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CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to, and the benefit of, U.S. Provisional
Application No. 62/595,445 filed on December 6, 2017, which is entitled
“Systems for Constructing Hierarchical Training Data Sets for Use With
Machine-Learning And Related Methods Therefor.” The content of the above-

identified application is herein incorporated by reference in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS
To facilitate further description of the embodiments, the following drawings
are provided in which:
FIG. 1 illustrates a front elevational view of an exemplary computer system
that is suitable to implement at least part of the system of FIG. 3, and/or to
implement at least part of one or more of the activities of the method of FIG. 8

or one or more other methods described herein;

FIG. 2 illustrates a representative block diagram of exemplary elements
included on the circuit boards inside a chassis of the computer system of FIG.
L;

FIG. 3 illustrates a representative block diagram of a system, according to an

embodiment;

FIG. 4 illustrates a representative block diagram of a central computer system

of the system of FIG. 3, according to the embodiment of FIG. 3;

FIG. 5 illustrates a representative block diagram of a central computer system,
according to the embodiment of FIG. 3;

FIG. 6 illustrates a representative block diagram of a central learning engine of
the central computer system of FIG. 3;

FIG. 7 illustrates a flow chart for a method of providing a system, according to
an embodiment;

FIG. 8 illustrates a flow chart for an embodiment of a method;

FIG. 9 illustrates a flow chart for an exemplary activity of constructing a

hierarchical training data set, according to the embodiment of FIG. 8;
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FIG. 10 is a visualization of multiple training data sets received by a central
learning engine to construct a hierarchical data set; and

FIG. 11 is a visualization of a first hierarchical training data set and a second
hierarchical training data set constructed by a central learning engine receiving
multiple training data sets corresponding to two controlled device outputs.

For simplicity and clarity of illustration, the drawing figures illustrate the
general manner of construction, and descriptions and details of well-known
features and techniques may be omitted to avoid unnecessarily obscuring the
invention. Additionally, elements in the drawing figures are not necessarily
drawn to scale. For example, the dimensions of some of the elements in the
figures may be exaggerated relative to other elements to help improve
understanding of embodiments of the present invention. The same reference
numerals in different figures denote the same elements.

The terms “first,” “second,” “third,” “fourth,” and the like in the description
and in the claims, if any, are used for distinguishing between similar elements
and not necessarily for describing a particular sequential or chronological
order. It is to be understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments described herein are, for
example, capable of operation in sequences other than those illustrated or
otherwise described herein. Furthermore, the terms “include,” and “have,”
and any variations thereof, are intended to cover a non-exclusive inclusion,
such that a process, method, system, article, device, or apparatus that
comprises a list of elements is not necessarily limited to those elements, but
may include other elements not expressly listed or inherent to such process,
method, system, article, device, or apparatus.

The terms “left,” “right,” “front,” “back,” “top,” “bottom,” “over,” “under,”
and the like in the description and in the claims, if any, are used for descriptive
purposes and not necessarily for describing permanent relative positions. It is
to be understood that the terms so used are interchangeable under appropriate
circumstances such that the embodiments of the invention described herein
are, for example, capable of operation in other orientations than those

illustrated or otherwise described herein.

EEINA3 2

The terms “couple,” “coupled,” “couples,” “coupling,” and the like should be
broadly understood and refer to connecting two or more elements or signals,
electrically, mechanically and/or otherwise. Two or more electrical elements
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may be electrically coupled together, but not be mechanically or otherwise
coupled together; two or more mechanical elements may be mechanically
coupled together, but not be electrically or otherwise coupled together; two or
more electrical elements may be mechanically coupled together, but not be
electrically or otherwise coupled together. Coupling may be for any length of
time, e.g., permanent or semi-permanent or only for an instant.

“Electrical coupling” and the like should be broadly understood and include
coupling involving any electrical signal, whether a power signal, a data signal,
and/or other types or combinations of electrical signals. “Mechanical
coupling” and the like should be broadly understood and include mechanical
coupling of all types.

ERINT3

The absence of the word “removably,” “removable,” and the like near the
word “coupled,” and the like does not mean that the coupling, etc. in question
is or is not removable.

As defined herein, “approximately” can, in some embodiments, mean within
plus or minus ten percent of the stated value. In other embodiments,
“approximately” can mean within plus or minus five percent of the stated
value. In further embodiments, “approximately” can mean within plus or
minus three percent of the stated value. In yet other embodiments,

“approximately” can mean within plus or minus one percent of the stated

value.
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DETAILED DESCRIPTION OF EXAMPLES OF EMBODIMENTS

Turning to the drawings, FIG. 1 illustrates an exemplary embodiment of a
computer system 100, all of which or a portion of which can be suitable for (i)
implementing part or all of one or more embodiments of the techniques,
methods, and systems and/or (ii) implementing and/or operating part or all of
one or more embodiments of the memory storage devices described herein.
For example, in some embodiments, all or a portion of computer system 100
can be suitable for implementing part or all of one or more embodiments of
the techniques, methods, and/or systems described herein. Furthermore, one
or more elements of computer system 100 (e.g., a refreshing monitor 106, a
keyboard 104, and/or a mouse 110, etc.) also can be appropriate for
implementing part or all of one or more embodiments of the techniques,

methods, and/or systems described herein.

In many embodiments, computer system 100 can comprise chassis 102
containing one or more circuit boards (not shown), a Universal Serial Bus
(USB) port 112, a hard drive 114, and an optical disc drive 116. Meanwhile,
for example, optical disc drive 116 can comprise a Compact Disc Read-Only
Memory (CD-ROM), a Digital Video Disc (DVD) drive, or a Blu-ray drive.
Still, in other embodiments, a different or separate one of a chassis 102 (and
its internal components) can be suitable for implementing part or all of one or
more embodiments of the techniques, methods, and/or systems described

herein.

Turning ahead in the drawings, FIG. 2 illustrates a representative block
diagram of exemplary elements included on the circuit boards inside chassis
102 (FIG. 2). For example, a central processing unit (CPU) 210 is coupled to
a system bus 214. In various embodiments, the architecture of CPU 210 can
be compliant with any of a variety of commercially distributed architecture

families.

In many embodiments, system bus 214 also is coupled to a memory storage
unit 208, where memory storage unit 208 can comprise (i) non-volatile
memory, such as, for example, read only memory (ROM) and/or (ii) volatile
memory, such as, for example, random access memory (RAM). The non-
volatile memory can be removable and/or non-removable non-volatile

memory. Meanwhile, RAM can include dynamic RAM (DRAM), static RAM
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(SRAM), etc.  Further, ROM can include mask-programmed ROM,
programmable ROM (PROM), one-time programmable ROM (OTP), erasable
programmable read-only memory (EPROM), electrically erasable
programmable ROM (EEPROM) (e.g., electrically alterable ROM (EAROM)
and/or flash memory), etc. In these or other embodiments, memory storage
unit 208 can comprise (i) non-transitory memory and/or (ii) transitory

memory.

The memory storage device(s) of the various embodiments disclosed herein
can comprise memory storage unit 208, an external memory storage drive (not
shown), such as, for example, a USB-equipped electronic memory storage
drive coupled to universal serial bus (USB) port 112 (FIGs. 1 & 2), hard drive
114 (FIGs. 1 & 2), optical disc drive 116 (FIGs. 1 & 2), a floppy disk drive
(not shown), etc. As used herein, non-volatile and/or non-transitory memory
storage device(s) refer to the portions of the memory storage device(s) that are

non-volatile and/or non-transitory memory.

In various examples, portions of the memory storage device(s) of the various
embodiments disclosed herein (e.g., portions of the non-volatile memory
storage device(s)) can be encoded with a boot code sequence suitable for
restoring computer system 100 (FIG. 1) to a functional state after a system
reset. In addition, portions of the memory storage device(s) of the various
embodiments disclosed herein (e.g., portions of the non-volatile memory
storage device(s)) can comprise microcode such as a Basic Input-Output
System (BIOS) or Unified Extensible Firmware Interface (UEFI) operable
with computer system 100 (FIG. 1). In the same or different examples,
portions of the memory storage device(s) of the various embodiments
disclosed herein (e.g., portions of the non-volatile memory storage device(s))
can comprise an operating system, which can be a software program that
manages the hardware and software resources of a computer and/or a
computer network. Meanwhile, the operating system can perform basic tasks
such as, for example, controlling and allocating memory, prioritizing the
processing of instructions, controlling input and output devices, facilitating
networking, and managing files. Exemplary operating systems can comprise
(i) Microsoft® Windows® operating system (OS) by Microsoft Corp. of
Redmond, Washington, United States of America, (ii)) Mac® OS by Apple
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Inc. of Cupertino, California, United States of America, (iii) UNIX® OS, and
(iv) Linux® OS. Further exemplary operating systems can comprise (i) iOS™
by Apple Inc. of Cupertino, California, United States of America, (ii) the
Blackberry® OS by Research In Motion (RIM) of Waterloo, Ontario, Canada,
(ii1) the Android™ OS developed by the Open Handset Alliance, or (iv) the
Windows Mobile™ OS by Microsoft Corp. of Redmond, Washington, United
States of America. Further, as used herein, the term “computer network” can
refer to a collection of computers and devices interconnected by
communications channels that facilitate communications among users and
allow users to share resources (e.g., an internet connection, an Ethernet
connection, etc.). The computers and devices can be interconnected according
to any conventional network topology (e.g., bus, star, tree, linear, ring, mesh,
etc.).

As used herein, the term “processor” means any type of computational circuit,
such as but not limited to a microprocessor, a microcontroller, a controller, a
complex instruction set computing (CISC) microprocessor, a reduced
instruction set computing (RISC) microprocessor, a very long instruction word
(VLIW) microprocessor, a graphics processor, a digital signal processor, or
any other type of processor or processing circuit capable of performing the
desired functions. In some examples, the one or more processors of the

various embodiments disclosed herein can comprise CPU 210.

