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METHOD, ELECTRONIC DEVICE AND
COMPUTER PROGRAM PRODUCT FOR
SAMPLE SELECTION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. CN201811286678.5, on file at the China National
Intellectual Property Administration (CNIPA), having a fil-
ing date of Oct. 31, 2018, and having “METHOD, ELEC-
TRONIC DEVICE AND COMPUTER PROGRAM PROD-
UCT FOR SAMPLE SELECTION” as a title, the contents
and teachings of which are herein incorporated by reference
in their entirety.

FIELD

The present disclosure generally relates to the field of
computer, and more specifically, to a method, electronic
device and computer program product for sample selection.

BACKGROUND

In an application for sampling a system performance, data
is typically sampled at a fixed time interval. A set of samples
of this type can represent performance indicators of a
monitored system over a past period of time, which can be
often displayed in a timeline chart to enable a user to review
the time-varying storage system performance.

It would be appreciated that the space for storing samples
is limited. Therefore, when the space for storing samples is
insufficient, a new sample obtained through sampling will
overwrite the sample stored earliest in the space. It can be
seen that a set of stored samples can only represent perfor-
mance indicators over a past period of time. Moreover, in a
case that the space for storing samples is constant, the
shorter the sampling interval is, the smaller the time range
of samples will be. Currently, multiple sets of samples are
stored typically based on different sampling intervals. How-
ever, there still lacks an accurate, efficient mechanism for
selectively displaying these sets of samples to users.

SUMMARY

The embodiments of the present disclosure provide a
method, device and corresponding computer program prod-
uct for sample selection.

In a first aspect of the present disclosure, there is provided
a method for sample selection. The method can include: in
response to receiving a query time range for samples input
by a user, obtaining a plurality of groups of samples from a
sample set, each group of samples being collected within a
corresponding time range. The method can also include:
determining a relationship between the query time range and
a plurality of time ranges corresponding to the plurality of
groups of samples. The method can further include: deter-
mining, based on the determined relationship and from the
plurality of groups of samples, a group of samples with a
corresponding time range matching the query time range.

In some embodiments, determining the group of samples
includes: determining at least one group of samples from the
plurality of groups of samples, a time range corresponding
to the at least one group of samples covering the query time
range; calculating, in each group of the at least one group of
samples, the number of samples within the query time range;
and determining the group of samples from the at least one
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group of samples, the number of samples within the query
time range in the determined group of samples being closest
to a preset number.

In some embodiments, determining the group of samples
includes: determining at least one group of samples from the
plurality of groups of samples, time ranges corresponding to
the at least one group of samples partially overlapping the
query time range; calculating, in each group of the at least
one group of samples, a ratio of a first time range partially
overlapping the query time range to the query time range;
and determining the group of samples from the at least one
group of samples, the ratio corresponding to the determined
group of samples exceeding a predetermined threshold.

In some embodiments, the method can further include:
providing the user with at least one of the following: the
group of samples; a sampling interval of the group of
samples; and a time range of the group of samples.

In some embodiments, determining the relationship
between the query time range and the plurality of time
ranges corresponding to the plurality of groups of samples
includes: comparing the query time range with each of the
plurality of time ranges according to at least one of the
following groups of information: a start time and a length;
and a start time and an end time.

In a second aspect of the present disclosure, there is
provided an electronic device. The device can include: at
least one processing unit; and at least one memory, which is
coupled to the at least one processing unit and stores
machine executable instructions, the instructions, when
executed by the at least one processing unit, causing the
electronic device to perform acts, including: in response to
receiving a query time range for samples input by a user,
obtaining a plurality of groups of samples from a sample set,
each group of samples being collected within a correspond-
ing time range; determining a relationship between the query
time range and a plurality of time ranges corresponding to
the plurality of groups of samples; and determining, based
on the determined relationship and from the plurality of
groups of samples, a group of samples with a corresponding
time range matching the query time range.

In a third aspect of the present disclosure, there is pro-
vided a computer program product. The computer program
product is tangibly stored on a non-transient computer
readable medium and includes a machine executable instruc-
tion, and the machine executable instruction, when
executed, causes a machine to execute the steps of the
method according to the first aspect.

This Summary is provided to introduce a selection of
concepts that are further described below in the Detailed
Description in a simplified form. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objectives, features and advantages
of the present disclosure will become more apparent,
through the following detailed description of the example
embodiments of the present disclosure with reference to the
accompanying drawings, in which the same reference sym-
bols generally refer to the same elements.

