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DATABASE OPERATION METHOD AND APPARATUS, DEVICE 

AND STORAGE MEDIUM 

[0001] This application claims priority to Chinese Patent Application No. 

202210208474.X, filed to China National Intellectual Property Administration on March 04, 

2022 and entitled “DATABASE OPERATION METHOD AND APPARATUS, DEVICE 5 

AND STORAGE MEDIUM”, which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present application relates to the technical field of database and, in particular, 

to a database operation method and apparatus, a device and a storage medium. 

BACKGROUND 10 

[0003] At present, tables in a database can be stored by using a multiway tree, and the 

multiway tree could be, for example, a balanced multiway search tree (B-Tree), a B+Tree, etc. 

[0004] Generally, if one writing thread needs to modify the structure of a multiway tree, 

this writing thread needs to first add a read-write lock (SX latch) to the whole multiway tree. 

By adding a read-write lock to the whole tree, in the process of this writing thread modifying 15 

the structure of the multiway tree, the conflict caused by other writing threads also modifying 

the structure of the multiway tree can be avoided. If there is another writing thread also needs 

to modify the structure of the multiway tree, it needs to wait until this writing thread releases 

the read-write lock added to the whole multiway tree. 

[0005] Therefore, there is a problem that Structure Modification Operations (Structure 20 

Modification Operations, SMOs) for the same multiway tree cannot be concurrent, resulting 

in low processing efficiency. 
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SUMMARY 

[0006] Embodiments of the present application provide a database operation method and 

apparatus, a device and a storage medium, to solve the problem in the prior art that structure 

modification operations for the same multiway tree cannot be concurrent, resulting in low 

processing efficiency. 5 

[0007] In a first aspect, an embodiment of the present application provides a database 

operation method, where the database uses a multiway tree as an index, a one-to-one 

correspondence is between nodes of the multiway tree and memory pages, and the method 

includes: 

traversing, by a writing thread, from a root node of the multiway tree to search a 10 

target index record matching a search keyword of a writing operation, so as to find a target 

node where the target index record is located; and 

if the writing operation needs to trigger a structure modification operation, 

applying for adding, by the writing thread according to a locking rule, exclusive locks for 

memory pages corresponding to the target node and other nodes needing associated 15 

modification, so as to modify the target node and the other nodes accordingly after 

successfully adding the exclusive locks for the target node and the other nodes; where the 

locking rule includes: if a direction from any node to an associated node does not meet a 

requirement of a locking direction, on the basis of holding an exclusive lock of a memory 

page corresponding to the any node and before applying for adding an exclusive lock for a 20 

memory page corresponding to the associated node, the exclusive lock of the memory page 

corresponding to the any node needs to be released and a preset mark needs to be set for the 

memory page corresponding to the any node; and a lock held by itself needs to be released if 

any memory page for which adding an exclusive lock is applied has been set with the preset 

mark by another writing thread. 25 

[0008] In a second aspect, an embodiment of the present application provides a database 

operation apparatus, where the database uses a multiway tree as an index, a one-to-one 

correspondence is between nodes of the multiway tree and memory pages, and the apparatus 

includes: 
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a searching module, configured to traverse, by a writing thread, from a root node 

of the multiway tree to search a target index record matching a search keyword of a writing 

operation, so as to find a target node where the target index record is located; and 

a modifying module, configured to: if the writing operation needs to trigger a 

structure modification operation, apply for adding, by the writing thread according to a 5 

locking rule, exclusive locks for memory pages corresponding to the target node and other 

nodes needing associated modification, so as to modify the target node and the other nodes 

accordingly after successfully adding the exclusive locks for the target node and the other 

nodes; where the locking rule includes: if a direction from any node to an associated node 

does not meet a requirement of a locking direction, on the basis of holding an exclusive lock 10 

of a memory page corresponding to the any node and before applying for adding an exclusive 

lock for a memory page corresponding to the associated node, the exclusive lock of the 

memory page corresponding to the any node needs to be released and a preset mark needs to 

be set for the memory page corresponding to the any node; and a lock held by itself needs to 

be released if any memory page for which adding an exclusive lock is applied has been set 15 

with the preset mark by another writing thread. 

[0009] In a third aspect, an embodiment of the present application provides a computer 

device, which includes a memory and a processor; where the memory is used for storing one 

or more computer instructions, and when the one or more computer instructions are executed 

by the processor, any one of the methods as described in the first aspect is implemented. 20 

[0010] In a fourth aspect, an embodiment of the present application provides a 

computer-readable storage medium having a computer program stored thereon, where when 

the computer program is executed, any one of the methods as described in the first aspect is 

implemented. 

[0011] An embodiment of the present application further provides a computer program, 25 

where the computer program, when executed by a computer, is used to implement any one of 

the methods as described in the first aspect. 

[0012] In the embodiments of the present application, a writing thread does not apply for 

adding a read-write lock for a whole multiway tree, but applies for adding exclusive locks for 

memory pages corresponding to a target node and other nodes needing associated 30 
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modification according to a locking rule, so as to modify the target node and the other nodes 

accordingly after successfully adding the exclusive locks for the target node and the other 

nodes, and the target node refers to a found node where an index record matching a search 

keyword is located. It is realized that a single writing thread can modify the structure of the 

multiway tree by only adding exclusive locks for memory pages corresponding to nodes 5 

needing to be modified in the multiway tree, so that conflicts between multiple writing 

threads are at the page level, and so that structure modification operations for the same 

multiway tree can be concurrent, thereby improving the processing efficiency. In addition, the 

locking rule includes: if a direction from any node to an associated node does not meet a 

requirement of a locking direction, on the basis of holding an exclusive lock of a memory 10 

page corresponding to the any node and before applying for adding an exclusive lock for a 

memory page corresponding to the associated node, the exclusive lock of the memory page 

corresponding to the any node needs to be released and a preset mark needs to be set for the 

memory page corresponding to the any node; and a lock held by itself needs to be released if 

any memory page for which adding an exclusive lock is applied has been set with the preset 15 

mark by another writing thread, which allows to apply for locking according to the locking 

rule, and the problem of a deadlock between threads can be avoided. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] In order to more clearly illustrate the technical solutions of the embodiments of the 

present application or the prior art, the drawings needed to be used in the description of the 20 

embodiments or the prior art will be briefly introduced below. Obviously, the drawings in the 

following description are some embodiments of the present application, and for those skilled 

in the art, other drawings can be obtained according to these drawings without paying creative 

efforts. 

