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METHOD AND APPARATUS FOR STORING AND QUERYING
TIME SERIES DATA, AND SERVER AND STORAGE MEDIUM

THEREOF

TECHNICAL FIELD

[0001] The embodiments of the present disclosure relate to the field of databases, and in
particular to a method and apparatus for storing and querying time series data, and a server

and a storage medium thereof.

BACKGROUND

[0002] Time series data refers to data sequences recorded by the same indicator in
chronological order, while a time series database is a specialized database used to store and
manage time series data. A time series database in an Internet of things (IoT) system is usually
used to store data generated in a large number of scenarios of real-time monitoring, alarming,
and analysis and needs to provide larger storage space and the ability to quickly query and
process data.

[0003] In related arts, upon acquiring data to be stored, a database server stores the data to
be stored in a relevant file based on a timestamp, and compresses the file. When data is
queried, the relevant file is decompressed in response to a query instruction and the data to be
queried is returned.

[0004] However, the time series database in related technologies stores all data
indiscriminately, and cannot provide targeted compression and storage methods for different

types of data, and the compression rate is low.
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SUMMARY

[0005] According to embodiments of the present disclosure, a method and apparatus for
storing and querying time series data, and a server and a storage medium thereof are provided.
[0006] In one aspect, embodiments of the present disclosure provide a method for storing
and querying time series data. The method includes:

[0007] upon receiving data to be stored from an IoT device, determining a data type of the
data to be stored, wherein the data to be stored is time series data, and the data type is
intended to indicate a change in the time series data over time;

[0008] obtaining compressed data by compressing the data to be stored by a data
compression method corresponding to the data type wherein different data types correspond
to different data compression methods;

[0009] storing the compressed data to a data storage table corresponding to the data type,
wherein different data types correspond to different data storage tables;

[0010] receiving a query request, wherein the query request includes a query data type
and a query time condition; and

[0011] querying target data that meets the query time condition from a data storage table
corresponding to the query data type.

[0012] In another aspect, embodiments of the present disclosure provide an apparatus for
storing and querying time series data. The apparatus includes:

[0013] a determining module, configured to, upon receiving data to be stored from an IoT
device, determine a data type of the data to be stored, wherein the data to be stored is time
series data, and the data type is intended to indicate a change in the time series data over time;
[0014] a processing module, configured to obtain compressed data by compressing the
data to be stored by a data compression method corresponding to the data type, wherein
different data types correspond to different data compression methods;

[0015] a storing module, configured to store the compressed data to a data storage table
corresponding to the data type, wherein different data types correspond to different data
storage tables;

[0016] a receiving module, configured to receive a query request, wherein the query
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request includes a query data type and a query time condition; and

[0017] a querying module, configured to query target data that meets the query time
condition from a data storage table corresponding to the query data type.

[0018] In another aspect, embodiments of the present disclosure provide a server. The
server includes a processor and a memory. The memory stores at least one instruction, at least
one program, a code set, or an instruction set. The at least one instruction, the at least one
program, the code set, or the instruction set, when loaded and executed by the processor,
causes the processor to perform the method for storing and querying time series data as
described in the above aspect.

[0019] In another aspect, embodiments of the present disclosure provide a
computer-readable storage medium. The computer-readable storage medium stores at least
one instruction, at least one program, a code set, or an instruction set. The at least one
instruction, the at least one program, the code set, or the instruction set, when loaded and
executed by a processor, causes the processor to perform the method for storing and querying
time series data as described in the above aspect.

[0020] The technical solutions according to the embodiments of the present disclosure
achieve at least the following beneficial effects.

[0021] A data type of data to be stored is determined. Different types of data are
compressed and stored to corresponding data storage tables by different compression methods
based on the characteristics thereof, thereby improving the compression efficiency of time
series data and saving storage resources. Moreover, during data query, time series data that
meets a query time condition is searched from a data storage table corresponding to a query

data type, which improves the query efficiency of different types of time series data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic diagram showing an implementation environment according
to an exemplary embodiment;
[0023] FIG. 2 is a flowchart of a method for storing and querying time series data

according to an exemplary embodiment;
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[0024] FIG. 3 is a schematic diagram of a compression and storage process of time series
data according to an exemplary embodiment;

[0025] FIG. 4 is a flowchart of a method for storing and querying time series data
according to another exemplary embodiment;

[0026] FIG. 5 is a schematic diagram showing query capabilities of a database server
according to an exemplary embodiment;

[0027] FIG. 6 is a structural block diagram of an apparatus for storing and querying time
series data according to an exemplary embodiment; and

[0028] FIG. 7 is a schematic diagram showing the structure of a server according to an

exemplary embodiment.

DETAILED DESCRIPTION

[0029] In order to make the objects, technical solutions, and advantages of the present
disclosure clearer, the following will further describe the embodiments of the present
disclosure in detail with reference to the accompanying drawings.

[0030] The term "a plurality of" mentioned herein means two or more, and the term
"and/or" describes an association relationship of associated objects, indicating that there may
be three types of relationships. For example, A and/or B may indicate three situations: A exists
alone, A and B exist simultaneously, and B exists alone. The character "/" generally indicates
that the associated objects are in an "or" relationship.

