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(57) Abstract: In one example of the disclosure, an expected
measurement range is identified for each of a set of metrics.
Actual value measurements are obtained for each of the met-
rics. Each of the identitied expected measurement ranges and
the actual value measurements are normalized according to a
common scale. A graph is caused to be displayed. The graph
includes a baseline band representative of the normalized
measurement ranges, and includes the normalized actual
value measurements plotted relative to the baseline band.
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GRAPHS WITH NORMALIZED ACTUAL VALUE MEASURENMENTS AND
BASELINE BANDS REPRESENTATIVE OF NORMALIZED MEASUREMENT
RANGES

BACKGROUND

{6001} Anomaly detection is an effective method of identifying potential problems in
behaviors of manmade and natural systems. For example, an ability to identify and
understand significant anomalies in system performance can be a key facior to
successful operation of a computer systemn. Likewise, an ability {o identify and
understand significant anomalies in a natural sysiem, £.g., an ecosysiem, can

enable prompt implementation of preparatory or remedial actions.

DRAWINGS

00021 FIG. 1 is a block diagram depicting an example environment in which various
examples of the disclosure may be implementad.

(00031 FIG. 2 is a block diagram depicting an example of a system to enable graphs
with normalized actual value measurements and bassline bands representative of
normalized measurement ranges.

{0004} FIG. 3 is a block diagram depicting a memory resource and a processing
resource {0 implement an example of enabling graphs with normalized actual value
measurements and bassiine bands repraesentative of normaiized measuremeant
ranges.

(G005} FIGS. 4, bA, and 5B illustrate an exampie of calculating expecied
measurement ranges for computer system performance metrics, and enabling a
display with a baseline band representative of normalized measurement ranges for
the meltrics.

[0008] FIG. 6 is a flow diagram depiciing implementation of an exampie of a method
for providing displays including normalized actual value measurements and baseline
bands represeniative of normalized measurement ranges.

[GO071 FIG. 7 is a flow diagram depicting implementation of an example of a method

for caiculating expected measurement ranges for computer system performance
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metrics, and enabling a display with a baseline band representative of normalized

measurement ranges for the metrics.

DETAILED DESCRIPTION

[0008] INTrRODUCTION: One method of defecting system anomalies is to track multiple
metrics relative o the system and to identify situations where mulliple metrics are
behaving abnormally in close proximity {o each other. When several abnormalities
are happening in close proximity it can be a signal of a significant anomaly, versus a
single abnormal metric that abnormality that may be indicative of an arbitrary
nCourrence.

(00091 However, it may be difficull {o visually identify an anomalous system based on
several breaches happening at the same time or within a close time proximity, as it
has been chailenging to provide an easily understood display of the mulliple bassline
breaches. Displays of multiple mefrics and their baselines have included mutltiple
graphs arranged nexi 1o each other, with each graph showing a melric and a
baselineg range or baseling for that metric. iIn these conditions, users may find it
difficult to visually track multiple metrics against a common point in ime or period of
time. Ancther approach may be to graphically display 2 baseline as a single line
concurrent with display of measured data points. Howsver this approach can be
unsatisfactory in some situations where the baseline is 1o be a range of values (e.g.,
a baseline range or baseline sleeve), and/or the displaved graph is to track the
measured dala points against multiple baselines.

{00407 To address these issues, various examples described in more delall below
provide a system and a method for enabling graphs with normalized actual value
measuremenis and baseline bands that are represaniative of normalized
measurement ranges. In an sxample, an expected measurement range for each of
a set of metrics is identified. In a particular example, the set of metrics may be a set
of performance metrics for a compuler system. in other examples, the sst of metrics
may be performance metrics unrelated to a computer system, e.g., a set of metrics
relating to business valuation {e.g., return on invesiment, eamings per share, debl-
service coverage ratio).  In other examples, the set of meilrics may be a set of
metrics not necessarily relating to performance, e.g., metrics that measure

characteristics of an object, person, or entity (e.g., height, weight, debt (o equily,
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elc.), or meatrics that measure weather, climate or other natural phenomena (e.g.,
temperature, precipitation, wind, alr pressure, humidity, eto.). In a parficular example
of the disclosure, historical data for each of the setl of metrics is obtained, and the
expecied measurement range for sach of the set of metrics is calculated utilizing the
historical data.