FIG. 1 illustrates a schematic diagram of an example
environment in which a plurality of embodiments of the
present disclosure can be implemented;

FIG. 2 illustrates a schematic diagram of a relationship
between a query time range and time ranges corresponding
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to a plurality of groups of samples according to embodi-
ments of the present disclosure;

FIG. 3 illustrates a flowchart of a process or method for
sample selection according to embodiments of the present
disclosure;

FIG. 4 illustrates a flowchart of a process or method of
sample selection according to embodiments of the present
disclosure;

FIG. 5 illustrates a flowchart of a process or method of
sample selection according to embodiments of the present
disclosure;

FIG. 6 illustrates a schematic block diagram of a device
for sample selection according to embodiments of the pres-
ent disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

The individual features of the various embodiments,
examples, and implementations disclosed within this docu-
ment can be combined in any desired manner that makes
technological sense. Furthermore, the individual features are
hereby combined in this manner to form all possible com-
binations, permutations and variants except to the extent that
such combinations, permutations and/or variants have been
explicitly excluded or are impractical. Support for such
combinations, permutations and variants is considered to
exist within this document.

It should be understood that the specialized circuitry that
performs one or more of the various operations disclosed
herein may be formed by one or more processors operating
in accordance with specialized instructions persistently
stored in memory. Such components may be arranged in a
variety of ways such as tightly coupled with each other (e.g.,
where the components electronically communicate over a
computer bus), distributed among different locations (e.g.,
where the components electronically communicate over a
computer network), combinations thereof, and so on.

Preferred embodiments of the present disclosure will now
be described in detail with reference to the accompanying
drawings. Although the drawings illustrate preferred
embodiments of the present disclosure, it would be appre-
ciated that the present disclosure may be implemented in
various forms but cannot be construed as being limited by
the embodiments illustrated herein. Rather, these embodi-
ments are provided to disclose the present disclosure more
thoroughly and completely, and to convey the scope of the
present disclosure fully to those skilled in the art.

As used herein, the term “comprise” and its variants are
to be read as open-ended terms that mean “comprise, but is
not limited to.” The term “or” is to be read as “and/or” unless
the context clearly indicates otherwise. The term “based on”
is to be read as “based at least in part on.” The term “an
example embodiment” and “an embodiment” are to be read
as “at least one example embodiment.” The term “another
embodiment” is to be read as “at least another embodiment.”
The terms “first,” “second,” and the like may refer to
different or the same objects. Other definitions, either
explicit or implicit, may be included below.

In order to offer an aid to check the performance and
condition of a system (for example, a storage system,
processor and the like), a management system typically
collects statistical information related to the performance
and the condition. Generally, various performance indicators
are defined to detect the whole performance or some aspects
of the performance. Taking a storage system as an example,
a system IOPS indicates the number of I/Os that a system
can process within a second. In addition, the drive perfor-
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mance can be detected by detecting a drive bandwidth.
These performance indicators are stored in a particular
device, for example, a Postgres metric standard database, in
the form of data. The database is located in a system pool
LUN with a limited space.

It should be noted that, when the type of data is being
sampled, it is impossible to reflect accurately the perfor-
mance of the system if the sampling interval is set large, and
the space storing samples (a LUN space) will be consumed
quickly if the sampling interval is set small. Therefore, when
there is an insufficient space for storing samples, a new
sample obtained through sampling will overwrite the sample
stored earliest in the space. It can be seen that a set of stored
samples can only represent performance indicators over a
past period of time. In order to solve the problem, samples
obtained through sampling in a small sampling interval (for
example, 1 minute) are rolled up into those with a large
sampling interval (for example, 5 minutes, 1 hour or 4
hours). Samples based on a large sampling interval consume
less space and can be preserved for a long time. For
example, samples can be preserved for several weeks when
the sampling interval is 5 minutes, while samples can be
preserved for months if the sampling interval is 4 hours.
Utilizing a rollup mechanism, a user may review samples
sampled in a large sampling interval within a large time
range.

However, there is currently no accurate and efficient
mechanism for selectively presenting these sets samples to
users based on a time range input by a user. As an example,
when a time range input by a user does not fall within the
time ranges corresponding to a plurality of sample intervals,
the conventional data presenting mechanism will present a
set of samples with the largest time range (the maximum
sampling interval) to users. However, in case of a small time
range input by a user, the data presenting mechanism may
only present a few samples to the user and cannot reflect a
change tendency of the system performance. Furthermore,
when a time range input by a user falls within the time
ranges corresponding to a plurality of sampling intervals, the
conventional data presenting mechanism will present the
user a set of most accurate samples (with a minimum
sampling interval). However, since the samples may have
too many problems, it may prolong the waiting time and
impact the user experience. In addition, users may make a
wrong decision or ignore a potential performance problem
based on inappropriate sampling.

In order to at least partly solve the above and other
potential problems and deficiencies, embodiments of the
present disclosure provide a sample supplying solution,
which can provide samples desired by a user for a user input,
thereby improving user experience. Basic ideas of the pres-
ent disclosure will be discussed below with reference to FIG.
1.

