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ARRANGING A TRANSPORT SERVICE FOR MULTIPLE USERS

RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Provisional Patent
Application No. 61/999,622, filed July 30, 2014, titled ARRANGING A TRANSPORT
SERVICE FOR MULTIPLE USERS; the aforementioned application being incorporated
by reference in its entirety.

BACKGROUND

[0002] Systems exist that can arrange for a transport service to be provided by a
driver through the use of computing devices. For example, a user can make a
request for a transport service using a mobile computing device and a system can

select a driver to perform the transport service for the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 illustrates an example system to arrange a transport service for

multiple users, under an embodiment.

[0004] FIGS. 2A and 2B illustrate example diagrams depicting computed

distances for arranging a transport service.

[0005] FIGS. 3A and 3B illustrate example methods for arranging a transport

service for multiple users, according to embodiments.

[0006] FIG. 4 illustrates an example method for determining whether a driver is
to provide a transport service for a requesting second user, according to an

embodiment.

[0007] FIGS. 5A through 5C illustrate other examples methods for arranging a

transport service for a user, in one embodiment.

[0008] FIG. 6 is a block diagram that illustrates a computer system upon which

embodiments described herein may be implemented.

[0009] FIG. 7 is a block diagram that illustrates a mobile computing device upon

which embodiments described herein may be implemented.

DETAILED DESCRIPTION

[0010] Examples described herein provide for a transport arrangement system to
arrange a transport service to be provided for multiple users by a single driver. In

examples described, the transport arrangement system (e.g., referred to herein as
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“the system”) provides a network service in which the system can receive requests
for transport service from two or more users (also referred to as riders) at different
instances of time, and based on information provided by the individual users in the
requests, can dynamically assign a driver to provide transport to the two or more
users so that the users share at least a portion of the transport service (e.g.,
rideshare).

[0011] Depending on implementation, the system can perform various
computational operations to determine whether a transport service should be at
least partially shared by two or more users. According to an example, the system
can arrange a transport service to be provided by a driver for a first user.
Subsequently, the system can receive a request for transport service from a second
user’s device. The system can determine whether the driver is to be selected to
provide transport service for the second user as part of the transport service for the
first user. In some examples, the system can make this determination based, at
least in part, on a first pickup location of the first user, a second pickup location of
the second user, a first destination location of the first user, and a second
destination location of the second user. If the system determines that the driver is to
be selected to provide transport service for the second user, the system can transmit
a notification message to the driver’s device indicating that the driver is to provide
transport service for the second user as part of the transport service for the first

user.

[0012] The system can determine whether the driver is to be selected to provide
transport service for the second user by determining scores for possible travel
sequences or orders for that driver. In one implementation, the system can
determine the scores (e.g., distance scores) by performing a plurality of distance
computations based on a first pickup location of the first user, a second pickup
location of the second user, a first destination location of the first user, and a second
destination location of the second user. Such location information can be provided by
the first user and the second user via the respective computing devices at different

instances of time.

[0013] The system can use the computed scores to determine if the second user
satisfies one or more conditions. For example, the satisfaction of a first condition can
represent that pairing the first and second users together for ridesharing may be
preferable (or efficient), e.g., as the total distance traveled by the driver would be

less than (or less than or equal to) the sum of the distances of the respective
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transport services if traveled separately. In another example, the first condition can
use the computed distance information and compare it to another ratio or threshold,
as opposed to a ratio of one. If the second user satisfies the first condition, the
system can determine if the second user satisfies a second condition. In one
example, the satisfaction of the second condition can represent that pairing the first
and second users together for ridesharing would not severely inconvenience the first

and second users.

[0014] In another example, when a request for a transport service is received
from a first user, the system can determine a set of candidate drivers (e.g., one or
more candidate drivers) for the first user, where each candidate driver is currently
assigned to provide a transport service for another respective user. In other words,
at the time the request is received from the first user, each candidate driver may
have previously been assigned to transport another user. A candidate driver that is
assigned to transport another user may be traveling to pick up the respective user or
may have already picked up the respective user. The system can perform a selection
process to select a driver from the plurality of candidate drivers. In one example,
performing the selection process can include, for each candidate driver in the
plurality of candidate drivers, determining a set of possible travel sequences in which
that candidate driver can provide both the transport service for the respective user
and the transport service for the first user. The selection process can also include
computing a score for each possible travel sequence in the set of possible travel
sequences and selecting a possible travel sequence based on the computed scores.

The candidate driver can be selected based on the possible travel sequence.

[0015] The system can perform different selection processes depending on
implementation. According to one example, the system can determine the set of
possible travel sequences for each candidate driver by (i) first determining a plurality
of possible travel sequences, (ii) for each of the plurality of possible travel
sequences, computing a first distance score for the first user and a second distance
score for the respective user currently assigned to that candidate driver, and (iii)
identifying the set of possible travel sequences that each have the first distance
score and the second distance score that satisfy a first condition. For each of the
plurality of possible travel sequences, the first distance score for the first user can be
based, at least in part, on a shared distance in which the first user and the
respective user would travel together and an individual distance in which the first

user would travel without the respective user, and the second distance score for the
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respective user is based, at least in part, on the shared distance and an individual

distance in which the respective user would travel without the first user.

[0016] According to another example, the system can determine the set of
possible travel sequences for each candidate driver by (i) first determining a plurality
of possible travel sequences, (ii) for each of the plurality of possible travel
sequences, computing a savings scored based, at least in part, on a first predicted
score of the first user in which the first user is transported individually, a second
predicted score for the respective user currently assigned to that candidate driver,
and a third predicted score in which the first user and the respective user would
travel together for at least a duration of time, and determining a savings ratio based
on the savings score, and (iii) identifying the set of possible travel sequences that
each have the savings ratio that satisfy a first condition.

[0017] Among other benefits and technical effect, examples described herein
improve efficiency with respect to mobile computing devices that are operated by
users and drivers. In particular, examples herein facilitate the pairing of users for a
transport service so that the pairing provides efficiency for the individual drivers and
for the system as a whole. In a given region or city, hundreds of users can interact
with the network service to request transport services in a given duration of time. As
a result, thousands of permutations or combinations of user pairings can be possible,
particularly for requests in the region when considered as a whole. Examples herein
can efficiently and quickly determine which pairing is best for multiple users, thereby
reducing the amount of time and/or distance users (and/or the driver) have to travel

while potentially maximizing cost savings for the users.

[0018] As compared to conventional approaches, some examples as described
increase efficiency of driver assignments based on a variety of factors, such as
throughput of individual driver or of a group of drivers, wait time of passengers, or
collective wait time of passengers in a given time period. Some examples further
recognize that the interests of the individual driver and/or passenger may not be
aligned with the interest of a service which arranges the transport services. For
example, a transport arrangement service may select drivers for riders based on
optimization criteria which serves a collective (e.g., total passenger wait time), while
the interest of the driver may be to acquire the next ride that is nearby. To
accommodate this potential misalignment of interests and better serve, for example,
the community of drivers, controls can be implemented in the selection process of

drivers for transport requests which minimize the ability of drivers (or riders) to
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influence the driver assignment decision, thereby preserving the integrity of the
objective criteria/selection process in use. Among the controls which can be
implemented, location information from drivers is obtained without driver
involvement while the driver is on a trip and when the driver is available for service.
The driver may be precluded from altering the communication of location
information. Moreover, in some variations, the destination locations for (i) drivers on
active trips, (ii) drivers progressing to a pickup location, and/or (iii) drivers available
for pickup requests, can be determined and matched to numerous incoming requests
in order to determine, for example, sequence of pickups for the driver (if any). The
matching process can be done dynamically, using information that could not be
processed by a vehicle or operator, as the determinations require real-time location
information and status information for multiple drivers and potential riders. To
further any one objective, the process can be repeated for select drivers, even when
a preliminary match may have been made. In this way, the service is able to
advance the objective criteria serving the interest of the users rather than the

individual drivers or customers.

[0019] As used herein, a client device, a driver device, a computing device,
and/or a mobile computing device refer to devices corresponding to desktop
computers, cellular devices or smartphones, personal digital assistants (PDAs),
laptop computers, tablet devices, etc., that can provide network connectivity and
processing resources for communicating with the system over one or more
networks. Client devices and driver devices can each operate a designated service
application (e.g., a client application and a driver application, respectively) that is
configured to communicate with the transport arrangement system. A driver device
can also correspond to a computing device that is installed in or incorporated with a

vehicle, such as part of the vehicle’s on-board computing system.

