typology (for example "departure location", "arrival location"), a data
category (e.g. location, date), a data type (e.g. char) and/or a data format (defined for example by IATA standard, IATA
standing for "International Air Transport Association").

[0041] Embodiments of the invention may be implemented by one or more computing system comprising one or more
networked computers or servers. The computing systems may provide processing and database functions for the com-
ponents of the content provider system 100.

[0042] The following description of some embodiments of the invention will be made with reference to a travel provider
system for illustration purpose.

[0043] Figure 2 represents the operational environment of a travel provider system 100, in an exemplary application
of the invention to the travel field. The environment may include a Global Distribution System (GDS) 300, one or more
indirect product provider systems , such as carrier systems 301, one or more travel shopping or indirect seller systems
(auxiliary content provider systems), such as a travel agency system 302, the travel provider system 100 and one or
more client devices 3. Each of the GDS 300, the carrier systems 301, the indirect seller system 302, the travel provider
system 100, and the user device 3 may communicate through the network 5. The carrier systems 301 may each include
a Computer Reservation System (CRS) and/or billing system for the respective airline that enables the GDS 300 and/or
indirect seller system 302 to reserve and pay for airline tickets. The carrier systems 301 may also interact with each
other, either directly or through the GDS 300, to enable a validating carrier to sell tickets for seats provided by an operating
carrier. The operating carrier may then bill the validating carrier for the services provided.

[0044] The GDS 300 may be configured to facilitate communication between the carrier systems 301 and indirect
seller systems 302 by enabling travel agents, validating carriers, or other indirect sellers to search for available segments
and book reservations on one or more carrier systems 301 via the GDS 300. The GDS 300 may maintain links to each
of the carrier systems 301 via the network 5 to allow the GDS 300 to obtain scheduling and availability data for segments
from the carrier systems 301. The carrier and travel agency systems 301, 302 may thereby book flights, trains, or other
types of segments on multiple carriers via a single connection to the GDS 300. The GDS 300 may store and/or maintain
a Passenger Name Record (PNR) that includes a complete set of data for an itinerary of a trip, including segments from
multiple carriers and/or other travel services comprising the trip such as hotel and rental car reservations.

[0045] A travel agency system 302 may include a web server that provides a publicly accessible website. This website
may be configured to provide access to travel planning features, such as the ability to search for travel products matching
a travel request. To this end, the travel agency system 302 may provide the traveler with access to data from one or
more databases hosted by the GDS 300, carrier systems 301, and the travel agency system 302. In an alternative
embodiment of the invention, the travel agency system 302 may be a proprietary system that limits access to travel
service providers or travel agents. In such case, access may be provided through a private website or other application.
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[0046] The travel provider system 100 may be in communication with the travel agency system 302 via the network
5 or some other suitable connection. In alternative embodiments of the invention, all or a portion of the travel provider
system 100 may be integrated into one or more of the other systems 300, 301, 302. Travelers or travel agents may use
the travel agency system 302 to generate and/or search for travel proposals that satisfy a travel request received from
the traveler using the travel provider system 100.

[0047] The GDS 300, carrier systems 301, the travel agency system 302, the travel provider system 100, and the user
devices 3 of the operating environment may be implemented on one or more computing devices or systems, referred
to collectively as a computer, such as computer.

[0048] Figure 3 depicts a process of determining routes according to some embodiments of the invention.

[0049] Several client devices 3 may be connected to the travel provider system 100. The client devices 3 may submit
transaction requests to the travel provider system 100 according to a client/server approach, through respective user
interfaces. Through a dedicated service of the travel provider system 100, one of a user, among a group of users (a
‘'user’ will be also referred to hereinafter as a 'traveler’) desiring to travel together for a specific event, may create a trip
request on a client device 3, in step 401. For example, with reference to figure 4, there is shown an exemplary repre-
sentation of the user interface, for the creation of a trip request. The user responsible for the creation of the trip request
will be referred to hereinafter as an "administrator". The administrator has extended rights on the trip, compared to the
other travelers. The administrator may use a profile, which has been previously created, or may alternatively create his
profile at the same time as the creation of the trip request. The profile can be created or edited in a dedicated window,
as shown in figure 4. The profile may comprise at least contact information and an address which may be used as a
default entry for the determination of the origin of the travel. The trip request may comprise a parameter representing a
common destination for all the users of the group, and travel dates (such as departure and/or arrival dates). The system
100 may generate a unique identifier, also referred to hereinafter as a 'trip identifier’ identifying the trip.

[0050] A trip may be determined by the system 100 in response to the receipt of a request from the administrator
identifying at least the following trip attributes, which comprise at least:

- An origin/destination parameter: the participants to the specific event (user of the groups) may intend to start the
trip, each from his/her respective city and subsequently meet during the trip to the destination, or the trip back;

- The departure date;

- The date when the participants have to select a trip proposal.

[0051] Instep 402, traveler contact information may be added by the administrator, such as a traveler name, an email,
a telephone number, so that the other travelers may be notified of the creation of the trip request. The administrator can
add travelers, and send them a notification related to the creation of the trip request.

[0052] In response to the receipt of the notification by the other users of the group indicating the creation of a trip
request, each remaining user can first create a profile, or login to the dedicated service by using a profile which has
been previously created. Each user of the group may enter the address corresponding to the origin of the flight (e.g.
personal address, professional address, or another address). Each user, including the administrator, may also input a
set of preferences for the travel (step 403). The preferences may comprise the maximum travel time, the maximum
ground time in a given city during a stopover, and the maximum price the user wants to spend for the travel.

[0053] Each user of the group may be identified by a unique identifier, referred to hereinafter as 'traveler identifier’, in
the system, comprising at least the following attributes:

- First Name - Last Name;
- Address;

- Preferred Airport;

- Preferences.

[0054] At step 404, a command may be executed to activate determination of a set of routes. The set of routes may
comprise a route for each user of the group. The determination of the set of routes may use pieces of information which
have been entered by the other travelers of the group, such as their departure address and their preferences.

[0055] Figure 5 shows an exemplary implementation of the system 100 in which the invention may be implemented.
[0056] In response to the creation of a traveler identifier, a server, called Maximize Social Trip Server 101, receives
a token Ty associated to the traveler identifier.

[0057] Thus, thetoken T represents the entity which should travel from the origin to the destination using a determined
route at a given date for a given cost, based on the profile of the traveler, and based on preferences, which have been
entered previously (in step 403). The Maximize Social Trip Server 101 may be coupled to the Trip Database 102, which
stores the set of information that is attached to each token Ty.

[0058] In an exemplary application of the invention to the travel field, the group of users may be a family comprising
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family members.

[0059] In another exemplary application of the invention to the freight transport, the token represents a commodity
which should travel from an origin (e.g. a production platform) to a destination (e.g. a sell platform), by using a determined
route at a given date for a given cost, based, for example, on the weight and/or volume of the commaodity.

