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(57) Abstract: A device may receive configuration information for an experiment associated with optimizing an application. The
configuration information may identify a group of experimental treatments and information identifying a target event. The device
may identify an experimental treatment to be implemented in the application, and may implement the experimental treatment in the
application. The device may collect response information based on implementing the experimental treatment. The device may detect
the target event associated with the experiment, indicating that the response information is to be provided to an experiment server.
The device may determine that the experiment server is unreachable and may store the response information. The response informa-
tion may be stored to allow the response information to be provided to the experiment server at a later time. The response informa-
tion may be provided to the experiment server to permit the experiment server to determine a result of the experiment.
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MOBILE APPLICATION OPTIMIZATION PLATFORM

BACKGROUND OF THE INVENTION

A mobile application is application software that is designed to execute on a mobile
device, such as a smart phone, a tablet, or the like. Mobile applications may be designed with
consideration for demands and constraints of the mobile device, and may also be designed to
take advantage of capabilities of the mobile device.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a test device for optimizing an application,
including a memory to store instructions, and one or more processors that execute instructions to
cause the one or more processors to request the application from an application store device,
receive, the application and configuration information associated with an experiment associated
with optimizing the application from the application store device, the configuration information
identifying a group of experimental treatments associated with the experiment, and the
configuration information including information identifying a target event associated with the
experiment, identify, when executing the application an experimental treatment, of the group of
experimental treatments, to be implemented in the application, implement the experimental
treatment in the application, collect response information, associated with the experimental
treatment, based on implementing the experimental treatment, the response information
including information regarding any interaction with a user operating a user interface of the
application detect the target event associated with the experiment, the target event being detected
indicating that the response information is to be provided to an experiment server associated with
the experiment, determine, after detecting the target event, that the experiment server is
unreachable, and store the response information based on determining that the experiment server
is unreachable, the response information being stored to allow the response information to be
provided to the experiment server at a later time, and the response information being provided to
the experiment server to permit the experiment server to analyze the response information to
determine a result of the experiment.

In another aspect, the present invention provides a computer-readable medium for
optimizing an application, the computer-readable medium storing instructions, the instructions

including one or more instructions that, when executed by one or more processors, cause the one
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or more processors to request the application from an application store device, receive, the
application and configuration information associated with an experiment associated with
optimizing the application from an application store device, the configuration information
including information that identifies a group of experimental treatments associated with the
experiment and information that identifies a target event associated with the experiment, identify,
when executing the application, an experimental treatment, of the group of experimental
treatments, to be implemented in the application, cause the experimental treatment to be
implemented in the application, collect response information, associated with the experimental
treatment, based on causing the experimental treatment to be implemented, the response
information including information regarding any interaction with a user operating a user
interface of the application, receive an indication to provide the response information, the
indication being associated with an occurrence of the target event, determine, after receiving the
indication, that the response information cannot be provided to an experiment server, and store,
based on determining that the response information cannot be provided to the experiment server,
the response information to allow the response information to be provided to the experiment
server at a later time, the response information being provided to the experiment server to permit
the experiment server to analyze the response information and determine a result associated with
experiment.

In yet another aspect, the present invention provides a computer-implemented method for
optimizing an application, including receiving, by a device, the application and experiment
information from an application store device, the experiment information being associated with
an experiment for optimizing the application, and the experiment information including
information associated with a group of attributes associated with the experiment, generating, by
the device, configuration information based on the group of attributes associated with the
experiment information, the configuration information including information that identifies a
group of experimental treatments associated with the experiment, providing, by the device, the
configuration information, the configuration information being provided to cause the group of
experimental treatments to be implemented in the application by a group of test devices when the
application is executed by the test devices, receiving, by the device, response information,
associated with the group of experimental treatments, the response information being provided

by the group of test devices and including information regarding any interactions with users
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operating a user interface of the application, receiving, by the device, descriptive information
associated with users of the group of test devices, receiving, by the device, outcome information
associated with the group of experimental treatments, receiving, by the device, financial
information associated with the group of experimental treatments, analyzing, by the device, the
response information to determine a result associated with the experiment based on two or more
of the descriptive information, the outcome information, or the financial information, and
providing, by the device, the result to allow the application to be optimized based on the result.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-1C are diagrams of an overview of an example implementation described
herein;

Fig. 2 is a diagram of an example environment in which systems and/or methods,
described herein, may be implemented;

Fig. 3 is a diagram of example components of one or more devices of Fig. 2;

2a
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Fig. 4 is a flow chart of an example process for receiving experiment information,
associated with an application, and generating a group of experimental treatments based on the
experiment information;

Fig. 5 is a diagram of an example implementation relating to the example process
shown in Fig. 4;

Fig. 6 is a flow chart of an example process for identifying an experimental treatment
to be implemented in an application, collecting response information associated with the
experimental treatment, and providing the response information;

Figs. 7A and 7B are diagrams of an example implementation relating to the example
process shown in Fig. 6;

Figs. 8A and 8B are diagrams of an additional example implementation relating to the
example process shown in Fig. 6;

Figs. 9A-9C are diagrams of an example implementation relating to the example
processes shown in Fig. 4 and Fig. 6;

Fig. 10 is a flow chart of an example process for analyzing response information,
associated with a group of experimental treatments for an application, and providing a result
associated with analyzing the response information; and

Fig. 11 is a diagram of an example implementation relating to the example process
shown in Fig. 10.

DETAILED DESCRIPTION

The following detailed description of example implementations refers to the
accompanying drawings. The same reference numbers in different drawings may identify the
same or similar elements.

An application developer may wish to experiment with various configurations of an
application (e.g., a mobile application) in order to determine which configuration is optimal for a
goal (e.g., increasing sales, increasing ad revenue, etc.). In order to achieve this, the application
developer may design, via an experiment server (e.g., a server device that hosts a primary
experiment engine), an experimental campaign that identifies a group of attributes and levels,
associated with the experiment, that may be used to generate a group of experimental treatments.

Each experimental treatment may include experimental variations of attributes associated with
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the application (e.g., functions associated with the application, aesthetics associated with the
application, etc.).

Information associated with the experimental treatments may be provided to a group
of test devices (e.g., smart phones, tablet computers, etc.), and each test device may be assigned
an experimental treatment of the group of experimental treatments. In some cases, the test
device may be assigned an experimental treatment by the experiment server (e.g., when the test
device is able to communicate with the experiment server via a network). However, if the test
device is unable to communicate with the experiment server, a secondary experiment engine,
hosted by the test device, may assign (e.g., randomly, systematically, etc.) an experimental
treatment to the test device.

Each test device may then execute the application and implement the assigned
experimental treatment, and may collect (e.g., via the secondary experiment engine) response
information associated with the experimental treatment (e.g., information about how a user of the
test device responded to the experimental treatment, etc.).

However, when the test device is not connected to the experiment server (e.g., when
the test device is disconnected from a network), the test device may be unable to provide the
response information and/or other information (e.g., descriptive information associated with the
user, information that identifies the experimental treatment that was used, etc.) to the experiment
server. As such, the test device may be configured to store the response information until the test
device is able to communicate with the experiment server, at which point the test device may
provide the response information and/or the other information to the experiment server. The
experiment server may then analyze the response information and/or the other information
associated with the test device and/or a user of the test device (e.g., along with response
information and/or other information associated with other test devices). Implementations
described herein may allow an experiment server to conduct experiments, associated with
optimizing an application, on a test device when the test device is unable to communicate with
the experiment server (e.g., when the test device is disconnected from the network).

Figs. 1A-1C are diagrams of an overview of an example implementation 100
described herein. For the purposes of example implementation 100, assume that an application

developer wishes to conduct an experiment, associated with optimizing an application, by
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causing a group of test devices to execute the application implementing a group of experimental
treatments for the application.

As shown in Fig. 1A, an application developer may provide, to a developer device
(e.g., a desktop computer, a laptop computer, a smart phone, a tablet, etc.), experiment
information associated with the application. As shown by reference number 105 the experiment
information may include information associated with attributes associated with the application
and may include information associated with target events associated with the application (e.g.,
information associated with a user behavior that the application developer wishes to monitor).
As shown by reference number 110, the developer device may provide the experiment
information to an experiment server associated with conducting the experiment.

As shown by reference number 115, the experiment server may generate
configuration information based on the experiment information. As shown by reference number
120, the configuration information may include information that identifies a group of
experimental treatments (e.g., determined based on information associated with the attributes
included in the experiment information), identified as treatment 1 through treatment N, and may
include information associated with the target events. As shown by reference number 125, the
experiment server may provide the configuration information, associated with the application, to
an application store device (e.g., such that the group of test devices may have access to the
configuration information).

For the purposes of Fig. 1B, assume that a test device, test device 1, is in the process
of installing the application to allow the application to execute on the test device (e.g., after the
test device requests the application from the application store device). As shown by reference
number 130, the application store device may provide the configuration information, associated
with the application, to test device 1 (e.g., along with other information associated with installing
and/or executing the application on the test device). As shown by reference number 135, test
device 1 may receive the configuration information, install the application, and execute the
application for the first time. As shown by reference number 140, test device 1 may identify an
experimental treatment (e.g., treatment N) that is to be applied to the application when test
device 1 executes the application. In some implementations, test device 1 may determine which
experimental treatment is to be applied based on sending a request to, and receiving a response

from, the experiment server (e.g., when test device 1 is connected to a network that allows test
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device 1 to communicate with the experiment server). Additionally, or alternatively, test device
1 may determine which experimental treatment is to be applied based on the configuration
information (e.g., when test device 1 is not connected to the network and test device 1 selects an
experimental treatment identified in the configuration information).

