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(57) Abstract: An embodiment method for continuous configuration of

learning devices includes operations for storing, by a learning device
within a decentralized system of a plurality of learning devices, events
obtained while in a monitoring mode, activating a triggered mode for a
reflex when at least one of the stored events corresponds to a trigger pat-
tern, determining whether the reflex has a trigger weight exceeding a
trigger weight threshold, conducting the predetermined action associated
with the reflex when the trigger weight exceeds the trigger weight
threshold, obtaining at least one additional event while in the triggered
mode, adjusting the trigger weight of the reflex when the at least one ad-
ditional event corresponds to a correction pattern or a reward pattern oc-
curring in response to conducting the predetermined action, and creating
a second reflex when the at least one additional event does not corres -
pond to a known pattern.
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TITLE
Learning Device With Continuous Configuration Capability
RELATED APPLICATIONS

[0001] The present application claims the benefit of priority to U.S. Provisional
Application No. 61/827,141, entitled “A Method and Apparatus for Continuous
Configuration of a Device” filed May 24, 2013, the entire contents of which are

hereby incorporated by reference for all purposes.
BACKGROUND

[0002] Computer programmers must typically reprogram a programmable
device (i.e., a smart device) each time the device needs to perform a new
behavior. Programmable devices typically require programmers (or users) to use
a specialized programmer interface that interfaces with the device to configure it
tor a new task. However, even with the programmer interface, the reconfiguring
and reprogramming of programmable devices may require expertise in writing
arduous computer code associated with the programmer interface to program the
device new behaviors. Scheduling an expert to write code means reprogramming
1s rarely accomplished immediately, and may be costly because it may require
keeping such an expert on staff or hiring a consultant to make the appropriate
changes. Thus, programming a new behavior on a programmable device is not a
simple and efficient endeavor. A simple and quick mechanism is needed to teach

learning devices new behaviors without the need of an expert.
SUMMARY

[0003] The various embodiments provide systems, devices, non-transitory
processor-readable storage media, and methods for continuous configuration of
learning devices. An embodiment method that may be executed by a processor

of a first learning device may include operations for storing events obtained
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while in a monitoring mode, activating a first triggered mode for a first reflex
associated with a predetermined action when at least one of the stored events
corresponds to a first trigger pattern associated with the first reflex, determining
whether the first reflex has a trigger weight exceeding a trigger weight threshold,
conducting the predetermined action associated with the first reflex in response
to determining that the trigger weight associated with the first reflex exceeds the
trigger weight threshold, obtaining at least one additional event while in the first
triggered mode, adjusting the trigger weight of the first reflex when the at least
one additional event corresponds to at least one of a first correction pattern and a
first reward pattern associated with the first reflex and occurring in response to
conducting the predetermined action, and creating a second reflex with a second
trigger pattern, a second correction pattern, and a second reward pattern when the
at least one additional event does not correspond to at least one of the first trigger
pattern, the first correction pattern, and the first reward pattern associated with
the first reflex. In some embodiments, storing events may involve temporarily
storing (i.e., buffering) events in memory, such as a buffer memory. In some
embodiments, the method may further include entering a critical learning period
with the first reflex during which a high gain set may be applied to the trigger
weight. In some embodiments, the method may further include entering a steady
state learning period with the first reflex during which a low gain set may be
applied to the trigger weight. In some embodiments, the method may further
include concurrently activating a second triggered mode when the at least one
additional event corresponds to a different trigger pattern associated with a third

reflex.

[0004] In some embodiments, adjusting the trigger weight of the first reflex
further may include increasing the trigger weight of the first reflex when the at
least one additional event corresponds to the first reward pattern of the first
reflex, and decreasing the trigger weight of the first reflex when the at least one
additional event corresponds to the first correction pattern of the first reflex. In

some embodiments, obtaining the at least one additional event while in the first
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triggered mode may further include retrieving prior events from a memory (e.g.,
a buffer memory). In some embodiments, storing events obtained while in the
monitoring mode may include storing, in a memory, at least one event for a
window of time such that the at least one event and associated patterns may be
removed from the memory after the window of time. In some embodiments, the
method may further include receiving an event report message from another
learning device in which the received event report message indicates another
event that was generated by the another learning device in response to the
another learning device obtaining another event that may correspond to the first

trigger pattern.

[0005] Insome embodiments, at least one of the stored events may be obtained
based on occurrence data that may be generated locally. In some embodiments,
at least one of the stored events may be obtained based on occurrence data that
may be generated remotely. In some embodiments, the at least one of the stored
events that may be obtained based on the occurrence data that may be generated
remotely may be generated in response to the first learning device receiving an
event report message from a second learning device, in which case the first
learning device and the second learning device may be part of a decentralized
system that includes a plurality of learning devices in a location that may be
connected via a wired or a wireless communication link. In some embodiments,
the at least one of the stored events that may be obtained based on the occurrence
data that may be generated remotely corresponds to at least one of the first
reward pattern and the first correction pattern. In some embodiments, at least
one of the stored events may be obtained based on occurrence data that may be

received from non-learning devices via a wired or wireless communication link.

[0006] Insome embodiments, conducting the predetermined action associated
with the first reflex in response to determining that the trigger weight associated
with the first reflex exceeds the trigger weight threshold may include generating
a resulting event based on conducting the predetermined action, and broadcasting

an event report message that indicates the resulting event and that may be
3
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capable of being used by another learning device. In some embodiments,
activating the first triggered mode for the first reflex associated with the
predetermined action when at least one of the stored events corresponds to the
first trigger pattern associated with the first reflex may include applying a pattern
filter to a pattern based on the at least one of the stored events, and activating the
first triggered mode for the first reflex associated with the predetermined action
when the at least one of the stored events corresponds to the first trigger pattern
associated with the first reflex and when the pattern is not discarded based on the
applied pattern filter. In some embodiments, the first reflex and the second retflex
may be only removable from the first learning device based on a garbage
collection policy. In some embodiments, conducting the predetermined action
associated with the first reflex in response to determining that the trigger weight
associated with the first reflex exceeds the trigger weight threshold may include
generating a pattern of events that may be used by a motor driver to drive an
actuator. In some embodiments, one or more of the first correction pattern and
the first reward pattern may be order-dependent. In some embodiments, one or
more of the first correction pattern and the first reward pattern may be order-

independent.

[0007] Various embodiments may include a computing device configured with
processor-executable instructions to perform operations of the methods described
above. Various embodiments may include a computing device having means for
performing functions of the operations of the methods described above. Various
embodiments may include non-transitory processor-readable storage media on
which are stored processor-executable instructions configured to cause a
processor of a computing device to perform operations of the methods described
above. Various embodiments may include a system that may include one or
more learning devices configured to perform operations of the methods described

above.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorporated herein and
constitute part of this specification, illustrate exemplary embodiments of the
invention, and together with the general description given above and the detailed

description given below, serve to explain the features of the invention.

[0009] FIGS. 1A-1B are system block diagrams illustrating exemplary systems

implementing various embodiments.

[0010] FIG. 1C is a component block diagram of an embodiment learning

device.
[0011] FIG. 2 is a component block diagram of an embodiment learning device.

[0012] FIG. 3A is a component block diagram of an embodiment event report

message structure with three components.

[0013] FIG. 3B is a component block diagram of an embodiment event data

structure with three components.

[0014] FIGS. 3C-3H are diagrams of exemplary time windows that may be
utilized by a smart box (or learning device) to identify and/or correlate patterns

of events suitable for use in various embodiments.

[0015] FIG. 4 is a component block diagram of an embodiment reflex that

consists of four patterns.

[0016] FIG. S is an exemplary timeline diagram of a reflex system changing

states in response to generating events suitable for use in various embodiments.

[0017] FIG. 6 is an exemplary timeline diagram illustrating the creation of a

new reflex based on an existing reflex suitable for use in various embodiments.

[0018] FIG. 7 is an exemplary timeline diagram illustrating the training of a

newly created reflex suitable for use in various embodiments.
5
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[0019] FIG. 8 is a diagram of two exemplary learning rates for a learning device

suitable for use in various embodiments.

[0020] FIG. 9 is an exemplary timeline illustrating reward signals for training a
learning device by increasing the trigger weight of a known reflex through

repetition suitable for use in various embodiments.

[0021] FIG. 10 is an exemplary timeline diagram illustrating correction signals
for training a learning device by decreasing trigger weights of a known retlex

through repetition suitable for use in various embodiments.

[0022] FIG. 11 is a process flow diagram illustrating an embodiment method of
generating and processing events to perform actions or associate actions with

triggers.

[0023] FIG. 12 is a process flow diagram illustrating embodiment operations for

the adjustment of trigger weights for learning and unlearning.

[0024] FIGS. 13A-14B are diagrams illustrating exemplary configurations for

learning devices within a location suitable for use in various embodiments.
DETAILED DESCRIPTION

[0025] Various embodiments will be described in detail with reference to the
accompanying drawings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts. References made
to particular examples and implementations are for illustrative purposes, and are

not intended to limit the scope of the invention or the claims.

[0026] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any implementation described herein as “exemplary”
1s not necessarily to be construed as preferred or advantageous over other

implementations.
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[0027] The terms “learning device(s),” “smart device(s),” and “smart box(es)”
are used herein to refer to computing devices capable of learning behaviors from
observed information by correlating predefined actions with information related
to triggers, such data indicating user inputs, detected changes in states, received
signals or transmissions, and other information that may be obtained at the
devices. Learning devices may be configured to store new relationships or
correlations between triggers and predetined actions over time. In response to
detecting a trigger already correlated to a predefined action, a learning device
may perform the predefined action or alternatively perform operations to cause
other associated devices to perform correlated actions. Throughout the
disclosure, the modifier “smart” may be used to indicate an appliance (e.g., a
lamp) is a learning device. For example, the term “smart lamp” refers to a lamp

that is configured to be a learning device, is coupled to and controlled by a

learning device, or otherwise includes components of a learning device.

[0028] The term “event” is used herein to refer to data (e.g., an object or other
data structure) that represents an action, condition, and/or situation that has been
detected or generated by one or more learning devices. Events may be generated
(or otherwise obtained) and stored locally on learning devices in response to
obtaining information (referred to herein as “occurrence data”) indicating the
occurrence of an action or condition. Occurrence data may include various data
describing an action or condition, as well as identifying the device that performed
or detected the action or condition, such as device identifiers, timestamps,
priority information, gain information, state identifiers, etc. Occurrence data may
be received or obtained by a learning device from signals or other information
from devices connected to the learning devices (e.g., a sensor directly coupled to
a processor or core of a learning device, etc.) or otherwise controlled by the
learning device (e.g., a non-programmable lamp, etc.). Occurrence data may also
be received or obtained by learning devices from broadcast messages (referred to
herein as “event report messages”’) received from other nearby devices. For

example, after generating a first event based on locally encountered sensor data, a

7
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first learning device may broadcast an event report message with occurrence data
indicating that the first event has occurred so that a second learning device may
be enabled to also generate the first event based on the data within the event

report message.

[0029] The term “reflex” is used herein to refer to stored information within a
learning device that indicates at least a correlation or relationship between a
trigger and an action the learning device is configured to perform. The stored
information of a reflex may include patterns that may be matched to events
generated within a predetermined time window to cause the learning device to
perform the action of the reflex and/or adjust persistent data stored in relation to
the reflex (e.g., trigger weights). Events may be considered the building blocks
of the patterns within a reflex. For example, a trigger pattern stored within a

reflex may be comprised of one or more events.

[0030] Various embodiments provide devices, methods, protocols, systems, and
non-transitory processor-readable storage media with processor-executable
instructions that enable continuous configuration of learning devices via
observing and correlating events to trigger actions. In various embodiments, the
learning processes may emulate biological systems to enable learning devices to
be easily configured by a user through intuitive training methods. Learning
devices may be easily configured to react in a desired manner in response to
events, which may be generated as a result of user actions, changes in state of
other learning devices, etc. Through simple repetition, a variety of behaviors can
be learned by and thus implemented in a decentralized system of a plurality of
learning devices without the need for preconditioning or a programmer interface.
Using repeated rewarding training inputs, a user may easily train the learning
devices to automatically perform predefined tasks in response to various triggers.
In a similar manner, a user may easily train the learning device to stop
automatically performing a particular task in response to other triggers by using
correcting inputs (e.g., a single correction input, repeated correction inputs over

time, etc.).
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[0031] Various embodiments enable systems that allow for continuous
configuration in a manner that is more natural to users. Learning devices need
not be turned off, reset, or cleared in order to learn a new behavior or unlearn a
previously programmed response to a trigger. Embodiment systems and training

protocols enable learning devices to learn from or react to other learning devices.

[0032] Interactions and operations of embodiment learning devices may be
illustrated by way of an example. In response to receiving occurrence data
related to a button press, a first learning device may generate an event, which
may be reported by the learning device in an event report message via wireless
(or wired) signals. A second nearby learning device may receive the event report
message, generate a similar event, and process the event, unless the second
learning device is filtering that event. In response to processing the event, the
second learning device may perform a function, which in turn may generate
additional events, such as based on occurrence data resulting from the performed

function.

[0033] Insome embodiments, a learning device may monitor a receiver circuit
(e.g., a WiFi, Bluetooth®, or other wireless transceiver) for event report
messages in a monitoring mode for future processing. The learning device may
receive event report messages via broadcast transmissions (or wireless
communication links) by another learning device. For example, a first learning
device may be a smart wall switch that wirelessly broadcasts an event report
message corresponding to or in response to it being toggled from ‘off” to ‘on,’
and the broadcast event report messages may be received by a nearby second
learning device, such as a smart lamp. Learning devices receiving such event
report messages may process the messages and generate events based on the
included occurrence data. For example, the occurrence data may indicate a state
change in a nearby smart wall switch that may be received and used by a smart
lamp (e.g., a floor lamp coupled to a learning device) to generate a wall switch
‘on’ event. Nearby learning devices may not need to be paired with transmitting

learning devices to receive and process event report messages being broadcast.
9
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As such, events may be freely reported for reception by any learning device
within communication range, so that learning devices can freely learn behaviors
based on information from other learning devices. In this manner, complex
system behaviors may be easily programmed or configured, with learning
devices leveraging other learning devices. In some embodiments, in response to
processing a received event report message, a learning device may broadcast
additional event report messages that may be received by other nearby learning

devices.

[0034] Alternatively, a learning device may generate (or receive/obtain) an
event based on occurrence data observed at the learning device, such as based on
sensor data received by the processor of the learning device from a directly
coupled sensor. For example, a learning device may be a smart lamp which,
when toggled from ‘off” to ‘on,” may generate its own corresponding ‘off” to ‘on’

event.

[0035] Regardless of whether a learning device obtains events based on directly
observed occurrences or data within received event report messages, the learning
device may store events in memory, such as temporarily storing (i.e., butfering)
events for a predetermined period of time. After that period of time, the learning
device may ignore an event in the memory (e.g., a buffer memory) and delete it if
the event does not match (or is not part of a pattern of events that matches) a
stored or predetermined pattern of a reflex or if no other event or pattern is
received/obtained. However, if the learning device determines that one or more
events in the memory match a stored or predetermined pattern of a reflex (e.g., a
trigger pattern stored in memory of the learning device), the learning device may
utilize such events to learn or perform actions. In particular, in response to
matching a pattern in the memory to a trigger pattern of a reflex, a learning
device may enter (or activate) a triggered mode. While in the triggered mode, the
learning device may determine whether the matched trigger pattern’s reflex has a
weight (i.e., a trigger weight) exceeding a threshold. The learning device may

conduct an action associated with the reflex when the weight associated with the
10
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reflex exceeds the threshold. For example, a learning device may perform an
action to turn on a light, tune a stereo system to a particular radio station, or take
any other action that the learning device is capable of performing. In some
embodiments, the learning device may identify a trigger pattern by generating the
trigger pattern with one or more events in the memory. While in the triggered
mode, the learning device may continue to generate events based on received
event report messages or detected occurrence data. If at least one additional
event (or pattern of events) obtained while in the trigger mode corresponds to a
predetermined correction pattern or a predetermined reward pattern
corresponding to the reflex associated with the identified trigger pattern, then the
learning device may adjust one or more trigger weights associated with the
reflex. For example, if the additional event corresponds to a correction pattern,
the learning device may reduce the trigger weights of the reflex associated with
an identified trigger pattern. However, if the additional event does not
correspond to a known trigger pattern, correction pattern, or reward pattern, the
learning device may create a new reflex with a trigger pattern based on the
additional event(s), as well as a copy of the predefined action, correction pattern,
and reward pattern of the reflex related to the triggered mode. In some
embodiments, the learning device may be configured to adjust various
parameters associated with the reflex and/or its trigger weight, such as scaling
factors or weighting values associated with equations for calculating trigger
weights if at least one additional event (or pattern of events) obtained while in the
trigger mode corresponds to a predetermined correction pattern or a
predetermined reward pattern corresponding to the reflex associated with the

identified trigger pattern.

[0036] Insome embodiments, the learning device may not conduct an action
upon identifying a trigger pattern of a reflex when the trigger weights associated
with the reflex are not above a predefined threshold. This threshold and the
process of incrementally increasing trigger weights function to enable learning

devices to learn from repetition and avoid inadvertent learning (i.e., learning

11



WO 2014/190336 PCT/US2014/039465

from random or inadvertent events to perform undesired functions). For
example, if the learning device is a smart lamp, the smart lamp may generate an
event based on an event report message received from a nearby new wall switch
(e.g., a new wall switch “toggle on” event), and identify the event as matching a
trigger pattern associated with a reflex stored on the smart lamp. However, the
smart lamp may have initially set the trigger weight of the retlex below a
threshold to keep the smart lamp from learning to performing its action (e.g., turn
on) until additional event report messages are received from the nearby wall
switch. Thus, the smart lamp may not conduct the predefined action of the reflex
upon identifying the trigger pattern until a sufficient number of event patterns
have been observed that match the trigger pattern, bringing the associated trigger

weight of the reflex above the predefined threshold.

[0037] Regardless of whether a learning device is in a monitor mode or a
triggered mode, the learning device may continuously obtain locally-observed
occurrence data and/or receive event report messages to generate events that are
temporarily stored in a memory (e.g., a buffer memory). For example, if the
learning device 1s a smart lamp, a user may turn the smart lamp on by toggling a
lamp switch, and in response to such a toggle, the smart lamp may generate an
‘on’ event. In some embodiments, the learning device may retrieve prior events
from the memory while in the triggered mode. The learning device may
determine whether one or more of the events stored in the memory match a
correction pattern or a reward pattern to allow the learning device to learn to
automatically perform predefined tasks or reflexes by adjusting trigger weights of
the reflexes. Some patterns may have defined orders of events (referred to as
order-dependent event patterns) and other patterns may have no defined order of
events (referred to as order-independent event patterns). Thus, the learning
device may be trained using events in an order-independent (or alternatively
order-dependent) manner. For example, the learning device associated with the
lamp may be trained to cause the lamp to react to the wall switch ‘on’ event in

response to either observing a first ‘on’ event from a wall switch and then a

12
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second ‘on’ event from a lamp switch, or observing the second ‘on’ event from

the lamp switch and then the first ‘on” event from the wall switch,.

[0038] In some embodiments, the learning device may be configured to utilize a
time window during which events remain stored in the memory for evaluation
and after which events may be deleted from the memory. The learning device
may remove events and/or patterns from the memory after the time since
generating the event and/or the associated pattern has exceeded the time window
(e.g., 5-10 seconds, etc.). This time window enables the learning device to
correlate two or more events or patterns that occur relatively close together,
including correlating of events regardless of their order of perception. Thus, a
learning device may learn to perform an action in response to encountering a
particular trigger, even when an event or pattern associated with that action is
observed before an event or pattern of the particular trigger. For example, a user
may train a learning device coupled to a lamp to turn on the lamp in response to
receiving an event report message indicating an “on” state from a learning device
coupled to a wall switch, even when the user turns the lamp on just before
tlipping the wall switch to ‘on,” provided the two events fall within the time
window of the memory. In some embodiments, the learning device may observe
multiple trigger patterns of one or more events within a single time window (e.g.,

5-10 seconds, etc.).

[0039] As indicated above, the learning device may generate events based on
remotely observed occurrence data received via event report messages. For
example, a second learning device such as a smart wall switch may be toggled to
the ‘on’ position and may broadcast an event report message including
occurrence data indicating the ‘on’ state, and upon receipt, a first learning device
(e.g., a smart lamp) may generate an ‘on’ event based on the occurrence data
from the received event report message. In this way, an embodiment method for
controlling devices in a location may be enabled whereby a first learning device
may be configured to locally obtain occurrence data, make decisions based on

events it generates based on the obtained occurrence data, and take actions such
13
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as generating other events at the first learning device as well as broadcasting
event report messages that may be received by a second learning device, causing
the second device to make a decision and take action. In some embodiments, the
learning device may receive event report messages or other signals that may be
converted into events and patterns from non-learning devices through a wired or
wireless communication. For example, a wall switch may have a transmitter that
wirelessly emits one signal when it is toggled on and a different signal when it is
toggled off. In this manner, learning devices may receive signals from non-
learning devices and learn to associate actions with events generated based on the

signals received from these devices.

[0040] In some embodiments, multiple learning devices in a decentralized
system may store reflexes having a similar trigger pattern, and so that they may
be configured to conduct their respective actions in response to obtaining the
same occurrence data and generating the same event. For example, a single
toggle of a wall switch may cause a floor lamp to turn on, a stereo to turn on, and
a television to turn on. In some embodiments, two different learning devices
may detect or receive the same occurrence data, and in response, individually
take actions and generate subsequent occurrence data that may be communicated
to each other in event report messages. For example, in response to receiving the
same original event response message, a first learning device may perform a first
action and generate a first event response message while the second learning
device simultaneously performs a second action and generates a second event
response message. In this situation, the first learning device may receive the
second event response message and the second learning device may receive the
first event response message and each may take a further action (or not) in
response based upon previously learned reflexes. It should be appreciated that a
first learning device may be configured to broadcast an event report message
including occurrence data that may be processed as either a correction pattern or

reward pattern by a second learning device.