[0060] A set of information associated with the input preferences may be attached to the token Ty such as:

- Anorigin node O(Ty), based on information entered by the user, and a destination node D(T), which is the common
destination of all the travelers (or inversely, for a return trip);

- The token weight W(T), used to determine if the token could cross a link. An embodiment of the weight in the travel
industry is the number of travelers intending to travel together. For example, for three family members intending to
travel together, the token weight will be equal to three. In the freight industry, the token weight may represent the
number of tones and/or the volume of the commodity;

- The route maximum value FTMAX(T) that each traveler wants to spend from the origin to the destination, at most.
In an application of the invention to the travel industry, the route maximum value FTMAX(T) may be the maximum
overall time that the journey should not exceed;

- The node maximum value FTNMAX(T) representing the maximum value that each traveler wants to spend on a
node, at most. In an application of the invention to the airline industry, this parameter represents the maximum of
time that should not be exceeded by a user waiting at an airport before taking the next plane.

[0061] The token constraints may also include the maximum cost of a resource The maximum cost of a resource
represents the amount of a resource that should not be exceeded for the journey. In an exemplary application of the
invention to the airline industry, the route cost value of a resource may be the fuel consumption, the CO, emission, or
the number of kilometers. In an exemplary application of the invention to the freight industry, the route cost value of a
resource may be the electricity consumption, which may be required to store refrigerated commaodities.

[0062] Embodiments of the invention enable determination of a route for each token Ty, which provides a set of routes,
in a computerized environment.

[0063] The Graph Explorer Server 103, which is coupled to the Maximize Social Trip Server 101, may be configured
to determine one or more candidate routes to connect an origin node to a destination node, for each token Tx. As used
herein, the Graph Explorer Server 103 may be implemented in the route determination unit 201. As used herein, a
candidate route R is composed of at least two nodes, which represent the origin node and the destination node. The
candidate route may also include at least one link between the nodes. A candidate route may include several intermediate
nodes as far as there are links connecting these nodes and links to go from the origin node to the destination node.
[0064] In an exemplary application of the invention to the airline industry, a candidate route between Nice and New
York can integrate additional airports such as Paris, Amsterdam or London. Therefore, there could be three candidate
routes:

- Nice — Paris - New-York,
- Nice - Amsterdam — New-York, and
- Nice — London — New-York.

[0065] The Graph Explorer Server 103 may store a graph, which comprises a set of nodes N and links L between nodes.
[0066] As used herein, a link connects two nodes of the graph, the way to cross the link being unidirectional. A link
Lnang represents the link connecting the node Ny to the node Ng.

[0067] The following notation will be used to designate a candidate route is:

identifier of the route
index of Origin node, index of the Destination node

[0068] The candidate route between the node N, and N will be denoted R, p. Considering for example two candidate

R

1
routes between the node N, and Np, one of the candidate routes will be denoted "“A.D | and the other will be denoted

2
Rap

[0069] All the nodes and the links participating in a candidate route are defined as an element of a route. As used
herein, a "Component" function is defined as follows:

- Component(Route) returns the list of all the elements of Route;
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- Component( Route, index) returns the element of rank index in the route.
[0070] Figure 6 represents an example of a composition of the candidate routes from Ny to Np. Three routes are
possible: R}&D , Ri,D’ , R?A,D ]
- Component (Rap) = (Na, Lag, N&, Lgc, No, Lep, No) |
) Component(RiD) = (Na, Lag, NB, Lsp, Np)
- Component (R13¥D) = (Na, Lap, Np) _

[0071] The method and the system according to the various embodiments of the invention enable finding a candidate
route for each token Ty, among the candidate routes which are determined by the Graph Explorer Server 103. Starting
from the candidate routes, a list of routes is determined that satisfies token constraints and route constraints. For example,
token constraints may be linked to the set of preferences, which have been entered by the traveler in step 403 (for
example, the maximum travel time, the maximum ground time in a given city during a stopover). Route constraints may
be linked to the availability of seats for each link of the route, considering the weight of each token crossing the link.
[0072] In order to evaluate if the token constraints are satisfied, a route duration value and a transit time value may
be computed, for all the candidate routes which have been determined by the Graph Explorer Server 103.

[0073] The route duration value FT( Route) may be defined as follows:

FT(Route) = YL, FT( Route, Component(Route,i)) (Equation 1)

[0074] In Equation (1):

- n = Card( Component( Route)) ; the function 'Card’ designates the cardinality function, which returns the number
of elements in a list (nodes or links),

- FT(Route, Component ( Route, Index)) returns a value for the element at the index place in the route, according to
the order of graph crossing.

[0075] Thus,the transittime value can be considered as the value of the route duration value when the elementis anode.
[0076] In the example of figure 6, for the route 1:

FT(RLp) = X/, FT(R} p, Component(R} . 1)) (Equation 2)

(K)-1
[0077] Foratoken Ty traveling from the origin node Oy to the destination node Dy and the n candidate routes Ok Dk
(K)—-n
to  9k.Dk retrieved from the Graph Explorer Server 103 for the token Ty, the candidate route i (with in 1..n ) is kept if:

FT(RSO5E) < Flyax(Ti) )

, where FTMAX(T) is the route maximum value, that each traveler wants to spend

K)—1i
T(RS ,N)S FTN pyax (T
at most from the origin to the destination route; Ox.Dk X MAX( K) for all the nodes N, of the
K)-i
route = 9Pk , where FTNMAX(T) is the node maximum value that each traveler wants to spend on a node, at most.

[0078] Only the routes validating these criteria are kept. Optionally, the route cost of the resources which are required
for the route may be calculated for each route, if a maximum cost value has been previously associated to the token.
Routes exceeding the predefined maximum cost may be filtered, and therefore removed from the list of routes.

[0079] The FT function and, optionally, the route cost value, may be calculated by the Maximize Social Trip Server
101, based on the candidate routes which are provided by the Graph Explorer Server 103. The Maximize Social Trip
Server 101 may be configured to determine the candidate routes which satisfy the token constraints, which have been
entered by the user in the user interface.
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[0080] In an application of the invention to the travel industries (rail, air, bus, car pooling), the route duration value
FT( Route) could be the duration of the journey. For example, the route duration value FT( Route) may be for example,

1 . 1
in a route RNice:NeWYOTk'FT(RNiC& New York) representing the overall time of the trip.

1 .
FT(RNL'C‘?:N‘?W vork> NParis) represents the time needed to wait at Paris airport for the flight to New York.
[0081] The Maximize Social Trip Server 101 may retain only the candidate route matching the token constraints:

firstly, the duration constraint is satisfied if the candidate route has a route duration value which is inferior or equal
to the route maximum value FTMAX(T);

secondly, the time constraint is satisfied if all the nodes of the candidate route have a transit time value which is
inferior or equal to the predefined node maximum value FTNMAX(T).

[0082] The outputis a list of routes, for each token.

[0083] The Maximize Social Trip Server 101 may be configured to check whether tokens could share nodes and links
on the graph. In particular, the Maximize Social Trip Server 101 may be configured to satisfy the constraints related to
token weights and constraints related to links weights, for example by implementing the following three steps.