In the depicted embodiment of FIG. 2, various /O devices such as a disk
controller 204, a graphics adapter 224, a video controller 202, a keyboard
adapter 226, a mouse adapter 206, a network adapter 220, and other I/O
devices 222 can be coupled to system bus 214. Keyboard adapter 226 and
mouse adapter 206 are coupled to keyboard 104 (FIGs. 1 & 2) and mouse 110
(FIGs. 1 & 2), respectively, of computer system 100 (FIG. 1). While graphics
adapter 224 and video controller 202 are indicated as distinct units in FIG. 2,
video controller 202 can be integrated into graphics adapter 224, or vice versa
in other embodiments. Video controller 202 is suitable for refreshing monitor
106 (FIGs. 1 & 2) to display images on a screen 108 (FIG. 1) of computer
system 100 (FIG. 1). Disk controller 204 can control hard drive 114 (FIGs. 1
& 2), USB port 112 (FIGs. 1 & 2), and CD-ROM drive 116 (FIGs. 1 & 2). In
other embodiments, distinct units can be used to control each of these devices

separately.
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Network adapter 220 can be suitable to connect computer system 100 (FIG. 1)
to a computer network by wired communication (e.g., a wired network
adapter) and/or wireless communication (e.g., a wireless network adapter). In
some embodiments, network adapter 220 can be plugged or coupled to an
expansion port (not shown) in computer system 100 (FIG. 1). In other
embodiments, network adapter 220 can be built into computer system 100
(FIG. 1). For example, network adapter 220 can be built into computer system
100 (FIG. 1) by being integrated into the motherboard chipset (not shown), or
implemented via one or more dedicated communication chips (not shown),
connected through a PCI (peripheral component interconnector) or a PCI

express bus of computer system 100 (FIG. 1) or USB port 112 (FIG. 1).

Returning now to FIG. 1, although many other components of computer
system 100 are not shown, such components and their interconnection are well
known to those of ordinary skill in the art. Accordingly, further details
concerning the construction and composition of computer system 100 and the

circuit boards inside chassis 102 are not discussed herein.

Meanwhile, when computer system 100 is running, program instructions (e.g.,
computer instructions) stored on one or more of the memory storage device(s)
of the various embodiments disclosed herein can be executed by CPU 210
(FIG. 2). At least a portion of the program instructions, stored on these
devices, can be suitable for carrying out at least part of the techniques,
methods, and activities of the methods described herein. In various
embodiments, computer system 100 can be reprogrammed with one or more
systems, applications, and/or databases to convert computer system 100 from a

general purpose computer to a special purpose computer.

Further, although computer system 100 is illustrated as a desktop computer in
FIG. 1, in many examples, system 100 can have a different form factor while
still having functional elements similar to those described for computer system
100. In some embodiments, computer system 100 may comprise a single
computer, a single server, or a cluster or collection of computers or servers, or
a cloud of computers or servers. Typically, a cluster or collection of servers
can be used when the demand on computer system 100 exceeds the reasonable
capability of a single server or computer. In certain embodiments, computer

system 100 may comprise an embedded system.

7



[0033]

[0034]

[0035]

[0036]

[0037]

Skipping ahead now in the drawings, FIG. 3 illustrates a representative block
diagram of a system 300, according to an embodiment. In some embodiments,
system 300 can be implemented to perform part or all of one or more methods

(e.g., method 800 (FIG. 8)).

System 300 is merely exemplary and embodiments of the system are not
limited to the embodiments presented herein. System 300 can be employed in
many different embodiments or examples not specifically depicted or
described herein. In some embodiments, certain elements of system 300 can
perform various methods and/or activities of those methods. In these or other
embodiments, the methods and/or the activities of the methods can be

performed by other suitable elements of system 300.

As explained in greater detail below, in many embodiments, system 300 is
operable to construct hierarchical training data sets for use with machine-
learning. For example, system 300 can determine optimal value(s) for control
input(s) of multiple controlled devices 303 (e.g., controlled device 304) by
constructing hierarchical training data sets for multiple controlled devices 303
(e.g, controlled device 304) and then apply machine-learning to the
hierarchical training data sets to learn the optimal value(s) for the control
input(s) of multiple controlled devices 303 (e.g., controlled device 304) from
the hierarchical training data sets. Further, system 300 can generate training
coefficients corresponding to optimal value(s) for the control input(s) of
controlled device 304 (FIG. 3) that can be used by multiple controlled devices
303 (e.g., controlled device 304) to learn the optimal value(s) for the control

input(s) of controlled device 304 (FIG. 3).

Also, for reasons explained in greater detail below, using hierarchical training
data sets with machine-learning advantageously can permit controlled devices
to be trained with data that is more applicable to particular controlled devices.
For example, using hierarchical training data sets with machine-learning can
reduce or minimize an extent to which data used to train a particular controlled
device corresponds to different free input(s) and/or to other controlled devices

having design variables, condition variables, etc.

Generally, therefore, system 300 can be implemented with hardware and/or
software, as described herein. In some embodiments, at least part of the

hardware and/or software can be conventional, while in these or other
8
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embodiments, part or all of the hardware and/or software can be customized
(e.g., optimized) for implementing part or all of the functionality of system
300 described herein.

Specifically, system 300 comprises a central computer system 301 and a
central database 302. In some embodiments, system 300 can comprise
multiple controlled devices 303. For example, multiple controlled devices 303

can comprise controlled device 304.

In many embodiments, central computer system 301 can be similar or identical
to computer system 100 (FIG. 1). Accordingly, central computer system 301
can comprise one or more processors and one or more memory storage devices
(e.g., one or more non-transitory memory storage devices). In these or other
embodiments, the processor(s) and/or the memory storage device(s) can be
similar or identical to the processor(s) and/or memory storage device(s) (e.g.,
non-transitory memory storage devices) described above with respect to
computer system 100 (FIG. 1). In some embodiments, central computer
system 301 can comprise a single computer or server, but in many
embodiments, central computer system 301 comprises a cluster or collection
of computers or servers and/or a cloud of computers or servers. Meanwhile,
central computer system 301 can comprise one or more input devices (e.g.,
one or more keyboards, one or more keypads, one or more pointing devices
such as a computer mouse or computer mice, one or more touchscreen
displays, etc.), and/or can comprise one or more output devices (e.g., one or
more monitors, one or more touch screen displays, one or more speakers, etc.).
Accordingly, the input device(s) can comprise one or more devices configured
to receive one or more inputs, and/or the output device(s) can comprise one or
more devices configured to provide (e.g., present, display, emit, etc.) one or
more outputs. For example, in these or other embodiments, one or more of the
input device(s) can be similar or identical to keyboard 104 (FIG. 1) and/or a
mouse 110 (FIG. 1). Further, one or more of the output device(s) can be
similar or identical to refreshing monitor 106 (FIG. 1) and/or screen 108 (FIG.
1). The input device(s) and the output device(s) can be coupled to the
processor(s) and/or the memory storage device(s) of central computer system
301 in a wired manner and/or a wireless manner, and the coupling can be

direct and/or indirect, as well as locally and/or remotely. As an example of an
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indirect manner (which may or may not also be a remote manner), a keyboard-
video-mouse (KVM) switch can be used to couple the input device(s) and the
output device(s) to the processor(s) and/or the memory storage device(s). In
some embodiments, the KVM switch also can be part of central computer
system 301. In a similar manner, the processor(s) and the memory storage

device(s) can be local and/or remote to each other.

In many embodiments, central database 302 can comprise a structured (e.g.,
indexed) collection of data and can be managed by any suitable database
management systems configured to define, create, query, organize, update, and
manage a database. Exemplary database management systems can include
MySQL (Structured Query Language) Database, PostgreSQL Database,
Microsoft SQL Server Database, Oracle Database, SAP (Systems,
Applications, & Products) Database and IBM DB2 Database.

Meanwhile, central database 302 can be stored on one or more memory
storage devices (e.g., non-transitory memory storage device(s)), which can be
similar or identical to the one or more memory storage device(s) (e.g., non-
transitory memory storage device(s)) described above with respect to
computer system 100 (FIG. 1). In some embodiments, the memory storage
device(s) of central computer system 301 can comprise some or all of the
memory storage device(s) storing central database 302. In further
embodiments, some of the memory storage device(s) storing central database
302 can be part of one or more third-party computer systems (i.e., other than
central computer system 301), and in still further embodiments, all of the
memory storage device(s) storing central database 302 can be part of one or
more of the third-party computer system(s). Like central computer system
301, when applicable, each of the third-party computer system(s) can be
similar or identical to computer system 100 (FIG. 1). Notably, the third-party
computer systems are not shown at FIG. 3 in order to avoid unduly cluttering
the illustration of FIG. 3, and central database 302 is illustrated at FIG. 3 apart
from central computer system 301 and multiple controlled devices 303 to
better illustrate that central database 302 can be stored at memory storage
device(s) of central computer system 301 and/or the third-party computer

system(s), depending on the manner in which system 300 is implemented.
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Each of multiple controlled devices 303 can be similar to each other. For
example, each of multiple controlled devices 303 can be configured to receive
one or more control inputs that control the operation of multiple controlled
devices 303. Further, multiple controlled devices 303 can comprise control
systems operable to receive the control input(s) and use the control input(s) to
control the operation of the corresponding controlled devices of multiple
controlled devices 303. As explained in greater detail below, although the
type or types of control input(s) can be the same for each of multiple
controlled devices 303, the particular value or values of the control input(s)
can be specific to the corresponding controlled device of multiple controlled
devices 303, and can be the same or can vary between or among multiple
controlled devices 303. As used herein, the term “control input” can, in some
embodiments, refer to any suitable measurable input of a controlled device of
multiple controlled devices 303 that is subject to the control of an operator of

the controlled device.

Further, each of multiple controlled devices 303 can be configured to output a
controlled device output. As explained in greater detail below, although the
type of controlled device output can be the same for each of multiple
controlled devices 303, the particular value of the controlled device output can
be specific to the corresponding controlled device of multiple controlled
devices 303, and can be the same or can vary between or among multiple
controlled devices 303. Meanwhile, the controlled device output of a
controlled device of multiple controlled devices 303 can be a function of the
control input(s) of that controlled device (i.e., can depend on the control
input(s) of that controlled device). As used herein, the term “controlled device
output” can, in some embodiments, refer to any suitable measurable output of

a controlled device of multiple controlled devices 303.

In some embodiments, the controlled device output of a controlled device of
multiple controlled devices 303 can be a function of one or more free inputs of
that controlled device (i.e., can depend on the free input(s) of that controlled
device) in addition to the control input(s) of that controlled device. As
explained in greater detail below, although the type or types of free input(s)
can be the same for each of multiple controlled devices 303, the particular

value or values of the free input(s) can be specific to the corresponding
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controlled device of multiple controlled devices 303, and can be the same or
can vary between or among multiple controlled devices 303. As used herein,
the term “free input” can, in some embodiments, refer to any suitable
measurable input of a controlled device of multiple controlled devices 303 that
is not subject to the control of an operator of the controlled device, thereby

distinguishing a free input from a control input.

