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This application generally relates to data processing meth-
ods and apparatus. One data processing method disclosed
herein comprises: creating a Writable Snapshot based on
data modification; creating a plurality of Read-Only (“RO”)
Snapshots by cloning the Writable Snapshot at distinct
predetermined creation-times; receiving a data inquiry
request; and conducting the data inquiry through indexing,
in a RO Snapshot with a latest creation-time. This approach
achieves separation of data modification and data inquiry,
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METHOD AND APPARATUS FOR DATA
PROCESSING

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims priority to Chinese
Patent Application No. 201510742561.3, filed Nov. 4, 2015,
the entire content of which is incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present disclosure generally relates to the field
of data processing, and more particularly, to methods of data
processing and data processing apparatuses.

BACKGROUND

[0003] Many existing data processing methods are based
on OLTP (On-Line Transaction Processing) databases,
OLAP (Online Analytical Processing) databases, and Info-
bright databases. OLTP databases, which are most com-
monly used, use transaction log methods to maintain con-
sistency of inserting, updating, and deletion records.
Specifically, at the beginning of every time period (a day, a
week, or a month), a new data sheet is created. The acquired
data is imported into this new data sheet, and new static
index is created. After the creation of the new static index,
efficient inquiry may be supported, but real-time data updat-
ing is not. OL AP databases use batch data importation mode,
which does not support real time data inquiry. With regard
to Infobright databases, data inquiry can only be conducted
after batch data updating is completed, and the updating
speed is therefore slow. Moreover, Infobright databases do
not support historical version data inquiry, and thus cannot
be extended and used in distributed database systems.

[0004] In view of the above, there is a need for data
processing methods that support fast data update and data

inquiry.
SUMMARY OF THE INVENTION

[0005] In view of the above defects of existing techniques,
the present invention discloses data processing methods
applicable in data storage systems comprising a plurality of
Read-only Snapshots (“RO Snapshots™) and one Writable
Snapshot, wherein the creation-times of the RO Snapshots
are different. A data processing method disclosed herein
comprises:

[0006] Creating a Writable Snapshot based on data modi-
fication;

[0007] Creating a plurality of Read-Only (“RO”) Snap-
shots by cloning the Writable Snapshot at distinct predeter-
mined creation-times;

[0008] Receiving a data inquiry request; and

[0009] Conducting the data inquiry through indexing, in a
RO Snapshot with a latest creation-time.

[0010] The present invention further provides data pro-
cessing apparatus. A data processing apparatus disclosed
herein comprises:

[0011] A first creation module, used for: creating a Writ-
able Snapshot based on data modification;

[0012] A second creation module, used for: creating a
plurality of Read-Only (“RO”) Snapshots by cloning the
Writable Snapshot at distinct predetermined creation-times;
and
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[0013] An inquiry module, used for: receiving a data
inquiry request, and conducting the data inquiry through
indexing, in a RO Snapshot with a latest creation-time.
[0014] Compared to existing technology, the present
invention discloses: creating a Writable Snapshot based on
data modification; creating a plurality of Read-Only (“RO”)
Snapshots by cloning the Writable Snapshot at distinct
predetermined creation-times; receiving a data inquiry
request; and conducting the data inquiry through indexing,
in a RO Snapshot with a latest creation-time. In this way,
data modification and data inquiry are separated, which
enables fast real-time updating. Further, based on fast index-
ing and invert indexing, the present invention improves
inquiry efficiency. Additionally, by storing data in columns,
wherein each column may be divided into a plurality of data
blocks based on a fixed block size, each data block has the
same length, therefore, when modifying data, the effect of
the modification can be limited to the particular data blocks
where modification is performed, without affecting the other
data blocks. This may reduce resource consumption incurred
in the modification process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments consistent with the invention and, together
with the description, serve to explain the principles of the
invention.

[0016] FIG. 1 is a flowchart of a data processing method,
according to an exemplary embodiment.