[00111 Actual value measuremenis for each of the meirics are oblained. Each of the
identified expected measurement ranges and the actual vaiue measurements are
normalized according 0 a common scale. In one example of the disclosure, the
identifisd expscied measurement ranges and the actual value measurements may
be normalized according 1o a siandard deviation scale. In another example of the
disclosure, the identified expecied measurement ranges and the actual value
measursmenis may be normailized according o a percentlile scale. A graphis
caused o be displayed, the graph including a baseline band representative of the
normalized measurement ranges, and including the normalized actual valug
measurements plotiad relative to the bassling band.

[6012} in this manner, the disclosed examples enable display of normal ranges for
different metrics together with actual valuss on a same graph according 1o a
connnon scale. A user that observes the displaved graph, or a system that scans
the displayed graph, can easily identify where aclual value measurements are within
a normal range (8.g. inside the baseline range), and where the actual value
measuremenis are outside of the bassling with a close time proximity. Examples
disclosed herein can thus be useful for efficient visual identification of abnormal or
unexpecied behaviors in manmade and natural systems, such that preparatory,
remedial, or corrective actions can be quickly implemenied.

{00431 The following description is broken info sections. The first, labelsd
‘Environment,” describes an environment in which various examples may be
implemented. The second section, labeled “Components,” describes axamples of
various physical and logical components for implementing various examples. The
third section, labeled “ltustrative Example,” presents an example of enabling graphs
with normalized actual value measurements and baseline bands representative of
normalized measurement ranges. The fourth section, labeled “Operation,” describes
implementation of various examples.

[0014] EnviRONMENT: FIG. 1 deplcts an example environment 100 in which examples

may be implemented as a system 102 for enabling graphs with normalized actual
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value measuremenis and baseline bands representative of normalized measurement
ranges. Environment 100 is shown 1o include computing device 104, client devices
106, 108, and 110, server device 112, and server devices 114, Components 104~
114 are interconnected via link 1186.

(0015} Link 116 represents generally any infrastructure or combination of
infrastructures to enable an electronic connection, wirgless connection, other
connection, or combination thereof, 1o enable dala communication belween
componenis 104-114. Such infrastructure or infrastructures may include, but are not
fimited to, a cable, wireless, fiber oplic, or remote connections via telecommunication
fink, an infrared link, or a radio frequency link. For exampleg, link 1186 may represent
the internet, intranets, and any intermediate routers, swiiches, and other interfaces.
As used herein an “elecironic connection” refers generally to a transfer of data
between components, e.g., between two computing devices, that are connected by
an slectrical conductor. A “wireless connection” refers generally 1o a transfer of data
between iwo components, e.g., between two computing devices, that are not directly
connected by an electrical conductor. A wireless connection may be via a wireless
communication protocol or wirgless standard for exchanging data.

{30181 Client devices 106, 108, and 110 represent generally any computing device
with which a user may interact {o communicate with other client devices, server
device 112, and/or server devices 114 via link 116, Server device 112 represents
generally any computing device 1o serve an application and corrgsponding data for
consumption by components 104-110 and 114, Server devices 114 represent
generally a group of computing devices collectively to serve an application and
corresponding data for consumption by components 104-110 and 112,

(30171 Computing device 104 represents generally any computing device with which
a user may interact o communicate with client devices 106-110, server device 112,
and/or server devices 114 via link 116. Compuling device 104 is shown {o include
core device components 118, Core device componenis 118 represent generally the
hardware and programming for providing the computing functions for which device
104 is designed. Such hardware can include a processor and memory, a display
apparatus 120, and a user interface 122, The programming can include an
operating system and applications. Display apparatus 120 represents gensrally any
combination of hardware and programming to exhibit or present a messags, image,

view, or other preseniation for perception by a user, and can inciude, butis not
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fimited to, a visual, tactile or auditory display. in examples, the display apparatus
120 may be orinclude a monitor, a touchscreen, a projection device, a
touch/sensory display device, or a speaker. User inlerface 122 represents generally
any combination of hardware and programming to enable interaction belween a user
and device 104 such that the user may effect operation or control of device 104, In
examples, user interface 122 may be, or include, a kevboard, keypad, or a mouse.
in some examples, the functionality of display apparatus 120 and user interface 122
may be combined, as in the case of a louchscreen apparatus that may enable
preseniation of images al device 104, and that also may enable a user {0 operale or
control functionality of device 104,