In many embodiments, the value(s) of the control input(s) of a controlled
device of multiple controlled devices 303 can be optimized so that the
controlled device outputs an optimal value of the controlled device output.
For example, an optimal value of the controlled device output can comprise a
minimum value, a maximum value, or any suitable particular value of the
controlled device output that an operator of the controlled device of multiple
controlled devices 303 may want to achieve. Meanwhile, when the controlled
device output of the controlled device also is a function of one or more free
inputs, the optimal value(s) of the control input(s) for a particular controlled
device of multiple controlled devices 303 can be a function of the value(s) of
the free input(s) of that controlled device (i.e., can depend on the value(s) of
the free input(s) of that controlled device). Accordingly, variations in the
value(s) of the free input(s) of multiple controlled devices 303 can cause the
optimal value(s) of the control input(s) to vary between or among multiple

controlled devices 303.

Further, in these or other embodiments, although each of multiple controlled
devices 303 can be configured to receive the same type of control input(s),
design variables in multiple controlled devices 303 can cause the optimal
value(s) of the control input(s) to vary between or among multiple controlled

devices 303.

For example, in some embodiments, all of multiple controlled devices 303 can
be associated with a controlled device classification. Further, in some
embodiments, the controlled device classification can refer to a model of
multiple controlled devices 303.  For purposes of illustration, in some
examples, multiple controlled devices 303 can be vehicles manufactured by
the Toyota Motor Corporation of Toyota, Aichi, Japan, and the model can be a

4Runner. In other examples, multiple controlled devices 303 can be vehicles
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manufactured by the General Motors Company of Detroit, Michigan, United

States of America, and the model can be a Silverado.

Meanwhile, however, in some of these embodiments, individual ones or
groups of multiple controlled devices 303 may be associated with different
controlled device sub-classifications of the controlled device classification.
Accordingly, in these embodiments, one or more (e.g., multiple) of multiple
controlled devices 303 can be distinguished from one or more (e.g., multiple)
others of multiple controlled devices 303 according to their device sub-
classifications. For example, one or more (e.g., multiple) of multiple
controlled devices 303 can be associated with a first device sub-classification,
one or more (e.g, multiple) of multiple controlled devices 303 can be
associated with a second device sub-classification different than the first
device sub-classification and not with the first device sub-classification, and
so on. In some embodiments, the controlled device sub-classifications can
refer to different versions of a model of multiple controlled devices 303. For
purposes of illustration, in some embodiments, when multiple controlled
devices 303 are vehicles manufactured by the Toyota Motor Corporation of
Toyota, Aichi, Japan, and the model is a 4Runner, the versions can comprise
the SRS, the SR5 Premium, the TRD Off-Road, the TRD Off-Road Premium,
the Limited, and the TRD Pro. In other embodiments, when multiple
controlled devices 303 are vehicles manufactured by the General Motors
Company of Detroit, Michigan, United States of America, and the model is a

Silverado, the versions can comprise the 1500, the 2500, and the 3500.

In many embodiments, controlled devices of multiple controlled devices 303
being associated with different sub-classifications, despite being configured to
receive the same type of control input(s) and being associated with the
controlled device classification, can be implemented with different materials,
different geometries, different features, or any other suitable different design
variables, which may result in variations of the optimal value(s) of the optimal
control input(s) corresponding to the particular controlled devices of multiple
controlled devices 303. In these or other embodiments, multiple controlled
devices 303 can be classified according to any suitable quantity of sub-
classifications and/or with any suitable tiers of sub-classifications, depending

on the different design variables applying to multiple controlled devices 303.
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Further still, in many embodiments, condition variables in multiple controlled
devices 303 can cause the optimal value(s) of the control input(s) to vary
between or among multiple controlled devices 303. For example, even to the
extent that two or more of multiple controlled devices 303 are associated with
a same sub-classification, one controlled device of multiple controlled devices
303 may experience more or less wear than another controlled device of
multiple controlled devices 303, may be better or worse maintained than
another controlled device of multiple controlled devices 303, etc., and such
condition variables may result in variations of the optimal value(s) of the
optimal control input(s) corresponding to the particular controlled devices of

multiple controlled devices 303.

In many embodiments, controlled device 304 can be any suitable device
configured to receive control input(s) and to output a controlled device output.
Meanwhile, in some of these embodiments, each other controlled device of
multiple controlled devices 303 can be similar to controlled device 304. For
example, in some embodiments, multiple controlled devices 303 (e.g.,

controlled device 304) can be water generating units.

Turning ahead in the drawings, FIG. 4 illustrates a representative block
diagram of a water generating unit 400, according to an embodiment. In many
embodiments, when controlled device 304 (FIG. 3) is a water generating unit,
the water generating unit can be similar or identical to water generating unit

400.

Water generating unit 400 is merely exemplary and embodiments of the
system are not limited to the embodiments presented herein. Water generating
unit 400 can be employed in many different embodiments or examples not
specifically depicted or described herein. In some embodiments, certain
elements of water generating unit 400 can perform various methods and/or
activities of those methods. In these or other embodiments, the methods
and/or the activities of the methods can be performed by other suitable

elements of water generating unit 400.

As explained in greater detail below, in many embodiments, water generating
unit 400 can make available water to a user of water generating unit 400. In

these or other embodiments, water generating unit 400 can generate water. In
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many embodiments, the water made available to the user of water generating
unit 400 can comprise the water generated by water generating unit 400.

For example, in some embodiments, water generating unit 400 can comprise a
drinking water solar panel. In further embodiments, a drinking water solar
panel also can be referred to as a water-from-air solar panel.

In many embodiments, water generating unit 400 can comprise a water
generating unit control system 401, a heater 402, a desiccation device 403, a
condenser 404, a blower 405, and a circulator 406. Further, desiccation device
403 can comprise an adsorption zone 407, a desorption zone 408, a desiccant
element 409, and an actuator 410.

In some embodiments, water generating unit 400 can comprise a condenser
heat exchanger 411, a reservoir 412, a filter 413, and/or a filter 414. In other
embodiments, condenser heat exchanger 411, reservoir 412, filter 413, and/or
filter 414 can be omitted.

In further embodiments, water generating unit 400 can comprise an ambient
temperature sensor 415, an ambient relative humidity sensor 416, a solar
insolation flux sensor 417, and/or a water production sensor 418. In other
embodiments, ambient temperature sensor 415, ambient relative humidity
sensor 416, solar insolation flux sensor 417, and/or water production sensor
418 can be omitted.

Heater 402 can be coupled to desiccation device 403, desiccation device 403
can be coupled to condenser 404, and condenser 404 can be coupled to heater
402. In many embodiments, circulator 406 can operably move and repeatedly
cycle one or more regeneration fluids from heater 402, to desiccation device
403 to condenser 404 and back to heater 402 (e.g., in a closed loop). Heater
402, desiccation device 403, and condenser 404 can be coupled together by
any suitable conduits configured to transfer the regeneration fluid(s) among
heater 402, desiccation device 403, and condenser 404. Exemplary
regeneration fluid(s) can comprise humid air, one or more supersaturated or
high relative humidity gases (e.g., a relatively humidity greater than
approximately 90%), one or more glycols, one or more ionic liquids, etc.
Circulator 406 can comprise any suitable device configured to move the
regeneration fluid(s) from heater 402, to desiccation device 403 to condenser
404 and back to heater 402. For example, in some embodiments, circulator
406 can comprise a pump.
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In many embodiments, desiccation device 403 can receive the regeneration
fluid(s) at desorption zone 408. In many embodiments, after the regeneration
fluid(s) are received at desorption zone 408, the regeneration fluid(s) can be
moved to condenser 404. In some of these embodiments, the regeneration
fluid(s) can be moved to one or more additional desiccation devices before
being moved to condenser 404, as explained below.

In many embodiments, blower 405 can move a process fluid (e.g., humid air)
to desiccation device 403. For example, in some embodiments, desiccation
device 403 can receive the process fluid at adsorption zone 407. Further,
blower 405 can move the process fluid through desiccation device 403 (e.g.,
through adsorption zone 407). In some embodiments, after the process fluid is
received at adsorption zone 407, the process fluid can be exhausted to the
atmosphere around (e.g., adjacent to) water generating unit 400.

Blower 405 can comprise any suitable device configured to move the process
fluid to desiccation device 403. For example, in some embodiments, blower
405 can comprise a pump.

In many embodiments, actuator 410 can operably move and repeatedly cycle
desiccant element 409, or portions thereof, between adsorption zone 407 and
desorption zone 408 to capture (e.g., absorb and/or adsorb) water from the
process fluid received at adsorption zone 407 and desorb water into the
regeneration fluid(s) received at desorption zone 408. For example, in some
embodiments, desiccant element 409 can be disposed on a wheel located
partially at adsorption zone 407 and partially at desorption zone 408.
Accordingly, in these embodiments, portions of desiccant element 409 can be
simultaneously located at adsorption zone 407 and at desorption zone 408,
such as, for example, so that desiccant element 409 can simultaneously
capture (e.g., absorb and/or adsorb) water from the process fluid received at
adsorption zone 407 and desorb water into the regeneration fluid(s) received at
desorption zone 408. Meanwhile, actuator 410 can operably rotate the wheel
so that continuously changing portions of desiccant element 409 are located at
adsorption zone 407 and at desorption zone 408 when actuator 410 rotates the
wheel.

In some embodiments, desiccant element 409 can comprise any suitable
material or materials configured such that desiccant element 409 can capture
(e.g., absorb and/or adsorb) and desorb water. For example, the material(s) of

16



[0066]

[0067]

[0068]

desiccant element 409 can comprise one or more hygroscopic materials. In
many embodiments, exemplary material(s) for desiccant element 409 can
comprise silica, silica gel, alumina, alumina gel, montmorillonite clay, one or
more zeolites, one or more molecular sieves, activated carbon, one or more
metal oxides, one or more lithium salts, one or more calcium salts, one or
more potassium salts, one or more sodium salts, one or more magnesium 25
salts, one or more phosphoric salts, one or more organic salts, one or more
metal salts, glycerin, one or more glycols, one or more hydrophilic polymers,
one or more polyols, one or more polypropylene fibers, one or more cellulosic
fibers, one or more derivatives thereof, and one or more combinations thereof.
In some embodiments, desiccant element 409 can comprise any suitable form
or forms configured such that desiccant element 409 can capture (e.g., absorb
and/or adsorb) and desorb water. For example, desiccant element 409 can
comprise a liquid form and/or a solid form. In further embodiments, desiccant
element 409 can comprise a porous solid impregnated with one or more
hygroscopic material(s).