[0017] FIG. 2 is a schematic diagram illustrating a process
of creating a Writable Snapshot, according to an exemplary
embodiment.

[0018] FIG. 3 is a schematic diagram illustrating a struc-
ture of a snapshot, according to an exemplary embodiment.
[0019] FIG. 4 is a schematic diagram illustrating a struc-
ture of a Writable Snapshot after data insertion, according to
an exemplary embodiment.

[0020] FIG. 5 is a schematic diagram illustrating a struc-
ture of a Writable Snapshot after data deletion, according to
an exemplary embodiment.

[0021] FIG. 6 is a schematic diagram illustrating a struc-
ture of a Writable Snapshot after data update, according to
an exemplary embodiment.

[0022] FIG. 7 is a schematic diagram illustrating an invert
index, according to an exemplary embodiment.

[0023] FIG. 8 is a block diagram of a data processing
apparatus, according to an exemplary embodiment.

DETAILED DESCRIPTION

[0024] The following description refers to the accompa-
nying drawings in which the same numbers in different
drawings represent the same or similar elements unless
otherwise represented. The implementations set forth in the
following description of exemplary embodiments do not
represent all implementations consistent with the invention.
Instead, they are merely examples of apparatuses and meth-
ods consistent with aspects related to the invention as recited
in the appended claims.

[0025] The present invention provides data processing
methods that can be applied in data storage systems with a
plurality of RO Snapshots and a Writable Snapshot, wherein
the creation-times of the RO Snapshots are different. The
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RO Snapshots and the Writable Snapshot store data infor-
mation of the data (including description information, and
position information of the data), rather than the data itself.
As the data is constantly updated, after every time interval,
a RO Snapshot is created based on the description informa-
tion and position information of the current data, while the
Writable Snapshot is created based on current modification
to the data.

[0026] Referring to FIG. 1, a method according to an
exemplary embodiment comprises:

[0027] Step 101, creating a Writable Snapshot based on
data modification.

[0028] Specifically, creating a Writable Snapshot may
comprise:

[0029] Step A, determining a RO Snapshot with the latest
creation-time;

[0030] Step B, duplicating the data information in the
determined RO Snapshot into a preset snapshot;

[0031] Step C, determining a position of the data to be
modified in the preset snapshot, modifying data, and updat-
ing data information in the preset snapshot based on the data
modification; and

[0032] Step D, creating a Writable Snapshot based on the
updated data information in the preset snapshot.

[0033] As an example for illustration purposes, there were
30 students originally in a class, each student corresponding
to a data item. RO Snapshots are created based on the
student information (including description information and
position information). The RO Snapshot with the latest
creation-time, for example, RO Snapshot 1, stores descrip-
tion information of the 30 students, including, for example,
name, gender, age, ethnic group, and their position infor-
mation in the class. For example, the position information
may be row 2, seat 2.

[0034] When there is a new student joining the class, the
data (with the information of the 30 students) in RO Snap-
shot 1 is duplicated into a preset blank snapshot. After
duplication, a position of the new student is determined
based on the preset snapshot, and the new student is placed
based on the determined position. In fact, as data is modi-
fied, the Writable Snapshot changes. The Writable Snapshot
is the preset snapshot after duplicating the RO Snapshot with
the latest creation-time. After determining the position of the
31* student and then placing the 31% student based on the
preset snapshot, the preset snapshot is correspondingly
modified, and the final Writable Snapshot includes the
description information of 31 students and their correspond-
ing positions. The data information stored in the Writable
Snapshot corresponds to the most current data.

[0035] In subsequent data inquiries, all inquiries can be
run on any one of the RO Snapshots (for example, RO-
SNAPI1, RO-SNAP2, and RO-SNAP3, as shown in FIG. 2).
As different RO Snapshots correspond to data of different
times, with the RO Snapshots, the status of the latest data or
status of historical data may be inquired, without affecting
inquiry in other RO Snapshots, or creation of the Writable
Snapshot. Further, data can be modified while one or more
data inquiries are being conducted, therefore enabling effi-
cient data inquiry and modification.