14
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[0041] Embodiment learning devices may include or be included within toys or
entertainment products. In particular, an embodiment learning device may be a
child’s toy that is a closed-loop system including various motors for driving
physical functionalities, sensors for detecting light sensor data, user input
elements (e.g., buttons), and a processor coupled to the other components and
configured to process inputs and sensor data from the sensors to create reflexes
and/or trigger action patterns of stored reflexes. For example, a learning device
may be a toy car that includes sensors for detecting whether the toy car is on top
of (or in front of) a white or black color of a floor, motors for rotating left and
right wheels independently, a processor, a left wheel motor button that activates
the rotation of a left wheel via a corresponding motor, and a right wheel motor
button that activates the rotation of a right wheel via a corresponding motor.
Initially, the toy car may not be configured with reflexes that cause the wheels to
be rotated based on any sensor data from the sensors. However, a user may
create a first reflex by pressing the left wheel motor button when sensor data is
obtained that indicates a white color on the floor (i.e., when the toy car is over a
mostly white surface of the floor). With the first created reflex, the toy car may
activate the left wheel motor (and thus rotate the left wheel) when subsequently
obtained sensor data indicates the toy car is over a mostly white surface of the
tfloor. The user may also create a second reflex by pressing the right wheel motor
button when sensor data is obtained that indicates a black color on the floor (i.e.,
when the toy car is over a mostly black surface of the floor). Thus, with the
second reflex, the toy car may be trained to activate the right wheel motor (and
thus rotate the right wheel) when sensor data 1s obtained that indicates a black
color on the floor (i.e., when the toy car is over a mostly black surface of the
floor). In other words, the first and second reflexes may cause the toy car to
move based only on the predominant color on the floor at a given time and
without the user pressing any motor buttons. In this way, the user may train the
toy car to follow a black line painted on an otherwise white floor, simply by
training the toy car to trigger a left or right wheel rotation action pattern with a

white or black sensor data event pattern.
15
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[0042] In various embodiments, learning devices may utilize a regular, periodic
timing mechanism to determine whether events are obtained (e.g., sensor data
from coupled sensors has been received, etc.). Such a mechanism may be like a
“heartbeat” that regularly causes the learning devices to perform operations of
their reflexes in response to trigger patterns. For example, the toy car learning
device described above may be configured to evaluate whether it is on top of a
black or a white section of the floor at a regular interval or “heartbeat,” thus
causing the toy car to be moved via the rotating wheels in a regular manner. In
some embodiments, learning devices may poll one or more sensors based on one
or more periodic timing mechanisms or “heartbeats” (e.g., request current sensor
data every few milliseconds, etc.). For example, a learning device may transmit
requests at a predefined interval that causes one or more sensor units that are
coupled to the learning device via wired or wireless connections to generate
event report messages. In various embodiments, learning devices may utilize
different periodic timing mechanisms (or “heartbeats”) for different evaluations.
For example, a learning device may implement a first “heartbeat” mechanism
that causes the learning device to evaluate a first type of input (e.g., incoming
light sensor data) at a first frequency (e.g., every few milliseconds, etc.) and a
second “heartbeat” mechanism that causes the learning device to evaluate a
second type of input (e.g., received messages from other devices, etc.) at a
second frequency (e.g., every second, etc.). In some embodiments, periodic
timing mechanisms or “heartbeats” may span multiple wired or wireless learning
devices and/or reporters, such as sensor units. For example, a first and second
learning device may utilize a singular timing mechanism (e.g., a synched
“heartbeat”) for obtaining events internally and/or for request up-to-date
information (e.g., via event report messages) from other external devices, such as

other nearby learning devices or sensors.

[0043] In some embodiments, out-of-band techniques may be used to adjust
learning devices within a decentralized system when the learning devices are

operating incorrectly or unexpectedly. In particular, to conduct debugging,
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provisioning, diagnostics, or calibration operations, such as changing a learning
device state (e.g., a system variable, etc.) or a learned behavior (e.g., a stored
reflex), non-learning devices outside of the decentralized system may exchange
communications with learning devices to query and/or adjust weights, gains,
and/or other stored settings. For example, a learning device may be configured
to receive communications via out-of-band wired or wireless signaling (e.g.,
Bluetooth, WiFi, etc.) from a debugging device that cause the learning device to
adjust weight generation properties (e.g., gains, etc.) for various stored reflexes.
As another example, a debugging device may exchange communications with a
learning device to learn (or “peer into”) the current state of reflexes (e.g., trigger
weights, gains, etc.) stored on the learning device. Embodiment out-of-band
techniques may include transmitting communications from devices using
programmatic and/or graphical user interface (GUI) interfaces for adjusting
behaviors of learning devices without using occurrence data (or event report
messages). In other words, communications transmitted by devices at a factory
or other off-site location, such as manufacturer devices, and/or devices located
nearby learning devices, such as on-site technician devices, may be capable of
immediately correcting erroneous data within learning devices without requiring
users to perform repetitive activities (e.g., flipping switches to adjust trigger

weights, etc.).

[0044] Through these mechanisms of learning responses to events and
broadcasting event messages for reception by other learning devices, various
embodiments provide a decentralized, distributed system of learning devices that
may learn from user interactions over time within without the need for direct
programming or interactions with a programming interface. Embodiment
decentralized systems do not require a main controller or other central unit to
perform any learning operations. In particular, the embodiment systems do not
utilize a single device to identify patterns of events to be correlated to the actions
of other devices. Instead, each learning device in some embodiments

decentralized system may be configured to monitor for events and learn
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independently from other learning devices in the system, determining only
whether its particular actions should be performed in response to detecting events
relevant to itself. Thus, the embodiments utilize techniques that observe and
correlate events to trigger actions to cause individual learning devices in a system
to learn to control their own behaviors based on their own reception of events and

triggers.

[0045] Various embodiments may be further distinguished from conventional
automation systems using machine learning in that the embodiment techniques
utilize reflexes to uniquely trigger predefined actions of individual learning
devices. Conventional techniques may not separate triggers from actions, but
may merely identify a sequence of related occurrences. Such conventional
techniques observe events occurring in a sequence and cause operations of the
sequence to be performed by devices whenever one or more of the events of the
sequence are subsequently detected. Thus, as the presence of different events
within a known sequence may cause the performance of the various remainder
actions of the sequence, conventional techniques may not be considered to utilize
defined actions that occur in response to defined triggers (i.e., separately-defined
triggers and actions), as is described in this disclosure. In other words, the
embodiment techniques may not learn new sequences of actions to perform based
on observed events, but instead may only learn to associate new triggers with

predefined actions.

[0046] Further, conventional techniques may replace or rewrite associations
between events when devices of a system are used in different ways over time.
For example, conventional techniques may overwrite a first sequence of events
with a second sequence of events when the second sequence is a variation of the
first sequence (e.g., a variation that is more recently or more frequently observed
in a system). Various embodiments differ from such conventional techniques, as
individual embodiment learning devices may generate multiple reflexes that each
may associate a different trigger (or trigger pattern) with the same action to be

performed by the learning device. In other words, instead of rewriting or
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replacing observed associations based on observed event variations, embodiment
learning devices may store additional associations to trigger their predefined
functionalities. For example, a learning device may store a first reflex that
associates a wall switch ‘on’ event with a lamp light action (e.g., turn on) and a
second reflex that associates a stereo power-on event with the lamp light action
(e.g., turn on). This is beneficial as multiple reflexes that associate different
triggers with the same action may enable preferred responses of a learning device
for different users or the same user but under different circumstances. For
example, a learning device may store different reflexes to accommodate a first
user who desires a light to turn on when a wall switch is flipped and a second
user who desires the light to turn on when a stereo is powered on and a desk lamp

1s turned on.

[0047] Various embodiments also implement a unique process of learning (e.g.,
observing and correlating events to trigger actions) for learning devices. In
particular, various embodiments may utilize predefined correction and reward
patterns to adjust the viability of reflexes on-the-fly. In response to repeatedly
detecting a predefined correction pattern, a learning device may incrementally
adjust a weight associated with a related reflex until eventually its predefined
action may not be performed when an associated trigger pattern is subsequently
detected. Thus, the reflex pattern may remain in memory of the device but the
related reflex may no longer be performed as the learning device has effectively
unlearned the reflex. At a later time, the reflex pattern may be reactivated by the
user repeating the pattern of events and actions, which the learning device may
observe and in response adjust weights of the related reflex until its associated
weight will trigger an action when the event is observed. Similarly, in response
to repeatedly detecting a predefined reward pattern, the learning device may
incrementally adjust weights of the reflex so that the predefined action may be
performed when the associated trigger pattern is subsequently detected. In other
words, the embodiment techniques may nullify associations in reflexes based on

corrective information without overwriting or removing the nullified associations
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based on subsequently encountered (or stored) events, leaving these reflexes
stored in memory so they may be revived with subsequently received reward

patterns.

[0048] In some embodiments, reflexes or other data may be removed from
memory when necessary to make room for storing new reflexes. For example, in
order to add a new reflex having a previously unknown trigger element for a
predefined action, an already existing reflex may be removed or deleted from a
tull memory. However, such removal of a reflex from a learning device’s
memory may be procedural and based on a garbage collection policy (e.g.,
remove least frequently used or oldest reflex, etc.), and thus not in response to

receiving a variation or update of the associations indicated in the reflex.

[0049] The various embodiments utilize explicit correction, reward, and action
patterns that are predefined and static for each reflex (or action) of an individual
learning device, and thus re-weighting triggers for reflexes is a direct procedure
that does not require analysis of other events that may or may not be relevant to
the associated reflexes. The predefined reward and correction patterns ensure
that the learning of individual learning devices is supervised by users and
responsive to user preferences/expectations, and not merely based on aggregated
occurrences over time. Further, the embodiment learning devices may adjust an
existing reflex based on reward or correction patterns that are detected in
response to determining that the action associated with the existing reflex has
been performed. In other words, weights for trigger patterns are increased or
decreased only after the actions associated with the trigger patterns are actually
performed and the related correction or reward patterns are generated based on
obtained occurrence data. For example, when an action is performed in response
to observing a trigger pattern, a user may press a “‘correction” button on the
learning device to indicate that the user does not prefer the association of the
action and the trigger. This method of learning is different from conventional
techniques that may require users to confirm the correctness of associations

between triggers and actions prior to the actions being performed.
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[0050] Further, the various embodiment techniques enable “fast” training times
of learning devices in which learning devices may generate associations between
triggers and actions “on the fly.” Most conventional machine learning techniques
require “offline” learning, such as techniques that may train a target device by
first using another machine to generate or program new programming (or
instructions) and then updating the target device with the new programming at a
separate time. Such conventional techniques may provide inferior training
experiences for simple, trainable associations of devices. For example, if a user
wanted a new behavior in a device, but a conventional training procedure
required a prolonged period (e.g., hours) for programming and/or updating of the
device to enact behavior changes, the user may lose his/her train of thought,
become confused, or lose interest. The various embodiment techniques do not
require such “offline” learning, as the reflex creation techniques and
reward/correction mechanisms described herein allow for fast training of a
learning device based on obtained events (e.g., signals from other learning
devices, data from sensors attached to the learning device, etc.). Thus, the
various embodiment techniques enable learning device training in a time that

makes sense for people and seems intuitive.

[0051] In the following descriptions, learning devices may be referred to as a
smart box or smart boxes, which are particular embodiments of learning devices
having the components described below with reference to FIGS. 1C and 2.
However, it should be appreciated that other learning devices or smart devices
having similar components and functionalities may also be configured to utilize

various embodiments as described in this disclosure.

[0052] FIG. 1A illustrates an embodiment system 100 in which various devices
102, 104, 106, 114, 115, 116 may be controlled by smart boxes 103a-103e that
send and receive signals to each other. The signals communicated between the
smart boxes 103a-103e may include data or other information that enables each
smart box to recognize a signal as being related to the occurrence of a particular

action or condition within the system 100. In particular, the smart boxes 103a-
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103e may broadcast, via radio frequency (RF) transmissions 112 or wireless
communication links, event report messages that include occurrence data as
described below with reference to FIG. 3A. The smart boxes 103a-103e may
alternatively or additionally communicate with each other via wire connections,

light, sound, or combinations of such media.

[0053] As an example, a system 100 enabled by various embodiments may
include a wall switch 102 connected to a smart box 103a that transmit signals
which enable the wall switch 102 to control responses by other devices (e.g., to
turn on a floor lamp 104). The wall switch 102 may be connected to the smart
box 103a by a wired connection 110, or the smart box 103a and the wall switch
102 may be combined into a single unit. When the wall switch 102 is toggled, its
associated smart box 103a may detect this change in state and emit an event
report message via an RF transmission 112, which may be received by any of the
other smart boxes 103b-103e within a radius of the transmitting smart box 103a.
One such receiving smart box 103b may be connected to the floor lamp 104 via
wired connection 110b. By way of example, the floor lamp smart box 103b may
be trained to respond to an event report message corresponding to the wall switch
102 being moved to the ‘on’ position by generating an event that causes the floor
lamp 104 to be turned on. When the floor lamp 104 1s turned on, its smart box
103b may broadcast event report messages that include occurrence data
indicating the event and that may be received by other nearby smart boxes 103c-
103e as well as the smart box 103a connected to the wall switch 102.
Alternatively or in addition, the smart boxes 103a, 103c-103e may include a light
sensor that may sense the light from the floor lamp 104 so that turning on of the

lamp may be treated as a signal indicating an occurrence/condition/action.

[0054] As illustrated in FIG. 1A, a variety of devices may be coupled to the
smart boxes, such as a desk lamp 115, a stereo 106, a mobile phone 114, and a
sensor 116. Although the smart boxes 103a-103e are shown to be separate from
the individual devices 102, 104, 115, 116, each device may include an internal

smart box, and a smart box within one device may be coupled to a separate
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device. For ease of description, any reference to the floor lamp 104, the wall
switch 102, the desk lamp 115, the sensor 116, and the stereo 106 may also refer

to its corresponding smart box unless otherwise stated.

[0055] Although not shown in FIG. 1A, non-learning devices may be included
in the system 100 to transmit signals (i.e., event report messages) that may be
received and processed by the other learning devices or smart boxes throughout
the system. For example, the wall switch 102 may have a transmitter in lieu of
the shown smart box 103a. When toggled on, the wall switch may send an
encoded ‘on’ signal (e.g., a one-bit event report message) and when the wall
switch is toggled off, it may send a different encoded ‘off” signal (e.g., a two-bit
event report message). Another smart box in the system (e.g., smart box 103b
connected to the floor lamp 104) may receive either signal and convert this to an

event, which may correspond to an associated action of a stored reflex.

[0056] A smart box may typically be configured to broadcast or otherwise
transmit event report messages indicating events at the smart box, such as actions
performed at or by the smart box and/or conditions detected at the smart box
(e.g., sensor data). For example, a smart box or a transmitter (a “reporter’)
wirelessly connected to the smart box may broadcast a signal including data that
indicates that a garage door has been opened. It should appreciated that a smart
box may not typically be configured to directly engage with other smart boxes in
a location, but instead may merely report occurrence data without soliciting
responses and/or without consideration of the operations of other devices.
However, in some embodiments, smart boxes may directly communicate with
each other via such transmissions 112. For example, a new smart box placed
within a location (e.g., a home, office, etc.) may transmit signals to other learning
devices within the location to ask for data indicating their favorite (or most
frequently encountered) events, and in response to receiving response signals

from the other devices, the new smart box may be configured to set a bias.
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[0057] FIG. 1B illustrates that a wall switch 102 in a system 100’ may be
connected to a smart box 103a, either internally or by another connection such as
a wired connection 110a. The wall switch 102 may have a touch sensor 119 or
toggle. When the touch sensor 119 is touched or toggled (e.g., the wall switch
102 is turned on), a state change may be communicated as occurrence data to the
smart box 103a via the wired connection 110a. The smart box 103a may
interpret the state change indicated by the occurrence data as an event and
wirelessly transmit an event report message associated with the event, such as by
RF transmissions 112a, 112b. The event report message may be received by any
smart box within the reception range 123 of the wall switch 102. In some
embodiments, the floor lamp 104 may include or be coupled to a smart box 103b
that receives the RF transmission 112a. Sometime after receiving the event
report message via the RF transmission 112a, the lamp switch 126 on the floor
lamp 104 may be switched on by a user, thus turning on the light 124. The floor
lamp 104 may signal to its smart box 103b that it is now in the ‘on’ state, and the
smart box 103b may interpret this signal as occurrence data. This signal may be
transmitted by a wired connection 110b between the lamp switch 126 and the
smart box 103b, or wirelessly (e.g., via a Bluetooth® data link). When the smart
box 103b includes a switch that energizes the lamp, this signaling may be the

actuation of this switch.

[0058] In various embodiments, the smart box 103b associated with the floor
lamp 104 may be trained to energize or cause the floor lamp 104 to turn on in
response to receiving a toggle signal (i.e., an event report message including
occurrence data indicating the toggle action) from the wall switch smart box 103a
by the user manually turning on the floor lamp 104 just before or soon after
toggling the wall switch 102 (e.g., within 5-10 seconds). To accomplish such
learning, the smart box 103b may recognize when the events related to the wall
switch toggle (as reported in the event report message) and the activation of the
floor lamp 104 (as reported via occurrence data obtained from the floor lamp

104) occur within a predetermined window of time. This may be accomplished
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at least in part by temporarily storing (i.e., buffering) events generated from
obtained occurrence data for the predetermined window of time, processing and
correlating events stored in the memory, and deleting events from the memory
after that time. For example, the smart box 103b connected to the floor lamp 104
may associate the ‘on’ event of the wall switch 102 with the ‘on’ event of the
lamp switch 126 of the floor lamp 104 when the two events are generated or
occur within the predetermined window of time, in effect learning that future
wall switch 102 ‘on’ events should trigger the activation of the floor lamp 104.
In some embodiments, the order of events may be significant, while in some
embodiments, the order of events may not matter, and so the order of events may
be reversed so long as the events occur (or are generated) within the
predetermined window of time. For example, the smart box 103a connected to
the wall switch 102 may associate the ‘on’ event of lamp switch 126 of the floor
lamp 104 with the subsequent ‘on’ event of the wall switch 102 (e.g., a touch to
the touch sensor 119), in effect still learning that future wall switch 102 ‘on’
events should trigger the activation of the floor lamp 104. As described in more
detail below, such training may require some repetition to avoid inadvertent

learning of undesired behaviors.

[0059] As illustrated in FIG. 1C, an embodiment smart box 103 may include a
processor 132 (referred to in FIG. 1C as a central processor unit (CPU))
configured to process event report messages received from a signal receiver 142.
The smart box 103 may include a signal transmitter 136 configured to transmit
occurrence data in event report messages via RF signals that may be received by
other learning devices or smart boxes. As described above, the occurrence data
within such event report messages may define or characterize an encountered
condition or performed action at the smart box 103 (i.e., event report messages
may characterize the events generated at the smart box 103). Further, via its
signal receiver 142, the smart box 103 may receive event report messages via
similar transmitted RF signals from other devices, and may save received

occurrence data from received signals as events in a buffer in memory 138 using

25



WO 2014/190336 PCT/US2014/039465

a data structure as described below. In some embodiments, the memory 138 may
include an amount (e.g., 32 Kilobytes (KB), 64 KB, etc.) of storage (e.g., random
access memory (RAM), flash, etc.) for storing reflexes having associated patterns
as described throughout this disclosure. The embodiment smart box 103 may
include a sensor encoder 134 to obtain occurrence data indicating changes in
states detected by the smart box 103. For example, if the smart box 103 is
connected to a floor lamp and the floor lamp is turned on, a sensor encoder 134
in the connected smart box 103 may generate occurrence data to digitally identify
or map the change in state. This occurrence data may be stored in memory 138
of the smart box 103 and broadcast within event report messages for other
learning devices (e.g., smart boxes) within its broadcast range. Other learning
devices may receive event report messages including occurrence data through
their signal receivers, and eventually process related events by various learning
algorithms described herein. In some embodiments, the memory 138 may
include volatile random access memory (RAM) unit(s) and non-volatile flash
memory unit(s). In such embodiments, the RAM units may be used to operate
the various functions of the smart box 103 and the flash units may be used to
store persistent data (e.g., reflexes, etc.) and log data (e.g., obtained events,
signals, etc.). In some embodiments, reflexes (as described below) may not be
stored in flash memory but instead may be stored in volatile RAM in order to
promote efficient and easy resetting of learned behaviors (e.g., reset to an
untrained state by turning off power and erase all reflexes in RAM). In some
embodiments, the flash memory may vary in size and otherwise may be optional.
For example, the flash memory may be a 64MB storage unit equal to a 64MB
RAM unit, both included within the memory 138 as represented in FIG. 1C.

[0060] Additionally, the smart box 103 may include a motor driver 140 to
perform physical actions on a connected device as a learned reflex action in
response to a correlated trigger. For example, if the smart box 103 is connected
to a floor lamp and determines based on an event generated in response to a

received event report message that the floor lamp should turn on, the processor
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132 of the smart box 103 may signal the motor driver 140 to actuate a power
switch on the floor lamp. Instead of (or in addition to) a motor driver 140, the
smart box 103 may include a relay configured to connect an appliance to an
external power supply (e.g., 120 V AC power) as a learned reflex action in

response to a correlated trigger.