As further shown in Fig. 1B, and by reference number 145, test device 1 (e.g., the
secondary experiment engine) may collect response information (e.g., based on user behavior)
associated with the application that has implemented treatment N. As shown by reference
number 150, test device 1 may detect a target event (e.g., identified in the configuration
information) associated with the application, which may indicate that test device 1 is to provide
the treatment N response information, collected by test device 1, to the experiment server. As
shown by reference number 1535, test device 1 may determine that the experiment server is not
reachable (e.g., when test device 1 is disconnected from the network, when the experiment server
is unavailable, etc.), and may store the treatment N response information (e.g., in a memory
location of test device 1). As shown by reference number 160, test device 1 may determine, at a
later time, that the experiment server is reachable (e.g., when test device 1 reconnects to the
network, when the experiment server becomes available, etc.), and test device 1 may provide the
treatment N response information to the experiment server.

For the purposes of Fig. 1C, assume that each test device, of a group of test devices
(c.g., test device 1 through test device M), has applied an experimental treatment, of the group of
experimental treatments, to the application (e.g., such that response information for each
experimental treatment has been collected by one or more test devices). As shown by reference
number 165, each test device may provide, to the experiment server, response information
associated with the experimental treatments corresponding to cach test device. As shown by
reference number 170, the experiment server may receive the response information associated
with the experimental treatment, and may analyze the response information (e.g., by performing
a statistical analysis based on the response information). As shown by reference number 175, the
experiment server may provide, to the developer device, a result associated with analyzing the
response information (e.g., such that the application developer may optimize the application
based on the result).

In this way, an experiment server may conduct an experiment, associated with

optimizing an application, on a test device when the test device is unable to communicate with
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the experiment server (e.g., when the test device is disconnected from the network). An
application developer, associated with the application, may then optimize the application based
on a result of the experiment.

Fig. 2 is a diagram of an example environment 200 in which systems and/or methods,
described herein, may be implemented. As shown in Fig. 2, environment 200 may include a test
device 210, an application server 220, an experiment server 230, a developer device 240, an
application store device 250, and a network 260. Devices of environment 200 may interconnect
via wired connections, wireless connections, or a combination of wired and wireless connections.

Test device 210 may include a device capable of receiving, generating, storing,
processing, and/or providing information, such as information associated with an application
(e.g., a mobile application). For example, test device 210 may include a tablet computer, a
handheld computer, a mobile phone (e.g., a smart phone, a radiotelephone, etc.), a desktop
computer, a laptop computer, or a similar device. In some implementations, test device 210 may
receive information from and/or transmit information to application server 220, experiment
server 230, and/or application store device 250. In some implementations, aspects of an
experimental treatment (e.g., application configuration variations) may dictate a configuration of
the application executing on test device 210. Additionally, or alternatively, test device 210 may
be capable of collecting and/or storing response information associated with an experimental
treatment.

Application server 220 may include one or more devices capable of receiving,
generating, storing, processing, and/or providing information, such as information that may be
required for test device 210 (e.g., information associated with an application executing on test
device 210). For example, application server 220 may include one or more computing devices,
such as one or more server devices. In some implementations, an application that executes on
test device 210 may require the presence of application server 220 to provide operational
information (e.g., flight information, hotel price rates, etc.) associated with the application. In
some implementations, aspects of an experimental treatment (e.g., application configuration
variations) may dictate a configuration of application server 220. Additionally, or alternatively,
application server 220 may be capable of collecting and/or storing response information

associated with an experimental treatment.
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Experiment server 230 may include one or more devices capable of receiving,
generating, storing, processing, and/or providing information associated with an application
executing on test device 210. For example, experiment server 230 may include one or more
computing devices, such one or more server devices. In some implementations, experiment
server 230 may be capable of receiving response information, associated with a group of
experimental treatments for an application, and analyzing the response information.
Additionally, or alternatively, experiment server 230 may be capable of receiving experimental
information, generating configuration information based on the experimental information, and/or
managing an experiment associated with the experiment information.

Developer device 240 may include a device capable of receiving, generating, storing,
processing, and/or providing information, such as experiment information associated with an
application. For example, developer device 240 may include a desktop computer, a laptop
computer, a tablet computer, a handheld computer, a mobile phone (e.g., a smart phone, a
radiotelephone, etc.), a server, or a similar device. In some implementations, developer device
240 may receive information from and/or transmit information to experiment server 230 and/or
application store device 250. In some implementations, developer device 240 may be capable of
receiving, from an application developer, experiment information associated with an experiment
to be conducted by experiment server 230.

Additionally, or alternatively, developer device 240 may allow the application
developer to explore a possible experimental treatment and/or perform quality assurance
associated with the possible experiment. For example, developer device 240 may host a quality
assurance application that allows the application developer to input information associated with a
possible experimental treatment (e.g., such that developer device 240 implements the possible
experimental treatment when developer device 240 executes the application). The application
developer may view and/or modify the possible experimental treatment by providing input to the
developer device. In some implementations, the quality assurance application may allow the
application developer to view and/or modify the possible experimental treatment based on a
gesture (e.g., a shake, a particular finger swipe, etc.) associated with developer device 240. In
this way, developer device 240 may allow the application developer to view and/or modify a
possible experimental treatment, as the experimental treatment would appear when implemented

in the application, such that the application developer may perform quality assurance associated
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with the possible experimental treatment before the experimental treatment is implemented in
test device 210.

Application store device 250 may include one or more devices capable of receiving,
generating, storing, processing, and/or providing information, such as information associated
with an application. For example, application store device 250 may include one or more
computing devices, such as one or more server devices. In some implementations, application
store device 250 may store information that, when provided to test device 210, may allow test
device 210 to install and/or execute the application. In some implementations, application store
device 250 may receive information from and/or transmit information to experiment device 230.

Network 260 may include one or more wired and/or wireless networks. For example,
network 260 may include a cellular network, a public land mobile network ("PLMN"), a local
arca network (“LAN”), a wide area network ("WAN"), a metropolitan area network ("MAN"), a
telephone network (e.g., the Public Switched Telephone Network ("PSTN")), an ad hoc network,
an intranet, the Internet, a fiber optic-based network, and/or a combination of these or other types
of networks.

The number and arrangement of devices and networks shown in Fig. 2 is provided as
an example. In practice, there may be additional devices and/or networks, fewer devices and/or
networks, different devices and/or networks, or differently arranged devices and/or networks
than those shown in Fig. 2. Furthermore, two or more devices shown in Fig. 2 may be
implemented within a single device, or a single device shown in Fig. 2 may be implemented as
multiple, distributed devices. Additionally, or alternatively, a set of devices (e.g., one or more
devices) of environment 200 may perform one or more functions described as being performed
by another set of devices of environment 200.

Fig. 3 is a diagram of example components of a device 300. Device 300 may
correspond to test device 210, application server 220, experiment server 230, developer device
240, and/or application store device 250. In some implementations, test device 210, application
server 220, experiment server 230, developer device 240, and/or application store device 250
may include one or more devices 300 and/or one or more components of device 300. As shown
in Fig. 3, device 300 may include a bus 310, a processor 320, a memory 330, a storage
component 340, an input component 350, an output component 360, and a communication

interface 370.
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Bus 310 may include a component that permits communication among the
components of device 300. Processor 320 may include a processor (e.g., a central processing
unit (CPU), a graphics processing unit (GPU), an accelerated processing unit (APU), etc.), a
microprocessor, and/or any processing component (e.g., a field-programmable gate array
(FPGA), an application-specific integrated circuit (ASIC), etc.) that interprets and/or executes
instructions. Memory 330 may include a random access memory (RAM), a read only memory
(ROM), and/or another type of dynamic or static storage device (e.g., a flash memory, a
magnetic memory, an optical memory, etc.) that stores information and/or instructions for use by
processor 320.

Storage component 340 may store information and/or software related to the
operation and use of device 300. For example, storage component 340 may include a hard disk
(e.g., a magnetic disk, an optical disk, a magneto-optic disk, a solid state disk, etc.), a compact
disc (CD), a digital versatile disc (DVD), a floppy disk, a cartridge, a magnetic tape, and/or
another type of computer-readable medium, along with a corresponding drive.

Input component 350 may include a component that permits device 300 to receive
information, such as via user input (e.g., a touch screen display, a keyboard, a keypad, a mouse, a
button, a switch, a microphone, etc.). Additionally, or alternatively, input component 350 may
include a sensor for sensing information (e.g., a global positioning system (GPS) component, an
accelerometer, a gyroscope, an actuator, etc.). Output component 360 may include a component
that provides output information from device 300 (e.g., a display, a speaker, one or more light-
emitting diodes (LEDs), etc.).