[0036] If the information of the current data is to be
inquired, the inquiry may preferably be based on the latest
RO Snapshot (the newer it is, the newer the data therein).
There is only one Writable Snapshot, which is updated based
on all real-time data modification. As shown in FIG. 2, when
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it is needed to insert a new data item 4, based on the latest
RO Snapshot RO-SNAP3, the final Writable Snapshot cre-
ated, WR-DATA, includes the three data items in RO-
SNAP3, and the new data item 4. It is contemplated that
there are other ways to name the RO Snapshots and the
Writable Snapshot, which is not limited to the above-
description. Every snapshot stores therein the data informa-
tion (including description information and position infor-
mation) of the data in the previous snapshot, plus the added
data compared to the previous snapshot. There is only one
set of actual data, so storage space can be effectively
reduced. At preset intervals (for example, every 60 seconds),
a RO Snapshot may be automatically created by cloning the
current Writable Snapshot, for example, a RO-SNAP4 may
be created by cloning the Writable Snapshot WR-DATA.
When data inquiry requests are received, inquiry may be
conducted only based on RO Snapshots, which may be the
RO Snapshot with the latest creation-time, or other RO
Snapshots created at other historical times.

[0037] Specifically, the structure of the RO Snapshots may
be consistent with the structure of the Writable Snapshot,
wherein data is stored in data columns. Every column may
comprise one or more data blocks, each data block having
the same number of data sub-blocks, as shown in FIG. 3,
which is a storage structure of a table with two columns (id
and name). Every column has three blocks. “Delete bitset”
is a label representing whether the data in the corresponding
row is deleted. In particular application scenarios. It is
contemplated that other data labels may be set according to
actual needs, to represent status of the corresponding data. In
FIG. 3, there are 4 records in the snapshot, (1, “one”), (2,
“two”), (3, “three”), (4, “four”). Certainly, other than the
above, there may be other data records, for example, num-
bers of the students, names of the corresponding students,
height, weight and so on.

[0038] Specifically, data modification may comprise:
insert, update, and delete. In view of this, Step C—deter-
mining a position of the data to be modified in the preset
snapshot, modifying data, and updating data information in
the preset snapshot based on the data modification—may
comprise:

[0039] (1) When it is needed to insert data, determining a
data sub-block where the data is to be inserted in the preset
snapshot, inserting data in a position corresponding to the
determined data sub-block in a storage space, and updating
data information in the preset snapshot based on data
information of the inserted data.

[0040] During the data “Insert” process, after executing
“SQL insert into table (id, name) values (5, “five”),” namely,
after inserting data item 5, the storage structure of the
snapshot may be changed. FIG. 4 illustrates such a change
in the storage structure of the snapshot. The preset snapshot,
namely, the initial Writable Snapshot, is used to determine a
position of the data sub-block where the data will be
inserted, for example, it may be determined as position 1 in
the data sub-block 1. In the process of inserting the actual
data, the processor may find a position where the actual data
is stored in the data storage space. The position corresponds
to the determined position in the Writable Snapshot (for
example, position 1 in the data sub-block 1). The processor
may then insert data in the determined position where the
actual data is stored. At the same time, the Writable Snapshot
may be updated correspondingly based on the data insertion.
Other data modification processes are similar to this.
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[0041] (2) When it is needed to delete data, determining a
data sub-block where the data to be deleted is located,
deleting data in a position corresponding to the position of
the determined data sub-block in the data storage space, and
changing the data label of the determined data sub-block
where the data to be deleted is located to “deleted” in the
preset snapshot.

