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(57) Abstract: Examples relate to dynamically adjusting
thresholds. The examples disclosed herein enable obtaining
costs related to computing resources that have been used by a
user. A resource utilization threshold may be dynamically ad-
justed based on at least one parameter. The at least one para-
meter may comprise the costs related to the computing re-
sources that have been used by the user. The disclosed ex-
amples further enable comparing a utilization rate of the com-
puting resources by the user to the adjusted threshold.
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DYNAMIC ADJUSTMENT OF THRESHOLDS

BACKGROUND
[0001] Computing resources monitoring tools monitor a utilization rate of
computing resources and trigger an alert or an automatic scaling action when the
utilization rate exceeds a resource utilization threshold. The resource utilization
threshold is defined as a fixed value. Such fixed thresholds used for monitoring the
utilization rate fail to accommodate dynamically changing circumstances, causing

false alarm signals and a waste of computing resources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The following detailed description references the drawings, wherein:

[0003] FIG. 1 is a block diagram depicting an example environment in which

various examples may be implemented as a dynamic threshold system.

[0004] FIG. 2 is a block diagram depicting an example machine-readable storage
medium comprising instructions executable by a processor for adjusting a dynamic
threshold based on the costs of consumption of shared computing resources

allocated to a user.

[0005] FIG. 3 is a flow diagram depicting an example method for dynamically
adjusting a resource utilization threshold based on at least one parameter including

costs related to computing resources that have been used by a user.

[0006] FIG. 4 is a flow diagram depicting an example method for dynamically
adjusting a resource utilization threshold based on at least one parameter including

costs related to computing resources that have been used by a user and determining
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a scaling action based on a comparison between a utilization rate of the computing

resources and the adjusted threshold.

[0007] FIG. 5 is a diagram depicting an example graph of usage charge function
that defines a relationship between usage charges and an adjustment value.

DETAILED DESCRIPTION
[0008] The following detailed description refers to the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and the
following description to refer to the same or similar parts. It is to be expressly
understood, however, that the drawings are for the purpose of illustration and
description only.  While several examples are described in this document,
modifications, adaptations, and other implementations are possible. Accordingly, the
following detailed description does not limit the disclosed examples. Instead, the

proper scope of the disclosed examples may be defined by the appended claims.

[0009] Computing resources monitoring tools monitor a utilization rate of
computing resources and trigger an alert or an automatic scaling action when the
utilization rate exceeds a resource utilization threshold. The resource utilization
threshold is defined as a fixed value. Although the fixed threshold may be manually
set and reset, it is not being dynamically adjusted based on certain external
circumstances that may affect the utilization rate. Such fixed thresholds used for
monitoring the utilization rate fail to accommodate dynamically changing
circumstances, causing false alarm signals and a waste of computing resources. For
example, fluctuations of resource utilization may not be always caused by workload
requests. Scheduled virus scans or patches, for example, may temporarily increase
the resource utilization. False alarms may be caused due to the spikes of such
scheduled events. In another example, various external factors such as costs of

using the resources and a location of the resources may increase or decrease the
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resource utilization rate, which may trigger an automatic scaling action that is
inadequate or wasteful.

[0010] Examples disclosed herein address these issues by dynamically adjusting
the resource utilization threshold based on at least one parameter. The at least one
parameter may comprise costs related to computing resources that have been used
by a user, a predetermined schedule, a geographical location of the computing
resources, a temperature of at least one server computing device that provides at
least a portion of the computing resources or the temperature of a space where the at
least one server computing device is located, carbon footprint (e.g., energy and/or
space usages), and/or other parameters.