[0014] FIG. 1 is a schematic structural diagram of a database access system according to 25 

an embodiment of the present application. 

[0015] FIG. 2 is a schematic diagram of setting a preset mark according to an embodiment 

of the present application. 
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[0016] FIG. 3 is a schematic diagram of a compatibility relationship among a read-write 

lock SX, a shared lock S and an exclusive lock X according to an embodiment of the present 

application. 

[0017] FIG. 4 is a schematic flowchart of a database operation method according to an 

embodiment of the present application. 5 

[0018] FIGs. 5A-5D are schematic diagrams of a processing process of an inserting 

operation according to an embodiment of the present application. 

[0019] FIGs. 6A-6D are schematic diagrams of a processing process of an inserting 

operation according to another embodiment of the present application. 

[0020] FIGs. 7A-7D are schematic diagrams of a processing process of a deleting 10 

operation according to an embodiment of the present application. 

[0021] FIGs. 8A-8D are schematic diagrams of a processing process of a deleting 

operation according to another embodiment of the present application. 

[0022] FIGs. 9A-9D are schematic diagrams of a processing process of a deleting 

operation according to yet another embodiment of the present application. 15 

[0023] FIG. 10 is a schematic structural diagram of a database operation apparatus 

according to an embodiment of the present application. 

[0024] FIG. 11 is a schematic structural diagram of a computer device according to an 

embodiment of the present application. 

DESCRIPTION OF EMBODIMENTS 20 

[0025] In order to make objects, technical solutions and advantages of the embodiments 

of the present application clearer, the technical solutions in the embodiments of the present 

application will be clearly and comprehensively described in connection with the drawings in 

the embodiments of the present application. Obviously, the described embodiments are a part 

of embodiments of the present application, rather than all embodiments. Based on the 25 

embodiments in the present application, all other embodiments obtained by one of ordinary 

skill in the art without paying creative efforts belong to the protection scope of the present 

application. 
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[0026] Terms used in the embodiments of the present application are only for the purpose 

of describing specific embodiments and are not intended to limit the present application. 

Singular forms of “a”, “the” and “this” used in the embodiments of the present application 

and the appended claims are also intended to include plural forms, unless the context clearly 

indicates other meaning, and “multiple” generally includes at least two, but does not exclude 5 

the case of including at least one. 

[0027] It should be understood that the term “and/or” used herein is only an association 

relationship describing associated objects and means that there can be three kinds of 

relationships. For example, A and/or B can represent three situations: A exists alone, A and B 

exist at the same time, and B exists alone. In addition, the character “/” herein generally 10 

indicates that context objects are an “or” relationship. 

[0028] Depending on the context, the words “if” and “in case” as used herein can be 

interpreted as “while” or “when” or “in response to determination” or “in response to 

detection”. Similarly, depending on the context, the phrases “if determined” or “if detected 

(stated condition or event)” can be interpreted as “when determined” or “in response to 15 

determination” or "when detected (stated condition or event)” or “in response to detection 

(stated condition or event)”. 

[0029] It should also be noted that the terms “include”, “contain” or any other variation 

thereof are intended to cover non-exclusive inclusion, so that a commodity or system 

including a series of elements not only includes those elements, but also includes other 20 

elements not explicitly listed, or includes elements inherent to such commodity or system. 

Without more restrictions, an element limited by the phrase “include one…” does not exclude 

the existence of other identical elements in the commodity or system that includes the 

element. 

[0030] In addition, the sequence of steps in the following various method embodiments is 25 

only an example, and is not strictly limited. 

[0031] The database operation method provided by various embodiments of the present 

application will be described in detail below through an exemplary application scenario. 

[0032] FIG. 1 is a schematic structural diagram of a database access system according to 

an embodiment of the present application. As shown in FIG. 1, the database access system 30 
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may include a database engine 11 and a Database (Database) 12. 

[0033] The database 12 is a warehouse built on a computer storage device and supporting 

to organize, store and manage data in a row storage architecture. In the embodiment of the 

present application, an implementation form of the computer storage device bearing the 

database 12 is not limited. The database 12 may be, but is not limited to, a row database, and 5 

may also be a mixed row-column database. 

[0034] The database engine 11 is a core service for storing, processing and protecting data, 

and its task includes processing transactions related to the database 12, such as designing and 

creating the database 12, saving various lists and documents required by the database 12, and 

providing daily management support for the database 12 to optimize the performance of the 10 

database 12. Taking the database 12 being MySQL database as an example, the database 

engine 11 could be, for example, InnoDB. 

[0035] In order to conveniently process the transactions related to the database 12, a 

communication connection can be established between the database engine 11 and the 

database 12, which can be a wired or wireless network connection. Optionally, on the 15 

deployment implementation, the database engine 11 and the database 12 can be deployed on a 

same physical device or different physical devices. When the database engine 11 and the 

database 12 are deployed on different physical devices, they can be deployed in a same local 

area network or in different local area networks. 

[0036] The database engine 11 uses index organization tables, data of each table is put in 20 

a corresponding index, and the index is called a clustered index (clustered index). The 

purposes of using the index organization tables is to dynamically organize a disk file structure 

and maintain data records in order; quickly locate records with the help of indexes. Except the 

clustered index, other indexes in a table are called secondary indexes (secondary indexes). 

Each index record (record) of the secondary indexes contains not only its own columns, but 25 

also a primary key (primary key) of its corresponding data row, and the database engine 11 

can use the primary key to find a complete row (row) from the primary index. 

[0037] The database engine 11 can use a multiway tree as a data structure of the indexes, 

a one-to-one correspondence is between nodes of the multiway tree and memory pages (page), 

and a node can be stored in a corresponding memory page. The multiway tree can include, for 30 
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example, a B-Tree, a B+Tree, etc., and will be described in detail taking the B-Tree as an 

example. A structure of the B-Tree could have the following characteristics: 1) actual data are 

all stored in a leaf (leaf) layer; 2) a non-leaf (non-leaf) layer only stores index records (key, 

page no), and each index record points to a unique child (child) node; 3) a key of an index 

record is P, and its child nodes can only store index records with key >= P and < P1, where P1 5 

is a key of the next index record; 4) nodes of each layer are strung together through a 

bidirectional linked list. 

[0038] As shown in FIG. 1, the database access system may further include a client 13. A 

communication connection between the client 13 and the database engine 11 can be a wired or 

wireless network connection. Optionally, the client 13 and the database engine 11 may be 10 

located in a same local area network or different local area networks. 