[0084] In a first step, the Maximize Social Trip Server 101 may call the Feasibility server 104 for each token with all
the candidate routes attached to the token, which have been output from the Graph Explorer Server 103. In reply, the
Feasibility server 104 may return the weight for each link LNLNj joining the node Ni and Nj of a candidate route.

[0085] The Maximize Social Trip Server 101 may be configured to check whether all the links constituting the route
are suitable to support the tokens which will cross the route. The weight of each link may be then computed using the
function W (Route, Component( Route, Index)) which returns the weight for the element at the index place in the route.
[0086] The weight for a route W( Route ) is defined as:

W(Route) = min;—; ,(W(Route, Component(Route, i)),

with n = Card( Component( Route)).
[0087] For a token Ty traveling from an origin Ok to a destination Dy, a candidate route Ri is kept as valid if

K)—i
W(RED™H) = W(To)
[0088] In the example of figure 6, for the route 1.
W(R} p) = minj—; ,(W(R} p, Component(R} p,1)) = 3 2 W(Tg)

1
(Rap) = (Na, Lag, Ns, Lgc, Nc, Lc,p, Nb)
[0089] The token Ty with a weight of 2 [W(Ty)=2] goes from the origin N to the destination Np :

Rg?g_l) =(Na,Lag,Ns,Lec,Nc,Lcp,Np)

With Component

Component

K)-2
Component RA,D ) = ( Na, LA,Bs Ng, I—B,D ’ ND)

K)-3
Component RA,D ) =(Na,Lap,Np)

K)-2 ®) -3
Ry 2, L ) < W(T, )
[0090] As ( AD B.D (Tic) and W( RA'D » Lap) < W(Ti) , the route 2 and 3 are filtered

by the filter 203, by removing them from the solution for T. Only the candidate route 1 thus remains.

[0091] In such implementation, the link with the smallest weight represents the limitation of the route. For example, in
an application to the travel industry, for a route from Nice to New York via Paris, the leg which has the smallest number
of available seats represents the limitation of the route.

[0092] Itis noted that, in an application to the airline industry, there is usually no constraint concerning the node weight,
but rather concerning the link weight. So, it can be assumed that:

W(R%p, Na) = W(R}p, Ng) = W(R3p, No) = W(R%p,Np) =

[0093] In a second step, the Maximize Social Trip Server 101 may be configured to integrate all the tokens of the trip,
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J J
and determine an exhaustive set of solutions {Sl’ B Sn} for the tokens crossing the graph at the same date. A
solution is composed by a list of candidate routes with only one candidate route per token.

]
[0094] Each solution ~i comprises one candidate route for each token. Thus, each solution of the set of solutions

]
comprises a unique combination of the candidate routes, for each token. The notation I refers to the solution i for a
journey J.
[0095] In the example of figure 7, the token Ty, with a token weight of 2, travels from node N, to node Np, and only

k-1
one candidate route is feasible = AD , based on the aforementioned first step.
[0096] For the token Ty going from N to Np with a token weight of 1, the two following candidate routes are possible,
based on the aforementioned first step:

R(FPB”) =(Nr,Lrs,Ng,Lsc,Nc,Lcp,Np)
Rgg—z) =(Nr,Lrc,Nc,Lcp.Np)

Component
Component

[0097] The solutions are the following:

= (R RS

SIC

[0098] In a third step, the exhaustive set of solutions which has been built in the second step may be analyzed to
determine whether the token could share the part of the route. A link which is crossed by at least one token is called
"shared route link". This is done by the route link determination unit 202, by checking whether each shared route link
has a link weight greater or equal to the addition of the token weights crossing the shared route link.

] N —
[0099] The function SPLIT takes in input a solution Si and returns a list of items: SPLIT(Si) = (ITy, ..., ITy )
[0100] The item IT;is a couple composed by an element Elmt (node or link) and a list of tokens sharing this element
on the route: IT; = ( EImt, TokenList)
[0101] For example, on figure 7, the item 4 is defined as:

IT, = (Lpc, (T, Ty ) )

]
[0102] IT, represents the sharing of the link Lg ¢ by the token T, and Ty, in the solution Sl .

] ]
[0103] A solution Si is valid if all the items IT, returned by SPLIT(Si) satisfy the condition that the link weight of

the element is greater or equal to the sum of all the token weights which are present in the list of the items.
[0104] ForIT,; = ( EImt, TokenList)

Card(TokenList)

W(EImt) > Z W(T)

1=1

S]: (R(K)—l R(H)—l)
[0105] In the example figure 7, for the solution 1 AD » ED
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Rg?g_l) =(Na,Lag,Ns,Lec,Nc,Lcp,Np)

(Rg,%_l) =(Nr,Lrg,Ns,Lec,Nc,Lecp, Np)

Component

Component
SPLIT(S{): (IT4, 1T, T3, T4, IT5, ITe, IT7, 1T, Ty )

ITy=(Na, (Tk))
ITo=(Lag . (Tk))
IT3=(Ng, (Tk.Th))
ITy=(gc . (Tk.TH))
ITs=(N¢c, (Tk,Th)
ITe=(Lep . (Tk. Th))
IT7=(Np, (T, Ty ))
IT8 = (Ng, (Ty))
m9=(Leg. (Th))

[0106] Insuchimplementation,item 4 does not meetthe constraintof sharing thelink Lg c as W(Lg c)=2and X« yW(T;)

J
= 3. The solution "1 is not valid and is filtered, by the filter 203, by removing it, so only the solution

I _ ®-1 (H) -2
S; = (RA,D » Rep )

]
[0107] Each solution Si , comprising one candidate route per token, satisfies the constraints relative to the token

weights, and the weights of the shared route links.

J J
[0108] The solutions 1 may be then evaluated so as to determine which solution ™1 offers an optimized sharing of
the routes.

is kept.

]
[0109] A benefit value associated to a solution Si may be further computed. Such value, which represents the benefit

J
value of the solution i for the journey J, is denoted i and may be computed by the SV function as follows :

d J
sVl =sv(s)=x spun(s;) SV(IT,) (Equation 3)

[0110] In Equation 3:
SPLIT(S])

- ITy is part of the item returned by the split function

SV(ITy) = FV(Cpt) * card( TokenList) ;

IT, = (Componentt, TokenList).

[0111] In an application of the invention to the travel industry, this function may be a function determining the time
spent by at least two travelers during their journey in airport and in flight. Such time may be maximized when the travelers
are friends or minimized for CEO travelers to mitigate the risks for the company. In an application of the invention to the
freight field, this function could represent the time spent by carried commodities from different origins. The function may
be optimized to reflect the sharing of commaodities.

[0112] The solutions may then be ranked, based on the benefit of each solution for the journey. The solution which
has the optimal solution value (minimal or maximal, depending on the context) may be stored. Such solution comprises
the set of routes for the tokens.

[0113] Once all the travelers have agreed on the set of routes, they may connect to a Sell server 106. At this moment,
the following data are known for each passenger:

- Origin- connecting points-destination for outbound ;
- Origin- connecting points-destination for inbound;

1"



10

15

20

25

30

35

40

45

50

55

EP 3 790 238 B1

- The number of passengers for each bound (token weight);

- The typology from each passenger (Adult/child/Infant/...)

