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device so that the provider device can display information corresponding to
the service provider optimizations.
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PREDICTION ENGINE FOR A NETWORK-BASED SERVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of priority to each of (i) U.S. Patent Application
No. 16/654,365, filed October 16, 2019, and (ii) Provisional U.S. Patent Application No.
62/749,413, filed October 23, 2018; the aforementioned priority applications being

hereby incorporated by reference in their respective entirety.

BACKGROUND

[0002] A network-based service can enable users to request and receive various network-

based services through applications on mobile computing devices. The network-based
service can match a service provider with a requesting user based on the current location
of the service provider and a start location specified by the requesting user or determined

based on the current location of the requesting user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The disclosure herein is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings in which like reference numerals
refer to similar elements, and in which:

[0004] FIG. 1 is a block diagram illustrating an example network system in
communication with user devices and provider devices, in accordance with examples
described herein;

[0005] FIGS. 2 is a flow chart illustrating an example method of performing service
provider optimizations, in accordance with examples described herein;

[0006] FIG. 3A is a flow chart illustrating an example method of simulating an instance
of the network-based service as part of the process for generating a machine-learned
service provider optimization model, in accordance with examples described herein;
[0007] FIG. 3B is a diagram illustrating an exemplary visualization a simulation of an
instance of the network-based service as part of the process for generating a machine-
learned service provider optimization model, in accordance with examples described
herein;

[0008] FIG. 4 is a diagram illustrating an exemplary visualization of service provider
optimizations provided by an exemplary machine-learned service provider optimization

model, in accordance with examples described herein;
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[0009] FIG. 5 is a block diagram illustrating an example mobile computing device, in
accordance with examples described herein; and
[0010] FIG. 6 is a block diagram that illustrates a computer system upon which examples

described herein may be implemented.

DETAILED DESCRIPTION

[0011] A network system is provided herein that manages a network-based service (e.g.,
a transport service, a delivery service, etc.) linking available service providers (e.g.,
drivers and/or autonomous vehicles (AVs)) with requesting users (e.g., riders, service
requesters) throughout a given region (e.g., San Francisco Bay Area). In doing so, the
network system can receive requests for service from requesting users via a designated
user application executing on the users’ mobile computing devices (“user devices”).
Based on a start location (e.g., a pick-up location where a service provider is to
rendezvous with the requesting user), the network system can identify an available
service provider and transmit an invitation to a mobile computing device of the identified
service provider (“provider device”). Should the identified service provider accept the
invitation, the network system can transmit directions to the provider device to enable the
service provider to navigate to the start location and subsequently from the start location
to a service location (e.g., a drop-off location where the service provider is to complete
the requested service). The start location can be specified in the request and can be
determined from a user input or from one or more geo-aware resources on the user
device. The service location can also be specified in the request.

[0012] In determining an optimal service provider to fulfill a given service request, the
network system can identify a plurality of candidate service providers to service the
service request based on a start location indicated in the service request. For example, the
network system can determine a geo-fence surrounding the start location (or a geo-fence
defined by a radius away from the start location), identify a set of candidate service
providers (e.g., twenty or thirty service providers within the geo-fence), and select an
optimal service provider (e.g., closest service provider to the start location, service
provider with the shortest estimated travel time from the start location, service provider
traveling or en-route to a location within a specified distance or specified travel time to a
service location, etc.) from the candidate service providers to service the service request.
In many examples, the service providers can either accept or decline the invitation based

on, for example, the route being too long or impractical for the service provider. After
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accepting the invitation, the selected service provider can proceed to the start location to,
for example, rendezvous with the requesting user. The selected service provider can then
proceed in providing the requested service to the service location. While the service
provider is operating the vehicle to the start location or to the service location, the
provider device can generate directions (e.g., turn-by-turn navigation directions) to aid the
service provider in navigating to the various locations. The directions can be displayed
via the provider application or via a third-party mapping or navigation application.

[0013] After the service provider completes the requested service, and prior to accepting
another invitation to fulfill anther service request, the service provider can be described as
being on an off-service segment. During this time period, the service provider can take
various actions. As one example, the service provider can navigate to another location. As
another example, the service provider can remain at the same location (e.g., service
location of the previous service request) while waiting for the next invitation. Service
provider can also enter an offline state with respect to the network-based service. As used
herein, the offline state can be used to mean a state in which the service provider is not
available to fulfill service requests. The service provider can elect to enter the offline state
via the provider application. In some variations, the offline state can be implemented as a
server-side function. In other words, the network system can decide to not transmit any
invitations to the provider device while the service provider is in the offline state. In other
variations, the offline state can be implemented as a client-side function where the
provider application automatically rejects any invitations received while the service
provider is in the offline state.

[0014] While on the off-service segment, the service provider may wish to take particular
actions to improve one or more aspects of the network-based service for himself or
herself. For example, the service provider may wish to increase or maximize his or her
expected fares received from fulfilling service requests of the network-based service. In
addition to or as an alternative, the service provider may wish to decrease or minimize the
length of time of or distance traveled while on the off-service segment (e.g., minimizing
expected time and/or distance traveled to the start location of the next service request).
Furthermore, the service provider may wish to decrease or minimize the distance he or
she would have to travel to rendezvous with requesting users.

[0015] In various implementations, the embodiments described herein provided for a
network system that can generate optimizations for service providers to improve one or

more service metrics (e.g., increase expected earnings, reduction in travel times, reduction
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in travel distances, etc.) associated with the network-based service. At a high-level, the
network system can generate, based on historical data associated with the network-based
service, one or more machine-learned service provider optimization (MLSPO) models for
generating service provider optimizations. As used herein, service provider optimizations
can include routing directions (e.g., navigation instructions) and/or suggestions for
performing actions (e.g., entering and exiting offline mode, etc.) to optimize (e.g.,
maximize or minimize) one or more service metrics for the service provider in fulfilling
future service requests. In one example, the network system can generate MLSPO models
that generate service provider optimizations that increase or maximize expected fares of
the service provider. In another example, the network system can generate MLSPO
models that output service provider optimizations that decrease or minimize distances
traveled by the service provider in-between service requests (e.g., from previous service
location to subsequent start location).