Communication interface 370 may include a transceiver-like component (e.g., a
transceiver, a separate receiver and transmitter, etc.) that enables device 300 to communicate
with other devices, such as via a wired connection, a wireless connection, or a combination of
wired and wireless connections. Communication interface 370 may permit device 300 to receive
information from another device and/or provide information to another device. For example,
communication interface 370 may include an Ethernet interface, an optical interface, a coaxial
interface, an infrared interface, a radio frequency (RF) interface, a universal serial bus (USB)
interface, a Wi-Fi interface, a cellular network interface, or the like.

Device 300 may perform one or more processes described herein. Device 300 may

perform these processes in response to processor 320 executing software instructions stored by a
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computer-readable medium, such as memory 330 and/or storage component 340. A computer-
readable medium is defined herein as a non-transitory memory device. A memory device
includes memory space within a single physical storage device or memory space spread across
multiple physical storage devices.

Software instructions may be read into memory 330 and/or storage component 340
from another computer-readable medium or from another device via communication interface
370. When executed, software instructions stored in memory 330 and/or storage component 340
may cause processor 320 to perform one or more processes described herein. Additionally, or
alternatively, hardwired circuitry may be used in place of or in combination with software
instructions to perform one or more processes described herein. Thus, implementations
described herein are not limited to any specific combination of hardware circuitry and software.

The number and arrangement of components shown in Fig. 3 is provided as an
example. In practice, device 300 may include additional components, fewer components,
different components, or differently arranged components than those shown in Fig. 3.
Additionally, or alternatively, a set of components (e.g., one or more components) of device 300
may perform one or more functions described as being performed by another set of components
of device 300.

Fig. 4 is a flow chart of an example process 400 for receiving experiment
information, associated with an application, and generating a group of experimental treatments
based on the experiment information. In some implementations, one or more process blocks of
Fig. 4 may be performed by experiment server 230. In some implementations, one or more
process blocks of Fig. 4 may be performed by another device or a group of devices separate from
or including experiment server 230, such as another device included in environment 200.

As shown in Fig. 4, process 400 may include receiving experiment information
associated with an application (block 410). For example, experiment server 230 may receive
experiment information associated with an application. In some implementations, experiment
server 230 may receive the experiment information after an application developer provides, via
developer device 240, the experiment information. Additionally, or alternatively, experiment
server 230 may receive the experiment information from another device.

Experiment information may include information associated with an experiment to be

performed on an application. In some implementations, the experiment information may identify
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one or more attributes associated with the experiment (e.g., one or more configurations of the
application that are to be involved in the experiment). In some implementations, an attribute
may be associated with aesthetics of the application (e.g., an arrangement of user interface input
elements, a color scheme associated with the application, a font associated with the application,
etc.), content associated with the application (e.g., an amount of textual information, a tone of
textual information, a number of images associated with the application, etc.), a functional aspect
of the application (e.g., a set of application code, a codec used by the application, etc.),
advertisement information associated with the application (e.g., an ad campaign associated with
the application, a discount offered to the user, an incentive offered to the user, etc.), and/or
another configuration of the application. In some implementations, the experiment information
may include information associated with multiple attributes such that experiment server 230 may
conduct multi-variant testing. The experiment information may also include information that
identifies multiple levels associated with an attribute. For example, the experiment information
may include information that identifies a first level (e.g., a default configuration) associated with
an attribute, a second level (e.g., a first alternative configuration) associated with the attribute,
and so on.

Additionally, or alternatively, the experiment information may include information
that identifies a target event associated with an application. A target event may include an event
that, when detected by test device 210, causes test device 210 to provide response information
(e.g., information, associated with the treatment for the application, collected by test device 210)
to experiment server 240. For example, the target event may be associated with a user making a
purchase via the application (e.g., booking a hotel, buying a plane ticket, etc.), interacting with
an advertisement (e.g., clicking on an advertisement banner, requesting information regarding an
advertisement), signing up for a service (e.g., joining a mailing list, joining a rewards program,
etc.). In some implementations, the experiment information may include information associated
with multiple target events.

Additionally, or alternatively, the experiment information may include timing
information associated with the experiment. For example, the experiment information may
identify when an experiment is to begin (e.g., a start date, a start time, a version of the

application that will trigger the experiment to start, etc.), when an experiment is to end (e.g., an
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end date, an end time, a version of the application that will trigger the experiment to end, etc.)
and/or another type of information.

In some implementations, the experiment information may include information
associated with multiple experiments (e.g., the experiment information may include multiple sets
of attributes associated with multiple experiments). In other words, the experiment information
may include information that allows experiment device 230 to perform multiple experiments
associated with the application.

In some implementations, the application developer may provide the experiment
information via developer device 240. For example, developer device 240 may display a user
interface that allows the application developer to provide experiment information associated with
the application, and the application developer may provide the experiment information via the
user interface.

As further shown in Fig. 4, process 400 may include generating, based on the
experiment information, configuration information that identifies a group of experimental
treatments for the application (block 420). For example, experiment server 230 may generate
configuration information that identifies a group of experimental treatments for the application.
In some implementations, experiment server 230 may generate the configuration information
after experiment server 230 receives the experiment information. Additionally, or alternatively,
experiment server 230 may generate the configuration information when experiment server 230
receives, from another device (e.g., developer device 240), information indicating that
experiment server 230 is to generate the configuration information.

Configuration information may include information, associated with executing an
experiment on an application, that identifies a group of experimental treatments that are to be
applied to the application. An experimental treatment may include a combination of attribute
levels that may be applied to an application. For example, assume that the experiment
information includes two attributes (e.g., attribute 1 and attribute 2), and that each of the two
attributes includes two levels (e.g., an attribute 1 default level, an attribute 1 alternative level, an
attribute 2 default level, and an attribute 2 alternative level). In this example, the configuration
information may include four treatments (e.g., attribute 1 default level paired with attribute 2

default level, attribute 1 default level paired with attribute 2 alternative level, attribute 1

13



10

15

20

25

30

WO 2015/009886 PCT/US2014/046943

alternative level paired with attribute 2 default level, and attribute 1 alternative level paired with
attribute 2 alternative level).

In some implementations, the configuration information may be associated with an
experimental library (e.g., a software library) associated with the application. For example, the
configuration information (e.g., the experimental treatments identified in the configuration
information) may be implemented using an experimental library provided to test device 210
and/or application server 220 during installation of the application.

In some implementations, experiment server 230 may generate the configuration
information based on the experiment information. For example, experiment server 230 may
generate the configuration information such that each possible combination of attribute levels is
included in the configuration information. In this way, the configuration information may
include hundreds, or thousands, of treatments (e.g., as the number of attributes and/or levels
increases). Additionally, or alternatively, experiment server 230 may generate the configuration
information based on information that describes one or more treatments provided by the
application developer. For example, the application developer may provide (e.g., via developer
device 240) information that identifies a combination of attributes and/or levels to be included in
the experiment, and experiment server 230 may generate the configuration information based on
the information provided by the application developer. Additionally, or alternatively, the
configuration information may include information associated with the target event associated
with the experiment. Additionally, or alternatively, the configuration information may include
the timing information associated with experiment.

As further shown in Fig. 4, process 400 may include providing the configuration
information (block 430). For example, experiment server 230 may provide the configuration
information. In some implementations, experiment server 230 may provide the configuration
information after experiment server 230 generates the configuration information. Additionally,
or alternatively, experiment server 230 may provide the configuration information after
experiment server 230 receives an indication that experiment server 230 is to provide the
configuration information from another device, such as developer device 240.

In some implementations, experiment server 230 may provide the configuration
information such that the configuration information may be provided to test device 210 along

with other information associated with the application. For example, experiment device 230 may
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provide the configuration information to application store device 250. In this example,
application device 250 may receive the configuration information, and may provide the
configuration information, along with other information (e.g., installation information, update
information, etc.) associated with installing and/or executing the application, to test device 210
(e.g., when test device 210 indicates that the application is to be installed on test device 210). In
other words, experiment server 230 may provide the configuration information such that the
configuration information may be received during an installation of the application and/or an
update of the application on test device 210.

Additionally, or alternatively, experiment server 230 may provide the configuration
information to application server 220. For example, if the application implements a client-server
topology (e.g., when the application requires communication between test device 210 and
application server 220 while the application is executing), then the experiment may require
response information gathered by application server 220. As such, experiment server 230 may
provide the configuration information to application server 220, and application server 220 may
store the configuration information.

In some implementations, experiment server 230 may provide the configuration
information for storage by experiment server 230. For example, experiment server 230 may
provide the configuration information to a memory location (e.g., a hard disk, RAM, etc.)
associated with the application, the experiment, the application developer, etc. of experiment
server 230, and the experiment server 230 may store the configuration information. In this way,
experiment server 230 may retrieve the configuration information for later use.

Although Fig. 4 shows example blocks of process 400, in some implementations,
process 400 may include additional blocks, fewer blocks, different blocks, or differently
arranged blocks than those depicted in Fig. 4. Additionally, or alternatively, two or more of the
blocks of process 400 may be performed in parallel.