[0031] In related arts, time series database software is usually used for the storage of time
series data. For data to be stored with different indicators sent by different IoT devices, a
database server stores it in a corresponding data storage table, but all data is compressed by a
default compression method of the time series database software defaults, which results in
low compression rate. Moreover, the query computing power of the database is limited, which
requires a lot of other service logic support.

[0032] In order to solve the foregoing problems, the embodiments of the present
disclosure provide a method for storing and querying time series data for time series data of

different data types. FIG. 1 shows a schematic diagram of an implementation environment
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according to an exemplary embodiment of the present disclosure. The implementation
environment includes an Internet of things (IoT) device 101, a database server 102, and a
query terminal 103.

[0033] The IoT device 101 is a device with a data acquisition function for acquiring time
series data, which may be a new energy device equipped with sensors such as a wind speed
detector, a temperature and humidity detector, and a photovoltaic sensor, such as a wind
generator and a photovoltaic panel. As shown in FIG. 1, a plurality of IoT devices 101 acquire
time series data of different data types, and send the acquired time series data to the database
server 102. In a possible application scenario, the IoT device 101 sends the data to the
database server 102 by a gateway device.

[0034] The IoT device 101 and the database server 102 are connected over a wired or
wireless network.

[0035] The database server 102 is a storage device that stores the data acquired by the IoT
device 101, which may be a server, a server cluster composed of several servers, or a cloud
server. Optionally, the database server 102 acquires data to be stored sent by the IoT device
101, determines a corresponding data compression method based on a data type of the data to
be stored, and stores compressed data in a corresponding data storage table.

[0036] The database server 102 and the query terminal 103 are connected over a wired or
wireless network.

[0037] The query terminal 103 is a device with a data query function. In a possible
application scenario, the query terminal 103 sends a query request containing a query data
type and a query time condition to the database server 102. The database server 102
determines a corresponding data storage table based on the query data type, decompresses the
data storage table, determines target data in the data storage table based on the query time
condition, and feeds back a query result to the query terminal 103. The query terminal 103
displays the received time series data in the form of a chart. The query terminal 103 may be a
personal computer, a smart phone, a tablet computer, or the like. As shown in FIG. 1, the
query terminal 103 is a personal computer.

[0038] FIG. 2 shows a flowchart of a method for storing and querying time series data

according to an exemplary embodiment of the present disclosure. In this embodiment, the
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method being applied to a database server is taken as an example for description. The method
includes the following steps.

[0039] In step 201, after data to be stored is received from an IoT device, a data type of
the data to be stored is determined. The data to be stored is time series data. The data type is
intended to indicate a change in the time series data over time.

[0040] Time series data refers to data sequences recorded by the same indicator in
chronological order. In an IoT system, time series data acquired by different IoT devices vary
over time. Therefore, in some embodiments, data acquired by an IoT device may be
categorized into different types of data based on changes thereof over time in advance. When
receiving data to be stored from the IoT device, the database server may first determine its
data type.

[0041] Optionally, upon receiving data to be stored sent by an IoT device, the database
server may determine its data type based on a device identifier or a keyword indicating a data
indicator carried in the data to be stored.

[0042] In step 202, compressed data is obtained by compressing the data to be stored by a
data compression method corresponding to the data type. Different data types correspond to
different data compression methods.

[0043] The database server categorizes the data into different types, and compresses each
type of data in a corresponding manner, thereby maximizing a compression rate of the
database.

[0044] In some embodiments, the database server is preset with multiple data
compression methods, and matches a corresponding compression method for each type of
data. After a data type of the data to be stored is determined, the data is compressed by a
corresponding data compression method.

[0045] In step 203, the compressed data is stored to a data storage table corresponding to
the data type. Different data types correspond to different data storage tables.

[0046] Compared with relational databases, time series databases (such as Open TSDB) in
related technologies have characteristics of high throughput and high compression rate.
However, the data storage table is sole and cannot perform classified storage based on data

types of time series data. Therefore, the data processing capacity of the time series database is
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limited.

[0047] In some embodiments, the database server is provided with a plurality of types of
data storage tables. Data of different data types is allocated to different data storage tables for
isolated storage. On this basis, different data query capabilities are provided to improve the
data query efficiency of the database. The database server compresses the data to be stored by
a corresponding data compression method based on the data type thereof, and then stores
compressed data in a corresponding data storage table.

[0048] Optionally, the database server marks different types of data storage tables which
correspond to marks indicating data types in the data to be stored, compresses the data to be
stored, and then stores the same in a corresponding data storage table. Since the data acquired
by the IoT device is time series data, the database server stores the data to be stored to a data
storage table in the order of time stamp.

[0049] In step 204, a query request is received. The query request includes a query data
type and a query time condition.

[0050] In addition to storing the data sent by the IoT device, the database server also has a
query function. Users may send query requests as needed, and perform data analysis based on
query results returned by the database server to obtain a change trend of a certain indicator, an
increase or decrease in revenue or data details within a specific time and other information.
[0051] In some embodiments, a user inputs a query request on a client. The database
server receives the query request and obtains a query data type and a query time condition in
the query request. The query data type is intended to determine a data storage table. The query
time condition is intended to determine data in the data storage table.