[0039] The client 13 can be regarded as an interactive interface provided by the database 

12 for users, and the users are allowed to access the database 12 through the client 13. When 

there is a need to access the database 12, the client 13 can send a database access request to 

the database engine 11, and the database engine 11 can respond to the database access 15 

application of the client 13 by performing corresponding operations for the database 12 and 

returning a corresponding operation result to the client 13. 

[0040] Based on the database access request sent by the client 13, the database engine 11 

can determine an operation type and a search keyword. The operation type may include 

adding, deleting and querying, an inserting operation and a deleting operation can be 20 

collectively referred to as a writing operation, and a querying operation can be referred to as a 

reading operation. It should be noted that implementation manners about determining the 

operation type and the searching keyword by the database engine 11 can refer to the specific 

description in the related art and will not be repeated here. 

[0041] For the reading operation, the database engine 11 can perform specific operations 25 

on the database 12 by creating a corresponding reading thread. For the writing operation, the 

database engine 11 can perform specific operations on the database 12 by creating a 

corresponding writing thread. In practical application, there will be a case where a writing 

thread needs to modify the structure of the multiway tree, and modifying the structure of the 

multiway tree could include adding nodes to the multiway tree or deleting nodes from the 30 
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multiway tree. It should be noted that if a writing thread needs to modify the structure of the 

multiway tree, it means that a writing operation corresponding to the writing thread needs to 

trigger a structure modification operation. 

[0042] Suppose that the indexes stored in the multiway tree is regarded as a black box, 

and it doesn’t care about a specific data structure inside, it seems that there are only index 5 

records arranged in order outside, and all operations such as reading, inserting and deleting 

can be completed in one step atomically. At this time, a multi-thread concurrent operation will 

not perceive the index structure and only need to consider constraints at a transaction level, 

for example, one transaction in the database engine 11 adds a logic lock (lock) for an index 

record to prevent other transactions to access. However, the actual multiway tree operation is 10 

not atomic, for example, one writing thread performing a structure modification operation 

involves changes of multiple memory pages. 

[0043] Generally, if one writing thread needs to modify a structure of a multiway tree, this 

writing thread needs to add a read-write lock to the whole multiway tree, and if there is 

another writing thread also needs to modify the structure of the multiway tree, it needs to wait 15 

until this writing thread releases the read-write lock added to the whole multiway tree. 

Therefore, there is a problem that a structure modification operation for the same multiway 

tree cannot be concurrent, resulting in low processing efficiency. 

[0044] In order to solve the technical problem that a structure modification operation for 

the same multiway tree cannot be concurrent, resulting in low processing efficiency, in the 20 

embodiments of the present application, a writing thread does not apply for adding a 

read-write lock for a whole multiway tree, but applies for adding exclusive locks (X latch) for 

memory pages corresponding to a target node and other nodes needing associated 

modification according to a locking rule, so as to modify the target node and the other nodes 

accordingly after successfully adding the exclusive locks for the target node and the other 25 

nodes, and the target node refers to a found node where an index record matching a search 

keyword is located. It is realized that a single writing thread can modify the structure of the 

multiway tree by only adding exclusive locks for memory pages corresponding to nodes 

needing to be modified in the multiway tree, so that conflicts between multiple writing 

threads are at the page level, and so that structure modification operations for the same 30 
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multiway tree can be concurrent, thereby improving the processing efficiency. In addition, the 

locking rule includes: if a direction from any node to an associated node does not meet a 

requirement of a locking direction, on the basis of holding an exclusive lock of a memory 

page corresponding to the any node and before applying for adding an exclusive lock for a 

memory page corresponding to the associated node, the exclusive lock of the memory page 5 

corresponding to the any node needs to be released and a preset mark needs to be set for the 

memory page corresponding to the any node; and a lock held by itself needs to be released if 

any memory page for which adding an exclusive lock is applied has been set with the preset 

mark by another writing thread, which allows to apply for locking according to the locking 

rule, and the problem of a deadlock between threads can be avoided. 10 

[0045] In the embodiments of the present application, multiple corresponding threads for 

which a writing operation will trigger a structure modification operation will enter the 

multiway tree at the same time, and each thread will take exclusive locks of multiple memory 

pages. In order to avoid a deadlock between threads, the following three locking rules are 

designed. 15 

[0046] Rule 1: A locking direction is specified, and the locking direction can be designed 

flexibly according to requirements. Exemplarily, the locking direction includes a top-to-down 

direction and a left-to-right direction along the multiway tree, and the following mainly takes 

the locking direction being the top-to-down direction and the left-to-right direction along the 

multiway tree as an example to explain in detail. 20 

[0047] Rule 2: If a direction from any node to an associated node does not meet a 

requirement of a locking direction, on the basis of holding an exclusive lock of a memory 

page corresponding to the any node and before applying for adding an exclusive lock for a 

memory page corresponding to the associated node, the exclusive lock of the memory page 

corresponding to the any node needs to be released, and a preset mark needs to be set for the 25 

memory page corresponding to the any node. 

[0048] Exemplarily, in a process of performing a structure modification operation by any 

writing thread, before applying for an exclusive lock of a memory page corresponding to a 

father node or a neighbor node on the left side, a preset mark needs to be set for a memory 

page currently holding an exclusive lock, and the exclusive lock currently held needs to be 30 
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released. 

[0049] Since the structure modification operation involves modifying nodes from down to 

top and from right to left, which is opposite to the locking direction from top to down and 

from left to right, the way of holding an exclusive lock and then adding an exclusive lock in a 

reverse direction cannot be adopted. Therefore, the embodiments of the present application 5 

propose to solve this problem by using a preset mark, where a preset mark is set for a memory 

page holding an exclusive lock before a thread adds a lock in a reverse direction. 

[0050] A memory page with a preset mark can indicate that the memory page is in a 

middle state of the structure modification operation, that is, the structure modification 

operation for modifying the memory page has not been completed, and the memory page can 10 

be recorded as a memory page in a middle state of SMO. Accordingly, a node corresponding 

to the memory page can be recorded as a node in a middle state of SMO. It should be 

understood that once any structure modification operation is completed, a preset mark 

corresponding to the structure modification operation should be cleared. 

[0051] In an embodiment, a read-write lock can be used as the preset mark. It should be 15 

noted that releasing an exclusive lock of a memory page corresponding to any node and 

adding a read-write lock for the memory page corresponding to the any node can be atomic, 

that is, releasing the exclusive lock of the memory page corresponding to the any node and 

adding the read-write lock for the memory page corresponding to the any node can be made at 

the same time, and that is, the releasing of the exclusive lock and the setting of the preset 20 

mark can be completed at the same time. The following mainly takes using a read-write lock 

as a preset mark as an example to explain in detail. 