[0061] Insome embodiments, the smart box 103 may include a battery 143
(e.g., a rechargeable lithium-ion battery, etc.) coupled to components of the smart
box 103. In some embodiments, the smart box 103 may additionally include a
wire or other interface 144 (e.g., plugs or prongs for connecting to an alternating
current (AC) power outlet, etc.) for receiving electrical current for charging the
rechargeable battery 143 or otherwise providing power to the various

components of the smart box 103.

[0062] FIG. 2 illustrates an embodiment architecture 200 of a smart box 103
showing an example of how the various functional components may be coupled
together or communicate in order to learn new behaviors from events and
perform learned behaviors in response to subsequent events. A smart box 103
may include an event generator 202, a sensor encoder 134, and a signal receiver
142. The event generator 202 may generate an event or a sequence of one or
more events in response to receiving data indicating a known event pattern (e.g.,
a previously learned or a preprogrammed pattern). For example, if a pattern of
events is associated with a predefined action of turning on a floor lamp connected
to the smart box 103, then the event generator 202 may generate a “lamp-on”
event in response to matching an event generated from occurrence data received
within a signal with a pattern stored in an event pattern storage 204. The
generated event is then communicated via the event bus 214 to the motor driver

140 to turn on the light of the floor lamp connected to the smart box 103.

[0063] The smart box 103 may also receive occurrence data within signals (e.g.,

event report messages) from another smart box via a signal receiver 142. Data
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from signals received by the signal receiver 142 may be transported as events to

other device components via the event bus 214, such as to the event recorder 206.

[0064] A smart box 103 may also recognize an event from the sensor encoder
134, which may communicate the event to other components via the event bus
214. For example, if a user manually turns on a floor lamp connected to the
smart box 103, occurrence data indicating that change in state (e.g., turning the
light from ‘off” to ‘on’) may be digitally encoded by the sensor encoder 134

converting the change in state to an event.

[0065] A signal transmitter 136 may subsequently transmit occurrence data
based on an event received via the event bus 214 so that the occurrence data may
also be received by another smart box via event report messages. This may allow
the transfer of information about events from one smart box 103 to another,
allowing smart boxes to learn from each other and create complex system
behaviors based upon behaviors learned by each respective smart box. The
retransmission or broadcasting of data related to events (i.e., occurrence data in
event report messages) may allow the smart boxes to be daisy-chained together

extending the signal range of a given smart box.

[0066] The event recorder 206 may receive an event from the event bus 214 and
save the event in event pattern storage 204. In some embodiments, the event
recorder 206 may receive occurrence data and create an event based on the
received data for storage in the event pattern storage 204. An event selector 210
may receive one or more events from the event recorder 206. In response to
receiving a particular combination of events, the selector 210 may generate a
store pattern command and send the store pattern command to the event recorder
206 instructing it to store the combination of events as a pattern in the event
pattern storage 204. In some embodiments, the event selector 210 may receive

events directly from the event bus 214.

[0067] The operations and interactions of the components with a smart box 103

are illustrated in the following example. A smart box 103 connected to a floor
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lamp may receive occurrence data indicating a change in state via an event report
message from a wall switch, received at the smart box 103 through the signal
receiver 142. The smart box 103 via the signal receiver 142 may communicate
an event related to the wall switch change in state via the event bus 214 to the
event recorder 206. Shortly thereafter, a user may manually turn on the light 124
of the floor lamp connected to the smart box 103, and in response the sensor
encoder 134 may convert this change in state to an event and communicate the
event via the event bus 214 to the event recorder 206. The event recorder 206
may send the events to the selector 210 as they are received. The selector 210
may process the pattern of events, generated based on the wall switch toggle and
the floor lamp’s manual on-light occurrence data, with a learning algorithm.
After processing the events, the selector 210 may instruct the event recorder 206
to store the pattern of events in the event pattern storage 204 through a store
pattern command. The event pattern storage 204 may store the learned
association between events as a reflex with a particular weight association. In
some embodiments, the event pattern storage 204 may store predetermined
patterns and/or events as well, such as patterns or events used to generate

correction patterns, reward patterns, trigger patterns, and action patterns.

[0068] Depending on the associations between observed events and actions, the
selector 210 may work with a gain adjuster 212 to change the weight of an event
(e.g., increase the trigger weight of the trigger event) associated with an observed
action pattern (e.g., an observation that the user has turned on the floor lamp)
and/or other properties related to the equations and/or calculations of weights

(i.e., bias, scale, etc.) as described below.

[0069] Optionally, the sensor encoder 252 may provide additional events based
on the commencement of an instructed action. These additional events may be a
confirmation that an instructed event actually occurred (e.g., a light actually came
on in response to an ‘on’ action being performed, etc.) and may be processed as
reward events (or patterns) to help the smart box 103 learn associations between

events and actions.
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[0070] FIG. 3A illustrates a data structure 300 that may be used to characterize
occurrence data. Occurrence data may be reflected in a data record to include a
format component 301, an identification component 302, and a state component
303. The processor 132 (or CPU) of a smart box (e.g., as shown in FIG. 1C) may
record decoding information as the format component 301. This may include a
protocol version, an encryption type, a sequence number, a transaction identifier
(e.g., information that may be used to differentiate between various occurrence
data from the next without indication a direction, order, or sequence), a record
time, a transmit time, etc. However, record time and transmit time may be
optional fields in the format component 301. In some embodiments, transaction
identifiers (or IDs) may not be contiguous in value or otherwise indicate an order
numbers (e.g., increasing or decreasing in a sequence). As described above, a
smart box may be configured to transmit signals (i.e., event report messages) that
at least include the data structure 300, and other learning devices may be
configured to receive such signals and use this format component 301 to read the
rest of the occurrence data in the data structure 300. The identification
component 302 may indicate a device that originated the occurrence data, and the
state component 303 may correspond to the state or change in state that the
occurrence data represents. In some embodiments, the state component 303 may
include analog state data, such as volts (e.g., 0.02) in addition to operational

states of devices (e.g., ‘on’, ‘off’, etc.).

[0071] For example, a data structure 300 for occurrence data may include a
format component 301 of “V2.1”, an identification component 302 of
“WALLSWITCH102,” and a state component 303 of “ON.” This may represent
a data format version of 2.1 on a smart box connected to the wall switch and may
represent that the wall switch was toggled from ‘off” to ‘on.” Continuing this
example, the occurrence data and an associated event may be generated at the
wall switch (shown in FIG. 1A). Once generated, the occurrence data may be
broadcast in an event report message from the smart box associated with the wall

switch so that it may be received by all smart boxes within its broadcast range. A
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nearby smart box associated with the floor lamp may receive and process the
broadcasted occurrence data. Since occurrence data may have similar data
components as later described event data structure 350 (in FIG. 3 B), a receiving
smart box may utilize the occurrence data to generate and decode events. This

may help facilitate event filtering and pattern generation.

[0072] FIG. 3B illustrates a data structure 350 that may be used to record or
characterize an event. The data structure 350 may optionally include the format
component 301 as described above. An event may be reflected in a data record
to include a time component 351, an identification component 352, and a state
component 353. Event data structures 350 are similar to the data structure 300 as
described above in FIG. 3A with regards to occurrence data, and events may be
generated at the same time as the occurrence data. The data structure 300 (i.e.,
occurrence data) may be used by smart boxes to generate the data structure 350
(i.e., events) and vice versa. When a smart box receives occurrence data for an
event through any event-originating source (e.g., a signal receiver 142) it may
store data characterizing the event in the event recorder 206, which may record
the time component 351 associated with the event. The time component 351 may
be the time that the event was created or observed by the receiving smart box.
Alternatively, the time component 351 may indicate a time assigned by an
originating smart box prior to transmitting the occurrence data of the event (i.e.,
the time an action was performed or a condition was observed, etc.). The
identification component 352 may indicate a device that originated the
occurrence data of the event, and the state component 353 may correspond to the

state or change in state that the event represents.

[0073] For example, an event may include a time component 351 of 17:12:02,
an identification component 352 of “WALLSWITCH102,” and a state
component of “ON.” This may represent an event created at 17:12:02 on the
smart box connected to the wall switch and may represent that the wall switch
was toggled from ‘off” to ‘on.” Continuing this illustration, occurrence data

describing such an event may be broadcast in an event report message from the
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smart box associated with the wall switch to any smart box within its broadcast
range. The smart box associated with the floor lamp may receive the broadcasted
event report message and process the included occurrence data to generate an

event for processing with a learning algorithm as described below.

[0074] An event pattern may include one or more events obtained, generated, or
otherwise encountered in a time window or sequence. For example, a particular
event pattern may include a first event generated internally by a learning device
(e.g., a smart floor lamp, etc.) and a second event obtained by the learning device
in response to receiving a signal received from another device (e.g., a smart wall
switch, etc.). As later described, event patterns may be trigger patterns, action
patterns, correction patterns, or reward patterns. Regardless of which type, event
patterns may be order-dependent, such that the order in which particular events
are received constitutes a pattern. Alternatively, event patterns may be order-
independent where the pattern is independent of the processing order for the
events. For example, a first event (referred to as event A) may be obtained (e.g.,
generated based on received occurrence data) at time 0 and second and third
events (referred to as event B and event C respectively) may be obtained
simultaneously at a later time 1 (denoted as A:0, B:1, C:1). In an order-
dependent pattern, the learning device may only recognize the pattern if event A
is obtained first and events B and C are simultaneously obtained after event A
(denoted as A:0, B:1, C:1). However, if event C is obtained at time 2 instead of
time 1, then the pattern (A:0, B:1, C:2) may not equal the pattern A:0, B:1, C:1
because the event C was obtained at time 2 instead of time 1. Thus, the first
pattern created by obtaining event C at time 1 (A:0, B:1, C:1) and the second
pattern created by obtaining event C at time 2 (A:0, B:1, C:2) are different
because the times for obtaining event C are different. In an order-independent
pattern, the learning device may treat obtained events A:0, B:1, C:1 the same as
obtained events A:0, B:1, C:2 because the time of C is not important so long as
event C is obtained within the same predetermined time window as event A and

event B. In other words, for order-independence, the same events merely need to
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be obtained within a particular time window. Time windows observed by smart

boxes or learning devices are further described below with reference to FIGS.

3C-3H.

[0075] In some embodiments, multiple smart boxes or learning devices may
generate patterns (e.g., trigger patterns and action patterns) and conduct actions
based on a single event. For example a user may toggle the wall switch from
‘off” to ‘on’ causing the wall switch to generate a single first event. Upon
generating the first event, the wall switch may broadcast a related event report
message wirelessly to all nearby learning devices. A first nearby learning device
may be the floor lamp, for example, which may generate the first event based on
the received event report message and convert it to a trigger pattern. In response
to the trigger pattern, the floor lamp may generate an action pattern and activate
the light based on the action pattern. Simultaneously, a nearby stereo may
receive the same event report message and similarly generate the first event
based on the received event report message, convert it to a trigger pattern,
generate a different associated action pattern than the floor lamp, and play music
based the different action pattern. Thus, a single broadcasted event report
message related to the first event in this example caused the floor lamp to

activate its light and the stereo to play music.

[0076] Insome embodiments, multiple smart boxes may generate action
patterns and conduct corresponding actions based on receiving multiple event
report messages related to multiple individual events. For example, a user may
toggle the wall switch from FIG. 1A from ‘off’ to ‘on’ which generates the first
event at the wall switch. The user may also toggle a lamp switch on the smart
floor lamp from off to ‘on” which causes the smart floor lamp to generate a
second event at the smart floor lamp. Event report messages related to the first
and second events (i.e., including occurrence data for the first and second events
respectively) may be broadcast from their respective smart boxes within a 5-10
second time window. Still within the time window, a nearby smart stereo and a

smart desk lamp may receive both event report messages related to the first and
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second events. The smart stereo may generate a trigger pattern and a
corresponding action pattern based on receiving the event report messages related
to the first and second events. The action pattern generation may cause the stereo
to turn on and begin playing music, for example. Simultaneously, the smart desk
lamp generates a trigger pattern and a different action pattern based on receiving
the event report messages related to the same two events. Upon generating the

action pattern, the smart desk lamp may turn on its light, for example.

[0077] FIGS. 3C-3H illustrate how various embodiment learning devices may
use time window 362 that rolls over time to identify and/or correlate patterns of
events. As described above, such a time window 362 may be a predetermined
amount of time, such as a number of seconds (e.g., 5-10 seconds), that may
provide a temporal limit on the events that may be eligible for being identified as
patterns or parts of patterns at any given time. In other words, events occurring
or obtained by the smart box within the time window 362 (e.g., events having a
time component 351 as described above in FIG. 3B that falls within the time
window 362), may be combined to generate patterns for use in triggering actions
and/or adjusting trigger weights for reflexes as described below. In some
embodiments, the smart box may be configured to remove obtained events from
a memory, buffer, or other storage when such obtained events no longer fall

within the predetined time window 362.

[0078] FIG. 3C shows the exemplary time window 362 against a timeline 360.
Obtained or observed events 370-374 (referred to as events A-E in FIGS. 3C-3F)
may have been encountered by the smart box within the time window 362 with
reference to a first time 380a and a second time 380b. The length of the time
window 362 may be the length of time between the first time 380a and the
second time 380b. Thus, at the second time 380b, the smart box may use any of
the obtained events 370-374 in any combination or order to generate patterns that
may be matched to predefined patterns within stored reflexes. For example, the

smart box may generate patterns using any combination and/or order of the
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events A-E, such as “A,B,C,D,E”, “A,B,C.D,” “A,B,C,” “A,B” “A”,
“A,B,C,.D,E”, “A, C, E”, “E,C,A”, “A, E, C”, etc.

[0079] FIG. 3D illustrates the events 371-375 (referred to as events B-F in FIG.
3D) that are obtained in the time window 362 between a third time 381a and a
tourth time 381b. For example, at the fourth time 381b, event ‘A’ 370 may no
longer be within the time window 362 (i.e., event ‘A’ 370 may correspond to a
time earlier than the third time 381a); however, any combination of the events B-
F 371-375 may be combined to generate patterns that may match predefined
information within reflexes stored on the smart box. In some embodiments, the
event ‘A’ 370 may be deleted or otherwise removed from a memory, buffer, or

other storage at the fourth time 381b.

[0080] Similarly, FIG. 3E illustrates the events 372-376 (referred to as events
C-G in FIG. 3E) that may be obtained by the smart box within the time window
362 between a fifth time 382a and a sixth time 382b. For example, at the sixth
time 382b, event ‘A’ 370 and event ‘B’ 371 may no longer be within the time
window 362; however, any combination of the events C-G 372-376 may be
combined to generate patterns that may match predefined information within
reflexes stored on the smart box. In some embodiments, the event ‘B’ 371 may
be deleted or otherwise removed from a memory, buffer, or other storage at the
sixth time 382 (i.e., when it falls outside the time window 362). The smart box
may continue rolling (or progressing) the time window 362 in a similar fashion,
continually evaluating events that fall within the time window 362 to determine

whether they correspond to predefined patterns.

[0081] FIGS. 3F-3H illustrate various other exemplary time windows in relation
to an identified pattern. As described herein, a smart box (or learning device)
may correlate events, such as a floor lamp ‘on’ event or a wall switch ‘on’ event,
to identified triggers or other patterns occurring within such predefined time
windows. For example, in response to detecting the occurrence of a trigger

pattern of a certain reflex (e.g., an obtained wall switch ‘on’ event), the smart box
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may determine whether a related reward pattern or correction pattern of the reflex
also occurred within a time window of 5-10 seconds from the trigger pattern.

The smart box may evaluate obtained events that are obtained before and/or after

the identified pattern (e.g., trigger pattern) to determine whether a related pattern

has also been encountered.

[0082] FIGS. 3F-3H illustrate various time windows 362a-362c relative to an
identified pattern comprised of event ‘D’ 373 and a time 389 associated with the
identified pattern (referred to as “Time of id’d pattern” in FIGS. 3F-3H). FIG.
3F illustrates a first time window 362a that is configured to include a first period
392a occurring before the time 389 associated with the identified pattern (i.e.,
event ‘D’ 373) and that is equal to a second period 392b occurring after the time
389 associated with the identified pattern. The smart box may be configured to
obtain and store (or buffer) events that may be correlated to the identified pattern
until a first end time 390a that occurs after the second period 392b has elapsed
from the time 389 associated with the identified pattern. With the first period
392a and the second period 392b being of the same duration, an equal number of
events may potentially be obtained within the periods 392a, 392b occurring
before and after the time 389 associated with the identified pattern. In other
words, with the first time window 362a, the smart box may be capable of
correlating any or all of an event ‘B’ 371, an event ‘C’ 372, an event ‘E’ 374, and
an event ‘F’ 375 with the identified pattern of event ‘D’ 373. As another
example, the smart box may correlate the identified pattern of event ‘D’ 373 with

a reward pattern that includes event ‘B’ 371 and event ‘F’ 375, etc.

[0083] FIG. 3G illustrates a second time window 362b that is configured to
include a third period 393a occurring before the time 389 associated with the
identified pattern (i.e., event ‘D’ 373) that is shorter (or smaller in time) than a
tourth period 393b occurring after the time 389 associated with the identified
pattern. The smart box may be configured to obtain and store (or buffer) events
that may be correlated to the identified pattern until a second end time 390b that

occurs after the fourth period 393b has elapsed from the time 389 associated with
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the identified pattern. Therefore, a greater number of events may potentially be
obtained within the fourth period 393b occurring after the identified pattern. In
other words, with the second time window 362b, the smart box may be capable
of correlating any or all of the event ‘C’ 372, the event ‘E’ 374, the event ‘F’
375, and an event ‘G’ 376 with the identified pattern of event ‘D’ 373. For
example, the smart box may correlate the identified pattern of event ‘D’ 373 with
a correction pattern that includes event ‘C’ 372, event ‘E’ 374, and event ‘G’

376, etc.

[0084] FIG. 3H illustrates a third time window 362c that is configured to
include a fifth period 394a occurring before the time 389 associated with the
identified pattern (i.e., event ‘D’ 373) that is longer (or greater in time) than a
sixth period 394b occurring after the time 389 associated with the identified
pattern. The smart box may be configured to obtain and store (or buffer) events
that may be correlated to the identified pattern until a third end time 390c that
occurs after the sixth period 394b has elapsed from the time 389 associated with
the identified pattern. Therefore, a greater number of events may potentially be
obtained and stored within the fifth period 394a occurring before the identitied
pattern. In other words, with the third time window 362c, the smart box may be
capable of correlating any or all of the event ‘A’ 370, event ‘B’ 371, the event
‘C’ 372, and the event ‘E’ 374 with the identified pattern of event ‘D’ 373. For
example, the smart box may correlate the identified pattern of event ‘D’ 373 with

a correction pattern that includes the event ‘C’ 372 and the event ‘E’ 374, etc.

[0085] As described above, a reflex may be stored information that indicates a
predefined action that a smart box may take or initiate in response to detecting an
associated trigger. As illustrated in FIG. 4, four patterns may make up a reflex
400, specifically a trigger pattern 402, an action pattern 404, a reward pattern
406, and a correction pattern 408. Patterns may include one or more events and
events may be associated with data. However, in some embodiments, a pattern
may be related to a 1-bit signal (e.g., an interrupt line goes high). For example, a

1-bit signal may be a reward signal that may be converted to a reward pattern and
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put on a logical event bus of a smart box. Such a 1-bit signal reward pattern may
take the sensor encoder path, as described above, as an interrupt sensor may be a
type of sensor encoder. Other pattern types (e.g., action, trigger, etc.) may also

be defined by simple signals (e.g., 1-bit signals or interrupts).

[0086] When a smart box obtains an event (or multiple events) matching a
known trigger pattern of a known reflex, the smart box may generate the
corresponding action pattern 404. A reflex may have a predetermined reward
pattern and a predetermined correction pattern. If a smart box receives a reward
pattern when it is allowed to learn, the smart box may increase a weighting (i.e.,
the trigger weight) on the association between the trigger pattern 402 and the
action pattern 404. Once the association weighting exceeds a threshold amount,
the smart box will may execute the action pattern in response to the trigger
pattern. Similarly, a retflex 400 may have a predetermined correction pattern 408,
and if a smart box receives a correction pattern when it is allowed to learn, the
smart box may decrease the association weighting between the trigger pattern
402 and the action pattern 404. Processing of the correction pattern 408 may
modify the association weighting enough times that the association weighting
may drop below the threshold amount and the smart box will effectively learn not
to perform the action pattern 404 in response to the trigger pattern 402. In this
manner, the smart box may learn the association between a trigger pattern 402
and a corresponding action pattern 404, and unlearn undesired trigger/action
associations. In various embodiments, the correction pattern 408 and/or the
reward pattern 406 may be obtained based on data received by the smart box
from another smart box device, such as a nearby device emitting event report

messages in response to performing an action, receiving an input, etc.

[0087] Insome embodiments, a method of enabling an “allowed to learn” state
(or a learning mode) for the smart box may be used to associate a predetfined
action pattern 404 of a reflex 400 of the smart box with a trigger pattern. Such a
learning mode may be an operational state of the smart box during which the

smart box may be enabled to change trigger weights of the reflex 400. Once an
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obtained pattern is matched to a trigger pattern 402 of a known reflex 400, the
reflex may enter the learning mode. In other embodiments, the smart box may
enter the learning mode when the action pattern 404 is generated. In other
embodiments, the smart box may enter a global learning mode or state, which
may be independent of triggers (e.g., turning on a learning switch) and during
which the smart box may change trigger weights for various reflexes or otherwise
generate new reflexes based on obtained events. In various embodiments, a
reflex 400 may include data indicating the status of its various modes, such as
bits, flags, or other indicators indicating whether the retlex 400 is in an active

monitoring mode, triggered mode, learning mode, etc.