Fig. 5 is a diagram of an example implementation 500 relating to example process
400 shown in Fig. 4. For the purposes of example implementation 500, assume that an
application developer associated with an application, App X, wishes to conduct an experiment,
associated with App X, based on a group of attributes associated with App X and a target event
associated with App X.
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As shown in Fig. 5, the application developer may provide (e.g., via a user interface
of developer device 240) experiment information associated with App X. As shown by reference
number 505, the experiment information may identify a first attribute (e.g., attribute A)
associated with the experiment, and information associated with two levels of the first attribute
(e.g., level Al and level A2). As further shown, the experiment information may also identify a
second attribute (e.g., attribute B) associated with the experiment, and information associated
with three levels of the second attribute (e.g., level B1, level B2, level B3). As further shown,
the experiment information may also include information associated with a target event (e.g.,
event Y) associated with the experiment. As shown by reference number 510, developer device
240 may provide the experiment information to experiment server 230.

As shown by reference number 515, experiment server 230 may receive the App X
experiment information, and may generate and store configuration information associated with
the App X experiment. For the purposes of example implementation 500, assume that
experiment device 230 is configured to generate configuration information that includes all
possible combinations of attribute levels for the experiment.

As shown by reference number 520, the App X configuration information may
include information associated with a first treatment that includes level A1 of attribute A and
level B1 of attribute B (e.g., Treatment 1 = A1-B1), information associated with a second
treatment that includes level Al of attribute A and level B2 of attribute B (e.g., Treatment 2 =
A1-B2), information associated with a third treatment that includes level A1 of attribute A and
level B3 of attribute B (e.g., Treatment 3 = A1-B3), information associated with a fourth
treatment that includes level A2 of attribute A and level B1 of attribute B (e.g., Treatment 4 =
A2-B1), information associated with a fifth treatment that includes level A2 of attribute A and
level B2 of attribute B (e.g., Treatment 5 = A2-B2), and information associated with a sixth
treatment that includes level A2 of attribute A and level B3 of attribute B (e.g., Treatment 6 =
A2-B3). As further shown, the configuration information may also include information
associated with a target event, event Y, associated with the App X experiment (e.g., Target Event
=EventY).

As shown by reference number 525, experiment server 230 may provide the
configuration information to application store device 250, and, as shown by reference number

530, application store device 250 may store the App X configuration information (e.g., such that
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application store device 250 may provide the configuration information to test devices 210 that
download App X from application store device 250).

As indicated above, Fig. 5 is provided merely as an example. Other examples are
possible and may differ from what was described with regard to Fig. 5.

Fig. 6 is a flow chart of an example process 600 for identifying an experimental
treatment to be implemented in an application, collecting response information associated with
the experimental treatment, and providing the response information. In some implementations,
one or more process blocks of Fig. 6 may be performed by test device 210. In some
implementations, one or more process blocks of Fig. 6 may be performed by another device or a
group of devices separate from or including test device 210, such as application server 220.

As shown in Fig. 6, process 600 may include receiving configuration information,
associated with an application, that identifies a group of experimental treatments for the
application (block 610). For example, test device 210 may receive configuration information,
associated with an application, that identifies a group of experimental treatments for the
application. In some implementations, test device 210 may receive the configuration information
after the configuration is provided by another device, such as application store device 250 and/or
experiment server 230.

As discussed above, the configuration information may include information that
identifies a group of experimental treatments associated with the application. In some
implementations, test device 210 may receive the configuration information when test device
210 installs the application. For example, test device 210 may receive (e.g., based on input from
a user of test device 210) an indication that test device 210 is to install the application (e.g., when
the user navigates an application store application and indicates that test device 210 is to install
the application). In this example, test device 210 may provide, to application store device 250, a
request to provide installation information associated with the application. Application store
device 250 may receive the request and may provide the installation information, including the
configuration information (e.g., stored by application store device 250), to test device 210. As
such, test device 210 may receive the configuration information during installation of the
application.

Additionally, or alternatively, test device 210 may receive the configuration

information when test device 210 receives update information associated with the application.
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For example, test device 210 may install the application (e.g., without receiving the
configuration information), and test device 210 may receive the configuration information when
application store device 250 provides (e.g., automatically, based on a request from test device
210, etc.) update information, associated with updating the application, to test device 210.
Additionally, or alternatively, test device 210 may receive the configuration information based
on information provided by the application developer. For example, the application developer
may provide (e.g., via developer device 240) an indication that the experiment is to begin, and
test device 210 may receive the configuration information (e.g., from application store device
250) based on the indication provided by the application developer.

As further shown in Fig. 6, process 600 may include identifying an experimental
treatment, of the group of experimental treatments, to be implemented in the application (block
620). For example, test device 210 may identify an experimental treatment, of the group of
experimental treatments, to be implemented in the application. In some implementations, test
device 210 may identify the experimental treatment after test device 210 receives the
configuration information. Additionally, or alternatively, test device 210 may identify the
experimental treatment when test device 210 receives information (e.g., input from the user),
indicating that test device 210 is to identify the experimental treatment, as discussed below.

In some implementations, test device 210 may identify the experimental treatment
when test device 210 executes the application for the first time. For example, test device 210
may receive the configuration information when installing the application, and may receive (e.g.,
user input) an indication that test device 210 is to execute the application for the first time after
installing the application. In this example, test device 210 may identify the experimental
treatment when test device 210 receives the indication to execute the application. Additionally,
or alternatively, test device 210 may identify the experimental treatment at another time. For
example, test device 210 may identify the experimental treatment when test device 210
determines that test device 210 is to collect response information, when test device 210
determines that the experiment is to begin, when test device 210 receives an indication from
experiment server 230, or at another time.

In some implementations, test device 210 may identify the experimental treatment
based on information received from experiment server 230. For example, test device 210 may

execute the application for the first time, and test device 210 may send, to experiment server 230,
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a request to provide information that identifies the experimental treatment that is to be
implemented by test device 210. In this example, experiment server 230 may receive the
request, may identify (e.g., based on the configuration information stored by experiment server
230) the experimental treatment, and may provide information that identifies the experimental
treatment to test device 210. Test device 210 may then identify the experimental treatment based
on the information received from experiment server 230. In this way, experiment server 230
may be capable of assigning an experimental treatment to each test device 210 (e.g., such that
cach experimental treatment is tested by multiple test devices 210).

Additionally, or alternatively, test device 210 may identify the experimental treatment
based on the configuration information. For example, test device 210 may receive an indication
to execute the application for the first time. However, test device 210 may be unable to reach
experiment server 230 (e.g., when test device 210 is disconnected from network 260, when test
device 210 is unable to communicate with experiment server 230, etc.). Here, test device 210
may identify (e.g., by randomly selecting an experimental treatment identified in the
configuration information, by systematically selecting an experimental treatment identified in the
configuration information, etc.) the experimental treatment based on the configuration
information stored by test device 210. When test device 210 provides response information,
associated with the experimental treatment, to experiment server 230 (e.g., when test device 210
is able to reach experiment server 230), test device 210 may also provide information that
identifies the experimental treatment selected by test device 210. As such, experiment server
230 may track how many times each experimental treatment is implemented in order to ensure
that each experimental treatment is implemented appropriately (e.g., experiment server 230 may
ensure that each experimental treatment is implemented by an approximately equal number of
test devices 210). In this way, the experimental treatment may be identified when test device
210 is unable to reach experiment server 230, while still allowing experiment server 230 to
ensure that each experimental treatment is implemented appropriately.

In some implementations, test device 210 may implement the experimental treatment
based on identifying the experimental treatment (e.g., such that the attribute levels, associated
with the experimental treatment, are implemented while test device 210 is executing the

application).
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As further shown in Fig. 6, process 600 may include collecting response information
associated with the experimental treatment implemented in the application (block 630). For
example, test device 210 may collect response information associated with the experimental
treatment implemented in the application. In some implementations, test device 210 may collect
the response information after test device 210 identifies the experimental treatment.
Additionally, or alternatively, test device 210 may collect the response information when test
device 210 executes the application. Additionally, or alternatively, test device 210 may collect
the response information after test device 210 determines that the experiment is to begin (e.g.,
based on the configuration information).

Response information, associated with the experimental treatment, may include
information associated with a user interaction with the application that implements the
experimental treatment. For example, the response information may include information
associated with a user interaction with a user interface of the application, information associated
with an amount of time the user used the application, information associated with a portion of the
application displayed to the user, information associated with a search performed via the
application, or another type of information.

In some implementations, the response information may include descriptive
information associated with the user (e.g., a gender of the user, an age of the user, a location of
the user, an income level of the user, whether the user is a high valued customer, etc.). For
example, the user may provide descriptive information, associated with the user, via a user
interface of the application, and test device 210 may collect the descriptive information provided
by the user. Additionally, or alternatively, test device 210 may collect the descriptive
information based on information stored by test device 210, application server 220, and/or
another device.

Additionally, or alternatively, the response information may include sensor
information collected by test device 210. For example, test device 210 may collect response
information gathered by a sensor included in test device 210, such as a global positioning system
(GPS) sensor, an accelerometer, or another type of sensor. In some implementations, the
response information may be collected from another sensor associated with the user, such as a

wrist band, a pedometer, a heart rate monitor, or the like.
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In some implementations, test device 210 may collect the response information based
on information included in the configuration information. For example, the configuration
information may include information indicating a start time (e.g., a particular date, a particular
time of day, etc.) and/or a stop time, associated with the experiment, and test device 210 may
collect the response information during the time period between the start time and the stop time.