[0020] Still further, while some examples described herein relate to transport
services, the system can enable other on-demand location-based services (for
example, a food truck service, a delivery service, an entertainment service) to be
arranged between users and service providers. For example, a user can request an
on-demand service, such as a delivery service (e.g., food delivery service,
messenger service, food truck service, or product shipping service) or an
entertainment service (e.g., mariachi band, string quartet) using his or her mobile
device, and the system can select a service provider, such as a driver, food provider,

band, etc., to provide the on-demand service for the user.
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[0021] One or more examples described herein provide that methods,
techniques, and actions performed by a computing device are performed
programmatically, or as a computer-implemented method. Programmatically, as
used herein, means through the use of code or computer-executable instructions.
These instructions can be stored in one or more memory resources of the computing

device. A programmatically performed step may or may not be automatic.

[0022] One or more examples described herein can be implemented using
programmatic modules, engines, or components. A programmatic module, engine,
or component can include a program, a sub-routine, a portion of a program, or a
software component or a hardware component capable of performing one or

more stated tasks or functions. As used herein, a module or component can exist on
a hardware component independently of other modules or components.
Alternatively, a module or component can be a shared element or process of other

modules, programs or machines.

[0023] Some examples described herein can generally require the use of
computing devices, including processing and memory resources. For example, one or
more examples described herein may be implemented, in whole or in part, on
computing devices such as servers, desktop computers, cellular or smartphones,
personal digital assistants (e.g., PDAs), laptop computers, printers, digital picture
frames, network equipment (e.g., routers) and tablet devices. Memory, processing,
and network resources may all be used in connection with the establishment, use, or
performance of any example described herein (including with the performance of any

method or with the implementation of any system).

[0024] Furthermore, one or more examples described herein may be
implemented through the use of instructions that are executable by one or more
processors. These instructions may be carried on a computer-readable medium.
Machines shown or described with figures below provide examples of processing
resources and computer-readable mediums on which instructions for implementing
examples described herein can be carried and/or executed. In particular, the
numerous machines shown with examples described herein include processor(s) and
various forms of memory for holding data and instructions. Examples of computer-
readable mediums include permanent memory storage devices, such as hard drives
on personal computers or servers. Other examples of computer storage mediums
include portable storage units, such as CD or DVD units, flash memory (such as

carried on smartphones, multifunctional devices or tablets), and magnetic memory.



WO 2016/019189 7 PCT/US2015/043001

Computers, terminals, network enabled devices (e.g., mobile devices, such as cell
phones) are all examples of machines and devices that utilize processors, memory,
and instructions stored on computer-readable mediums. Additionally, examples may
be implemented in the form of computer-programs, or a computer usable carrier

medium capable of carrying such a program.
[0025] SYSTEM DESCRIPTION

[0026] FIG. 1 illustrates an example system to arrange a transport service for
multiple users, under an embodiment. In the example of FIG. 1, a transport
arrangement system 100 includes a dispatch 110, a client device interface 120, a
driver device interface 130, a client database 140, a driver database 150, a
distance/route determine 160, and a map database 170. A plurality of client devices
180 and a plurality of driver devices 190 can communicate with the system 100 over
one or more networks using, for example, respective designated service applications
181, 191 that are configured to communicate with the system 100. The components
of the system 100 can combine to process location data and to arrange a transport
service for a requesting user using location data. Logic can be implemented with
various applications (e.g., software) and/or with hardware of a computer system

that implements the system 100.

[0027] Depending on implementation, one or more components of the system
100 can be implemented on network side resources, such as on one or more
servers. The system 100 can also be implemented through other computer systems
in alternative architectures (e.g., peer-to-peer networks, etc.). As an addition or an
alternative, some or all of the components of the system 100 can be implemented
on client devices, such as through applications that operate on the client devices 180
and/or the driver devices 190. For example, a client service application 181 and/or a
driver service application 191 can execute to perform one or more of the processes
described by the various components of the system 100. The system 100 can
communicate over a network, via a network interface (e.g., wirelessly or using a
wireline), to communicate with the one or more client devices 180 and the one or

more driver devices 190.

[0028] The system 100 can communicate, over one or more networks, with client
devices 180 and driver devices 190 using a client device interface 120 and a device
interface 130, respectively. The device interfaces 120, 130 can each manage
communications between the system 100 and the respective computing devices 180,

190. The client devices 180 and the driver devices 190 can individually operate client
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service applications 181 and driver service applications 191, respectively, that can
interface with the device interfaces 120, 130 to communicate with the system 100.
According to some examples, these applications can include or use an application
programming interface (API), such as an externally facing API, to communicate data
with the device interfaces 120, 130. The externally facing API can provide access to
the system 100 via secure access channels over the network through any number of
methods, such as web-based forms, programmatic access via restful APIs, Simple
Object Access Protocol (SOAP), remote procedure call (RPC), scripting access, etc.

[0029] As described herein, the system 100 can arrange for a transport service to
be provided for a requesting user. In one example, the client application 181 can
provide one or more user interface features to be displayed on a client device 180,
such as a selection mechanism, which enables a user to select a vehicle type, and
other features to enable the user to select a pickup location, and make a transport
request via user input. Vehicle types can include classes of vehicles and/or types of
drivers or services, such as town cars, vehicles driven by non-commercial drivers,
hybrid vehicles, SUVs, limousines, taxis, on-demand ice cream or food, etc. In some
examples, the client application 181 can enable a user to request a ridesharing
transport service (e.g., a shared transport service), which indicates that the user
wants a transport service and is also open to sharing the transport with one or more
other users (e.g., as a vehicle type or by selecting a ridesharing feature via user

input on a user interface).

[0030] Referring back to FIG. 1, the system 100 can receive, via the client device
interface 120, a transport request 183 for transport service from a first user
operating a first client device 180-1. In this example, the first user has specified in
the transport request 183 that she is willing to share the transport with another
user. The dispatch 110 can receive the transport request 183, which includes a
pickup location of the first user (referred to herein as a “first pickup location”), the
current location of the first user if it is different than the first pickup location, the
first user’s identifier (ID), and/or the ID of the first client device 180-1. For example,
the client application 181 operating on the first client device 180-1 can receive (e.g.,
periodically) the current location of the first client device 180-1 using one or more
geo-aware resources (e.g., global positioning system (GPS) receiver). Depending on
implementation, the transport request 183 can also include a destination location of
the first user (referred to herein as a “first destination location”). If the first user did
not specify the first destination location, the system 100 can transmit a message or

notification to the first client device 180-1 requesting the first user to input or select
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the first destination location. The message can indicate that because the user made
the transport request 183 and specified the ridesharing option or vehicle type, the

user’s destination location is necessary.

[0031] As an addition or an alternative, the dispatch 110 can access a client
database 140 using the user ID to determine if the first user has specified in her
profile whether she wants to rideshare or not. For example, the first user can
configure a rideshare setting in which the user toggles a “yes” or "'no” feature

indicating her preference as to share a transport service with another user or not.

[0032] According to some examples, the dispatch 110 can include a driver select
112, a trip monitor 114, a filter component 116, and a score compute 118. In one
example, when a transport request is received by the system 100, the filter
component 116 can access the driver database 150 to determine a set of candidate
drivers based on information from the transport request and the driver’s current
location and/or status. As described herein, candidate drivers are drivers that are
capable of providing the transport service for a requesting user (e.g., drivers that
are within a predetermined distance and/or an estimated time of arrival threshold
from the first pickup location, that satisfy the ridesharing option or vehicle type, that
have available space in their vehicle, etc.). For example, for a user that requests a
rideshare option, candidate drivers can include drivers that are occupied (e.g.,
currently assigned to provide a transport service for another user that has requested
the rideshare option) and/or drivers that are unoccupied but available to provide
transport service (e.g., not yet assigned to provide a transport service but has

agreed to be a rideshare driver or vehicle type).

[0033] The filter component 116 can determine one or more candidate drivers
based on one or more filtering operations. The score compute 118 can perform one
or more computational operations to determine scores associated with the one or
more candidate drivers based on one or more user-configured rules or parameters.
Based on the determined scores, the driver select 112 can select a driver to provide
the transport service for a requesting user. According to some examples, the score
compute 118 and the driver select 112 can correspond to or be included as one sub-

component of the dispatch 110.

[0034] Referring to the example of FIG. 1, when the dispatch 110 receives the
transport request 183, the driver select 112 can select a driver from a pool of
candidate drivers to provide the transport service for the first user. Because the first

user has requested a rideshare vehicle type, in one example, the dispatch 110 can
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first determine whether any occupied candidate driver exists that can provide the
transport service for the first user. If no occupied candidate drivers are suitable
matches for the first user, the dispatch 110 can determine whether one or more
unoccupied candidate drivers exist to provide the transport service for the first user.

The dispatch 110 can then select a driver from the unoccupied candidate drivers.

[0035] For purpose of simplicity, in this example, the driver select 112 has
determined, e.g., based on data from the score compute 118, that no occupied
candidate drivers are suitable to provide the transport service for the first user, and
has selected a driver (e.g., an unoccupied candidate driver) to provide the transport
service for the first user. The driver select 112 can identify the driver’'s device 190,
and transmit an initial invitation 193 to the driver device 190 via the driver device
interface 130. The initial invitation 193 can cause the driver application 191 to
display information about the first user and/or the first pickup location, and to

enable the driver to accept or reject the transport service via user input.