- The details of the fare basis selected;

- The shared route links (in order to try to block adjacent seats).

[0114] The Sell Server 106 may initiate parallel process to request for each set of passengers booking actions to
secure the various bookings. A global file may be created to aggregate at a higher level all the details from the various
bookings, and to link all the individual PNRs. The global file links all the individual PNRs, in order to allow a common
process of all the linked PNRs, so as to ensure that the group is side by side in their common legs of the travel. Besides,
linking the PNRs ensures to the group relevant re-accommodation or coherent compensation in case of disruption of
the trip.

[0115] The payment may be managed by a Payment server 107. As the group travelers may not live in the same time
zone, the Payment server 107 is configured to enable asynchronous payment by each traveler within a predefined
timeline. The travelers can decide if they all pay the exact same amount, or if each traveler pays her/his own trip. Then,
each traveler may receive a link for her/his booking, from the Payment server 107, to make the payment.

[0116] Two options can be proposed for the payment, according to what has been decided initially by the group at the
beginning.

[0117] According to a first option, the travels may be booked individually. Each member of the group of traveler may
then pay for his/her travel; the tickets for his/her travel will be then issued immediately. In such case, a traveler can
decide not to complete this/her booking (if he or she changed her mind for example).

[0118] According to a second option, the travel may be definitively booked only if all travelers have duly completed
their payments.

[0119] The second option may encompass two embodiments.

[0120] In afirst embodiment of the second option, each traveler proceeds with the payment his/her part. The payment
from each traveler is then collected, and validity of the payment checked. Each payment may be made for the amount
of each individual PNR. If at the end of a pre-defined period, at least one payment is missing, all payment transactions
will be reversed and the pre-booked PNR are cancelled. If all payments are completed, the PNRs are committed and
the tickets issued.

[0121] In a second embodiment of the second option, each traveler proceeds with the payment of an equal amount.
In such case, the payments may be collected by a third party, for example a travel agent. Then, the third party may
proceed with the payment for each PNR. Lastly, the PNRs may be committed and the tickets issued. If not all payments
are done, the PNRs are cancelled.

[0122] An application of the invention to the travel industry may comprise finding of common flight and airport for
people that want to share a part of their journey together. The users of the groups could be friends starting the trip from
different cities and having a common destination for their trip to share maximum time travelling together. Each traveler
can define constraints related to the time of the travel, the time waiting at an airport and/or to the cost of his/her travel.
[0123] In an application of the invention to the freight industry, freight companies may use the invention to optimize
the storage in cold room and grouping commaodities to optimize truck usage from their production area to their selling area.
[0124] Referring now to figure 8, the system 100, one or more blocks of the system 100 as well as the systems or
devices of the operating environment may be implemented on one or more computing devices or systems, referred to
collectively as a computer, such as computer 26. The computer 26 may include a processor 28, a memory 30, a mass
storage memory device 32, an input/output (I/O) interface 34, and a Human Machine Interface (HMI) 36. The computer
26 may also be operatively coupled to one or more external resources 38 via the network 24 or I/O interface 34. External
resources may include, but are not limited to, servers, databases, mass storage devices, peripheral devices, cloud-
based network services, or any other suitable computer resource that may be used by the computer 26.

[0125] The processor 28 may include one or more devices selected from microprocessors, micro-controllers, digital
signal processors, microcomputers, central processing units, field programmable gate arrays, programmable logic de-
vices, state machines, logic circuits, analog circuits, digital circuits, or any other devices that manipulate signals (analog
or digital) based on operational instructions that are stored in the memory 30. The memory 30 may include a single
memory device or a plurality of memory devices including, but not limited, to read-only memory (ROM), random access
memory (RAM), volatile memory, non-volatile memory, static random access memory (SRAM), dynamic random access
memory (DRAM), flash memory, cache memory, or any other device capable of storing information. The mass storage
memory device 32 may include data storage devices such as a hard drive, optical drive, tape drive, non-volatile solid
state device, or any other device capable of storing information.

[0126] The processor 28 may operate under the control of an operating system 40 that resides in the memory 30. The
operating system 40 may manage computer resources so that computer program code embodied as one or more
computer software applications, such as an application 42 residing in memory 30, may have instructions executed by
the processor 28. In an alternative embodiment, the processor 28 may execute the application 42 directly, in which case
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the operating system 40 may be omitted. One or more data structures 44 may also reside in memory 30, and may be
used by the processor 28, operating system 40, or application 42 to store or manipulate data.

[0127] The I/O interface 34 may provide a machine interface that operatively couples the processor 28 to other devices
and systems, such as the network 24 or the one or more external resources 38. The application 42 may thereby work
cooperatively with the network 24 or the external resources 38 by communicating via the I/O interface 34 to provide the
various features, functions, applications, processes, or modules comprising embodiments of the invention. The appli-
cation 42 may also have program code that is executed by the one or more external resources 38, or otherwise rely on
functions or signals provided by other system or network components external to the computer 26. Indeed, given the
nearly endless hardware and software configurations possible, persons having ordinary skill in the art will understand
that embodiments of the invention may include applications that are located externally to the computer 26, distributed
among multiple computers or other external resources 38, or provided by computing resources (hardware and software)
that are provided as a service over the network 24, such as a cloud computing service.

[0128] The HMI 36 may be operatively coupled to the processor 28 of computer 26 in a known manner to allow a user
to interact directly with the computer 26. The HMI 36 may include video or alphanumeric displays, a touch screen, a
speaker, and any other suitable audio and visual indicators capable of providing data to the user. The HMI 36 may also
include input devices and controls such as an alphanumeric keyboard, a pointing device, keypads, pushbuttons, control
knobs, microphones, etc., capable of accepting commands or input from the user and transmitting the entered input to
the processor 28.

[0129] A database 46 may reside on the mass storage memory device 32, and may be used to collect and organize
data used by the various systems and modules described herein. The database 46 may include data and supporting
data structures that store and organize the data. In particular, the database 46 may be arranged with any database
organization or structure including, but not limited to, a relational database, a hierarchical database, a network database,
or combinations thereof. A database management system in the form of a computer software application executing as
instructions on the processor 28 may be used to access the information or data stored in records of the database 46 in
response to a query, where a query may be dynamically determined and executed by the operating system 40, other
applications 42, or one or more modules.

[0130] While conventional solutions process the availability requests and the pricing requests for the relevant routes
of each of the user, the embodiments of the invention enable saving a dramatic volume of availability requests and
pricing requests, such request being processed only for the relevant routes of the group which have been identified by
the Maximize Social Trip Server 101.

[0131] Further, the embodiments of the invention enable optimization of the look-to-book ratio (the percentage of users
accessing a content provider system website with respect to those who actually make a purchase) by removing the
individual search requests. Such optimization of the look-to-book ratio results in a significant reduction of the computa-
tional resources of the content provider system.