In some implementations, test device 210 may collect the response information until
test device 210 detects the target event identified in the configuration information (e.g., such that
the test device 210 receives an indication to provide the response information), and test device
210 may provide the response information, as discussed below. Additionally, or alternatively,
test device 210 may collect the response information until test device 210 stops executing the
application (e.g., when the user exits the application, etc.).

In some implementations, application server 220 may also collect response
information associated with the experimental treatment. For example, if test device 210
communicates with application server 220 when using the application, application server 220
may collect response information associated with the experimental treatment implemented in the
application. Here, application server 220 may collect the response information, and may provide
the response information to experiment device 230 (e.g., based on an indication from test device
210, based on detecting a target event identified in the configuration information).

As further shown in Fig. 6, process 600 may include receiving an indication to
provide the response information to an experiment server (block 640). For example, test device
210 may receive an indication to provide the response information to experiment server 230. In
some implementations, test device 210 may receive the indication after test device 210 collects
the response information. Additionally, or alternatively, test device 210 may receive the
indication after test device 210 detects the target event, as discussed below.

In some implementations, test device 210 may receive the indication to provide the
response information based on detecting the target event. For example, test device 210 may start
collecting the response information (e.g., when test device 210 starts executing the application),
and test device 210 may detect the target event (e.g., when the user interacts with the application
such that the target event occurs, when the application executes such that the target event occurs,
etc.). In this example, test device 210 may receive the indication to provide the response

information based on detecting the target event, and may determine whether test device 210 may
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provide the response information to experiment server 230, as discussed below. Additionally, or
alternatively, test device 210 may receive the indication to provide the response information at
another time, such as when test device 210 stops executing the application, when experiment
server 230 requests the response information, when application server 220 detects the target
event and notifies test device 210, or the like.

In some implementations, test device 210 may receive the indication to provide the
response information, and test device 210 may notify application server 220 that application
server 220 is to provide response information, collected by application server 220, to experiment
server 230 (e.g., when the application implements a client-server topology, as discussed above).

As further shown in Fig. 6, process 600 may include determining whether the
experiment server is reachable (block 650). For example, test device 210 may determine
whether the experiment server 230 is reachable. In some implementations, test device 210 may
determine whether experiment server 230 is reachable after test device 210 receives the
indication to provide the response information.

In some implementations, test device 210 may determine whether experiment server
230 is reachable based on information associated with test device 210. For example, test device
210 may determine whether test device 210 is connected to network 260 through which
experiment server 230 may be reached. Additionally, or alternatively, test device 210 may
determine whether experiment server 230 is reachable based on information associated with
experiment server 230. For example, test device 210 may determine (e.g., based on information
received via network 260) whether experiment server 230 is available via to network 260.

As further shown in Fig. 6, if the experiment server is reachable, then process 600
may include providing the response information to the experiment server (block 660). For
example, test device 210 may determine that experiment server 230 is reachable, and test device
210 may provide the response information to experiment server 230.

In some implementations, test device 210 may provide the response information
collected by test device 210. Additionally, or alternatively, test device 210 may provide
information that identifies test device 210 (e.g., a device identifier, a device identification
number, etc.). Additionally, or alternatively, test device 210 may provide information that
identifies the experimental treatment implemented in the application (e.g., when test device 210

selects the experimental treatment, as described above). Additionally, or alternatively, test
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device 210 may provide other information associated with test device 210, the application,
and/or the experimental treatment. In some implementations, application server 220 may also
provide response information (e.g., response information collected by application server 220) to
experiment server 230.

As further shown in Fig. 6, if the experiment server is not reachable, then process 600
may include storing the response information (block 670). For example, test device 210 may
determine that experiment server 230 is not reachable (e.g., when test device 210 is not
connected to the network, when the experiment server is unavailable, etc.), and test device 210
may store the response information.

In some implementations, test device 210 may store the response information in a
memory location (e.g., a RAM, a hard disk, a memory cache, etc.) of test device 210. In some
implementations, test device 210 may store the response information, and may repeat
determining whether experiment server 230 is reachable (e.g., process 600 may return to block
650). For example, test device 210 may store the response information, may wait a period of
time (e.g., 30 seconds, one hour, etc.), and may again determine whether experiment server 230
is reachable. In other words, test device 210 may repeat block 650 until test device 210
determines that experiment server 230 is reachable (e.g., and test device 210 may provide the
response information to experiment server 230). In this way, an experiment may be conducted
(e.g., by experiment device 230) even when test device 210 may be unable to communicate with
experiment server 230.

Although Fig. 6 shows example blocks of process 600, in some implementations,
process 600 may include additional blocks, fewer blocks, different blocks, or differently
arranged blocks than those depicted in Fig. 6. Additionally, or alternatively, two or more of the
blocks of process 600 may be performed in parallel.

Figs. 7A and 7B are diagrams of an example implementation 700 relating to example
process 600 shown in Fig. 6. For the purposes of example implementation 700, assume that
application store device 250 stores configuration information that identifies a group of
experimental treatments associated with an application (e.g., App X). Also, assume that a test
device, TD1, has requested installation information, associated with installing App X on TD1,

from application store device 250.
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As shown in Fig. 7A, and by reference number 705, application store device 250 may
provide the App X installation information to TD1. As shown, the App X installation
information may include App X configuration information that identifies a group of experimental
treatments (e.g., combinations of attribute levels associated with App X), identified as treatment
1 through treatment 6, and information that identifies a target event, event Y, associated with
App X. As also shown, the App X installation information may also include application
information (e.g., other information associated with installing the application), and library
information (e.g., information associated with an experimental library used to implement each
experimental treatment).

As shown by reference number 710, TD1 may receive the installation information
and may install App X, and, as shown by reference number 715, TD1 may execute App X for the
first time. As shown by reference numbers 720, 725, and 730, TD1 may identify an
experimental treatment to be implemented within App X. As shown by reference number 720,
TDI1 may determine that experiment server 230 is reachable (e.g., experiment server 230
reachable = YES). As shown by reference number 725, TD1 may send, to experiment server
230, a request for an App X experimental treatment assignment. Experiment server 230 may
determine (e.g., based on configuration information stored experiment server 230) that an
experimental treatment, identified as treatment 3, is to be implemented by TD1. As shown by
reference number 730, experiment server 230 may provide, to TD1, information indicating that
TDI is to implement treatment 3. In other words, TD1 may determine (e.g., based on
information received from experiment server 230) that TD1 is to implement level 1 of attribute A
and level 3 of attribute B when executing App X.

As shown in Fig. 7B, and by reference number 735, TD1 may implement treatment 3
within App X, and may begin to collect response information, associated with treatment 3, while
the user is using App X. As shown by reference number 740, TD1 may detect event Y
associated with App X, which acts as an indication to provide the treatment 3 response
information to experiment server 230. For the purposes of example implementation 700, assume
that TD1 disconnects from the network after receiving the information indicating that TD1 is to
implement treatment 3. As shown by reference number 745, TD1 may determine that
experiment server 230 is not reachable, and TD1 may store (e.g., in a memory location of TD1)

the treatment 3 response information. As shown by reference number 750, TD1 may wait for
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one hour, and may determine that experiment server 230 is now reachable (e.g., assume that TD1
has reconnected to the network). As shown by reference number 755, TD1 may then provide the
response information to experiment server 230.

As indicated above, Figs. 7A and 7B are provided merely as an example. Other
examples are possible and may differ from what was described with regard to Figs. 7A and 7B.

Figs. 8A and 8B are diagrams of an additional example implementation 800 relating
to example process 600 shown in Fig. 6. For the purposes of example implementation 800,
assume that application store device 250 stores configuration information that identifies a group
of experimental treatments associated with an application (e.g., App X). Also, assume that a test
device, TD2, has requested installation information, associated with installing App X on TD2,
from application store device 250.

As shown in Fig. 8A, and by reference number 805, application store device 250 may
provide the App X installation information to TD2. As shown, the App X installation
information may include App X configuration information that identifies a group of experimental
treatments, identified as treatment 1 through treatment 6, and information that identifies a target
event (e.g., event Y) associated with App X. As also shown, the App X installation information
may include application information (e.g., other information associated with installing the
application), and library information (e.g., information associated with an experimental library
used to implement each experimental treatment).

As shown by reference number 810, TD2 may receive the installation information
and may install App X, and, as shown by reference number 815, TD2 may execute App X for the
first time. As shown by reference numbers 820 and 825, TD2 may identify an experimental
treatment to be implemented within App X. As shown by reference number 8§20, TD2 may
determine that experiment server 230 is not reachable (e.g., experiment server 230 reachable =
NO). As shown by reference number 825, TD2 may then randomly assign (e.g., based on the
configuration information stored by TD2) treatment 6 to be implemented in App X (e.g., since
TD?2 is unable to identify an experimental treatment based on information received from
experiment server 230). In other words, TD2 may determine (e.g., based on randomly selecting
an experimental treatment included in the configuration information) that TD2 is to implement

level 2 of attribute A and level 3 of attribute B when executing App X.