[0036] If the driver accepts the initial invitation 193, the driver device 190 can
transmit an acceptance 195 to the dispatch 110 via the driver device interface 130.
At this time, the dispatch 110 determines that the transport service (e.g., as
referred to herein as a “trip”) has been arranged for the first user. The trip monitor
114 can monitor the status of the first user’s trip and/or the driver and can provide
one or more status messages 119 to the first user’s client device 180-1 regarding
the trip. For example, when the driver provides the acceptance message 195, the
trip monitor 114 can provide, to the first user’s client device 180-1, a status
message 119 indicating that a driver has been selected, the driver’s information, and

the estimated time of arrival.

[0037] During the time the driver travels from the driver’s current location to the
first pickup location, the dispatch 110 can continue to receive transport requests
from other users. Other users can be in different geographic regions (e.g., a
different city, metropolitan area, or state than the first user), can request different
vehicle types, and/or can have different preferences. However, in some instances, a
second user that is within a specified geographic region or service area (e.g., as
defined by a geographical boundary, or geofence as specified by three or more
location data points that make up the perimeter of the geofence) can also request a

transport service and be willing to share a transport service.

[0038] In some examples, while the driver is traveling to the first pickup location

(e.g., the driver has been assigned to pick up the first user, but has not yet started-
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the transport service for the first user), the dispatch 110 can receive a transport
request 185 from a second user operating a second client device 180-2. For
example, the trip monitor 114 can monitor the movement of the driver by receiving
location data (e.g., periodically) from the driver’s device 190 and determine that the
driver has not yet arrived at the first pick up location. In some examples, the driver
application 191 operating on the driver’s device 190 can receive (e.g., periodically)
the current location of the driver’s device 190 using one or more geo-aware
resources (e.g., GPS receiver) of the driver’s device 190. In another example, the
trip monitor 114 can assume that the driver has not yet started the transport service
for the first user until it receives a status update from the driver device 190
(provided by the driver’s user input on the driver application 191) that the transport

service has started.

[0039] The second user’s transport request 185 can indicate the second user’s
request for a ridesharing option or vehicle type (e.g., the second user is willing to
share the transport with another user). The transport request 185 can also include a
pickup location of the second user (referred to herein as a “second pickup location”),
the current location of the second user if it is different than the second pickup
location, the second user’s ID, and/or the ID of the second client device 180-2. The
transport request 185 can also include a destination location of the second user
(referred to herein as a “second destination location”). If the second user did not
specify the second destination location, the system 100 can transmit a message or
notification to the second client device 180-2 requesting the second user to input or

select the second destination location, such as described above.

[0040] According to an example, the filter component 116 can perform one or
more filtering operations to determine a plurality of candidate occupied drivers for
the second user. In one example, the filter component 116 can access the driver
database 150 and/or communicate with the trip monitor 114 to determine which
drivers are located within a predetermined distance or estimated travel time from
the second pickup location, and from those drivers, identify a pool of candidate

drivers that allow for ridesharing.

[0041] For purposes of simplicity, FIG. 1 is described with the driver for the first
user as being the only candidate driver in such a pool. The dispatch 110 can then
determine whether this driver is to be selected to provide transport service for the
second user. The dispatch 110 can make this determination by performing score

computations that are based, at least in part, on the first pickup location, the second
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pickup location, the first destination location, and the second destination location.
For example, for each candidate driver in the pool, the score compute 118 of the
dispatch 110 can determine scores associated with that candidate driver based on
the first pickup location (or the current location of that candidate driver if the
respective user has been picked up), the second pickup location, the first destination
location, and the second destination location. Depending on implementation, the
determined scores can be based on distances or can be based on a combination of
distances and times. For example, computed distances, with respect to determining
whether the driver for the first user should be selected to provide transport service
for the second user, are illustrated with reference to FIGS. 2A and 2B for purpose of
simplicity.

[0042] FIGS. 2A and 2B, for example, illustrate four points that represent
coordinates (e.g., a latitude and a longitude) associated with the first user and the
second user - the first pickup location (Pickl), the second pickup location (Pick2),
the first destination location (Destl), and the second destination location (Dest2).
For example, FIG. 2A illustrates a particular possible travel sequence or order if the
driver of the first user was to also provide transport service for the second user.
While only one possible travel sequence is illustrated in FIG. 2A, a driver may have
four possible travel sequences in which the driver can transport the first user and
the second user if the driver has not yet picked up the first user when the second
user makes the transport request 185, and alternatively, may have two possible
travel sequences in which the driver can transport the first user and the second user
if the driver has already picked up the first user when the second user makes the

transport request 185.

[0043] In diagram (A), D1 represents the distance that the first user would travel
if the first user were to be provided the transport service individually by a driver,
while D2 represents the distance that the second user would travel if the second
user were to be provided the transport service individually by another driver. In
diagram (B) of FIG. 2A, the Distance of Travel (DoT) represents the total distance of
travel of the driver as part of the ridesharing if the second user was to be provided
transport service by the driver of the first user as part of providing transport service
for the first user. In other words, the DoT can be the distance of travel from the first
pickup focation (Pick1) to the second pickup location (Pick2) to the second
destination location (Dest2) to the first destination location (Destl).
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[0044] 1In diagram (C), the sharing distance for the first user (DS1) is
represented as the distance the first user would have to travel as a result of the
ridesharing if the second user was to be provided transport service by the driver as
part of providing transport service for the first user. Thus, in this example, DS1
would be the distance of travel from the first pickup location to the second pickup
location to the second destination location to the first destination location because
the first user is being dropped off after the second user in the possible travel
sequence or order illustrated in FIG. 2A. In diagram (D), the sharing distance for the
second user (DS2) is represented as the distance the second user would have to
travel as a result of the ridesharing if the second user was to be provided transport
service by the driver as part of providing transport service for the first user. Thus, in
this example, DS2 would be the distance of travel from just the second pickup
location to the second destination location, as the second user is being dropped off

before the first user.

[0045] Similarly, FIG. 2B illustrates another example of computed distances for
one particular possible travel sequence for the driver, except in this example, in
contrast to FIG. 2A, the locations of the first and second destination locations have
switched. FIG. 2B illustrates that while DoT can be the same, DS1 and DS2 are
different as a result of the different destination locations. Similarly, D1 and D2 are
different in FIG. 2B as compared to FIG. 2A.

[0046] In addition, in some examples, such as shown in FIGS. 2A and 2B, the
distances between points are illustrated by direct point-to-point measurements (e.g.,
using Cartesian distance measurements or Haversine distance measurements).
However, in other examples, the distances (e.g., D1, D2, DoT, DS1, DS2) can be
determined using an estimated travel route based on route information 161 provided
from the distance/route determine 160. The distance/route determine 160 can use
map information 171, for example, from a map database 170 (as well as other
information, such as weather conditions, traffic conditions, etc.) in order to
determine the distances between the respective locations. Still further, in other
examples, the distances can also be represented as estimated times of arrival (ETASs)
between respective locations or can be represented as a score (e.g., a weighted
score) that is based on both a distance and a time (e.g., elapsed duration or
estimated travel time), and the driver select 112 can then determine whether the
driver is to be selected to provide transport service for the second user based on the
score(s). As described herein, the estimated travel routes can also include tolls for

various roadways and bridges (and costs for those tolls or designated scores for
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those tolls), which the score compute 118 can use for computing scores for possible

travel sequences, in one or more examples.

[0047] Referring back to FIG. 2A, the distances measured by the score compute
118 are dependent on the order in which the driver travels to the locations. For
example, in FIG. 2A, the distances are computed in the following order: Pickl to
Pick2 to Dest2 to Destl (e.g., referred to as a first possible travel sequence or
order). For these locations provided by the first and second users, the score
compute 118 can also compute the distances (D1, D2, DoT, DS1, DS2) in another
order: Pickl to Pick2 to Destl to Dest2 (e.g., referred to as a second possible travel
sequence or order). These possible travel sequences, in this example, can be based
on the assumption that the driver is designated to pick up the first user before
picking up the second user. Alternatively, these possible travel sequences can be
based on the assumption that the driver has already picked up the first user, in
which Pickl can correspond to the current location or last determined location of the
driver when the distance computations are being performed (as opposed to the

pickup location of the first user).

[0048] The score compute 118 can determine if the second user satisfies a first
condition with respect to the first user (or vice versa, can determine if the driver
satisfies conditions to be selected to provide the transport service for the second
user) by determining, for each possible travel sequence order, whether a distance of
travel (DoT) is greater than a total distance or sum of (i) a first distance from the
first pickup location to the first destination location (D1), and (ii) a second distance

from the second pickup location to the second destination location (D2).