[0088] A smart box may be configured with one or more reflexes with action
patterns for predetermined, known capabilities of the smart box. Although the
smart box may utilize multiple reflexes with different corresponding actions, in
some embodiments, the smart box may not be configured to perform actions
outside of the static set of known capabilities or actions of the smart box, such as
action patterns indicated in data provided by a manufacturer. Thus, the smart
box may be configured to generate new reflexes with unknown triggers
correlated to known actions, but may not be configured to generate new reflexes

with actions that are not predefined.

[0089] As an illustration, a stereo learning device (or a stereo coupled to a
learning device or smart box) may be configured with predetermined actions for
setting a volume level to any value in a finite range of volume level values (e.g.,
0-10, etc.), activating a radio (or radio tuner) ‘on’, deactivating the radio (or radio
tuner), setting a radio station to any value in a finite range of radio station values
(e.g., 88.1-121.9, etc.), setting a frequency modulation (FM) configuration or an
amplitude modulation (AM) configuration, etc. The stereo learning device may
store reflexes for each of these predetermined actions with various trigger
patterns. For example, the stereo learning device may store a first retflex with an
action pattern that sets the radio station to a first value (e.g., 92.3 FM) and a

trigger pattern of a lamp ‘on’ event, a second reflex with an action pattern that
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sets the radio station to a second value (e.g., 101.5 FM) and a trigger pattern of a
wall switch ‘on’ event, a third reflex with an action pattern that sets the volume

level to 8 and a trigger pattern of the lamp ‘on’ event, etc.

[0090] Patterns may be created from one or more events (e.g., time component,
device component, etc.) obtained at a smart box, such as events generated based
on occurrence data obtained by a sensor (e.g. a light sensor, a switch vision
sensor, etc.) and/or one or more events generated based on occurrence data
received by the signal receiver 142. Events may be stored in memory 138 and
used by the event recorder 206 to create or recognize patterns. Prior to
evaluating events to create or recognize patterns, a filter may be applied to events
to reduce the set of events that may be considered. For example, a floor lamp
smart box may ignore events related to event report messages from a stereo. As
an alternate example, the stereo may ignore events obtained or generated after
some time of day, such as 11:00 PM. Once a smart box generates a pattern of
events, it may determine whether the pattern matches any known trigger patterns

that correspond to a stored reflex.

[0091] If an identified pattern matches a stored trigger pattern in a reflex and
the related trigger weight is equal to or above a particular threshold, its paired
action pattern may be generated. A current trigger weight (W) for a certain

reflex (Reflex’) may be calculated based on the following equation:
Wi — (Z;{l=0 mk,i xk,isk,i) + bi;

[0092] where i is a reflex counter or identifier, # is the number of events
associated with a trigger pattern of the reflex, k identifies a counter for individual
events in the trigger pattern of the reflex, m is an event match indicator for an
individual event in the trigger pattern of the reflex, x 1s a match weight associated
with the individual event in the trigger pattern of the reflex, s is a scale factor
applied to the individual event in the trigger pattern of the reflex, and b is a bias

for an entire weight match applied to the individual event in the trigger pattern of
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the reflex. Thus, the current trigger weight, W', of a Reflex’ equals the sum of the
event match (m) multiplied by the match weight (x) and the scale factor (s) plus
the bias b in the trigger pattern associated with Reflex’. In some embodiments,
match weights (x) may be adjusted by gains associated with their respective
events, and as described in this disclosure, gains may be set based on whether a
learning device is within a critical period or steady state period. In some
embodiments, smart boxes may normalize values from 0.0 to 1.0. Further, in
some embodiments, the event match indicator for an event (m) may be a floating
value between 0.0 and 1.0 that may indicate whether the event was matched
perfectly or not. (i.e., an event match value of 1.0 may represent a perfect match

and an event match of 0.0 may indicate a complete mismatch).

[0093] As an illustration, if an identified pattern of a single event matches a
known trigger pattern for a certain reflex (Reflex’), then the event match indicator
(m) for the single event may be set to 1. Assuming the match weight (x) for the
single event is set to 1 based on an associated gain value, the scale factor (s) is
also set to 1, and the bias (b) for Reflex’ is set to 0, then the new or current trigger
weight W' for the Reflex’ may be equal to 1. If the same pattern is received again,
then the match weight (x) may be adjusted by the current gain associated with the
reflex, resulting in an increase in a subsequent, new trigger weight (J¥') that may
be greater than the trigger weight threshold. Thus, the new trigger weight (1)
may increase or decrease. For example, receiving the same trigger pattern a
second time may increase the trigger weight (') to 1.5 assuming that m™' is set
to 1, xFlis adjusted to 1.5, sis set to 1, and &' is set to 0. Under the same
conditions, if the identified pattern does not match a known trigger pattern, then

m may be equal to O resulting in a new trigger weight #" also equal to 0.

[0094] As an additional illustration, a stereo (e.g., stereo 106 as described above
in FIG. 1A) may include or be coupled to a smart box capable of storing and
utilizing various reflexes. In particular, the stereo (via its smart box) may store a
first reflex (R) that has a trigger pattern including a first event related to an ‘on’

signal from a nearby ceiling light and a second event related to a signal from a
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presence sensor (e.g., pressure sensor, motion sensor, etc.) in a nearby recliner.
For example, the first event may correspond to a signal transmitted by the ceiling
light (or a smart box coupled to the ceiling light) when activated and the second
event may correspond to a signal transmitted by the recliner (or a smart box
coupled to the recliner) when a person sits in the recliner. The first reflex may
also include an action pattern that may cause the stereo to turn on in response to
the stereo detecting the occurrence of the trigger pattern (i.e., both the ceiling
light and the recliner events). In other words, based on the first reflex, the stereo
may activate its radio and play music in response to the ceiling light being turned
on and someone sitting in the recliner within a predefined time window (e.g., 5-

10 seconds, etc.).

[0095] The following tables illustrate exemplary properties of the equation with
respect to the first reflex of the stereo (i.e., R'). For the purpose of the following
examples and tables, the action pattern (i.e., turning the stereo on and playing
music) of the first reflex may be triggered when the trigger weight of the first
reflex (i.e., W') is greater than or equal to a trigger threshold value of 1.5, a
condition that may occur in response to the stereo receiving at least one of the
first event and the second event. The first event may be event A=0 and the
second event may be k=1. Further, except for the match indicator for various
events (m™"), it should be appreciated that the various values in the following
properties may be predefined, such as set by a manufacturer, developer, or user.
For example, the match weight for an event may be set by a manufacturer or may

be based on previous events encountered at a smart box.

TABLE A
W | Events m" K s m K s b
Received (k)
1 0 1.0 1.0 1.0 0.0 1.0 1.0 0.0

[0096] As shown in the exemplary properties of Table A above, in one scenario,
only the first event (i.e., k=0) may be received by the stereo. Thus, the smart box

of the stereo may set the event match indicator for the first event (m"’) to 1.0 (i.e.,
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there is a match for the first event) and the event match indicator for the second
event (m"’) to 0.0 (i.e., there is no match for the second event). The trigger
weight of the first reflex may be computed by summing the sub-weight
calculation for each event, such that the sub-weight of the first event computes to
1.0. In other words, (m® * x> *s*)+ b =(1.0*1.0* 1.0)+0.0=1.0. As
there is no second event, the event match indicator for the second event (m"’)
may be 0.0, and thus the sub-weight calculation for the second event may be 0.0.
In other words, (m"' * x"' * s+ ' = (0.0 * 1.0 * 1.0) + 0.0 = 0.0. Accordingly,
the total trigger weight of the first reflex (W) is 1.0 (i.e., 1.0 + 0.0), which is less
than the trigger threshold value of 1.5. Thus, with only the first event received,
the action pattern of the first reflex may not be triggered (e.g., the stereo may not

activate its radio).

TABLE B
W | Events m" K s m K s b
Received (k)
1.8 0,1 1.0 1.0 1.0 0.8 1.0 1.0 0.0

[0097] As shown in the exemplary properties of Table B above, in another
scenario, both the first event (i.e., &=0) and the second event (i.e., k=1) may be
received by the stereo. Thus, the smart box may set the event match indicator for
the first event (m™) to 1.0 (i.e., there is a match for the first event), and the event
match indicator for the second event (m"’) to a non-zero value. However, in
some cases, the second event may not be matched exactly, and thus the match
indicator for the second event (m"') may be set to 0.8 (i.e., there is at least a
partial match for the second event). The value of 0.8 for the event match
indicator for the second event (m") may indicate that the second event match
was an imperfect match for a system that normalizes values from 0.0 to 1.0;

where 1.0 represents a perfect match for the event match value.

[0098] As described above, the trigger weight (') may be computed by

summing the sub-weight calculation for each event, such that the sub-weight of
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the first event computes to 1.0. In other words, (m® * x* * s*)+5'=(1.0 * 1.0
*1.0) + 0.0 = 1.0. Further, the sub-weight of the second event computes to 0.8.
In other words, (m"' * x"' * s")+ ' = (0.8 * 1.0 * 1.0) + 0.0 = 0.8. Accordingly,
the total trigger weight of the first reflex (') may be 1.8 (i.e., 1.0 + 0.8), which
1s greater than the trigger threshold value of 1.5. Thus, with both the first event
and the second event obtained at the smart box, the action pattern of the first
reflex may be generated, causing an action to be performed (e.g., the stereo may
activate its radio and play music, etc.). In some embodiments, the action pattern
of the first reflex may be generated and cause an action to be performed in
response to the calculation of any total trigger weight of the first reflex (/') that
1s greater than or equal to the trigger threshold value (e.g., 1.5).

TABLE C
W | Events m" K s m K s b
Received (k)
1.6 1 0.0 1.0 1.0 0.8 2.0 1.0 0.0

[0099] In some embodiments, based on the match weights for various events,
the smart box may be configured to perform actions in response to obtaining a
single event. For example, the stereo smart box may be configured to activate its
radio functionality in response to only receiving a signal indicating someone has
sat in the recliner (i.e., the action pattern may be triggered by a presence sensor
event associated with the recliner). As shown in the exemplary properties in
Table C above, the first event may not be obtained (i.e., m* = 0.0), the second
event may be obtained (i.e., m"’ = 0.8), and the match weight for the second
event (x") may be set to a value of 2.0. Due to the higher match weight for the
second event, the radio of the stereo may be activated when only the second
event is obtained at the stereo. In other words, the trigger weight for the first
reflex may be greater than 1.5 based only on obtaining the second event (i.e.,
(m® % X% Py +m * XM g+ b = (0.0 * 1.0 * 1.0) + (0.8 * 2.0 * 1.0))
+0.0=1.6.
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TABLE D
W' | Events m” K s m K s b
Received (k)
2.6 0,1 0.7 1.0 2.0 0.6 1.0 2.0 0.0

[0100] Insome embodiments, when imperfect event matching is likely, such as
in a noisy RF environment, scale factors may be adjusted such that reflexes may
be triggered even when matching may be low. For example, as shown in Table
D above, the scale factor for the first event (s*) and the scale factor for the
second event (s') may be increased to a value of 2.0 in order to enable trigger
weights above the 1.5 threshold value, even when matching indicators are less
than ideal (e.g., less than 1.0, less than 0.8, etc.). In other words, the stereo may
activate its radio to play music in response to receiving both the first event and
the second event with less than ideal matching indicators (e.g., 0.7 and 0.6,
respectively) and calculating a trigger weight of 2.6 for the first reflex (i.e., ((m"’
* 0 0N pmt XM gMY) + B = (0.7 % 1.0 * 2.0) + (0.6 * 1.0 * 2.0)) + 0.0
=2.6.

TABLE E
W | Events m"™ x> s m" x" s b
Received (k)
1.8 1 0.0 1.0 1.0 0.8 1.0 1.0 1.0
1.9 0 0.9 1.0 1.0 0.0 1.0 1.0 1.0

[0101] Insome embodiments, bias values for trigger weight calculations may be
adjusted in order to cause action patterns to be triggered in response to a smart
box obtaining a single event. For example, as shown in Table E above, the bias
(b)) may be set to 1.0, which allows either the first event or the second event to
individually cause the stereo to activate its radio via the first reflex. In other
words, the action pattern may be triggered when only the second event is
obtained (i.e., (m™ * x* * $*+(m" * x" * M)+ b =(0.0 * 1.0 * 1.0) + (o 8
* 1.0 * 1.0)) + 1.0 = 1.8) or when only the first event is obtained (i.e., (m*' * x*
* O Hm o XM M)+ pT = (0.9 * 1.0 * 1.0) + (0.0 * 1.0 * 1.0)) + 1.0 = 1.9).
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[0102] FIGs. 5-7 are timeline diagrams illustrating how events (including
actions) may be recognized (or identified) as patterns in reflexes. In the
descriptions of these timelines, references are made to a wall switch and a floor
lamp as a short hand for the smart boxes associated with those devices. Further,
the wall switch and the floor lamp are used as illustrative examples of the types
of devices that may be coupled to a smart box. Thus, the references to the wall
switch and floor lamp are not intended to limit the scope of the claims in any

manner.

[0103] FIG. 5 is a timeline diagram 500 of event transmissions that correspond
to a reflex that shows times of transmissions between a sender 510 (e.g., wall
switch) and a receiver (e.g., lamp). These event transmissions (or event report
messages) may include occurrence data that may help the receiver generate an
event. The timeline diagram begins at time 0 (or t = “t0” as shown in FIG. 5)
with the receiver in a monitor mode 506, and ends when the receiver returns to
the monitor mode 506 at time “tResumeMonitor” (or t = “tResumeMonitor”). In
some embodiments, the sender 510 in diagram 500 may be a wall switch
broadcasting occurrence data of an event, which may be received by the floor
lamp. The floor lamp may have a receiver state 511 associated with each stored
reflex, which may be in either a monitor mode 506 or a triggered mode 508. The
default state of each reflex associated with the floor lamp may be the monitor
mode 506. The floor lamp may also have an event bus 214 (typically in its smart

box), which may transfer events to other smart box components.

[0104] For the purposes of illustration, at time t=t0, the floor lamp may be
considered to be in the monitor mode 506 with respect to all reflexes. The floor
lamp may receive an event report message 502, such as via its signal receiver
142. For example, a user may toggle the wall switch from ‘oft” to ‘on’. In
response, the wall switch may record the toggle as an event with a sensor encoder
134 (shown in FIG. 2). The wall switch may transmit an event report message

502 having occurrence data related to the new event through the wall switch’s
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signal transmitter 136. The event report message 502 may be received by other

smart boxes, such as the floor lamp.

[0105] At t=tTrigger, the event report message 502 may be received by the floor
lamp. The floor lamp may determine that an event generated based on the event
report message 502 matches a trigger pattern of a reflex, and may enter the
triggered mode 508 with respect to the matched reflex. During the triggered
mode 508, the floor lamp may continue to search for other events to determine
whether a reward and/or correction pattern is present to enable learning or

unlearning, respectively.

[0106] At t=tResponse, the floor lamp may generate the event 514 associated
with an action pattern of the matching reflex, which may activate a motor driver
140 to cause an action, such as turning on the light 124 of the floor lamp (shown
in FIGs. 1B and 1C). The event 514 is placed on the event bus 214 of the floor
lamp, which may be eventually converted to a pattern and stored in memory 138.
In some embodiments, a generated action pattern may be a trigger pattern for
additional action patterns. For example, turning on the floor lamp may be a
trigger pattern for turning on the stereo. In other words, multiple learning
devices may be daisy-chained together allowing trigger patterns and action
patterns to be generated and transmitting corresponding data from device to

device.

[0107] Att=tResume Monitor, the floor lamp may leave the triggered mode
508 and re-enter the monitor mode 506 in which the floor lamp may search for

and receive new event report messages.

[0108] As FIG. 5 illustrates, the floor lamp may enter a single triggered mode
with respect to a single reflex. In some embodiments, the floor lamp may have
multiple reflexes stored in memory and may obtain (or generate) multiple events
at overlapping intervals of time. Assuming the floor lamp obtains multiple
events that result in multiple trigger patterns, the floor lamp may enter concurrent

triggered modes. Each triggered mode may correspond to different reflexes. For
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example, the floor lamp may simultaneously receive an event report message
related to an EventA from a wall switch and an event report message related to
an Event B from a stereo. EventA may correspond to a trigger pattern from a
first reflex stored in memory of the floor lamp. In response, the floor lamp may
enter a triggered mode with respect to the first reflex, ReflexA. EventB may
correspond to a different trigger pattern of a different reflex, ReflexB. Thus, the
tloor lamp may concurrently enter a second triggered mode with respect to
ReflexB. Each triggered mode may be represented as illustrated in FIG. 5;
however, the tfloor lamp may process each event, reflex, and triggered mode

independently.

[0109] The floor lamp may generate events of trigger patterns for different
reflexes at different times, which may cause the floor lamp to enter triggered
mode with respect to one reflex at a different time than the other triggered mode
for the other reflex. Assuming the triggered modes of each reflex overlap the
same time period (e.g., 5 seconds), the floor lamp may exit the triggered mode
with respect to the first reflex but remain in the triggered mode with respect to
the second reflex. Eventually, the floor lamp may exit the triggered mode with

respect to each reflex and return to the monitor mode with respect to each reflex.

[0110] FIG. 6 is a timeline diagram 600 illustrating a learning timeline to create
a new reflex. The diagram 600 illustrates how a known reflex (referred to as
“ReflexF1” or ‘F1”’) may be used to create a new reflex (referred to as
“ReflexF2” or “F2”). Diagram 600 includes a new wall switch, a lamp switch,
and a floor lamp. The floor lamp has a known ReflexF1, which has states 618
including the monitor mode 606 and the triggered mode 608. ReflexF2 is not
known and will be eventually created on this timeline 601. Timeline 601 begins

at time 0 (“t=t0”’) and ends at time “ResumeMonitor” (t = “tResumeMonitor”).

[0111] Att=t0, the floor lamp may start in the monitor mode 606 with respect
to ReflexF1. RetlexF1 may include a trigger pattern (referred to as MD2), an

action pattern (referred to as MD3), a reward pattern (referred to as MD4), and a
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correction pattern (referred to as MDS). The floor lamp may monitor generated

events for patterns that match the trigger pattern of ReflexF1 (MD2).

[0112] At t=tMdI-on, the new wall switch may be switched from ‘off’ to ‘on’
generating an event and causing related occurrence data (referred to as
“occurrence data 17) to be broadcast by the wall switch in an event report
message received by the floor lamp. The occurrence data from the event report
message from the new wall switch may be used by the floor lamp to generate an
event that may be combined with one or more events or may individually be used

to create a pattern (“MD17).

[0113] At t=tMdI-done, the floor lamp may receive the event report message
with “occurrence data 1,” generate a related event, and convert it (and possible
other events stored in a memory) into a pattern known as pattern “MD1”. At this
time, the floor lamp may place pattern MD1 on the event bus for further
processing or temporary storage in memory. The floor lamp may determine that
pattern MD1 does not match any known trigger patterns of known reflexes of the

tloor lamp and thus may continue to operate in the monitor mode 606.

[0114] At t=tMd2-on, the lamp switch may be turned from ‘off’ to ‘on’ and, in
response, the floor lamp may generate an event based on occurrence data related
to the state change (referred to as “occurrence data 2”°). Simultaneously, the floor
lamp may combine the event generated from the “occurrence data 2 with other
events collectively processed as a pattern MD2 and place the pattern MD2 on the

event bus for temporary storage in memory.

[0115] At t=tTrigger, the floor lamp may match the pattern MD2 to the trigger
pattern of ReflexF1. The floor lamp may then enter the triggered mode 608 for
ReflexF1 because pattern MD2 matches the trigger pattern of ReflexF1. In some
embodiments, the floor lamp may complete an internal transmission and convert
the event generated from the “occurrence data 2” into the pattern MD2 at

t=tTrigger.
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[0116] At t=tAction, the floor lamp may generate the action pattern for
ReflexF1 (MD3) associated with the known trigger pattern for ReflexF1 (MD2)
that is located on event bus or stored in the floor lamp’s memory. The generation
of the pattern MD3 may cause a motor driver connected to the floor lamp to turn

on a light.

[0117] At t=tNewReflex, a new reflex (referred to as “ReflexF2” or “F2”) is
created because there is no existing reflex with a trigger pattern matching the
pattern MD1. The only known trigger pattern is MD2 associated with ReflexF1.
In creating ReflexF2, the floor lamp may copy the action pattern, the reward
pattern, and the correction pattern associated with the ReflexF1 into the new
reflex, and may assign the pattern (MD1) received on the timeline 601 to the new
reflex as its trigger pattern. The weights associated with the copied patterns may
be adjusted when copied to the new reflex. Thus, the new reflex (ReflexF2) may
have a trigger pattern equal to pattern MD1 and related to the occurrence data
received from the new wall switch (“occurrence data 17°), an action pattern equal
to pattern MD3 associated with turning the floor lamp on, a reward pattern equal
to pattern MD4, and a correction pattern equal to pattern MDS. In some
embodiments, when the floor lamp may be configured to perform more than one
action (e.g., turn on, turn off, etc.) and thus utilize at least two reflexes (i.e., at
least one reflex per action), then new reflexes created in response to detecting
unknown patterns may be copied from an existing reflex in its triggered mode.
In other words, in order to determine which existing reflex to copy from when
creating a new reflex, the floor lamp may perform operations to correlate events
(or patterns of events) with known actions of reflexes in their triggered mode
(i.e., patterns for a new reflex may be copied from a pre-existing reflex whose
action pattern is encountered within a time window of the unknown
pattern/event). FIG. 11 illustrates an embodiment method that includes

operations for a smart box to add a new reflex.