FIG. 1 illustrates a schematic diagram of an example
environment 100 in which a plurality of embodiments of the
present disclosure can be implemented.

As shown in FIG. 1, the example environment 100
includes a sample presenting device 101, a sample storage
device 102, and a monitored device 103. In some embodi-
ments, the sample presenting device 101 may be a computer,
and the monitored device 103 may be a storage system. In
addition, the sample storage device 102 stores a plurality of
samples. Typically, these samples may be divided into a
plurality of groups based on different sampling intervals, for
example, a sample group 102-1, a sample group 102-2, and
a sample group 102-3. It would be appreciated that, although
the embodiment including three sample sets is shown, the
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embodiment does not intend to limit the scope described
herein, and the present disclosure may cover the cases of
more or fewer sample groups.

Moreover, each sample group includes a determined
sampling interval. As an example, the sample group 102-1
may have the maximum sampling interval (for example, 1
hour), the sample group 102-2 may have an intermediate
sampling interval (for example, 5 minutes), and the sample
group 102-3 may have the minimum sampling interval (for
example, 1 minute). Correspondingly, since the time range
of'the group of samples is narrowed as the sampling interval
becomes smaller, the sample group 102-1 may have the
largest time range (for example, 1 year), the sample group
102-2 may have the intermediate time range (for example, 4
weeks), and the sample group 102-2 may have the minimum
time range (for example, 1 week). It would be appreciated
that the sample storage device 102 may store samples based
on other sampling intervals, for example, a sampling interval
of 4 hours.

In view of the above problem, the embodiments of the
present disclosure improve the solution for sample selection
in the following aspects: determining relationship between a
query time range input by a user and time ranges of the
sample group 102-1, the sample group 102-2, and the
sample group 102-3, and determining, from these groups of
samples, a group of samples with the corresponding time
range matching the query time range, based on the deter-
mined relations. By implementing the above solutions, the
set of these samples may be selectively and accurately
displayed to the user, thereby improving the user experience.

FIG. 2 illustrates a schematic diagram of relationship 200
between query time ranges 211, 212, and 213 and time
ranges 201, 202, and 203 corresponding to the plurality of
groups of samples 102-1, 102-2, and 102-3, according to
embodiments of the present disclosure. As shown in FIG. 2,
the sample group 102-2 may have the maximum time range
201 (for example, 1 year); the sample group 102-2 may have
the intermediate time range 202 (for example, 4 weeks); and
the sample group 102-3 may have the minimum time range
203 (for example, 1 week). It would be appreciated that there
may be groups of samples with other time ranges, and for
example, when a sampling interval is small enough, there
can be a group of samples with a time range of one day.
Moreover, the query time ranges 211, 212, and 213 as shown
in FIG. 2 are different time ranges input by users. For
example, the query time range 211 indicates that the sampled
data of the system performance the day before yesterday are
to be queried, the query time range 212 indicates that the
sampled data of the system performance of one day from
seven months ago to one day from six months ago is to be
queried, and the query time range 213 indicates that the
sampled data of the system performance of one day from
thirteen months ago to one day from three months ago is to
be queried.

The solution for sample selection will be described below
in detail for a plurality of groups of samples with different
time ranges 201, 202, and 203 and a plurality of query time
ranges 211, 212, and 213 input by users, with reference to
FIGS. 3-5.

FIG. 3 illustrates a flowchart of a process or method 300
for sample selection according to embodiments of the pres-
ent disclosure. In some embodiments, the method 300 may
be implemented in a device as shown in FIG. 6. As an
example, the method 300 may be implemented in the sample
presenting device 101 as shown in FIG. 1. Now referring to
FIG. 2, the process or method 300 of sample selection
according to the embodiments of the present disclosure is
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described. For ease of understanding, the specific data as
will be mentioned below are provided merely as an example,
without limiting the protection scope of the present disclo-
sure.

At 301, it is determined whether a query time range for
samples input by a user at the sample display device 101 side
is received. When the query time range is received, the
method proceeds to 303.

At 303, a plurality of groups of samples 102-1, 102-2, and
10233 may be obtained from a sample set stored in the
sample storage device 102. Each group of samples is col-
lected within a corresponding time range in a particular
sampling interval. In some embodiments, a plurality of
groups of samples 102-1, 102-2, and 102-3 are sampled data
prestored in the sample storage device 102. As an example,
the plurality of groups of samples 102-1, 102-2, and 102-3
occupies different storage spaces. Alternatively or addition-
ally, the plurality of groups of samples 102-1, 102-2, and
102-3 occupies the same storage space.