[3018] System 102, discussed in more detail below, represents generally a
combination of hardware and programming 1o enable graphs with normalized actual
value measurements and bassline bands representalive of normalized measurement
ranges. In some examples, system 102 may be wholly integrated within core device
componants 118, In other examples, system 102 may be implemented as a
component of any of compuiing device 104, client devices 108-110, server device
112, or server devices 114 where it may take action based in part on data received
from core device components 118 via link 118, In other sxamples, system 102 may
be distributed across computing device 104, and any of client devices 106-110,
server device 112, or server devices 114, For exampie, componenis that implement
the measurement range engine 202 functionality of identifying an expectaed
measurement range for each of a set of metrics and the observed values engine 204
functionality of obtaining actual value measuremaents for each of the metrics may be
included within computing device 104, Continuing with this example, components
that implement the common scale sngine 206 functionality of normalizing each of
the identified expecied measurement ranges and the aclual value measurements
according {0 a common scale, and the display enging 208 functionality of causing
display of a graph, the graph including a bassline band repressntative of the
normalized measurement ranges, and including the normalized actual value
measurements plotied relative to the baseline band may be components included
within a server device 112. Other distributions of system 102 across computing
device 104, client devices 106-110, server device 112, and server devices 114 are
possible and contemplated by this disclosure. it is noled that all or portions of

system 102 to enabie graphs with normalized actual value measurements and
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baseline bands representative of normalized measurement ranges may aiso be
included on client devices 106, 108 or 110,

CompoNENTS: FIGS. 2 and 3 depict examples of physical and logical components for
implementing varicus examples. In FIG. 2 various components are identified as
engines 202, 204, 208, and 208. In describing engines 202-208 focus is on each
engineg’s designated funclion. However, the term enging, as used herein, refers
generally to a combination of hardware and programming to perform a designated
function. As is illusiraled iater with respect {o FIG. 3 the hardware of each enging,
for example, may include one or both of a processor and a memory, while the
programming may be code stored on that memory and executable by the processor
to perform the designated function.

{30191 FIG. 2 is a block diagram depicting components of a system 102 for enabling
displays with baseline bands representative of normalized measurement ranges. In
this example, system 102 includes measurement range enging 202, observed values
engine 204, common scale engine 206, and display engine 208. In performing their
respective functions, engines 202-208 may access a dala repository, e.g., any
meamory accessible to system 102 that can be used to siore and retrieve data.

In an example, measurement range sngine 202 represents gensrally a combination
of hardware and programming o identify an expected measurement range for each
of a set of metrics. As used herein, an "sxpecled measurement range” refers
generally to a span of measurements or degree of variation betwsen upper and
fower limits that is calculated, determined, prescribed, or provided for a given metric.
In an example, the sxpected measurement range may be indicative of a range of
measurements desmed normal or acceplable. As used herein, a “melric” refers
generally 1o any measurement. As discussed previously, in examples, a metric may
be a performance metric for a computer system (e.g., a measure of a speed,
available memory, up-time, down-time, reliability, customer salisfaction, other
measure of compuler system performance). In other examples, a meiric may be a
performance metric unrelated 1o a computer system, {e.g., a measure of a speed,
inventory, reliability, cusiomer satisfaction, productivity, behavior, revenue, income,
or any other measure of performance).  In other examples, a metric may be a
measurement of an attribute of an object, person, or entity not directly related to
performance (e.g., height or weight), or may be a measurement of natural

phenomena such as rainfall, outside temperature, ste.
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[6020} in particular examples, measurement range engine 262 may oblain historical
data for each of the set of metrics, and then calculale the expecied measurement
range for each of the set of meirics utilizing the historical data. As used herein,
“historical data” refers generally to past value measurements relative to a metric or
set of metrics. In an example wherein the sel of melrics are performance metrics for
a computer systern, the hisforical dala may be dala relative 1o past processor speed
measurements, past memory utilization measurements, past network error rate
measurements, past fransaction response lime measurementis, or any other past
measurements relating to the computer systermn. In a particular example,
meaasurement range engine 202 may obtain the historical data directly from a
computer device that is the subject of metrics under consideration. In other
examples, measurement range engine 202 may oblain the historical data from a
database or other reposifory that warehouses historical data relafive 0 the metrics
under consideration. In examples, measurement range engine 202 may apply a
(Gaussian distribution or other statistical deviation or dispersion algorithm in
calculating normal measurement range for each of the sel of metrics.

