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a set of intermediate-level index blocks(2100,2200,2300,2400) organized into one or more index levels, and a set of data-level
blocks(3100,3200,3300,3400,3500,3600) having row-key pairings that corresponds to indexes provided in the set of intermediate-lev-
el index blocks(2100,2200,2300,2400) and the root-level index block(1100). The method comprises obtaining a start key and an end
key based on a request to split a partition, determining a start block based on a search of the rooted tree structure using the start key,
determining an end block based on a search of the rooted tree structure using the end key, determining a middle block of the rooted
tree structure based on the start block and the end block, determining a split key from the middle block, and splitting the partition
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based on the determined split key. A non-transitory computer-readable medium is also provided that stores a set of instructions that are
executable by one or more processors of an apparatus to perform the light-weight method for split key estimation.
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SPLIT-KEY ESTIMATION METHOD FOR TABLE PARTITION IN DISBTRIBUTED DATA STORAGE

SYSTEMS

BACKGROUND

[001] In distributed data storage systems, it is often not feasible to store all the data in a
single table. Instead, such systems divide a data table into distinct parts called “partitions.” When
the data volume of a table grows, there is a need to split partitions in order to keep partition sizes
manageable. Since the distribution of data is often uneven in a distributed data storage system,
finding at least one split key that divides a key range evenly can be both challenging and time-
consuming. There exists a need for a light-weight estimation method to determine one or more
split keys.

SUMMARY

[002] Embodiments of the present disclosure provide a method for split key estimation
in distributed data storage system. The distributed data storage system comprises partitions
represented by a rooted tree structure comprising a root-level index block, a set of intermediate-
level index blocks organized into one or more index levels, and a set of data-level blocks having
row-key pairings that corresponds to indexes provided in the set of intermediate-level index
blocks. The method comprises obtaining a start key and an end key based on a request to splita
partition, determining a start block based on a search of the rooted tree structure using the start
key, determining an end block based on a search of the rooted tree structure using the end key,
determining a middle block of the rooted tree structure based on the start block and the end
block, determining a split key from the middle block, and splitting the partition based on the

determined split key.



10

15

20

WO 2020/199192 PCT/CN2019/081492

[003] Embodiments of the present disclosure further provide a distributed data storage
system comprising a plurality of partitions and a processor. The plurality of partitions are
configured to be organized in the form of a rooted tree structure comprising a root-level index
block, intermediate-level index blocks organized into one or more index levels, and a set of data-
level blocks having row-key pairings that corresponds to indexes provided in the intermediate-
level index blocks. The processor is configured to obtain a start key and an end key based on a
request to split a partition, to determine a start block and an end block based on a search of the
rooted tree structure using the start key and the end key respectively, to determine a middle block
based on the start block and the end block, to determine a split key from the middle block, and to
split the partition based on the determined split key.

[004] Embodiments of the present disclosure further provide a non-transitory computer
readable medium that stores a set of instructions that are executable by one or more processors of
an apparatus to perform a method. The method comprises obtaining a start key and an end key,
determining a start block and an end block based on a search of a rooted tree structure using the
obtained start key and the end key, determining a middle block based on the start block and the
end block, determining a split key from the middle block, and splitting the partition based on the
determined split key.

BRIEF DESCRIPTION OF THE DRAWINGS

[005] Embodiments and various aspects of the present disclosure are illustrated in the
following detailed description and the accompanying figures. Various features shown in the

figures are not drawn to scale.
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[006] FIG. 1A is a schematic diagram illustrating an exemplary distributed data storage
system comprising servers having partitions, according to some embodiments of the present
disclosure.

[007] FIG. 1B is a schematic diagram illustrating an exemplary server of a distributed
data storage system, according to some embodiments of the present disclosure.

[008] FIG. 2 is a schematic diagram of an exemplary data organization inside a
partition using a rooted tree in a distributed data storage system, according to some embodiments
of the present disclosure.