[0011] FIG. 1 is an example environment 100 in which various examples may be
implemented as a dynamic threshold system 110. Environment 100 may include
various components including server computing device 130 and client computing
devices 140 (illustrated as 140A, 140B, ..., 140N). Each client computing device
140A, 140B, ..., 140N may communicate requests to and/or receive responses from
server computing device 130. Server computing device 130 may receive and/or
respond to requests from client computing devices 140. Client computing devices
140 may include any type of computing device providing a user interface through
which a user can interact with a software application. For example, client computing
devices 140 may include a laptop computing device, a desktop computing device, an
all-in-one computing device, a tablet computing device, a mobile phone, an electronic
book reader, a network-enabled appliance such as a “Smart” television, and/or other
electronic device suitable for displaying a user interface and processing user
interactions with the displayed interface. While server computing device 130 is
depicted as a single computing device, server computing device 130 may include any
number of integrated or distributed computing devices serving at least one software
application for consumption by client computing devices 140.

[0012] The various components (e.g., components 129, 130, and 140) depicted in
FIG. 1 may be coupled to at least one other component via a network 50. Network 50

may comprise any infrastructure or combination of infrastructures that enable
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electronic communication between the components. For example, network 50 may
include at least one of the Internet, an intranet, a PAN (Personal Area Network), a
LAN (Local Area Network), a WAN (Wide Area Network), a SAN (Storage Area
Network), a MAN (Metropolitan Area Network), a wireless network, a cellular
communications network, a Public Switched Telephone Network, and/or other
network. According to various implementations, dynamic threshold system 110 and
the various components described herein may be implemented in hardware and/or
programming that configures hardware. Furthermore, in FIG. 1 and other Figures
described herein, different numbers of components or entities than depicted may be

used.

[0013] Dynamic threshold system 110 may obtain a budget available to a user for
a time period and obtain costs related to computing resources that have been used
by the user from a beginning of the time period to a current time. A resource
utilization threshold may be dynamically adjusted based on at least one parameter
including the costs. A function of the usage costs may define a relationship between
the costs and an adjustment value. In some implementations, the function of costs
may be determined based on historical usage charge information associated with the

user.

[0014] Dynamic threshold system 110 may compare a current utilization rate of
the computing resources by the user to the adjusted threshold. A scaling action may
be determined based on the comparison. The scaling action may comprise at least
one of a scale-up action that increases hardware capacity of at least one server
computing device (that provides at least a portion of the computing resources), a
scale-out action that increases an amount of computing resources that are
allocated to the user, a scale-down action that decreases the hardware capacity of
the at least one server computing device, and a scale-in action that decreases the

amount of computing resources that are allocated to the user.
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[0015] To facilitate these and other functions, dynamic threshold system 110 may
comprise a usage charge obtaining engine 121, a threshold adjustment determining
engine 122, a threshold comparing engine 123, a request generating engine 124, a
charge function defining engine 125, and/or other engines. The term “engine”, as
used herein, refers to a combination of hardware and programming that performs a
designated function. As is illustrated respect to FIG. 2, the hardware of each engine,
for example, may include one or both of a processor and a machine-readable storage
medium, while the programming is instructions or code stored on the machine-
readable storage medium and executable by the processor to perform the designated

function.

[0016] Usage charge obtaining engine 121 may obtain charges for usage (also

referred herein as “usage charge,” “costs,” and the like) of computing resources (e.g.,
central processing unit (CPU) resources, storage resources, network resources, etc.)
by services associated with a user from a beginning of a first time period to a current
time. The computing resources, in some implementations, may comprise cloud

resources. The usage (also referred herein as “use,” “consumption,” and the like)
and/or the corresponding charges may be monitored, obtained, and/or stored in a
data storage 129 and/or other database. For example, most of the cloud service
providers have some ways to compute the cost of the resource usages. Some cloud

monitoring tools, such as Ceilometer, can also provide the billing information.

[0017] Usage charge obtaining engine 121 may obtain a budget amount available
to the user for using the computing resources during the first time period. For
example, a user (e.g., resource consumer) may specify a budget by day, month,
quarter, year, or any given time period. Thus, the usage charges may show the
budget burn down. For example, the usage charges may comprise the costs related
to computing resources that have been used and/or consumed by the user from the
beginning of a particular month (e.g., the first time period) to a current time. In other
words, the usage charges may indicate the budget burn down of that particular month

up to the current point in time. In some implementations, the budget may determine a
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maximum resource utilization threshold such that any threshold being adjusted by
threshold adjustment determining engine 122 (which is discussed in detail below)

may not exceed this maximum threshold.