[0118] At t=tReward another component may generate events that match a

reward pattern, such as pattern MD4 known as the reward pattern for ReflexF1.
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For example, a motor driver may generate an event equal to pattern MD4 when
the light of the floor lamp turns on (shown in FIGs. 1B-1C). The motor driver
may send pattern MD4 to the event recorder. Since pattern MD4 matches the
reward pattern of ReflexF1 (and newly created ReflexF2), the trigger weight
associated with ReflexF1 may be increased as ReflexF1 is in its triggered mode
608. In some embodiments, the reward pattern may be a self-generating pattern
such that as long as the light of the floor lamp turns on a reward pattern equal to

pattern MD4 is always generated and the trigger weight may increase.

[0119] While in a learning-enabled mode, if a reward pattern (MD4) is
matched, then reward gains may be applied (e.g., increasing the trigger weight,
etc.). In some embodiments, although the match weight (x as described above) is
typically modified while in a learning-enabled mode, any parameter or value in
the equation may be adjusted while in a learning-enabled mode. In other words,
increasing or decreasing the trigger weight of a reflex may include adjusting any

parameter in the trigger weight equation.

[0120] However, if the correction pattern (MDS5) is matched, then the correction
gains may be applied (e.g., decreasing the trigger weight). In some
embodiments, the reward pattern or the correction pattern may be generated by
an additional occurrence, such as an input or a button that the user may activate
in order to provide feedback that the response was as desired (or not desired).

For example, after the floor lamp turns its light on, a user may press a button on
the floor lamp, which generates a reward pattern. Based on the reward pattern,

the floor lamp may increase the trigger weight of the related reflex.

[0121] At t=tResume Monitor, the floor lamp ends its triggered mode 608 for
ReflexF1 and returns to the monitor mode 606. In some embodiments, the floor
lamp may subsequently receive pattern MD1, which may cause the floor lamp to

activate its light based on a triggered action of ReflexF2.

[0122] Insome embodiments, a new retlex may be generated regardless of the

order in which various occurrence data is received or obtained by the floor lamp.
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In other words, an unknown trigger pattern (e.g., MD1) could be received and
used before, during, and after a trigger window and thus cause the creation of a
reflex independent of the order of receiving occurrence data. For example, if the
“occurrence data 1” 1s received and used to generate the pattern MD1 after the
floor lamp has entered its triggered mode 608 for ReflexF1 (i.e., after
“occurrence data 2” 1s received and MD2 has been obtained), the floor lamp may
still create ReflexF2, as the MD1 may still have occurred within a time window

relative to the triggered mode 608.

[0123] FIG. 7 illustrates how the newly created reflex, RetlexF2, from FIG. 6
may be rewarded and/or corrected to increase/decrease its association with an
action along a timeline 701. Depending on the state 718 of ReflexF2, the floor
lamp may be in monitor mode 706 or triggered mode 708 with respect to
ReflexF2. In monitor mode 706, the floor lamp is looking for trigger pattern that
matches with respect to a reflex. If the floor lamp generates a pattern of events
that matches a known trigger pattern of a stored reflex, the floor lamp may enter
the triggered mode of the reflex containing the matching trigger pattern. In
diagram 700, ReflexF2 may have a trigger pattern equal to pattern MDI1, an
action pattern equal to pattern MD3, a reward pattern equal to pattern MD4, and

a correction pattern equal to pattern MDS.

[0124] At t=t0, the wall switch may generate an event and broadcast an event
report message with occurrence data related to the event. The floor lamp, in the

monitor mode 706, may receive the event report message by t=tMD1-Rx.

[0125] At t=tMD1-Rx, the floor lamp receives the entire event report message
with the occurrence data, generate an event in response, and transfers it to the

event recorder, which may convert the event into pattern MD1 and place it on a
event bus (as shown in FIG. 2). The floor lamp may transfer pattern MD1 from
the event bus to a temporary storage in memory (e.g., event pattern storage 204

in FIG. 2).
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[0126] At t=tTrigger, the floor lamp may process pattern MD1 and determine
that it matches a known trigger pattern associated with ReflexF2. Thus, the floor
lamp may enter the triggered mode 708 with respect to ReflexF2 where floor

lamp may learn or unlearn with respect to ReflexF2.

[0127] At t=tAction, the floor lamp may generate the action pattern (MD3)
associated with ReflexF2, which is put on the event bus. The motor driver may
retrieve the action pattern (MD3) from the event bus and conduct an action

associated with the generated action pattern (e.g., turn on the light of floor lamp).

[0128] At t=tReward, a reward pattern (MD4) associated with ReflexF2 may be
generated from another component. For example, the generated action pattern
(MD3) may cause a motor driver to turn on the floor lamp. When the floor lamp
turns on, the motor driver may receive feedback or a sensor encoder may sense a
change in state on the lamp, thus generating pattern MD4. Pattern MD4 may be
subsequently stored in event pattern storage. Pattern MD4 may match the reward
pattern of ReflexF2, and as a result the weights associated with the ReflexF2
trigger pattern (MD1) may be increased.

[0129] In some embodiments, once the trigger weight of a reflex reaches a
maximum level, the trigger weight may not be further adjusted, allowing system
resources to be used elsewhere. Such a maximum level may be utilized to limit
the dynamic range of the weight calculations or to reduce the amount of RAM
included within learning devices. For example, when a less dynamic range of
trigger weights are used for a reflex (e.g., a smaller range in between a minimum
and maximum trigger weight), less RAM may be used in learning devices (e.g.,

8-bits instead of 16-bits).

[0130] In some embodiments, the memory of the floor lamp may be of a size
such that it may only store a limited number of patterns and/or reflexes. In such
a case, if a trigger weight of a stored reflex reaches a minimum weight value
(e.g., a ‘discard threshold’), the trigger weight may be considered so low that it

may likely never trigger a reflex. In such a case, the tfloor lamp may re-use (or
53



WO 2014/190336 PCT/US2014/039465

reclaim) the memory allocated to that reflex for new reflexes. Thus, setting a
lower limit for correcting a reflex with a low trigger weight may allow the
memory to devote storage for other patterns and/or reflexes. In other
embodiments, when there are limited resources for storing new reflexes, the floor
lamp may reallocate memory from the most infrequently used or lowest likely to
be used (via weight properties) to new reflexes without using a minimum or
“discard” threshold (i.e., the floor lamp may simply replace the most useless

reflexes).

[0131] At t=tCorrection, a different component may generate a correction
pattern (MDS5). For example, if the floor lamp is turned off within the triggered
mode 708, a sensor encoder may convert this change in state to an event, which
may be passed to the event recorder to create a correction pattern MDS. Pattern
MDS5 may be matched to the correction pattern of ReflexF2 (which is in the
triggered mode 708), and as a result the trigger weights may be reduced to
weaken the association between the trigger pattern (MD1) and the action pattern

(MD3) of ReflexF2.

[0132] At t=tResume Monitor, the floor lamp may exit the triggered mode 708
associated with ReflexF2, and the floor lamp may return to monitor mode 706.
The triggered mode 708 may end simply because it has been timed out. For
example, a triggered mode 708 may only last for ten seconds, so after operating
in the triggered mode 708 for ten seconds, the floor lamp may exit the triggered
mode 708 with respect to ReflexF2 and may enter a corresponding monitor mode

706.

[0133] FIG. 8 illustrates different types of learning rates for reflexes of a
learning device, such as the floor lamp. Each device may have a critical learning
period 801 and a steady state learning period 802 of learning. In other words, the
critical learning period 801 and steady state learning period 802 may correspond
to different learning states or learning conditions of a learning device. For

example, the critical learning period 801 may correspond to a fast learning state
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and the steady state learning period 802 may correspond to a slow or normal
learning state. Different sets of gains may be applied to triggers weights when in
each of these periods. Although FIG. 8 shows two learning periods 801, 802, it

should be appreciated that reflexes may utilize more than two learning periods.

[0134] The critical learning period 801 may be typically associated with the
initial state of the learning device. This may be a time in which training the
initial behavior of the learning device would be more beneficial to the user.
Initial dynamic reflexes are likely to be created in this state; meaning that various
gain values associated with the critical learning period 801 (referred to as “Gain
Set 1 in FIG. 8) may be high (i.e., a high gain set) and the smart box is more
likely to learn and unlearn. For example, manufacturers may set the floor lamp
to a critical learning period 801 with initially high gains to enable it to quickly
associate with a wall switch or any other device. Once the first trigger-action
association has occurred, the floor lamp may change to a steady state learning

period 802.

[0135] The steady state learning period 802 may occur when a particular device
has been initially trained, and additional training is allowed but is intended to be
more difficult. Gains associated with the steady state learning period 802
(referred to as “Gain Set 2” in FIG. 8) may have low gains (i.e., a low gain set) to
make learning more difficult. For example, if the floor lamp has an ‘on’ event
association with an ‘on’ event related to the wall switch, the floor lamp may be in
a steady state learning period 802. While in the steady state learning period 802,
the floor lamp may learn additional associations, such as activating in response to
received occurrence data from the stereo. However, instead of instantly learning
an association between the stereo and the floor lamp, the floor lamp may have to
encounter a trigger pattern (e.g., a stereo ‘on’ event based on occurrence data
received from the stereo), an action pattern (e.g., a floor lamp ‘on’ event based on
occurrence data indicating the lamp has been turned on), and a reward pattern

(e.g., based on receiving a “reward” signal or occurrence data from a user input
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button on the lamp) multiple times before the floor lamp learns to turn on when

the stereo turns on.

[0136] The relation of the gains associated with the critical learning period 801
(“Gain Set 17), and the gains associated with the steady state learning period 802
(“Gain Set 2”’) may be illustrated with the following equation:

Gain Set 1 = Gain Set 2

[0137] In other words, a learning device using the above equation may learn

more quickly with Gain Set 1 than Gain Set 2.

[0138] In some embodiments, each gain set may have individual gains or
weights associated with the trigger, reward, and correction pattern of a reflex at
different stages of operation. Two or more gain levels may be used to adjust the
gains closer to a critical period and a steady state period. For example, there may
be a third gain set, which may be a hybrid between the critical period and the
steady state period (e.g., less repetition is needed to learn). As the gains are
adjusted, the weights associated with a particular pattern may be adjusted to

determine matches within the system.

[0139] Whether a particular reflex is dynamic or static may affect the gains and
learning associated with the learning device. A particular learning device may
have a built-in static reflex, which may not be adjusted. For example, the floor
lamp may have a built-in reflex incapable of being re-weighted regardless of
encountering related reward patterns or correction patterns. In other words,
learning devices may not nullify (or “forget”) static reflexes through the use of
weight adjustments (e.g., correcting). However, in contrast, dynamic retlexes
may be created spontaneously and may be adjusted over time. For example, the
tloor lamp may adjust the weights of a dynamic retlex (e.g., ReflexF2 as
illustrated above) over time such that no action of the floor lamp may be
performed corresponding to a trigger pattern associated with the wall switch. In

other words, a learning device may lower the trigger weight of a reflex related to
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the association between a trigger pattern (e.g., occurrence at a wall switch) and
an action pattern (e.g., turning on the floor lamp) such that the trigger weight is
below a threshold and thus the action may not be performed. However, in some
embodiments, dynamic reflexes may be converted to static reflexes such that the
association may not be forgotten. In some embodiments, dynamic reflexes may
be given a rigid state such that it is difficult to change the trigger weight of a
reflex having an association between an action and a trigger, thus making such

dynamic reflexes more persistent.

[0140] FIGs. 9 and 10 illustrate examples of learning and unlearning of a
dynamic reflex in a steady state learning period 802 as shown in FIG. 8. The
same principles illustrated in FIGs. 9 and 10 hold true for a dynamic reflex in a

critical learning period 801.

[0141] FIG. 9 is a timeline diagram 900 that shows how rewarding a trigger-
action association may change the weights of a trigger pattern until the trigger
pattern has a weight equal to or above a trigger weight threshold 925. Diagram
900 includes two known reflexes ReflexF1 and ReflexF2. ReflexF1 has a trigger
pattern (referred to as “MD2”), and a first trigger weight above its trigger
threshold (not shown). ReflexF1 also has an action pattern (referred to as
“MD3”), a reward pattern (referred to as “MD4”), and a correction pattern
(referred to as “MD5”). RetflexF2 is the same as ReflexF1 except that ReflexF2
has a different trigger pattern (referred to as “MD1”), and may have a second
trigger weight initially below the trigger weight threshold 925. Diagram 900
shows a timeline 901 of events and reactions, which may alter the trigger weight

of ReflexF2.

[0142] At time t=t0, the floor lamp may be in the monitor mode 906 with
respect to ReflexF2. In the monitor mode 906, the floor lamp may monitor for
incoming signals related to events matching the trigger pattern ReflexF2. During
the monitor mode 906, the floor lamp may encounter or obtain an event

corresponding to trigger pattern MD1. For example, a new wall switch, which
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may be identical to the first wall switch, may send an event report message with
occurrence data to the floor lamp when the new wall switch toggles from ‘off” to
‘on’, and the floor lamp may then generate a trigger pattern MD1 based on the

received event report message and occurrence data.

[0143] At time t=tNoActionl, the floor lamp may process the trigger pattern
MDI1 for ReflexF1 and ReflexF2. As previously discussed, MD1 may only be
associated with ReflexF2, thus floor lamp may enter the triggered mode 908 with
respect to ReflexF2. Since ReflexF2 has a current trigger weight at a first trigger
weight level 921 that is below the trigger weight threshold 925 at t = tNoActionl,
the floor lamp may not generate the action pattern for ReflexF2 (e.g., MD3).
However, shortly thereafter, the floor lamp may generate trigger pattern MD2
after receiving another event report message with occurrence data corresponding
to the new wall switch. For example, the new wall switch may toggle from ‘off’
to ‘on’ and send a related event report message to the floor lamp, causing the
tloor lamp to generate the trigger pattern MD2 based on the event report
message. As trigger pattern MD2 corresponds to ReflexF1 and the trigger weight
1s above its trigger threshold, the floor lamp may generate action pattern MD3.
The floor lamp may subsequently generate a corresponding action event that
results in the lamp turning on its light. Once the light turns on, the change in
state may be recorded by a sensor encoder, which creates an associated event and

generates the reward pattern MDA4.

[0144] At time t=tWeightAdjustl, reward pattern MD4 may be processed to
adjust the trigger weights for both ReflexF1 and ReflexF2. While in triggered
mode 908 with respect to ReflexF2, the floor lamp may determine that pattern
MD4 matches the reward pattern of ReflexF2, and may increase the trigger
weight of MD1 and ReflexF2. The new trigger weight is at a second trigger
weight level 922, which is still below the trigger weight threshold 925. After the
triggered mode 908 times out, the floor lamp may enter the monitor mode 906

again.
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[0145] The process of encountering events and generating their corresponding
patterns MD1, MD2, MD3 (or MD3’), and MD4 may repeat resulting in
adjusting the trigger weight of RetlexF2 to increase above the trigger weight
threshold 925 to a third trigger weight level 923 at t=tWeightAdjust2.

[0146] At any time after adjusting the trigger weight of ReflexF2 above the
trigger weight threshold 925, the floor lamp may encounter an event
corresponding to the pattern MD1, which may result in the generation of action
pattern MD3” without the need of encountering pattern MD2 to trigger ReflexF1.
For example, before the floor lamp may have only turned on when it generated
pattern MD2 corresponding to an ‘on’ event of the new wall switch. Now the
wall switch may send an event report message including occurrence data that
may result in the generation of an event corresponding to pattern MD1 to the
tfloor lamp and thus in the floor lamp being triggered to turn on its light via

ReflexF2.

[0147] FIG. 10 is a timeline diagram 1000 that illustrates correcting a trigger-
action association by adjusting the trigger weight until it is below the trigger
weight threshold 1025. Diagram 1000 1s similar to diagram 900 except that a
correction event is encountered by the floor lamp and the floor lamp
subsequently generates a correction pattern. This correction pattern decreases the
trigger weight of a reflex. Unlike diagram 900, a correction process in diagram
1000 may involve only one reflex. Here, only ReflexF2 is involved and includes
the same trigger pattern, MD1, action pattern, MD3, reward pattern, MD4, and
correction pattern, MDS5, as in diagram 900. Also unlike diagram 900, RetlexF2
in diagram 1000 may begin with an initial trigger weight of 1023 above its
trigger weight threshold 1025. Thus, upon generating trigger pattern MD1, the

tloor lamp may generate a corresponding action pattern and associated action.

[0148] At time t=t0, the floor lamp may monitor for events in a monitor mode
1006. During the monitor mode 1006, the floor lamp may encounter a trigger

event corresponding to trigger pattern MD1. For example, a new wall switch
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may broadcast an event report message with occurrence data related to an ‘on’
event and corresponding to pattern MD1 because the new wall switch was
toggled from ‘off” to ‘on’. As the event is received, the floor lamp may generate

the corresponding trigger pattern.

[0149] At time t = tTriggeredl, the floor lamp may receive the event report
message related to the on-event and generate the pattern MD1. The floor lamp
may determine that the pattern MD1 is a known trigger pattern corresponding to
ReflexF2 and thus may enter the triggered mode 1008 with respect to ReflexF2.
Shortly thereafter, the floor lamp may determine that the first trigger weight level
1023 for ReflexF2 is above trigger weight threshold 1025 and may generate an
action pattern MD3, which results in an action event and a physical action of the
tloor lamp turning on its light. The floor lamp may also encounter an event
corresponding to a correction pattern MDS5 while in the triggered mode 1008.
For example, the floor lamp may generate a correction pattern MDS5 upon
encountering an event when a user presses a separate correction button on the
tfloor lamp (e.g., a button labeled “Correction”). A user may press this button to
send a correction event to the floor lamp and in response the floor lamp may
generate the correction pattern MDS. In an alternative example, the floor lamp
may generate a correction pattern when a user manually turns off the floor lamp
within a brief time window of a previous trigger pattern. The opposite input of a
previous trigger pattern may correspond to a correction pattern and the floor lamp

may learn to disassociate trigger patterns and action patterns.

[0150] At time t=tCorrectionl, the floor lamp may determine that the correction
pattern MDS5 matches the correction pattern of ReflexF2. Thus, the floor lamp
may reduce the trigger weight associated with ReflexF2 to a second trigger
weight level 1022. The second trigger weight level 1022 is still above the trigger
weight threshold 1025, thus the floor lamp may still activate its light. Eventually,
the triggered mode 1008 ends due to time constraints and the floor lamp may

enter the monitor mode 1006 again.
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[0151] While in the monitor mode 1006, the floor lamp may encounter a second
trigger event and generate a second trigger pattern MD1. For example, the new
wall switch may again be toggled from ‘off” to ‘on’. At time t=tTriggered2, the
floor lamp may determine that the second pattern MD1 matches the known
trigger pattern of ReflexF2 and may enter triggered mode 1008 with respect to
ReflexF2. Since ReflexF2 currently has a second trigger weight level 1022
above trigger weight threshold 1025, the floor lamp may generate action pattern
MD3 and the associated mechanical action (e.g., turn on the light). While the
tloor lamp is in the triggered mode 1008 with ReflexF2, the floor lamp may
again encounter a correction event from the correction button and generate the
correction pattern MDS5. Since pattern MDS5 corresponds to ReflexF2, at time
t=tCorrection2, the trigger weight is reduced to a third trigger weight level 1021,
which is below the trigger weight threshold 1025. Thus, if the floor lamp
encounters another trigger event and generates another trigger pattern MDI1 at
time t=tTriggered3, the floor lamp may not generate a corresponding action
pattern MD3 in a triggered mode 1008. In other words, the floor lamp may have
effectively forgotten the trigger action association of ReflexF2 and may not
activate its light upon generating trigger pattern MD1 in the future (or at least

until retrained to respond to that manner to the trigger pattern).

[0152] In some embodiments, trigger weights below their association trigger
weight threshold may continually lowered in response to the floor lamp entering
its trigger mode without encountering a reward pattern. For example, in FIG. 10,
at time tTriggered3, the floor lamp may detect a trigger pattern MD1 without a
subsequent reward pattern, and as a result, the floor lamp may continue to
decrease the trigger weight for ReflexF2 to a fourth trigger weight level 1019 as
shown at time t=tSubthreshold1l. In some embodiments, the trigger weight of a
reflex may be periodically decreased (or decayed) over time once the trigger
weight 1s below its associated trigger weight threshold and no reward pattern is

encountered.

61



WO 2014/190336 PCT/US2014/039465

[0153] In some embodiments, the floor lamp may remove ReflexF2
immediately or at some time after its trigger weight is below the trigger weight
threshold 1025 and there is a memory shortage. Thus, if the floor lamp detects
the trigger pattern (MD1) of ReflexF2 after ReflexF2 has been deleted, the floor
lamp may create a new retlex with pattern MD1 as its trigger pattern assuming
the other conditions are met (e.g., having a reward present during the triggered
mode). In some embodiments, the floor lamp may remove a reflex that has a
trigger weight above its associated threshold due to memory shortages (e.g.,
reaching a memory limit for stored reflexes). For example, when the floor lamp
encounters a new trigger pattern within a triggered mode but has no available
storage in local memory, the floor lamp may remove a stored reflex that has a
trigger weight above a trigger threshold but that is not often used, least likely to
be used, and/or has the lowest trigger weight of all reflexes with trigger weights

exceeding their respective trigger weight thresholds.