[0049] In other words, the score compute 118 can determine, for each order, the
“distance cost” or “distance score” for assigning the second user to rideshare with

the first user. The distance cost can be represented as a ratio in one example:
DoT / (D1 + D2) (Eq. 1)

In one example, if the ratio of the distance cost is equal to or greater than one (or
simply, greater than one, in some examples) for all orders (e.g., regardless of
whether Dest2 or Destl would be traveled to first after picking up both the first and
second users), the score compute 118 can determine that the second user should
not be provided transport by the driver and provide information to the driver select
112 to exclude the driver from selection. If the ratio of the distance cost is less than

one (or less than or equal to one, in another example), the score compute 118 can
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determine which ratio (the ratio of the first order or the ratio of the second order) is

smallest, and perform additional computations based on the selected order of travel.

[0050] Based on the selected order (e.g., the first possible travel sequence from
Pickl to Pick2 to Dest2 to Destl or the second possible travel sequence from Pick1
to Pick2 to Destl to Dest2), the score compute 118 can determine if the second user
satisfies a second condition with respect to the first user. For example, the score
compute 118 can determine if any of the first or second users would be severely
inconvenienced by the ridesharing (e.g., one or more of the users would have to go
far out of the way to pick up or drop off a user). For the specified order, the score
compute 118 can determine whether a first user value, which is a ratio of (i) a
sharing distance (DS1) in which the first user would travel as a result of sharing the
transport service, to (ii) the first distance (D1), is greater than a threshold value.
Similarly, the score compute 118 can determine whether a second user value, which
is a ratio of (i) a sharing distance (DS2) in which the second user would travel as a
result of sharing the transport service, to (ii) the second distance (D2), is greater

than the threshold value.

[0051] 1In other words, for example, the score compute 118 can determine, for
each user, the “individual passenger cost or score” (or inconvenience cost) for
assigning the second user to rideshare with the first user. The individual passenger

cost for the first user can be represented as a ratio or first user value:
DS1 /D1 (Eq. 2)

while the individual passenger cost for the second user can be represented as a ratio

or second user value:
DS2 / D2 (Eqg. 3)

According to an example, if any of the first user value or the second user value is
greater than a threshold (or in another example, greater than or equal to the
threshold), such as a value 1.3, 1.5, 1.7, etc., the score compute 118 can determine
that one of the users (or both) would be too inconvenienced, and thus, can
determine that the second user should not be provided transport by the driver. Such
a threshold can be a user-configured and modifiable threshold value. In such an
example, the score compute 118 can provide information to the driver select 112 to
exclude the driver of the first user from selection, and the driver select 112 can
process the second user’s transport request 185 in a normal fashion by performing a

driver selection process for the second user from a pool of unoccupied candidate
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drivers (e.g., as previously done for the first user in this example). Once a second
driver is selected for the second user, the second user can then be separately

included in the pool of arranged transport services that allow for ridesharing.

[0052] On the other hand, if both the first user value and the second user value
are less than or equal to the threshold (or in the other example, less than the
threshold), the score compute 118 can determine that the second user is a good
candidate for ridesharing (or in other words, that the first user and driver can be
paired with the second user) and can include the driver in as an option for providing
the transport service for the second user. In this example, however, because the
driver is the only candidate occupied driver, the driver select 112 can select the
driver to perform the transport service for the second user as part of the transport
service for the first user. The dispatch 110 can then transmit a rideshare message
197 to the driver’s device 190 indicating that the driver is to provide transport
service for the second user. In addition, the dispatch 110 can provide, to the driver
application 191 of the driver’s device 190, information about the manner in which to
travel to provide transport service to multiple users. The dispatch 110 can instruct
(either incrementally or at once) the driver to travel to the pickup and destination
locations in the specified order (e.qg., the first order of travel from Pickl to Pick2 to
Dest2 to Destl). The trip monitor 114 can also transmit a status message 119 to the
second client device 180-2 indicating that a driver has been selected for the second

user.

[0053] According to another example, the rideshare message 197 can also be an
invitation message that enables the driver to accept or reject the subsequent
ridesharing transport service for the second user. If the driver rejects the
subsequent transport service for the second user, the driver select 112 can
determine if there are other drivers in the pool of arranged transport services that
allow for ridesharing and the score compute 118 can perform the aforementioned
computations to determine if any drivers satisfy the conditions using location

information from other drivers’ (and arranged users’) transport services.

[0054] In addition, referring back to the example when the second user is not to
be provided transport by the driver, the second user can be provided transport by
another driver (e.g., a second driver), and the second user and the second driver
arrangement can be included to the pool of arranged transport services that allow
for ridesharing. In this manner, when a third user makes a transport request to the

system 100 and has indicated that she would like to share the transport (e.g., and
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the driver is still traveling to the pickup location of the first user and the second
driver is traveling to the pickup location of the second user), the dispatch 110 can
perform the aforementioned operations for the third user to determine if the driver
or the second driver should provide transport service to the third user as part of the
transport service for the first user or the second user, respectively. The dispatch 110
can perform the aforementioned operations for the first user’s location information
relative to the third user’s location information and for the second user’s location

information relative to the third user’s location information.

[0055] Still further, in the examples described herein, only two orders (e.g., the
first order and the second order) were discussed with respect to determinations
made by the driver select 112 and/or the score compute 118. In one example, the
dispatch 110 can operate under one or more rules or parameters in which
ridesharing is performed under the default instruction that the driver is to pick up
the first user first (e.g., because the first user requested first). As such, only two
orders were described in FIG. 1, e.g., the first order of travel from Pick1 to Pick2 to
Dest2 to Destl and the second order of travel from Pickl to Pick2 to Destl to Dest2.

[0056] As an addition or an alternative, however, other orders can be possible if
the driver, for example, can drive to the second pickup location first before going to
the first pickup location. In such an example, there can be four different possible
travel sequences or orders: a first order of travel from Pickl to Pick2 to Dest2 to
Destl, a second order of travel from Pickl to Pick2 to Destl to Dest2, a third order
of travel from Pick2 to Pickl to Dest2 to Destl, and a fourth order of travel from
Pick2 to Pickl to Destl to Dest2. Again, the score compute 118 can compute the
various distance measurements (such as described in reference to FIGS. 2A and 2B)
for each order. The score compute 118 can determine if transporting the first user
and the second user satisfies a first condition with respect to the first user by
determining, for each of the four orders, the distance cost or the distance score. If
all four distances costs or scores (or ratios of distance cost) do not satisfy the
threshold condition or threshold ratio condition, the score compute 118 can
determine that the second user should not be provided transport by the driver and

can exclude that driver from being selected by the driver select 112.

[0057] If, however, one or more of the ratios of the distance cost is less than one
(or less than or equal to one, in another example), the score compute 118 can
determine which ratio is smallest, and perform additional computations based on the

selected order of travel, such as determining if transporting the first user and the
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second user satisfies a second condition. If there are any ratios of the distance cost
that is equal (or substantially equal, e.g., within 90% of each other), such as the
first order and the fourth order, the driver select 112 can then perform an additional
computation to determine, based on ETA of the driver’s current location to the first
pickup location or the second pickup location, which of the orders to select (e.g., the
fourth order).

[0058] Although the example of FIG. 1 is described with the system 100 enabling
users to rideshare before the driver starts the transport service for the first user, as
an addition or an alternative, the system 100 can also arrange ridesharing between
multiple users after the driver has picked up the first user and is transporting the
first user to the first destination location. For example, while the first user is being
transported, the dispatch 110 can receive a request from the second user. The score
compute 118 can determine distances by substituting the first user’s pickup location
with the current location of the transport service (e.g., the current location of the
driver and/or the first user). The score compute 118 can perform similar

computations as discussed above.

[0059] still further, although examples describe only two users sharing a
transport service, in other examples, three or more individual users can be arranged
by the system 100 for sharing a transport service. For example, the score compute
118 can determine additional distance measurements between pickup locations and
destinations for three users. The score compute 118 can determine similar ratios and
perform comparison operations to thresholds to determine whether the driver that is
driving two users already, for example, should be selected to provide transport

service for a third user.

[0060] As an addition or an alternative, the system 100 can also determine,
through use of the dispatch 110, respective prices that individual users that are
sharing in a transport service is to pay. For example, the prices can vary depending
on the regions that the first pickup location, the second pickup location, the first
destination location, and/or the second destination location are located in. Prices can
be locked in (e.g., price factors that multiply the default price of 1X, such as 2X or
2.5X) for the respective users based on one or more of the locations. Still further, in
some examples, the prices can be proportion to the amount of time traveled
individually by a user as compared to when the ride sharing occurred. In addition,

the prices can also be determined based on a predictive estimated cost for the
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individual users, e.g., what the users would have individually paid on estimate if the

users individually took transport services without ridesharing.
[0061] METHODOLOGY

[0062] FIG. 3A illustrates an example method for arranging a transport service
for multiple users, under an embodiment. A method such as described by an
embodiment of FIG. 3A can be implemented using, for example, components
described with an embodiment of FIG. 1. Accordingly, references made to elements
of FIG. 1 are for purposes of illustrating a suitable element or component for

performing a step or sub-step being described.