25



10

15

20

25

30

WO 2015/009886 PCT/US2014/046943

As shown in Fig. 8B, and by reference number 830, TD2 may implement treatment 6
within App X, and may begin to collect response information, associated with treatment 6, while
the user of TD2 is using App X. As shown by reference number 835, TD2 may detect event Y
associated with App X, which acts as an indication to provide the treatment 6 response
information to experiment server 230. As shown by reference number 840, TD2 may determine
that experiment server 230 is reachable (e.g., assume that TD2 has reconnected to the network
since initially executing the application), and, as shown by reference number 845, TD2 may
provide the treatment 6 response information to experiment server 230.

As indicated above, Figs. 8A and 8B are provided merely as an example. Other
examples are possible and may differ from what was described with regard to Figs. 8A and 8B.

Figs. 9A-9C are diagrams of an example implementation 900 relating to example
processes 400 and 600 shown in Fig. 4 and Fig. 6, respectively. For the purposes of example
implementation 900, assume that an application developer associated with an application, App Z,
wishes to conduct an experiment, associated with App Z, based on a group of attributes
associated with the application and a target event associated with the application. Further,
assume that App Z implements a client-server topology such that App Z requires communication
between test devices executing App Z and an App Z server device associated with App Z.

As shown in Fig. 9A, the App Z application developer may provide, via a user
interface of developer device 240, experiment information associated with App Z. As shown by
reference number 905, the experiment information may identify a first attribute (e.g., attribute C)
associated with the experiment, and information associated with two levels of the first attribute
(e.g., level C1 and level C2). As further shown, the experiment information may also identify a
second attribute (e.g., attribute D) associated with the experiment, and information associated
with two levels of the second attribute (e.g., level Dland level D2). As also shown, the
experiment information may also identify a third attribute (e.g., attribute E) associated with the
experiment, and information associated with two levels of the third attribute (e.g., level Eland
level E2). As further shown, the experiment information may also include information
associated with a target event (e.g., event Q) associated with the experiment. As shown by
reference number 910, developer device 240 may provide the experiment information to

experiment server 230.
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As shown by reference number 915, experiment server 230 may receive the App Z
experiment information, and may generate and store configuration information associated with
the App Z experiment. For the purposes of example implementation 900, assume that
experiment device 230 is configured to generate configuration information that includes all
possible combinations of attribute levels for the experiment.

As shown by reference number 920, the App Z configuration information may
include information associated with a first treatment that includes level C1 of attribute C, level
D1 of attribute D, and level E1 of attribute E (e.g., Treatment 1 = C1-D1-E1), information
associated with a second treatment that includes level C1 of attribute C, level D1 of attribute D,
and level E2 of attribute E (e.g., Treatment 2 = C1-D1-E2), information associated with a third
treatment that includes level C1 of attribute C, level D2 of attribute D, and level E1 of attribute E
(e.g., Treatment 3 = C1-D2-E1), information associated with a fourth treatment that includes
level C1 of attribute C, level D2 of attribute D, and level E2 of attribute E (e.g., Treatment 4 =
C1-D2-E2), information associated with a fifth treatment that includes level C2 of attribute C,
level D1 of attribute D, and level E1 of attribute E (e.g., Treatment 5 = C2-D1-El), information
associated with a sixth treatment that includes level C2 of attribute C, level D1 of attribute D,
and level E2 of attribute E (e.g., Treatment 6 = C2-D1-E2), information associated with a
seventh treatment that includes level C2 of attribute C, level D2 of attribute D, and level E1 of
attribute E (e.g., Treatment 7= C2-D2-E1), and information associated with an eighth treatment
that includes level C2 of attribute C, level D2 of attribute D, and level E2 of attribute E (e.g.,
Treatment 8 = C2-D2-E2). As further shown, the configuration information may also include
information associated with the target event, event Q, associated with the App Z experiment
(e.g., Target Event = Event Q).

As shown by reference number 925, experiment server 230 may provide the
configuration information to application store device 250 and to the App Z server. As shown by
reference number 930, application store device 250 may store the App Z configuration
information (e.g., such that application store device 250 may provide the configuration
information to test devices 210 that download App Z from application store device 250). As
shown by reference number 935, the App Z server may also store the configuration information
(e.g., such that the App Z server may implement experimental treatments when test devices 210

communicate with the App Z server while executing the application).
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For the purposes of Fig. 9B, assume that a test device, TD3, has requested installation
information, associated with installing App Z on TD3, from application store device 250. As
shown by reference number 940, application store device 250 may provide App Z installation
information (e.g., stored by application store device 250) to TD3. As shown, the App Z
installation information may include the App Z configuration information that identifies the
group of experimental treatments and information that identifies event Q associated with the App
Z experiment. As also shown, the App Z installation information may include application
information (e.g., other information associated with installing the application), and library
information (e.g., information associated with an experimental library used to implement each
experimental treatment).

As shown by reference number 945, TD3 may receive the installation information
and may install App Z, and, as shown by reference number 950, TD3 may execute App Z for the
first time. As shown by reference numbers 955, 960, and 965, TD3 may identify an
experimental treatment to be implemented within App Z. As shown by reference number 955,
TD3 may determine that experiment server 230 is reachable (e.g., experiment server 230
reachable = YES). As shown by reference number 960, TD3 may then send, to experiment
server 230, a request for an App Z experimental treatment assignment. Experiment server 230
may determine (e.g., based on configuration information stored experiment server 230) that an
experimental treatment, identified as treatment 5, is to be implemented by TD3. As shown by
reference number 965, experiment server 230 may provide, to TD3, information indicating that
TD3 is to implement treatment 5. In other words, TD3 may determine (e.g., based on
information received from experiment server 230) that TD3 is to implement level 2 of attribute
C, level 1 of attribute D, and level 1 of attribute E when executing App Z.

As shown in Fig. 9C, and by reference number 970, TD3 and the App Z server may
implement treatment 5 within App Z (e.g., assume that TD3 notifies the App Z server the
treatment 5 is to be implemented), and TD3 and the App Z server may begin to collect response
information, associated with treatment 5, while the user of TD3 is using App Z (e.g., while TD3
is communicating with the App Z server, as shown by reference number 975). As shown by
reference number 980, TD3 may detect event Q associated with App Z, which acts as an
indication to provide the treatment 5 response information to experiment server 230. TD3 may

detect event Q, and may notify the App Z server that the App Z server is to provide treatment 5
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response information (e.g., collected by the App Z server) to experiment server 230. In some
implementations, the App Z server may detect event Q and may notify TD3 that TD3 is to
provide treatment 5 response information (e.g., collected by TD3) to experiment server 230. As
shown by reference number 985, TD3 may determine that experiment server 230 is reachable
(e.g., assume that TD3 has remained connected to the network since initially executing the
application). As shown by reference number 990, TD3 and the App Z server may provide the
treatment 5 response information to experiment server 230.

As indicated above, Figs. 9A-9C are provided merely as an example. Other examples
are possible and may differ from what was described with regard to Figs. 9A-9C.

Fig. 10 is a flow chart of an example process 1000 for analyzing response
information, associated with a group of experimental treatments for an application, and providing
a result associated with analyzing the response information. In some implementations, one or
more process blocks of Fig. 10 may be performed by experiment server 230. In some
implementations, one or more process blocks of Fig. 10 may be performed by another device or a
group of devices separate from or including experiment server 230, such as another device
included in environment 200.

As shown in Fig. 10, process 1000 may include receiving response information
associated with a group of experimental treatments for an application (block 1010). For
example, experiment server 230 may receive response information associated with a group of
experimental treatments. In some implementations, experiment server 230 may receive the
response information when test devices 210 and/or application servers 220 provide the response
information. Additionally, or alternatively, experiment server 230 may receive the response
information when experiment server 230 requests the response information from another device,
such as test device 210, application server 220, or another device.

Response information, associated with an experimental treatment, may include
information associated with a user interaction with an application that implements the
experimental treatment, as described above. As described above, the response information may
also include descriptive information, associated with the user of test device 210, and/or may
include sensor information associated with test device 210.

In some implementations, experiment server 230 may receive response information

from multiple test devices 210 that have implemented the group of experimental treatments. For
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example, experiment server 230 may conduct an experiment (e.g., designed by an application
developer) that includes ten experimental treatments implemented by 1000 test devices 210. In
this example, each test device 210 may implement one of the ten experimental treatments (e.g.,
such that each of the ten experimental treatments is implemented by 100 test devices 210). Here,
cach test device 210 may implement an experimental treatment, and may provide response
information, associated with the experimental treatment, as described above, to experiment
server 230.

Additionally, or alternatively, experiment server 230 may receive outcome
information associated with an experimental treatment. Outcome information may include
information, associated with the application and not immediately available to experiment server
230, that may be used to perform an analysis of the response information. For example, assume
that the user of test device 210 uses the application to book a hotel stay, and that booking a hotel
stay using the application is a target event. As described above, test device 210 may provide
response information (e.g., collected by test device 210) to experiment server 230 immediately
after the user books the hotel stay using the application. In this example, the outcome
information may include information, associated with the user’s hotel stay, that may be provided
to experiment server 230 after and/or during the user’s hotel stay (e.g., amenity purchases, food
purchases, mini-bar purchases, extension of the hotel stay, etc.). Here, the outcome information
may be provided at a later time since the outcome information was not available at the time the
response information was received by experiment server 230. In some implementations, the
outcome information may be provided by application server 220 and/or by another device
associated with the application.