[0021] Continuing with the example of FIG. 2, observed values engine 204
represents generally a combination of hardware and programming to obtain actual
value measurements for each of the metrics of the set of melrics. As used herein,
an “actual value measurement’ refers generally 1o any measurement taken with
respect to a metric. In an example wherein the meilrics are performance metrics for
a computer system, the actual value measuremenis may be measurements relative
to processor speed, memory utilization, network srror rate, transaction response
time, or any other measurements related to the computer system. In an example,
observed valuss engine 204 may oblain data indicative of the actual value
measurements directly from a computer device that is the subject of metrics under
consideration. in other examples, cbserved values engine 202 may oblain data
indicative of the actual value measurements from a database or other repository that
warehouses actual value measurements relative to the metrics under consideration.
In a particular example in which the measurement range enging 202 obtains
historical data for each of the set of metrics, and then calculates the expecied
measurement range for each of the sef of metrics utilizing the hislorical data, the
actual value measurements are measurements that are not historical data utilized in

calouiation of the expected measurement rangs.
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[6022} Common scale engine 206 represents generally a combination of hardware
and programming o normalize each of the identified expecied measurement ranges
and each of the actual value measurements according 10 a common scale. As used
herein, to "normalize” a set of vaiues refers generally 1o bringing or converting the
set of value to a common scale. As used herein, a "common scale” for a set of
values refers generally to any measurement scale that is shared by sach of the
values of the set. In an exampie, identified expecied measurement ranges and
actual value measurements may be normalized such that each of the identified
expected measurement ranges and each of the actual vaiue measurements are
exprassed in a standard deviation scale. In an another example, identified axpecied
measurement ranges and aciual value measurements may be normalized such that
each of the identified expected measurement ranges and each of the actual value
measuremenis are expressed in a percentile scale. It is contempiated by this
disclosure that the identified expected measurement ranges and actual value
measuremenis may be normalized such that each of the identified expecied
measurement ranges and sach of the aciual value measurements are expressed in
a commaon scale other than the standard deviation and percentile scales.

{00231 Continuing with the example of FIG. 2, display engine 208 represents
generally a combination of hardware and programming {0 cause display of a graph
ithat includes a baseline band represeniative of the normalized measurement range.
As used herein, a “display” refers generally {0 an exhibilion or presentation caused
by a computer for the purpose of percepiion by a user. In examples, a display may
be a display 1o be presentad at a compuier monitor, touchscreen, or other slectronic
display device. As used herein, a “display device” refers generally 1o any
combination of hardware and programming configured 1o exhibit or present the
message or other information for perception by a user, and can include, but is not
fimited to, a visual, taclile or auditory display. The display device may be a monitor,
a touchscreen, a projection device, or other means of presenting a visual display of a
message. As used hersin a “graph” refers generally to any chart, diagram or cther
graphic reprasentation of data showing the relation between variable quantities. in
an example, the graph includes an x-axis representative of time and a y-axis
representative of an extent of deviation from the displaved baseline band. As used
herein a “baseline band” refers generally o a subset area of a graph that identifies

normalized measurement ranges relative o the other areas of the graph.
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In examples, the baseline band may be subsetl area of a graph that is delineated by
a shripe, ling, color, shading, lexture, glossiness, or another other difference from the
other argas of the graph.

{00241 Display engine 208 causes the display of the graph to include the normalized
actual value measurements piotted relative o the baseline band. Those actual
values that are plotied within the baseline band indicate values thal are expeciad
values, e.g., within an expected measurement range. Those actual values that are
plolted cuiside the bassline band indicale values that are unexpecied, .g., cuiside
of an expecled measurement range.  In an example, display engine 208 causes
display of the graph such that the normalized actual value measuremenis that
corrgspond 1o a same point in time or {0 2 sams time pericd are plotied with a same
x-axis value, where the x-axis is representative of time and the y-axis is
representative of extent of deviation from the displayed baseline band. Ina
particular example, the display of the graph include a single baseline band such that
a human user can gasily visually identify actual values within an expected
measurement range even where the set of metrics includes three or more metrics.
(00251 In the foregoing discussion of FIG. 2, engines 202-208 were described as
combinations of hardware and programming. Engines 202-208 may be implemented
in a number of fashions. Locking at FIG. 3 the programming may be processor
executable instructions stored on a tangible memory resource 310 and the hardware
may include a processing resource 312 for executing those instructions. Thus
mermory resource 310 can be said to store program instructions that when executed
by processing resource 312 implement systermn 102 of FIG. 2.