In some embodiments, desiccant element 409 can be configured to capture
(e.g., absorb and/or adsorb) water at one or more temperatures and/or
pressures and can be configured to desorb water at one or more other
temperatures and/or pressures. In some embodiments, desiccant element 409
can be implemented with material(s) and/or form(s), and/or can be otherwise
configured such that desiccant element 409 does not capture (e.g., absorb
and/or adsorb) one or more materials toxic to humans, pets, and/or other
animals.

In many embodiments, condenser 404 can extract water from the regeneration
fluid(s) received at condenser 404, such as, for example, water that has been
desorbed into the regeneration fluid(s) at desorption zone 408 of desiccation
device 403. In these embodiments, condenser 404 can condense water vapor
from the regeneration fluid(s) into liquid water. Accordingly, in many
embodiments, condenser 404 can cool the regeneration fluid(s) by extracting
thermal energy from the regeneration fluid(s) in order to condense water vapor
from the regeneration fluid(s) into liquid water. In some embodiments,
condenser 404 can transfer thermal energy extracted from the regeneration
fluid(s) to the process fluid upstream of desiccation device 403 and/or to the
atmosphere around (e.g., adjacent to) water generating unit 400.
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In many embodiments, water extracted from the regeneration fluid(s) received
at condenser 404 can be made available to a user of water generating unit 400.
In some embodiments, the water can be stored at reservoir 412, as described
below.

In many embodiments, heater 402 can provide thermal energy to the
regeneration fluid(s) so that the regeneration fluid(s) are heated upon arriving
at desiccant device 403. For example, in order to provide thermal energy to
the regeneration fluid(s), heater 402 can generate heat, can receive the
regeneration fluid(s), and can apply the heat to the regeneration fluid(s).
Exposing desiccant element 409 of desiccation device 403 to the heated
regeneration fluid(s) at desorption zone 408 of desiccation device 403 can
regenerate desiccant element 409 of desiccation device 403 by causing water
to desorb from desiccant element 409 into the regeneration fluid(s), thereby
permitting desiccant element 409 to absorb more water from the process fluid
at adsorption zone 407.

In many embodiments, heater 402 can comprise any suitable device
configured to provide thermal energy to the regeneration fluid(s). For
example, in many embodiments, heater 402 can comprise a solar thermal
heater. In these embodiments, the solar thermal heater can convert solar
insolation to the thermal energy provided to the regeneration fluid(s).

Further, in these embodiments, heater 402 can be part of a solar panel, which
can generate electricity to electrically power part or all of water generating
unit 400. In these or other embodiments, part or all of water generating unit
301 can be electrically powered by any other suitable source of electricity
(e.g., a battery, a fuel cell, an electric grid, etc.).

In many embodiments, reservoir 412 can store water extracted from the
regeneration fluid(s) by condenser 404. Accordingly, reservoir 412 can
comprise any suitable receptacle or container configured to store water.
Further, reservoir 412 can be coupled to condenser 404 to receive the water
extracted from the regeneration fluid(s) by condenser 404.

In many embodiments, filter 413 can be operable to filter water output by
condenser 404, such as, for example, to remove one or more materials (e.g.,
one or more materials toxic to humans) from the water. Accordingly, filter
413 can be coupled to an output of condenser 404, such as, for example,
between condenser 404 and reservoir 412. Filter 413 can comprise any
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suitable device configured to filter water. For example, filter 413 can
comprise a carbon filter or a stainless steel frit.

In many embodiments, filter 414 can be operable to filter water output by
reservoir 412, such as, for example, to remove one or more materials (e.g., one
or more materials toxic to humans) from the water. Accordingly, filter 414
can be coupled to an output of reservoir 412. Filter 414 can comprise any
suitable device configured to filter water. For example, filter 414 can
comprise a carbon filter or a stainless steel frit. In some embodiments, filter
414 can be omitted, such as, for example, when reservoir 412 is omitted.

In many embodiments, condenser heat exchanger 411 can be operable to
transfer thermal energy from the regeneration fluid(s) upstream of condenser
404 to the regeneration fluid(s) downstream of condenser 404. For example,
removing thermal energy from the regeneration fluid(s) upstream of condenser
404 can help prime or pre-cool the water vapor in the regeneration fluid(s) to
be condensed into liquid water at condenser 404 by reducing the regeneration
fluid(s) to nearer to a temperature at which the water vapor will condense into
liquid water. Meanwhile, the thermal energy extracted from the regeneration
fluid(s) by condenser heat exchanger 411 can be transferred to the
regeneration fluid(s) downstream of condenser 404 so that the thermal energy
can heat the regeneration fluid(s) upstream of desiccation device 403. As a
result, implementing condenser heat exchanger 411 can make water generating
unit 400 more efficient by making use of thermal energy in the regeneration
fluid(s) that would otherwise be lost to condenser 404 to heat the regeneration
fluid(s) heading to desiccation device 403.

In many embodiments, ambient temperature sensor 415 can detect an ambient
temperature at water generating unit 400. Accordingly, ambient temperature
sensor 415 can be any suitable device configured to detect an ambient
temperature at water generating unit 400. For example, in some embodiments,
ambient temperature sensor 415 can comprise a thermometer.

In many embodiments, ambient relative humidity sensor 416 can detect an
ambient relative humidity at water generating unit 400. Accordingly, ambient
relative humidity sensor 416 can be any suitable device configured to detect an
ambient relative humidity at water generating unit 400. For example, in some
embodiments, ambient relative humidity sensor 416 can comprise a
hygrometer.
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In many embodiments, solar insolation flux sensor 417 can detect a solar
insolation flux at water generating unit 400. Accordingly, solar insolation flux
sensor 417 can be any suitable device configured to detect a solar insolation
flux at water generating unit 400. For example, in some embodiments, solar
insolation flux sensor 417 can comprise a pyranometer.

In many embodiments, water production sensor 418 can detect a quantity of
water generated by water generating unit 400. Accordingly, water production
sensor 418 can be any suitable device configured to detect a quantity of water
generated by water generating unit 400. For example, in some embodiments,
water production sensor 418 can comprise a fluid level sensor. In further
embodiments, when water generating unit 400 comprises reservoir 412, water
production sensor 418 can be located at reservoir 412.

In many embodiments, water generating unit control system 401 can control
one or more parts of water generating unit 400. For example, in many
embodiments, water generating unit control system 310 can control operation
of blower 405, circulator 406 and/or actuator 410. Also, water generating unit
control system 401 can control heater 402. Further, in some embodiments,
water generating unit control system 401 can control operation of condenser
404, such as, for example, when condenser 404 is implemented as an active
device.

For example, in some embodiments, water generating unit control system 401
can control (e.g., increase or decrease) a speed at which blower 405 moves
(e.g., pumps) the process fluid. Further, in these or other embodiments, water
generating unit control system 401 can control (e.g., increase or decrease) a
speed at which circulator 406 moves (e.g., pumps) the regeneration fluid(s).
Further still, in these or other embodiments, water generating unit control
system 401 can control (e.g., increase or decrease) a speed at which actuator
410 moves (e.g., rotates) desiccant element 409.

In many embodiments, the quantity of water generated by water generating
unit 400 can be a function of (i.e., can depend on) the ambient temperature at
water generating unit 400, the ambient relative humidity at water generating
unit 400, the solar insolation flux at water generating unit 400, the speed at
which blower 405 moves (e.g., pumps) the process fluid, the speed at which
circulator 406 moves (e.g., pumps) the regeneration fluid(s), and/or the speed
at which actuator 410 moves (e.g., rotates) desiccant element 409. In further
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embodiments, water generating unit control system 401 can communicate with
ambient temperature sensor 415 to receive the ambient temperature at water
generating unit 400, ambient relative humidity sensor 416 to receive the
ambient relative humidity at water generating unit 400, solar insolation flux
sensor 417 to receive the solar insolation flux at water generating unit 400,
and/or water production sensor 418 to receive a quantity of water generated by
water generating unit 400. Meanwhile, water generating unit control system
401 can provide the values of the ambient temperature at water generating unit
400, the ambient relative humidity at water generating unit 400, the solar
insolation flux at water generating unit 400, the speed at which blower 405
moves (e.g., pumps) the process fluid, the speed at which circulator 406 moves
(e.g., pumps) the regeneration fluid(s), the speed at which actuator 410 moves
(e.g, rotates) desiccant element 409, and/or the quantity of water generated by
water generating unit 400 to a database to be stored. For example, the
database can be similar or identical to central database 302 (FIG. 3).

In many embodiments, water generating unit control system 401 can comprise
any suitable device configured to control operation of water generating unit
400. In many embodiments, water generating unit control system 401 can be
similar or identical to computer system 100 (FIG. 1). In these or other
embodiments, water generating unit control system 401 can be similar to
central computer system 301 (FIG. 3). For example, water generating unit
control system 401 can be implemented with machine-learning so that water
generating unit control system 401 can be trained to control operation of water
generating unit 400 in a desired manner, such as, for example, to maximize the
quantity of water generated by water generating unit 400.

Further, water generating unit control system 401 can be configured to
communicate with heater 402, condenser 404, blower 405, circulator 400,
actuator 410, ambient temperature sensor 415, ambient relative humidity
sensor 416, solar insolation flux sensor 417, and/or water production sensor
418 of water generating unit 400. Accordingly, water generating unit control
system 401 can be electrically coupled to heater 402, condenser 404, blower
405, circulator 406, actuator 410, ambient temperature sensor 415, ambient
relative humidity sensor 416, solar insolation flux sensor 417, and/or water

production sensor 418 of water generating unit 400.
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In some embodiments, water generating unit control system 401 can be
located remotely from where water generating unit 400 generates water when
controlling operation of water generating unit 400. However, in other
embodiments, water generating unit control system 401 can be located near to
or at a location where water generating unit 400 generates water when
controlling operation of water generating unit 400.

Although water generating unit 400 is described with respect to one
desiccation device (i.e., desiccation device 403), in some embodiments, water
generating unit 400 can be modified and implemented with one or more
additional desiccation devices, which can be similar or identical to desiccation
device 403. In these embodiments, desiccation device 403 and the additional
desiccation device(s) can be implemented in series and/or in parallel with each
other, as desired.