[0018] In some implementations, a certain amount of computing resources may
be allocated for use (and/or consumption) by the user. In other words, the “allocated”
resources may represent the resources that have been made available to the user for
the user's usage or consumption. When additional computing resources are
allocated to the user (e.g., a scale-out action), it may incur additional costs such as
licensing fees. For example, the costs related to the additional allocation of the
computing resources may be computed based on the duration that the additional
computing resources are available to the user for the user's usage or consumption.
In some implementations, the additional costs incurred by the new allocation of the
computing resources may be added to the overall usage charge. In other
implementations, the usage charge may exclude this type of additional costs related
to the resource allocation.

[0019] Threshold adjustment determining engine 122 may dynamically adjust a
resource utilization threshold based on at least one parameter. The at least one
parameter may comprise the usage charges, a predetermined schedule, a
geographical location of the computing resources, a temperature of at least one
server computing device that provides at least a portion of the computing resources
or the temperature of a space where the at least one server computing device is
located, carbon footprint (e.g., energy and/or space usages), and/or other

parameters.

[0020] Threshold adjustment determining engine 122 may determine an
adjustment value to be added to a first threshold value based on a function of the
usage charges. The function of the usage charges may define a relationship
between the usage charges and the adjustment value. Thus, the adjusted threshold
value (T,) may be calculated using the following formula: T, = f(C) + To where f(C)

represents an adjustment value in the function of the usage charges and Ty
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represents the first threshold value or the initial threshold value. In some
implementations, the function of the usage charges f(C) defining the relationship
between the usage charges and the adjustment value may be determined based on
historical usage charge information associated with the user, which is discussed
herein with respect to charge function defining engine 125 below. The relationship
defined by the usage charge function may comprise a linear, non-linear, logarithmic,
square, least square, or any statistical relationship between the two variables. An
example usage charge function showing a relationship between the usage charges

and an adjustment value is illustrated in FIG. 5.

[0021] In some implementations, the usage charges or the costs may comprise a
rate of costs (e.g., budget burndown rate or spending rate). In other words, the rate
of costs may indicate how fast the budget is spent. For example, the rate of costs,
f(CIt), may be defined by the costs divided by a second time period (t) between the
beginning of the first time period (associated with the budget) and the current time.
For example, whenever the spending rate is up, so is the threshold. On the other
hand, the downward spending rate may push the threshold down as well.

[0022] Threshold adjustment determining engine 122 may adjust the dynamic
threshold based on a predefined schedule. The upper and/or lower thresholds may
be automatically adjusted to a predefined value based on a schedule. For example, if
a virus scan is scheduled at 2:00AM for one hour, the high threshold for the resource
utilization rate may be scheduled to change from the initial threshold value of 90%
utilization rate to 95% utilization rate at 2:00AM. At 3:00AM, the high threshold can
be scheduled to change back from 95% to 90% utilization rate. Because it is less
likely to have high external workload requests in the evening, as another example, the
lower threshold for the resource utilization rate may be scheduled to be adjusted
higher (e.g., 10% to 20% utilization rate) to save more resources. The schedule for
automatically adjusting the thresholds may be automatically set by the system and/or

manually set by a user.
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[0023] Threshold adjustment determining engine 122 may adjust the dynamic
threshold based on a geographical location of the computing resources. For
example, the threshold may be adjusted based on a distance between at least one
computing device that connects to or otherwise uses services associated with the
user and where available computing resources are located. In this example, when
the available resources are located farther away from the at least one computing
device, the threshold may be increased which, in turn, makes it more difficult to

trigger an automatic scale-out action.