[009] FIG. 3 is a flow diagram of an exemplary method for light-weight split key
estimation in a distributed data storage system, according to some embodiments of the present
disclosure.

[010] FIG. 4 is a flow diagram of an exemplary method for light-weight split key
estimation incorporating an estimation threshold in a distributed data storage system, according
to some embodiments of the present disclosure.

[011] FIG. S is a flow diagram of an exemplary method for light-weight split key
estimation incorporating a start offset and an end offset in a distributed data storage system,
according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[012] The following description refers to the accompanying 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 disclosure. Instead, they
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are merely examples of apparatuses and methods consistent with aspects related to the disclosure
as recited in the appended claims.

[013] In distributed data storage systems, a data table is divided into many partitions. A
partition often includes rows whose keys are within a range. For example, in a table where the
keys are integers, a partition may contain rows with keys in [4096, 8191]. Several partitions are
assigned to a server, where read and write requests are served from. Partitions may be re-
assigned to other servers for load balancing or recovery. Keeping partition sizes under a certain
threshold i1s important for partition re-assignment to work efficiently.

[014] When the size of a partition grows, there is a need to split large partitions into
smaller partitions in order to keep partition sizes manageable. Partitions having large sizes slow
down the re-assignment process, which leads to slow recovery, difficulty in load balancing, and
potential risks of running out of disk space for the underlying server.

[015] When a partition is split into multiple smaller partitions, the original big partition
is referred to as a “parent partition,” and the resulting smaller partitions are referred to as “child
partitions.” Some systems divide one parent partition into two child partitions with a single “split
key” that divides the parent’s key range into two smaller ranges. For example, a split key 1000
divides a range [0, 1999] into two smaller ranges [0, 999] and [1000, 1999]. Other systems use n
split keys to split a parent partition into n+1 child partitions.

[016] When a parent partition is split, it is desirable that the child partitions are
approximately the same size. Some systems use a simple, arithmetic center of the parent
partition’s range as the split key. For example, for a parent partition with a range of [0, 1999],
some conventional systems choose to use 1000 as the split key. Unfortunately, the arithmetic

center of the parent partition’s range often cannot create an even split to create child partitions of
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approximately the same size because the distribution of the keys is unknown. Referring to the
previous example where 1000 is used as the split key to split the parent partition with the range
[0, 1999], if most of the keys are greater than 1000, the child partitions end up with highly
uneven sizes. Other conventional systems try to scan all the data in the parent partition to find
split keys for even splitting. This method, however, ignores the fact that when a system decides
to split a parent partition, the system has already determined that the parent partition was
experiencing heavy traffic and needs to be split immediately to alleviate the heavy traffic.
Scanning all the data in the parent partition is, therefore, highly inefficient and creates large
overhead in the system.

[017] Another problem with conventional systems is that a single mid-key is only good
for splitting a partition into two. When the data in the parent partition is growing at a fast pace,
the system desires to split the parent partition into more than two child partitions.

[018] Embodiments of the present disclosure mitigate this problem using a new light-
weight method and system to estimate split keys in order to produce even splits. FIG. 1A is a
schematic diagram illustrating an exemplary distributed data storage system comprising servers
having partitions, according to some embodiments of the present disclosure. According to FIG.
1A, exemplary distributed data storage system 100 comprises a plurality of servers 1-K, with
each server having 10 different partitions. For example, server 1 comprises partitions A1-A10,
server 2 comprises partitions B1-B10, and server K comprises of partitions K1-K10. Distributed
data storage system 100 allows each partition to be re-assigned to a different server. It is
appreciated that one or more of these servers can incorporate fast partition splitting.

[019] FIG. 1B is a schematic diagram illustrating an exemplary server 110 of a

distributed data storage system, according to some embodiments of the present disclosure.
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According to FIG. 1B, server 110 comprises a bus 112 or other communication mechanism for
communicating information, and one or more processors 116 communicatively coupled with bus
112 for processing information. Processors 116 can be, for example, one or more
MICroprocessors.