[0063] Referring to FIG. 3A, the system 100 can arrange a transport service to
be provided by a first driver for a first user (310). Subsequently, the system 100 can
receive a request for transport service from a second user operating a second user’s
device (315). As discussed, in this example, both the first user and the second user
has indicated and/or requested a transport service in which the transport service can
be shared by another user. The system 100 can then determine whether the first
driver transporting the first user and the second user satisfies conditions (in relation
to the first driver) so that the first driver should provide transport service for the
second user as part of the transport service already arranged for the first user
(320). The system 100 can make this determination based, at least in part, on a first
pickup location of the first user (or alternatively, a current location of the first
driver), a second pickup location of the second user, a first destination location of

the first user, and a second destination location of the second user.

[0064] If the system 100 determines that transporting the first user and the
second user does not satisfy conditions and consequently, determines that the first
driver should not provide transport service for the second user, the system 100 can
search for additional or other drivers for the second user (325). For example, if there
are no other drivers that have been arranged transport with other users and those
users are willing to share the transport, the system 100 can select an available
driver (that has not been arranged for a user, e.g., is unoccupied) to provide the

transport service for the second user.

[0065] On the other hand, if the system 100 determines that transporting the
first user and the second user satisfies conditions so that the first driver should
provide transport service for the second user, the system 100 can transmit a
notification message to the first driver’s device to inform or invite the first driver to

provide transport service for the second user as part of the transport service for the
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first user (330). According to an example, the system 100 can also transmit
information that the driver application can use to display instructions as to the order
in which to perform the transport service (along with information about the specified

locations or addresses).

[0066] FIG. 3A is described with respect to a single driver of the first user and a
request from a second user. Although not illustrated in FIG. 3A for purposes of
simplicity, a plurality of drivers may be assigned to provide transport services for a
plurality of users. Those drivers may be in a pool of arranged transport services that
allow for ridesharing (e.g., can be in a pool of candidate drivers). Thus, when the
system 100 receives a request for transport from a subsequent user (315), in one
example, the system 100 can determine, by performing one or more initial filtering
operations, a plurality of candidate drivers from the pool, and can determine
whether any of those candidate drivers in the plurality are to be selected for the
subsequent user, using the methods and operations described with respect to FIG. 1.
If multiple drivers can be selected to provide transport service for the subsequent
user, the driver select 112, for example, can select the driver that provides the least
inconvenience for the subsequent user and a previous user that that driver is already
arranged to provide transport for (e.g., pick the driver in which the previous user

and/or the subsequent user has the lowest individual passenger cost or score.

[0067] FIG. 3B illustrates another example method for arranging a transport
service for multiple users, according to an embodiment. A method such as described
by an embodiment of FIG. 3B can be implemented using, for example, components
described with an embodiment of FIG. 1. Accordingly, references made to elements
of FIG. 1 are for purposes of illustrating a suitable element or component for

performing a step or sub-step being described.

[0068] For example, in FIG. 3B, the system 100 can receive a request for
transport service from a first user’s device (350). The system 100 can select a first
driver to perform the first transport service for the first user based, at least in part,
on the user’s (e.q., first) pickup location and the first driver’s current location (355).
The system 100 can then determine whether it receives a subsequent request for
transport service from a subsequent user’s device, e.g., while the first driver is
traveling to the first pickup location (360). Such a determination can be based on
different geographic regions. For example, the system 100 can determine that no
subsequent request is received from a subsequent user’s device if that user’s pickup

location and/or destination location is more than a predefined distance away from
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the first user’s pickup location and/or destination location or is not in the same
geographic region or service area that the first user’s pickup location and/or

destination location is located in.

[0069] If the system 100 determines that no subsequent request is received from
a subsequent user’s device while the driver is traveling to the first pickup location,
the system 100, the process ends (365) and the first driver can perform the
transport service for the first user without having to pick up or provide a portion of

the transport service for another user concurrently.

[0070] On the other hand, if the system 100 determines that a subsequent
request has been received, the system 100 determines whether the subsequent user
satisfies conditions (with respect to the first user’s location information) so that the
first driver should provide transport service for that subsequent user as part of the
transport service for the first user (370). If the subsequent user does not satisfy the
conditions (e.g., does not satisfy the first condition or satisfies the first condition but
not the second condition), the method continues with the system 100 monitoring to
determine if another subsequent request for transport service is received while the

first driver is still traveling to the first pickup location.

[0071] If the second user satisfies conditions, the system 100 can transmit a
notification message to the first driver’s device to inform or invite the first driver to
provide transport service for the second user as part of the transport service for the
first user (375). As discussed, in one example, the system 100 can also transmit
information that the driver application can use to display instructions as to the order
(e.g., travel to Pickl then Pick2 then Destl then Dest2) in which to perform the

transport service (along with information about the specified locations or addresses).

[0072] FIG. 4 illustrates an example method for determining whether a driver is
to provide a transport service for a requesting second user, according to an
embodiment. A method such as described by an embodiment of FIG. 4can be
implemented using, for example, components described with an embodiment of FIG.
1. Accordingly, references made to elements of FIG. 1 are for purposes of illustrating
a suitable element or component for performing a step or sub-step being described.

In addition, reference is made to FIGS. 2A and 2B for simplicity.

[0073] 1In one example, FIG. 4 corresponds to step 320 of FIG. 3A and/or step
370 of FIG. 3B. The system 100 can determine if the second user satisfies a first
condition with respect to a first user (or if the first user/first driver satisfies a first

condition with respect to the second user) by determining, for each order of travel,



WO 2016/019189 22 PCT/US2015/043001

whether the distance of travel (DoT) is greater than a total distance or sum of (i) a
first distance from the first pickup location to the destination location (D1), and (ii) a
second distance from the second pickup location to the second destination location
(D2) (410). If any of the orders satisfies this condition, the second user, as a whole,

can satisfy the first condition.

[0074] The system 100 can then determine if the second user satisfies a second
condition by determining, for each order of travel that satisfies the previous
condition, whether a first user value (based on a sharing distance of the first user
(DS1) and the first distance (D1)) is greater than a threshold value, and whether a
second user value (based on a sharing distance of the second user (DS2) and the
second distance (D2)) is greater than the threshold value (420). If one or more of
the orders satisfies these threshold conditions, the system 100 can determine that
the driver driving the first user can provide the transport service for the second user
(430).

[0075] The examples of FIGS. 3A through 4 are described from the perspective
the system 100 already having selected and arranged a driver to provide transport
service for a first user and then receiving a subsequent request from a second user,
and from the perspective of performing computations for a single occupied driver
with respect to the second user. However, in other examples, each time the system
100 receives a transport request the indicates ridesharing from a user, with a pickup
and/or destination location in a given geographic region or service area, the system
100 can first determine a pool of drivers that have been arranged to provide
arranged transport services that allow for ridesharing in the given region or service
area. The system 100 can then perform the operations discussed in FIG. 4, for
example, to determine if any of the drivers in the pool should be selected to provide
transport for the requesting user. If there are five drivers in the pool, the system
100 can individually determine, for each of the five drivers, if the requesting user
satisfies the first and/or second conditions with respect to the individual users’

location information of those five drivers.

[0076] FIGS. 5A through 5C illustrate other examples methods for arranging a
transport service for a user, in one embodiment. Methods such as described by
embodiments of FIGS. 5A through 5C can be implemented using, for example,
components described with an embodiment of FIG. 1. Accordingly, references made
to elements of FIG. 1 are for purposes of illustrating a suitable element or

component for performing a step or sub-step being described.
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[0077] According to some examples, the dispatch 110 can receive a request for a
transport service for a first rider from a first computing device over one or more
networks (510). The first rider can operate a designated client application 181 on
the first computing device to select a ridesharing vehicle type, for example, and to
specify a first pickup location and a first destination location. The dispatch 110 can
determine, based on the first pickup location and/or the first destination location, a
plurality of candidate drivers (520). For illustrative purposes, in one example, each
of the plurality of candidate drivers can be occupied drivers, e.g., those that are

each currently assigned to provide a transport service for a respective user.