Returning again to FIG. 3, in many embodiments, when controlled device 304
is a water generating unit and when the water generating unit is similar or
identical to water generating unit 400 (FIG. 4), the control input(s) for
controlled device 304 can comprise a speed at which a blower of the water
generating unit moves (e.g., pumps) a process fluid of the water generating
unit, a speed at which a circulator of the water generating unit moves (e.g.,
pumps) regeneration fluid(s) of the water generating unit, and/or a speed at
which an actuator of the water generating unit moves (e.g., rotates) a desiccant
element of the water generating unit. In these embodiments, the speeds of the
blower, the circulator, and the actuator can be similar or identical to the speeds
of blower 405 (FIG. 4), circulator 406 (FIG. 4), and actuator 410 (FIG. 4) as
described above with respect to water generating unit 400 (FIG. 4). In some
embodiments, the speed at which a blower of the water generating unit moves
(e.g., pumps) a process fluid of the water generating unit can be omitted from
the control input(s). In further embodiments, when the water generating unit
comprises one or more additional desiccation devices, the control input(s) for
controlled device 304 further can comprise a speed or speeds of the actuators

of the additional desiccation devices.

In these or other embodiments, when controlled device 304 is a water
generating unit and when the water generating unit is similar or identical to
water generating unit 400 (FIG. 4), the controlled device output for controlled

device 304 can comprise a quantity of water generated by the water generating
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unit. In these embodiments, the quantity of water generated by the water
generating unit can be similar or identical to the quantity of water generated
by water generating unit 400 (FIG. 4) as described above with respect to water
generating unit 400 (FIG. 4). In many embodiments, optimal values of the
control input(s) can correspond to values of the control input(s) that maximize
the controlled device output (e.g., a quantity of water generated by the water

generating unit).

In these or other embodiments, when controlled device 304 is a water
generating unit and when the water generating unit is similar or identical to
water generating unit 400 (FIG. 4), the free input(s) for controlled device 304
can comprise an ambient temperature at the water generating unit, an ambient
relative humidity at the water generating unit, and/or a solar insolation flux at
the water generating unit. In these embodiments, the ambient temperature at
the water generating unit, the ambient relative humidity at the water
generating unit, and/or the solar insolation flux at the water generating unit
can be similar or identical to the ambient temperature at the water generating
unit, the ambient relative humidity at the water generating unit, and/or the
solar insolation flux at the water generating unit as described above with

respect to water generating unit 400 (FIG. 4).

In these or other embodiments, when controlled device 304 is a water
generating unit and when the water generating unit is similar or identical to
water generating unit 400 (FIG. 4), the control system of controlled device 304
can be similar or identical to water generating unit control system 401 (FIG.

4).

In many embodiments, central computer system 301 can be configured to
communicate with central database 302. For example, as explained in greater
detail below, in some embodiments, central computer system 301 can receive
from central database 302 values of the control input(s) and the controlled
device output for multiple controlled devices 303 (e.g., controlled device 304)
that are provided by multiple controlled devices 303 (e.g., controlled device
304) to central database 302 and stored at central database 302. In further
embodiments, when applicable, central computer system 301 can receive from
central database 302 values of the free input(s) for multiple controlled devices

303 (e.g., controlled device 304) that are provided by multiple controlled
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devices 303 (e.g., controlled device 304) to central database 302 and stored at
central database 302. In these or other embodiments, as explained in greater
detail below, central computer system 301 can provide to central database 302
one or more training coefficients for storage at central database 302. The
training coefficient(s) can correspond to optimal value(s) for the control
input(s) of controlled device 304 (FIG. 3) that are determined by central
computer system 301 and can be configured to train the control system of
controlled device 304 to learn the optimal value(s) for the control input(s) of
controlled device 304 (FIG. 3).

Further, multiple controlled devices 303 (e.g., controlled device 304) can be
configured to communicate with central database 302. For example, as
indicated above, multiple controlled devices 303 (e.g., controlled device 304)
can provide to central database 302 values of the control input(s) and the
controlled device output for multiple controlled devices 303 (e.g., controlled
device 304) that are stored at central database 302. In further embodiments,
when applicable, multiple controlled devices 303 (e.g., controlled device 304)
can provide to central database 302 values of the free input(s) for multiple
controlled devices 303 (e.g., controlled device 304) that are stored at central
database 302. In these or other embodiments, controlled device 304 can
receive from central database 302 the training coefficient(s) provided to

central database 302 by central computer system 301.

Communication between central computer system 301 and central database
302 and between multiple controlled devices 303 and central database 302 can
be implemented using any suitable manner of wired and/or wireless
communication. Accordingly, system 300 can comprise any software and/or
hardware components configured to implement the wired and/or wireless
communication. Further, the wired and/or wireless communication can be
implemented using any one or any combination of suitable wired and/or
wireless communication network topologies (e.g., ring, line, tree, bus, mesh,
star, daisy chain, hybrid, etc.) and/or protocols (e.g., personal area network
(PAN) protocol(s), local area network (LAN) protocol(s), wide area network
(WAN) protocol(s), cellular network protocol(s), Powerline network
protocol(s), etc.). Exemplary PAN protocol(s) can comprise Bluetooth,
Zigbee, Wireless Universal Serial Bus (USB), Z-Wave, etc. Exemplary LAN

and/or WAN protocol(s) can comprise Data Over Cable Service Interface
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Specification (DOCSIS), Institute of Electrical and Electronic Engineers
(IEEE) 802.3 (also known as Ethernet), IEEE 802.11 (also known as WiFi),
etc. Exemplary wireless cellular network protocol(s) can comprise Global
System for Mobile Communications (GSM), General Packet Radio Service
(GPRS), Code Division Multiple Access (CDMA), Evolution-Data Optimized
(EV-DO), Enhanced Data Rates for GSM Evolution (EDGE), Universal
Mobile Telecommunications System (UMTS), Digital Enhanced Cordless
Telecommunications (DECT), Digital AMPS (IS-136/Time Division Multiple
Access (TDMA)), Integrated Digital Enhanced Network (iDEN), Evolved
High-Speed Packet Access (HSPA+), Long-Term Evolution (LTE), WiMAX,
etc. The specific communication software and/or hardware implemented can
depend on the network topologies and/or protocols implemented, and vice
versa. In many embodiments, exemplary communication hardware can
comprise wired communication hardware including, for example, one or more
data buses, such as, for example, universal serial bus(es), one or more
networking cables, such as, for example, coaxial cable(s), optical fiber
cable(s), and/or twisted pair cable(s), any other suitable data cable, etc.
Further exemplary communication hardware can comprise wireless
communication hardware including, for example, one or more radio
transceivers, one or more infrared transceivers, etc. Additional exemplary
communication hardware can comprise one or more networking components

(e.g., modulator-demodulator components, gateway components, etc.).

Turning ahead now in the drawings, FIG. 5 illustrates a representative block
diagram of central computer system 301, according to the embodiment of FIG.

3.

In many embodiments, central computer system 301 can comprise one or more
processors 501 and one or more memory storage devices 502. Further,
memory storage device(s) 502 can comprise one or more non-transitory
memory storage devices 503. Meanwhile, in these or other embodiments,
central computer system 301 can comprise a communication system 504 and a
central learning engine 505. In some embodiments, part or all of
communication system 504 can be part of central learning engine 405, and

vice versa.
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In many embodiments, processor(s) 501 can be similar or identical to the
processor(s) described above with respect to computer system 100 (FIG. 1);
memory storage device(s) 502 can be similar or identical to the memory
storage device(s) described above with respect to computer system 100 (FIG.
1); and/or non-transitory memory storage device(s) 503 can be similar or
identical to the non-transitory memory storage device(s) described above with
respect to computer system 100 (FIG. 1). Further, communication system 504
and central learning engine 505 can be implemented with hardware and/or
software, as desirable. Although communication system 504 and central
learning engine 505 are shown at FIG. 5 as being separate from processor(s)
501, memory storage device(s) 502, and/or non-transitory memory storage
device(s) 503, in many embodiments, part or all of communication system 504
and central learning engine 505 can be stored at memory storage device(s) 502
and/or non-transitory memory storage device(s) 503 and can be called and run
at processor(s) 501, such as, for example, when the part or all of
communication system 504 and central learning engine 505 are implemented

as software.

In many embodiments, communication system 504 can be configured to
provide and manage communication between the various elements of central
computer system 301 (e.g., processor(s) 501, memory storage device(s) 502,
non-transitory memory storage device(s) 503, communication system 504,
central learning engine 505, etc.) and manage incoming and outgoing
communications between central computer system 301 and central database
302 (FIG. 3). Like the communications between central computer system 301
(FIG. 3) and central database 302 (FIG. 3), communication system 504 can be
implemented using any suitable manner of wired and/or wireless
communication, and/or using any one or any combination of suitable wired
and/or wireless communication network topologies and/or protocols, as
described above with respect to the central computer system 301 (FIG. 3) and
central database 302 (FIG. 3). In many embodiments, communication system
504 can be part of hardware and/or software implemented for communications
between central computer system 301 (FIG. 3) and central database 302 (FIG.
3). For example, as applicable, communication system 504 can permit
processor(s) 501 to call (i) software (e.g., at least part of central learning

engine 505, etc.) stored at memory storage device(s) 502 and/or non-transitory
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memory storage device(s) 503, and/or (ii) data stored at memory storage
device(s) 502, at non-transitory memory storage device(s) 503, and/or in
central database 302 (FIG. 3).

In many embodiments, central learning engine 505 can determine optimal
value(s) for the control input(s) of controlled device 304 (FIG. 3). In order to
determine the optimal value(s) for the control input(s) of controlled device 304
(FIG. 3), central learning engine 505 can construct a hierarchical training data
set for controlled device 304 (FIG. 3), as explained below, and then apply
machine-learning to the hierarchical training data set to learn the optimal
value(s) for the control input(s) of controlled device 304 (FIG. 3) from the
hierarchical training data set. Further, central learning engine 405 can
generate training coefficients corresponding to optimal value(s) for the control
input(s) of controlled device 304 (FIG. 3) that can be stored at central database
302 and used to train the control system of controlled device 304 to learn the

optimal value(s) for the control input(s) of controlled device 304 (FIG. 3).

In many embodiments, in order to construct a hierarchical training data set for
controlled device 304 (FIG. 3), central learning engine 505 can receive a first
training data set at central learning engine 505. The first training data set can
consist of data having been generated by controlled device 304 (FIG. 3), and
can include optimal value(s) of the control input(s) for controlled device 304
(FIG. 3), the controlled device output associated therewith, and when
applicable, the free input(s) associated therewith.