[020] Server 110 further comprises storage devices 114, which may include random
access memory (RAM), read only memory (ROM), and data storage systems comprised of
partitions. Storage devices 114 can be communicatively coupled with processors 116 via bus
112. Storage devices 114 may include a main memory, which can be used for storing temporary
variables or other intermediate information during execution of instructions to be executed by
processors 116. Such instructions, after being stored in non-transitory storage media accessible to
processors 116, render server 110 into a special-purpose machine that is customized to perform
operations specified in the instructions.

[021] Server 110 can transmit data to or communicate with another server 130 through a
network 122. Network 122 can be a local network, an internet service provider, internet, or any
combination thereof. Communication interface 118 of server 110 is connected to network 122. In
addition, server 110 can be coupled via bus 112 to peripheral devices 140, which comprises
displays (e.g., cathode ray tube (CRT), liquid crystal display (LCD), touch screen, etc.) and input
devices (e.g., keyboard, mouse, soft keypad, etc.).

[022] Server 110 can be implemented using customized hard-wired logic, one or more
ASICs or FPGAs, firmware, or program logic that in combination with the server causes server
110 to be a special-purpose machine.

[023] The term “non-transitory media” as used herein refers to any non-transitory media

storing data or instructions that cause a machine to operate in a specific fashion. Such non-
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transitory media can comprise non-volatile media and/or volatile media. Non-transitory media
include, for example, optical or magnetic disks, dynamic memory, a floppy disk, a flexible disk,
hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a CD-
ROM, any other optical data storage medium, any physical medium with patterns of holes, a
RAM, a PROM, and EPROM, a FLASH-EPROM, NVRAM, flash memory, register, cache, any
other memory chip or cartridge, and networked versions of the same.

[024] Various forms of media can be involved in carrying one or more sequences of one
or more instructions to processors 116 for execution. For example, the instructions can initially
be carried out on a magnetic disk or solid state drive of a remote computer. The remote computer
can load the instructions into its dynamic memory and send the instructions over a telephone line
using a modem. A modem local to server 110 can receive the data on the telephone line and use
an infra-red transmitter to convert the data to an infra-red signal. An infra-red detector can
receive the data carried in the infra-red signal and appropriate circuitry can place the data on bus
112. Bus 112 carries the data to the main memory within storage devices 114, from which
processors 116 retrieves and executes the instructions.

[025] Inside each partition, data is organized in a rooted tree structure comprising
multiple runs sorted by row keys. FIG. 2 is a schematic diagram of an exemplary data
organization using a rooted tree in a distributed data storage system, according to some
embodiments of the present disclosure. According to FIG. 2, the rooted tree comprises three
levels: a root level, an index level, and a data level, although any number of levels may be used.

[026] The root level and the index level contain only index blocks, which are colored in
white. The root level comprises index block 1100, which comprise index entries with entry keys

11, 150, 276 and 720. The pointer in an index entry can either point to a data block in the data
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level or another index block in a lower index level of the rooted tree structure. The entry key in
the index entry is the first key of the block the entry points to. For example, index entry with the
entry key 11 in index block 1100 points to the index block 2100 whose first entry key 1s 11.

[027] The index level comprises index blocks 2100, 2200, 2300 and 2400. Each index
block comprises one or more index entries, and each index entry has an entry key and a pointer.
For example, index block 2100 comprises index entries with keys 11, 20, and 46. There can be
multiple index levels when files are large. The pointer in an index entry can either point to a data
block in the data level or another index block in a lower index level of the rooted tree structure.
The entry key in an index entry is the first key of the block the entry points to. For example,
index entry with the entry key 276 in index block 2300 points to a data block 3400 whose first
entry key 1s 276. The data level contains only data blocks, which are colored in grey. The data
level comprises data blocks 3100, 3200, 3300, 3400, 3500 and 3600. Each data block comprises
row-key pairings, which are rows of data labeled by keys.