[0052] Taking a target node as node 1, a neighbor node on the right side of the target node 

as node 2, and a father node of the target node as node 3 as an example, as shown in FIG. 2, 

exclusive locks X of node 1 and node 2 can be downgraded to read-write locks SX before 25 

applying for an exclusive lock X of node 3. 

[0053] In addition to the exclusive lock and the read-write lock, another kind of lock is a 

shared lock (S latch), and a compatibility relationship among the read-write lock SX, the 

shared lock S and the exclusive lock X can be shown in FIG. 3, where O represents 

compatible and X represents incompatible. The first line in FIG. 3 indicates that: on the basis 30 
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that a thread has added a shared lock for a memory page, other threads can further add a 

shared lock for the memory page; on the basis that a thread has added a read-write lock for a 

memory page, other threads can further add a shared lock for the memory page; on the basis 

that a thread has added an exclusive lock for a memory page, other threads cannot add a 

shared lock for the memory page. The second line in FIG. 3 indicates that: on the basis that a 5 

thread has added a shared lock for a memory page, other threads can further add a read-write 

lock for the memory page; on the basis that a thread has added a read-write lock for a memory 

page, other threads cannot add a read-write lock for the memory page; on the basis that a 

thread has added an exclusive lock for a memory page, other threads cannot add a read-write 

lock for the memory page. The third line in FIG. 3 indicates that: on the basis that a thread has 10 

added a shared lock for a memory page, other threads cannot add an exclusive lock for the 

memory page; on the basis that a thread has added a read-write lock for a memory page, other 

threads cannot add an exclusive lock for the memory page; on the basis that a thread has 

added an exclusive lock for a memory page, other threads cannot add an exclusive lock for the 

memory page. 15 

[0054] Rule 3: a lock held by itself needs to be released if any memory page for which 

adding an exclusive lock is applied has been set with a preset mark by another writing thread. 

[0055] If the writing thread does not release the lock it has held, it will occupy and wait 

with another writing thread who are performing the structure modification operation, resulting 

in a deadlock. It should be understood that the writing thread should not modify a memory 20 

page with a preset mark set by another writing thread, because the previous structure 

modification operation has not been submitted. When the writing thread traverses to a node 

with a preset mark, the writing thread can wait until the previous structure modification 

operation is completed before modifying the node. 

[0056] In practical application, in order to realize a locking rule that “a lock held by itself 25 

needs to be released if any memory page for which adding an exclusive lock is applied has 

been set with a preset mark by another writing thread”, a new mode of applying for adding an 

exclusive lock for a node can be provided on the basis of the existing mode of applying for 

adding the exclusive lock for the node. The existing mode can be recorded as a conventional 

mode, and the new mode can be recorded as an unconventional mode. 30 
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[0057] For the conventional mode, when a writing thread applies for adding an exclusive 

lock for a memory page by using the conventional mode, if the memory page is not added 

with a lock by another thread, the writing thread can directly obtain a result of successful 

locking; if the memory page has been added with a lock by another thread, the writing thread 

will be blocked until obtaining a result of successful locking. It can be seen that a result of 5 

any writing thread applying for adding an exclusive lock for a memory page by using the 

conventional mode has only the successful locking. It should be understood that a result of a 

writing thread applying for adding an exclusive lock for a memory page being successful 

locking represents that the writing thread has successfully added an exclusive lock for the 

memory page, that is, the writing thread holds the exclusive lock of the memory page. 10 

[0058] For the unconventional mode, when a writing thread applies for adding an 

exclusive lock for a memory page by using the unconventional mode, if the memory page has 

been set with a preset mark by another thread, the writing thread can directly obtain a result of 

failed locking, rather than continuing to wait; if the memory page is not set with a preset mark 

and is not added with a lock by another thread, the writing thread can directly obtain a result 15 

of successful locking; if the memory page is not set with a preset mark but is added with a 

lock by another thread, the writing thread will be blocked until obtaining a result of successful 

locking or failed locking. It can be seen that a result of a writing thread applying for adding an 

exclusive lock for a memory page may be successful locking, and may also be failed locking. 

It should be understood that a result of a writing thread applying for adding an exclusive lock 20 

for a memory page being failed locking represents that the writing thread failed to add an 

exclusive lock for the memory page, that is, the writing thread does not hold the exclusive 

lock of the memory page. 

[0059] It should be noted that when the read-write lock is used as the preset mark, since 

another writing thread adds a read-write lock for a memory page while releasing an exclusive 25 

lock of the memory page, in a case that another writing thread holds the exclusive lock of the 

memory page, the writing thread applying for an exclusive lock of the corresponding memory 

page may lead to a situation that the writing thread blocks for a period of time before obtains 

a result of failed locking. 

[0060] When a result of the writing thread applying for adding an exclusive lock for any 30 
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memory page by using the unconventional mode is failed locking, it can represent that the any 

memory page has been set with a preset mark by another writing thread, so that the writing 

thread can release the lock held by itself. 

[0061] In practical application, the writing thread can apply for adding an exclusive lock 

for a memory page by a way of calling a locking function, and the thread can take a page 5 

number (page no) of the memory page as an input of the locking function. In an embodiment, 

locking functions corresponding to the conventional mode and the unconventional mode may 

be the same, for example, they are both rw_lock_x_lock_func function. Taking the preset 

mark being a read-write lock as an example, the writing thread can try to add an exclusive 

lock in the rw_lock_x_lock_func function, and judge whether the memory page is added with 10 

a read-write lock by another thread after failure, and if yes, failed locking is immediately 

returned. 

[0062] After the failed locking is returned, the writing thread needs to release the lock 

held by itself, but it is possible to not retry from the root node (retry from root) immediately, 

otherwise it may encounter the same memory page with the preset mark again, and constant 15 

retry will consume resources of a processor. In this case, the writing thread can wait for a 

structure modification operation of the memory page to be completed and then retry from the 

root node. Therefore, after obtaining a result of failed locking for a memory page, the writing 

thread may not use the unconventional mode to apply for adding the exclusive lock for the 

memory page, but use the conventional mode to apply for adding the exclusive lock for the 20 

memory page, in this way, the writing thread could block until the structure modification 

operation of another writing thread are completed and release the exclusive lock. 