Claims

1. A system for determining a set of routes, Sj, in a computerized environment, using a graph comprising a plurality
of nodes and links connecting the nodes and being characterized by the set of routes being determined for one or
more tokens, Tk, each token being associated with an origin node and a destination node included in said graph
and with a token weight, the system being configured to:

- receive, at a computer, a set of token constraints for each token, Tk, said token constraints received for each
token comprising at least one constraint related to the token weight;

- determine, by the computer, and for each token, Tk, a set of candidate routes satisfying at least some of the
token constraints received for said token, each candidate route being connected by the origin node and the
destination node associated with said token, said candidate route comprising at least one route link included
in said graph, said route link being associated with a link weight;

- determine, by the computer, shared route links, each shared route link being a route link comprised in a route
in the sets of candidate routes determined for at least two tokens;

- filter, by the computer, the set of candidate routes determined for the tokens, Tk, based on a condition related
to the weight of each shared route link in a route of said sets of candidate routes and to the weights of the tokens
sharing said link.

2. The system according to claim 1, wherein the system is further configured to compute a set of solutions, each
solution comprising a unique combination of the candidate routes of the tokens, Tk, and for each solution:
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- determine a set of items, ITi, each item, ITi, comprising a node or a link which is comprised in a candidate
route determined for one or more tokens, Tk and said one or more tokens, Tk;

- compute, for each item, ITi, an item value, the item value representing a time needed for a token to browse
the node or link comprised in the item, ITi, multiplied by the number of tokens, Tk, comprised in said item, ITi,
- determine a solution value by adding the item values of all the items, ITi, of the solution;

- select the solution having the optimal solution value, which provides a set of routes, S;j.

The system according to any of the preceding claims, wherein the system is configured to compute said set of
candidate routes for a given token, Tk, by determining the routes having link weights matching a condition related
to the token weight of the corresponding token, Tk.

The system according to any of the preceding claims, wherein each route further comprises a route duration value,
the token constraints including a duration constraint related to the route duration value, a route of the set of candidate
routes satisfying said duration constraint if the route has a route duration value which is inferior or equal to a
predefined route maximum value.

The system according to any of the preceding claims, wherein each route further comprises one transit time value
for each node of the route, the token constraints including a time constraint related to the route transit time, a route
of the set of candidate routes satisfying said time constraint if all the nodes of the route have a transit time value
which is inferior or equal to a predefined node maximum value.

The system according to any of claims 2 to 5, wherein the system is configured to filter the set of solutions based
on a condition related to a comparison, for each item, ITi, having a shared route link and at least two tokens, Tk,
between the sum of the token weights of the at least two tokens, Tk and the weight of the shared route link of said
item, ITi.

The system according to any of the preceding claims, wherein each route further comprises a route cost value, the
token constraints including a cost constraint related to the route cost value, a route of the set of candidate routes
satisfying said cost constraint if the route has a cost value which is inferior or equal to a predefined maximum cost.

A method for determining a set of routes, Sj, in a computerized environment, using a graph comprising a plurality
of nodes and links connecting the nodes and being characterized by the set of routes being determined for one or
more tokens, Tk, each token being associated with an origin node and a destination node included in said graph
and with a token weight, the method comprising the steps of:

- receiving, at a computer, a set of token constraints for each token, Tk, said token constraints received for each
token comprising at least one constraint related to the token weight;

- determining, by the computer, and for each token, Tk, a set of candidate routes satisfying at least some of the
token constraints received for said token, each candidate route being connected by the origin node and the
destination node associated with said token, said candidate route comprising at least one route link included
in said graph, said route link being associated with a link weight,

- determining, by the computer, shared route links, each shared route link being a route link comprised in a
route in the sets of candidate routes determined for at least two tokens;

- filtering, by the computer, the set of candidate routes determined for the tokens, Tk, based on a condition
related to the weight of each shared route link in a route of said sets of candidate routes and to the weights of
the tokens sharing said link.

9. The method according to claim 8, comprising the step of computing a set of solutions, each solution comprising a

unique combination of the candidate routes of the tokens, Tk, and for each solution:

- determining a set of items, ITi, each item, ITi, comprising a node or a link which is comprised in a candidate
route determined for one or more tokens, Tk and said one or more tokens, Tk;

- computing, for each item, ITi, an item value, the item value representing a time needed for a token to browse
the node or link comprised in the item, ITi, multiplied by the number of tokens, Tk, comprised in said item, ITi;
- determining a solution value by adding the item values of all the items, ITi, of the solution;

- selecting the solution having the optimal solution value, which provides a set of routes, S;j.

10. The method according to any of claims 8 or 9, wherein the step of computing of said set of candidate routes for a
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given token, Tk, comprises determining the routes having link weights matching a condition related to the token
weight of the corresponding token, Tk.

The method according to any of claims 8 to 10, wherein each route further comprises a route duration value, the
token constraints including a duration constraint related to the route duration value, a route of the set of candidate
routes satisfying said duration constraint if the route has a route duration value which is inferior or equal to a
predefined route maximum value.

The method according to any of claims 8 to 11, wherein each route further comprises one transit time value for each
node of the route, the token constraints including a time constraint related to the route transit time, a route of the
set of candidate routes satisfying said time constraint if all the nodes of the route have a transit time value which is
inferior or equal to a predefined node maximum value.

The method according to any of claims 9 to 12, comprising the filtering of the set of solutions based on a condition
related to a comparison, for each item, ITi, having a shared route link and at least two tokens, Tk, between the sum
of the token weights of the at least two tokens, Tk, and the weight of the shared route link of said item (IT;).

The method according to any of claims 8 to 13, wherein each route further comprises a route cost value, the token
constraints including a cost constraint related to the route cost value, a route of the set of candidate routes satisfying
said cost constraint if the route has a cost value which is inferior or equal to a predefined maximum cost.

A computer program product comprising a non-transitory computer readable storage medium, and instructions
stored on the non-transitory computer readable storage medium that, when executed by a processor, cause the
processor to execute the method according to any of claims 8 to 13.

Patentanspriiche

1.