[028] In some embodiments, other than index block 1100 at the root level, each index
block has the same size except the index block with the largest entry key at each level. In other
words, if N is an integer and there are N-number of index blocks on the same level, index blocks
1 through N-1 have the same number of index entries. For example, index blocks 2100, 2200,
and 2300 have the same or substantially the same size, and index block 2400 (which has the
largest entry keys at the index level) may have a smaller size compared to other index blocks. In
some embodiments, if the distributed data storage system has multiple index levels, all index
blocks across all levels except those with the largest entry key at each level have the same size.

In some embodiments, the number of index entries in each index block ranges from hundreds to
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thousands. In some embodiments, the amount of data in each data block can range from 64KB to
128KB.

[029] Similarly, all data blocks have the same size except the data block with the largest
entry key. In other words, if X is an integer and there are X-number of data blocks, data bocks 1
through X-1 have the same number of row-key pairings. For example, data blocks 3100, 3200,
3300, 3400 and 3500 have the same size, and data block 3600 may have a smaller size compared
to other data blocks. Each data entry within a data block points to a row of data having a row key
that is the same as the entry key of the data entry. For example, data entry with entry key 11 in
data block 3100 points to a row of data whose row key 1s 11.

[030] Embodiments of the present disclosure provides a light-weight method for split-
key estimation. FIG. 3 is a flow diagram of an exemplary method for light-weight split key
estimation in a distributed data storage system, according to some embodiments of the present
disclosure. According to FIG. 3, method 10000 comprises steps 10010, 10020, 10030, 10040,
10050 and 10060. It 1s appreciated that method 10000 can be performed by a distributed data
storage system (e.g., distributed data storage system 100 of FIG. 1A) or by one or more servers
(e.g., exemplary server 110 of FIG. 1B).

[031] In step 10010, the distributed data storage system obtains a start key and an end
key. The start key and the end key form a key range in which method 10000 determines an
estimated mid key as the split key for partition splitting. For example, as shown in FIG. 2, the
distributed data storage system obtains a start key 11 and an end key 405.

[032] In step 10020, the distributed data storage system searches the root level of the
rooted tree structure for the index entry associated with the start key and the end key. For

example, as shown in FIG. 2, the distributed data storage system searches root level 1100 and
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finds index entry with the entry key 11, which is associated with start key 11. Since root level
1100 does not contain an index entry with entry key 405, the distributed data storage system
finds the closest entry key that is smaller than the end key 405, which is 276.

[033] In step 10030, the distributed data storage system determines a start block
according to the start key. The start block has a key range in which the start key is contained. A
key range of a block is from the first entry in the block to the first entry of the next data block.
For example, as shown in FIG. 2, if the index block after index block 2100 has a first index entry
51, index block 2100 has a key range of 11 to 50. The distributed data storage system determines
that index block 2100 is the start block because index block 2100 contains a key range of 11 to
50, which covers the start key 11.

[034] In step 10040, the distributed data storage system determines an end block
according to the end key. The end block has a key range in which the end key 1s contained. For
example, as shown in FIG. 2, if the index block after index block 2300 has a first index entry
541, index block 2300 has a key range of 276 to 540. The distributed data storage system
determines that index block 2300 is the end block because index block 2300 has a key range of
276 to 540, which covers the end key 405.

[035] In step 10050, the distributed data storage system determines a middle block
according to the start block and the end block. In some embodiments, the middle block is the
block located in the center between the start block and the end block. In a scenario where there
are an even number of blocks between the start block and the end block, the middle block 1s the
block located to the immediate left of the center between the start block and the end block
(although, depending on the configuration, the immediate right of the center can also be selected

as the center block). For example, as shown in FIG. 2, there are five index blocks between start
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block 2100 and end block 2300. The index block located in the center is the third block, which is
index block 2200. The distributed data storage system determines index block 2200 as the
middle block.

[036] In step 10060, the distributed data storage system determines a split key from the
middle block. In some embodiments, the split key is the index located in the center of the middle
block. For example, as shown in FIG. 2, index block 2200 is the middle block and it has 13
index entries. The split key is the entry key of the index entry at the 7th location, which is 171.