At 305, the relationship between the query time range and
a plurality of time ranges 201, 202, and 203 corresponding
to the plurality of groups of samples 102-1, 102-2, and 102-3
is determined. As shown in FIG. 2, the relationship between
the query time range 212 and the time ranges 201, 202, and
203 corresponding to the plurality of groups of samples may
be determined.

Returning to FIG. 3, at 307, a group of samples with a
corresponding time range matching the query time range is
determined based on the determined relationship and from
the plurality of groups of samples 102-1, 102-2 and 102-3.
As shown in FIG. 2, the query time range 212 only overlaps
the time range 201, without overlapping the time ranges 202
and 203, which indicates that the samples in the group of
samples 102-1 within the query time range 212 may be
selected to be presented to the user. Therefore, the group of
samples 102-1 is determined from the plurality of samples
102-1, 102-2 and 102-3.

By implementing the above process, the set of samples for
describing the monitored device 102 may be presented to the
user accurately and efficiently in a selective manner, thereby
enabling the user to execute decision making based on
accurate sample data.

In order to satisfy more users’ demands, an additional or
alternative solution for sample selection is proposed accord-
ing to other embodiments of the present disclosure. Descrip-
tion thereon will be detailed below with reference to FIGS.
4 and 5.

FIG. 4 illustrates a flowchart of a process or method 400
for sample selection according to embodiments of the pres-
ent disclosure. Specifically, FIG. 4 illustrates a specific
process of determining a group of samples as described in
FIG. 3. In some embodiments, the method 400 may be
implemented in the device as shown in FIG. 6. As an
example, the method 400 can be implemented in the sample
display device 101 as shown in FIG. 1. Now referring to
FIG. 2, the process or method 400 for sample selection is
described according to embodiments of the present disclo-
sure. For ease of understanding, the specific data as will be
mentioned below are provided merely as an example, with-
out limiting the protection scope of the present disclosure.

At 401, at least one group of samples is determined from
the plurality of groups of samples 102-1, 102-2 and 102-3,
and the time range corresponding to the at least one group
of samples covers the query time range. As shown in FIG.
2, the query time range 211 overlaps the time range 201, the
time range 202, and the time range 203, which indicates that
all samples in the groups of samples 102-1, 102-2 and 102-3
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within the query time range 211 are probably selected to be
presented to a user. However, since only samples within a
group of samples are presented to a user, it is required to
further filter these groups of samples.

Back to FIG. 4, at 403, the number of samples in the at
least one group of samples within the query time range is
calculated. As an example, respective numbers of samples in
the groups of samples 102-1, 102-2, and 102-3 within the
query time range 211 may be calculated. As mentioned in the
above example, the sampling intervals of the groups of
samples 102-1, 102-2 and 102-3 are 1 hour, 5 minutes and
1 minute, respectively, and the time length of the query time
range 211 is one day. Therefore, it may be calculated that the
number in the group of samples 102-1 within the query time
range 211 is 24 (1x24). Similarly, it may be calculated that
the numbers in the groups of samples 102-2 and 102-3
within the query time range 211 are 288 (12x24) and 1440
(60x24), respectively.

At 405, a group of samples is determined from the at least
one group of samples, in which the number of samples
within the query time range is closest to a preset number. It
would be appreciated that the group of samples 102-2 is
selected, because the 24 samples in the group of samples
102-1 are not enough for describing the performance of the
monitored device 103, while 1440 samples in the group of
samples 102-3 probably increase significantly the sample
calculating amount of the sample display device 101 and
prolong the calculation latency. In some embodiments, the
preset number of samples may be set to 180 or other
numbers, and after the preset number of samples is sub-
tracted from the numbers of the samples in the groups of
samples 102-1, 102-2, and 102-3 within the query time
range 211, respectively, the group of samples with a mini-
mum absolute difference value is selected to be presented to
a user.

By implementing the above process, the set of samples for
describing the monitored device 103 may be presented to
users selectively and accurately. In addition, since a sample
data reference value is set, it may reduce the calculation
latency and thus improve the user experience while ensuring
that the accurate sampled data are provided to reflect the
performance of the monitored device 103.

FIG. 5 illustrates a flowchart of a process or method 500
for sample selection according to embodiments of the pres-
ent disclosure. Specifically, FIG. 5 describes a further pro-
cess of determining a group of samples in FIG. 3. In some
embodiments, the method 500 can be implemented in a
device as shown in FIG. 6. As an example, the method 500
may be implemented in the sample display device 101 as
shown in FIG. 1. Now referring to FIG. 2, a process or
method of selecting samples according to embodiments of
the present disclosure. For ease of understanding, the spe-
cific data as will be mentioned below are provided merely as
an example, without limiting the protection scope of the
present disclosure.