2,

System zum Bestimmen einer Menge von Routen, Sj, in einer computerisierten Umgebung unter Verwendung eines
Graphen, der eine Vielzahl von Knoten und die Knoten verbindenden Kanten umfasstund dadurch gekennzeichnet
ist, dass die Menge von Routen fiir einen oder mehrere Token, Tk, bestimmt wird, wobei jedem Token ein Ur-
sprungsknoten und ein Zielknoten, die in dem Graphen eingeschlossen sind, und ein Token-Gewicht zugeordnet
sind, wobei das System dafir konfiguriert ist:

- in einem Computer eine Menge von Token-Nebenbedingungen fir jeden Token, Tk, zu empfangen, wobei
die fur jeden Token empfangenen Token-Nebenbedingungen mindestens eine auf das Token-Gewicht bezo-
gene Nebenbedingung umfassen;

- durch den Computer und fir jeden Token, Tk, eine Menge von Routenkandidaten zu bestimmen, die mindestens
einige der fir den Token empfangenen Token-Nebenbedingungen erfiillen, wobei jeder Routenkandidat durch
den Ursprungsknoten und den Zielknoten, die dem Token zugeordnet sind, verbunden ist, wobei der Routen-
kandidat mindestens eine in dem Graphen eingeschlossene Routenkante umfasst, wobei der Routenkante ein
Kantengewicht zugeordnet ist;

- durch den Computer gemeinsam genutzte Routenkanten zu bestimmen, wobei jede gemeinsam genutzte
Routenkante eine Routenkante ist, die in einer Route in den Mengen von Routenkandidaten enthalten ist, die
fir mindestens zwei Token bestimmt wurden;

- durch den Computer die Menge von Routenkandidaten, die fur die Token, Tk, bestimmt wurden, auf der
Grundlage einer Bedingung zu filtern, die sich auf das Gewicht jeder gemeinsam genutzten Routenkante in
einer Route der Mengen von Routenkandidaten und auf die Gewichte der Token, die diese Kante gemeinsam
nutzen, bezieht.

System nach Anspruch 1, worin das System ferner dafiir konfiguriert ist, eine Menge von Lésungen zu berechnen,
wobei jede Losung eine eindeutige Kombination der Routenkandidaten der Token, Tk, umfasst, und fir jede Losung:

- eine Menge von Elementen, ITi, zu bestimmen, wobei jedes Element, ITi, einen Knoten oder eine Kante,
der/die in einem Routenkandidaten enthalten ist, der fiir ein oder mehrere Token, Tk, bestimmt wurde, und das
eine oder die mehreren Token, Tk, umfasst;

- fir jedes Element, ITi, einen Elementwert zu berechnen, wobei der Elementwert eine Zeit darstellt, die ein
Token bendtigt, um den Knoten oder die Kante zu durchsuchen, der/die in dem Element, ITi, enthalten ist,

15



10

15

20

25

30

35

40

45

50

55

EP 3 790 238 B1

multipliziert mit der Anzahl von Token, Tk, die in dem Element, ITi, enthalten sind;
- durch Addieren der Elementwerte aller Elemente, ITi, der LOsung einen Lésungswert zu bestimmen;
- die L6sung mit dem optimalen Losungswert auszuwahlen, die eine Menge von Routen, Sj, bereitstellt.

System nach einem der vorhergehenden Anspriiche, worin das System dafir konfiguriert ist, die Menge von Rou-
tenkandidaten fiir einen gegebenen Token, Tk, zu berechnen, indem es diejenigen Routen bestimmt, die Kanten-
gewichte haben, welche mit einer Bedingung ibereinstimmen, die sich auf das Token-Gewicht des entsprechenden
Tokens, Tk, bezieht.

System nach einem der vorhergehenden Anspriche, worin jede Route ferner einen Routendauerwert umfasst,
wobei die Token-Nebenbedingungen eine auf den Routendauerwert bezogene Dauer-Nebenbedingung einschlie-
Ren, wobei eine Route der Menge von Routenkandidaten die Dauer-Nebenbedingung erfiillt, wenn die Route einen
Routendauerwert hat, der niedriger als oder gleich einem vordefinierten Routenmaximalwert ist.

System nach einem der vorhergehenden Anspriiche, worin jede Route ferner einen Durchlaufzeitwert fiir jeden
Knoten der Route umfasst, wobei die Token-Nebenbedingungen eine auf die Routendurchlaufzeit bezogene Zeit-
Nebenbedingung einschlieRen, wobei eine Route der Menge von Routenkandidaten die Zeit-Nebenbedingung erfilllt,
wenn alle Knoten der Route einen Durchlaufzeitwert haben, der niedriger als oder gleich einem vordefinierten
Knotenmaximalwert ist.

System nach einem der Anspriiche 2 bis 5, worin das System dafiir konfiguriert ist, die Menge von Ldsungen auf
der Grundlage einer Bedingung zu filtern, die sich auf einen Vergleich zwischen der Summe der Token-Gewichte
der mindestens zwei Token, Tk, und dem Gewicht der gemeinsamen Routenkante des Elements, ITi, fir jedes
Element, ITi, mit einer gemeinsamen Routenkante und mindestens zwei Token, Tk, bezieht.

System nach einem der vorhergehenden Anspriiche, worin jede Route ferner einen Routenkostenwert umfasst,
wobei die Token-Nebenbedingungen eine auf den Routenkostenwert bezogene Kosten-Nebenbedingung einschlie-
Ren, wobei eine Route der Menge von Routenkandidaten die Kosten-Nebenbedingung erflillt, wenn die Route einen
Kostenwert hat, der niedriger als oder gleich einem vordefinierten Kostenmaximum ist.

Verfahren zum Bestimmen einer Menge von Routen, Sj, in einer computerisierten Umgebung unter Verwendung
eines Graphen, der eine Vielzahl von Knoten und die Knoten verbindenden Kanten umfasst und dadurch gekenn-
zeichnet ist, dass die Menge von Routen fiir einen oder mehrere Token, Tk, bestimmt wird, wobei jedem Token
ein Ursprungsknoten und ein Zielknoten, die in dem Graphen eingeschlossen sind, und ein Token-Gewicht zuge-
ordnet sind, wobei das Verfahren die folgenden Schritte umfasst:

- Empfangen einer Menge von Token-Nebenbedingungen fiir jeden Token, Tk, in einem Computer, wobei die
fur jeden Token empfangenen Token-Nebenbedingungen mindestens eine auf das Token-Gewicht bezogene
Nebenbedingung umfassen;

- durch den Computer und fir jeden Token, Tk, erfolgendes Bestimmen einer Menge von Routenkandidaten,
die mindestens einige der fur den Token empfangenen Token-Nebenbedingungen erfiillen, wobei jeder Rou-
tenkandidat durch den Ursprungsknoten und den Zielknoten, die dem Token zugeordnet sind, verbunden ist,
wobei der Routenkandidat mindestens eine in dem Graphen eingeschlossene Routenkante umfasst, wobei der
Routenkante ein Kantengewicht zugeordnet ist;

- Bestimmen von gemeinsam genutzten Routenkanten durch den Computer, wobei jede gemeinsam genutzte
Routenkante eine Routenkante ist, die in einer Route in den Mengen von Routenkandidaten enthalten ist, die
fir mindestens zwei Token bestimmt wurden;

- Filtern der Menge von fiir die Token, Tk, bestimmten Routenkandidaten durch den Computer auf der Grundlage
einer Bedingung, die sich auf das Gewicht jeder gemeinsam genutzten Routenkante in einer Route der Mengen
von Routenkandidaten und auf die Gewichte der Token, die diese Kante gemeinsam nutzen, bezieht.