[0016] In one aspect, embodiments described herein can predict, based on historical
service data, one or more expected service metrics for service providers given various
service provider routes and/or actions and can identify for the service provider routes
and/or actions that would optimize the one or more service metrics. The predictions can
be results of machine-learning, such as deep reinforcement learning, in which agent-based

simulations are performed using the historical service data.

e e

[0017] As used herein, the terms “optimize,” “optimization,” “optimizing,” and the like
are not intended to be restricted or limited to processes that achieve the most optimal
outcomes. Rather, these terms encompass technological processes (e.g., heuristics,
stochastics modeling, machine learning, reinforced learning, Monte Carlo methods,
Markov decision processes, etc.) that aim to achieve desirable results. Similarly, terms
such as “minimize” and “maximize” are not intended to be restricted or limited to
processes or results that achieve the absolute minimum or absolute maximum possible
values of a metric, parameter, or variable.

[0018] According to embodiments, an input to the MLSPO models is the current location
of the service provider. The network system can receive location data generated by the
provider device that indicates the current location of the service provider. Based on the
current location of the service provider and the MLSPO model, the network system can

generate optimizations for the service provider. Optimization data can be transmitted by

the network system to the provider device. In response to receiving the optimization data,
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the provider device can display information regarding the service provider optimizations
to the service provider.

[0019] According to embodiments, the service provider optimizations can correspond to
one or more action recommendations for the service provider and can include a
recommended direction of travel for the service provider while the service provider is
traveling on an off-service segment. The recommended direction of travel can be a
direction of travel and/or a route of travel for the service provider to follow on the off-
service segment that would, based on the MLSPO model, achieve optimal expected
values of one or more service metrics (e.g., for one or more future fulfillments of service
requests) given the service provider’s current location. In some implementations, the
route direction generated by the MLSPO model can be a direction of travel or an angle of
travel from a reference direction (e.g., North). In response to receiving the optimization
data, the provider device can be configured to display information to the service provider
based on the direction of travel. For instance, the provider device can display the
recommendations to the service provider to travel in a general direction or towards a
nearby landmark. In another aspect, the angle of travel from the reference direction can be
converted to a route direction (e.g., a navigation route along streets and throughways that
is determined to align with the angle of travel) such that the provider device can display a
navigation route to the service provider to follow the recommendation. The route
direction can be generated based on the angle of travel and the service provider’s current
location. According to variations, the service provider optimizations can further include
action suggestions. For example, an action suggestion for the service provider can be for
the service provider to enter or exit the offline state during the in-between service
requests time period.

[0020] Depending on the implementation, the network system can generate service
provider optimizations in response to data transmitted from the provider device (or
automatically based on monitoring the location and/or service progress of the service
provider). In one variation, the provider device can transmit an optimization request to the
network system to trigger the generation of service provider optimizations. The
optimization request can be transmitted by the provider device in response to the service
provider interacting with the provider application (e.g., via a dedicated soft feature
selection of within the provider application). In some instances, the network system can
generate service provider optimizations in response to receiving an indication that the

service provider has completed providing requested services for a requesting user or the
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network system can interpret a service completion indication received from the provider
device as the optimization request. In other variations, the network system can
automatically generate the optimizations for the service provider by monitoring the
location of the service provider or the progress of a requested service. As one example,
the network system can communicate with the provider device (e.g., by periodically
receiving location data) to monitor the location of the service provider. And in response
to determining that the provider device is within a predetermined distance of the service
location, the network system can be triggered to begin the process of determining service
provider optimizations for the service provider. As another example, in response to
receiving a service provider’s acceptance of an invitation to fulfill a service request to a
service location, the network system can begin to generate optimizations for the service
provider based on the machine-learned models and the service location (and/or the
estimated arrival time at the service location). In these manners, the optimizations can be
readily transmitted to the provider device when the service provider completes the
requested service at the service location.

[0021] According to embodiments, various service metrics associated with the network-
based service can be optimized as described herein. And different MLSPO models can be
generated for optimizing estimated or expected service metrics. In one example, one or
more MLSPO models can be generated to optimize (e.g., maximize) fare(s) the service
provider can expect to receive over a given time period in exchange for fulfilling service
requests. In another example, other MLSPO models can be generated to optimize (e.g.,
minimize) distances the service provider can expect to travel.

[0022] As can be appreciated, the machine-learned models to generate service provider
optimizations can be trained by a number of different machine-learning techniques. In
certain implementations, reinforcement learning can be utilized and a plurality of
simulations of a virtual agent in fulfilling the network-based service can be performed
using historical data to generate the MLSPO model. Various parameters and metrics are
computed during the simulation by the network system based on historical data associated
with the network system. The parameters and metrics are recorded and used to generate,
train, and/or refine the machine-learned model. One or more reinforcement learning
techniques, such as Q-learning, can be applied to generate one or more machine-learned
models or policies based on the parameters and metrics computed during the simulations

of the simulations of the network-based service.
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[0023] In certain situations, such as when a large number of service providers are
expected in the geographic region or a sub-region therein, the approach of utilizing
single-agent simulations can have drawbacks. For example, if a large number of service
providers are following the same set of service provider optimizations, the result for each
service provider can be skewed or rendered suboptimal by other service providers
following the same set of optimizations. To better optimize for multiple service providers,
the network system can generate multi-agent MLSPO models. The multi-agent MLSPO
models can be generated by performing multi-agent simulations. In such simulations,
multiple virtual agents are used in simulating the network-based service.

[0024] According to embodiments, the network system can further determine one or more
real-time parameters in generating service provider optimization. The real-time
parameters can reflect real-time conditions of the service provider at the time the
optimization is requested. Real-time parameters can include, for example, real-time
demand of the network-based service in various locations in the geographic region
managed by the network system, number of other service providers nearby, etc. In some
implementations, the real-time parameters can be used as additional inputs to the MLSPO
models to generate the service provider optimizations.

[0025] Compared to existing approaches, embodiments described herein provide for an
improved and more efficient way to programmatically generate service provider
optimizations. In one aspect, the network system can more efficiently utilize processing
resources such that computationally-intensive aspects of generating the service provider
optimizations, such as performing agent-based simulations and generating the MLSPO
models, need not be performed in real-time when optimizations are desired by the service
providers. Accordingly, such computations can be performed when the demand on the
network system is low (e.g., overnight or during periods of low demand for the network-
based service when the network system has unused processing resources). And when
optimizations are requested, the network system can retrieve the MLPSO models from
one or more databases and utilize the MLSPO models to generate the service provider
optimizations without needing to re-perform those computationally-intensive steps of the
process in real-time.