[0052] In step 205, target data that meets the query time condition is queried from a data
storage table corresponding to the query data type.

[0053] In some embodiments, the database server acquires the query data type in the
query request, determines a data storage table corresponding to the type, decompresses the
data storage table, determines and extracts target data in the data storage table based on the
query time condition, and returns a query result.

[0054] If the query request also contains other query conditions, the database server

performs statistical analysis and calculation processing on the target data based on a specific
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query condition.

[0055] In summary, in the embodiments of the present disclosure, a data type of data to be
stored is determined, and different types of data are compressed and stored in corresponding
data storage tables by different compression methods based on the characteristics thereof,
which can greatly improve compression efficiency and save system resources. On the basis of
different types of data storage tables, target data is determined based on a query condition,
which provides rich query capabilities, and improves data query efficiency.

[0056] In an IoT system, time series data acquired by an IoT device mainly includes three
types, namely an analog quantity, a state quantity, and a cumulative quantity. Changes in
different types of time series data change over time are different. The state quantity is a
physical quantity that is discontinuous over time and has a value belonging to a preset
enumerated data set, such as a position signal of a circuit breaker or an isolating switch, an
action signal of a protection device, or an operation state signal of a communication device.
The analog quantity is a physical quantity that is continuous over time and has a value within
a preset value range but cannot be enumerated, such as temperature, wind speed, or voltage
value. The cumulative quantity is a physical quantity whose value increases progressively
over time and is a cumulative value of a certain indicator over a time period, such as electric
meter reading, or car mileage. FIG. 3 shows a schematic diagram of a data storage process
according to an exemplary embodiment of the present disclosure. The data sent by the IoT
device 101 to the database server is categorized into an analog quantity, a state quantity, a
cumulative quantity, and other types of data. The database server compresses the data to be
stored by a corresponding compression algorithm based on the data type of the data to be
stored, and stores compressed data in a corresponding data storage table. The present
disclosure illustrates the method for storing and querying time series data by taking an analog
quantity, a state quantity, and a cumulative quantity as examples.

[0057] FIG. 4 shows a flowchart of a method for storing and querying time series data
according to another exemplary embodiment of the present disclosure. In this embodiment,
the method being applied to a database server is taken as an example for description. The
method includes the following steps.

[0058] In step 401, after data to be stored is received from an IoT device, a data type of
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the data to be stored is determined. The data to be stored is time series data. The data type is
intended to indicate a change in the time series data over time.

[0059] For details of this step, reference may be made to step 201, which are not repeated
in this embodiment.

[0060] In step 402, when the data to be stored is a state quantity, values of n pieces of data
to be stored that are continuously received are read, wherein n is an integer greater than or
equal to 2.

[0061] Regarding the state quantity, only the time point and data of change are concerned
during query and calculation, and data within the time period when no change occurs is not
concerned. Therefore, it is unnecessary to store every piece of data sent by the IoT device, and
only data at the moment when the state quantity changes is stored.

[0062] In some embodiments, in order to only retain data when a change occurs, the
database server needs to compare the values of the data to be stored. When n pieces of data to
be stored are continuously received, the database server first reads values of the n pieces of
data to be stored, wherein n may be set according to the actual data acquisition situation of the
IoT device.

[0063] In some embodiments, a switch of the IoT device has two positions: on and off. It
uploads data containing a switch position signal to the database server every one minute. An
on state is represented by a number 0. An off state is represented by a number 1. Before
10:02:00, the switch position signal of the IoT device is 0. The switch position signal becomes
1 at 10:02:00 and continues until 10:05:00. At 10:06:00, the value of the state quantity
uploaded by the IoT device is 0. That is, between 10:00:00 and 10:06:00, the switch position
signal data of the ToT device is 0, 0, 1, 1, 1, 1, 0. If the database server is set to acquires values
of 5 pieces of data to be stored at one time and the previous acquisition is until 10:01:00, the
database server acquires values of the data to be stored from 10:02:00 to 10:06:00 at this time,
namely 1, 1, 1, 1, 0.

[0064] In step 403, compressed data is obtained by compressing the data to be stored
based on changes in the values of the n pieces of data to be stored.

[0065] Regarding the state quantity, a user usually only cares about data at the moment of

change when querying, so the data server performs compression and storage based on a
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change in the value of the data to be stored.

[0066] In some embodiments, this step may include the following sub-steps:

[0067] 1. For an (i+1)™ piece of data to be stored among the n pieces of data to be stored,
if a value of the (i+1)™ piece of data to be stored is different from that of an i piece of data to
be stored, then the (i+1)™ piece of data to be stored is retained, where i is an integer greater
than or equal to 1.

[0068] In some embodiments, when the data to be stored is a state quantity, the database
server reads the values of the n pieces of data to be stored, and then compares values of data
other than a first piece of data among the n pieces of data to be stored with a value of a
previous piece of data. If a value of a certain piece of data is different from that of a previous
piece of data, the data is retained. The first piece of data among the n pieces of data to be
stored needs to be compared with a value of the last state quantity stored in the corresponding
data storage table. If they are different, the first piece of data is retained.