[0024] Threshold adjustment determining engine 122 may adjust the dynamic
threshold based on a temperature of at least one server computing device that
provides at least a portion of the computing resources or the temperature of a space
where the at least one server computing device is located. For example, if the server
computing device gets overheated, then the threshold may be adjusted downward to
make it easier to add additional computing resources such as another server

computing device.

[0025] In some implementations, threshold adjustment determining engine 122
may adjust the resource utilization threshold based on a combination of multiple
parameters. For example, the threshold may be defined as a function of both cost
and carbon footprint: f(C, CF). In this way, the threshold may be adjusted according
to both the cost and the carbon footprint. For example, the example usage charge
function described in FIG. 5 may be changed from a 2-dimensional graph to a 3-
dimensional graph. Although adjusting the threshold based on a combination of two
parameters is discussed above, a combination of more than two parameters may be

used to determine the adjusted threshold value.

[0026] Threshold comparing engine 123 may compare a utilization rate (also
referred herein as a “usage rate” and the like) of the computing resources by the user
to the adjusted threshold that is determined by threshold adjustment determining
engine 122. The utilization rate being compared to the adjusted threshold may be a

current utilization rate. For example, threshold comparing engine 123 may determine
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when a current usage rate of the cloud resources by the services associated with the
cloud user violates a second threshold value where the second threshold value is a
sum of the adjustment value (determined by threshold adjustment determining engine
122) and the first threshold value (e.g., the initial threshold value). In doing so,
threshold comparing engine 123 may continuously monitor the current utilization rate
to detect when the adjusted threshold or the second threshold value is violated (e.g.,
the current utilization rate being equal to or exceeding the adjust threshold or the
second threshold).

[0027] In response to determining that the current usage rate violates the adjusted
threshold or the second threshold value, request generating engine 124 may
generate a request for at least one action. The request may comprise a request to
generate an alert and/or notification. In some implementations, the alert may be
provided to the user. Upon the receipt of the alert, the user may determine a scaling
action to be performed in response to the violation of the adjusted threshold. The
scaling action may comprise at least one of a scale-up action that increases hardware
capacity of at least one server, a scale-out action that increases an amount of
computing resources that are allocated to the user, a scale-down action that
decreases the hardware capacity of the at least one server, and/or a scale-in action
that decreases the amount of computing resources that are allocated to the user.

[0028] In some implementations, the request may comprise a request to perform
an automatic scaling action in response to the threshold violation. For example, in
response to determining that the current usage rate violates the adjusted threshold,
request generating engine 124 may generate a request to allocate additional
computing resources to the user (e.g., scale-out action).

[0029] In some implementations, the current usages charges accrued may reach
the total budget amount for the first time period. The adjusted threshold in this case
may be equal to the maximum resource utilization threshold. However, even when
the current utilization rate violates the adjusted threshold (or the maximum resource

utilization threshold), no request for an automatic scale-out or scale-up action may be
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generated in response to the threshold violation. Scale-out or scale-up action usually
require additional costs to be added to the billing. And when the budget is already
depleted, it may not make sense to add more to the costs. In some implementations,
an alert notifying the user that the budget has been reached and/or the current
utilization rate violates the maximum resource utilization threshold may be generated

and/or provided to the user.

[0030] Charge function defining engine 125 may obtain historical usage charge
information associated with the user. The historical usage charge information may
comprise information related to the usage charges prior to the beginning of the first
time period (e.g., the budget period). In other words, the past spending patterns may
be collected and/or used to determine the function of the usage charges. For
example, the historical usage charge information may be statistically analyzed to
determine the statistical relationship between the usage charge and an adjustment
value. The relationship defined by the usage charge function may comprise a linear,
non-linear, logarithmic, square, least square, or any statistical relationship between
the two variables. An example usage charge function showing a relationship
between the usage charges and an adjustment value is illustrated in FIG. 5.