[037] In some embodiments of the present disclosure, all index blocks except the index
block at the root level have the same number of index entries. When method 10000 determines
the block located in the center between the start block and the end block, method 10000 is taking
advantage of the fact that all index blocks are of the same size or substantially the same size.
Therefore, the block located in the center is generally a good estimation of where the split key
should be located to lead to an even split, resulting in partitions having similar amount of data,
and the entry key located at the center of the middle block is generally a good estimation of the
split key itself. If the distributed data storage system is not satisfied with the accuracy of the
current estimation, the distributed data storage system may obtain a more accurate result by
searching one level below. In addition to accuracy, the method makes an estimation for split key
without having to traverse through all the row keys in a partition, thereby improving the
efficiency of partition split.

[038] In some embodiments of the present disclosure, the distributed data storage
system can achieve an M-way split where M is a power of 2. For example, if the distributed data
storage system obtains a start key 11 and an end key 450 and determines that 171 is the split key

using method 10000, the distributed data storage system may initiate additional estimation
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processes for two more split keys where the search ranges are [11, 171] and [171, 450]. In the
first estimation process, the distributed data storage system obtains a start key 11 and an end key
171. In the second estimation process, the distributed data storage system obtains a start key 171
and an end key 450. Having determined the split keys for both searches using method 10000, the
distributed data storage system can perform a 4-way split based on the three split keys, including
split key 171.

[039] Some embodiments of the present disclosure incorporate an estimation threshold
to determine whether the current level being searched is satisfactory for accuracy. FIG. 4 is a
flow diagram of an exemplary method for light-weight split key estimation incorporating an
estimation threshold in a distributed data storage system, according to some embodiments of the
present disclosure. On the basis of FIG. 3, method for split key estimation in FIG. 4 further
comprises additional steps 10015, 10051, 10052 and 10053. It is appreciated that method 10000
can be performed by a distributed data storage system (e.g., distributed data storage system 100
of FIG. 1A) or by one or more servers (e.g., exemplary server 110 of FIG. 1B).

[040] Step 10015 1s performed after step 10010 for obtaining the start and end keys of a
rooted tree structure. In step 10015, the distributed data storage system obtains an estimation
threshold. The estimation threshold refers to the minimum number of blocks between the start
block and the end block that the system accepts before the system stops the estimation process.
The estimation threshold may be a preset value, or it may be determined by the system or a user.
For example, in the distributed data storage system shown in FIG. 2, the distributed data storage
system may obtain an estimation threshold of 10.

[041] Step 10051 is performed after step 10050 in which a middle block is determined.

In step 10051, the distributed data storage system determines whether the estimation process has
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reached a data level. If the distributed data storage system determines that the current level being
searched is the data level, the distributed data storage system executes step 10060 and determines
a split key in the middle block. If the distributed data storage system determines that the current
level being searched is not the data level, the distributed data storage system executes step

10052. For example, as shown FIG. 2, when the distributed data storage system reaches the
index level and determines that the middle block is 2200, the distributed data storage system
determines that the current level being searched is not a data level. As a result, the distributed
data storage system moves on to step 10052.

[042] In step 10052, the distributed data storage system determines whether the number
of blocks between the start block and the end block is larger than the estimation threshold. If it is
larger, the distributed data storage system is satisfied with the level of accuracy in split key
estimation provided in the current level. The distributed data storage system then executes step
10060 and determines a split key in the middle block. If the number of blocks is less than or
equal to the estimation threshold, the distributed data storage system executes step 10053. For
example, as shown in FIG. 2, there are five data blocks between the start block 2100 and the end
block 2300. If the obtained estimation threshold is 10, the number of blocks in between is
smaller than the estimation threshold, and the distributed data storage system moves on to step
10053. If the obtained estimation threshold is 3, the number of blocks in between is larger than
the estimation threshold, and the distributed data storage system moves on to step 10060.