[0063] Some implementation forms of the present application will be described below in 

detail in combination of the drawings. In a case of no conflict, the following embodiments 

and features in the embodiments can be combined with each other. 25 

[0064] FIG. 4 is a schematic flowchart of a database operation method according to an 

embodiment of the present application. The method of the embodiment can be applied to a 

computer device where a database engine 11 is deployed, and a writing thread corresponding 

to a writing operation runs on the computer device. As shown in FIG. 4, the method of the 

embodiment may include the following steps. 30 
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[0065] Step 41: a writing thread traverses from a root node of the multiway tree to search 

a target index record matching a search keyword of a writing operation, so as to find a target 

node where the target index record is located. 

[0066] Step 42: if the writing operation needs to trigger a structure modification operation, 

the writing thread applies for adding, according to a locking rule, exclusive locks for memory 5 

pages corresponding to the target node and other nodes needing associated modification, so as 

to modify the target node and the other nodes accordingly after successfully adding the 

exclusive locks for the target node and the other nodes; where the locking rule includes: if a 

direction from any node to an associated node does not meet a requirement of a locking 

direction, on the basis of holding an exclusive lock of a memory page corresponding to the 10 

any node and before applying for adding an exclusive lock for a memory page corresponding 

to the associated node, the exclusive lock of the memory page corresponding to the any node 

needs to be released, and a preset mark needs to be set for the memory page corresponding to 

the any node; and a lock held by itself needs to be released if any memory page for which 

adding an exclusive lock is applied has been set with the preset mark by another writing 15 

thread. 

[0067] In order to avoid a deadlock, an optimistic reading-writing operation usually needs 

to hold shared locks of memory pages corresponding to all non-leaf nodes (referred to as 

non-leaf pages, non-leaf pages for short) on a traversing path, a locking range of a single 

operation is relatively large, and the more concurrent operations, the more intense the locking 20 

competition, and the competition will be more obvious in some key nodes (such as a root 

node, a non-leaf node, non-leaf node). 

[0068] In order to reduce the locking range, the locking range can be reduced as much as 

possible in the traversing process. Specifically, in the traversal process, at most two shared 

locks of memory pages can be held at the same time, because when going from one node to 25 

another node along a pointer, no other thread can change the pointer. Therefore, a shared lock 

of a memory page corresponding to a latter node is obtained first, and then a shared lock of a 

memory page corresponding to a previous node is released, which is conducive to reducing 

the competition of concurrent operations. 

[0069] Based on this, in an embodiment, the method provided in the embodiment of the 30 
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present application may further include: when it is necessary to traverse from any node to a 

latter node of the any node, the writing thread applies for adding a shared lock for a memory 

page corresponding to the latter node, and after successfully adding the shared lock for the 

memory page corresponding to the latter node, releases a shared lock of a memory page 

corresponding to the any node. 5 

[0070] The writer thread traverses from a root node of the multiway tree to search a target 

index record matching a search keyword of a writing operation (hereinafter referred to as a 

target index record), and a node where the target index record is located can be recorded as a 

target node. In practical application, the writing thread can traverse from the root node of the 

multiway tree by calling a positioning function to search the target index record matching the 10 

search keyword of the writing operation. 

[0071] In this case, the aforementioned improvement to the traversing process can be 

implemented in the positioning function, and the aforementioned locking function can be 

called in the positioning function, where the positioning function may be, for example, a 

btr_cur_search_to_nth_level function. An input of the positioning function may include a 15 

search keyword, a lock mode (latch_mode) and a layer (level). 

[0072] Exemplarily, the lock mode may mainly include the following: 

BTR_SEARCH_LEAF, BTR_MODIFY_LEAF, BTR_MODIFY_TREE and 

BTR_CONT_MODIFY_TREE. BTR_SEARCH_LEAF: locates an index record on a leaf 

page (leaf page) and adds an S latch for the memory page, which can be used for a reading 20 

operation for the leaf node. BTR_MODIFY_LEAF: locates an index record on a leaf page 

(leaf page), adds an X latch for the memory page, and prepares to modify the index record, 

which can be used for an optimistic writing operation for the leaf node. 

BTR_MODIFY_TREE: locates a specified layer, adds an X latch for the memory page where 

the target index record is located and the memory pages of its left and right neighbors, and 25 

prepares to modify the target index record and may occur a structure modification operation, 

which can be used for a pessimistic writing operation for the leaf node and the non-leaf node. 

BTR_CONT_MODIFY_TREE: locates an index record of a specified layer, and only adds X 

latch for the memory page where the target index record is located, which can be used for an 

optimistic writing operation for the non-leaf node. 30 
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[0073] The optimistic writing operation refers to a writing operation that does not need to 

modify the structure of the multiway tree, that is, a writing operation that does not need to 

trigger the structure modification operation. The pessimistic writing operation refers to a 

writing operation that needs to modify the structure of the multiway tree, that is, a writing 

operation that needs to trigger the structure modification operation. According to different 5 

types of the writing operation, the pessimistic writing operation can include a pessimistic 

inserting operations and a pessimistic deleting operation. 

[0074] Exemplarily, when a writing operation corresponding to a writing thread is an 

inserting operation, the writing thread can first locate a target node by using the 

BTR_MODIFY_LEAF mode, and hold an exclusive lock of a memory page corresponding to 10 

the target node, and if it is found that the capacity of the memory page corresponding to the 

target node is not large enough to accommodate the index record that needs to be inserted in 

the inserting operation, the pessimistic inserting can be triggered. After the pessimistic 

inserting is triggered, the writing thread can release the exclusive lock of the memory page 

corresponding to the target node, relocate in the BTR_MODIFY_TREE mode, hold the 15 

exclusive locks of the memory pages corresponding to the target node and its neighbor nodes, 

and then enter a pessimistic inserting process. 

[0075] Exemplarily, when a writing operation corresponding to a writing thread is a 

deleting operation, the writing thread can first locate a target node by using the 

BTR_MODIFY_LEAF mode, and hold an exclusive lock of a memory page corresponding to 20 

the target node, and if it is found that the remaining space in the memory page is too large 

after deleting the index item that needs to be deleted in the deleting operation in the memory 

page corresponding to the target node, the pessimistic deleting can be triggered. After the 

pessimistic deleting is triggered, the writing thread can release the exclusive lock of the 

memory page corresponding to the target node, relocate in the BTR_MODIFY_TREE mode, 25 

hold the exclusive locks of the memory pages corresponding to the target node and its 

neighbor nodes, and then enter a pessimistic deleting process. 