Further, central learning engine 505 can determine if the first training data set
is adequate to fully form the hierarchical training data set for controlled device
304 (FIG. 3). For example, in some embodiments, the first training data set
can be adequate to fully form the hierarchical training data set when the data
of the first training data set includes optimal value(s) of the control input(s) for
each potential combination of the control input(s), the controlled device
output, and when applicable, the free input(s) for controlled device 304 (FIG.
3). In further embodiments, the first training data set can be adequate to fully
form the hierarchical training data set when the data of the first training data
set includes at least a predetermined number of optimal value(s) of the control
input(s) for each potential combination of the control input(s), the controlled

device output, and when applicable, the free input(s) for controlled device 304
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(FIG. 3). For example, as explained below, multiple optimal value(s) of the
control input(s) for each potential combination of the control input(s), the
controlled device output, and when applicable, the free input(s) for controlled
device 304 (FIG. 3) may exist when controlled device 304 (FIG. 3) has been
trained multiple times under system 300 (FIG. 3).

Accordingly, in many embodiments, central learning engine 505 can analyze
the first training data set, such as, for example, using array programming, to
confirm whether or not the data of the first training data set includes optimal
value(s) of the control input(s) for each potential combination of the control
input(s), the controlled device output, and when applicable, the free input(s)
for controlled device 304 (FIG. 3). In other embodiments, central learning
engine 505 can analyze the first training data set, such as, for example, using
array programming, to confirm whether or not the data of the first training data
set includes a predetermined number of optimal value(s) of the control input(s)
for each potential combination of the control input(s), the controlled device
output, and when applicable, the free input(s) for controlled device 304 (FIG.
3).

When the first training data set is adequate to fully form the hierarchical
training data set for controlled device 304 (FIG. 3), central learning engine
505 can assign the first training data set as the hierarchical training data set for
controlled device 304 (FIG. 3). However, when the first training data set is
inadequate to fully form the hierarchical training data set for controlled device
304 (FIG. 3) (e.g., when the data of the first training data set does not include
optimal value(s) of the control input(s) for each potential combination of the
control input(s), the controlled device output, and when applicable, the free
input(s) for controlled device 304 (FIG. 3), when the data of the first training
data set does not include a predetermined number of optimal value(s) of the
control input(s) for each potential combination of the control input(s), the
controlled device output, and when applicable, the free input(s) for controlled
device 304 (FIG. 3), etc.), central learning engine 505 can receive a second
training data set. The second training data set can consist of data having been
generated by two or more controlled devices of multiple controlled devices
303, including controlled device 304 (FIG. 3), and can include optimal
value(s) of the control input(s) for the two or more controlled devices of
multiple controlled devices 303, the controlled device output associated
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therewith, and when applicable, the free input(s) associated therewith. For
example, in some embodiments, the two or more controlled devices of
multiple controlled devices 303 can be associated with a sub-classification, as
described above. In other embodiments, the two or more controlled devices of
multiple controlled devices 303 can be associated with a classification, as
described above.

Further, when central learning engine 505 receives the second training data
set, central learning engine 505 can supplement the first training data set with
the second training data set to form the hierarchical training data set. For
example, central learning engine 505 can fill in missing combinations of the
control input(s), the controlled device output, and when applicable, the free
input(s) in the first training data set using the data in the second training data
set.

In many embodiments, central learning engine 505 can continue receiving
additional training data sets consisting of data having been generated by
increasingly more controlled devices of multiple controlled devices 303 (FIG.
3), including controlled device 304 (FIG. 3), and supplementing earlier
received training data sets until the combined training data sets are adequate to
fully form the hierarchical training data set for controlled device 304 (FIG. 3)
or until the received training data set consists of data having been generated by
all of multiple controlled devices 303 (FIG. 3) and the combined training data
sets are still inadequate to fully form the hierarchical training data set for
controlled device 304 (FIG. 3). In these embodiments, when multiple tiers of
sub-classifications are implemented for multiple controlled devices 303 (FIG.
3), each additional training data set can consist of data having been generated
by the controlled devices of the next highest sub-classification or
classification, as applicable.

When the received training data set includes data having been generated by all
of multiple controlled devices 303 (FIG. 3) and the combined training data
sets are still inadequate to fully form the hierarchical training data set for
controlled device 304 (FIG. 3), central learning engine 505 can receive a
training data set including simulated optimal value(s) of the control input(s)
for each potential combination of the control input(s), the controlled device
output, and when applicable, the free input(s) and can supplement the
combined training data sets to fully form the hierarchical training data set for
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controlled device 304 (FIG. 3). For example, the training data set including
simulated optimal value(s) of the control input(s) for each potential
combination of the control input(s), the controlled device output, and when
applicable, the free input(s) can be referred to as a simulated training data set.
Notably, initially, a simulated training data set can supplement all of the
hierarchical training data set because multiple controlled devices 303 (FIG. 3)
will not yet have generated any data to store in central database 302 (FIG. 3).
In these or other embodiments, the potential combinations of the control
input(s), the controlled device output, and when applicable, the free input(s)
for the hierarchical data set for controlled device 304 (FIG. 3) can be
discretized in any suitable intervals to reasonably limit the quantity of
potential combinations. Further, in some embodiments, data values included
in the one or more training data sets used to form the hierarchical data set for
controlled device 304 (FIG. 3) that are older than a predetermined age can be
treated as non-values to ensure data values in the hierarchical data set are more
recent.

Turning ahead in the drawings, FIG. 10 is a visualization of multiple training
data sets received by a central learning engine to construct a hierarchical data
set. The central learning engine can be similar or identical to central learning
engine 505 (FIG. 5). Meanwhile, the hierarchical data set can be similar or
identical to the hierarchical data set described above with respect to central
learning engine 505 (FIG. 5), and the multiple training data sets can be similar
or identical to two or more of the training data sets described above with
respect to central learning engine 505 (FIG. 5). For example, the multiple
training data sets can comprise a first training data set, a second training data
set, a third training data set, etc. up to an x-th training data set, and a simulated
training data set. Further, in many embodiments, the data of the first training
data set can be included in the second training data set, the data of the first
training data set and the second training data set can be included in the third
training data set, etc. through to the data of each of the previous training data
sets being included in the x-th training data set. As shown by FIG. 10, in
some embodiments, a data quality, data accuracy, and/or data locality of the
multiple training data sets can increase moving toward the first training data
set and decrease moving toward the simulated training data set. Meanwhile, a
data availability, data robustness, and/or input scope of the multiple training
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data sets can increase moving toward the simulated training data set and can
decrease moving toward the first training data set. For example, input scope
can refer to a range of input(s) for which relevant value(s) are available.
Referring again to FIG. 5, after constructing the hierarchical training data set
for controlled device 304 (FIG. 3), central learning engine 505 can apply
machine-learning to the hierarchical training data set to learn the optimal
value(s) for the control input(s) of controlled device 304 (FIG. 3) from the
hierarchical training data set. Although central learning engine 505 can apply
any suitable form of machine-learning to the hierarchical training data set that
is configured to learn the optimal value(s) for the control input(s) of controlled
device 304 (FIG. 3) from the hierarchical training data set, in many
embodiments, central learning engine 505 can train one or more artificial
neural networks with the hierarchical training data set to learn the optimal
value(s) for the control input(s) of controlled device 304 (FIG. 3). For
example, in some embodiments, central learning engine 405 can implement
one artificial neutral network per control input of controlled device 304 (FIG.
3).
In implementation, an artificial neural network can attempt to model a
biological brain by including neurons which are connected to each other with
various weights. The weight values between connections can be varied, thus
permitting the artificial neural network to adapt (or learn) in response to
training data (e.g., the hierarchical training data set) it receives. In feed-
forward neural nets, input values are supplied at one edge and propagate
through a cycle-less network to the output nodes.
In many embodiments, as indicated above, central learning engine 505 can
generate training coefficients corresponding to optimal value(s) for the control
input(s) of controlled device 304 (FIG. 3) that can be stored at central database
302 (FIG. 3) and used to train the control system of controlled device 304
(FIG. 3) to learn the optimal value(s) for the control input(s) of controlled
device 304 (FIG. 3). In these or other embodiments, central learning engine
505 can continuously (e.g., cyclically) train the control system of controlled
device 304 (FIG. 3) to learn the optimal value(s) for the control input(s) of
controlled device 304 (FIG. 3) using updated values of the control input(s) and
the controlled device output, and when applicable, of the free input(s) for
multiple controlled devices 303 of FIG. 3 (e.g., controlled device 304 (FIG.
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3)) that are generated by multiple controlled devices 303 of FIG. 3 (e.g.,
controlled device 304 (FIG. 3)) and provided to and stored at central database
302 (FIG. 3). For example, in some embodiments, central learning engine 505
can train the control system of controlled device 304 (FIG. 3) to learn the
optimal value(s) for the control input(s) of controlled device 304 (FIG. 3) at a
predetermined interval (e.g., once per day, twice, per day, etc.).

In many embodiments, the control system of controlled device 304 (FIG. 3)
can implement a perturbation system configured to cause the control system of
controlled device 304 (FIG. 3) to operate controlled device 304 (FIG. 3) with
one or more values of the control input(s) of controlled device 304 (FIG. 3)
other than the optimal value(s) learned by the control system of controlled
device 304 (FIG. 3). For example, the other value(s) of the control input(s) of
controlled device 304 (FIG. 3) can be near to but different than the optimal
value(s) learned by the control system of controlled device 304 (FIG. 3) to
generate additional data that may improve the optimal value(s) learned by the
control system of controlled device 304 (FIG. 3) in future cycles. The
perturbation system can implement any suitable weight perturbation learning
algorithm(s) configured to cause the control system of controlled device 304
(FIG. 3) to operate controlled device 304 (FIG. 3) with one or more values of
the control input(s) of controlled device 304 (FIG. 3) other than the optimal
value(s) learned by the control system of controlled device 304 (FIG. 3).

For simplicity and clarity of illustration, the functionality of central learning
system 505 is described herein as it relates particularly to controlled device
304 (FIG. 3) of multiple controlled devices 303 (FIG. 3), but in many
embodiments, the functionality of central learning system 505 can be
implemented for one or more or all other controlled devices of multiple
controlled devices 303 (FIG. 3), at the same or different times. Further, the
functionality of central learning system 505 is described herein as it relates
particularly to multiple controlled devices 303 (FIG. 3) having one controlled
device output, but in many embodiments, the functionality of central learning
system 505 can be extended to embodiments of multiple controlled devices
303 (FIG. 3) having multiple controlled device outputs with control input(s),

and, in some embodiments, free input(s) corresponding thereto.