[0078] In some examples, the filter component 116 can use one or more filtering
operations or processes to determine the plurality of candidate drivers (522).
Depending on implementation, the filter component 116 can use a variety of one or
more filtering operations or a combination of one or more filtering operations to
determine the plurality of candidate drivers for the first user. According to one
example, for the first rider (named Caleb), the filter component 116 can first
determine a set of candidate drivers (e.g., Driverl, Driver2, Driver3, Driver5,
Driver5) that can potentially provide the transport service for Caleb. The set can
include those drivers that are (i) on-duty and using the driver application 191, (ii)
providing the vehicle type corresponding to the rideshare option, (iii) assigned to
provide a transport service for a respective rider (e.g., Rider1, Rider2, Rider3,
Rider4, Rider5, respectively), and (iv) within a predetermined distance of the first
pickup location of Caleb and/or within a predetermined ETA of the pickup location of
Caleb.

[0079] According to an example, a first filtering operation can include, from the
set of candidate drivers, determining the distance (or ETA) that each candidate
driver in the set would travel to pick up both Caleb and the currently assigned
respective rider, and then comparing the distance or ETA that each candidate driver
would travel to a threshold distance or ETA. If the distance or ETA is greater than
the threshold for a candidate driver, that candidate driver would be excluded from
being potentially selected. A second filtering operation can include excluding those
drivers, for example, that will be traveling (based on the currently assigned
respectively rider), in an opposite direction or in an inefficient direction as compared
to where those drivers would have to travel in order to provide transport service for
Caleb. In one example, the second filtering operation can include performing dot
product operations using vectors corresponding to the direction of travel for

providing transport for the currently assigned respective rider and for providing
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transport for Caleb for the set of candidate drivers (or from a sub-set of candidate
drivers if the second filtering operation is performed after the first filtering
operation). As part of the second filtering operation, the filter component 116 can
select those candidate drivers that are the best candidate drivers based on the

direction of travel (e.g., the top X number of candidate drivers or the top Y%).

[0080] sStill further, a third filtering operations can include computing, for each
candidate driver in the set (or from a sub-set of candidate drivers after the first
and/or the second filtering operations), the total distance (e.g., the Cartesian or
Haversine distance, or the routed distance) or the total ETA of the total shared
transport service that the first driver would have to travel to provide the transport
service for both the first user and the second user. The third filtering operation can
result in the filter component 116 excluding those candidate drivers that have a total
distance that is greater than the individual distances of the first user and the second
user, if those users would have been provided transport services individually and
independently. Depending on implementation, the filtering operations can be
performed in different orders and/or one or more of the individual filtering

operations may be omitted by the filter component 116.

[0081] As aresult of one or more filtering operations, the filter component 116
can determine the plurality of candidate drivers. In this example, the filter
component 116 may have selected Driver2 and Driver3 as being the plurality of
candidate drivers after performing the set of filtering operations. According to some
examples, by performing an initial set of filtering operations, the system 100 can
reduce the amount of computational resources used to perform the scoring
determinations and computations for each of the plurality of candidate drivers, such
as performed by the score compute 118. For example, the number of the set of
candidate drivers can be much greater before the set of filtering operations are
performed by the filter component 116 to reduce the total number of candidate
drivers and the possible travel sequences of each candidate driver. This can result in
consuming less power and saving computational resources during the additional

selection process.

[0082] Once the plurality of candidate drivers are identified from the set (e.g.,
after the one or more filtering operations), the score compute 118 (and/or the driver
select 112) can perform a selection process to select a driver from the plurality of
candidate drivers to provide the transport service for Caleb (530). The selection

process can vary based on implementation, e.g., as a result of different score
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computation processes, such as specified by an administrator of the system 100. In
one example, the selection process can include, for each candidate driver in the
plurality of candidate drivers, determining a set of possible travel sequences (or
orders) in which that candidate driver can provide both the transport service for the
respective rider and the transport service for the first rider by traveling to (i) the
first pickup location of the first rider, (ii) the first destination location of the first

rider, and (iii) a destination location of the respective rider.

[0083] Depending on implementation, the score compute 118 can determine the
set of possible travel sequences for each candidate driver in the plurality of
candidate drivers by reducing the total number of possible travel sequences. For
example, depending on when the request for the transport service for the first rider
is received, the total plurality of possible travel sequences can include a candidate
driver traveling to the pickup location of the respective rider (e.g., if the candidate
driver has not yet picked up the respective rider), or can include traveling from the
current location of the candidate driver (e.qg., if the candidate driver has picked up
the respective rider). In other words, for a candidate driver, there can be four initial
total possible travel sequences if that candidate driver has not yet picked up the
respective rider (e.g., Pickl to Pick2 to Destl to Dest2, Pickl to Pick2 to Dest2 to
Destl1, Pick2 to Pickl to Destl to Dest2, or Pick2 to Pickl to Dest2 to Destl) or two
initial total possible travel sequences if that candidate driver has already picked up
the respective rider (e.g., Driver Location to Pick2 to Destl to Dest2, or Driver
Location to Pick2 to Dest2 to Destl). As a result, the number of initial total possible
travel sequences can be based on the candidate driver’'s state when the request for
the transport service is received from the first rider, Caleb. In examples described,
the score compute 118 can determine the set of possible travel sequences (from a

plurality of total possible travel sequences) in different ways.

[0084] The selection process can also include computing a score for each possible
travel sequence in the sets of possible travel sequences of the plurality of candidate
drivers (534). Depending on implementation, the score for each possible travel
sequence in the sets can be based on distance or routed distance, or can be based
on a combination of (i) distance or routed distance, (ii) time, and/or (iii) additional
costs. The score compute 118 can select a possible travel sequence, from the set of
possible travel sequences, based on the computed scores (536), and the driver
select 112 can identify the candidate driver to provide the transport service for the
first rider, from the piurality of candidate drivers, based on the selected possible

travel sequence (538). In other words, based on the computed costs, one of the set



WO 2016/019189 26 PCT/US2015/043001

of possible travel sequences can be determined to be the most efficient for the first
rider, the respective rider, and/or the driver as a collective (e.g., by reducing the
amount of time and/or distance the riders (and/or the driver) have to travel), while

potentially maximizing cost savings for the riders.

[0085] As described herein, the score compute 118 can perform the selection
process in different implementations, such as based on distance or routed distance,
or based on a combination of (i) distance or routed distance, (ii) time, and/or (iii)
additional costs. The latter can correspond to estimated travel costs for a user, such
as, for example, an estimated cost for the transport service based on the distance
traveled, the duration of time spent in the transport service, and/or other costs,
such as tolls for bridges or turnpikes. In such an example, the price parameters
(e.g., cost per distance, cost per time, cost for tolls), which effect the computed
scores, can be based on the geographic region (or city or country) in which the

riders are requesting transport services.

[0086] For example, the score compute 118 can perform the selection process
based on distance or routed distance, such as described in FIG. 5B. FIG. 5B can
correspond to step 532 of FIG. 5A, in one example. The score compute 118 can
determine, for each candidate driver in the plurality of candidate drivers, the set of
possible travel sequences by (i) determining a plurality of possible travel sequences
in which that candidate driver can provide the shared transport service for the first
rider and the respective rider, e.g., based on the state of that candidate driver
(532a), (ii) for each of the plurality of possible travel sequences, computing a first
distance score for the first rider, and a second distance score for the respective rider
(532b), and (iii) identifying those possible travel sequences, that have the first
distance score and the second distance score that each satisfy a first condition, as
the set of possible travel sequences (532c¢). The first distance score for the first rider
can be based, at least in part, on a shared distance in which the first rider and the
respective rider would travel together and an individual distance in which the first
rider would travel without the respective rider. The second distance score for the
respective rider can be based, at least in part, on the shared distance and an
individual distance in which the respective rider would travel without the first rider.
For a possible travel sequence to be included in the set of possible travel sequences
for each candidate driver, the first distance score and the second distance score
would each have to satisfy a first condition (e.g., be greater than a rider savings
threshold).



WO 2016/019189 27 PCT/US2015/043001

[0087] The score compute 118 can then compute the score for each possible
travel sequence in the sets of possible travel sequences of the plurality of candidate
drivers by (i) computing an original distance that that candidate driver would have
traveled to provide the transport service for the respective rider assigned to that
candidate driver, (ii) computing a projected distance that that candidate would travel
for that possible travel sequence in the set, and (iii) computing the score based on
the original distance the project distance. This score can correspond to the “driver
cost,” such as by subtracting the original distance from the projected distance. The
score compute 118 can then select the possible travel sequence with the minimum
or lowest driver cost, and select the candidate driver for that possible travel

sequence.