[0076] It should be understood that before entering the pessimistic inserting process and 

the pessimistic deleting process, the writing thread holds exclusive locks of memory pages 

corresponding to the target node and its neighbor nodes by a way of applying for adding the 30 
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exclusive locks of the memory pages corresponding to the target node and its neighbor nodes 

by using the unconventional mode. 

[0077] In the embodiment of the present application, if the writing operation needs to 

trigger the structure modification operation, the writing thread can apply for adding exclusive 

locks for memory pages corresponding to the target node and other nodes needing associated 5 

modification according to the locking rule, so as to modify the target node and the other nodes 

accordingly after successfully adding the exclusive locks for the target node and the other 

nodes. The other nodes needing associated modification may include one or more of a 

neighbor node on the right side of the target node, a neighbor node on the left side of the 

target node and the father node of the target node. The specific content about the locking rule 10 

can refer to the foregoing description, which will not be repeated here. 

[0078] Exemplarily, for the pessimistic inserting operation, the writing thread can first 

determine a split point (split point) and a split order by a way of calling a split function, an 

input of the split function may include a page number, and an output of the split function may 

include the split point and the split order. The split point can be used to describe a split 15 

position of an index record in the target node, which corresponds to one index record in the 

target node; the splitting order can be used to describe whether to add a node on the right side 

of the target node or on the left side of the target node, and the former can be called right split 

(right split) and the latter can be called left split (left split). The split function may be, for 

example, the btr_page_split_and_insert function. It should be noted that for an 20 

implementation form of determining the split point and the split order, the specific description 

in the related art can be referred to, and will not be repeated here. 

[0079] In an embodiment, in a case that the splitting order is right split, step 42 may 

specifically include the following steps A1-A3. 

[0080] Step A1, the writing thread applies for adding exclusive locks for memory pages 25 

corresponding to the target node and its neighbor node on the right side, and applies for a new 

memory page as a new node, and the writing thread holds an exclusive lock of the new 

memory page. 

[0081] If the memory page corresponding to the target node has been set with a preset 

mark by another writing thread, the writing thread releases the lock it holds. Exemplarily, the 30 



 

19 

writing thread can release all locks it holds. Further, the method provided in the embodiment 

may further include: if the memory page corresponding to the target node has been set with a 

preset mark by another writing thread to trigger the writing thread to release the lock it holds, 

the writing thread can wait for the preset mark of the memory page corresponding to the 

target node to be cleared, and then retraverse from the root node to search the target index 5 

record. Exemplarily, the writing thread can apply for adding an exclusive lock for the memory 

page corresponding to the target node by using the conventional mode, and after successfully 

adding the exclusive lock for the target node, retraverse from the root node of the multiway 

tree to search the target index record. For example, the BTR_MODIFY_TREE mode can be 

reused to call the btr_cur_search_to_nth_level function. 10 

[0082] If the memory page corresponding to the neighbor node on the right side has been 

set with a preset mark by another writing thread, the writing thread releases the lock it holds. 

Further, the method provided in the embodiment may further include: if the memory page 

corresponding to the neighbor node on the right side of the target node has been set with the 

preset mark by another writing thread to trigger the writing thread to release the lock it holds, 15 

the writing thread can wait for the preset mark of the memory page corresponding to the 

neighbor node to be cleared, and then retraverse from the root node to search the target index 

record. 

[0083] The writing thread can execute step A2 after successfully adding the exclusive 

locks for the memory pages corresponding to the target node and its neighbor node on the 20 

right side. 

[0084] Step A2, the writing thread moves a part of index records in the target node to the 

new node, and inserts an index record needed to be inserted in the inserting operation into the 

new node, and inserts the new node between the target node and the neighbor node by 

modifying index records in the target node, the new node and the neighbor node. 25 

[0085] The part of the index records moved from the target node to the new node are 

determined according to the split point, and the part of the index records may or may not 

include an index record corresponding to the split point. 

[0086] Step A3, the writing thread sets the preset mark for memory pages corresponding 

to the target node, the new node and the neighbor node first, releases exclusive locks of the 30 
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memory pages corresponding to the target node, the new node and the neighbor node, and 

then applies for adding an exclusive lock for the memory page corresponding to the father 

node of the target node by using the unconventional mode, and after successfully adding the 

exclusive lock for the memory page corresponding to the father node, the writing thread adds 

the new node under the father node by adding in the father node an index record 5 

corresponding to the new node. 

[0087] If the memory page corresponding to the father node of the target node has been 

set with a preset mark by another writing thread, the writing thread releases the lock it holds. 

Further, the method provided in the embodiment may further include: if the memory page 

corresponding to the father node of the target node has been set with a preset mark by another 10 

writing thread to trigger the writing thread to release the lock it holds, the writing thread can 

wait for the preset mark of the memory page corresponding to the father node to be cleared, 

and then retraverse from the root node to search the target index record. 

[0088] Exemplarily, first, as shown in FIG. 5A, the writing thread can hold exclusive 

locks X of the memory pages corresponding to the target node 51 and its neighbor node 52 on 15 

the right side. Then, as shown in FIG. 5B, the writing thread can apply for a new memory 

page (new page) as the new node 53, hold an exclusive lock X of the new memory page, 

move a part of index records in the target node 51 to the new node 53, and insert an index 

record needed to be inserted in the inserting operation into the new node 53. After then, as 

shown in FIG. 5C, the writing thread can insert the new node 53 between the target node 51 20 

and the neighbor node 52 by modifying index records in the target node 51, the new node 53 

and the neighbor node 52 (in the case that nodes of each layer are strung together through a 

bidirectional linked list). After then, as shown in FIG. 5D, the writing thread can release the 

exclusive locks of the memory pages corresponding to the target node 51, the neighbor node 

52 and the new node 53 and at the same time add read-write locks SX for the memory pages 25 

corresponding to the target node 51, the neighbor node 52 and the new node 53, and then 

apply for adding an exclusive lock X for the memory page corresponding to the father node 

54 of the target node by using the unconventional mode, and after successfully adding the 

exclusive lock for the memory page corresponding to the father node 54, insert the new node 

53 under the father node 54 by adding in the father node 54 an index record corresponding to 30 
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the new node 53. 

[0089] It should be noted that in FIGs. 5A to 5D, a big rectangular box represents a node, 

a small rectangular box represents an index record in a node, and a small dark gray 

rectangular box represents an added index record, and for convenience of understanding, a 

lock type of a memory page corresponding to a node is marked near the node. 5 

[0090] In another embodiment, in a case that the splitting order is left split, step 42 may 

specifically include the following steps B1-B5. 