Additionally, or alternatively, experiment server 230 may receive financial
information associated with the application. Financial information, associated with the
application, may include a cost and/or a value associated a group of users (e.g., male users, users
over 40, high value users, etc.), an experimental treatment, and/or an outcome associated with
the application. For example, experiment device 230 may receive cost and/or value information
associated with a user included in a group of users, such as a group of high value users. In this
example, if the application is a hotel stay booking application, and the high value user signs up

(e.g., via the application) for membership (e.g., a rewards point program membership, etc.)
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associated with the hotel, this may provide value at a later time. Here, experiment server 230
may receive financial information (e.g., an estimated future value of the high value user).

As an additional example, experiment server 230 may receive cost and/or value
information associated with a group of experimental treatments, such as a group of experimental
treatments that offer different discounts to users. For example, if the group of experimental
treatments includes different offers for users (e.g., in order to incentivize the users to book a
hotel stay using the application), then providing each offer may result in a particular financial
cost. Here, experiment server 230 may receive financial information (e.g., an estimated cost of
cach discount offer). In this way, experiment server 230 may be provided with financial
information that allows experiment server 230 to perform an analysis that identifies an
experimental treatment that maximizes overall revenue (e.g., along with determining which
experimental treatment results in the maximum probability of target events). In some
implementations, the financial information may be determined by experiment server 230,
provided by application server 220 and/or provided by another device associated with the
application.

As further shown in Fig. 10, process 1000 may include performing an analysis based
on the response information (block 1020). For example, experiment server 230 may perform an
analysis based on the response information. In some implementations, experiment server 230
may perform the analysis after experiment server 230 receives the response information
associated with the group of experimental treatments. Additionally, or alternatively, experiment
server 230 may perform the analysis when experiment server 230 determines that the experiment
has concluded (e.g., when experiment server 230 stores timing information associated with the
experiment). Additionally, or alternatively, experiment server 230 may perform the analysis
when experiment server 230 receives information, indicating that experiment server 230 is to
perform the analysis, from another device, such as developer device 240.

In some implementations, experiment server 230 may perform the analysis based on
the response information (e.g., including the descriptive information and/or the sensor
information), the outcome information, and/or the financial information received by experiment
server 230. In some implementations, experiment server 230 may perform (e.g., using a primary
experiment engine hosted by experiment server 230) a statistical analysis of the response

information, the outcome information, and/or the financial information.
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In some implementations, experiment server 230 may perform the analysis in order to
determine which experimental treatment resulted in the most occurrences of a target event (e.g.,
which experimental treatment resulted in the greatest number of hotel bookings, the most
advertisement clicks, the most product purchases, etc.). Additionally, or alternatively,
experiment server 230 may perform the analysis in order to determine which experimental
treatment is an optimal experimental treatment (e.g., which experimental treatment has the
highest statistical probability of resulting in an occurrence of the target event). Additionally, or
alternatively, experiment server 230 may perform the analysis in order to determine which
experimental treatment may provide the most value (e.g., increased revenue, decreased costs,
increased savings, etc.).

In some implementations, experiment server 230 may perform an analysis, associated
with an application, based on two or more target events (e.g., when the application developer
specifies two or more target events in the experiment information). For example, experiment
server 230 may perform an analysis associated with two target events, where the cost of an
occurrence of a first target event may be that a second target event will not occur. In some
implementations, experiment server 230 may perform an analysis in order to determine which
experimental treatment is optimal for each of the two or more target events (e.g., each target
event may have a different optimal experimental treatment). Additionally, or alternatively,
experiment server 230 may perform an analysis that considers multiple target events
simultaneously. For example, experiment server 230 may determine (e.g., based on input from
the application developer) a weight factor (e.g., a numerical value between 0 and 1, etc.)
associated with each target event, and experiment server 230 may perform an analysis that
incorporates the weight factor associated with each target event. In this example, experiment
server 230 may perform an analysis to determine which experimental treatment is the optimal
experimental treatment based on the weight factor associated with each target event. In some
implementations, the application developer may modify (e.g., via developer device 240) the
weight factor in order to emphasize importance of a target event (e.g., when a first target event is
more important than a second target event for a temporary period of time, etc.).

As further shown in Fig. 10, process 1000 may include providing a result associated
with analyzing the response information (block 1030). For example, experiment server 230 may

provide a result associated with the analysis based on the response information. In some
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implementations, experiment server 230 may provide the result after experiment server 230
performs the analysis based on the response information. Additionally, or alternatively,
experiment server 230 may provide the result based on receiving (e.g., from developer device
240) a request to provide the result. Additionally, or alternatively, experiment server 230 may
provide the result when experiment server 230 receives information, indicating that experiment
server 230 is to provide the result, from another device.

In some implementations, experiment server 230 may provide the result such that the
application developer may view the result. For example, experiment server 230 may provide the
result to developer device 240. Developer device 240 may provide, for display via a display
device associated with developer device 240, information associated with the result, such that the
application developer may view the result.

In some implementations, experimental server 230 may cause (e.g., via developer
device 240) an optimal treatment, identified by the result, to be implemented in all test devices
210 and/or application servers 220 (e.g., when the experiment is over and the application
developer wishes to implement the optimal experimental treatment). Additionally, or
alternatively, experiment server 230 may cause the optimal treatment to be implemented in a
portion (e.g., 20%, 50%, etc.) of test devices 210 and application servers 220, and experiment
server 230 may continue gathering response information, associated with the group of
experimental treatments (e.g., in order to determine a more accurate result associated with the
experiment).

In this way, experiment server 230 may receive response information, associated with
a group of experimental treatments for an application, and may perform an analysis based on the
response information to determine an optimal experimental treatment for the application. The
optimal treatment may then be implemented in the application (e.g., executing on test devices
210 and/or application servers 220), such that the application is optimized to meet a goal.

Although Fig. 10 shows example blocks of process 1000, in some implementations,
process 1000 may include additional blocks, fewer blocks, different blocks, or differently
arranged blocks than those depicted in Fig. 10. Additionally, or alternatively, two or more of the
blocks of process 1000 may be performed in parallel.

Fig. 11 is a diagram of an example implementation 1100 relating to example process

1000 shown in Fig. 10. For the purposes of example implementation 1100, assume a group of
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test devices 210, TD1 through TDX, have collected response information associated with a
group of experimental treatments (e.g., treatment 1 through treatment 6) for an application
identified as App X. Further, assume that each test device 210 has detected a target event, event
Y, indicating that each test device 210 is to provide its respective response information to
experiment server 230. Finally, assume that experiment server 230 has received an indication
(e.g., based on input from the App X developer) to perform an analysis of response information
collected by test devices 210.

As shown in Fig. 11, and by reference number 1105, the group of test devices may
provide their respective App X response information to experiment server. For the purposes of
example implementation 1100, assume that the response information, received by experiment
server 230, includes response information associated with each experimental treatment of the
group of experimental treatments. As shown by reference number 1110, experiment server 230
may perform an analysis of the response information for treatment 1 through treatment 6. For
the purposes of example implementation 1100, assume that experiment server 230 is configured
to analyze the response information in order to determine an optimal experimental treatment that
results in the highest probability that event Y will occur. As shown by reference number 1115,
experiment server 230 may determine, based on the analysis, that experimental treatment 3 is the
optimal experimental treatment (e.g., Probability of Event Y with: Treatment 3 = 46.1%,
Treatment 2 = 38.7%, Treatment 5 = 26.2%, Treatment 6 = 20.2%, Treatment 1 = 16.9%,
Treatment 4 = 14.4%). As shown by reference number 1120, experiment server 230 may
provide information associated with the result to developer device 240, the App X developer
may view the result, and act accordingly (e.g., by causing treatment 3 to be implemented in
devices executing App X, by indicating that additional response information to be collected,
etc.).

As indicated above, Fig. 11 is provided merely as an example. Other examples are
possible and may differ from what was described with regard to Fig. 11.

Implementations described herein may allow an experiment server to conduct
experiments, associated with optimizing an application, on a test device when the test device is
unable to communicate with the experiment server (e.g., when the test device is disconnected

from the network).
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The foregoing disclosure provides illustration and description, but is not intended to
be exhaustive or to limit the implementations to the precise form disclosed. Modifications and
variations are possible in light of the above disclosure or may be acquired from practice of the
implementations.

As used herein, the term component is intended to be broadly construed as hardware,
firmware, and/or a combination of hardware and software.

It will be apparent that systems and/or methods, described herein, may be
implemented in different forms of hardware, firmware, or a combination of hardware and
software. The actual specialized control hardware or software code used to implement these
systems and/or methods is not limiting of the implementations. Thus, the operation and behavior
of the systems and/or methods were described herein without reference to specific software
code—it being understood that software and hardware can be designed to implement the systems
and/or methods based on the description herein.

Even though particular combinations of features are recited in the claims and/or
disclosed in the specification, these combinations are not intended to limit the disclosure of
possible implementations. In fact, many of these features may be combined in ways not
specifically recited in the claims and/or disclosed in the specification. Although each dependent
claim listed below may directly depend on only one claim, the disclosure of possible
implementations includes each dependent claim in combination with every other claim in the
claim set.