[0042] In the process of data “Delete,” to execute “SQL
delete from table where id=2,” namely, deleting data item 2,
it may be done by only marking the second row of the
bitmap as 1, without actually deleting the data item 2, thus
avoiding affecting the other data. The structure of a Writable
Snapshot created is shown in FIG. 5.

[0043] (3) When is it needed to update data, determining
a data block where the data to be updated is located,
duplicating the determined data block, determining a data
sub-block where the data to be updated is located in the
duplicated data block, updating data in a position corre-
sponding to the determined data sub-block in the data
storage space, creating an updated data block, and replacing
the corresponding data block in the preset snapshot with the
updated data block.

[0044] In the process of data “Update,” when executing
“SQL update table set name="san” where id=3,” namely,
updating data item 3, the processor may determine data item
3 is in data block 1 (including data 1, data 2, and data 3,
which respectively corresponds to one, two, three), copy
data block 1, set the third row of the newly copied data block
as “san,” and replace data block 1 with updated data block
1. The storage structure of the Writable Snapshot created is
shown in FIG. 6.

[0045] Step 102: creating new RO Snapshots by cloning
the Writable Snapshot at predetermined times.

[0046] The specific process may be shown in FIG. 2,
namely, making a copy by cloning.

[0047] Step 103: upon receiving a data inquiry request,
conducting data inquiry through indexing, in a snapshot with
the latest creation-time.

[0048] Specifically, data inquiry may be conducted when
the data inquiry request is received, or during data process-
ing as described above, conducting data inquiry when locat-
ing the position where processing is needed. When a plu-
rality of data items stored in the data blocks comprise
numerical values, inquiry may be conducted in the following
two manners:

[0049] Manner 1:

[0050] Upon receiving a data inquiry request, determining
a numerical value of the data being inquired, based on the
data inquiry request;

[0051] Determining a RO Snapshot with the latest cre-
ation-time, and data blocks in the determined RO Snapshot,
and determining numerical value ranges of the data in each
data block;

[0052] Screening each data block based on a determina-
tion of whether the numerical value of the data being
inquired falls within the numerical value ranges;

[0053] Completing the data inquiry by scanning the
screened data blocks and conducting numerical value match-
ing.

[0054] Specifically, with respect to each data block,

recording the maximum and minimum values of the data
block, and conducting equivalence and range inquiry. Only
when the equivalence and range overlap with the maximum
and minimum values of the data block, the data block will
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be scanned; if there is no overlap, the respective data block
may be skipped, thus improving inquiry efficiency.

[0055] For example, the maximum value of the first data
block in column “id” is 3, and the minimum value is 1. When
the inquiry SQL is “select * from table where id=2,” because
2 is within the range [1,3], this data block will be scanned,
and the search result will be (2, “two”);

[0056] For another example, when the inquiry SQL is
“select * from table where id=4,” because 4 is not within the
range [1,3], it may be determined that this data block does
not meet the requirement, and can be skipped.

[0057] Further, when the inquiry SQL is “select * from
table where id between 2 and 4,” because there is an overlap
between [2,4] and [1,3], the data block [1,3] will be scanned,
and the search result will be (2, “two”), (3, “three”);
[0058] When the inquiry SQL is “select * from table
where id between 4 and 5,” because there is no overlap
between [4,5] and [1,3], it may be determined that this data
block does not meet the requirement, and may be skipped.
[0059] Manner 2:

[0060] Upon receiving a data inquiry request, determining
a numerical value of the data being inquired, based on the
data inquiry request;

[0061] Creating data sequences with data in numerical
order, based on the numerical values of data in each data
block;

[0062] Completing the data inquiry, by searching in the
data sequences using binary search and the numerical value
of the data being inquired.

[0063] Specifically, in Manner 2, the “creating data
sequences with data in numerical order, based on the
numerical values of data in each data block™ may comprise:
[0064] Creating data sequences with data in ascending
numerical order, by creating invert indices for data in each
data block.