[043] In step 10053, the distributed data storage system searches the next lower level in
the rooted tree structure. The distributed data storage system then moves on to step 10030 and
determines a start block, an end block and a middle block in the new level. For example, as

shown in FIG. 2, when the distributed data storage system determines that the number of blocks
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between the start block 2100 and the end block 2300 is smaller than the estimation threshold, the
distributed data storage system searches the level below, which is the data level. The distributed
data storage system then moves on to step 10030 and determines a start block, an end block and
a middle block in the data level. In the example shown in FIG. 2, the distributed data storage
system determines that data block 3100 is the new start block for start key 11, and data block
3500 1s the new end block for end key 405. If there are 50 data blocks between the start block
3100 and the end block 3500, the middle block is the data block located in the center between the
start block and the end block, which is the 25th data block.

[044] The use of the estimation threshold allows the distributed data storage system to
make decisions on the tradeoff between accuracy and efficiency in the estimation process. If
accuracy is more critical to the system, the estimation threshold can be set to be a very large
number, and the distributed data storage system would search multiple levels below the root
level. If efficiency is more critical to the system, the estimation threshold can be set to be a
smaller number, and the distributed data storage system would search only a few levels. The use
of estimation threshold provides the distributed data storage system more flexibility in the
estimation process.

[045] Some embodiments of the present disclosure incorporate a start offset and an end
offset to achieve a more accurate estimation. FIG. S is a flow diagram of an exemplary method
for light-weight split key estimation incorporating a start offset and an end offset in a distributed
data storage system, according to some embodiments of the present disclosure. On the basis of
FIG. 3 and FIG. 4, method 10000 for split key estimation in FIG. 5 further comprises steps

10031, 10041 and 10060. 1t is appreciated that method 10000 can be performed by a distributed
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data storage system (e.g., distributed data storage system 100 of FIG. 1A) or by one or more
servers (e.g., exemplary server 110 of FIG. 1B).

[046] Step 10031 is performed after step 10030 in which the start block is determined
based on the start key. In step 10031, the distributed data storage system determines a start offset
according to the start block and the start key. In some embodiments, the start offset is the
location of the index entry whose entry key is closest to the start key in the start block. For
example, as shown in FIG. 2, the start key 1s 11 and the index entry with the entry key closest to
the start key in the start block 2100 is 11, which is the first index entry in the start block. The
start offset 1s the location of the entry key closest to the start key in the start block. In our
example, the location of entry key 11 in the start block 2100 is 1 (e.g., first index entry), and
hence the start offset is 1.

[047] Step 10041 is performed after step 10040 in which the end block is determined
based on the end key. In step 10041, the distributed data storage system determines an end offset
according to the end block and the end key. In some embodiments, the end offset is the location
of the index entry whose entry key is closest to the end key in the end block. For example, as
shown in FIG. 2, the end key is 405 and the index entry with the entry key closest to the end key
in the end block 2300 is 405, which is the second index in the end block. The end offset is the
location of the entry key closest to the end key in the end block. In our example, the location of
entry key 405 in the end block 2300 is 2 (e.g., second index entry), and hence the end offset is 2.
In another example, if the end key i1s 521 and the end block 1s 2300, the index entry with the
entry key closest to the end key in the end block 2300 is 520. If an index block has a size of 13
indices, index entry 520 is the 13th index entry in the end block 2300. Therefore, the end offset

1s 13.
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[048] In step 10060, the distributed data storage system determines a split key in the
middle block according to the start offset and the end offset. In some embodiments, the split key
is the index in the middle block that has a location equal to the average of the start offset and the
end offset. For example, as shown in FIG. 2, the start offset is 1 and the end offset is 2. The
average of the start offset and the end offset 1s 1.5, which can be adjusted to an integer of 2.
Using the integer 2, the split key can be determined as the second index within the middle block,
which in this case is index 157 of middle block 2200. Therefore, the split key is determined to be
157. In another example, the start offset is 1 and the end offset is 13. The average of the start
offset and the end offset can be adjusted to 7. The 7th index entry in the middle block 2200 is
171. Therefore, the split key is determined to be 171.