Turning ahead in the drawings, FIG. 11 is a visualization of a first hierarchical

training data set and a second hierarchical training data set constructed by a
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central learning engine receiving multiple training data sets corresponding to
two controlled device outputs (i.e., a first controlled device output and a
second controlled device output). The central learning engine can be similar
or identical to central learning engine 505 (FIG. 5), and the second
hierarchical training data set is constructed by the central learning engine later
in time than the first hierarchical training data set. Meanwhile, the first
hierarchical data set and the second hierarchical training data set each can be
similar or identical to the hierarchical data set described above with respect to
central learning engine 505 (FIG. 5), and the multiple training data sets can be
similar or identical to two or more of the training data sets described above
with respect to central learning engine 505 (FIG. 5). For example, the
multiple training data sets can comprise a first training data set, a second
training data set, a third training data set, etc. up to an x-th training data set,
and a simulated training data set. As shown by FIG. 11, in some
embodiments, a portion of the second hierarchical training data set made up of
by values of the first training data set through the x-th training data set can be
greater than for the first hierarchical training data set, and a portion of the
second hierarchical training data set made up of by values of the simulated
training data set can be less than for the first hierarchical training data set.
Likewise, one or more portions of the second hierarchical training data set
made up of by values of one or more of the multiple training data sets can be

greater than for the first hierarchical training data set.

Turning back now in the drawings, FIG. 6 illustrates a representative block
diagram of central learning engine 505, according to the embodiment of FIG.

3.

In many embodiments, central learning engine 505 can comprise artificial
neural network 601 and one or more artificial neural networks 602. Further,
artificial neural network 601 can be configured to communicate with artificial

neural network(s) 602.

In many embodiments, artificial neural network 601 can receive all available
value(s) stored at central database 302 (FIG. 3) of the control input(s) for all of
multiple controlled devices 303 (FIG. 3), the controlled device output
associated therewith, and when applicable, the free input(s) associated

therewith. For example, in some embodiments, artificial neural network 601
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can retrieve these values from central database 302 (FIG. 3). Then, artificial
neural network 601 can determine the optimal value(s) of the control input(s)
for all of multiple controlled devices 303 (FIG. 3), the controlled device output
associated therewith, and when applicable, the free input(s) associated
therewith by applying machine-learning to learn the optimal value(s) of the
control input(s) for all of multiple controlled devices 303 (FIG. 3), the
controlled device output associated therewith, and when applicable, the free

input(s) associated therewith.

After artificial neural network 601 determines the optimal value(s) of the
control input(s) for all of multiple controlled devices 303 (FIG. 3), the
controlled device output associated therewith, and when applicable, the free
input(s) associated therewith, artificial neural network(s) 602 can retrieve
hierarchical data sets for each of multiple controlled devices 303 (FIG. 3)
using the optimal value(s) of the control input(s), the controlled device output
associated therewith, and when applicable, the free input(s) associated
therewith determined by artificial neural network 601. Then, artificial neural
network(s) 602 can determine the optimal value(s) of the control input(s) for
the particular controlled devices of multiple controlled devices 303 (FIG. 3),
the controlled device output associated therewith, and when applicable, the
free input(s) associated therewith by applying machine-learning to learn the
optimal value(s) of the control input(s) for the particular controlled devices of
multiple controlled devices 303 (FIG. 3), the controlled device output
associated therewith, and when applicable, the free input(s) associated

therewith.

Referring back to FIG. 3, as indicated above, by using hierarchical training
data sets with machine-learning, system 300 advantageously can permit
multiple controlled devices 303 to be trained with data that is more applicable
to particular controlled devices of multiple controlled devices 303. For
example, as described above, construction of a hierarchical training data set
for a controlled device of multiple controlled devices 303 can first favor data
having been directly generated by the controlled device. Accordingly,
anomalies in the data resulting from differing free input(s), design variables,
condition variables, etc. can be minimized. To the extent insufficient data

having been directly generated by the controlled device is not available, using
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data from controlled devices of multiple controlled devices 303 associated
with a similar sub-classification (e.g., version) may at least minimize
anomalies in the data resulting from design variables. Meanwhile, even to the
extent insufficient data exists from controlled devices of multiple controlled
devices 303 associated with a similar sub-classification (e.g., version), using
real values generated by multiple controlled devices 303 may still be more
favorable (e.g., more accurate) than relying on simulated values. For at least
these reasons, system 300 can specifically and unconventionally improve the
ability of a computer system to implement machine-learning to train multiple
controlled devices by using data that is more applicable to particular

controlled devices of multiple controlled devices.

Turning ahead now in the drawings, FIG. 7 illustrates a flow chart for an
embodiment of a method 700 of providing (e.g., manufacturing) a system.
Method 700 is merely exemplary and is not limited to the embodiments
presented herein.  Method 700 can be employed in many different
embodiments or examples not specifically depicted or described herein. In
some embodiments, the activities of method 700 can be performed in the order
presented. In other embodiments, the activities of the method 700 can be
performed in any other suitable order. In still other embodiments, one or more
of the activities in method 700 can be combined or skipped. In many
embodiments, the system can be similar or identical to system 300 (FIG. 3).

In many embodiments, method 700 can comprise activity 701 of providing a
central computer system. For example, the central computer system can be

similar or identical to central computer system 301 (FIG. 3).

In many embodiments, method 700 can comprise activity 702 of providing a
central database. For example, the central database can be similar or identical

to central database 302 (FIG. 3).

In some embodiments, method 700 can comprise activity 703 of providing
multiple controlled devices. For example, the multiple controlled devices can
be similar or identical to multiple controlled devices 303 (FIG. 3). In other

embodiments, activity 703 can be omitted.

Turning ahead now in the drawings, FIG. 8 illustrates a flow chart for an
embodiment of a method 800. Method 800 is merely exemplary and is not

limited to the embodiments presented herein. Method 800 can be employed in
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many different embodiments or examples not specifically depicted or
described herein. In some embodiments, the activities of method 800 can be
performed in the order presented. In other embodiments, the activities of the
method 800 can be performed in any other suitable order. In still other
embodiments, one or more of the activities in method 800 can be combined or
skipped.

In many embodiments, method 800 can be implemented via execution of
computer instructions configured to run at one or more processors and
configured to be stored at one or more non-transitory memory storage devices.
In some embodiments, the processor(s) can be similar or identical to the
processor(s) described above with respect to computer system 100 (FIG. 1),
and/or the non-transitory memory storage device(s) can be similar or identical
to the non-transitory memory storage device(s) described above with respect
to computer system 100 (FIG. 1). Further, the processor(s) and/or non-
transitory memory storage device(s) can be part of a central computer system,
which can be similar or identical to central computer system 301 (FIG. 3).

In many embodiments, method 800 can comprise activity 801 of constructing
a hierarchical training data set. FIG. 9 illustrates a flow chart for an

exemplary activity 801, according to the embodiment of FIG. 8.

In many embodiments, activity 801 can comprise activity 901 of receiving a
first training data set. In some embodiments, performing activity 901 can be
similar or identical to receiving the first training data set as described above
with respect to central learning engine 505 (FIG. 5). In these or other
embodiments, the first training data set can be similar or identical to the first
training data set described above with respect to central learning engine 505
(FIG. 5).

In many embodiments, activity 801 can comprise activity 902 of determining
that the first training data set is inadequate to fully form the hierarchical
training data set. In some embodiments, performing activity 902 can be
similar or identical to determining that the first training data set is inadequate
to fully form the hierarchical training data set as described above with respect
to central learning engine 505 (FIG. 5).

In many embodiments, activity 801 can comprise activity 903 of receiving a
second training data set. In some embodiments, performing activity 903 can

be similar or identical to receiving the second training data set as described
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above with respect to central learning engine 505 (FIG. 5). In these or other
embodiments, the second training data set can be similar or identical to the
second training data set described above with respect to central learning
engine 505 (FIG. 5).

In many embodiments, activity 801 can comprise activity 904 of
supplementing the first training data set with the second training data set to
form the hierarchical training data set. In some embodiments, performing
activity 904 can be similar or identical to supplementing the first training data
set with the second training data set to form the hierarchical training data set
as described above with respect to central learning engine 505 (FIG. 5).

In many embodiments, activities 902-904 can be repeated one or more times
with respect to one or more additional training data sets. In some
embodiments, the additional training data set(s) can be similar or identical to
the additional training data set(s) described above with respect to central
learning engine 505 (FIG. 5). In other embodiments, activities 902- 904 can
be performed only for the second training data set.

In these or other embodiments, activities 902-904 can be repeated with respect
to a simulated training data set. In some embodiments, the simulated training
data set can be similar or identical to the training data set consisting of
simulated data described above with respect to central learning engine 505
(FIG. 5). As indicated above, in other embodiments, activities 902- 904 can
be performed only for the second training data set.

Referring now back to FIG. 8, in many embodiments, method 800 can
comprise activity 802 of applying machine-learning to the hierarchical training
data set to determine at least one optimal control input value of a control input
for a controlled device of multiple controlled devices. In some embodiments,
performing activity 802 can be similar or identical to applying machine-
learning to the hierarchical training data set to determine at least one optimal
control input value of a control input for a controlled device of multiple
controlled devices as described above with respect to central learning engine
505 (FIG. 5). Further, the control input can be similar or identical to one of
the control input(s) as described above with respect to system 300 (FIG. 3),
and the multiple controlled devices can be similar or identical to multiple

controlled devices 303 (FIG. 3).
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In many embodiments, activity 802 can be repeated one or more times with
respect to one or more other control inputs for the controlled device of the
multiple controlled devices. In further embodiments, method 800 can be
repeated one or more times with respect to one or more or all other controlled
devices of the multiple controlled devices.

Although the invention has been described with reference to specific
embodiments, it will be understood by those skilled in the art that various
changes may be made without departing from the spirit or scope of the
disclosure. Accordingly, the disclosure of embodiments is intended to be
illustrative of the scope of the disclosure and is not intended to be limiting. It
is intended that the scope of the disclosure shall be limited only to the extent
required by the appended claims. For example, to one of ordinary skill in the
art, it will be readily apparent that any element of FIGs. 1-9 may be modified,
and that the foregoing discussion of certain of these embodiments does not
necessarily represent a complete description of all possible embodiments. For
example, one or more of the activities of the methods described herein may
include different activities and be performed by many different elements, in
many different orders. As another example, the elements within central

computer system 301 can be interchanged or otherwise modified.