[0065] Specifically, with regard to data columns that are
frequently searched, using fast indexing in Manner 1 may
not exclude all data blocks, and it may be necessary to create
fast invert indices for each data block. An invert index is a
numeric array with a length of the block size. The “i” st
value of the array represents the position of the elements in
the block arranged in ascending order.

[0066] As shown in FIG. 7, data stored in the data block
are, sequentially, 13, 16, 14, 1, 12. Arranged in order, 13
takes the first position, and is placed in position O, the rest
are respectively: 16-1, 14-2, 1-3, 12-4. The minimum
numerical value is data item 1 in the block, which corre-
sponds to position 3, the second one is data item 12
(corresponds to position 4), the third one is data item 13
(corresponds to position 0), the fourth one is data item 14
(corresponds to position 2), and the largest value is 16
(corresponds to position 1). An invert index is created based
on the above. Going through each element in the invert
index, and using the elements as index to read the block
values, an ordered sequence is obtained. As shown in FIG.
7, the first value in the invert index is 3. One can read 1 from
the third element in the block (starting from 0). Similarly, the
second value in the invert index is 4. Therefore, one can read
12 from the fourth element in the block. The rest may be
obtained in the same manner. An ordered sequence may then
be obtained: 1, 12, 13, 14, 16. For ordered sequences, binary
search may be used, and equivalence or range inquiry may
be conducted.



US 2017/0124130 Al

[0067] Specifically, regarding binary search, for example,
data 1-100 are stored in a data block, and the data being
inquired is 23. First, the median value of 1-100-50 may be
searched for. The median value 50 may be compared with
23. Because 50 is larger than 23, the search may be contin-
ued and the median value of 1-50 may be compared with 23.
This may improve search efficiency.

[0068] To further illustrate this invention, this application
also provides data processing apparatus used for data storage
systems with a plurality of RO Snapshots and a Writable
Snapshot, wherein the creation-times of the RO Snapshots
are different. As shown in FIG. 8, one data processing
apparatus disclosed herein comprises:

[0069] A first creation module 801, used for: creating a
Writable Snapshot based on data modification;

[0070] A second creation module 802, used for: creating a
plurality of new RO Snapshots by cloning the Writable
Snapshot at predetermined times; and

[0071] Inquiry module 803, used for: upon receiving a
data inquiry request, conduct data inquiry through indexing,
in a RO Snapshot with the latest creation-time.

[0072] Specifically, the structure of the RO Snapshots may
be consistent with that of the Writable Snapshot, wherein
data is stored in data columns, each column comprises one
or more data blocks, and each data block comprise a same
number of data sub-blocks.

[0073] Optionally, the first creation module 801 may be
used for:

[0074] Determining a RO Snapshot with the latest cre-
ation-time;

[0075] Duplicating the data information in the determined
RO Snapshot into a preset snapshot;

[0076] Determining a position of the data to be modified
in the preset snapshot, modifying data, and updating the data
information in the preset snapshot based on the data modi-
fication; and

[0077] Creating a Writable Snapshot based on the updated
data information in the preset snapshot.

[0078] Specifically, data modification comprises: inserting
data, deleting data, and updating data.

[0079] The step of “determining a position of the data to
be modified in the preset snapshot, modifying data, and
updating the data information in the preset snapshot based
on the data modification,” by the first creation module 801,
comprises:

[0080] When it is needed to insert data, determining a data
sub-block where the data to be inserted will be stored in the
preset snapshot, inserting data in a position corresponding to
the determined data sub-block in a data storage space, and
updating the data information in the preset snapshot based
on the data information of the inserted data;

[0081] When it is needed to delete data, determining a data
sub-block where the data to be deleted is located, deleting
the data in a position corresponding to the determined data
sub-block in the data storage space, and labeling the deter-
mined data sub-block where the data to be deleted is located
as “deleted” in the preset snapshot;

[0082] When it is needed to update data, determining a
data block where the data to be updated is located, dupli-
cating the determined data block, determining a data sub-
block where the data to be updated is located in the dupli-
cated data block, updating data in a position corresponding
to the determined data sub-block in the data storage space,
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creating an updated data block, and replacing the corre-
sponding data block in the preset snapshot with the updated
data block.