[0026] In another aspect, the network system can generate more optimal routes and action
suggestions. Existing approaches to generate recommendations for service providers are
simplistic approaches such as directing a service provider to nearby locations with the

highest demand for the network-based service. Such recommendations are often biased



WO 2020/086409 PCT/US2019/057055

towards short-term gain (e.g., for only the next service request fulfilled). In contrast,
embodiments described herein generated MLPSO models based on agent-based
simulations that simulate service provider actions over time periods of many hours and
can also factor in other parameters such as waiting times and distance traveled.
Additionally, a shortcoming of existing approaches is that when recommendations are
followed by many service providers, benefits to the service providers can be greatly
diminished. In contrast, embodiments described herein provide for multi-agent MLSPO
models that can generate optimizations for a plurality of service providers.

[0027] As used herein, a computing device refers to devices corresponding to desktop
computers, cellular devices or smartphones, personal digital assistants (PDAs), laptop
computers, virtual reality (VR) or augmented reality (AR) headsets, tablet devices,
television (IP Television), etc., that can provide network connectivity and processing
resources for communicating with the system over a network. A computing device can
also correspond to custom hardware, in-vehicle devices, or on-board computers, etc. The
computing device can also operate a designated application configured to communicate
with the network service.

[0028] 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.

[0029] 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.

[0030] 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, VR or AR devices, printers, digital picture frames, network
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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).

[0031] 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 disclosed herein can
be carried and/or executed. In particular, the numerous machines shown with examples of
the invention include processors 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. 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.

[0032] SYSTEM DESCRIPTIONS

[0033] FIG. 1 is a block diagram illustrating an example network system in
communication with user devices and provider devices, in accordance with examples
described herein. Network system 100 can implement or manage a network-based service
(e.g., an on-demand transport service, an on-demand delivery service, etc.) that connects
requesting users 182 with service providers 192 that are available to fulfill the users’
service requests 183. The network system 100 can provide a platform that enables on-
demand services to be provided by an available service provider 192 for a requesting user
182 by way of a user application 181 executing on the user devices 180, and a provider
application 191 executing on the provider devices 190. As used herein, a user device 180
and a provider device 190 can comprise a computing device with functionality to execute
a designated application corresponding to the on-demand service managed by the network
system 100. In many examples, the user device 180 and the provider device 190 can

comprise mobile computing devices, such as smartphones, tablet computers, VR or AR



WO 2020/086409 PCT/US2019/057055

headsets, on-board computing systems of vehicles, smart watches, and the like. In one
example, a service provider fulfilling a service request includes the service provider
rendezvousing with the user at start location (e.g., a pick-up location) to pick up the user
and transporting the user to a service location (e.g., a destination location).

[0034] The network system 100 can include a user device interface 115 to communicate
with user devices 180 over one or more networks 170 via the user application 181.
According to examples, a requesting user 182 wishing to utilize the network-based
service can launch the user application 181 and can cause user device 180 to transmit, by
using the user application 181, a service request 183 over the network 170 to the network
system 100. In certain implementations, the requesting user 182 can view multiple
different service types managed by the network system 100. In the context of an on-
demand transport service, service types can include a ride-share service, an economy
service, a luxury service, a professional service provider service (e.g., where the service
provider is certified), a self-driving vehicle service, and the like. In certain
implementations, the available service types can include a rideshare-pooling service class
in which multiple users can be matched to be serviced by a service provider. The user
application 181 can enable the user 182 to scroll through the available service types. The
user application 181 can also enable the user 182 to enter the start and service locations
for a prospective service request. In some examples, the user device 180 can
automatically determine the start location based on the current location of the user 182
(e.g., as determined by on-board location-aware resources).

[0035] According to embodiments, the network system 100 can include a service engine
125 that can perform a number of functions in response to receiving the service request
183 from the user device 180. For instance, in response to receiving the service request
183, the service engine 125 can identify a candidate service provider 192 to fulfill the
service request 183. The service engine 125 can receive provider location data 195
transmitted from the provider devices 190 to identify an optimal service provider 192 to
service the user’s service request 183. The optimal service provider 192 can be identified
based on the service provider 192°s location, ETA to the start location, status, availability,
and the like.

[0036] In various aspects, the service engine 125 can transmit an invitation 126 to the
provider device 190 of the selected service provider 192. The invitation 126 can be
transmitted over the network 170 via a provider device interface 120 that communicates

with provider devices 190. In response to receiving the invitation 126, the provider
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application 191 can display a prompt for the service provider 192 to accept or decline the
invitation 126. Should the service provider 192 accept the invitation 126, the provider
application 191 can cause the provider device 190 to transmit an acceptance 193 to the
network system 100. In response to receiving the acceptance 193 from the provider
device 190, the network system 100 and the service engine 125 can perform a number of
operations to facilitate the fulfillment of the requested service by the service provider 192.
As an example, the service engine 125 generate an optimal route 127 for the service
provider 192 to fulfilling the service request 183. The route 127 can be generated based
on map data (e.g., stored in database 145 or from a third-party mapping resource). The
route 127 can include a segment from the current location of the service provider 192
(e.g., based on the provider location data 195) to the start location and another segment
from the start location to the service location. The route 127 can also include other
intermediate locations such as a drop-off location for another user of a ride-share
transport service, etc. The provider device interface 120 can transmit the route 127 to the
provider device 190 via the one or more networks 170. The provider device 190 can
display, via the provider application 191, turn-by-turn directions for the service provider
192 based on the route 127 generated by the service engine 125. In some
implementations, the service engine 125 can transmit the start and service locations to the
provider device 190 and the provider devices 190 and the provider application 191 can
generate one or more routes and turn-by-turn directions for the service provider 192
necessary to fulfill the service request 183.

[0037] In various examples, the network system 100 can maintain user data for the
requesting user 182 in the database 145 in the form of user profile data 148. The user
profile data 148 can include information relating to services requested by the user 182 in
the past, frequently visited locations associated with the network-based service (e.g.,
home location, office address, etc.), and the like. The user profile data 148 can also
include payment information (e.g., credit / debit card information, etc.) used by the
network system 100 to process the user 182°s payments for the network-based service. In
some implementations, the user 182 can enter payment information via the user
application 181. For instance, the user 182 can be prompted, either while setting up a user
account or profile for the network-based service or before submitting a request for
service.