At 501, at least one group of samples is determined from
a plurality of groups of samples 102-1, 102-2 and 102-3, and
the time range corresponding to the at least one group of
samples partially overlaps the query time range. As shown
in FIG. 2, the query time range 213 partially overlaps both
of the time range 201 and the time range 202, indicating that
the samples in both groups of samples 102-1 and 102-2
within the query time range 213 are probably selected to be
presented to a user. However, since only samples within a
group of samples are presented to a user, it is required to
further filter these groups of samples.
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Back to FIG. 5, at 503, a ratio of a first time range of the
at least one group of samples, which partially overlaps the
query time range, to the query time range is calculated. As
an example, the ratios of the time ranges of the group of
samples 102-1 and 102-2, which partially overlaps the query
time range 213, to the query time range 213 may be
calculated, respectively. As shown in FIG. 2, the overlapping
ratio of the group of samples 102-1 is about 90%, and the
overlapping ratio of the group of samples 102-2 is about
10%.

At 505, a group of samples is determined from the at least
one group of samples, and the ratio corresponding to the
determined group of samples exceeds a predetermined
threshold. It would be appreciated that, if the ratio of the
time range of the group of samples, which partially overlaps
the query time range 213, to the query time range 213 is
higher, the data presented to users is more comprehensive.
Therefore, the group of samples 102-1 with an overlapping
ratio of 90% may be selected as samples to be presented to
users. In some embodiments, the preset number of samples
can be set to 75% or other numbers. Alternatively or
additionally, when the query time range does not overlap the
respective groups of samples 102-1, 102-2 and 102-3, the
performance of the monitored device 103 is presented based
on a default time range and a default group of samples, and
it is reported to the user that the query time range is not
applicable.

By implementing the above process, the set of samples for
describing the monitored device 102 may be presented to
users accurately and efficiently in a selective manner. More-
over, in the process, it is taken into account the case that a
query time range input by a user is partially not within time
ranges of groups of samples, thereby reducing a possibility
of providing wrong samples to a user and thus improving the
user experience.

In some embodiments, at least one of the following may
be presented to users: a group of samples; a sampling
interval of the group of samples; and a time range of the
group of samples.

In some embodiments, determining a relationship
between a query time range and a plurality of groups of
samples may include comparing the query time range with
a plurality of time ranges corresponding to a plurality of
groups of samples according to at least one of the following
groups of information: a start time and a length; and a start
time and an end time.

FIG. 6 illustrates a schematic block diagram of an
example device 600 that can be used to implement an
embodiment of the present disclosure. As illustrated, the
device 600 includes a central processing unit (CPU) 601
which may perform various appropriate actions and process-
ing based on a computer program instruction stored in a
read-only memory (ROM) 602 or a computer program
instruction loaded from a storage unit 608 into a random
access memory (RAM) 603. The RAM 603 also stores
therein various programs and data required for operations of
the device 600. The CPU 601, the ROM 602 and the RAM
603 are connected to each other via a bus 604, to which an
input/output (I/O) interface 605 is also connected.

The following components in the device 600 are con-
nected to the I/O interface 605: an input unit 606 such as a
keyboard, a mouse and the like; an output unit 607 including
various kinds of displays and a loudspeaker, etc.; a storage
unit 608 including a magnetic disk, an optical disk, and etc.;
a communication unit 609 including a network card, a
modem, and a wireless communication transceiver, etc. The
communication unit 609 allows the device 600 to exchange
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information/data with other devices through a computer
network such as the Internet and/or various kinds of tele-
communications networks.

Various processes and processing described above, e.g.,
the methods 400, 500 and/or 600 may be executed by the
processing unit 601. As an example, in some embodiments,
the methods 400, 500 and/or 600 may be implemented as a
computer software programs, which are tangibly included in
a machine readable medium, e.g., the storage unit 608. In
some embodiments, the computer program may be partially
or completely loaded and/or installed to the device 600 via
ROM 602 and/or communication unit 609. When the com-
puter program is loaded to the RAM 603 and executed by the
CPU 601, one or more acts of the methods 400, 500 and/or
600 as described above may be implemented.

The present disclosure may be a method, a device, a
system, and/or a computer program product. The computer
program product may include a computer readable storage
medium loaded with computer readable program instruc-
tions thereon for causing a processor to carry out aspects of
the present disclosure.

The computer readable storage medium may be a tangible
device that capable of holding and storing instructions for
used by an instruction execution device. The computer
readable storage medium may be, but is not limited to, for
example, electronic storage devices, magnetic storage
devices, optical storage devices, electromagnetic storage
devices, semiconductor storage devices, or any random
appropriate combination thereof. More specific examples
(non-exhaustive list) of the computer readable storage
medium includes: a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as a
punched card storing instructions or an emboss within a
groove, and any random suitable combination thereof. A
computer readable storage medium used herein is not inter-
preted as a transitory signals per se, such as radio waves or
other freely propagated electromagnetic waves, electromag-
netic waves propagated through a waveguide or other trans-
mission medium (e.g., optical pulses passing through fiber-
optic cables), or electrical signals transmitted through
electric wires.