[0154] FIG. 11 illustrates an embodiment method 1100 that may be
implemented in a smart box for learning actions associated with events.
Although the embodiment method 1100 may be used with any smart box, for
ease of description, the method 1100 is described with reference to the example
of smart box connected to the floor lamp receiving an event report message from
a smart box connected to the wall switch. Additionally, any reference to the floor
lamp, the wall switch, or the stereo, also encompasses their corresponding smart
boxes respectively. For example, operations described as being performed by the
floor lamp may be performed by the processor of the smart box associated with
the floor lamp. These smart boxes actually perform the operations of exchanging
occurrence data within event report messages, and processing events and/or

patterns.

[0155] In block 1102 the floor lamp may obtain an event. For example, the
floor lamp may receive an event report message including occurrence data over a
RF transmission from the wall switch and, based on the data in the event report

message, the floor lamp may generate the event as a data structure as described
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above with reference to FIG. 3B. In such an example, the event report message
may be transmitted by the wall switch when a user toggles the wall switch from
‘off” to ‘on’. As described above, the floor lamp may alternatively obtain an
event based on a sensor (e.g., light sensor, etc.) coupled to the floor lamp, and/or
in response to performing an action. Over time and in subsequent iterations of
the operations of the methods 1100 and 1200, the floor lamp may obtain
additional elements that may or may not be related to the obtained event. For
example, after activating a triggered mode based on the obtained event, the floor
lamp may obtain additional events by retrieving prior events obtained and stored
in the memory, such as events generated in response to received event report

messages and/or actions performed by the floor lamp.

[0156] In determination block 1104, the floor lamp may determine whether an
event filter applies. Event filters may include time filters, type filters, device
event filters, etc. In response to determining that an event filter applies (i.e.,
determination block 1104 =“Yes”), the floor lamp, may discard the event from
further processing in block 1106, and continue to monitor for new incoming
signals in block 1102. In some embodiments, if the event filter is a time-based
filter, there may be a preset schedule to discard events during the day. For
example, the stereo may have a time filter that it will ignore obtained events from
the hours of midnight to 10 AM. In another example, an event filter at the floor
lamp may simply ignore all obtained events from the stereo. In a further
example, the stereo may ignore obtained events associated with a particular user.
In some embodiments, a wall switch may receive a User ID input (e.g.,
fingerprint data, a pass code, nearby mobile device data from Bluetooth or Near
Field Communication (NFC), etc.) and include that User ID in the occurrence
data within an event report message. A father who owns a stereo may not want
anyone other than him to turn on his stereo with wall switch. Thus, the stereo
may discard all obtained events if they do not contain the father’s user 1D,
thereby preventing others from turning on the stereo with the wall switch.

However, if an event filter does not apply (i.e., determination block 1104 =
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“No”), the floor lamp may store the event in a buffer located in memory 138

(shown in FIG. 1C).

[0157] Assuming an event filter does not apply, the floor lamp may store the
event in the buffer located in memory 138 in block 1108. The event may be
stored in a buffer or memory to facilitate generating a pattern at event recorder
206 while the tfloor lamp is in monitor mode. In other words, the floor lamp may
perform storing of events while in monitor mode. Although not shown, the floor
lamp may temporarily store or buffer events in memory for a particular period of
time (e.g., 5-10 seconds) and then discard the events to make room for new

events.

[0158] Inblock 1110, the floor lamp may generate a pattern based on the event
residing in the memory. In some embodiments, the floor lamp may generate a
pattern based on multiple events residing in the memory, such as by retrieving
and combining various events stored in memory. For example, the floor lamp
may have generated a pattern based on two events generated based on event
report messages received when two different wall switches are turned to the ‘on’
position. Patterns may be generated by one of four ways: (1) based on the time-
ordered sequence of events; (2) reducing multiple events to a singlet; (3)

heuristics; and (4) removing time from events in pattern generation.

[0159] When generating a pattern based on a time-ordered sequence of events,
the time the event is generated or otherwise obtained may matter. Thus, if an
event is not created within a certain time window, the floor lamp may not
generate a pattern based on the event. For example, the floor lamp may have a
trigger pattern equivalent to an ‘on’ event related to the wall switch and an ‘on’
event related to the stereo. If the floor lamp obtains the ‘on’ event related to the
wall switch within the time window but the ‘on’ event related to the stereo is
obtained outside of the time window, then the floor lamp may not recognize the
trigger event. In some embodiments, a pattern may only be generated if an event

A 1s obtained before event B. For example, if the floor lamp obtains the stereo
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‘on’ event prior to the wall switch ‘on’ event, the floor lamp may not recognize
these events as a trigger pattern because the floor lamp only accepts trigger

patterns when the wall switch event is obtained first.

[0160] Insome embodiments, multiple events may be reduced to a single event
or a singlet. For example, the floor lamp may obtain two ‘A’ events at different
times and then a ‘B’ event, which are stored in the lamp event bufter or memory.
The floor lamp may generate a pattern based on one ‘A’ event and one ‘B’ event,
discarding the second ‘A’ event. Thus, a trigger pattern having two ‘A’ events
and a ‘B’ event may be reduced to a trigger pattern having one ‘A’ event and one
‘B’ event. Since the ‘A’ event is repeated at a different time, the floor lamp may

ignore the repeated event.

[0161] Insome embodiments, the floor lamp may conduct a series of heuristic
calculations to determine whether to disregard the event. Some of these heuristic
calculations may simply include a counting mechanism. For example, the floor
lamp may determine whether it has received the ‘A’ event three times (e.g., an
‘on’ event related to the wall switch), at which point the floor lamp may generate
a corresponding pattern such as a trigger pattern based on a heuristic rule of

receiving the three ‘A’ events equates to generating a trigger pattern.

[0162] In some embodiments, the floor lamp may disregard time when creating
patterns from events. Disregarding time may coincide with the heuristic
calculations. For example, if the floor lamp receives three ‘A’ events and one

‘B’ event in memory 138, the floor lamp may perform a series of heuristic
calculations to determine whether to generate a pattern based on the events
without a time window. Disregarding time may also include order-independence.
For example, the floor lamp may create the same pattern regardless of whether it
obtains an ‘A’ event followed by a ‘B’ event or a ‘B’ event followed by an ‘A’

event.

[0163] In determination block 1112, the floor lamp may determine whether to

apply a pattern filter. This may be similar to the event filter described with
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reference to determination block 1104, which may include stored ignore patterns,
time-based filters, device type filters, etc. The floor lamp may employ the
pattern filter to remove a pattern from memory (e.g., a 32K memory, 64K
memory, etc.) when the pattern falls below a threshold, such as a time threshold.
In response to the floor lamp determining that a pattern filter applies (i.e.,
determination block 1112 =*“Yes”), the floor lamp may discard the pattern and
refrain from further processing of that pattern in block 1113. In some
embodiments, the floor lamp may filter patterns generated for recently conducted
actions. For example, when the floor lamp turns on, the floor lamp may generate
an action pattern from an event. If the action pattern was not ignored for a period
of time, the floor lamp may try to process the action pattern as a trigger pattern to
another action (e.g., to turn on the stereo). To avoid the creation of a new
trigger-action association, the floor lamp may create a temporary ignore pattern
filter in which the floor lamp ignores generated action patterns for a short period
of time. After the floor lamp discards the pattern, the floor lamp returns to
obtaining new events in block 1102. In some embodiments, the floor lamp may

constantly obtain events in block 1102.

[0164] In some embodiments, the floor lamp may apply pattern filters if a
trigger weight of the pattern or the corresponding reflex is below a low threshold
value. By applying a pattern filter, the floor lamp may be able to remove patterns
from its memory when the threshold value of a particular reflex is below a certain
set value. The floor lamp may reduce the trigger weight of a reflex through the
correcting process described throughout the application. Removing patterns may
allow the floor lamp to conserve resources (e.g., memory) for the creation of new
reflexes. In some embodiments, the floor lamp may be configured to utilize a
predetermined, limited number of reflexes (e.g., 2 reflexes per lamp) so that users
are less likely to get confused regarding the floor lamp’s learned capabilities at
any given time, regardless of the available local storage. Such limits to stored

reflexes may also have the added benefit of improving performance, such as by
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improving pattern matching speeds by decreasing the number of patterns that

may need to be compared due to fewer stored reflexes and patterns.

[0165] Referring back to determination block 1112, in response to determining
that a pattern filter does not apply (i.e., determination block 1112 = “No”), the
tfloor lamp may determine whether the generated pattern matches a known
pattern in determination block 1114. For example, the floor lamp may determine
that the received event is within the time window of the time based filter. Thus,
the floor lamp continues to process the event as a pattern. The floor lamp may
determine whether the generated pattern is a known pattern of any type, such as a

known trigger pattern, a known correction pattern, a known reward pattern, etc.

[0166] As an example, in determination block 1114, the floor lamp may
determine whether a generated pattern corresponds to a known trigger pattern of
a reflex, such trigger pattern ‘MD2’ for reflex ‘ReflexF1’ described above with
reference to FIG. 6. In response to determining that the generated pattern
matches a known pattern, (i.e., determination block 1114 =“Yes”), the floor
lamp may perform the operations of determination block 1202 described below
with reference to FIG. 12. For example, the floor lamp may enter a triggered
mode related to a reflex when the at least one event corresponds to a trigger
pattern associated with the reflex, and may conduct an action associated with the

reflex.

[0167] However, in response to determining that the generated pattern does not
match a known pattern (i.e., determination block 1114 = No), the floor lamp may
determine whether to create a new reflex in determination block 1116. For
example, as described above in the scenario of FIG. 7, the generated pattern may
be pattern ‘MD1’ that does not correspond to a known pattern (i.e., ReflexF2 has
not yet been created), and so the floor lamp may determine whether it should
create a new reflex having pattern MDI1 as its new trigger pattern. The floor
lamp may decide whether a new reflex should be created based on whether both

an unknown pattern was detected and a reflex is in its triggered mode.
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[0168] In response to the floor lamp deciding not to create a new reflex (i.e.,
determination block 1116 = *“No”), the floor lamp may discard the generated
pattern in block 1113 and begin to monitor for new events in block 1102. In
some embodiments, the floor lamp may be switched to a non-learning mode in
which the floor lamp cannot learn new associations, thereby disabling its ability
to create new reflexes. For example, the floor lamp may have previously learned
to turn its light on/oft when wall switch sends an event report message associated
with an on/off event. A user may be satistied with this simple on/off association
and may disable any additional learning by the floor lamp. Thus, the floor lamp
may not learn additional associations with occurrences (e.g., power on, etc.) at
the stereo or any other learning device. In other embodiments, the floor lamp
may have other considerations (e.g., not enough memory, triggered mode timed

out, etc.) to keep it from learning a new reflex.

[0169] In response to the floor lamp deciding to create a new reflex (i.e.,
determination block 1116 =“Yes”), the floor lamp may store the new pattern as a
trigger pattern for a new reflex in block 1118. A new reflex may be created with
a predetermined action pattern, reward pattern and a correction pattern. Thus, in
block 1119, the floor lamp may copy to the new reflex the action pattern, reward
pattern, and correction pattern from the reflex that is currently in its triggered
mode. For example, as illustrated in FIG. 6 above, the floor lamp may create
ReflexF2 containing a new pattern MD1 as the trigger pattern, and copy the
action pattern, the reward pattern, and the correction pattern from the only other
known ReflexF1. In an alternative example, the floor lamp may create a new

reflex by taking patterns from any other stored reflex in its triggered mode.

[0170] As previously noted, the floor lamp may obtain additional events while
in the triggered mode, and such additional events may be associated with or
correlated to a different trigger. The floor lamp may attempt to identity or match
patterns based on these additional events to patterns of reflexes stored in
memory. However, the patterns based on these additional events may not

correspond to a known pattern of a stored reflex, and the floor lamp may decide
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to create a new reflex. In other words, the floor lamp may create a second reflex
with a trigger pattern, action pattern, correction pattern, and reward pattern when
patterns based on the additional events do not correspond to at least one of the
trigger pattern, action pattern, correction pattern, and reward pattern associated

with a known reflex.

[0171] FIG. 12 illustrates an embodiment method 1200 of continued processing
of a matched pattern from FIG. 11. As described above, in response to
determining that the generated pattern matches a known pattern, (i.e.,
determination block 1114 of FIG. 11 =“Yes”), the floor lamp may determine
whether the generated pattern matches a known trigger pattern of a reflex in
determination block 1202. For example, the floor lamp may determine whether
the pattern generated based on a wall switch ‘on’ event matches a known trigger
pattern of a stored reflex (e.g., pattern MD1 matches trigger pattern for ReflexF2
shown in FIG. 6). In response to the floor lamp determining that the generated
pattern matches a known trigger pattern (i.e., determination block 1202 = “Yes”),
the floor lamp may activate (or turn ‘on’) a triggered mode for the reflex
associated with the known trigger pattern that matches the generated pattern in
block 1203. Activating the triggered mode may de-activate the monitor mode
associated with the reflex. It should be noted that the floor lamp may receive and
identify additional events while in the triggered mode related to the reflex, such
as other events that are associated with other reflexes, causing concurrently

activated triggered modes.

[0172] The floor lamp may determine whether the trigger weight of the reflex of
the matching pattern is equal to or above the trigger threshold in determination
block 1204. Continuing with the example of FIG. 11, the floor lamp may
determine that generated pattern MD1 matches a known trigger pattern of the
recently created ReflexF2, and may compare the current stored trigger weight for
the ReflexF2 to its respective trigger threshold. In determination block 1204, the
tfloor lamp may determine whether the trigger weight is equal to or above the

threshold. In response to determining that the trigger weight is equal to or above
09



WO 2014/190336 PCT/US2014/039465

the threshold (i.e., determination block 1204 = “Yes”), the floor lamp may
generate an action in block 1216, such as by using the reflex of the matching
trigger pattern to generate a pattern or resulting event that causes the tfloor lamp
to conduct or perform a predetermined action. For example, the floor lamp may
turn on its light 124 if the trigger weight of ReflexF2 is above the trigger weight
threshold 925 as illustrated in FIG. 9. In various embodiments, generating the
action may include generating a pattern of events that may be further propagated

externally or internally and that are used by a motor driver to drive an actuator.

[0173] Insome embodiments, the floor lamp may be configured to generate a
limited number of actions when in the triggered. For example, the floor lamp
may only generate one action during any one triggered mode, regardless of the

number of trigger patterns received during that triggered mode.

[0174] In optional block 1217, the floor lamp may broadcast an event report
message based on the generated action, such as a broadcast message including
occurrence data indicating the generated action (or its resulting event). In
response to the floor lamp determining that the matched trigger weight is not
greater than or equal to the trigger threshold for the reflex (i.e., determination
block 1204 = “No”), or if the action 1s generated with the operations in block
1216 and a broadcast is made with the operations in optional block 1217, the
tloor lamp may perform the operations in determination block 1220 described

below.

[0175] In response to the floor lamp determining that the generated pattern does
not match a known trigger pattern (i.e., determination block 1202 = “No”), the
tloor lamp may determine whether the floor lamp is allowed to learn in
determination block 1206. For example, the floor lamp may have previously
processed the trigger pattern (e.g., MD1) and is currently monitoring for
generated reward patterns and correction patterns while in a triggered mode.

Thus, the floor lamp may obtain a reward event and generate the corresponding
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reward pattern (e.g., MD4) shortly after receiving the trigger pattern and entering

the activated trigger mode for the associated reflex.

[0176] In response to determining that the floor lamp is not allowed to learn
(i.e., determination block 1206= “No”), the floor lamp may perform the
operations in determination block 1220 described below. For example, the floor
lamp may have a designated time window of five seconds after generating a
trigger pattern to learn/unlearn a new action associated with the trigger pattern
(e.g., MD1). As long as a reward pattern or correction pattern is generated within
the five-second window, the floor lamp may learn/unlearn actions with the
trigger pattern (e.g., MD1); however, the floor lamp may not learn new
associations or unlearn old associations if the received reward/correction pattern
1s outside the five second time window. In another example, the floor lamp may
not be able to learn simply because the associated reflex is in an unlearn state or

the associated reflex is a static reflex which may not learn or unlearn.

[0177] However, if the floor lamp determines that it is allowed to learn
regarding an action-trigger association of a reflex (i.e. determination block 1206
=*“Yes”), in determination block 1208, the floor lamp may determine whether the
generated pattern matches a reward pattern. In some embodiments, the floor
lamp may receive or generate a reward pattern within a learning time window.
For example, a user may press a reward button on the tfloor lamp within five
seconds of switching on the wall switch and turning on the floor lamp. By
pressing a reward button on the floor lamp, it may generate a reward pattern (e.g.,
pattern MD4 as illustrated in FIG. 7). In an alternative example, a user may turn
on the lamp switch 126 attached to the floor lamp within five second of turning
on the wall switch, causing the floor lamp to generate a reward pattern (e.g.,

MD4) when the lamp activates confirming that the floor lamp turned on.

[0178] In some embodiments, the floor lamp may be allowed to learn based on
whether it is in the monitor mode or the trigger mode. For example, when in

monitor mode for a particular reflex, the floor lamp is not allowed to learn
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regarding that reflex; however, learning may be allowed when in the triggered
mode of the reflex. In some embodiments, one or more reflexes may be allowed
to learn due to other factors, such as the overall state or configuration of the floor
lamp. For example, the floor lamp may be configured to disallow any learning
due to a system setting, such as an active debug mode during which various

reflexes may be tested.

[0179] If the floor lamp determines that the generated pattern matches a reward
pattern (i.e., determination block 1208 = “Yes”), in block 1212a the floor lamp
may adjust the trigger weight of the associated reflex. In some embodiments, the
tloor lamp may adjust the trigger weight associated with the appropriate reflex by
increasing the trigger weight. For example, if the floor lamp receives or
generates a pattern (e.g., MD4) within a five-second learning time window of
encountering a trigger pattern (e.g., MD1), the floor lamp may increase the
trigger weight of the reflex of the trigger pattern. After the trigger weights are
adjusted, in block 1214, the floor lamp may store the adjusted trigger weights in
memory 138 and the tfloor lamp may perform the operations in determination

block 1220 as described below.

[0180] In some embodiments, the floor lamp may optionally perform the
operations in determination block 1210 after performing the operations in block
1212a. In other words, the floor lamp may be configured to evaluate both
whether a reward pattern has been matched in determination block 1208 and
whether a correction pattern has been matched in determination block 1210 in
response to determining it is allowed to learn (i.e., determination block 1206 =
“Yes”), regardless of the determinations of determination block 1208. In other
words, reward and correction matches may be checked in parallel by the floor

lamp.

[0181] If the floor lamp determines that the generated pattern does not match a
known reward pattern (i.e., determination block 1208 = “No”), the tfloor lamp

may check for a correction pattern match in determination block 1210. In some
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embodiments, the floor lamp may receive or generate a correction pattern within
a learning time window. For example, a user may press a correction button on
the floor lamp within five seconds of switching on the wall switch and turning on
the floor lamp. By pressing the correction button, the floor lamp may generate a
correction pattern (e.g., pattern MDS5 as illustrated in FIG. 7). In an alternative
example, a user may turn off the lamp switch 126 attached to the floor lamp
within five-second of turning on the wall switch, causing the floor lamp to
generate a correction pattern (e.g., MD4) when the floor lamp turns off its light

124.

[0182] If the floor lamp determines that the generated pattern matches a known
correction pattern (i.e., determination block 1210 = “Yes”), the floor lamp may
adjust the trigger weight in block 1212b. In some embodiments, the floor lamp
may decrease the trigger weights after receiving a correction pattern within the
learning time window. For example, the floor lamp may generate a correction
pattern (e.g., pattern MDS5) when a user turns the lamp switch 126 of the floor
lamp to ‘off” within five seconds of generating a trigger pattern (e.g., MD1)
associated with an ‘on’ event of the wall switch. The floor lamp may match the
generated pattern (MDS) as the correction pattern of ReflexF2 and reduce the
trigger weight associated with ReflexF2. In block 1214, the floor lamp may store
the adjusted weights in memory 138 and the floor lamp may perform the
operations in determination block 1220 as described below. In other words, the
floor lamp may adjust one or more trigger weights of the reflex when the at least
one additional event corresponds to at least one of a correction pattern and a

reward pattern associated with the reflex.

[0183] In response to the floor lamp determining that the generated pattern
does not match a correction pattern (i.e., determination block 1210=“No”), or in
response to the floor lamp determining that the matched trigger weight is not
greater than or equal to the trigger threshold (i.e., determination block 1204 =
“No”), or in response to the floor lamp determining that is it not allowed to learn

(i.e., determination block 1206=“No”), or in response to the floor lamp
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performing the operations of blocks 1217 or 1214, the floor lamp may determine
whether to return to a monitor mode in determination block 1220, such as based
on an expired duration since entering the activated triggered mode with the
operations in block 1203. De-activating the triggered mode may activate the
monitor mode associated with the reflex. In response to the floor lamp
determining that it should return to the monitor mode (i.e., determination block
1220 =“Yes”), the floor lamp may deactivate the triggered mode for the reflex in
block 1222. In response to the floor lamp determining that it should not return to
the monitor mode (i.e., determination block 1220 =“No”’) or when the operations
of block 1222 have been performed, the floor lamp may continue obtaining
events in block 1102 of method 1100 as described above with reference to F1G.
11.

[0184] As an illustration based on the scenario shown in FIG. 6, a wall switch
may send a new event report message with new occurrence data that is received
by the floor lamp (e.g., a wall switch ‘on’ event). The floor lamp may perform
the operations of blocks 1102, 1104, 1108, and 1110 until it generates a first
pattern (e.g., pattern MD1) associated with the event based on the received new
event report message. Within the same time window, the floor lamp may
generate a second pattern (e.g., pattern MD2) based on other occurrence data, and
may process the second pattern with the operations in blocks 1102-114 as
described above with reference to FIG. 11 and blocks 1202, 1203, 1204, 1216 as
described above with reference to FIG. 12. The floor lamp may place a second
reflex (e.g., ReflexF1) associated with the second pattern in a triggered mode

based on these operations.