[0091] Step B1, the writing thread applies for adding exclusive locks for the memory 

pages corresponding to the target node and its neighbor node on the left side, and applies for a 

new memory page as a new node, and the writing thread holds an exclusive lock of the new 10 

memory page. 

[0092] If the memory page corresponding to the target node has been set with a preset 

mark by another writing thread, the writing thread releases the lock it holds. Further, the 

method provided in the embodiment may further include: if the memory page corresponding 

to the target node has been set with a preset mark by another writing thread to trigger the 15 

writing thread to release the lock it holds, the writing thread can wait for the preset mark of 

the memory page corresponding to the target node to be cleared, and then retraverse from the 

root node to search the target index record. 

[0093] If the memory page corresponding to the neighbor node on the left side has been 

set with a preset mark by another writing thread, the writing thread releases the lock it holds. 20 

Further, the method provided in the embodiment may further include: if the memory page 

corresponding to the neighbor node on the left side of the target node has been set with a 

preset mark by another writing thread to trigger the writing thread to release the lock it holds, 

the writing thread can wait for the preset mark of the memory page corresponding to the 

neighbor node to be cleared, and then retraverse from the root node to search the target index 25 

record. 

[0094] The writing thread can execute step B2 after successfully adding the exclusive 

locks for the memory pages corresponding to the target node and its neighbor node on the left 

side. 

[0095] Step B2, the writing thread sets the preset mark for memory pages corresponding 30 
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to the target node and the neighbor node first, and releases the exclusive locks of the memory 

pages corresponding to the target node and the neighbor node, and then applies for adding an 

exclusive lock for the memory page corresponding to the father node of the target node by 

using the unconventional mode, and after successfully adding the exclusive lock for the 

memory page corresponding to the father node, adds the new node under the father node by 5 

modifying an index record in the father node originally pointing to the target node to point to 

the new node. 

[0096] If the memory page corresponding to the father node of the target node has been 

set with a preset mark by another writing thread, the writing thread releases the lock it holds. 

Further, the method provided in the embodiment may further include: if the memory page 10 

corresponding to the father node of the target node has been set with a preset mark by another 

writing thread to trigger the writing thread to release the lock it holds, the writing thread can 

wait for the preset mark of the memory page corresponding to the father node to be cleared, 

and then retraverse from the root node to search the target index record. 

[0097] Step B3, the writing thread applies for adding exclusive locks for the memory 15 

pages corresponding to the target node and the neighbor node by using the unconventional 

mode, moves a part of the index records in the target node to the new node after successfully 

adding the exclusive locks for the memory pages corresponding to the target node and the 

neighbor node, inserts an index record needed to be inserted in the inserting operation into the 

new node, and inserts the new node between the target node and the neighbor node by 20 

modifying index records in the target node, the new node and the neighbor node. 

[0098] If the memory page corresponding to the target node (or the neighbor node) has 

been set with a preset mark by another writing thread, the writing thread releases the lock it 

holds. Further, the method provided in the embodiment may further include: if the memory 

page corresponding to the target node (or the neighbor node) has been set with a preset mark 25 

by another writing thread to trigger the writing thread to release the lock it holds, the writing 

thread can wait for the preset mark of the memory page corresponding to the target node (or 

the neighbor node) to be cleared, and then retraverse from the root node to search the target 

index record. 

[0099] The part of index records moved from the target node to the new node are 30 
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determined according to the split point, and the part of index records may or may not include 

an index record corresponding to the split point. 

[0100] Step B4, the writing thread inserts the target node under the father node by adding 

in the father node an index record corresponding to the target node. 

[0101] Optionally, although the order (i.e. from top to down) from the father node to its 5 

child nodes (i.e. the target node and the neighbor node) meets the requirement of the locking 

direction (i.e. from top to down), in order to release the exclusive lock of the father node as 

early as possible and improve the concurrency performance, before the writing thread applies 

for adding exclusive locks for the memory pages corresponding to the target node and the 

neighbor node by using the unconventional mode, the method may further include: the writing 10 

thread sets the preset mark for the memory page corresponding to the father node, and 

releases the exclusive lock of the memory page corresponding to the father node. 

[0102] Correspondingly, before step B4, the method may further include: the writing 

thread sets the preset mark for the memory pages corresponding to the target node, the new 

node and the neighbor node, and releases exclusive locks of the memory pages corresponding 15 

to the target node, the new node and the neighbor node; the writing thread applies for adding 

an exclusive lock for the memory page corresponding to the father node of the target node by 

using the unconventional mode. After the exclusive lock is successfully added for the memory 

page corresponding to the father node, the writing thread applies for adding the exclusive lock 

for the memory page corresponding to the father node of the target node by using the 20 

unconventional mode. 

[0103] Exemplarily, first, as shown in FIG. 6A, the writing thread can hold exclusive 

locks X of memory pages corresponding to the target node 61 and its neighbor node 62 on the 

left side. Then, as shown in FIG. 6B, the writing thread can apply for a new memory page as 

the new node 63, and hold an exclusive lock X of the new memory page. The writing thread 25 

can first release the exclusive locks of the memory pages corresponding to the target node 61 

and the neighbor node 62, and at the same time add read-write locks SX for the memory 

pages corresponding to the target node 61 and the neighbor node 62, and then apply for 

adding an exclusive lock X for the memory page corresponding to the father node 64 of the 

target node by using the unconventional mode, and after successfully adding the exclusive 30 
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lock for the memory page corresponding to the father node 64, insert the new node 63 under 

the father node 64 by modifying an index record in the father node 64 originally pointing to 

the target node 61 to point to the new node 63. After then, as shown in FIG. 6C, the writing 

thread can first release the exclusive lock of the memory page corresponding to the father 

node 64, and at the same time add a read-write lock SX for the memory page corresponding to 5 

the father node 64, and then apply for adding exclusive locks X for the memory pages 

corresponding to the target node 61 and the neighbor node 62 by using the unconventional 

mode, and after successfully adding the exclusive locks for the memory pages corresponding 

to the target node 61 and the neighbor node 62, move a part of index records in the target node 

61 to the new node 63, insert an index record needed to be inserted in the inserting operation 10 

into the new node 63, insert the new node 63 between the target node 61 and the neighbor 

node 62 by modifying index records in the target node 61, the new node 63 and the neighbor 

node 62 (in a case that nodes of each layer are strung together through a bidirectional linked 

list). After then, as shown in FIG. 6D, the writing thread can insert the target node 61 under 

the father node 64 by adding in the father node 64 an index record corresponding to the target 15 

node 61. 