[0031] In performing their respective functions, engines 121-125 may access data
storage 129. Data storage 129 may represent any memory accessible to dynamic
threshold system 110 that can be used to store and retrieve data. Data storage 129
may comprise random access memory (RAM), read-only memory (ROM), electrically-
erasable programmable read-only memory (EEPROM), cache memory, floppy disks,
hard disks, optical disks, tapes, solid state drives, flash drives, portable compact
disks, and/or other storage media for storing computer-executable instructions and/or
data. Dynamic threshold system 110 may access data storage 129 locally or
remotely via network 50 or other networks.

[0032] Data storage 129 may include a database to organize and store data.
Database may be, include, or interface to, for example, an Oracle™ relational
database sold commercially by Oracle Corporation. Other databases, such as



WO 2016/018401 PCT/US2014/049267

11

Informix™, DB2 (Database 2) or other data storage, including file-based (e.g., comma
or tab separated files), or query formats, platforms, or resources such as OLAP (On
Line Analytical Processing), SQL (Structured Query Language), a SAN (storage area
network), Microsoft Access™, MySQL, PostgreSQL, HSpace, Apache Cassandra,
MongoDB, Apache CouchDB™, or others may also be used, incorporated, or
accessed. The database may reside in a single or multiple physical device(s) and in
a single or multiple physical location(s). The database may store a plurality of types
of data and/or files and associated data or file description, administrative information,
or any other data.

[0033] FIG. 2 is a block diagram depicting an example machine-readable storage
medium 210 comprising instructions executable by a processor for adjusting a
dynamic threshold based on the costs of consumption of shared computing resources
allocated to a user.

[0034] In the foregoing discussion, engines 121-125 were described as
combinations of hardware and programming. Engines 121-125 may be implemented
in a number of fashions. Referring to FIG. 2, the programming may be processor
executable instructions 221-225 stored on a machine-readable storage medium 210
and the hardware may include a processor 211 for executing those instructions.
Thus, machine-readable storage medium 210 can be said to store program
instructions or code that when executed by processor 211 implements dynamic
threshold system 110 of FIG. 1.

[0035] Machine-readable storage medium 210 may be any electronic, magnetic,
optical, or other physical storage device that contains or stores executable
instructions. In some implementations, machine-readable storage medium 210 may
be a non-transitory storage medium, where the term “non-transitory” does not
encompass transitory propagating signals. Machine-readable storage medium 210
may be implemented in a single device or distributed across devices. Likewise,
processor 211 may represent any number of processors capable of executing
instructions stored by machine-readable storage medium 210. Processor 211 may
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be integrated in a single device or distributed across devices. Further, machine-
readable storage medium 210 may be fully or partially integrated in the same device
as processor 211, or it may be separate but accessible to that device and processor
211.

[0036] In one example, the program instructions may be part of an installation
package that when installed can be executed by processor 211 to implement dynamic
threshold system 110. In this case, machine-readable storage medium 210 may be a
portable medium such as a floppy disk, CD, DVD, or flash drive or a memory
maintained by a server from which the installation package can be downloaded and
installed. In another example, the program instructions may be part of an application
or applications already installed. Here, machine-readable storage medium 210 may
include a hard disk, optical disk, tapes, solid state drives, RAM, ROM, EEPROM, or
the like.

[0037] Processor 211 may be at least one central processing unit (CPU),
microprocessor, and/or other hardware device suitable for retrieval and execution of
instructions stored in machine-readable storage medium 210. Processor 211 may
fetch, decode, and execute program instructions 221-225, and/or other instructions.
As an alternative or in addition to retrieving and executing instructions, processor 211
may include at least one electronic circuit comprising a number of electronic
components for performing the functionality of at least one of instructions 221-225,
and/or other instructions.

[0038] In FIG. 2, the executable program instructions in machine-readable storage
medium 210 are depicted as consumption cost obtaining instructions 221, threshold
adjusting instructions 222, threshold violation determining instructions 223, request
generating instructions 224, and charge function defining instructions 225.
Instructions 221-225 represent program instructions that, when executed, cause
processor 211 to implement engines 121-125, respectively.