[0069] In some embodiments, the switch position signal data of the IoT device acquired
by the database server from 10:02:00 to 10:06:00 is 1, 1, 1, 1, 0. Starting from a second piece
of data to be stored, a value of each piece of data to be stored is compared with that of a
previous piece of data to be stored. If the values are different, the piece of data to be stored is
retained. That is, the data at 10:06:00 is retained. A value of the first piece of data to be stored
needs to be compared with that of the last piece of data in the corresponding data storage table
with a purpose to determine whether the first piece of data to be stored is a piece of data that
has changed. If the value of the last piece of data in the data storage table is 0, then the data at
10:02:00 is retained.

[0070] 2. If the value of the (i+1)™ piece of data to be stored is the same as that of the i
piece of data to be stored, the (i+1)™ piece of data to be stored is deleted.

[0071] Starting from a second piece of data among the n pieces of data, if a value of a
current piece of data to be stored is the same as that of a previous piece of data to be stored,
the current piece of data is deleted. A value of a first piece of data to be stored needs to be
compared with that of the last piece of data in the corresponding data storage table. If they are
the same, the first piece of data to be stored is deleted.

[0072] In some embodiments, the switch position signal data of the IoT device acquired

10
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by the database server from 10:02:00 to 10:06:00 is 1, 1, 1, 1, 0. Starting from a second piece
of data to be stored, a value of each picce of data to be stored is compared with that of a
previous piece of data to be stored. If the values are the same, a current piece of data to be
stored is deleted. That is, three pieces of data from 10:03:00 to 10:05:00 need to be deleted.
The data at 10:02:00 needs to be compared with a value of the last piece of data in the
corresponding data storage table. If the values are the same, the first piece of data to be stored
is deleted. If they are different, the first piece of data to be stored is retained. Because the
value of the data to be stored at 10:02:00 is difference from that of the last piece of data in the
data storage table, it indicates that the switch state changes at 10:02:00, and the data is
retained.

[0073] In step 404, when the data to be stored is an analog quantity, the compressed data
is obtained by compressively sampling the data to be stored based on an acquisition frequency
of the data to be stored and a target sampling frequency. The acquisition frequency is higher
than the target sampling frequency.

[0074] In some embodiments, data acquired by an IoT device is an analog quantity, and an
acquisition frequency is relatively high. However, if a user needs a change trend of the analog
quantity within a long time period when querying and analyzing or statistical results of the
data and do not need specific details, the database server may compress the data to be stored
of the analog quantity by sampling and compression. That is, the database server retains one
piece of data to be stored at predetermined time intervals based on a preset target sampling
frequency and delete the remaining data, thereby reducing the space occupied by the data. The
target sampling frequency is smaller than the acquisition frequency of the IoT device.

[0075] In some embodiments, the IoT device is a wind speed detector, which acquires the
wind speed every 10 seconds and uploads it to the database server. Since the wind speed
generally does not change abruptly and a user usually only needs to query the wind speed
changes in a few hours or a day, a specific wind speed every 10 seconds does not need to be
specified. A target sampling frequency of the database server for the analog data sent by the
IoT device may be set to once every minute. For example, from 10:00:00 to 10:01:00, the IoT
device acquires 7 sets of wind speeds and uploads them to the database server. The database

server only retains data at 10:00:00 and 10:01:00 based on the target sampling frequency once
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per minute and compresses the data, and delete the remaining 5 groups of data.

[0076] Optionally, the data to be stored whose data type is an analog quantity may be
compressed by a lossless compression method of a time series database, such as Huffman
compression algorithm.

[0077] In step 405, when the data to be stored is a cumulative quantity, the data to be
stored is compressed by a preset lossless compression algorithm of a time series database.
[0078] Since a value of the cumulative quantity increases progressively over time which
is a cumulative value of a certain indicator and usually its data acquisition frequency is
relatively low, it is necessary to retain complete data when performing compression and
storage. In some embodiments, the database server compresses the cumulative quantity by a
lossless compression method of a time series database.

[0079] It should be noted that no strict order is defined between steps 402 to 403 and step
404 and step 405. That is, steps 402 to 403 and step 404 and step 405 may be performed
synchronously, which is not limited in this embodiment.

[0080] In step 406, the compressed data is stored to a data storage table corresponding to
the data type. Different data types correspond to different data storage tables.

[0081] In some embodiments, the database server is provided with a plurality of types of
data storage tables. Each type of data storage table corresponds to one data type, and only
stores data of that type. When a user needs to query data, he/she only needs to decompress the
corresponding data storage table. Based on different types of data storage tables,
corresponding query algorithms are set to enable the database server to have rich query
capabilities.

[0082] In step 407, a query request is received. The query request includes a query data
type and a query time condition.

[0083] In addition to storing the data acquired by the IoT device, the database server also
has data query and analysis capabilities, and provides different query capabilities for different
types of data.

[0084] In some embodiments, a user initiates a query request on a client, which includes a
query data type and a query time conditions. After the database server receives the query

request from the client, it determines and decompresses a corresponding data storage table
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based on the query data type, and then determines relevant data in the data storage table based
on the query time condition.

[0085] In some embodiments, a query data type, a query object, a query time condition,
and a query service need to be entered in a query interface. For example, a user may enter the
minimum temperature of each day in November 2019 in a certain area in the query analog
quantity.