[0083] Specifically, a plurality of data items stored in the
data blocks may comprise numerical values.

[0084] The inquiry module 803 may be used for:

[0085] Upon receiving a data inquiry request, determining
a numerical value of the data being inquired, based on the
data inquiry request;

[0086] Determining the RO Snapshot with the latest cre-
ation-time, and data blocks in the preset snapshot, and
determining a numerical value range of data in each data
block;

[0087] Screening each data block based on a determina-
tion of whether the numerical value of the data being
inquired falls within the numerical value ranges; and
[0088] Completing the data inquiry by scanning the
screened data blocks and conducting numerical value match-
ing.

[0089] Alternatively, a plurality of data items stored in the
data blocks may comprise numerical values.

[0090] The inquiry module 803 may be used for:

[0091] Upon receiving a data inquiry request, determining
a numerical value of the data being inquired, based on the
data inquiry request;

[0092] Creating data sequences with data in numerical
order, based on the numerical values of data in each data
block; and

[0093] Searching in the data sequences using binary
search and the numerical value of the data being inquired, to
complete data inquiry.

[0094] Optionally, the step of “creating data sequences
with data in numerical order, based on the numerical values
of data in each data block,” by inquiry module 803, may
comprise:

[0095] Creating data sequences with data in ascending
numerical order, by creating invert indices for data in each
data block.

[0096] Some embodiments of this application provide:
creating a Writable Snapshot based on data modification;
creating new RO Snapshots by cloning the Writable Snap-
shot at predetermined times; and, upon receiving a data
inquiry request, conducting data inquiry through indexing,
in the RO Snapshot with the latest creation-time. This
approach achieves separation of data modification and data
inquiry, which improves efficient real-time updating. Fur-
ther, by utilizing fast indexing and invert indexing, inquiry
efficiency is further improved.

[0097] Embodiments of the present application may be
implemented using hardware, software, firmware, or any
combination thereof for allowing a specialized device to
perform the functions described above. One or more steps,
operations, functions, and modules described herein may be
implemented by software instructions or codes stored in one
or more memory devices and executed by one or more
hardware processor devices. Exemplary hardware processor
devices include logic gate circuitry configured or made to
perform data processing and/or logic operations, integrated
circuits (ICs) designed and made to perform specific func-
tions, programmable gate arrays (PGAs), field-program-
mable gate arrays (FPGAs), etc.

[0098] Furthermore, one or more computer-readable stor-
age media may be utilized in implementing embodiments
consistent with the present disclosure. A computer-readable
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storage medium refers to any type of physical and/or non-
transitory memory on which information or data readable by
a processor may be stored. Thus, a computer-readable stor-
age medium may store instructions for execution by one or
more processors, including instructions for causing the
processor(s) to perform steps or stages consistent with the
embodiments described herein. The term “computer-read-
able medium” should be understood to include tangible
items and exclude carrier waves and transient signals, i.e., be
non-transitory. Examples include RAM, ROM, volatile
memory, nonvolatile memory, hard drives, CD ROMs,
DVDs, flash drives, a flash memory, a cache, a register,
disks, and any other known storage media.

[0099] A person of ordinary skill in the art may understand
that the drawings only describe some exemplary and
explanatory embodiments, and that modules/processes in the
drawings may be optional in actual implementation.
[0100] A person of ordinary skill in the art may understand
that the modules in the exemplary embodiments may be
configured in the manner as described above, or may be
modified and installed in one or more apparatuses. For
example, multiple function modules may be integrated into
a single physical device, or may be provided in separate
physical devices. One of ordinary skill in the art will also
understand that a plurality of the above described modules
may be combined as one module, and each of the above
described modules may be further divided into a plurality of
sub-modules.