[0038] According to embodiments, the network system 100 includes service simulation

engine 130, model generation engine 135, and service optimization engine 140 to
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generate and apply machine-learned service provider optimization (MLSPQO) model(s)
147 for generating service provider optimizations 141 for the service provider 192. The
service simulation engine 130 can perform a plurality of simulations of the network-based
service using historical service data 146. The historical service data 146 can include some
or all aspects of the past instances of the network-based service, such as fare paid, time of
request (e.g., time of day and/or day of week), duration of service, location of service
provider when invitation was received, time and distance traveled (e.g., from location of
service provider at time of accepting invitation to start location and/or from start location
to service location), and the like. Based on the historical service data 146, the service
simulation engine 130 can simulate one or more instances of the network-based service
for one or more agents 133.

[0039] In some examples, the service simulation engine 130 can receive input parameters
131. The input parameters 131 can be specified by system administrator at the time of the
simulations or can be predetermined. In one implementation, one of the input parameters
131 can specify the metric that the process will seek to optimize. For example, expected
fares for the service provider 192 over a given duration of time can specified as the metric
to be optimized. A simulation time duration also be specified as one of the input
parameters 131. As an example, if 12 hours is specified as the simulation time duration,
the service simulation engine 130 can simulate 12 hours of activity for the agent 133. The
resulting MLSPO model 147 based on the results of such simulations will generate
service provider optimizations 141 that optimize a service metric (e.g., expected fares)
over a 12-hour duration. In comparison, if 2 hours is specified as the simulation duration,
the service simulation engine 130 can simulate 2 hours of activity for the agent 133 and
the resulting MLSPO model 147 will optimize the service metric over a 2-hour duration.
[0040] According to embodiments, the service simulation engine 130 generates output
parameters 132 in simulating the network-based service for the one or more agents 133.
The model generation engine 135 can receive the output parameters 132 to generate
MLSPO model 147. In some examples, the model generation engine can generate or train
the MLSPO model 147 using reinforcement learning techniques (e.g., Q-learning,
Markov decision processes, policy learning, etc.) applied to optimize (e.g., maximize or
minimize) one or more of the parameters 132 generated during the simulations. Once the
MLSPO model 147 is generated or trained, it can be stored within database 145 for
retrieval in response to an optimization request (e.g., optimization request 194) received

from the provider device 190.
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[0041] The network system 100 can receive an optimization request 194 from the
provider device 190 of the service provider 192. The optimization request 194 can include
location data that indicates the current location of the service provider 192. For example,
after service provider 192 completes fulfilling a service request, the service provider 192
can provide an indication that the requested service has been completed. In some
examples, that indication can be the optimization request 194. In other examples, the
service provider 192 can interact with the provider application 191 to cause the provider
device 190 to transmit the optimization request 194.

[0042] According to embodiments, the network system 100 can retrieve an appropriate
MLSPO model 147 from the database 145 based on the optimization request 194. The
MLSPO model 147 can receive, as an input, the current location of the service provider
192 and the output of the MLSPO model 147 can be service provider optimizations 141.
The service provider optimizations 141 can include a route direction for the service
provider 192 and one or more action suggestions for the service provider 192, both to
optimize one or more estimated service metrics (e.g., estimated or expected fares over a
period of time). The action suggestions can include entering/exiting an offline mode with
respect to the network-based service, declining or accepting invitations from the network
system 100 to fulfill service requests, and the like.

[0043] The service provider optimizations 141 can be transmitted to the provider device
190 via the provider device interface 120 and the network 170. In response to receiving
the service provider optimizations 141, the provider application 191 executing on the
provider device 190 can cause information relating to the service provider optimizations
141 to be displayed by the provider device 190 to the service provider 192.

[0044] METHODOLOGY

[0045] FIG. 2 is a flow chart illustrating an example method of performing service
provider optimizations, in accordance with examples described herein. In the below
description of FIG. 2, references may be made with respect to FIG. 1. For instance, the
example method illustrated in FIG. 2 can be performed by exemplary network system 100
and/or provider device 190 illustrated in and described with respect to FIG. 1.

[0046] Referring to FIG. 2, the network system can receive model generation parameters
(210). The model generation parameters can specify one or more aspects of the
simulations of the network-based service and/or the machine-learning process in
generating the machine-learned service provider (MLSPO) models. The model-generation

parameters can be predetermined or can be specified by a system administrator at the time
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of generating the MLSPO models or performing the simulations of the network-based
service.

[0047] One model-generation parameter can be the specification of a service metric to be
optimized for service providers (211). In some implementations, the service metric to be
optimized can be the total fare expected to be received by the service provider for
providing the network-based service. In other implementations, the MLSPO model can be
generated to optimize distance traveled by the service provider or time waiting for service
requests.

[0048] Another model-generation parameter can be a time duration over which to
perform simulations and over which the optimizations will be performed (212). As an
example, if 12 hours is specified as the time duration parameter, the network system can
simulate 12 hours of activity for one or more agents in performing as service providers of
the network-based service. The resulting MLSPO model based on the results of such
simulations will generate service provider optimizations that optimize the specified
service metric (e.g., expected fares) over a 12-hour duration. In comparison, if 2 hours is
specified as the time duration parameter, the service simulation engine 130 can simulate 2
hours of activity for the one or more agents and the resulting MLSPO model will generate
service provider optimizations that optimize the service metric over a 2-hour duration.
[0049] Other model-generation parameters can also be specified or predetermined (213).
In one example, the geographic region over which the network-based service is managed
by the network system can be divided into a plurality of geographic subdivisions. The
geographic subdivisions can be hexagons or other shapes. The sizes of the geographic
subdivisions can be another model-generation parameter that can be used to customize
and modify the generation of the MLSPO models. As can be appreciated, smaller
geographic subdivisions can yield more finely-tuned optimizations but can also increase
the computational power needed to generate the MLSPO models.