[049] By implementing the start offset and the end offset, the distributed data storage
system is able to pinpoint a more accurate location of the split key in the middle block, thereby
improving the overall accuracy of the method for split key estimation.

[050] The various example embodiments described herein are described in the general
context of method steps or processes, which may be implemented in one aspect by a computer
program product, embodied in a computer-readable medium, including computer-executable
instructions, such as program code, executed by computers in networked environments. A
computer-readable medium may include removeable and nonremovable storage devices
including, but not limited to, Read Only Memory (ROM), Random Access Memory (RAM),
compact discs (CDs), digital versatile discs (DVD), etc. Generally, program modules may
include routines, programs, objects, components, data structures, etc. that perform particular
tasks or implement particular abstract data types. Computer-executable instructions, associated

data structures, and program modules represent examples of program code for executing steps of

16



10

15

20

WO 2020/199192 PCT/CN2019/081492

the methods disclosed herein. The particular sequence of such executable instructions or
associated data structures represents examples of corresponding acts for implementing the
functions described in such steps or processes.

[051] In the foregoing specification, embodiments have been described with reference
to numerous specific details that can vary from implementation to implementation. Certain
adaptations and modifications of the described embodiments can be made. Other embodiments
can be apparent to those skilled in the art from consideration of the specification and practice of
the invention disclosed herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the following
claims. It is also intended that the sequence of steps shown in figures are only for illustrative
purposes and are not intended to be limited to any particular sequence of steps. As such, those
skilled in the art can appreciate that these steps can be performed in a different order while
implementing the same method.

[052] In the drawings and specification, there have been disclosed exemplary
embodiments. Many variations and modifications, however, can be made to these embodiments.
Accordingly, although specific terms are employed, they are used in a generic and descriptive
sense only and not for purposes of limitation, the scope of the embodiments being defined by the

following claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

obtaining a first key and a second key based on a request to split a partition represented
by a rooted tree structure;

determining a start block of the rooted tree structure based on a search of the rooted tree
structure using the obtained first key;

determining an end block of the rooted tree structure based on a search of the rooted tree
structure using the obtained second key;

determining a middle block of the rooted tree structure based on the start block and the
end block; and

determining a split key from the middle block.

2. The method according to claim 1, wherein the rooted tree structure comprises a root-
level index block, a set of intermediate-level index blocks, and a set of data-level blocks having

row-key pairings that corresponds to indexes provided in the set of intermediate-level index

blocks.

3. The method according to claim 2, wherein the set of intermediate-level index blocks
comprises N-number of index blocks and index blocks 1 through N-1 have the same number of
indexes, wherein

N is an integer greater than 0.

18



WO 2020/199192 PCT/CN2019/081492

4. The method according to of claim 2 or 3, wherein the set of data-level blocks
comprises X-number of data blocks and data blocks 1 through X-1 have the same number of
row-key pairings, wherein

X 1s an integer greater than O.

5
5. The method according to any one of claims 2-4, further comprising:
obtaining an estimation threshold,;
determining the middle block in response to the estimation threshold being smaller than a
number of blocks between the start block and the end block; and
10 searching a next lower level of the rooted tree structure in response to the estimation

threshold being larger than the number of blocks between the start block and the end block.

6. The method of claim 5, wherein the next level of the rooted tree structures comprises
another set of intermediate-level index blocks that are lower in the rooted tree structure than the
15  set of intermediate-level index blocks, wherein the set of data-level blocks has row-key pairings

that corresponds to indexes provided in the other set of intermediate-level index blocks.

7. The method according to any one of claims 1-6, further comprising;:

determining a start offset according to the start key and the start block; and

20 determining an end offset according to the end key and the end block.
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8. The method according to claim 7, wherein determining the start offset according to the
start key and the start block further comprising finding a location of an index that is closest to the

start key 1n the start block.