[0088] Alternatively, the score compute 118 can perform the selection process
based on a time and/or distance score, such as described in FIG. 5C. In one
example, FIG. 5C can correspond to step 532 of FIG. 5A. The score compute 118 can
determine, for each candidate driver in the plurality of candidate drivers, the set of
possible travel sequences by (i) determining a plurality of possible travel sequences
in which that candidate driver can provide the shared transport service for the first
rider and the respective rider, e.g., based on the state of that candidate driver
(532e), (ii) for each of the plurality of possible travel sequences, computing a
savings score and/or a savings ratio based on the savings score (532f), and (iii)
identifying those possible travel sequences, that have the savings score and/or a
savings ratio that each satisfy a first score condition and/or a first ratio condition,
respectively, as the set of possible travel sequences (532g). For each possible travel
sequence in the plurality of possible travel sequences, the savings score can be
based, at least in part, on a first predicted score of the first rider in which the first
rider is transported individually, a second predicted score for the respective rider in
which the respective rider is transported individually, and a third predicted score in
which the first rider and the respective rider would travel together for at least a
duration of the shared transport service or at least a duration of time. According to
an example, for a possible travel sequence to be included in the set of possible
travel sequences for each candidate driver, the savings ratio would each have to
satisfy a first condition (e.g., be greater than a savings ratio threshold).[0088]

For example, for a possible travel sequence for a candidate driver, the first predicted
score of the first rider, Caleb, can correspond to a score of 10 (such as a $10
estimated fare if Caleb was transported from the first pickup location to the first

destination location individually), while the second predicted score of the respective
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rider of that candidate driver can correspond to a score of 15 (such as a $15
estimated fare if the respective rider was transported from the respective second
pickup location to the respective second destination location. The third predicted
score can be the estimated fare for the shared transport service if that candidate
driver provided transport service for both Caleb and the respective rider, such as a
score of 17 (e.g., $17 estimated fare). The savings score, for example, can be a
score of 8 (e.g., $8 as a result of $25 total estimated fare subtracted by $17). The
savings ratio can be 32% (e.g., the savings score divided by the sum of the first and
second predicted scores). If the savings ratio of 32% is greater than the threshold
savings ratio (e.g., 25%), then that possible travel sequence can be included in the
set of possible travel sequences. In examples in which the predicted scores can
correspond to estimated costs (e.g., based on rates of costs for distance and/or time

and fees in a region), the predicted scores can include costs for tolls.

[0089] The score compute 118 can determine the savings score for each possible
travel sequence in the sets of possible travel sequences, select the possible travel
sequence with the highest savings score (or alternatively, the highest savings ratio),

and select the candidate driver for that possible travel sequence.
[0090] HARDWARE DIAGRAMS

[0091] FIG. 6 is a block diagram that illustrates a computer system upon which
embodiments described herein may be implemented. For example, in the context of
FIG. 1, the system 100 may be implemented using a computer system such as
described by FIG. 6. The system 100 may also be implemented using a combination

of multiple computer systems as described by FIG. 6.

[0092] In one implementation, a computer system 600 includes processing
resources 610, a main memory 620, a read only memory (ROM) 630, a storage
device 640, and a communication interface 650. The computer system 600 includes
at least one processor 610 for processing information and the main memory 620,
such as a random access memory (RAM) or other dynamic storage device, for
storing information and instructions to be executed by the processor 610. The main
memory 620 also may be used for storing temporary variables or other intermediate
information during execution of instructions to be executed by the processor 610.
The computer system 600 may also include the ROM 630 or other static storage
device for storing static information and instructions for the processor 610. A storage

device 640, such as a magnetic disk or optical disk, is provided for storing
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information and instructions, including driver select instructions 642 and score

compute instructions 644.

[0093] For example, the processor 610 can execute the driver select instructions
642 to implement logic for selecting drivers for requesting users (with or without
ridesharing requests specified), such as described in FIGS. 1 through 5C. The
processor 610 can also execute the score compute instructions 644 to implement
logic for determining or computing distance measurements based on muitiple users’

location information, such as described in FIGS. 1 through 5C.

[0094] The communication interface 650 can enable the computer system 600 to
communicate with one or more networks 680 (e.g., cellular network) through use of
the network link (wireless or wireline). Using the network link, the computer system
600 can communicate with one or more other computing devices and/or one or more
other servers or datacenters. In some variations, the computer system 600 can
receive a transport request 652 from a client device of a user via the network link.
The transport request 652 can include the user’s user 1D, a requested pickup
location data point, a destination location data point, and/or a vehicle type selection.
The transport request 652 can also indicate that the user is open to sharing

transport service with another user.

[0095] The processor 610, through execution of instructions, can select a driver
from a pool of drivers that have been arranged to provide transport services that
allow for ridesharing. As discussed, the processor 610, through execution of score
compute instructions 644, can determine distances between locations for purposes
of determining which driver should be assigned to the requesting user. The computer
system 600 can then transmit an invitation 654 to the selected driver’s device over
the network link informing the driver about the transport service for the second

user.

[0096] The computer system 600 can also include a display device 660, such as a
cathode ray tube (CRT), an LCD monitor, or a television set, for example, for
displaying graphics and information to a user. One or more input mechanisms 670,
such as a keyboard that includes alphanumeric keys and other keys, can be coupled
to the computer system 600 for communicating information and command selections
to the processor 610. Other non-limiting, illustrative examples of input mechanisms
670 include a mouse, a trackball, touch-sensitive screen, or cursor direction keys for
communicating direction information and command selections to the processor 610

and for controlling cursor movement on the display 660.
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[0097] Examples described herein are related to the use of the computer system
600 for implementing the techniques described herein. According to one
embodiment, those techniques are performed by the computer system 600 in
response to the processor 610 executing one or more sequences of one or more
instructions contained in the main memory 620. Such instructions may be read into
the main memory 620 from another machine-readable medium, such as the storage
device 640. Execution of the sequences of instructions contained in the main
memory 620 causes the processor 610 to perform the process steps described
herein. In alternative implementations, hard-wired circuitry may be used in place of
or in combination with software instructions to implement examples described
herein. Thus, the examples described are not limited to any specific combination of

hardware circuitry and software.

[0098] FIG. 7 is a block diagram that illustrates a mobile computing device upon
which embodiments described herein may be implemented. In one embodiment, a
computing device 700 may correspond to a mobile computing device, such as a
cellular device that is capable of telephony, messaging, and data services. The
computing device 700 can correspond to a client device or a driver device. Examples
of such devices include smartphones, handsets or tablet devices for cellular carriers.
The computing device 700 includes a processor 710, memory resources 720, a
display device 730 (e.g., such as a touch-sensitive display device), oane or more
communication sub-systems 740 (including wireless communication sub-systems),
input mechanisms 750 (e.g., an input mechanism can include or be part of the
touch-sensitive display device), and one or more location detection mechanisms
(e.g., GPS component) 770. In one example, at least one of the communication sub-

systems 740 sends and receives cellular data over data channels and voice channels.

[0099] The processor 710 can provide a variety of content to the display 730 by
executing instructions and/or applications that are stored in the memory resources
720. For example, the processor 710 is configured with software and/or other logic
to perform one or more processes, steps, and other functions described with
implementations, such as described by FIGS. 1 through 6, and elsewhere in the
application. In particular, the processor 710 can execute instructions and data stored
in the memory resources 720 in order to operate a client or driver service
application, as described in FIGS. 1 through 6. Still further, the processor 710 can
cause one or more user interfaces 715 to be displayed on the display 730, such as

one or more user interfaces provided by the service application.
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[00100] A user can operate a client device (such as the computing device 700) to
operate the service application in order to make a request for a transport service. In
one example, the computing device 700 can determine a location data point 765 of
the current location and provide the location data point 765 to the transport
arrangement system (not shown in FIG. 7). The transport arrangement system can
receive the request and perform a driver selection process based on the request,
such as whether the user wants to share a transport, whether there are any
appropriate drivers for the user, etc. The transport arrangement system can
transmit a status message 745 regarding the selection process. While FIG. 7 is
ilustrated for a mobile computing device, one or more examples may be
implemented on other types of devices, including full-functional computers, such as

laptops and desktops (e.g., PC).

[0101] It is contemplated for examples described herein to extend to individual
elements and concepts described herein, independently of other concepts, ideas or
system, as well as for examples to include combinations of elements recited
anywhere in this application. Although examples are described in detail herein with
reference to the accompanying drawings, it is to be understood that the concepts are
not limited to those precise examples. Accordingly, it is intended that the scope of
the concepts be defined by the following claims and their equivalents. Furthermore,
it is contemplated that a particular feature described either individually or as part of
an example can be combined with other individually described features, or parts of
other examples, even if the other features and examples make no mentioned of the
particular feature. Thus, the absence of describing combinations should not preclude

having rights to such combinations.
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1. A computer system, comprising:
one or more processors; and
memory resources storing instructions that, when executed by the one or
more processors, cause the system to:
determine a current location of a plurality of drivers;
receive , from a first computing device, a request for a transport service for a
first rider, the request including a first pickup location and a first destination
location;
determine, based on the first pickup location, the first destination location,
and the current location of each of the plurality of drivers, a set of candidate
drivers, each candidate driver being currently assigned to provide a transport
service for a respective rider; and
perform, at the computing system, a selection process to select a driver from
the set of candidate drivers, wherein the one or more processors perform the
selection process by:
for each candidate driver in the set of candidate drivers, determining a
set of possible travel sequences in which that candidate driver can provide
both the transport service for the respective rider and the transport service
for the first rider by traveling to at least the first pickup location, the first
destination location, and a destination location of the respective rider,
wherein each possible travel sequence in the set is different from other
possible travel sequences in the set;
computing a score for each possible travel sequence in the sets of
possible travel sequences of the set of candidate drivers;
selecting a possible travel sequence, from the sets of possible travel
sequences, based on the computed scores; and
identifying the candidate driver to provide the transport service for the

first rider based on the selected possible travel sequence.
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2. The computer system of claim 1, wherein for each candidate driver in the set
of candidate drivers, the one or more processors determine the set of possible

travel sequences based on a state of that candidate driver.