(00261 Memory resource 310 represents generally any number of memory
componentis capable of storing instructions that can be executed by processing
resource 312. Memory resource 310 is non-transitory in the sense that it does not
encompass a transitory signal but instead is made up of more or more mermory
components 1o store the relevant instructions. Memory resource 310 may be
implementad in a single device or distributed across devices. Likewise, processing
resource 312 represants any number of processors capable of executing instructions
stored by memory resource 310, Processing resource 312 may be integrated in a
single device or distributed across devices. Further, memory resource 310 may be
fully or partially integrated in the same device as processing resource 312, or it may

be separate bul accessible to that device and processing resource 312
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[0027} in one example, the program instructions can be part of an instailation
package that when inslalled can be exscuted by processing resource 312 to
implement system 102, In this case, memory resource 310 may be a poriable
medium such as a CD, DVD, or flash drive or a memory maintained by a server from
which the installation package can be downioaded and installed. In another
example, the program instructions may be part of an application or applications
already installed. Here, memory resource 310 can include integrated memory such
as a hard drive, solid state drive, or the like.

{6028} In FIG. 3, the execulable program instructions slored in memory resource 310
are depicted as measurement range module 302, observed valuas module 304,
connnon scale module 3086, and display module 308, Measurement range moduls
302 represents program instructions that when executed by processing resource 312
may perform any of the funciionalilies described above in relation to measurement
range engine 202 of FIG. 2. Observed values module 304 represents program
instructions that when executed by processing resource 312 may perform any of the
functionalilies described above in relation to observed values engine 204 of FIG. 2.
Common scale module 306 represents program instructions that when executed by
processing resource 312 may perform any of the funclionalities described above in
relation to common scale engine 206 of FIG. 2. Display module 308 represents
program instructions that when executed by processing resource 312 may perform
any of the functionalities described above in relation to display engine 208 of FIG. 2.
[0029] ILLUSTRATIVE EXamMpLE: FIGS. 4, A, and 5B, in view of FIG. 1, illustrate an
example of system 102 for enabling graphs with normalized actual value
measurements and bassiine bands repraesentative of normalized measurement
ranges. Beginning at FIG. 4, in this exampls, display enablement system 102,
hosted at a computing device such as server 112 (FIG. 1) or distribuled over a set of
computing devices such as server sysiem 114 (FIG. 1), identifies an expected
measurement range 402 for each of a set of performance metrics 404 for a tesied
web application 406 at a tested application computer system 408. In this example
the sei of performance melrics 404 includes melrics for CPU utilization 410, memory
ytiization 412, network error rate 414, and transaction response time 416.

{00301 in this example, system 102, in identifying the expecied measurement ranges
402, obtains historical data 418 for each metric of the set of metrics 404 and then

calouiates the expected measurement range 402 for each of the melrics 410-416 of



WO 2016/160008 PCT/US2015/023827

1

the set 404 utilizing the historical data 418. The actual value measurements 424 are
distinet frorm the measurements for the set of melrics included within the hislorical
data 418. In this example, system 102 accesses, via link 118, database 422 that
warehouses historical data relative to the metrics under consideration. In ancther
example, system 102 may access, via link 116, the tested application computer
systam 408 hosling the {ested web application 406 1o obtain the historical data 418,
[0031] Continuing at FIG. 4, system 102 obtains aciual value measurements 424 for
each of the metrics 410-416 of the sel of melrics 404, In this example, system 102
obtains data indicale of the actual value measurements 424 from database 404 thatl
warehouses actual vaiue measurements relative to the set of metrics 404 under
consideration. In another example, system 102 may obtain the actual values
measuremenis data 424 directly from tested application computer system 408 that is
hosting the tested web application 406,