9. The method according to claim 7 or 8, wherein determining the end offset according to
the end key and the end block further comprising finding a location of an index that is closest to

the end key in the end block.

10. The method according to any one of claims 7-9, wherein determining the split key
from the middle block further comprising finding the index in the middle block whose location

in the middle block is based on an average of the start offset and the end offset.

11. The method according to any one of claims 1-10, wherein determining the middle
block of the rooted tree structure based on the start block and the end block further comprising
determining the middle block as the block located at a center between the start block and the end

block.

12. The method according to any one of claims 1-11, further comprising splitting the

partition based on the determined split key.

13. A distributed data storage system, comprising;

a plurality of partitions configured to be organized in a form of a rooted tree structure;

a processor configured to:
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obtain a first key and a second key based on a request to split a partition;

determine a start block of the rooted tree structure based on a search of the rooted
tree structure using the obtained first key;

determine an end block of the rooted tree structure based on a search of the rooted
tree structure using the obtained second key;

determine a middle block of the rooted tree structure based on the start block and
the end block; and

determine a split key from the middle block.

14. The distributed data storage system according to claim 13, wherein the rooted tree
structure comprises a root-level index block, a set of intermediate-level index blocks, and a set of
data-level blocks having row-key pairings that corresponds to indexes provided in the set of

intermediate-level index blocks.

15. The distributed data storage system according to claim 14, wherein the set of
intermediate-level index blocks comprises N-number of index blocks and index blocks 1 through
N-1 have the same number of indexes, wherein:

N is an integer greater than O.

16. The distributed data storage system according to claim 14 or 15, wherein the set of
data-level blocks comprises X-number of data blocks and data blocks 1 through X-1 have the
same number of row-key pairings, wherein

X 1s an integer greater than O.
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17. The distributed data storage system according to any one of claims 14-16, wherein the
processor is further configured to:

obtain an estimation threshold;

determine the middle block in response to the estimation threshold being smaller than a
number of blocks between the start block and the end block; and

searching a next lower level of the rooted tree structure in response to the estimation

threshold being larger than the number of blocks between the start block and the end block.

18. The distributed data storage system according to claim 17, wherein the next level of
the rooted tree structures comprises another set of intermediate-level index blocks that are lower
in the rooted tree structure than the set of intermediate-level index blocks, wherein the set of
data-level blocks has row-key pairings that corresponds to indexes provided in the other set of

intermediate-level index blocks.

19. The distributed data storage system according to claim 17 or 18, wherein the

estimation threshold is equal to O.

20. The distributed data storage system according to any one of claims 13-19, wherein the
processor is further configured to:
determine a start offset according to the start key and the start block; and

determine an end offset according to the end key and the end block.
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21. The distributed data storage system according to claim 20, wherein the processor is
further configured to determine the start offset by finding a location of an index that is closest to

the start key in the start block.

22. The distributed data storage system according to claim 20 or 21, wherein the
processor is further configured to determine the end offset by finding a location of an index that

is closest to the end key in the end block.

23. The distributed data storage system according to any one of claims 20-22, wherein the
processor is further configured to determine the split key from the middle block by finding the
index in the middle block whose location in the middle block based on an integer closest to an

average of the start offset and the end offset.

24. The distributed data storage system according to any one of claims 13-23, wherein the

processor is further configured to determine the middle block as the block located at a center

between the start block and the end block.

25. The distributed data storage system according to any one of claims 13-24, wherein the

processor is configured to split the partition based on the determined split key.
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26. A non-transitory computer readable medium that stores a set of instructions that are
executable by one or more processors of an apparatus to perform a method comprising:

obtaining a first key and a second key based on a request to split a partition represented
by a rooted tree structure;

determining a start block of the rooted tree structure based on a search of the rooted tree
structure using the obtained first key;

determining an end block of the rooted tree structure based on a search of the rooted tree
structure using the obtained second key;

determining a middle block of the rooted tree structure based on the start block and the
end block;

determining a split key from the middle block.
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