[0185] The floor lamp may then perform the operations in blocks 1102, 1104,
1108, and 1110 as described above with reference to FIG. 11 until it generates
the first pattern (e.g., pattern MD1) associated with the event based on the
received new event report message. The floor lamp may continue to process the
new pattern by performing the operations of blocks 1112, 1114, 1116, 1118,

1119 as described above with reference to FIG. 11, creating a first reflex (e.g.,
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ReflexF2) with the first pattern as its trigger pattern (e.g., pattern MD1) and
copying its action, reward, and correction patterns from the second reflex (e.g.,

ReflexF1) as the second reflex is in its triggered mode.

[0186] If the floor lamp subsequently obtains the same event and generates the
first pattern (e.g., pattern MD1) based on other data received from the wall
switch, the floor lamp may process the first pattern with reference to the first
reflex in the operations of blocks 1102, 1104, 1108, 1110, 1112, and 1114 as
described above with reference to FIG. 11. In determination block 1114, the
tloor lamp may determine that the generated pattern (e.g., pattern MD1)
associated with the wall switch matches a known pattern because the pattern
associated with the wall switch is now known as a trigger pattern of the first
reflex (e.g., ReflexF2) stored in memory. Thus, the floor lamp may continue to
perform the operations described above with reference to FIG. 12 for continued

processing of the generated pattern for the wall switch ‘on’ event.

[0187] Continuing with the illustration, the floor lamp may process the matched
first pattern (MD1) from the new wall switch event and determine that the
matched pattern is a trigger pattern match (i.e., determination block 1202 =
“Yes”) and may activate the triggered mode for the first reflex (e.g., ReflexF2).
However, the trigger weight for the first reflex (e.g., ReflexF2) may be below its
trigger threshold, in which case the floor lamp will not generate an action in
block 1216 but instead may continue to monitor for other events/patterns. On the
other hand, the floor lamp may encounter a different trigger event, such as an
‘on’ event from the lamp switch 126. The floor lamp may process the on-event
from the lamp switch 126 through blocks 1102, 1104, 1108, and 1110 of method
1100 as described above with reference to FIG. 11, generating the second pattern
(e.g., pattern MD?2) associated with the on-event of the lamp switch 126. The
tloor lamp may continue processing the on-event pattern through the operations
of blocks 1112, 1114 and 1202 as described above with reference to FIG. 11 and
FIG. 12. In determination block 1202 of method 1200, the floor lamp may

determine that the second patter (MD2) is a trigger pattern match for the second
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reflex (ReflexF1), and in determination block 1204 determine that the trigger
weight for the second reflex is above a threshold value. In that case, based on the
trigger weight of the second reflex, the floor lamp may generate an action pattern
and associated action (e.g., turning on the light) in block 1216 as described above
with reference to FIG. 12. By turning on the light, the floor lamp may generate a
reward event and a subsequent reward pattern (e.g., pattern MD4) in block 1110
as described above with reference to FIG. 11. The floor lamp may process the
reward pattern through methods 1100 and 1200 as described above until in
determination block 1208 the floor lamp determines that the generated reward
pattern (MD4) matches the reward pattern of the first reflex (ReflexF2). The
tloor lamp may adjust the weights associated with ReflexF2 by increasing its
trigger weight and storing the adjustment in memory 138, thereby learning the
association between the on-event at wall switch and the on-event at floor lamp.
This process may be repeated by the floor lamp until the trigger weight of the
first reflex (e.g., ReflexF2) is above the trigger threshold, such as shown in FIG.
9.

[0188] The embodiment methods described above with reference to FIGs. 11
and 12 may function as a type of recursive algorithm, since events are obtained
and stored for a time window, any number of events may be obtained during the
time window, and processing of stored events to identify matched patterns and
learn new correlations or reflexes may encompass multiple events and
combinations of events and reflexes. In order to further disclose how the
embodiments may function to enable a user to train embodiment smart boxes and
learning devices, the following example of user actions implementing such
devices is provided. In this example, a user trains two learning devices, namely a
wall switch and a floor lamp, that have not been previously associated with one
another. For ease of description, the following references to the floor lamp or

wall switch are meant to encompass their associated smart boxes.

[0189] In this example, each of the floor lamp and wall switch may have a

predefined reflex stored in the memory of their associated smart box. For
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example, the wall switch may have a predetined reflex, RetflexW, stored in
memory that may include a trigger pattern, ‘WT’, an action pattern, ‘WA’, a
correction pattern, ‘WC’, and a reward pattern, ‘WR’. The trigger pattern, WT,
may correspond to a trigger event where a user toggles the wall switch from ‘oft’
to ‘on’. When the user toggles the wall switch from ‘oft” to ‘on’, the wall switch
may generate an event as well as broadcast an event report message including
occurrence data related to the ‘on’ event. From the generated event related to the
wall switch’s ‘on’ event, a smart box included within or coupled to the wall
switch may generate the trigger pattern WT. Initially, the action pattern, WA,
may not correspond to a real life action such as toggling a switch. Instead, WA

may simply be computer code ready to be assigned to future retlexes.

[0190] The correction pattern WC may correspond to a button on the wall
switch labeled “Correction.” When a user presses the correction button, the wall
switch may generate a correction event as well as broadcast another event report
message with occurrence data indicating the correction event. From the
generated correction event, the smart box associated with the wall switch may
generate the correction pattern WC. The reward pattern, WR, may correspond to
an event in which the user presses a reward button on the wall switch labeled
“Reward.” When the user presses the reward button, the wall switch may
generate a reward event as well as broadcast another event report message with
occurrence data indicating the reward event. From the generated reward event,
the smart box associated with the wall switch may generate the reward pattern,

WR.

[0191] Similarly, the floor lamp may have a predefined reflex, ReflexF2, stored
in memory that may include a trigger pattern, MD1, an action pattern, MD3, a
correction pattern, MD5, and a reward pattern, MD4. The trigger pattern, MD1,
may correspond to a trigger event in which the user toggles a lamp switch of the
tfloor lamp from off to on. When the user toggles the lamp switch from ‘oft” to
‘on’, the wall switch may generate a trigger event as well as broadcast an event

report message with occurrence data indicating the lamp’s ‘on” event. From the
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generated trigger event, a smart box included within or coupled to the floor lamp
may generate the trigger pattern MD1. The action pattern, MD3, may correspond
to an event in which the floor lamp turns its light from ‘off” to ‘on’. The
correction pattern, MDS5, may correspond to an additional button on the floor
lamp labeled “Correction” when the floor lamp is in a triggered mode. When a
user presses the correction button, the lamp may generate a correction event as
well as broadcast an event report message with occurrence data indicating the
lamp’s correction event. From the generated correction event, the smart box
associated with the floor lamp may generate the correction pattern MDS5. The
reward pattern, MD4, corresponds to when the user turns on the floor lamp
within the triggered mode, generating a reward event as well as broadcasting an
event report message with occurrence data indicating the lamp’s reward event.
From the reward event, the smart box associated with the floor lamp may

generate the reward pattern MD4.

[0192] With the wall switch and floor lamp initially configured in this manner,
a user may train the floor lamp to turn on in response to the wall switch as
tollows. With the wall switch in the ‘oft” position and the floor lamp turned off,
the user may turn on the wall switch and promptly turn on the floor lamp via
manual operations (e.g., flipping switches on the devices). If the two actions are
accomplished within a short time period (e.g., 5 to 10 seconds), the smart box
associated with the floor lamp may begin to learn the turn-on action correlation
by increasing a weight associated with the lamp-on reflex. Similarly, the user
may teach the floor lamp to respond to the wall switch being turned off by
turning off the wall switch and promptly turning off the floor lamp. Again, if the
two actions are accomplished within a short time period (e.g., 5 to 10 seconds),
the smart box associated with the floor lamp may begin to learn the turn-off

action correlation by increasing a weight associated with the lamp-off reflex.

[0193] One such training cycle may not be enough (except in some
embodiments in which a previously untrained smart box will learn a first reflex-

event correlation in a single step), so the user may repeat the process of turning
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on the wall switch and promptly turning on the floor lamp, followed a while later
by turning oft the wall switch and promptly turning off the floor lamp. This
series of steps may need to be repeated three or more times, depending upon the

learning hysteresis configuration of the smart box associated with the floor lamp.

[0194] After two, three or more repetitions, the smart box associated with the
floor lamp may have increased the weight associated with the lamp-on and lamp-
off reflexes such that a subsequent toggle of the wall switch will cause the floor
lamp to turn on or off accordingly. Thus, to train this desired correlation of the
wall switch on/off events to the floor lamp on/off actions, the user may simply
repeat the process until the floor lamp begins turning on in response to the user

toggling the wall switch.

[0195] This series of actions by the user causes the following actions to occur
within the smart boxes associated with the wall switch and the floor lamp. When
the smart box associated with the wall switch senses the ‘off” to ‘on’ toggle, the
wall switch may generate a trigger event and associated occurrence data that may
be broadcast in an event report message for all learning devices within its
broadcast range (e.g., 100 feet) to receive. The smart box associated with the
tfloor lamp, being within the broadcast range of the wall switch, may receive the
event report message. Upon receipt, the floor lamp may generate a related event
and determine whether an event filter stored in memory prevents further
processing of the generated event. In a default state, the floor lamp may not
apply a filter to the generated event, thus the floor lamp may store the generated
event in a memory. Based on the generated event, the floor lamp may generate

the pattern MD?2.

[0196] Initially, the floor lamp only has stored patterns associated with

ReflexF2 in memory (e.g., MD1, MD3, MDS5, and MD4). It is assumed for the
purposes of this example that the floor lamp 1s already within a triggered mode
tfor ReflexF2, such as in response to generating the trigger pattern for ReflexF2,

pattern MD1, within the same time window as generating the pattern MD2. As
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the generated pattern MD2 does not match any pattern of the ReflexF2, the
generated pattern MD2 may be considered an unknown pattern that may be used
as a trigger pattern for a new reflex. The floor lamp may determine whether to
create a new reflex with the unknown or unmatched pattern MD2. The floor
lamp may have many different reasons to not create a new reflex. For example,
the floor lamp may be in a learning prevention mode (e.g., a hold mode) or the
floor lamp may be prohibited from creating reflexes from certain patterns
associated with a particular device (e.g., the floor lamp will not create reflexes

from patterns associated with the wall switch).

[0197] In this example the floor lamp is not prevented from creating a new
reflex, so the floor lamp may create a new reflex, ReflexF1, with the unknown
pattern, MD2, as its trigger pattern. The new retlex, ReflexF 1, will include an
action pattern, a correction pattern, and a reward pattern to be a complete reflex.
Thus, the floor lamp may use patterns from the only known reflex in a triggered
mode, ReflexF2, by copying the action, correction, and reward patterns that it has
stored in memory (e.g., MD3, MDS5, and MD4) and assign those patterns to the
new ReflexF1 along with the new trigger pattern MD2. Depending on the
settings of the floor lamp, the floor lamp may have just learned a new association
between the trigger event related to the wall switch toggling on and the activation
of the floor lamp’s light. For example, the floor lamp may be in a critical
learning period 801 (as shown in FIG. 8) in which the floor lamp learns new
reflexes immediately (e.g., a single on/oft sequence performed on the floor
lamp). Thus, the floor lamp may activate its light once the wall switch toggles
from ‘off” to ‘on’. However, for the purpose of this example, it is assumed that
the floor lamp is not in a critical period and has yet to fully learn the association
between the wall switch toggle from ‘off” to ‘on’ and activating the light of the

floor lamp.

[0198] When the user turns on the floor lamp shortly after toggling the wall
switch, the smart box associated with the floor lamp may correlate that lamp-on

event with the new reflex, ReflexF1, with the recently learned pattern, MD2, as
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its trigger pattern. The actions of the wall switch being turned off and the floor
lamp being turned off soon thereafter may generate similar responses in the wall

switch and floor lamp.

[0199] When the wall switch is toggled a second time from ‘off” to ‘on’, the
associated occurrence data of the on event may again be broadcast in an event
report message and received by the floor lamp. Again the floor lamp may
process the related event report message with the occurrence data, generating an
event and eventually pattern MD2. However, this time the floor lamp matches
generated pattern MD?2 to the known pattern of ReflexF1. In response to this
matching, the floor lamp may also determine that there is a match between
pattern MD?2 and the stored trigger pattern of ReflexF1 and may enter triggered
mode with respect to ReflexF1. Further, the floor lamp may determine whether
the trigger weight of ReflexF1 is equal to or above the trigger weight threshold.
In this example after only one training cycle, the floor lamp may determine that
the trigger weight of ReflexF1 is not equal to or above the trigger weight
threshold because ReflexF1 is a new reflex. Thus, the floor lamp may continue

to monitor for more events while in the triggered mode for ReflexF1.

[0200] When the user turns on the floor lamp within the 5-10 second time
window, the floor lamp may generate a reward event which eventually causes the
tloor lamp to generate reward pattern MD4. The floor lamp processes MD4 and
determines that there 1s a reward pattern match with ReflexF1. In response, the
tloor lamp, still in the triggered mode with respect to ReflexF1, may increase the
trigger weight of ReflexF1. After adjusting the weights or after the 5-10 second
time window, the floor lamp may exit the triggered mode with respect to
ReflexF1 and enter a monitoring mode where the floor lamp monitors for more

events.

[0201] Sometime later, the user may toggle the wall switch to on a third time
again causing the wall switch to broadcast an event report message with

occurrence data that is received by the floor lamp. Again, based on data in the

81



WO 2014/190336 PCT/US2014/039465

received message, the floor lamp may generate a related event and then pattern
MD2. The floor lamp may determine that there is a trigger match between
generated pattern MD2 and the trigger pattern of ReflexF1 and may enter the
triggered mode with respect to ReflexF1 for a third time. Once again, the floor
lamp may determine whether the trigger weight of ReflexF1 is equal to or above
the trigger weight threshold. For a third time, the floor lamp may determine that
the trigger weight of ReflexF1 is not equal to or above the trigger weight
threshold because ReflexF1 is a new reflex. Thus, the floor lamp continues to

monitor for more events while in the triggered mode.

[0202] Still within the 5-10 second time window of the recent triggered mode of
ReflexF1, the user may turn on the floor lamp for third time. In response the
tfloor lamp generates the reward event which eventually causes the floor lamp to
generate reward pattern MD4. The floor lamp may process pattern MD4 and
determine that there is a reward pattern match with ReflexF1. The floor lamp
still in the triggered mode with respect to ReflexF1 may increase the trigger

weight of ReflexF1 above the trigger threshold.

[0203] Sometime later, when user toggles the wall switch from ‘oft” to ‘on’ for
a fourth time the same sequence of events occurs, only this time the floor lamp
may determine that the trigger weight of ReflexF1 is equal to or above its
threshold and therefore it generates the action pattern MD3. In response to the
action pattern MD3, the floor lamp may generate an associated action event that
energizes a motor controller that turns on the light of the floor lamp. Thereafter,
the floor lamp will be turned on in response to the user toggling the wall switch

from ‘off” to ‘on’.

[0204] Users of decentralized systems of learning devices may train such
learning devices to adapt intelligently to different situations within a location.
However, different form factors of learning devices may be valuable for different
users, locations, and applications. In particular, to avoid compelling users to

purchase all new devices (e.g., furniture, appliances, etc.), existing devices may
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need to be retrofitted or adapted to include the intelligence of smart boxes to turn
them into learning devices. FIGS. 13A-14B illustrate exemplary form factors
and/or configurations for smart boxes in relation to other devices within a
location. In particular, adapters may be used that convert an otherwise non-
programmable or non-learning device into a smart box-enabled device that is
capable of learning. Such adapters may include processing logic (i.e., a “brain”),
as well as reporters which may be units within the location that exchange data
wirelessly with their corresponding brain, as well as other smart boxes in the

location.

[0205] FIG. 13A illustrates an embodiment adapter that may include both a
brain and a reporter. In other words, FIG. 13A illustrates a smart box adapter
1301 similar to the smart boxes described above with reference to FIG. 1A. The
adapter 1301 may be directly connected to a power outlet 1302 (e.g., an AC
power outlet), such as via a two or three-prong connector, as well as to a floor
lamp via a connection 110b (e.g., a cord and plug from the tfloor lamp). With the
adapter 1301 in between the outlet 1302 and the floor lamp, the adapter 1301
may be capable of detecting and regulating power draws to the floor lamp, such
as via a relay. With a reporter (not shown in FIG. 13A) included, the adapter
1301 may also be configured to wirelessly transmit signals indicating events
related to the operations of the floor lamp, such as event report messages with

occurrence data indicating power on/off events occurring at the floor lamp.

[0206] FIG. 13B illustrates another embodiment adapter 1352 that is similar to
the adapter 1301 illustrated in FIG. 13A, except that the adapter 1352 may only
include the brain element without a directly attached or included reporter unit. In
particular, the adapter 1352 without a reporter included may be connected to the
power outlet 1302 as well as to the floor lamp via the connection 110b. The
reporter 1354 may be placed nearby within the same location, such as on a wall,
desk, table top, etc., such that the reporter 1354 is within wireless signal
reception range of the adapter 1352. In various embodiments, the reporter 1354

may be a simple wall switch with a wireless transmitter that transmits state
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changes (e.g., on/off changes), a clock that transmits time changes at various
increments (e.g., second, minute, hour, day, etc.), a light sensor that transmits

brightness levels, and other similar transmitter devices.

[0207] FIG. 14A illustrates another embodiment smart box adapter 1404 that is
configured to be placed in the electrical connection between a bulb 1402 and the

tloor lamp. The adapter 1404 may be inserted within a conventional bulb socket
1410 of the floor lamp such that the adapter 1404 may be in connection with and
positioned between the bulb 1402 and the socket 1410. For example, the adapter
1404 may be a ring placed under the bulb 1402. In some embodiments, adapters
1404, 1450 may be configured to draw heat energy from the bulb 1402 that may

be used to recharge an internal battery.

[0208] In some embodiments, adapters may be included within replaceable
objects (or smart replaceable objects). In this way, intelligence may be integrated
in disposable/replaceable components of an appliance so that users may cheaply
and easily upgrade pre-existing appliances within a location to be capable of
learning (i.e., convert ordinary appliances into learning devices). FIG. 14B
illustrates a disposable smart box adapter 1450 included within a bulb (i.e., a
“smart bulb”) that may replace conventional light bulbs. With such a smart bulb,
users may avoid buying a smart lamp in order to have a lamp capable of learning
to behave based on occurrences within the location. For example, the adapter
1450 installed within a socket 1410 of a floor lamp may be trained to turn on or
off when the adapter receives event report messages with occurrence data related
to known trigger patterns from nearby smart boxes (i.e., a connector within the
smart bulb may switch the light on / off without using an actual lamp switch).
Other exemplary uses of replaceable objects having learning device capabilities
may include refrigerator filters, batteries for various battery-powered devices, a

toilet seat, faucets, upholstery covers (e.g., sofa, pillow, etc.).

[0209] In various embodiments, adapters may need to charge an internal battery

in order to ensure operability even when an associated device is turned off. For
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example, when connected to the socket 1410 as shown in FIGS. 14A-B, the
adapters 1404, 1450 may be configured to charge a rechargeable battery with
current received via the floor lamp. In various embodiments, such adapters may

include circuitry, processing units, and sensors.

[0210] The foregoing method descriptions and the process flow diagrams are
provided merely as illustrative examples and are not intended to require or imply
that the steps of the various aspects must be performed in the order presented. As
will be appreciated by one of skill in the art the order of steps in the foregoing
aspects may be performed in any order. Words such as “thereafter,” “then,”
“next,” etc. are not intended to limit the order of the steps; these words are
simply used to guide the reader through the description of the methods. Further,
any reference to claim elements in the singular, for example, using the articles

113 99 ¢¢

a,” “an” or “the” 1s not to be construed as limiting the element to the singular.

[0211] The various illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the aspects disclosed herein may be
implemented as electronic hardware, computer software, or combinations of
both. To clearly illustrate this interchangeability of hardware and software,
various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in varying ways for each
particular application, but such implementation decisions should not be

interpreted as causing a departure from the scope of the present invention.

[0212] The hardware, such as smart box 103, is used to implement the various
illustrative logics, logical blocks, modules, and circuits described in connection
with the aspects disclosed herein may be implemented or performed with a
general purpose processor, a digital signal processor (DSP), an application

specific integrated circuit (ASIC), a field programmable gate array (FPGA) or
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other programmable logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a
multiprocessor, but, in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a
DSP and a multiprocessor, a plurality of multiprocessors, one or more
multiprocessors in conjunction with a DSP core, a dedicated smart device ASIC,
or any other such configuration. Alternatively, some steps or methods may be

performed by circuitry that is specific to a given function.

[0213] In one or more exemplary aspects, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored as one or more instructions
or code on a non-transitory processor-readable (or computer-readable) storage
medium, non-transitory computer-readable medium or non-transitory processor-
readable medium. The steps of a method or algorithm disclosed herein may be
embodied in a processor-executable software module or processor-executable
instructions, which may reside on a non-transitory computer-readable or
processor-readable storage medium. Non-transitory computer-readable or
processor-readable storage media may be any storage media that may be
accessed by a computer or a processor. By way of example but not limitation,
such non-transitory computer-readable or processor-readable media may include
RAM, ROM, EEPROM, FLASH memory, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other
medium that may be used to store desired program code in the form of
instructions or data structures and that may be accessed by a computer. Disk and
disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data optically with lasers. Combinations

of the above are also included within the scope of non-transitory computer-
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readable and processor-readable media. Additionally, the operations of a method
or algorithm may reside as one or any combination or set of codes and/or
instructions on a non-transitory processor-readable medium and/or computer-

readable medium, which may be incorporated into a computer program product.