[0050] The network system can generate the MLSPO models based on historical service
data and the model-generation parameters (215). In generating the MLSPO models, the
network system can perform a plurality of simulations of the network-based service for
one or more virtual agents. A virtual agent can represent, within the simulations, a service
provider of the network-based service. The simulations can be performed based on
historical service data associated with the network-based service. For example, the virtual
agent can be simulated to be taking various actions such as traveling in a particular

direction from the agent’s location during the in-between service request time period. In
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addition, the historical service data can be used to simulate the results of the virtual
agent’s performance in fulfilling simulated service requests. The historical service data
can include data indicating various aspects, such as past instances of the network-based
service rendered by real-world service providers. For instance, the historical service data
can also indicate parameters and metrics for those past instances of the network-based
service such as fare paid, time of request (e.g., time of day and/or day of week), duration
of service, location of service provider when invitation was received, time and distance
traveled (e.g., from location of service provider at time of accepting invitation to start
location and/or from start location to service location), and the like. Results of the
simulations are recorded and used to train the MLSPO model using, for example,
reinforcement learning techniques designed to optimize one or more metrics (e.g., the
fare). In some embodiments, a single virtual agent is used in the simulations to generate a
single-agent model (216). In other implementations, multiple virtual agents are simulated
and a multi-agent model can be generated (217).

[0051] In various aspects, the network system can periodically update MLSPO models
based on the most-recent historical service data collected by the network system in
managing the network-based service. For instance, the network system can update the
MLSPO models every month based on the past 3 months or 12 months of service data
collected for the network-based service. In this manner, the MLSPO models can be
updated to reflect changing usage patterns of the network-based service such that
optimizations generated for service providers are not out-of-date.

[0052] In performing service provider optimization for a given service provider after the
machine-learning models to do so have been generated, the network system can receive
an optimization request from the provider device of the given service provider (220). The
service provider can interact with the provider application executing on the provider
device to cause the provider device to transmit the optimization request the network
system. The optimization request can indicate the current location of the service provider
(e.g., via one or more geo-aware resources of the provider device) and/or the service
parameter sought to be optimized. For example, after fulfilling a service request, the
provider application can present a menu or soft selection feature using which the service
provider can cause an optimization request to be transmitted. In doing so, the service
provider can be presented with an option to select among two or more service metrics

(e.g., expected fares, wait times, etc.) to be optimized.
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[0053] In addition or as an alternative, the network system can automatically begin the
service provider optimization process based on monitoring the location and/or the service
progress of the service provider. For example, the network system can periodically
receive, from the provider device, location data indicating the current location of the
service provider. In response to determining that the provider device is within a
predetermined distance of the service location of a service request, the network system
can be triggered to begin the process of determining service provider optimizations in
anticipation of the service provider completing the service request. As another example,
in response to receiving a service provider’s acceptance an invitation to fulfill a service
request to a service location, the network system can begin to generate optimizations for
the service provider based on the MLSPO models and the service location (and/or the
estimated arrival time at the service location). In doing so, the optimizations can be
readily transmitted to the provider device when the service provider completes the
requested service at the service location.

[0054] In response to receiving the optimization request, the network system can
determine one or more real-time parameters of the service provider (225). The one or
more real-time parameters can reflect real-time conditions of the network-based service
that may be relevant to the service provider optimization process. The MLSPO models
can receive the real-time parameters as inputs in outputting the service provider
optimizations.

[0055] According to embodiments, the network system can retrieve an appropriate
machine-learning model based on the received optimization request (230). In one aspect,
the machine-learning model can be retrieved based on the optimization service metric
sought to be optimized, which can be indicated by the optimization request. For example,
in response to a first optimization request indicating that the service metric sought to be
optimized is the expected fare of the service provider, the network system can retrieve a
machine learned model generated to optimize the expected fare. In contrast, in response
to a second optimization request indicating that the service metric sought to be optimized
is the wait time of the service provider (e.g., wait times for incoming invitations from the
network system), the network system can retrieve machine learned model generated to
optimize that service metric. In some examples, location-specific machine learned models
can be used by the network system to generate service provider optimizations. Different

MLSPO models can be used depending on the service provider’s current location.
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Accordingly, the appropriate MLSPO model can also be retrieved based on the current
location of the service provider indicated in the optimization request.

[0056] In yet another aspect, the appropriate MLSPO model for generating optimizations
for the given service provider can be retrieved based on the real-time parameters
determined for the service provider at step 225. For instance, the network system can
have generated two MLSPO models—one based on a single-agent simulation of the
network-based service and another based on multi-agent simulations of the network-based
service. Based on a real-time parameter determined for the service provider indicating a
number of service providers near the given service providers, one of the two
aforementioned MLSPO models can be retrieved. For example, if the number of service
providers within a predetermined distance of the service provider (or within the same
geographic subdivision as the given service provider) is below a threshold value, the
MLSPO model generated using single-agent simulations of the network-based service can
be utilized. On the other hand, if the number of such service providers exceeds the
threshold value, the MLSPO model generated using multi-agent simulations of the
network-based service can be retrieved.

[0057] According to embodiments, the network system can utilize the retrieved machine
learned model to generate service provider optimizations based on the current location of
the service provider and/or the one or more determined real-time parameters of the
service provider (235). As discussed herein, the current location of the service provider
can be indicated by the optimization request or can be determined by monitoring
transmission of location data from the provider device. In one implementation, the current
location and/or the real-time parameters can be used as inputs to the retrieved MLSPO
model. The output of the MLSPO model can include route suggestions (236) and action
suggestions (237) for the service provider.

[0058] In variations, for the route suggestion, the MLSPO model can generate a direction
of travel from the current location that is determined, based on simulations of the
network-based service using historical data, to be optimal in maximizing or minimizing
the specified service parameter. The direction of travel can be determined and represented
as an angle of deviation from a line or plane of reference. For instance, the direction of
travel can be determined as an angle (e.g., 30 degrees) from true north. The network
system and/or the provider application executing on the provider device can be
configured to generate route directions (e.g., turn-by-turn navigation directions) based on

the determined angle of travel. For instance, the network system and/or the provider
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application can determine a navigable route that most closely takes the service provider in
the angle of travel based on, for example, map data, the current location of the service
provider, traffic data, and the like. A map representation of the route and/or turn-by-turn
directions for the route can be displayed on the provider device for the service provider to
follow.