The computer readable program instructions described
herein may be downloaded from a computer readable stor-
age medium to various computing/processing devices, or to
external computers or external storage devices via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
include copper transmission cables, optical fiber transmis-
sion, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. The network
adapter or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium of each computing/processing device.

Computer readable program instructions for executing the
operations of the present disclosure may be assembly
instructions, instructions of instruction set architecture
(ISA), machine instructions, machine dependent instruc-
tions, microcode, firmware instructions, state setting data, or
either source code or destination code written by any com-
bination of one or more programming languages including
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object oriented programming languages, such as Smalltalk,
C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer-readable program
instructions may be completely or partially executed on the
user computer, or executed as an independent software
package, or executed partially on the user computer and
partially on the remote computer, or completely executed on
the remote computer or the server. In the case where a
remote computer is involved, the remote computer may be
connected to the user computer by any type of networks,
including local area network (LAN) or wide area network
(WAN), or connected to an external computer (such as via
Internet provided by the Internet service provider). In some
embodiments, the electronic circuit is customized by using
the state information of the computer-readable program
instructions. The electronic circuit may be a programmable
logic circuit, a field programmable gate array (FPGA) or a
programmable logic array (PLA) for example. The elec-
tronic circuit may execute computer-readable program
instructions to implement various aspects of the present
disclosure.

Various aspects of the present disclosure are described in
reference with the flow chart and/or block diagrams of
method, apparatus (systems), and computer program prod-
uct according to embodiments of the present disclosure. It
will be understood that each block in the flow chart and/or
block diagrams, and any combinations of various blocks
thereof may be implemented by computer readable program
instructions.

The computer-readable program instructions may be pro-
vided to the processing unit of a general purpose computer,
a dedicated computer or other programmable data process-
ing devices to generate a machine, causing the instructions,
when executed by the processing unit of the computer or
other programmable data processing devices, to generate a
device for implementing the functions/actions specified in
one or more blocks of the flow chart and/or block diagram.
The computer-readable program instructions may also be
stored in the computer-readable storage medium. These
instructions enable the computer, the programmable data
processing device and/or other devices to operate in a
particular way, such that the computer-readable medium
storing instructions may include a manufactured article that
includes instructions for implementing various aspects of the
functions/actions specified in one or more blocks of the flow
chart and/or block diagram.

The computer readable program instructions may also be
loaded into computers, other programmable data processing
devices, or other devices, so as to execute a series of
operational steps on the computer, other programmable data
processing devices or other devices to generate a computer
implemented process. Therefore, the instructions executed
on the computer, other programmable data processing
devices, or other device may realize the functions/actions
specified in one or more blocks of the flow chart and/or
block diagram.

The accompanying flow chart and block diagram present
possible architecture, functions and operations realized by
the system, method and computer program product accord-
ing to a plurality of embodiments of the present disclosure.
At this point, each block in the flow chart or block diagram
may represent a module, a program segment, or a portion of
the instruction. The module, the program segment or the
portion of the instruction includes one or more executable
instructions for implementing specified logic functions. In
some alternative implementations, the function indicated in
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the block may also occur in an order different from the one
represented in the drawings. For example, two consecutive
blocks actually may be executed in parallel, and sometimes
they may also be executed in a reverse order depending on
the involved functions. It should also be noted that each
block in the block diagram and/or flow chart, and any
combinations of the blocks thereof may be implemented by
a dedicated hardware-based system for implementing speci-
fied functions or actions, or a combination of the dedicated
hardware and the computer instructions.

The descriptions of the various embodiments of the
present disclosure have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

We claim:

1. A method for sample selection, comprising:

receiving I/Os by a storage system;

monitoring performance indicators of the storage system

based on the received 1/Os, the performance indicators
including at least one of (i) IOPS (I/Os per second)
received by the storage system and (2) drive perfor-
mance;

storing the performance indicators in a plurality of sample

sets, each of the plurality of sample sets having a
respective sample rate and covering a respective
sample interval:

in response to receiving a query time range for samples

input by a user, obtaining a plurality of groups of
samples from respective sample sets of the plurality of
sample sets, wherein each group of samples in the
plurality of groups is collected within a corresponding
time range, covers a different time range, and has a
different, regular sample interval;

determining a plurality of relationships between the query

time range and a plurality of time ranges corresponding
to the plurality of groups, wherein time ranges of
multiple groups of samples intersect the query time
range;

determining, based on the determined plurality of rela-

tionships and from the plurality of groups, a group of
samples with a corresponding time range matching the
query time range; and

displaying, by a sample display device, the group of

samples to the user as a timeline chart, thereby enabling
the user to execute decision making based on accurate
sample data,

wherein determining the group of samples includes:

identifying, from the plurality of groups, a set of groups
of samples that include respective time ranges that
cover the query time range; and

determining, from the set of groups, the group of
samples as a group having a respective number of
samples within the query time range that is closest to
a preset number, at least in part by calculating, for
each group in the set of groups, a difference between
the preset number and each respective number of
samples within the query time range,

wherein the group of samples that is determined and
displayed includes fewer samples than another group
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of samples in the set of groups, the method thereby
reducing calculation latency that would be incurred
by determining and displaying the other group of
samples.