3. The computer system of claim 2, wherein the state corresponds to a first
state in which an individual candidate driver has not picked up the respective rider
or a second state in which the individual candidate driver has picked up the

respective rider.

4, The computer system of claim 1, wherein the score for each possible travel

sequence is based on a distance measurement.

5. The computer system of claim 4, wherein for each candidate driver in the set
of candidate drivers, the one or more processors determine the set of possible
travel sequences by:

determining a plurality of possible travel sequences, wherein a number of
possible travel sequences in the plurality is greater than or equal to a number of
possible travel sequences in the set;

for each possible travel sequence in the plurality of possible travel
sequences, computing a first distance score for the first rider and a second distance
score for the respective rider currently assigned to that candidate driver, wherein
the first distance score is based, at least in part, on a shared distance in which the
first rider and the respective rider would travel together and an individual distance
in which the first rider would travel without the respective rider, and wherein the
second distance score is based, at least in part, on the shared distance and an
individual distance in which the respective rider would travel without the first rider;
and

identifying the set of possible travel sequences, from the plurality of possible
travel sequences, that each have the first distance score and the second distance

score that satisfy a first condition.
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6. The computer system of claim 5, wherein the one or more processors
compute the score for each possible travel sequence in the sets of possible travel
sequences by:

for each possible travel sequence in the sets of possible travel sequences,
computing (i) an original distance that that candidate driver would travel to provide
the transport service for the respective rider currently assigned to that candidate
driver, and (ii) a projected distance that that candidate driver would travel for that
possible travel sequence in the set; and

for each possible travel sequence in the sets of possible travel sequences,

computing the score based on the original distance and the projected distance.

7. The computer system of claim 6, wherein for each possible travel sequence
in the sets of possible travel sequences, the one or more processors compute the
score based on the original distance and the projected distance by subtracting the
original distance from the projected distance; and

wherein the one or more processors select the possible travel sequence from
the sets of possible travel sequences by determining which possible travel sequence

from the sets has the lowest score.

8. The computer system of claim 6, wherein the original distance and the
project distance are either (i) Cartesian or Haversine distances, or (ii) routed

distances based on determined routes of travel.

9, The computer system of claim 1, wherein the score for each possible travel
sequence is based on a combination of a distance measurement and a time

measurement.

10. The computer system of claim 9, wherein for each candidate driver in the set
of candidate drivers, the one or more processors determine the set of possible

travel sequences by:
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determining a plurality of possible travel sequences, wherein a number of
possible travel sequences in the plurality is greater than or equal to a number of
possible travel sequences in the set;

for each possible travel sequence in the plurality of possible travel
sequences, (i) computing a savings score based, at least in part, on a first predicted
score of the first rider in which the first rider is transported individually, a second
predicted score for the respective rider in which the respective rider is transported
individually, and a third predicted score in which the first rider and the respective
rider would travel together for at least a duration of time, and (ii) determining a
savings ratio based on the savings score; and

identifying the set of possible travel sequences, from the plurality of possible

travel sequences, that each have the savings ratio that satisfy a first condition.

11. The computer system of claim 10, wherein the one or more processors
compute the score for each possible travel sequence in the sets of possible travel
sequences by identifying the savings score for each possible travel sequence in the

sets of possible travel sequences.

12.  The computer system of claim 11, wherein the one or more processors select
the possible travel sequence, from the sets of possible travel sequences, by
determining which possible travel sequence from the sets has the highest savings

score.

13.  The computer system of claim 11, wherein the one or more processors select
the possible travel sequence, from the sets of possible travel sequences, includes
determining which possible travel sequence from the sets has the highest savings

ratio.

14.  The computer system of claim 10, wherein for each possible travel sequence
in the plurality of possible travel sequences for each candidate driver, the savings
score is also based on whether a toll to use a particular roadway, tunnel, or bridge

would be assessed for that possible travel sequence.
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15. A non-transitory computer-readable medium storing instructions that, when
executed by one or more processors of a computing system, cause the computing
system to:
determine a current location of a plurality of drivers;
receive, from a first computing device, a request for a transport service for a
first rider, the request including a first pickup location and a first destination
location;
determine, based on the first pickup location, the first destination location,
and the current location of each of the plurality of drivers, a set of candidate
drivers, each candidate driver being currently assigned to provide a transport
service for a respective rider; and
perform, at the computing system, a selection process to select a driver from
the set of candidate drivers, wherein performing the selection process includes:
for each candidate driver in the set of candidate drivers, determine a
set of possible travel sequences in which that candidate driver can provide
both the transport service for the respective rider and the transport service
for the first rider by traveling to at least the first pickup location, the first
destination location, and a destination location of the respective rider,
wherein each possible travel sequence in the set is different from other
possible travel sequences in the set;
compute a score for each possible travel sequence in the sets of
possible travel sequences of the set of candidate drivers;
select a possible travel sequence, from the sets of possible travel
sequences, based on the computed scores; and
identify the candidate driver to provide the transport service for the

first rider based on the selected possible travel sequence.

16. The non-transitory computer-readable medium of claim 15, wherein the
instructions cause the computing system to, for each candidate driver in the set of

candidate drivers, determine the set of possible travel sequences by:
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determining a plurality of possible travel sequences, wherein a number of
possible travel sequences in the plurality is greater than or equal to a number of
possible travel sequences in the set;

for each possible travel sequence in the plurality of possible travel
sequences, computing a first distance score for the first rider and a second distance
score for the respective rider currently assigned to that candidate driver, wherein
the first distance score is based, at least in part, on a shared distance in which the
first rider and the respective rider would travel together and an individual distance
in which the first rider would travel without the respective rider, and wherein the
second distance score is based, at least in part, on the shared distance and an
individual distance in which the respective rider would travel without the first rider;
and

identifying the set of possible travel sequences, from the plurality of possibie
travel sequences, that each have the first distance score and the second distance

score that satisfy a first condition.

17.  The non-transitory computer-readable medium of claim 16, wherein the
instructions cause the computing system to compute the score for each possible
travel sequence in the sets of possible travel sequences by:

(i) for each possible travel sequence in the sets of possible travel sequences,
computing (a) an original distance that that candidate driver would travel to
provide the transport service for the respective rider currently assigned to that
candidate driver, and (b) a projected distance that that candidate driver would
travel for that possible travel sequence in the set; and

(ii) for each possible travel sequence in the sets of possible travel sequences,
computing the score by subtracting the original distance from the projected
distance; and

wherein the instructions cause the computing system to select the possible
travel sequence from the sets of possible travel sequences by determining which

possible travel sequence from the sets has the lowest score.
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18. The non-transitory computer-readable medium of claim 15, wherein the
instructions cause the computing system to, for each candidate driver in the set of
candidate drivers, determine the set of possible travel sequences by:

determining a plurality of possible travel sequences, wherein a number of
possible travel sequences in the plurality is greater than or equal to a number of
possible travel sequences in the set;

for each possible travel sequence in the plurality of possible travel
seqguences, (i) computing a savings score based, at least in part, on a first predicted
score of the first rider in which the first rider is transported individually, a second
predicted score for the respective rider in which the respective rider is transported
individually, and a third predicted score in which the first rider and the respective
rider would travel together for at least a duration of time, and (ii) determining a
savings ratio based on the savings score; and

identifying the set of possible travel sequences, from the plurality of possible

travel sequences, that each have the savings ratio that satisfy a first condition.

19.  The non-transitory computer-readabie medium of claim 16, wherein the
instructions cause the computing system to compute the score for each possible
travel sequence in the sets of possible travel sequences by identifying the savings
score for each possible travel sequence in the sets of possible travel sequences;
and

wherein the instructions cause the computing system to select the possible
travel sequence, from the sets of possible travel sequences, by determining which

possible travel sequence from the sets has the highest savings score or ratio.

20.  The non-transitory computer readable medium of claim 15, wherein the
instructions cause the computing system to determine, for each candidate driver in
the plurality of candidate drivers, the set of possible travel sequences based on a

state of that candidate driver.