[0101] The order of the above exemplary embodiments is
only for purpose of illustration, and does not represent
superiority of certain embodiments.

[0102] It is contemplated that the present invention is not
limited to the exact construction that has been described
above and illustrated in the accompanying drawings, and
that various modifications and changes can be made without
departing from the scope thereof. It is intended that the
scope of the invention only be limited by the appended
claims.

1.-14. (canceled)

15. A data processing method performed by a data storage
system, the method comprising:

creating a Writable Snapshot based on data modification;

creating a plurality of Read-Only (“RO”) Snapshots by

cloning the Writable Snapshot at distinct predetermined
creation-times;

receiving a data inquiry request; and

conducting the data inquiry through indexing, in a RO

Snapshot with a latest creation-time.

16. The method according to claim 15, wherein the RO
Snapshots share a same data structure with the Writable
Snapshot, wherein the data structure stores data in data
columns, each data column including one or more data
blocks, and each data block including a same number of data
sub-blocks.

17. The method of claim 15, wherein the step of creating
a Writable Snapshot based on data modification comprises:

determining the RO Snapshot with the latest creation-

time;

duplicating data information associated with the deter-

mined RO Snapshot into a preset snapshot;
determining a position of target data in the preset snap-
shot;

modifying the target data;
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updating data information associated with the preset snap-
shot based on the modified target data; and
creating the Writable Snapshot based on the updated data
information.
18. The method according to claim 17,
wherein the data modification includes inserting data, and
wherein the method further includes:
determining a data sub-block where the target data is to
be stored in the preset snapshot;
inserting the target data in a position corresponding to
the determined data sub-block in a data storage
space; and
updating the data information associated with the preset
snapshot based on data information of the inserted
data.
19. The method according to claim 17,
wherein the data modification includes deleting data; and
wherein the method further includes:
determining a data sub-block where the target data is
stored in the preset snapshot;
deleting the target data in a position corresponding to
the determined data sub-block in a data storage
space; and
changing a data label corresponding to the determined
data sub-block in the preset snapshot to be deleted.
20. The method according to claim 17,
wherein the data modification includes updating data; and
wherein the method further includes:
determining a data block where the target data is stored
in the preset snapshot;
duplicating the determined data block;
determining a data sub-block where the target data is
stored in the duplicated data block;
updating the target data in a position corresponding to
the determined data sub-block in a data storage
space;
creating an updated data block; and
replacing a corresponding data block in the preset
snapshot with the updated data block.
21. The method according to claim 16,
wherein a plurality of data items stored in the data blocks
include numerical values; and
wherein conducting the data inquiry through indexing
further includes:
determining a numerical value of data being inquired,
based on the data inquiry request;
determining the RO Snapshot with the latest creation-
time;
determining a numerical value range of each data block
in the determined RO Snapshot; and
screening each data block based on a determination of
whether the numerical value of the data being
inquired is within the numeral value ranges; and
scanning the screened data blocks, and performing data
matching to complete data inquiry.
22. The method according to claim 16,
wherein a plurality of data items stored in the data blocks
include numerical values; and
wherein conducting the data inquiry further includes:
determining a numerical value of data being inquired,
based on the data inquiry request;
creating data sequences, with data in an order of their
numerical values, of data in each data block; and
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searching in the data sequences using binary search and
the numerical value of the data being inquired, to
complete the data inquiry.

23. The method according to claim 22, wherein creating
data sequences further includes:

creating data sequences with data in ascending numerical
order by invert indexing the data in each data block.