[0086] As shown in FIG. 5, different types of data have different query requirements.
Since the database server stores each type of data separately in a corresponding data storage
table, it can meet the query requirements of cach type of data. For example, a user may
perform basic aggregation queries (such as summation, average, and solving minimum and
maximum values) and interpolation queries for analog data, and may also set other query
methods according to the actual data. For a state quantity, displacement reading, adjacent state
query, state statistics, and the like may be performed. For a cumulative quantity, it is usually
necessary to perform data decomposition and perform related queries on this basis, for
example, querying related fees such as related costs and benefits.

[0087] In step 408, when the query data type is the state quantity, if the query time
condition is a first moment and a data storage table corresponding to the state quantity does
not store data corresponding to the first moment, then data corresponding to a second moment
in the data storage table is determined to be target data. The second moment is before the first
moment and is closest to the first moment.

[0088] In some embodiments, because the compression method of the state quantity is to
only retain data when a change occurs and delete data when no change occurs, the data is not
complete, and there may be no corresponding data stored in the data storage table at the first
moment of user input. However, since the stored data is unchanged data, its value is equal to
that of data in the data storage table that is closest to its moment and before that moment. That
is, the data corresponding to the second moment is the target data, and the database server
returns the data at the second moment.

[0089] In some embodiment, if a user needs to query the switch state of the loT device at
10:04:00, after a corresponding data storage table is determined based on the data type and it

is detected that no data is present at that moment, data closest to that moment and before that
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moment is returned, i.e., data at 10:02:00 with a value of 1, which indicates that the switch
state of the IoT device is off at 10:04:00.

[0090] In some embodiments, the query data type is the state quantity. If the query time
condition is a target time period, data within the target time period in the data storage table is
determined as target data. When a user needs to query a state quantity or a statistical result of
the state quantity within a time period, the query time condition is one time period, and the
database server returns the state quantity or the statistical result thereof within this time
period.

[0091] In some embodiments, if a user needs to query statistical results of state quantities
of the IoT device from 10:01:00 to 10:06:00, the database server determines a corresponding
data storage table and determines target data based on the time period of the query time
condition to acquire data at 10:02:00 and 10:06:00, the values of which are 1 and 0
respectively. The returned statistical results are once on and once off.

[0092] In step 409, when the query data type is the analog quantity, if the query time
condition is a third moment and a data storage table corresponding to the analog quantity does
not store data corresponding to the third moment, data corresponding to at least one fourth
moment and at least one fifth moment in the data storage table is acquired. The fourth
moment is before the third moment and closest to the third moment. The fifth moment is after
the third moment and closest to the third moment.

[0093] In some embodiments, since the compression method of the analog quantity may
be sampling and compression, the data thereof is incomplete, and data at a certain moment
queried by a user may not be stored in the data storage table. The database server first
determines data at two moments or within two time periods that are closest to the third
moment of the query time condition before and after.

[0094] In some embodiments, if a user needs to query the wind speed acquired by the [oT
device at 10:00:30, since the IoT device acquires data every one minute for compression and
storage, no data at 10:00:30 is not present in the data storage table. At this moment, the
database server acquires data at 10:00:00 and several moments before and data at 10:01:00
and several moments after.

[0095] In step 410, target data corresponding to the third moment is calculated by an
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interpolation algorithm based on the data corresponding to the fourth moment and the fifth
moment.

[0096] According to data corresponding to a moment adjacent to the third moment, the
database server fits a function of data within a time period including the third moment by an
interpolation algorithm, calculates data corresponding to the third moment, and returns a
calculation result.

[0097] In some embodiments, if a user needs to query the wind speed acquired by the [oT
device at 10:00:30, the database server calculates the wind speed at 10:00:30 based on data at
10:00:00, 09:59:00 and 09:58:00 and data at 10:01:00, 10:02:00 and 10:03:00. Assuming that
the wind speeds corresponding to 10:00:00, 09:59:00, 09:58:00, 10:01:00, 10:02:00 and
10:03:00 are all Sm/s, a function is fitted and the wind speed at 10:00:30 is calculated to be
Sm/s.

[0098] In some embodiments, the query data type is the analog quantity. If the query time
condition is a target time period, target data corresponding to the target time period in the data
storage table is acquired. If the query request also includes other query conditions, a target
function is determined based on a specific query condition, the target data is calculated and
processed based on the target function, and a calculation result is obtained and returned to a
query device.

[0099] In some embodiments, if a user needs to query the maximum wind speed from
00:00:00 to 12:00:00 acquired by the IoT device, the database server determines data within
this time period in a corresponding data storage table, determines a function to solve the
maximum value, calculates the maximum value of wind speed from 00:00:00 to 12:00:00
with this function, and returns a result to the client.

[00100] In step 411, when the query data type is the cumulative quantity, components
corresponding to respective time periods are calculated based on adjacent cumulative
quantities in the data storage table.

[00101] When querying a cumulative quantity, it is usually necessary to perform data
decomposition first, that is, calculate components of time periods, so as to perform data
statistics or other joint calculations, such as calculating the electricity bill by combining the

electric meter reading with the electricity price. The database server subtracts a cumulative
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quantity corresponding to a previous moment from a cumulative quantity corresponding to
cach moment to obtain a component corresponding to each time period.