[0059] In some cases, the route suggestion can be for the service provider to remain at or
near his or her current location. For example, this can occur when the optimization is
performed to maximize expected fares and the service provider is already in a location of
historically high demand for the network-based service. Based on these circumstances,
the network system can generate route suggestion that the service provider should remain
within the geographic subdivision in which he or she is currently located. In response, the
network system and/or the provider application can indicate to the service provider to
remain in place (e.g., within the same geographic subdivision as the one in which service
provider is currently located). As an alternative, the network system and/or the provider
application can generate routing directions to a safe waiting place (e.g., to wait for the
next invitation to fulfill a service request) for the service provider within the geographic
subdivision. The safe waiting place can be preselected for the geographic subdivision
based on map data.

[0060] According to embodiments, for the action suggestions, the MLSPO model can
generate suggestions for the service provider such as entering or exiting the offline mode
for the network-based service as he or she follows the routing directions from his or her
current location. The suggestions can also include declining invitations to fulfill service
requests, and the like.

[0061] According to embodiments, the network system is also configured to perform
additional optimizations for certain scenarios such as when multi-agent optimization is
performed (240). When a MLSPO model based on multi-agent simulations is used for
generated service provider optimizations, multiple optimizations (e.g., one for each of the
plurality of agents in the simulations) can be generated. Thus, the network system can
additionally determine (e.g., by randomizing) which of the multiple optimizations is to be
received by the given service provider.

[0062] The network system can transmit optimization data to the provider device of the
given service provider (245). In response to receiving the optimization data, the provider
device can display information corresponding to the service provider optimizations

generated by the MLSPO models.
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[0063] FIG. 3A is a flow chart illustrating an example method of simulating an instance
of the network-based service as part of the process for generating a machine-learned
service provider optimization model, as described herein. FIG. 3B is a diagram
illustrating an exemplary visualization a simulation of an instance of the network-based
service as part of the process for generating a machine-learned service provider
optimization model, in accordance with examples described herein. Furthermore, in the
below discussions of FIG. 3A and FIG. 3B, references may be made with respect to FIG.
1 and/or FIG. 2. For instance, the example method illustrated in FIG. 3A can be
performed by exemplary network system 100 and/or provider device 190 illustrated in
and described with respect to FIG. 1. The example method illustrated in FIG. 3A can also
be performed a part of the step to generate MLSPO models (step 215) illustrated in and
described with respect to FIG. 2.

[0064] Referring to FIG. 3A, the process 300 include exemplary steps to simulate an
instance of the network-based service using a virtual agent. The virtual agent can be, for
purposes of the simulations and the generation of a machine-learned service provider
optimization (MLSPQO) model, a virtual representation of a service provider taking actions
in interacting with the network-based service to fulfill service requests. The virtual agent
can be instantiated by the network system prior to running a plurality of simulations to
generate the MLSPO model. The network system can simulate various actions performed
by the virtual agent and can also simulate the results (e.g., parameters such as distance
and time traveled, fare received) of those actions performed. The simulated actions and
results of one or more virtual agents are recorded and used to train (e.g., using
reinforcement learning) one or more MLSPO models in attempting to optimize one or
more service metrics (e.g., maximizing expected fares, minimizing wait times,
minimizing travel distances, etc.).

[0065] According to embodiments, the geographic region over which the network system
manages the network-based service can comprise a plurality of geographic subdivisions.
In one example, as illustrated in FIG. 3B, the geographic subdivisions can be hexagons.
These geographic subdivisions can be used for the provision of the network-based service
in the real world. For instance, dynamic determinations of metrics such as fares for a
given geographic subdivision can be dependent on the presence and number of available
service providers within the given geographic subdivision or neighboring geographic

subdivisions. The sizes of the geographic subdivisions can be predetermined based on the
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various factors such as typical demand for the network-based service within each of the
subdivisions.

[0066] The network system can determine an initial location (S) for the instance of the
network-based service to be simulated (310). Referring to FIG. 3B, for example, to
simulate for and model the behavior a virtual agent starting within subdivision 350, the
network system can begin simulations for the virtual agent at subdivision 350. The
process will simulate the actions and results of the virtual agent as the agent progresses
from subdivision to subdivision within the geographic region in fulfilling the network-
based service. In the example illustrated in FIG. 3B, the virtual agent is simulated to
progress from subdivision 350 to subdivision 360 to subdivision 370 and finally to
subdivision 380. A simulation of the next instance (not illustrated in FIG. 3B) of the
virtual agent can thus begin at subdivision 380.

[0067] According to embodiments, simulating an instance of the network-based service
includes simulating actions and results of the virtual agent during an off-service segment,
a transit segment, and an on-service segment. The off-service segment can refer to the
time period between completing a prior service request and accepting an invitation to
fulfill a service request. The transit segment can refer to the time period between
accepting the invitation and arrival at the start location of the service request. And the on-
service segment can refer to the time period during which the virtual agent is simulated to
be traveling from the start location to the service location in fulfillment of the service
request.

[0068] The network system can simulate the off-service segment of the network-based
service (320). Referring to FIG. 3B, the off-service segment can be segment 365 from the
initial location (S) in subdivision 350 to a location (A) in subdivision 360. The network
system can also simulate a transit segment, which can be a segment 375 from the location
(A) in subdivision 360 to a location (B) in subdivision 370. The segment 365 can
represent the actions of the virtual agent before the agent accepts a (virtual) invitation to
fulfill a service request. The segment 375 can represent the actions of the virtual agent as
the agent proceeds to a start location (location (B)) of the service request. The network
system can also simulate on-service segment 385 (330) from start location (B) located in
subdivision 370 to the service location (S’) located in subdivision 380.

[0069] In some embodiments, one or more of the segments 365, 375, and/or 385 may not
be individually or explicitly simulated. Rather, in addition or as an alternative, the

approach taken to simulate the virtual agent actions during the off-service segment can be
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done by simulating the virtual agent traveling in a given direction from the initial location
(S). The given direction of travel can be represented as an angle 355 from a reference
direction or reference line. In some examples, the network system can perform a general
statistical modeling, based on historical service data, of past actions and results of the
service providers traveling in a given direction rather than performing detailed
simulations of the individual segments 365, 375, and/or 385. In one variation, the network
system can model the virtual agent traveling from the initial location (S) in a direction
represented by angle 355 and simulating the parameters associated with the network-
based service in the virtual agent arriving at the service location (S’). In many cases,
particularly where the geographical region comprises a great number of subdivisions, this
can result in lower demand on computational power to perform the simulations.
Furthermore, the network system can be configured to simulate virtual agent actions for a
plurality of angles of travel (e.g., every 20°) in order to obtain a complete set of
simulations for the virtual agent starting from initial location (S). For instance, the
network system can perform a first set of simulations for the virtual agent with an angle
of travel of 0° from the initial position S, a second set of simulations for the virtual agent
with an angle of travel of 20°, a third set of simulations for the virtual agent with an angle
of 40°, etc. In this manner, the network system can simulate a complete set of possible
routes and actions of the service provider in determining one or more directions of travel
and/or actions to optimize the one or more service metrics.