[0214] The preceding description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in
the art, and the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the invention. Thus,
the present invention is not intended to be limited to the embodiments shown
herein but is to be accorded the widest scope consistent with the following claims

and the principles and novel features disclosed herein.
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CLAIMS

What is claimed is:

1. A method for continuous configuration of learning devices, comprising:

storing, by a first learning device, events obtained while in a monitoring
mode;

activating a first triggered mode for a first reflex associated with a
predetermined action when at least one of the stored events corresponds to a first
trigger pattern associated with the first reflex;

determining whether the first reflex has a trigger weight exceeding a
trigger weight threshold;

conducting the predetermined action associated with the first reflex in
response to determining that the trigger weight associated with the first reflex
exceeds the trigger weight threshold;

obtaining at least one additional event while in the first triggered mode;

adjusting the trigger weight of the first reflex when the at least one
additional event corresponds to at least one of a first correction pattern and a first
reward pattern associated with the first reflex and occurring in response to
conducting the predetermined action; and

creating a second reflex with a second trigger pattern, a second correction
pattern, and a second reward pattern when the at least one additional event does
not correspond to at least one of the first trigger pattern, the first correction

pattern, and the first reward pattern associated with the first reflex.

2. The method of claim 1, wherein adjusting the trigger weight of the first reflex
further comprises:
increasing the trigger weight of the first reflex when the at least one

additional event corresponds to the first reward pattern of the first reflex; and
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decreasing the trigger weight of the first reflex when the at least one

additional event corresponds to the first correction pattern of the first reflex.

3. The method of claim 2, further comprising:
entering a critical learning period with the first reflex during which a high

gain set is applied to the trigger weight.

4. The method of claim 2, further comprising:
entering a steady state learning period with the first reflex during which a

low gain set is applied to the trigger weight.

5. The method of claim 1, wherein obtaining the at least one additional event
while in the first triggered mode further comprises:

retrieving prior events from a memory.

6. The method of claim 1, wherein storing, by the first learning device, events
obtained while in the monitoring mode comprises:

storing, in a memory, at least one event for a window of time such that the
at least one event and associated patterns are removed from the memory after the

window of time.

7. The method of claim 1, wherein at least one of the stored events is obtained

based on occurrence data that is generated locally.

8. The method of claim 1, wherein at least one of the stored events is obtained

based on occurrence data that is generated remotely.

9. The method of claim 8, wherein the at least one of the stored events that is
obtained based on the occurrence data that is generated remotely is generated in
response to the first learning device receiving an event report message from a

second learning device, wherein the first learning device and the second learning
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device are part of a decentralized system comprised of a plurality of learning

devices in a location that are connected via a wired or a wireless communication

link.

10. The method of claim 8§, wherein the at least one of the stored events that is
obtained based on the occurrence data that is generated remotely corresponds to

at least one of the first reward pattern and the first correction pattern.

11. The method of claim 1, wherein at least one of the stored events is obtained
based on occurrence data that is received from non-learning devices via a wired

or wireless communication link.

12. The method of claim 1, further comprising:
concurrently activating a second triggered mode when the at least one
additional event corresponds to a different trigger pattern associated with a third

reflex.

13. The method of claim 1, wherein conducting the predetermined action
associated with the first reflex in response to determining that the trigger weight
associated with the first reflex exceeds the trigger weight threshold comprises:
generating a resulting event based on conducting the predetermined
action; and
broadcasting an event report message that indicates the resulting event and

that is capable of being used by another learning device.

14. The method of claim 1, further comprising:

receiving, at the first learning device, an event report message from
another learning device, wherein the received event report message indicates
another event that was generated by the another learning device in response to
the another learning device obtaining another event that corresponds to the first

trigger pattern.
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15. The method of claim 1, wherein activating the first triggered mode for the
first reflex associated with the predetermined action when at least one of the
stored events corresponds to the first trigger pattern associated with the first
reflex comprises:

applying a pattern filter to a pattern based on the at least one of the stored
events; and

activating the first triggered mode for the first reflex associated with the
predetermined action when the at least one of the stored events corresponds to
the first trigger pattern associated with the first reflex and when the pattern is not

discarded based on the applied pattern filter.

16. The method of claim 1, wherein the first reflex and the second reflex are
only removable from the first learning device based on a garbage collection

policy.

17. The method of claim 1, wherein conducting the predetermined action
associated with the first reflex in response to determining that the trigger weight
associated with the first reflex exceeds the trigger weight threshold comprises

generating a pattern of events that are used by a motor driver to drive an actuator.

18. The method of claim 1, wherein one or more of the first correction pattern

and the first reward pattern are order-dependent.

19. The method of claim 1, wherein one or more of the first correction pattern

and the first reward pattern are order-independent.

20. The method of claim 1, wherein obtaining the at least one additional event
while in the first triggered mode comprises obtaining the at least one additional

event based on one or more periodic timing mechanisms.
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21. The method of claim 20, further comprising polling one or more sensors

based on the one or more periodic timing mechanisms.

22. The method of claim 20, wherein the one or more periodic timing

mechanisms are shared by multiple devices.

23. A computing device, comprising:
a processor configured with processor-executable instructions for
performing operations comprising:

storing events obtained while in a monitoring mode;

activating a first triggered mode for a first reflex associated with a
predetermined action when at least one of the stored events corresponds to
a first trigger pattern associated with the first reflex;

determining whether the first reflex has a trigger weight exceeding
a trigger weight threshold;

conducting the predetermined action associated with the first reflex
in response to determining that the trigger weight associated with the first
reflex exceeds the trigger weight threshold;

obtaining at least one additional event while in the first triggered
mode;

adjusting the trigger weight of the first reflex when the at least one
additional event corresponds to at least one of a first correction pattern and
a first reward pattern associated with the first reflex and occurring in
response to conducting the predetermined action; and

creating a second reflex with a second trigger pattern, a second
correction pattern, and a second reward pattern when the at least one
additional event does not correspond to at least one of the first trigger
pattern, the first correction pattern, and the first reward pattern associated

with the first reflex.
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24. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations such that adjusting
the trigger weight of the first reflex further comprises:
increasing the trigger weight of the first reflex when the at least one
additional event corresponds to the first reward pattern of the first reflex; and
decreasing the trigger weight of the first reflex when the at least one

additional event corresponds to the first correction pattern of the first reflex.

25. The computing device of claim 24, wherein the processor is configured with
processor-executable instructions for performing operations further comprising:
entering a critical learning period with the first reflex during which a high

gain set is applied to the trigger weight.

26. The computing device of claim 24, wherein the processor is configured with
processor-executable instructions for performing operations further comprising:
entering a steady state learning period with the first reflex during which a

low gain set is applied to the trigger weight.

27. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations such that obtaining
the at least one additional event while in the first triggered mode further
comprises:

retrieving prior events from a memory.

28. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations such that storing
events obtained while in the monitoring mode comprises:

storing, in a memory, at least one event for a window of time such that the
at least one event and associated patterns are removed from the memory after the

window of time.
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29. The computing device of claim 23, wherein at least one of the stored events

is obtained based on occurrence data that is generated locally.

30. The computing device of claim 23, wherein at least one of the stored events

1s obtained based on occurrence data that is generated remotely.

31. The computing device of claim 30, wherein the at least one of the stored
events that 1s obtained based on the occurrence data that is generated remotely is
generated in response to the computing device receiving an event report message
from another device, wherein the computing device and the another device are
part of a decentralized system comprised of a plurality of learning devices in a

location that are connected via a wired or a wireless communication link.

32. The computing device of claim 30, wherein the at least one of the stored
events that is obtained based on the occurrence data that is generated remotely
corresponds to at least one of the first reward pattern and the first correction

pattern.

33. The computing device of claim 23, wherein at least one of the stored events
1s obtained based on occurrence data that is received from non-learning devices

via a wired or wireless communication link.

34. The computing device of claim 23, wherein the processor is configured with

processor-executable instructions for performing operations further comprising:
concurrently activating a second triggered mode when the at least one

additional event corresponds to a different trigger pattern associated with a third

reflex.

35. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations such that conducting

the predetermined action associated with the first reflex in response to
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determining that the trigger weight associated with the first reflex exceeds the
trigger weight threshold comprises:

generating a resulting event based on conducting the predetermined
action; and

broadcasting an event report message that indicates the resulting event and

that is capable of being used by another device.

36. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations further comprising:
receiving an event report message from another device, wherein the
received event report message indicates another event that was generated by the
another device in response to the another device obtaining another event that

corresponds to the first trigger pattern.

37. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations such that activating
the first triggered mode for the first reflex associated with the predetermined
action when at least one of the stored events corresponds to the first trigger
pattern associated with the first reflex comprises:

applying a pattern filter to a pattern based on the at least one of the stored
events; and

activating the first triggered mode for the first reflex associated with the
predetermined action when the at least one of the stored events corresponds to
the first trigger pattern associated with the first reflex and when the pattern is not

discarded based on the applied pattern filter.
38. The computing device of claim 23, wherein the first reflex and the second

reflex are only removable from the computing device based on a garbage

collection policy.
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39. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations such that conducting
the predetermined action associated with the first reflex in response to
determining that the trigger weight associated with the first reflex exceeds the
trigger weight threshold comprises generating a pattern of events that are used by

a motor driver to drive an actuator.

40. The computing device of claim 23, wherein one or more of the first

correction pattern and the first reward pattern are order-dependent.

41. The computing device of claim 23, wherein one or more of the first

correction pattern and the first reward pattern are order-independent.

42. The computing device of claim 23, wherein the processor is configured with
processor-executable instructions for performing operations such that obtaining
the at least one additional event while in the first triggered mode comprises
obtaining the at least one additional event based on one or more periodic timing

mechanisms.

43. The computing device of claim 42, wherein the processor is configured with
processor-executable instructions for performing operations further comprising
polling one or more sensors based on the one or more periodic timing

mechanisms.

44. The computing device of claim 42, wherein the one or more periodic timing

mechanisms are shared by multiple devices.

45. A non-transitory processor-readable storage medium having stored thereon
processor-executable instructions configured to cause a processor of a computing
device to perform operations comprising:

storing events obtained while in a monitoring mode;
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activating a first triggered mode for a first reflex associated with a
predetermined action when at least one of the stored events corresponds to
a first trigger pattern associated with the first reflex;

determining whether the first reflex has a trigger weight exceeding
a trigger weight threshold;

conducting the predetermined action associated with the first reflex
in response to determining that the trigger weight associated with the first
reflex exceeds the trigger weight threshold;

obtaining at least one additional event while in the first triggered
mode;

adjusting the trigger weight of the first reflex when the at least one
additional event corresponds to at least one of a first correction pattern and
a first reward pattern associated with the first reflex and occurring in
response to conducting the predetermined action; and

creating a second reflex with a second trigger pattern, a second
correction pattern, and a second reward pattern when the at least one
additional event does not correspond to at least one of the first trigger
pattern, the first correction pattern, and the first reward pattern associated

with the first reflex.

46. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations such that adjusting the trigger weight of the first reflex
further comprises:
increasing the trigger weight of the first reflex when the at least one
additional event corresponds to the first reward pattern of the first reflex; and
decreasing the trigger weight of the first reflex when the at least one

additional event corresponds to the first correction pattern of the first reflex.
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47. The non-transitory processor-readable storage medium of claim 46, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations further comprising:

entering a critical learning period with the first reflex during which a high

gain set is applied to the trigger weight.

48. The non-transitory processor-readable storage medium of claim 46, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations further comprising:

entering a steady state learning period with the first reflex during which a

low gain set is applied to the trigger weight.

49. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations such that obtaining the at least one additional event while
in the first triggered mode further comprises:

retrieving prior events from a memory.

50. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations such that storing events obtained while in the monitoring
mode comprises storing, in a memory, at least one event for a window of time
such that the at least one event and associated patterns are removed from the

memory after the window of time.
51. The non-transitory processor-readable storage medium of claim 45, wherein

at least one of the stored events is obtained based on occurrence data that is

generated locally.
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52. The non-transitory processor-readable storage medium of claim 45, wherein
at least one of the stored events is obtained based on occurrence data that is

generated remotely.

53. The non-transitory processor-readable storage medium of claim 52, wherein
the at least one of the stored events that is obtained based on the occurrence data
that is generated remotely is generated in response to the computing device
receiving an event report message from another device, wherein the computing
device and the another device are part of a decentralized system comprised of a
plurality of learning devices in a location that are connected via a wired or a

wireless communication link.

54. The non-transitory processor-readable storage medium of claim 52, wherein
the at least one of the stored events that is obtained based on the occurrence data
that is generated remotely corresponds to at least one of the first reward pattern

and the first correction pattern.

55. The non-transitory processor-readable storage medium of claim 45, wherein
at least one of the stored events is obtained based on occurrence data that is

received from non-learning devices via a wired or wireless communication link.

56. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations
further comprising;:

concurrently activating a second triggered mode when the at least one
additional event corresponds to a different trigger pattern associated with a third

reflex.
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57. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations
such that conducting the predetermined action associated with the first reflex in
response to determining that the trigger weight associated with the first reflex
exceeds the trigger weight threshold comprises:

generating a resulting event based on conducting the predetermined
action; and

broadcasting an event report message that indicates the resulting event and

that is capable of being used by another device.

58. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations
further comprising;:

receiving an event report message from another device, wherein the
received event report message indicates another event that was generated by the
another device in response to the another device obtaining another event that

corresponds to the first trigger pattern.

59. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations
such that activating the first triggered mode for the first reflex associated with the
predetermined action when at least one of the stored events corresponds to the
first trigger pattern associated with the first reflex comprises:

applying a pattern filter to a pattern based on the at least one of the stored
events; and

activating the first triggered mode for the first reflex associated with the

predetermined action when the at least one of the stored events corresponds to
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the first trigger pattern associated with the first reflex and when the pattern is not

discarded based on the applied pattern filter.

60. The non-transitory processor-readable storage medium of claim 45, wherein
the first reflex and the second reflex are only removable from the computing

device based on a garbage collection policy.

61. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations such that conducting the predetermined action associated
with the first reflex in response to determining that the trigger weight associated
with the first reflex exceeds the trigger weight threshold comprises generating a

pattern of events that are used by a motor driver to drive an actuator.

62. The non-transitory processor-readable storage medium of claim 45, wherein
one or more of the first correction pattern and the first reward pattern are order-

dependent.

63. The non-transitory processor-readable storage medium of claim 45, wherein
one or more of the first correction pattern and the first reward pattern are order-

independent.

64. The non-transitory processor-readable storage medium of claim 45, wherein
the stored processor-executable instructions are configured to cause the processor
to perform operations such that obtaining the at least one additional event while
in the first triggered mode comprises obtaining the at least one additional event

based on one or more periodic timing mechanisms.

65. The non-transitory processor-readable storage medium of claim 64, wherein

the stored processor-executable instructions are configured to cause the processor
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to perform operations further comprising polling one or more sensors based on

the one or more periodic timing mechanisms.

66. The non-transitory processor-readable storage medium of claim 64, wherein

the one or more periodic timing mechanisms are shared by multiple devices.

67. A system, comprising:
a first learning device within a plurality of learning devices, comprising:
a first processor; and
a first memory coupled to the first processor,
wherein the first processor is configured with processor-executable
instructions for performing operations comprising:

storing, in the first memory, events obtained while in a
monitoring mode;

activating a first triggered mode for a first reflex associated
with a predetermined action when at least one of the stored events
corresponds to a first trigger pattern associated with the first reflex;

determining whether the first reflex has a trigger weight
exceeding a trigger weight threshold;

conducting the predetermined action associated with the first
reflex in response to determining that the trigger weight associated
with the first reflex exceeds the trigger weight threshold;

obtaining at least one additional event while in the first
triggered mode;

adjusting the trigger weight of the first reflex when the at
least one additional event corresponds to at least one of a first
correction pattern and a first reward pattern associated with the first
reflex and occurring in response to conducting the predetermined
action; and

creating a second reflex with a second trigger pattern, a

second correction pattern, and a second reward pattern when the at
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least one additional event does not correspond to at least one of the

first trigger pattern, the first correction pattern, and the first reward

pattern associated with the first reflex; and
a second learning device within the plurality of learning devices,

comprising:

a second processor; and

a second signal transmitter coupled to the second processor, and
wherein the second processor is configured with processor-executable
instructions for performing operations comprising transmitting, via the
second signal transmitter, a first event report message, and
wherein the first learning device further comprises:

a first signal receiver coupled to the first processor, and

wherein the first processor is configured with processor-executable
instructions for performing operations further comprising receiving, via
the first signal receiver, the first event report message transmitted by the

second learning device.

68. The system of claim 67, wherein the first processor is configured with
processor-executable instructions for performing operations such that adjusting
the trigger weight of the first reflex further comprises:
increasing the trigger weight of the first reflex when the at least one
additional event corresponds to the first reward pattern of the first reflex; and
decreasing the trigger weight of the first reflex when the at least one

additional event corresponds to the first correction pattern of the first reflex.

69. The system of claim 68, wherein the first processor is configured with
processor-executable instructions for performing operations further comprising:
entering a critical learning period with the first reflex during which a high

gain set is applied to the trigger weight.
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70. The system of claim 68, wherein the first processor is configured with
processor-executable instructions for performing operations further comprising:
entering a steady state learning period with the first reflex during which a

low gain set is applied to the trigger weight.

71. The system of claim 67, wherein the first processor is configured with
processor-executable instructions for performing operations such that obtaining
the at least one additional event while in the first triggered mode further
comprises:

retrieving prior events from the first memory.

72. The system of claim 67, wherein the first processor is configured with
processor-executable instructions for performing operations such that storing
events obtained while in the monitoring mode comprises storing, in the first
memory, at least one event for a window of time such that the at least one event
and associated patterns are removed from the first memory after the window of

time.

73. The system of claim 67, wherein at least one of the stored events is obtained

based on occurrence data that is generated locally.

74. The system of claim 67, wherein at least one of the stored events is obtained

based on occurrence data that is generated remotely.

75. The system of claim 74, wherein the at least one of the stored events that is
obtained based on the occurrence data that is generated remotely corresponds to

at least one of the first reward pattern and the first correction pattern.

76. The system of claim 67, further comprising:

one or more non-learning devices, and
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wherein at least one of the stored events is obtained by the first learning
device based on occurrence data that is received from the one or more non-

learning devices via a wired or wireless communication link.

77. The system of claim 67, wherein the first processor is configured with

processor-executable instructions for performing operations further comprising:
concurrently activating a second triggered mode when the at least one

additional event corresponds to a different trigger pattern associated with a third

reflex.

78. The system of claim 67, wherein the first learning device further comprises a
first signal transmitter coupled to the first processor, and
wherein the first processor is configured with processor-executable
instructions for performing operations such that conducting the predetermined
action associated with the first reflex in response to determining that the trigger
weight associated with the first reflex exceeds the trigger weight threshold
comprises:
generating a resulting event based on conducting the predetermined
action; and
broadcasting, via the first signal transmitter, a second event report
message that indicates the resulting event and that is capable of being used

by another device.

79. The system of claim 67, wherein the second processor 1s configured with
processor-executable instructions for performing operations further comprising:
obtaining a first event that corresponds to the first trigger pattern;
and
generating a second event in response to obtaining the first event
that corresponds to the first trigger pattern, and

wherein the first event report message indicates the second event.
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80. The system of claim 67, wherein the first processor is configured with
processor-executable instructions for performing operations such that activating
the first triggered mode for the first reflex associated with the predetermined
action when at least one of the stored events corresponds to the first trigger
pattern associated with the first reflex comprises:

applying a pattern filter to a pattern based on the at least one of the stored
events; and

activating the first triggered mode for the first reflex associated with the
predetermined action when the at least one of the stored events corresponds to
the first trigger pattern associated with the first reflex and when the pattern is not

discarded based on the applied pattern filter.

81. The system of claim 67, wherein the first reflex and the second reflex are
only removable from the first memory of the first learning device based on a

garbage collection policy.

82. The system of claim 67, wherein the first processor is configured with
processor-executable instructions for performing operations such that conducting
the predetermined action associated with the first reflex in response to
determining that the trigger weight associated with the first reflex exceeds the
trigger weight threshold comprises generating a pattern of events that are used by

a motor driver to drive an actuator.

83. The system of claim 67, wherein one or more of the first correction pattern

and the first reward pattern are order-dependent.

84. The system of claim 67, wherein one or more of the first correction pattern

and the first reward pattern are order-independent.

85. The system of claim 67, wherein the first processor is configured with
processor-executable instructions for performing operations such that obtaining
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the at least one additional event while in the first triggered mode comprises
obtaining the at least one additional event based on one or more periodic timing

mechanisms.

86. The system of claim 85, wherein the first processor is configured with
processor-executable instructions for performing operations further comprising
polling one or more sensors based on the one or more periodic timing

mechanisms.

87. The system of claim 85, wherein the one or more periodic timing

mechanisms are shared by the second learning device.

88. A method for decentralized training of learning devices, comprising:

receiving one or more events at a first learning device, the first learning
device having one or more associated reflexes, each reflex having at least one
associated trigger pattern and at least one associated action;

determining whether the received one or more events match a first trigger
pattern associated with a first reflex associated with the first learning device;

conducting a first action associated with the first reflex in response to
determining that the received one or more events match the first trigger pattern;
and

creating a second reflex associated with the first learning device with a
second trigger pattern and a second action in response to determining that the
received one or more events do not match any pattern associated with the first

learning device.
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