[00102] In some embodiments, the query data type is the cumulative quantity, the query
time condition is a sixth moment, and the target data is determined based on the sixth
moment. When a user needs to query a cumulative quantity at a certain time, the database
server queries and directly returns the cumulative quantity at that moment.

[00103] In step 412, target components belonging to a target time period indicated by the
query time condition are queried.

[00104] In some embodiments, after decomposing the components corresponding to the
respective time periods, the database server determines a target component that a user needs
to query based on a target time period.

[00105] In some embodiments, if a user needs to query an electric meter reading acquired
by the IoT device and needs the electricity consumption and electricity bill for each day in
September, and the database server stores an electric meter reading for each day from
September 1 to September 30, namely each day's cumulative electricity consumption, the
database server first starts with data of the second day, and subtracts a cumulative quantity of
a previous day from a cumulative quantity per day to obtain a daily electricity consumption in
September.

[00106] In step 413, target data is determined based on the target components.

[00107] Upon acquiring components of the cumulative quantity in respective time periods,
the database server performs data statistics or calculation on target components to determine
target data. In some embodiments, if a user needs to query fees of a certain cumulative
quantity in respective time periods within a period of time, it is necessary to calculate in
combination with components of the cumulative quantity in the respective time periods and
the cost.

[00108] In some embodiments, if a user needs to query an electric meter reading acquired
by the IoT device and the electricity consumption and electricity bill for each day in
September, the database server subtracts a cumulative quantity of a previous day from a
cumulative quantity per day starting from data of the second day to obtain a daily electricity

consumption in September, and then calculates a daily electricity bill in combination with the
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electricity price in September.

[00109] It should be noted that no strict order is defined between step 408 and steps 409 to
410, and steps 411 to 413. That is, step 408, steps 409 to 410, and steps 411 to 413 may be
performed synchronously, which is not limited in this embodiment.

[00110] In the embodiments of the present disclosure, data types are categorized into state
quantities, analog quantities, and cumulative quantities based on their change characteristics
over time, and a different data compression method is adopted for each data type, which
maximizes the compression rate and saves system resources. Different types of data are stored
in different data storage tables. On this basis, a variety of query functions are provided for the
database server. Users can query data and its statistics or calculation results according to
actual needs, which improves the query capability of the database server.

[00111] FIG. 6 is a structural block diagram of an apparatus for storing and querying time
series data according to an exemplary embodiment of the present disclosure. The apparatus
may be disposed in the database server described in the above embodiment. As shown in FIG.
6, the apparatus includes:

[00112] a determining module 601, configured to, upon receiving data to be stored from an
IoT device, determine a data type of the data to be stored, wherein the data to be stored is time
series data, and the data type is intended to indicate a change in the time series data over time;
[00113] a processing module 602, configured to obtain compressed data by compressing
the data to be stored by a data compression method corresponding to the data type, wherein
different data types correspond to different data compression methods;

[00114] a storing module 603, configured to store the compressed data to a data storage
table corresponding to the data type, wherein different data types correspond to different data
storage tables;

[00115] a receiving module 604, configured to receive a query request, wherein the query
request includes a query data type and a query time condition; and

[00116] a querying module 605, configured to query target data that meets the query time
condition from a data storage table corresponding to the query data type.

[00117] Optionally, the data to be stored is a state quantity; the state quantity is a physical

quantity that is discontinuous over time and has a value belonging to a preset enumerated data
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set; and the processing module 602 includes:

[00118] a first acquiring unit, configured to read values of n picces of data to be stored that
are continuously received, where n is an integer greater than or equal to 2; and

[00119] a first compressing unit, configured to obtain the compressed data by compressing
the data to be stored based on changes in the values of the n pieces of data to be stored.
[00120] Optionally, the compressing unit is further configured to:

[00121] for an (i+1)™ piece of data to be stored among the n pieces of data to be stored,
retain the (i+1)™ piece of data to be stored if a value of the (i+1)™ piece of data to be stored is
different from that of an i piece of data to be stored, wherein i is an integer greater than or
equal to 1; and

[00122] delete the (i+1)™" picce of data to be stored if the value of the (i+1)™ piece of data
to be stored is the same as that of the i piece of data to be stored.

[00123] Optionally, the query data type is the state quantity; and the querying module 605
includes:

[00124] a first determining unit, configured to determine data corresponding to a second
moment in the data storage table to be the target data if the query time condition is a first
moment and the data storage table corresponding to the state quantity does not store data
corresponding to the first moment, wherein the second moment is before the first moment and
is closest to the first moment.

[00125] Optionally, the data to be stored is an analog quantity; the analog quantity is a
physical quantity that is continuous over time and has a value within a preset value range; and
the processing module 602 further includes:

[00126] a second compressing unit, configured to obtain the compressed data by sampling
and compressing the data to be stored based on an acquisition frequency of the data to be
stored and a target sampling frequency, wherein the acquisition frequency is higher than the
target sampling frequency.