[0070] The simulation can be performed based on historical service data maintained by
the network system. In one example, the network system can perform statistical modeling
based on the historical service data to obtain results (e.g., by computing service
parameters) of the virtual agent performing the on-service segment. Computed service
parameters such as fare received, time elapsed, distance traveled, etc. can be computed
and used to train the MLSPO model (340). After performing the simulation of the virtual
agent’s travel from initial location (S) to the service location (S’), the network system can
continue performing additional simulations for the virtual agent. For instance, the
network system can perform an additional simulation of the virtual agent’s actions from
S’ to the next service location (S°’, not illustrated in FIG. 3B).

[0071] FIG. 4 is a diagram illustrating an exemplary visualization of service provider
optimizations provided by an exemplary machine-learned service provider optimization

(MLSPO) model, in accordance with examples described herein. As in FIG. 3B, the
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geographic region can comprise a plurality of subdivisions such as subdivision 410 and
420.

[0072] For subdivision 410, the MLSPO model can generate route direction of travel to
optimize one or more service metrics for the service provider. Thus, if the service
provider is determined to be located within the subdivision 410, and service provider
optimization is requested, the network system can generate a routing direction 415 for the
service provider. In some examples, the routing direction 415 outputted by the MLSPO
model can be a direction of travel represented as an angle 416 from reference direction
(e.g., cardinal north). The network system and/or the provider application executing on
the provider device can be configured to generate route directions (e.g., turn-by-turn
navigation directions) based on the routing direction 415 and/or the angle 416. For
instance, the network system and/or the provider application can determine a navigable
route that most closely takes the service provider that conforms to the angle 416 based on,
for example, map data, the current location of the service provider, traffic data, and the
like. A map representation of the route and/or turn-by-turn directions for the route can be
displayed on the provider device for the service provider to follow.

[0073] In contrast, for subdivision 420, the output of the MLSPO model can be a
direction for the service provider to remain in place 425 (or within the subdivision 420).
At a high level, this can occur, for example, when the service provider requests to
optimize expected fares and the service provider is already located in an area (e.g.,
subdivision 420) of high demand for the network-based service. Thus, to optimize
expected fares, the MLSPO model may generate a route direction informing the service
provider to remain in place.

[0074] HARDWARE DIAGRAMS

[0075] FIG. 5 is a block diagram illustrating an example mobile computing device, in
accordance with examples described herein. In many implementations, the mobile
computing device 500 can be a smartphone, tablet computer, laptop computer, VR or AR
headset device, and the like. In the context of FIG. 1, the user device 180 and/or the
provider device 190 may be implemented using a mobile computing device 500 as
illustrated in and described with respect to FIG. 4.

[0076] According to embodiments, the mobile computing device 500 can include typical
telephony features such as a microphone 570, a camera 540, and a communication
interface 510 to communicate with external entities (e.g., network system 590

implementing or managing the network-based service) using any number of wireless
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communication protocols. The mobile computing device 500 can store a designated
application (e.g., a service application 532) in a local memory 530. The service
application 532 can correspond to one or more user applications for implementations of
the mobile computing device 500 as user devices for the network-based service. The
service application 532 can also correspond to one or more provider applications for
implementations of the mobile computing device 500 as provider devices for the network-
based service.

[0077] In response to an input 518, the processor can execute the service application 532,
which can cause an application interface 542 to be generated on a display screen 520 of
the mobile computing device 500. In implementations of the mobile computing device
500 as user devices, the application interface 542 can enable a user to, for example,
request for the network-based service. The request for service can be transmitted to the
network system 590 as an outgoing service message 567.

[0078] In various examples, the mobile computing device 500 can include a GPS module
550, which can provide location data 562 indicating the current location of the mobile
computing device 500 to the network system 590 over a network 580. In some
implementations, other location-aware or geolocation resources such as GLONASS,
Galileo, or BeiDou can be used instead of or in addition to the GPS module 560. The
location data 562 can be used in generating a service request, in the context of the mobile
computing device 500 operating as a user device. For instance, the user application can
set the current location as indicated by the location data 562 as the default start location
(e.g., a location where a selected service provider is to rendezvous with the user).

[0079] FIG. 6 is a block diagram that illustrates a computer system upon which examples
described herein may be implemented. A computer system 600 can represent, for
example, hardware for a server or combination of servers that may be implemented as
part of a network service for providing on-demand services. In the context of FIG. 1, the
network system 100 may be implemented using a computer system 600 or combination of
multiple computer systems 600 as described by FIG. 6.

[0080] In one aspect, the computer system 600 includes processing resources (e.g.,
processor 610), a main memory 620, a memory 630, a storage device 640, and a
communication interface 650. The computer system 600 includes at least one processor
610 for processing information stored in the main memory 620, such as provided by a
random access memory (RAM) or other dynamic storage device, for storing information

and instructions which are executable by the processor 610. The main memory 620 also
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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 memory 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 information and instructions.
[0081] The communication interface 650 enables the computer system 600 to
communicate with one or more networks 680 (e.g., a cellular network) through use of a
network link (wireless or wired). Using the network link, the computer system 600 can
communicate with one or more computing devices, one or more servers, and/or one or
more self-driving vehicles. In accordance with some examples, the computer system 600
receives service requests from mobile computing devices of individual users. The
executable instructions stored in the memory 630 can include provider selection
instructions 622, machine-learned model generation instructions 624, and service
provider optimization 626 to perform one or more of the methods described herein when
executed.

[0082] By way of example, the instructions and data stored in the memory 620 can be
executed by the processor 610 to implement an example network system 100 of FIG. 1. In
performing the operations, the processor 610 can handle service requests and provider
statuses and submit service invitations to facilitate fulfilling the service requests. The
processor 610 executes instructions for the software and/or other logic to perform one or
more processes, steps and other functions described with implementations, such as
described herein with respect to FIGS. 1-4.