2. The method according to claim 1, wherein determining
the group of samples comprises:

determining at least one group of samples from the

plurality of groups of samples, time ranges correspond-
ing to the at least one group of samples partially
overlapping the query time range;
calculating, in each group of the at least one group of
samples, a ratio of a first time range partially overlap-
ping the query time range to the query time range; and

determining the group of samples from the at least one
group of samples, the ratio corresponding to the deter-
mined group of samples exceeding a predetermined
threshold.

3. The method according to claim 1, further comprising
providing the user with at least one of the following:

the group of samples;

a sampling interval of the group of samples; and

a time range of the group of samples.

4. The method according to claim 1, wherein determining
the relationship between the query time range and the
plurality of time ranges corresponding to the plurality of
groups of samples comprises:

comparing the query time range with each of the plurality

of time ranges according to at least one of the following
groups of information:

a start time and a length; and

a start time and an end time.

5. An electronic device, comprising:

at least one processing unit; and

at least one memory, which is coupled to the at least one

processing unit and stores machine executable instruc-

tions, the instructions, when executed by the at least

one processing unit, causing the electronic device to

perform acts, comprising:

receiving I/Os by a storage system;

monitoring performance indicators of the storage sys-
tem based on the received 1I/Os, the performance
indicators including at least one of (i) IOPS (I/Os per
second) received by the storage system and (2) drive
performance;

storing the performance indicators in a plurality of
sample sets, each of the plurality of sample sets
having a respective sample rate and covering a
respective sample interval;

in response to receiving a query time range for samples
input by a user, obtaining a plurality of groups of
samples from respective sample sets of the plurality
of sample sets, wherein each group of samples in the
plurality of groups is collected within a correspond-
ing time range, covers a different time range, has a
different, regular sample interval, and is included in
a respective sample set;

determining a plurality of relationships between the
query time range and a plurality of time ranges
corresponding to the plurality of groups;

determining, based on the determined plurality of rela-
tionships and from the plurality of groups, a group of
samples with a corresponding time range matching
the query time range; and

displaying, by a sample display device, the group of
samples to the user as a timeline chart, thereby
enabling the user to execute decision making based
on accurate sample data,
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wherein determining the group of samples includes:

identifying, from the plurality of groups, a set of
multiple groups of samples that includes, for each
of the multiple groups, samples collected within a
respective time range partially overlapping the
query time range;

determining, for each group in the set of multiple
groups, a respective portion of the respective time
range that is within the query time range, at least
two portions having sizes that differ from each
other;

calculating, for each group in the set of multiple
groups, a respective ratio of the portion of the
respective time range to the query time range;

determining, from the set of multiple groups, a group
of samples with a ratio that exceeds a predeter-
mined threshold,

wherein the group of samples that is determined and
displayed includes fewer samples than another
group of samples in the set of groups, the method
thereby reducing calculation latency that would be
incurred by determining and displaying the other
group of samples.

6. The device according to claim 5, wherein determining
the group of samples comprises:

determining at least one group of samples from the

plurality of groups of samples, time ranges correspond-
ing to the at least one group of samples covering the
query time range;

calculating, in each group of the at least one group of

samples, the number of samples within the query time
range; and

determining the group of samples from the at least one

group of samples, the number of samples within the
query time range in the determined group of samples
being closest to a preset number.

7. The device according to claim 5, wherein the instruc-
tions, when executed by the at least one processing unit,
further cause the electronic device to:

provide the user with at least one of the following:

the group of samples;
a sampling interval of the group of samples; and
a time range of the group of samples.

8. The device according to claim 5, wherein determining
the relationship between the query time range and plurality
of the time ranges corresponding to the plurality of groups
of samples comprises:

comparing the query time range with each of the plurality

of time ranges according to at least one of the following
groups of information:

a start time and a length; and

a start time and an end time.