[00127] Optionally, the query data type is the analog quantity; and the querying module
605 further includes:

[00128] a second acquiring unit configured to acquire data corresponding to at least one

fourth moment and at least one fifth moment in the data storage table if the query time
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condition is a third moment and the data storage table corresponding to the analog quantity
does not store data corresponding to the third moment, wherein the fourth moment is before
the third moment and closest to the third moment, and the fifth moment is after the third
moment and closest to the third moment; and

[00129] a first calculating unit, configured to calculate target data corresponding to the
third moment by an interpolation algorithm based on the data corresponding to the fourth
moment and the fifth moment.

[00130] Optionally, the data to be stored is a cumulative quantity; the cumulative quantity
is a physical quantity whose value increases progressively over time; and the data to be stored
is compressed by a preset lossless compression algorithm of a time series database.

[00131] The query data type is the cumulative quantity; and the querying module 605
further includes:

[00132] a second calculating unit, configured to calculate components corresponding to
respective time periods based on adjacent cumulative quantities in the data storage table;
[00133] a querying unit, configured to query target components belonging to a target time
period indicated by the query time condition; and

[00134] a second determining unit, configured to determine the target data based on the
target components.

[00135] FIG. 7 shows a schematic structural diagram of a server according to an exemplary
embodiment of the present disclosure. Specifically, the server 700 includes a central
processing unit (CPU) 701, a system memory 704 including a random access memory (RAM)
702 and a read-only memory (ROM) 703, and a system bus 705 connecting the system
memory 704 and the central processing unit 701. The server 700 also includes a basic
input/output (I/O) system 706 that helps transfer information between various devices in the
server, and a mass storage device 707 for storing an operating system 713, application
programs 714, and other program modules 715.

[00136] The basic input/output system 706 includes a display 708 for displaying
information and an input device 709 such as a mouse and a keyboard for a user to input
information. The display 708 and the input device 709 are both connected to the central

processing unit 701 by an input and output controller 710 connected to the system bus 705.
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The basic input/output system 706 may further include the input and output controller 710 for
receiving and processing inputs from a plurality of other devices such as a keyboard, a mouse,
or an electronic stylus. Similarly, the input and output controller 710 also provides outputs to
a display screen, a printer, or other types of output devices.

[00137] The mass storage device 707 is connected to the central processing unit 701 by a
mass storage controller (not shown) connected to the system bus 705. The mass storage
device 707 and its associated server-readable storage medium provide non-volatile storage for
the server 700. That is, the mass storage device 707 may include a server-readable storage
medium (not shown) such as a hard disk or a compact disc read-only memory (CD-ROM)
drive.

[00138] Without loss of generality, the server-readable storage medium may include a
server storage medium and a communication medium. The server storage medium includes
volatile and nonvolatile, removable and non-removable medium implemented in any method
or technology for storing information such as server-readable storage instructions, data
structures, program modules, or other data. The server storage medium includes a RAM, a
ROM, an crasable programmable read-only memory (EPROM), an electrically erasable
programmable read-only memory (EEPROM), a flash memory, or other solid state storage
devices, a CD-ROM, a digital versatile disk (DVD) or other optical storage devices, a tape
cassette, a magnetic tape, a disk storage or other magnetic storage devices. Those skilled in
the art may know that the server storage medium is not limited to the foregoing. The
aforementioned system memory 704 and mass storage device 707 may be collectively
referred to as memory.

[00139] The memory stores one or more programs configured to be run by one or more
central processing units 701 and including instructions for performing the above-mentioned
method for storing and querying time series data. The central processing unit 701 run the one
or more programs to perform the method for storing and querying time series data according
to the above method embodiments.

[00140] According to various embodiments of the present disclosure, the server 700 may
also be connected to a remote server over a network such as the Internet to run. That is, the

server 700 may be connected to a network 712 by a network interface unit 711 connected to
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the system bus 705. In other words, the network interface unit 711 may also be used to
connect to other types of networks or remote server systems (not shown).

[00141] The memory further includes one or more programs. The one or more programs
include instructions to perform the steps performed by the database server in the method
provided in the embodiments of the present disclosure.

[00142] An embodiment of the present disclosure further provides a computer-readable
storage medium storing at least one computer program including at least one instruction. The
at least one instruction, when loaded and executed by a processor, causes the processor to
perform the method for storing and querying time series data described in the above
embodiments.

[00143] An embodiment of the present disclosure further provides a computer program
product storing at least one instruction therein. The at least one instruction, when loaded and
executed by a processor, causes the processor to perform the method for storing and querying
time series data described in the above embodiments.

[00144] Those skilled in the art may be aware that, in one or more of the foregoing
examples, the functions described in the embodiments of the present disclosure may be
implemented by hardware, software, firmware, or any combination thereof. When
implemented by software, these functions may be stored in a computer-readable storage
medium or transmitted as one or more instructions or codes on the computer-readable storage
medium. The computer-readable storage medium includes a computer storage medium and a
communication medium. The communication medium includes any medium that facilitates
the transfer of a computer program from one place to another. The storage medium may be
any available medium that may be accessed by a general-purpose or special-purpose
computer.