[0032] Continuing at FIG. 4 and FIG. 84, system 102 normalizes each of the
identified expected measurement ranges 402 and each of the actual valus
measurements 424 according 10 a common scale 426 thal is a standard deviation
scale. In an another example, identified expected measurement ranges 402 and
actual value measurements 424 could be normalized such that each of the identified
expecied measurement ranges and each of the actual vaiue measurements are
expressed in a common scale that is a percentile scale, or any other common scale.
(00331 Moving to FIG. 58, in view of FIGS. 4 and BA, system 102 causes dispiay of a
graph 428 that includes a first line 502 and a second line 504 delineating a baseline
band 508, the baseline band 506 representative of the normalized measurement
ranges 444 (FIG. 5A). In this examplg, system 102 sends o client computer system
448, via link 1186, data 1o cause the graph 428 {o be displayed at a display device
448 included with or accessible to client compuler system 448, The graph 428
includes an x-axis 508 representative of ime and a y-axis 510 representative of an
extent of deviation from the displayed baseling band 506,

[0034] in this example, sysiem 102 causes the display of the graph 428 such that the
baseline band 506 is represeniative of a 2x mulliple of a standard deviation and
marks expecited measurements plotted in the graph. In other examples, system 102
may cause the display of a graph such that the baseling band is representative of a

muitiple of a percentile or other common scale. In other examples, the baseline
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band 506 may include coloring, shading, texiure, glossiness, or another other fealure
that differentiates the baseline band 506 from the other areas of the graph 428,
[0035] Coniinuing with the example of FIGS. 4, BA, and 58, system 102 causes the
display of the graph 428 to include the normalized actual value measurementis 4386
piotied relative to the baseline band 506. Those normalized actual value
measuremenis 436 that are plolted within the bassline band 506 indicale values that
are expecied values. Those normalized actual value measursments 436 that are
plotted outside the baseline band 506 indicale measurements that are not expecled,
e.g., outside of an applicable expecied measurement range 402,  In this exampile,
system 102 causes display of the graph 428 such that the normalized aciual value
measurements 436 that correspond 1o a same point in time are plotled with a same
x-axis 508 value.

{6038} Continuing with the example of FIGS. 4, 5A, and 58, the display of the graph
428 includes a single baseline band 506 such that a human user via observation or a
computer via a sensor system can gasily identify those normalized actual value
measurements 436 that are expecled, e.q., within an applicable expectsd
measurement range 402, where the set of metrics 404 is a set of four metrics. In this
example, a human observer, or a computer with a sensor system, could easily
identify system anomaly periods 512 during which the normalized actual value
measuremenis 436 for mulliple metrics from the set of performance metrics 404
reached a level outside the plotied baseline band 506 at a same time or during a
same time period. In this example, the anomaly pericds 512 are indicators of system
abnormalities attributable to tested web application 408 or lested application
computer system 408, The human observer or computer system that identifies these
anomalies could in turn initiate further investigation 1o gain an understanding the
causes for the abnormal behavior and to initiate corrective aclions. [t should be
noted that while in this example an unexpected system anomaly Is indicated by a
time or time period in which two or more normalized actual value measurements are
plotied outside the baseline band 506. In other examples the threshold for denotling
a system anomaly event for investigation could be different.

{00371 OreraTion: FIG. 6 is a flow diagram of implementation of a method for
enabling graphs with normalized actual value measurements and baseline bands
representative of normalized measurement ranges. In discussing FIG. §, reference

may be made (o the components depicted in FIGS. 2 and 3. Such reference is made
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to provide contextual examples and not to limit the manner in which the method
depicted by FIG. 6 may be implementad. An expected measurement range for each
of a set of metrics is identified (block 602). Referring back to FIGS. 2 and 3,
measurement rangs enging 202 (FIG. 2} or measurement range module 302 (FIG.
3}, when executed by processing resource 312, may be responsible for
implementing block 802,

[0038] Actual value measuremenis for gach of the melrics are obtained {block 604).
Referring back to FIGS. 2 and 3, observed values engine 204 (FIG. 2) or cbserved
values module 304 (FIG. 3), when executed by processing resource 312, may be
responsibie for implementing block 604.

{00391 Each of the identified expected measursment rangss and the actual value
measurements are normalized according to a common scale {biock 608). Referring
back to FIGSE. 2 and 3, common scale engine 206 (FIG. 2} or common scale module
306 (FiG. 3), when executed by processing resource 312, may be responsible for
implementing block 606.