[0039] FIG. 3 is a flow diagram depicting an example method 300 for dynamically
adjusting a resource utilization threshold based on at least one parameter including



WO 2016/018401 PCT/US2014/049267

13

costs related to computing resources that have been used by a user. The various
processing blocks and/or data flows depicted in FIG. 3 (and in the other drawing
figures such as FIG. 4) are described in greater detail herein. The described
processing blocks may be accomplished using some or all of the system components
described in detail above and, in some implementations, various processing blocks
may be performed in different sequences and various processing blocks may be
omitted. Additional processing blocks may be performed along with some or all of the
processing blocks shown in the depicted flow diagrams. Some processing blocks
may be performed simultaneously. Accordingly, method 300 as illustrated (and
described in greater detail below) is meant be an example and, as such, should not
be viewed as limiting. Method 300 may be implemented in the form of executable
instructions stored on a machine-readable storage medium, such as storage medium

210, and/or in the form of electronic circuitry.

[0040] Method 300 may start in block 321 where costs related to computing
resources that have been used by a user may be obtained. The usage and/or the
corresponding costs may be monitored, obtained, and/or stored. For example, most
of the cloud service providers have some ways to compute the cost of the resource
usages. Some cloud monitoring tools, such as Ceilometer, can also provide the

billing information.

[0041] In block 322, method 300 may dynamically adjust a resource utilization
threshold based on at least one parameter including the costs. A function of the
usage costs may define a relationship between the costs and the adjustment value.

Thus, the adjusted threshold value (T,) may be calculated using the following formula:
Ta = f(C) + To where f(C) represents an adjustment value in the function of the costs
and T represents the first threshold value or the initial threshold value. In some
implementations, the function of the costs f(C) defining the relationship between the

costs and the adjustment value may be determined based on historical usage charge

information associated with the user.
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[0042] In block 323, method 300 may include comparing a utilization rate of the
computing resources by the user to the adjusted threshold. The utilization rate being
compared to the adjusted threshold may be a current utilization rate. For example,
method 300 may determine when a current utilization rate of the resources by the
user violates the adjusted threshold.

[0043] Referring back to FIG. 1, usage charge obtaining engine 121 may be
responsible for implementing block 321. Threshold adjustment determining engine
122 may be responsible for implementing block 322. Threshold comparing engine
123 may be responsible for implementing block 323.

[0044] FIG. 4 is a flow diagram depicting an example method 400 for dynamically
adjusting a resource utilization threshold based on at least one parameter including
costs related to computing resources that have been used by a user and determining
a scaling action based on a comparison between a utilization rate of the computing
resources and the adjusted threshold. Method 400 as illustrated (and described in
greater detail below) is meant be an example and, as such, should not be viewed as
limiting. Method 400 may be implemented in the form of executable instructions
stored on a machine-readable storage medium, such as storage medium 210, and/or

in the form of electronic circuitry.

[0045] Method 400 may start in block 421 where a budget available to a user for a
time period may be obtained. For example, a user may specify a budget by day,

month, quarter, year, or any given time period.

[0046] In block 422, method 400 may include obtaining costs related to the
computing resources that have been used by the user from a beginning of the time
period to a current time. Thus, the costs may show the budget burndown. For
example, the costs may comprise the costs related to the computing resources that
have been used and/or consumed by the user from the beginning of a particular
month (e.g., the time period) to a current time. In other words, the costs may indicate
the budget burndown of that particular month up to the current point in time.
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[0047] In block 423, method 400 may dynamically adjust a resource utilization
threshold based on at least one parameter including the costs. A function of the
usage costs may define a relationship between the costs and an adjustment value.
Thus, the adjusted threshold value (T,) may be calculated using the following formula:

Ta = f(C) + To where f(C) represents an adjustment value in the function of the costs
and T represents the first threshold value or the initial threshold value. In some
implementations, the function of the costs f(C) defining the relationship between the

costs and the adjustment value may be determined based on historical usage charge
information associated with the user.

[0048] In block 424, method 400 may compare a utilization rate of the computing
resources by the user to the adjusted threshold. The utilization rate being compared
to the adjusted threshold may be a current utilization rate. For example, method 400
may determine when a current utilization rate of the resources by the user violates the

adjusted threshold.