9. A computer program product having a non-transitory
computer readable medium which stores a set of instructions
to perform sample selection; the set of instructions, when
carried out by computerized circuitry, causing the comput-
erized circuitry to perform a method of:

receiving I/Os by a storage system;

monitoring performance indicators of the storage system

based on the received 1/Os, the performance indicators
including at least one of (i) IOPS (I/Os per second)
received by the storage system and (2) drive perfor-
mance;

storing the performance indicators in a plurality of sample

sets, each of the plurality of sample sets having a
respective sample rate and covering a respective
sample interval;
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in response to receiving a query time range for samples
input by a user, obtaining a plurality of groups of
samples from respective sample sets of the plurality of
sample sets, wherein each group of samples in the
plurality of groups is collected within a corresponding
time range, covers a different time range, has a differ-
ent, regular sample interval, and is included in a
respective sample set;

determining a plurality of relationships between the query

time range and a plurality of time ranges corresponding
to the plurality of groups, wherein time ranges of
multiple groups of samples intersect the query time
range;

determining, based on the determined plurality of rela-

tionships and from the plurality of groups, a group of
samples with a corresponding time range matching the
query time range; and

displaying, by a sample display device, the group of

samples to the user as a timeline chart, thereby enabling
the user to execute decision making based on accurate
sample data,

wherein determining a group of samples includes:

selecting a particular group of samples in the plurality
of groups based on a characteristic of the samples in
the particular group of samples, the characteristic
being one of: (i) the particular group of samples
having a number of samples within the query time
range closest to a preset number and (ii) the particu-
lar group of samples having a degree of overlap with
the query time range that exceeds a predetermined
threshold, wherein at least two groups in the plurality
of groups have different degrees of overlap,

wherein the selected particular group of samples
includes fewer samples than another group of
samples in the set of groups, the method thereby
reducing calculation latency that would be incurred
by determining and displaying the other group of
samples.

10. The method according to claim 1, wherein each group
of samples of the plurality of groups of samples represents
system performance of a monitored device.

11. The method according to claim 10, wherein the

monitored device is a storage system; and wherein obtain-

ing the plurality of groups of samples includes:

accessing different sample groups of the plurality of
groups of samples, each of the different sample
groups representing a particular performance aspect
of the storage system.

12. The method according to claim 10, wherein determin-
ing the group of samples with the corresponding time range
matching the query time range includes:

selecting a particular sample group among a first sample

group having samples separated by a first time interval
and a second sample group having samples separated
by a second time interval, the first time interval being
longer than the second time interval.

13. A method for sample selection, comprising:

receiving 1/Os by a storage system;

monitoring performance indicators of the storage system

based on the received 1/Os, the performance indicators
including at least one of (i) IOPS (I/Os per second)
received by the storage system and (2) drive perfor-
mance;

storing the performance indicators in a plurality of sample

sets, each of the plurality of sample sets having a
respective sample rate and covering a respective
sample interval:
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receiving a query for samples, the query indicating a
query time range;

in response to the query for samples, identifying groups of
samples of the plurality of sample sets which cover
different time ranges and have different, regular sample
intervals; and

selecting a particular group of samples from the identified
groups of samples based on matching of the query time
range indicated by the query for samples to the iden-
tified groups of samples which cover the different time
ranges and have the different, regular sample intervals;
and

displaying, by a sample display device, the particular
group of samples to a user as a timeline chart, thereby
enabling the user to execute decision making based on
accurate sample data,

wherein selecting the particular group of samples com-
prises:

identifying, from the identified of groups of samples, a

set of multiple groups of samples including each
group collected within a corresponding time range
that covers the query time range; and

determining, from the set of groups, a group of samples
having a respective number of samples within the
query time range that is closest to a preset number,
at least in part by calculating, for each group in the
set of groups, a difference between the preset number
and each respective number of samples within the
query time range,

wherein the group of samples that is determined and

displayed includes fewer samples than another group
of samples in the set of groups, the method thereby
reducing calculation latency that would be incurred
by determining and displaying the other group of
samples.
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14. The method of claim 13 wherein the query further
indicates a particular performance aspect of a storage sys-
tem; and

wherein identifying the groups of samples which cover

different time ranges and have different, regular sample
intervals includes:
querying a database for the particular performance

aspect, the database storing a variety of different
collected performance aspects of the storage system,
each group of samples of the identified groups of
samples including respective measurements for a
same performance aspect of the storage system that
matches the particular performance aspect of the
storage system, the respective measurements of the
group covering a different time range and a different,
regular sample time interval.

15. The method of claim 14, further comprising:

after the particular group of samples is selected from the
identified groups of samples, rendering at least some
measurements of the particular group of samples on a
display device.

16. The device according to claim 5, wherein calculating,
for each group in the set of the groups, a respective ratio of
the corresponding time range partially overlapping the query
time range to the query time range includes identifying, for
each group in the set of groups, a respective quotient of the
corresponding time range partially overlapping the query
time range over the query time range.

17. The method of claim 1, further comprising storing
groups of samples in sample sets based on respective
sampling intervals of the groups of samples.
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