[00145] The above are merely exemplary embodiments of the present disclosure, but are
not intended to limit the present disclosure. Any modifications, equivalent replacements and
improvements made within the spirits and principles of the present disclosure shall all fall in

the protection scope of the present disclosure.
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CLAIMS

What is claimed is:

1. A method for storing and querying time series data, comprising;:

upon receiving data to be stored from an Internet of things (IoT) device, determining a
data type of the data to be stored, wherein the data to be stored is time series data, and the data
type is intended to indicate a change in the time series data over time;

obtaining compressed data by compressing the data to be stored by a data compression
method corresponding to the data type, wherein different data types correspond to different
data compression methods;

storing the compressed data to a data storage table corresponding to the data type,
wherein different data types correspond to different data storage tables;

receiving a query request, wherein the query request comprises a query data type and a
query time condition; and

querying target data that meets the query time condition from a data storage table

corresponding to the query data type.

2. The method according to claim 1, wherein the data to be stored is a state quantity,
wherein the state quantity is a physical quantity that is discontinuous over time and has a
value belonging to a preset enumerated data set, and obtaining the compressed data by
compressing the data to be stored by the data compression method corresponding to the data
type comprises:

reading values of n pieces of data to be stored that are continuously received, wherein n
is an integer greater than or equal to 2; and

obtaining the compressed data by compressing the data to be stored based on changes in

the values of the n pieces of data to be stored.

3. The method according to claim 2, wherein obtaining the compressed data by

compressing the data to be stored based on the changes in the values of the n pieces of data to

22



10

15

20

25

30

WO 2021/126079 PCT/SG2020/050748

be stored comprises:

for an (i+1)" piece of data to be stored among the n pieces of data to be stored, retaining
the (i+1)™ piece of data to be stored if a value of the (i+1)™ piece of data to be stored is
different from that of an i" piece of data to be stored, wherein i is an integer greater than or
equal to 1; and

deleting the (i+1)™ piece of data to be stored if the value of the (i+1)™ piece of data to be

stored is the same as that of the i piece of data to be stored.

4. The method according to claim 1, wherein the query data type is a state quantity, and
querying the target data that meets the query time condition from the data storage table
corresponding to the query data type comprises:

determining data corresponding to a second moment in the data storage table as the
target data if the query time condition is a first moment and the data storage table
corresponding to the state quantity does not store data corresponding to the first moment,

wherein the second moment is before the first moment and is closest to the first moment.

5. The method according to claim 1, wherein the data to be stored is an analog quantity,
wherein the analog quantity is a physical quantity that is continuous over time and has a value
within a preset value range, and obtaining the compressed data by compressing the data to be
stored by the data compression method corresponding to the data type comprises:

obtaining the compressed data by sampling and compressing the data to be stored based
on an acquisition frequency of the data to be stored and a target sampling frequency, wherein

the acquisition frequency is higher than the target sampling frequency.

6. The method according to claim 1, wherein the query data type is an analog quantity,
and querying the target data that meets the query time condition from the data storage table
corresponding to the query data type comprises:

acquiring data corresponding to at least one fourth moment and at least one fifth moment
in the data storage table if the query time condition is a third moment and the data storage

table corresponding to the analog quantity does not store data corresponding to the third
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moment, wherein the fourth moment is before the third moment and closest to the third
moment, and the fifth moment is after the third moment and closest to the third moment; and
calculating the target data corresponding to the third moment by an interpolation

algorithm based on the data corresponding to the fourth moment and the fifth moment.

7. The method according to claim 1, wherein the data to be stored is a cumulative
quantity, wherein the cumulative quantity is a physical quantity whose value increases
progressively over time, and the data to be stored is compressed by a preset lossless
compression algorithm in a time series database; and

the query data type is the cumulative quantity, and querying the target data that meets the
query time condition from the data storage table corresponding to the query data type
comprises:

calculating components corresponding to respective time periods based on adjacent
cumulative quantities in the data storage table;

querying target components belonging to a target time period indicated by the query time
condition; and

determining the target data based on the target components.

8. An apparatus for storing and querying time series data, comprising:

a determining module, configured to, upon receiving data to be stored from an Internet of
things (IoT) device, determine a data type of the data to be stored, wherein the data to be
stored is time series data, and the data type is intended to indicate a change in the time series
data over time;

a processing module, configured to obtain compressed data by compressing the data to
be stored by a data compression method corresponding to the data type, wherein different data
types correspond to different data compression methods;

a storing module, configured to store the compressed data to a data storage table
corresponding to the data type, wherein different data types correspond to different data
storage tables;

a receiving module, configured to receive a query request, wherein the query request
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comprises a query data type and a query time condition; and
a querying module, configured to query target data that meets the query time condition

from a data storage table corresponding to the query data type.

9. A server, comprising: a processor; and a memory storing at least one instruction, at
least one program, a code set, or an instruction set, wherein the at least one instruction, the at
least one program, the code set, or the instruction set, when loaded and executed by the
processor, causes the processor to perform the method for storing and querying time series

data as defined in any one of claims 1 to 7.

10. A computer-readable storage medium storing at least one instruction, at least one
program, a code set, or an instruction set, wherein the at least one instruction, the at least one
program, the code set, or the instruction set, when loaded and executed by a processor, causes
the processor to perform the method for storing and querying time series data as defined in

any one of claims 1to 7
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