[0040}1 A graph is caused to be displayed. The graph includes a baseline band
representative of the normalized measurement ranges, and includes the normalized
actual value measurements plotied relative to the baseline band {block 808).
Referring back to FIGS. 2 and 3, display engine 208 (FIG. 2} or display module 308
(FIG. 3), when execuled by processing raesource 312, may be responsible for
implementing block 808,

[0041} FIG. 7 Is a flow diagram of implementiation of a method for calculating
expected measurement ranges for computer sysiem performance metrics, and
enabling a display with a baseling band representative of normalized measurement
ranges for the metrics. In discussing FIG. 7, reference may be made o the
components depicted in FIGS. 2 and 3. Such referance is made {o provide
contexiual examples and not to limit the manner in which the method depicted by
FIGs. 7 may be implemented. Historical data for a set of performance metrics relative
to operation of a computer system is obtained (block 702). Referring back to FIGS.
2 and 3, measurement range engine 202 (FIG. 2) or measurement range module
302 {FiG. 3), when executed by processing resource 312, may be responsible for
implementing block 702.

(00427 An expected measurement range Tor each of the set of performance metrics is

caloulated utilizing the historical data (block 704). Referring back o FIGS. 2. and 3,
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measurement range engine 202 (FIG. 2) or measurement range module 302 (FIG.
3}, when executed by processing rasource 312, may be responsible for
implementing block 704.

{00431 Actual value measurements for each of the performance metrics are ¢biained
{block 708). Referring back to FIGS. 2 and 3, observed values engine 204 (FIG. 2)
or ohserved values module 304 (FiG. 3), when executed by processing resource
312, may be responsible for implementing block 706,

[0044] Normalized values for each of the calculaled expecied measurement ranges
and the actual value measurements are determined according (o & common scale
(block 708). Referring back to FIGS. 2 and 3, common scale engine 206 (FIG. 2) or
connnon scale module 306 (FIG. 3), when executed by processing resource 312,
may be responsible for implementing block 708.

A graph that includes a single baseline band that is indicative of the normalized
values for the expecied measurement ranges is caused 1o be displayed. The graph
includes plotting of the normalized values for the actual value measurements relative
to the baseline band to indicate expected or unexpecied measurements (block 710).
Referring back to FIGS. 2 and 3, display engine 208 (FIG. 2) or display module 308
(FIG. 3), when executed by processing resource 312, may be responsible for
implementing block 710.

[00458] ConcLusion: FIGS. 1-7 aid in depicting the architecturs, functionality, and
operation of various examples. In particular, FIGS. 1, 2, and 3 depict various
physical and logical components. Various components are defined at least in part as
programs or programming. Each such component, portion thersof, or various
combinations thereof may represent in whole or in part a module, segment, or
portion of code that comprises executable instructions to implement any specified
fogical function{s). Each component or varicus combinations thereof may represent
a circuit or a number of interconnected circuils to implement the specified logical
function{s). Examples can be realized in any memory resource for use by orin
conngction with processing resource. A “processing resource” is an instruction
execution system such as a computer/processor based system or an ASIC
(Application Specific Integrated Circuit) or other system that can feich or obiain
instructions and data from computer-readable media and executs the instructions
ocontained therein. A "memory resource” is any non-fransitory storage media that

can contain, slore, or maintain programs and data for use by or in connection with
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the instruction execution system. The term "non-transitory” is used only to clarify
that the term media, as used herein, does not encompass a signal. Thus, the
memory resource can comprise any ong of many physical media such as, for
example, slectronic, magnstic, optical, electromagnstic, or semiconductor media.
More specific examples of suitable computer-readable media inciude, but are not
firnited to, hard drives, solid state drives, random access memory (RAM), read-only
memory (ROM), erasable programmable read-only memory, flash drives, and
portable compact discs.