[0083] Examples described herein are related to the use of the computer system 600 for
implementing the techniques described herein. According to one example, 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.
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[0084] It is contemplated for examples described herein to extend to individual elements
and concepts described herein, independently of other concepts, ideas or systems, 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. As such, many modifications and variations will be apparent to practitioners
skilled in this art. 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 claiming rights to such combinations.
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WHAT IS CLAIMED IS:

1. A network system for managing a network-based service, comprising:
one or more processors; and
one or more memory resources storing instructions that, when executed by the one
or more processors of the network system, cause the network system to:
generate, based on a set of historical data associated with the network-
based service, a machine-learned optimization model for generating action
recommendations for service providers of the network-based service;
determine, based on a current location of a service provider received from
a provider device of the service provider and the machine-learned optimization
model, one or more action recommendations for optimizing one or more estimated
service metrics for the service provider in fulfilling one or more service requests
of the network-based service; and
transmit, to the provider device, a set of data to cause the provider device
to display information regarding the determined one or more action

recommendations for the service provider.

2. The network system of claim 1, wherein the one or more action recommendations
correspond to a recommended direction of travel for the service provider while the

service provider is traveling on an off-service segment.

3. The network system of claim 2,

wherein the recommended direction of travel is defined as an angle of travel with
respect to a reference direction;

wherein the executed instructions further cause the network system to generate,
based on the angle of travel with respect to the reference direction and the current
location of the service provider, navigation instructions for the service provider; and

wherein the information displayed on the provider device regarding the
determined one or more action recommendations for the service provider correspond to

the navigation instructions.
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4. The network system of claim 1, wherein the one or more action recommendations
includes a recommendation for the service provider to travel to a pre-determined waiting

area for waiting for a future invitation to fulfill a service request.

5. The network system of claim 1, wherein the one or more action recommendations

includes a recommendation to enter an offline state for the network-based service.

6. The network system of claim 1, wherein generating the machine-learned
optimization model further includes:

performing, for a first virtual agent based on the set of historical data, a first set of
agent-based simulations of the network-based service including a first agent-based
simulation from a first location to a second location; and

determining, for each one the first set of agent-based simulations of the network-
based service, a corresponding value of a first service metric of the one or more estimated

service metrics based on the set of historical data.

7. The network system of claim 6, wherein the machine-learned optimization model
is trained based on results of the first set of agent-based simulations to maximize or

minimize the first service metric.

8. The network system of claim 6, wherein generating the machine-learned
optimization model further includes:
performing, for a second virtual agent based on the set of historical data, a second

set of agent-based simulations of the network-based service.

9. The network system of claim 1, wherein the current location of the service
provider is provided as an input to the machine-learned optimization model to determine
the one or more action recommendations for optimizing one or more estimated service
metrics for the service provider in fulfilling one or more service requests of the network-

based service.

10. The network system of claim 1, wherein the executed instructions further cause

the network system to:
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determine a real-time parameter based on one or more real-time conditions of the
network-based service; and

wherein the real-time parameter as an input to the machine-learned optimization
model to determine the one or more action recommendations for optimizing one or more
estimated service metrics for the service provider in fulfilling one or more service

requests of the network-based service.

11. The network system of claim 10, wherein the real-time parameter is a parameter
indicating a number of other available service providers within a predetermined distance

of the service provider.

12. The network system of claim 1, wherein the set of historical data indicates
respective values of a service parameter associated with each of a plurality of past

instances of the network-based service.

13. The network system of claim 1, wherein the one or more estimated service metrics
includes one or more of the following service metrics for the service provider in fulfilling
requests for the network-based service over a future period of time: (i) expected fares, (ii)

expected wait times, or (iii) expected travel distances.

14. The network system of claim 13, wherein the future period of time is specified by
the service provider and wherein the one or more action recommendations is determined

based further on the future period of time.

15. The network system of claim 1, wherein the machine-learned optimization model

is generated using reinforcement learning.

16. A computer-implemented method comprising:

generating, based on a set of historical data associated with a network-based
service, a machine-learned optimization model for generating action recommendations for
service providers of the network-based service;

determining, based on a current location of a service provider received from a
provider device of the service provider and the machine-learned optimization model, one

or more action recommendations for optimizing one or more estimated service metrics for
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the service provider in fulfilling one or more service requests of the network-based
service; and

transmitting, to the provider device, a set of data to cause the provider device to
display information regarding the determined one or more action recommendations for

the service provider.

17. The computer-implemented method of claim 16, wherein generating, based on the
set of historical data associated with the network-based service, the machine-learned
optimization model for generating action recommendations for service providers of the
network-based service comprises:

performing, for a first virtual agent based on the set of historical data, a first set of
agent-based simulations of the network-based service including a first agent-based
simulation from a first location to a second location; and

determining, for each one the first set of agent-based simulations of the network-
based service, a corresponding value of a first service metric of the one or more expected
service metrics based on the set of historical data; and

wherein the machine-learned optimization model is trained based on results of the

first set of agent-based simulations to maximize or minimize the first service metric.

18. The computer-implemented method of claim 16, wherein the one or more action
recommendations correspond to a recommended direction of travel for the service

provider while the service provider is traveling on an off-service segment.

19. A non-transitory computer-readable medium storing instructions that, when
executed by one or more processors of a network system, cause the network system to:

generate, based on a set of historical data associated with a network-based service,
a machine-learned optimization model for generating action recommendations for service
providers of the network-based service;

determine, based on a current location of a service provider received from a
provider device of the service provider and the machine-learned optimization model, one
or more action recommendations for optimizing one or more estimated service metrics for
the service provider in fulfilling one or more service requests of the network-based

service; and
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transmit, to the provider device, a set of data to cause the provider device to
display information regarding the determined one or more action recommendations for

the service provider.

20. The non-transitory computer-readable medium of claim 19, wherein generating,
based on the set of historical data associated with the network-based service, the machine-
learned optimization model for generating action recommendations for service providers
of the network-based service comprises:

performing, for a first virtual agent based on the set of historical data, a first set of
agent-based simulations of the network-based service including a first agent-based
simulation from a first location to a second location; and

determining, for each one the first set of agent-based simulations of the network-
based service, a corresponding value of a first service metric of the one or more expected
service metrics based on the set of historical data; and

wherein the machine-learned optimization model is trained based on results of the

first set of agent-based simulations to maximize or minimize the first service metric.
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