9. Verfahren nach Anspruch 8, umfassend den Schritt: Berechnen einer Menge von Lésungen, wobei jede Lésung

eine eindeutige Kombination der Routenkandidaten der Token, Tk, umfasst, und fir jede Lésung:

- Bestimmen einer Menge von Elementen, ITi, wobei jedes Element, ITi, einen Knoten oder eine Kante, der/die
in einem Routenkandidaten enthalten ist, der fir ein oder mehrere Token, Tk, bestimmt wurde, und das eine
oder die mehreren Token, Tk, umfasst;

- Berechnen eines Elementwertes fir jedes Element, ITi, wobei der Elementwert eine Zeit darstellt, die ein
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Token bendtigt, um den Knoten oder die Kante zu durchsuchen, der/die in dem Element, ITi, enthalten ist,
multipliziert mit der Anzahl von Token, Tk, die in dem Element, ITi, enthalten sind;
- Bestimmen eines Lésungswertes durch Addieren der Elementwerte aller Elemente, ITi, der Losung;

Auswahlen der Lésung mit dem optimalen Loésungswert, die eine Menge von Routen, Sj, bereitstellt.

Verfahren nach einem der Anspriiche 8 oder 9, worin der Schritt des Berechnens der Menge von Routenkandidaten
fur einen gegebenen Token, Tk, umfasst: Bestimmen derjenigen Routen, die Kantengewichte haben, welche mit
einer Bedingung Ubereinstimmen, die sich auf das Token-Gewicht des entsprechenden Tokens, Tk, bezieht.

Verfahren nach einem der Anspriiche 8 bis 10, worin jede Route ferner einen Routendauerwert umfasst, wobei die
Token-Nebenbedingungen eine auf den Routendauerwert bezogene Dauer-Nebenbedingung einschlieRen, wobei
eine Route der Menge von Routenkandidaten die Dauer-Nebenbedingung erfiillt, wenn die Route einen Routen-
dauerwert hat, der niedriger als oder gleich einem vordefinierten Routenmaximalwert ist.

Verfahren nach einem der Anspriiche 8 bis 11, worin jede Route ferner einen Durchlaufzeitwert fir jeden Knoten
der Route umfasst, wobei die Token-Nebenbedingungen eine auf die Routendurchlaufzeit bezogene Zeit-Neben-
bedingung einschlieRen, wobei eine Route der Menge von Routenkandidaten die Zeit-Nebenbedingung erfillt, wenn
alle Knoten der Route einen Durchlaufzeitwert haben, der niedriger als oder gleich einem vordefinierten Knoten-
maximalwert ist.

Verfahren nach einem der Anspriiche 9 bis 12, umfassend: Filtern der Menge von Ldsungen auf der Grundlage
einer Bedingung, die sich auf einen Vergleich zwischen der Summe der Token-Gewichte der mindestens zwei
Token, Tk, und dem Gewicht der gemeinsamen Routenkante des Elements, ITi, fir jedes Element, ITi, mit einer
gemeinsamen Routenkante und mindestens zwei Token, Tk, bezieht.

Verfahren nach einem der Anspriiche 8 bis 13, worin jede Route ferner einen Routenkostenwert umfasst, wobei
die Token-Nebenbedingungen eine auf den Routenkostenwert bezogene Kosten-Nebenbedingung einschlielen,
wobei eine Route der Menge von Routenkandidaten die Kosten-Nebenbedingung erfiillt, wenn die Route einen
Kostenwert hat, der niedriger als oder gleich einem vordefinierten Kostenmaximum ist.

Computerprogrammprodukt, umfassend ein nichtfliichtiges computerlesbares Speichermedium und auf dem nicht-
flichtigen computerlesbaren Speichermedium gespeicherte Anweisungen, die, wenn sie durch einen Prozessor
ausgefiihrt werden, den Prozessor veranlassen, das Verfahren nach einem der Anspriiche 8 bis 13 auszufiihren.

Revendications

1.

2,

Systeme permettant de déterminer un ensemble d'itinéraires, Sj, dans un environnement informatisé, en utilisant
un graphe comprenant une pluralité de nceuds et de liaisons reliant les nceuds, et caractérisé en ce que 'ensemble
d’itinéraires est déterminé pour un ou plusieurs jetons, Tk, chaque jeton étant associé a un nceud d’origine et a un
nceud de destination inclus dans ledit graphe, et a un poids de jeton, le systéeme étant configuré de maniéere a :

- recevoir, au niveau d’un ordinateur, un ensemble de contraintes de jeton pour chaque jeton, Tk, lesdites
contraintes de jeton regues pour chaque jeton comprenant au moins une contrainte connexe au poids de jeton ;
-déterminer, parle biais de I'ordinateur, et pour chaque jeton, Tk, un ensemble d’itinéraires candidats satisfaisant
au moins certaines des contraintes de jeton regues pour ledit jeton, chaque itinéraire candidat étant connecté
par le nceud d’origine et le nceud de destination associés audit jeton, ledit itinéraire candidat comprenant au
moins une liaison d'itinéraire incluse dans ledit graphe, ladite liaison d’itinéraire étant associée a un poids de
liaison ;

- déterminer, par le biais de I'ordinateur, des liaisons d'’itinéraire partagées, chaque liaison d’itinéraire partagée
étant une liaison d’itinéraire comprise dans un itinéraire des ensembles d’itinéraires candidats déterminés pour
au moins deux jetons ; et

- filtrer, par le biais de I'ordinateur, 'ensemble d’itinéraires candidats déterminé pour les jetons, Tk, sur la base
d’une condition connexe au poids de chaque liaison d’itinéraire partagée dans un itinéraire desdits ensembles
d’itinéraires candidats et aux poids des jetons partageant ladite liaison.

Systeme selon la revendication 1, dans lequel le systeme est en outre configuré de maniére a calculer un ensemble
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de solutions, chaque solution comprenant une combinaison unique des itinéraires candidats des jetons, Tk, et pour
chaque solution :

- déterminer un ensemble d’éléments, ITi, chaque élément, ITi, comprenant un nceud ou une liaison qui est
compris(e) dans un itinéraire candidat déterminé pour un ou plusieurs jetons, Tk et ledit un ou lesdits plusieurs
jetons, Tk ;

- calculer, pour chaque élément, ITi, une valeur d’élément, la valeur d’élément représentant un temps nécessaire
aun jeton pour parcourir le nceud ou la liaison compris(e) dans I'élément, ITi, multiplié par le nombre de jetons,
Tk, compris dans ledit élément, ITi :

- déterminer une valeur de solution en ajoutant les valeurs d’élément de tous les éléments, ITi, de la solution ; et
- sélectionner la solution présentant la valeur de solution optimale, qui fournit un ensemble d’itinéraires, S;j.

Systeme selon I'une quelconque des revendications précédentes, dans lequel le systéme est configuré de maniére
a calculer ledit ensemble d’itinéraires candidats pour un jeton donné, Tk, en déterminant les itinéraires présentant
des poids de liaison correspondant a une condition connexe au poids de jeton du jeton correspondant, Tk.

Systeme selon I'une quelconque des revendications précédentes, dans lequel chaque itinéraire comprend en outre
une valeur de durée d'itinéraire, les contraintes de jeton incluant une contrainte de durée connexe a la valeur de
durée d’itinéraire, unitinéraire de 'ensemble d’itinéraires candidats satisfaisantladite contrainte de durée sil'itinéraire
présente une valeur de durée d'itinéraire qui est inférieure ou égale a une valeur maximale d’itinéraire prédéfinie.