[6046] Although the flow diagrams of FIGS. 6 and 7 show specific orders of
execution, the order of execution may differ from that which is depicted. For
example, the order of execution of two or more blocks or arrows may be scrambled
relative o the order shown. Also, two or more blocks shown in succession may be
exsculed concurrenily or with partial concurrence. All such variations are within the
scope of the present disclosure.,

[0047] The present disclosure has been shown and described with reference 1o the
foregoing examples. tis to be understood, however, that other forms, details and
examples may be made without departing from the spirit and scope of the invention
that is defined in the foliowing claims. All of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), and/or all
of the blocks or stages of any method or process so disclosed, may be combined in
any combination, except combinations where at least some of such features, blocks

and/or stages are mutually exclusive.
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What is claimed is:

1. Asystem, comprising:

a measurement range engine to identify an expecied measurement range for

aach of a set of metrics;

an observed values engine to obtain actual value measurements for gach of the

matrics;

a common scale engine o normalize each of the identified expecled
measurement ranges and the actual valug measuremenis according to a

common scale; and

a display engine 1o cause display of a graph, the graph including a bassling band
representative of the normalized measurement ranges, and including the

normalized actual valus measurements plotted relative 1o the bassline band.

2. The system of claim 1, wherein the display engine is {0 cause display of the
graph such that the normalized actual value measurements plotted within the
haseline band are representative of expecied measurements and the normalized
actual value measurements plotted outside the baseline band are reprasentative

of unexpecied measurements.

3.  The system of claim 1, wherein display of normalized aclual value
measurements cuiside the baseline band at a sams ime or same lime perind

for mulliple metrics is o indicate a system anomaly.
4. The system of claim 1, wherein the display engine is 1o cause display of the
graph to include a first axis representative of time and a second axis

representative of extent of deviation from the baseline band.

5. The system of claim 1, wheregin the baselineg band is a single band.
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The system of claim 1, wherein the commaon scale is a standard deviation scale.

The system of claim 1, wherein the common scalg is a percentile scale.

The system of claim 1, wherein the setl of melrics is a set of performance metrics

for a computer system.

The systern of claim 1, wherein the measurement range engine is to oblain
historical data for each of the set of melrics, and is 1o calculale the expectad

measurement range for each of the set of metrics utilizing the historical data.

The system of claim 1, wherein the display engine is {o cause display of the
graph such that the normalized actual value measurements that correspond o
a same point in time or 1o a same time period are plotted with a same value on

an axis.

A memory resource storing instructions that when executed cause a processing
resource o provide displays including bassline bands representative of

normalized measurement ranges, the instructions comprising:

a measurement range module, that whan execuied causes the processing

resource (o identify an expecied measurement range for each of a set of melrics;

an observed values module, that when executed causes the processing

resource to oblain actual value measurements for each of the metrics;

a common scale module, that when executed causes the processing resource
{0 normalize each of the identified expeciad measurement ranges and the actual

value measurements according to a common scale; and

a display module, that when execuled causes the processing resource 1o cause

display of a graph,
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13.

14.

wherein the graph includes a baseline band represeniative of the

normalized measurement ranges, and

wherein the graph includes normalized actual valug measurements
plotted within the bassline band thatl are represeniative of expected
measurements, and includes normalized actual vaiue measuremenits
plotted outside the bassline band that are representative of unexpsecied

measuremenis.

The memory resource of claim 11, wherein the common scale is a standard
deviation scale, and whersin the common scale module when executed is {o
cause the display of the graph such that the bassline band is representative of
a multiple of a standard deviation and marks expecied measurerments plotied in

the graph.

The memory resource of claim 11, wherein the measurement range module
when exgcuted is {0 obtain historical data for gach of the set of melrics, and is
to calculate the expected measurement rangs for each of the set of metrics

utilizing the historical data.
A method for calculaling expected measurement ranges for computer system
performance melrics, and enabling a display with a baseline band representative

of normalized measurement ranges for the melrics, comprising:

obtaining historical data for a set of performance metrics relative 1o operation of

a computer system;

caiculating an expecied measurement range for sach of the set of performance

meirics ulilizing the historical data;

oblaining actual value measurements for each of the performance metrics;
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determining normalized values for each of the calculated expected
measurement ranges and the actual value measurements according 1o a

common scake; and

causing display of a graph that includes a single baseline band that is indicative
of the normalized values for the expected measurement ranges, and that
includes plotting of the normalized values Tor the actual value measurements

relative to the bassline band {¢ indicale expecied or unexpected measurements.

15.  The method of claim 14, wherein plotting of a first normalized value within the
borders of the baseline band is represeniative of an expected actual valus
measurement, and wherein plotling of a second normalized value outside the
borders of the baselineg band is representative of an unexpected actual value

measurement.
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Y
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( END )
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