Generally, replacement of one or more claimed elements constitutes
reconstruction and not repair. Additionally, benefits, other advantages, and
solutions to problems have been described with regard to specific
embodiments. The benefits, advantages, solutions to problems, and any
element or elements that may cause any benefit, advantage, or solution to
occur or become more pronounced, however, are not to be construed as
critical, required, or essential features or elements of any or all of the claims,
unless such benefits, advantages, solutions, or elements are stated in such

claim.

Moreover, embodiments and limitations disclosed herein are not dedicated to
the public under the doctrine of dedication if the embodiments and/or
limitations: (1) are not expressly claimed in the claims; and (2) are or are
potentially equivalents of express elements and/or limitations in the claims

under the doctrine of equivalents.
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CLAIMS

What is claimed is:

1. A system comprising:
one or more processors; and
one or more non-transitory memory storage devices storing computer
instructions configured to run on the one or more processors and perform:
constructing a hierarchical training data set; and
training a neural network using the hierarchical training data set to
determine at least one first optimal control input value of a first control input for
a first controlled device of multiple controlled devices;
wherein the multiple controlled devices comprise at least two controlled
devices, at least one other controlled device and at least one further controlled device;
wherein:
the at least two controlled devices are associated with a first controlled
device classification and a second controlled device classification;
the at least one other controlled device is not associated with the first
controlled device classification;
the at least one further controlled device is associated with the first
controlled device classification but not associated with the second controlled
device classification; and
the second controlled device classification is a sub-classification of the
first controlled device classification;
wherein:
constructing the hierarchical training data set comprises:
receiving a first training data set, the first training data set
consisting of first training data having been generated by the first
controlled device;
determining that the first training data set is inadequate to fully
form the hierarchical training data set such that the first training data set
does not include an optimal value of the first control input for each
potential combination of controlled device inputs and controlled device

outputs;
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receiving a second training data set, the second training data set
consisting of second training data having been generated by the at least
two controlled devices of the multiple controlled devices, and the at least
two controlled devices comprising the first controlled device; and

supplementing the first training data set with the second training
data set to form the hierarchical training data set;

determining that the first training data set and the second training
data set are inadequate to fully form the hierarchical training data set
such that the first and second training data sets do not include an optimal
value of the first control input for each potential combination of controlled
device inputs and controlled device outputs;

receiving a third training data set, the third training data set
consisting of third training data having been generated by all of the
multiple controlled devices;

supplementing the first training data set and the second training
data set with the third training data set to form the hierarchical training
data set; and

using the hierarchical training data set with the trained neural
network and the controlled device inputs to determine the controlled

device outputs.

2. The system of claim 1 wherein:

the first controlled device classification is a model of the multiple controlled
devices; and

the second controlled device classification is a version of the model of the

multiple controlled devices.

3. The system of claim 1 wherein:
constructing the hierarchical training data set further comprises:
determining that the first training data set, the second training data set,
and the third training data set are inadequate to fully form the hierarchical
training data set;
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receiving a fourth training data set, the fourth training data set consisting
of fourth training data having been simulated for the multiple controlled devices;
and

supplementing the first training data set, the second training data set,
and the third training data set with the fourth training data set to form the

hierarchical training data set.

4. The system of claim 3 wherein:

the multiple controlled devices further comprises at least one further controlled
device;

the at least two controlled devices are associated with a first controlled device
classification and a second controlled device classification;

the at least one other controlled device is not associated with the first controlled
device classification;

the at least one further controlled device is associated with the first controlled
device classification but not associated with the second controlled device
classification; and

the second controlled device classification is a sub-classification of the first

controlled device classification.

5. The system of claim 4 wherein:

the first controlled device classification is a model of the multiple controlled
devices; and

the second controlled device classification is a version of the model of the

multiple controlled devices.

6. The system of claim 1 wherein:
the multiple controlled devices are multiple water generating units; and

the first controlled device is a first water generating unit.

7. The system of claim 6 wherein:

the first control input is one of an actuator speed or a circulator speed.

8. The system of claim 1 wherein:
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the computer instructions further are configured to perform:
applying machine-learning to the hierarchical training data set to
determine at least one second optimal control input value of a second control

input for the first controlled device of the multiple controlled devices.

9. The system of claim 8 wherein:
the multiple controlled devices are multiple water generating units;
the first controlled device is a first water generating unit;
the first control input is an actuator speed; and

the second control input is a circulator speed.

10. A method being implemented via execution of computer instructions configured
to run on one or more processors and configured to be stored on one or more non-
transitory memory storage devices, the method comprising:

constructing a hierarchical training data set; and

training a neural network using the hierarchical training data set to determine
at least one first optimal control input value of a first control input for a first controlled
device of multiple controlled devices;

the multiple controlled devices comprise the at least two controlled devices, at
least one other controlled device and at least one further controlled device;

the at least two controlled devices are associated with a first controlled device
classification and a second controlled device classification;

the at least one other controlled device is not associated with the first controlled
device classification;

the at least one further controlled device is associated with the first controlled
device classification but not associated with the second controlled device
classification; and

the second controlled device classification is a sub-classification of the first
controlled device classification;

wherein:

constructing the hierarchical training data set comprises:
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receiving a first training data set, the first training data set
consisting of first training data having been generated by the first
controlled device;

determining that the first training data set is inadequate to fully
form the hierarchical training data set such that the first training data set
does not include an optimal value of the first control input for each
potential combination of controlled device inputs and controlled device
outputs;

receiving a second training data set, the second training data set
consisting of second training data having been generated by at least two
controlled devices of the multiple controlled devices, and the at least two
controlled devices comprising the first controlled device; and

supplementing the first training data set with the second training
data set to form the hierarchical training data set;

determining that the first training data set and the second training
data set are inadequate to fully form the hierarchical training data set
such that the first and second training data sets do not include an optimal
value of the first control input for each potential combination of controlled
device inputs and controlled device outputs;

receiving a third training data set, the third training data set
consisting of third training data having been generated by all of the
multiple controlled devices; and

supplementing the first training data set and the second training
data set with the third training data set to form the hierarchical training
data set;

determining that the first training data set, the second training
data set, and the third training data set are inadequate to fully form the
hierarchical training data set such that the first, second and third training
data sets do not include an optimal value of the first control input for each
potential combination of controlled device inputs and controlled device
outputs;

receiving a fourth training data set, the fourth training data set
consisting of fourth training data having been simulated for the multiple

controlled devices;
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11.

12.

13.

supplementing the first training data set, the second training data
set, and the third training data set with the fourth training data set to form
the hierarchical training data set; and

using the hierarchical training data set with the trained neural
network and the controlled device inputs to determine the controlled

device outputs.

The method of claim 10 wherein:
the multiple controlled devices are multiple water generating units; and

the first controlled device is a first water generating unit.

The method of claim 11 wherein:

the first control input is one of an actuator speed or a circulator speed.

The method of claim 10 further comprising:
training the neural network using the hierarchical training data set to determine

at least one second optimal control input value of a second control input for the first

controlled device of the multiple controlled devices.

14.

15.

The method of claim 13 wherein:

the multiple controlled devices are multiple water generating units;
the first controlled device is a first water generating unit;

the first control input is an actuator speed; and

the second control input is a circulator speed.

A system comprising:
one or more processors; and

one or more non-transitory memory storage devices storing computer

instructions configured to run on the one or more processors and perform:

constructing a hierarchical training data set; and
training a neural network using the hierarchical training data set to
determine at least one first optimal control input value of a first control input for

a first controlled device of multiple controlled devices; and

44



training the neural network using the hierarchical training data set to
determine at least one second optimal control input value of a second control
input for the first controlled device of the multiple controlled devices;
wherein:
the multiple controlled devices further comprises at least one further
controlled device;
the at least two controlled devices are associated with a first controlled
device classification and a second controlled device classification;
the at least one other controlled device is not associated with the first
controlled device classification;
the at least one further controlled device is associated with the first
controlled device classification but not associated with the second controlled
device classification;
the second controlled device classification is a sub-classification of the
first controlled device classification;
the first controlled device classification is a model of the multiple
controlled devices; and
the second controlled device classification is a version of the model of
the multiple controlled devices;
wherein:
the multiple controlled devices comprise the at least two controlled
devices and at least one other controlled device; and
constructing the hierarchical training data set comprises:
receiving a first training data set, the first training data set
consisting of first training data having been generated by the first
controlled device;
determining that the first training data set is inadequate to fully
form the hierarchical training data set such that the first training data set
does not include an optimal value of the first control input for each
potential combination of controlled device inputs and controlled device
outputs;
receiving a second training data set, the second training data set

consisting of second training data having been generated by the at least
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two controlled devices of the multiple controlled devices, and the at least
two controlled devices comprising the first controlled device;

supplementing the first training data set with the second training
data set to form the hierarchical training data set;

determining that the first training data set and the second training
data set are inadequate to fully form the hierarchical training data set
such that the first and second training data sets do not include an optimal
value of the first control input for each potential combination of controlled
device inputs and controlled device outputs;

receiving a third training data set, the third training data set
consisting of third training data having been generated by all of the
multiple controlled devices;

determining that the first training data set, the second training
data set, and the third training data set are inadequate to fully form the
hierarchical training data set such that the first, second and third training
data sets do not include an optimal value of the first control input for each
potential combination of controlled device inputs and controlled device
outputs;

receiving a fourth training data set, the fourth training data set
consisting of fourth training data having been simulated for the multiple
controlled devices;

supplementing the first training data set, the second training data
set, and the third training data set with the fourth training data set to form
the hierarchical training data set; and

using the hierarchical training data set with the trained neural
network and the controlled device inputs to determine the controlled

device outputs.

16. The system of claim 15 wherein:
the multiple controlled devices are multiple water generating units; and

the first controlled device is a first water generating unit.

17. The system of claim 16, wherein the controlled device outputs of the first

controlled device comprises a quantity of water generated by the first water generating
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unit; and, wherein the at least one first optimal control input value corresponds to a

maximum quantity of water generated by the first water generating unit.

18. The system of claim 16, wherein the controlled device outputs is a function of
one or more free inputs comprising one or more of: an ambient temperature at the first
water generating unit, an ambient relative humidity at the first water generating unit,

and a solar insolation flux at the first water generating unit.
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