Systeme selon I'une quelconque des revendications précédentes, dans lequel chaque itinéraire comprend en outre
une valeur de temps de transit pour chaque nceud de litinéraire, les contraintes de jeton incluant une contrainte de
temps connexe au temps de transit d’itinéraire, un itinéraire de I'ensemble d’itinéraires candidats satisfaisant ladite
contrainte de temps si tous les nceuds de l'itinéraire présentent une valeur de temps de transit qui est inférieure ou
égale a une valeur maximale de nceud prédéfinie.

Systeme selon I'une quelconque des revendications 2 a 5, dans lequel le systéme est configuré de maniére a filtrer
'ensemble de solutions surlabase d’'une condition connexe a une comparaison, pourchaque élément, ITi, présentant
une liaison d’itinéraire partagée et au moins deux jetons, Tk, entre la somme des poids de jetons desdits au moins
deux jetons, Tk et le poids de la liaison d’itinéraire partagée dudit élément, ITi.

Systeme selon I'une quelconque des revendications précédentes, dans lequel chaque itinéraire comprend en outre
une valeur de co(t d’itinéraire, les contraintes de jeton incluant une contrainte de co(it connexe a la valeur de co(t
d’itinéraire, un itinéraire de I'ensemble d’itinéraires candidats satisfaisant ladite contrainte de co(t si l'itinéraire
présente une valeur de colt qui est inférieure ou égale a un colt maximal prédéfini.

Procédé permettant de déterminer un ensemble d’itinéraires, Sj, dans un environnement informatisé, en utilisant
un graphe comprenant une pluralité de nceuds et de liaisons reliant les nceuds, et caractérisé en ce que 'ensemble
d’itinéraires est déterminé pour un ou plusieurs jetons, Tk, chaque jeton étant associé a un nceud d’origine et a un
nceud de destination inclus dans ledit graphe et a un poids de jeton, le procédé comprenant les étapes ci-dessous
consistant a :

- recevoir, au niveau d’un ordinateur, un ensemble de contraintes de jeton pour chaque jeton, Tk, lesdites
contraintes de jeton regues pour chaque jeton comprenant au moins une contrainte connexe au poids de jeton ;
-déterminer, par le biais de I'ordinateur, et pour chaque jeton, Tk, un ensemble d’itinéraires candidats satisfaisant
au moins certaines des contraintes de jeton regues pour ledit jeton, chaque itinéraire candidat étant connecté
par le nceud d’origine et le nceud de destination associés audit jeton, ledit itinéraire candidat comprenant au
moins une liaison d'itinéraire incluse dans ledit graphe, ladite liaison d’itinéraire étant associée a un poids de
liaison ;

- déterminer, par le biais de I'ordinateur, des liaisons d'’itinéraire partagées, chaque liaison d’itinéraire partagée
étant une liaison d’itinéraire comprise dans un itinéraire des ensembles d’itinéraires candidats déterminés pour
au moins deux jetons ; et

- filtrer, par le biais de I'ordinateur, 'ensemble d’itinéraires candidats déterminé pour les jetons, Tk, sur la base
d’une condition connexe au poids de chaque liaison d’itinéraire partagée dans un itinéraire desdits ensembles
d’itinéraires candidats et aux poids des jetons partageant ladite liaison.

9. Procédé selon la revendication 8, comprenant |'étape consistant a calculer un ensemble de solutions, chaque
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solution comprenant une combinaison unique des itinéraires candidats des jetons, Tk, et pour chaque solution :

- déterminer un ensemble d’éléments, ITi, chaque élément, ITi, comprenant un nceud ou une liaison qui est
compris(e) dans un itinéraire candidat déterminé pour un ou plusieurs jetons, Tk et ledit un ou lesdits plusieurs
jetons, Tk ;

- calculer, pour chaque élément, ITi, une valeur d’élément, la valeur d’élément représentant un temps nécessaire
aun jeton pour parcourir le nceud ou la liaison compris(e) dans I'élément, ITi, multiplié par le nombre de jetons,
Tk, compris dans ledit élément, ITi :

- déterminer une valeur de solution en ajoutant les valeurs d’élément de tous les éléments, ITi, de la solution ; et
- sélectionner la solution présentant la valeur de solution optimale, qui fournit un ensemble d’itinéraires, S;j.

Procédé selon 'une quelconque des revendications 8 et 9, dans lequel I'étape de calcul dudit ensemble d’itinéraires
candidats pour un jeton donné, Tk, comprend I'étape consistant a déterminer les itinéraires présentant des poids
de liaison correspondant a une condition connexe au poids de jeton du jeton correspondant, Tk.

Procédé selon I'une quelconque des revendications 8 a 10, dans lequel chaque itinéraire comprend en outre une
valeur de durée d'itinéraire, les contraintes de jeton incluant une contrainte de durée connexe a la valeur de durée
d’itinéraire, un itinéraire de 'ensemble d’itinéraires candidats satisfaisant ladite contrainte de durée si l'itinéraire
présente une valeur de durée d'itinéraire qui est inférieure ou égale a une valeur maximale d’itinéraire prédéfinie.

Procédé selon I'une quelconque des revendications 8 a 11, dans lequel chaque itinéraire comprend en outre une
valeur de temps de transit pour chaque nceud de l'itinéraire, les contraintes de jeton incluant une contrainte de
temps connexe au temps de transit d'itinéraire, un itinéraire de 'ensemble d’itinéraires candidats satisfaisant ladite
contrainte de temps si tous les nceuds de l'itinéraire présentent une valeur de temps de transit qui est inférieure ou
égale a une valeur maximale de nceud prédéfinie.

Procédé selon I'une quelconque des revendications 9 a 12, comprenant I'étape consistant a filtrer 'ensemble de
solutions sur la base d’une condition connexe a une comparaison, pour chaque élément, ITi, présentant une liaison
d’itinéraire partagée et au moins deux jetons, Tk, entre la somme des poids de jetons desdits au moins deux jetons,
Tk, et le poids de la liaison d'itinéraire partagée dudit élément (IT;).

Procédé selon 'une quelconque des revendications 8 a 13, dans lequel chaque itinéraire comprend en outre une
valeur de co(t d’itinéraire, les contraintes de jeton incluant une contrainte de colt connexe a la valeur de coit
d’itinéraire, un itinéraire de I'ensemble d’itinéraires candidats satisfaisant ladite contrainte de co(t si l'itinéraire
présente une valeur de colt qui est inférieure ou égale a un colt maximal prédéfini.

Produit-programme informatique comprenant un support de stockage non transitoire lisible par ordinateur, et des
instructions stockées sur le support de stockage non transitoire lisible par ordinateur, qui, lorsqu’elles sont exécutées
par un processeur, aménent le processeur a mettre en ceuvre le procédé selon I'une quelconque des revendications
8a13.
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