[0049] In block 425, method 400 may determine a scaling action based on the
comparison. The scaling action may comprise at least one of a scale-up action that
increases hardware capacity of at least one server computing device (that provides
at least a portion of the computing resources), a scale-out action that increases an
amount of computing resources that are allocated to the user, a scale-down action
that decreases the hardware capacity of the at least one server computing device,
and a scale-in action that decreases the amount of computing resources that are

allocated to the user.

[0050] Referring back to FIG. 1, usage charge obtaining engine 121 may be
responsible for implementing blocks 421 and 422. Threshold adjustment determining
engine 122 may be responsible for implementing block 423. Threshold comparing
engine 123 may be responsible for implementing block 424. Request generating
engine 124 may be responsible for implementing block 425.
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[0051] FIG. 5 is a diagram depicting an example graph 500 of usage charge

function that defines a relationship between usage charges and an adjustment value.

[0052] Example graph 500 may comprise a usage charge function defining a
square relationship 510, a linear relationship 520, and/or a logarithmic relationship
530. The relationship defined by the usage charge function may include any other
statistical relationship between the two variables. The horizontal axis of graph 500
may represent the costs of computing resources that have been used and/or
consumed by a user so far since the beginning of the budget time period. The
vertical axis of graph 500 may display resource utilization threshold values. In graph
500, the initial value of the threshold (To) may be 80%.

[0053] For example, the linear function 520 may show the threshold incremental
trend that is proportional to the total money spent. The more the money has been
spent the higher the threshold value is, thus, the harder to scale out by adding
additional computing resources. In another example, the logarithmic function 530
may describe the quicker increase of the threshold value with the increasing cost at
the beginning of the budget time period. But after a certain point, the increase of
threshold value slows down. On the other hand, the square function 510 may
prescribe a slower initial increase of threshold value with the increasing cost. It then
drastically increases after a certain point as the costs increase. When the total costs
reach the budget amount (e.g., approximately $14K), there may be no requests (e.g.,
an alert or a scaling action) may be generated even if the corresponding utilization
threshold is violated.

[0054] The foregoing disclosure describes a number of example implementations
for dynamic adjustment of thresholds. The disclosed examples may include systems,
devices, computer-readable storage media, and methods for dynamic adjustment of
thresholds. For purposes of explanation, certain examples are described with
reference to the components illustrated in FIGS. 1-2. The functionality of the
illustrated components may overlap, however, and may be present in a fewer or

greater number of elements and components.
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[0055] Further, all or part of the functionality of illustrated elements may co-exist or
be distributed among several geographically dispersed locations. Moreover, the
disclosed examples may be implemented in various environments and are not limited
to the illustrated examples. Further, the sequence of operations described in
connection with FIGS. 3-4 are examples and are not intended to be limiting.
Additional or fewer operations or combinations of operations may be used or may
vary without departing from the scope of the disclosed examples. Furthermore,
implementations consistent with the disclosed examples need not perform the
sequence of operations in any particular order. Thus, the present disclosure merely
sets forth possible examples of implementations, and many variations and
modifications may be made to the described examples. All such modifications and
variations are intended to be included within the scope of this disclosure and

protected by the following claims.
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CLAIMS

1. A method for execution by a computing device for dynamically adjusting
thresholds, the method comprising:

obtaining costs related to computing resources that have been used by a
user;

dynamically adjusting a resource utilization threshold based on at least one
parameter, the at least one parameter comprising the costs related to the
computing resources that have been used by the user; and

comparing a utilization rate of the computing resources by the user to the

adjusted threshold.

2. The method of claim 1, wherein the costs comprise the costs related to the

computing resources that have been allocated for use by the user.