24. A data processing apparatus used for a data storage
system, comprising:

a first creation module, used for: creating a Writable

Snapshot based on data modification;
a second creation module, used for: creating a plurality of
RU Snapshots by cloning the Writable Snapshot at
distinct predetermined creation-times; and
an inquiry module, used for: receiving a data inquiry
request, and conducting the data inquiry through index-
ing, in a RU Snapshot with a latest creation-time.
25. The apparatus according to claim 24, wherein the RU
Snapshots share a same data structure with the Writable
Snapshot, wherein the data structure stores data in data
columns, each data column including one or more data
blocks, and each data block including a same number of data
sub-blocks.
26. The apparatus according to claim 24, wherein the first
creation module is used for:
determining the RU Snapshot with the latest creation-
time;
duplicating data information associated with the deter-
mined RU Snapshot into a preset snapshot;
determining a position of target data in the preset snap-
shot;
modifying the target data;
updating data information associated with the preset snap-
shot based on the modified target data; and
creating the Writable Snapshot based on the updated data
information.
27. The apparatus according to claim 26,
wherein the data modification includes inserting data; and
wherein the first creation module is further used for:
determining a data sub-block where the target data is to
be stored in the preset snapshot;

inserting the target data in a position corresponding to
the determined data sub-block in a data storage
space; and

updating the data information associated with the preset
snapshot based on data information of the inserted
data.
28. The apparatus according to claim 26,
wherein the data modification includes deleting data; and
wherein the first creation module is further used for:
determining a data sub-block where the target data is
stored in the preset snapshot;

deleting the target data in a position corresponding to
the determined data sub-block in a data storage
space; and

changing a data label corresponding to the determined
data sub-block in the preset snapshot to be deleted.

29. The apparatus according to claim 26,

wherein the data modification includes updating data; and

wherein the first creation module is further used for:
determining a data block where the target data is stored

in the preset snapshot;
duplicating the determined data block;
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determining a data sub-block where the target data is
stored in the duplicated data block;

updating the target data in a position corresponding to
the determined data sub-block in a data storage
space;

creating an updated data block; and

replacing a corresponding data block in the preset
snapshot with the updated data block.

30. The apparatus according to claim 25,

wherein a plurality of data items stored in the data blocks

include numerical values; and

wherein the inquiry module is further used for:

determining a numerical value of data being inquired,
based on the data inquiry request;

determining the RO Snapshot with the latest creation-
time;

determining a numerical value range of each data block
in the determined RO Snapshot; and

screening each data block based on a determination of
whether the numerical value of the data being
inquired is within the numeral value ranges; and

scanning the screened data blocks, and performing data
matching to complete data inquiry.

31. The apparatus according to claim 25,

wherein a plurality of data items stored in the data blocks

include numerical values; and

wherein the inquiry module is further used for:

determining a numerical value of data being inquired,
based on the data inquiry request;

creating data sequences, with data in an order of their
numerical values, of data in each data block; and

searching in the data sequences using binary search and
the numerical value of the data being inquired, to
complete the data inquiry.

32. The apparatus according to claim 31, wherein creating
data sequences further includes:

creating data sequences with data in ascending numerical

order by invert indexing the data in each data block.

33. A non-transitory computer readable medium that
stores a set of instructions that is executable by at least one
processor of a data storage system to cause the data storage
system to perform a method for data processing, the method
comprising:

creating a Writable Snapshot based on data modification;

creating a plurality of Read-Only (“RO”) Snapshots by

cloning the Writable Snapshot at distinct predetermined
creation-times;

receiving a data inquiry request; and

conducting the data inquiry through indexing, in a RO

Snapshot with a latest creation-time.

34. The non-transitory computer readable medium
according to claim 33, wherein the step of creating a
Writable Snapshot based on data modification comprises:

determining the RD Snapshot with the latest creation-

time;

duplicating data information associated with the deter-

mined RU Snapshot into a preset snapshot;
determining a position of target data in the preset snap-
shot;
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modifying the target data;

updating data information associated with the preset snap-
shot based on the modified target data; and

creating the Writable Snapshot based on the updated data
information.