No element, act, or instruction used herein should be construed as critical or essential
unless explicitly described as such. Also, as used herein, the articles “a” and “an” are intended to
include one or more items, and may be used interchangeably with “one or more.” Furthermore,
as used herein, the term “set” is intended to include one or more items, and may be used
interchangeably with “one or more.” Where only one item is intended, the term “one” or similar
language is used. Also, as used herein, the terms “has,” “have,” “having,” or the like are
intended to be open-ended terms. Further, the phrase “based on” is intended to mean “based, at
least in part, on” unless explicitly stated otherwise.

Throughout this specification and the claims which follow, unless the context requires

otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will be
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understood to mean the inclusion of a stated integer or step, or group of integers or steps, but not
the exclusion of any other integer or step, or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as,
an acknowledgement or any suggestion that the prior art forms part of the common general

knowledge.
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The claims defining the invention are as follows:

A test device for optimizing an application, including:

a memory to store instructions; and
one or more processors that execute instructions to cause the one or more processors to:
request the application from an application store device;
receive the application and configuration information associated with an experiment
associated with optimizing the application from the application store device,
the configuration information identifying a group of experimental treatments
associated with the experiment, and
the configuration information including information identifying a target event
associated with the experiment;
identify, when executing the application, an experimental treatment, of the group of
experimental treatments, to be implemented in the application;
implement the experimental treatment in the application;
collect response information, associated with the experimental treatment, based on
implementing the experimental treatment, the response information including information
regarding any interaction with a user operating a user interface of the application;
detect the target event associated with the experiment,
the target event being detected indicating that the response information is to be
provided to an experiment server associated with the experiment;
determine, after detecting the target event, that the experiment server is unreachable;
and
store the response information based on determining that the experiment server is
unreachable,
the response information being stored to allow the response information to be
provided to the experiment server at a later time, and
the response information being provided to the experiment server to
permit the experiment server to analyze the response information to determine

a result of the experiment.
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2. A test device according to claim 1, where the one or more processors are further to:
wait for a period of time after determining that the experiment server is unreachable;
determine that the experiment server is reachable after waiting for the period of time; and
provide the response information to the experiment server after determining that the

experiment server is reachable.

3. A test device according to either claim 1 or claim 2, where, when identifying the experimental
treatment to be implemented in the application, the one or more processors are to:

determine that the device is unable to communicate with the experiment server; and

select, based on determining that the device is unable to communicate with the experiment
server, the experimental treatment to be implemented in the application,

the experimental treatment being selected based on the configuration information.

4. A test device according to any one of the preceding claims, where the one or more processors
are further to:

store information identifying the experimental treatment,

the information identifying the experimental treatment being stored to allow the information

identifying the selected experimental treatment to be provided to the experiment server at a later time.

5. A test device according to any one of the preceding claims, where the one or more processors
are further to:

determine that the device is able to communicate with the experiment server;

provide, to the experiment server, a request associated with identifying the experimental
treatment; and

receive a response that identifies the experimental treatment to be implemented in the
application; and

where the one or more processors, when identifying the experimental treatment to be
implemented in the application, are to:

identify the experimental treatment based on the response that identifies the

experimental treatment to be implemented in the application.
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6. A test device according to any one of the preceding claims, where the one or more processors,
are further to:
determine descriptive information associated with the user; and

store the descriptive information associated with the user.

7. A test device according to any one of the preceding claims, where the one or more processors
are further to:

receive configuration information associated with multiple experiments,

the configuration information, associated with the multiple experiments, allowing the multiple
experiments, associated with the application, to be conducted at the same time, and

the multiple experiments including the experiment.

8. A computer-readable medium for optimizing an application, the computer-readable medium
storing instructions, the instructions including:
one or more instructions that, when executed by one or more processors, cause the one or more
processors to:
request the application from an application store device;
receive the application and configuration information associated with an experiment
associated with optimizing the application from an application store device,
the configuration information including information that identifies a group of
experimental treatments associated with the experiment and information that identifies a target
event associated with the experiment;
identify, when executing the application, an experimental treatment, of the group of
experimental treatments, to be implemented in the application;
cause the experimental treatment to be implemented in the application;
collect response information, associated with the experimental treatment, based on
causing the experimental treatment to be implemented,
the response information including information regarding any interaction with a user
operating a user interface of the application;
receive an indication to provide the response information,

the indication being associated with an occurrence of the target event;
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determine, after receiving the indication, that the response information cannot be
provided to an experiment server; and

store, based on determining that the response information cannot be provided to the
experiment server, the response information to allow the response information to be provided
to the experiment server at a later time,

the response information being provided to the experiment server to permit the
experiment server to analyze the response information and determine a result associated with

experiment.

9. A computer-readable medium according to claim 8, where the one or more instructions, when
executed by the one or more processors, further cause the one or more processors to:

wait for a period of time after determining that the response information cannot be provided
to the experiment server;

determine that the response information can be provided to the experiment server after waiting
for the period of time; and

provide the response information to the experiment server after determining that the response

information can be provided to the experiment server.

10. A computer-readable medium according to either claim 8 or claim 9, where the one or more
instructions, that cause the one or more processors to identify the experimental treatment to be
implemented in the application, cause the one or more processors to:

determine that the experiment server cannot be reached; and

select, based on determining that the experiment server cannot be reached, the experimental
treatment to be implemented in the application,

the experimental treatment being selected based on the configuration information.

11. A computer-readable medium according to any one of claims 8 to 10, where the one or more
instructions, that cause the one or more processors to store the response information, cause the one or
more processors to:

store information identifying the experimental treatment,
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the information identifying the experimental treatment being stored to allow the information

identifying the experimental treatment to be provided to the experiment server at a later time.

12. A computer-readable medium according to any one of claims 8 to 11, where the one or more
instructions, when executed by the one or more processors, further cause the one or more processors
to:

determine that the experiment server can be reached;

provide, to the experiment server, a request associated with identifying the experimental
treatment to be implemented in the application; and

receive a response that identifies the experimental treatment to be implemented in the
application; and

where the one or more instructions, that cause the one or more processors to identify the
experimental treatment to be implemented in the application, cause the one or more processors to:

identify the experimental treatment based on the response that identifies the

experimental treatment to be implemented in the application.

13. A computer-readable medium according to any one of claims 8 to 12, where the one or more

instructions, when executed by the one or more processors, further cause the one or more processors

to:
determine sensor information associated the application; and
store the sensor information associated with the application.
14. A computer-readable medium according to any one of claims 8 to 13, where the one or more

instructions, when executed by the one or more processors, further cause the one or more processors
to:

receive configuration information associated with multiple experiments,

the configuration information, associated with the multiple experiments, allowing the multiple
experiments, associated with the application, to be conducted at the same time, and

the multiple experiments including the experiment.
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15. A computer-implemented method for optimizing an application, including:

receiving, by a device, the application and experiment information from an application store
device,

the experiment information being associated with an experiment for optimizing the
application, and

the experiment information including information associated with a group of attributes
associated with the experiment;

generating, by the device, configuration information based on the group of attributes
associated with the experiment information,

the configuration information including information that identifies a group of experimental
treatments associated with the experiment;

providing, by the device, the configuration information,

the configuration information being provided to cause the group of experimental treatments to
be implemented in the application by a group of test devices when the application is executed by the
test devices;

receiving, by the device, response information associated with the group of experimental
treatments,

the response information being provided by the group of test devices and including
information regarding any interactions with users operating a user interface of the application;

receiving, by the device, descriptive information associated with users of the group of test
devices;

receiving, by the device, outcome information associated with the group of experimental
treatments;

receiving, by the device, financial information associated with the group of experimental
treatments;

analyzing, by the device, the response information to determine a result associated with the
experiment based on two or more of the descriptive information, the outcome information, or the
financial information; and

providing, by the device, the result to allow the application to be optimized based on the result.
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16. A method according to claim 15, further including:

receiving, from a test device of the group of test devices, a request associated with identifying
an experimental treatment to be implemented in the application by the test device;

determining, based on the configuration information, the experimental treatment to be
implemented in the application by the test device; and

providing a response to the test device,

the response including information that identifies the experimental treatment to be

implemented in the application by the test device.

17. A method according to either claim 15 or claim 16, further including:
receiving other response information associated with the group of experimental treatments,
the other response information being provided by a server device associated with the
application; and
analyzing the other response information to determine another result associated with the

experiment.

18. A method according to any one of claims 15 to 17, further including:

determining, based on the result, a particular experimental treatment of the group of
experimental treatments; and

providing information associated with the particular experimental treatment to cause the group

of test devices to implement the particular experimental treatment.

19. A method according to any one of claims 15 to 18, where the configuration information
includes:

information indicating a start time for the experiment;

information indicating a stop time for the experiment;

information identifying a version of the application associated with starting the experiment; or

information identifying a version of the application associated with stopping the experiment.

20. A device according to any one of claims 1 to 7, where the target event includes any one or

more of:
42
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a purchase being completed using the application,
an interaction occurring between a user interface element and the application, or

a service requested using the application.
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