3. The method of claim 1, wherein the computing resources are provided by at
least one server computing device, further comprising:

determining a scaling action based on the comparison, wherein the scaling
action comprises at least one of a scale-up action that increases hardware capacity
of the at least one server computing device, a scale-out action that increases an
amount of computing resources that are allocated to the user, a scale-down action
that decreases the hardware capacity of the at least one server computing device,
and a scale-in action that decreases the amount of computing resources that are

allocated to the user.

4. The method of claim 1, further comprising:
obtaining a budget available to the user for a time period; and
determining a maximum resource utilization threshold based on the budget,

wherein the adjusted threshold does not exceed the maximum threshold.
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5. The method of claim 4, wherein the costs comprise the costs related to the
computing resources that have been used by the user from a beginning of the time

period to a current time.

6. The method of claim 1, wherein the at least one parameter comprises a
geographical location of the computing resources.

7. A non-transitory machine-readable storage medium comprising instructions
executable by a processor of a computing device for dynamically adjusting
thresholds, the non-transitory machine-readable storage medium comprising:

instructions to monitor consumption of a first set of shared computing
resources that are allocated to a user;

instructions to obtain first costs of the consumption from a first point in time
to a second point in time;

instructions to adjust a dynamic threshold based on the first costs;

instructions to obtain second costs of the consumption from the first point in
time to a third point in time, wherein the third point in time occurs after the second
point in time; and

instructions to adjust the dynamic threshold based on the second costs.

8. The non-transitory machine-readable storage medium of claim 7, further
comprising:

instructions to determine whether a current utilization rate of the first set of
shared computing resources by the user violates the dynamic threshold;

in response to determining that the current utilization rate violates the
dynamic threshold, instructions to allocate a second set of shared computing
resources for consumption by the user;

instructions to obtain third costs for allocating the second set of shared

computing resources for consumption by the user; and
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instructions to adjust the dynamic threshold based on the third costs.

The non-transitory machine-readable storage medium of claim 7, further

comprising:

instructions to adjust the dynamic threshold based on a predefined

schedule.

10.

The non-transitory machine-readable storage medium of claim 7, wherein

the first set of shared computing resources is provided by at least one server

computing device,

instructions to adjust the dynamic threshold based on a temperature of the

at least one server computing device or the temperature of a space where the at

least one server computing device is located.

11.

A system for dynamically adjusting thresholds comprising:
a processor to:

obtain charges for usage of cloud resources by services associated
with a cloud user from a beginning of a time period to a current time;

determine an adjustment value to be added to a first threshold value
based on a function of the usage charges, the function of the usage charges
defining a relationship between the usage charges and the adjustment
value;

determine when a current usage rate of the cloud resources by the
services associated with the cloud user exceeds a second threshold value,
wherein the second threshold value is a sum of the adjustment value and
the first threshold value; and

in response to determining that the current usage rate exceeds the
second threshold value, generate a request to allocate additional cloud

resources to the cloud user.
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12.  The system of claim 11, wherein the processor is to:

obtain a budget amount available to the cloud user for using the cloud
resources during the time period; and

determine the second threshold value when the usage charges reach the
budget amount, wherein no request to allocate additional cloud resources to the
cloud user is generated in response to determining that the current usage rate
exceeds the second threshold value.

13.  The system of claim 11, wherein the processor is to:

obtain historical usage charge information associated with the cloud user,
the historical usage charge information comprising information related to the usage
charges prior to the beginning of the time period; and

determine the function of the usage charges based on the historical usage

charge information.

14.  The system of claim 11, wherein the processor is to:

in response to determining that the current usage rate exceeds the second
threshold value, generate an alert to notify the cloud user that the current usage
rate exceeds the second threshold value; and

receive a scaling action from the cloud user, wherein the scaling action
comprises at least one of a scale-up action that increases hardware capacity of at
least one cloud server, a scale-out action that increases an amount of cloud
resources that are allocated to the user, a scale-down action that decreases the
hardware capacity of the at least one cloud server, and a scale-in action that
decreases the amount of cloud resources that are allocated to the user.

15.  The system of claim 11, wherein the cloud resources comprise central

processing unit (CPU) resources.
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