[0104] It should be noted that in FIGs. 6A to 6D, a big rectangular box represents a node, 

a small rectangular box represents an index record in a node, and a small dark gray 

rectangular box represents an added index record, and for convenience of understanding, a 

lock type of a memory page corresponding to a node is marked near the node. 20 

[0105] It should be noted that when a node that is splitting (i.e. the target node) is the root 

node, index records in the root node can be copied to a new node first, and the new node is 

used as a child node of the root node for performing splitting. 

[0106] Exemplarily, for the pessimistic deleting operation, a structure modification 

operation triggered by the pessimistic deleting operation can be divided into discard (discard) 25 

and compress (compress). The discard refers to deleting an empty node from the multiway 

tree; the compress is merging with another node (a neighbor node or a father node) by a node 

with index records. 

[0107] For the discard, before the deleting, if there is only one index record in the target 

node, the target node will be deleted directly when occurring a deleting operation. In an 30 
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embodiment, in a case that the target node needs to be deleted, step 42 could specifically 

include the following steps C1-C3. 

[0108] Step C1: The writing thread applies for adding exclusive locks for memory pages 

corresponding to the target node and its neighbor node. 

[0109] If the memory page corresponding to the target node has been set with a preset 5 

mark by another writing thread, the writing thread releases the lock it holds. Further, the 

method provided in the embodiment may further include: if the memory page corresponding 

to the target node has been set with a preset mark by another writing thread to trigger the 

writing thread to release the lock it holds, the writing thread can wait for the preset mark of 

the memory page corresponding to the target node to be cleared, and then retraverse from the 10 

root node to search the target index record. 

[0110] If the memory page corresponding to the neighbor node has been set with a preset 

mark by another writing thread, the writing thread releases the lock it holds. Further, the 

method provided in the embodiment may further include: if the memory page corresponding 

to the neighbor node of the target node has been set with a preset mark by another writing 15 

thread to trigger the writing thread to release the lock it holds, the writing thread can wait for 

the preset mark of the memory page corresponding to the neighbor node to be cleared, and 

then retraverse from the root node to search the target index record. 

[0111] The writing thread can execute step C2 after successfully adding the exclusive 

locks for the memory pages corresponding to the target node and its neighbor node. 20 

[0112] Step C2, the writing thread sets the preset mark for the memory pages 

corresponding to the target node and the neighbor node first, and releases the exclusive locks 

of the memory pages corresponding to the target node and the neighbor node, and then applies 

for adding an exclusive lock for the memory page corresponding to the father node of the 

target node by using the unconventional mode, and after successfully adding the exclusive 25 

lock for the memory page corresponding to the father node, the writing thread deletes the 

target node from under the father node by deleting in the father node an index record 

corresponding to the target node. 

[0113] If the memory page corresponding to the father node of the target node has been 

set with a preset mark by another writing thread, the writing thread releases the lock it holds. 30 
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Further, the method provided in the embodiment may further include: if the memory page 

corresponding to the father node of the target node has been set with a preset mark by another 

writing thread to trigger the writing thread to release the lock it holds, the writing thread can 

wait for the preset mark of the memory page corresponding to the father node to be cleared, 

and then retraverse from the root node to search the target index record. 5 

[0114] Step C3, the writing thread applies for adding exclusive locks for the memory 

pages corresponding to the target node and its neighbor node, deletes the target node from the 

multiway tree by modifying index records in the neighbor node after successfully adding an 

exclusive lock for the memory page corresponding to the neighbor node, and releases the 

memory page corresponding to the target node after successfully adding an exclusive lock for 10 

the target node. 

[0115] If the memory page corresponding to the target node (or the neighbor node) has 

been set with a preset mark by another writing thread, the writing thread releases the lock it 

holds. Further, the method provided in the embodiment may further include: if the memory 

page corresponding to the target node (or the neighbor node) has been set with a preset mark 15 

by another writing thread to trigger the writing thread to release the lock it holds, the writing 

thread can wait for the preset mark of the memory page corresponding to the target node (or 

the neighbor node) to be cleared, and then retraverse from the root node to search the target 

index record. 

[0116] Optionally, although the order (i.e. from top to down) from the father node to its 20 

child nodes (i.e. the target node and the neighbor node) meets the requirement of the locking 

direction (i.e. from top to down), in order to release the exclusive lock of the father node as 

early as possible and improve the concurrency performance, before the writing thread applies 

for adding exclusive locks for the memory pages corresponding to the target node and the 

neighbor node by using the unconventional mode, the method may further include: the writing 25 

thread sets the preset mark for the memory page corresponding to the father node, and 

releases the exclusive lock of the memory page corresponding to the father node. 

[0117] Exemplarily, first, as shown in FIG. 7A, the writing thread can hold exclusive 

locks X of the memory pages corresponding to the target node 71 and its neighbor node 72 on 

the left side and the neighbor node 73 on the right side. Then, as shown in FIG. 7B, the 30 
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writing thread can first release the exclusive locks of the memory pages corresponding to the 

target node 71, the neighbor node 72 and the neighbor node 73, and at the same time add 

read-write locks SX for the memory pages corresponding to the target node 71, the neighbor 

node 72 and the neighbor node 73, and then apply for adding an exclusive lock X for the 

memory page corresponding to the father node 74 of the target node by using the 5 

unconventional mode, and after successfully adding the exclusive lock for the memory page 

corresponding to the father node 74, delete the target node 71 from under the father node 74 

by deleting in the father node 74 an index record corresponding to the target node 71. After 

then, as shown in FIG. 7C, the writing thread can first release the exclusive lock of the 

memory page corresponding to the father node 74, and at the same time add a read-write lock 10 

SX for the memory page corresponding to the father node 74, and then apply for adding 

exclusive locks X for the memory pages corresponding to the target node 71, the neighbor 

node 72 and the neighbor node 73 by using the unconventional mode, and after successfully 

adding the exclusive locks for the memory pages corresponding to the neighbor node 72 and 

the neighbor node 73, delete the target node 71 from the multiway tree by modifying index 15 

records in the neighbor node 72 and the neighbor node 73 (in a case that nodes of each layer 

is strung together through a bidirectional linked list). After then, as shown in FIG. 7D, the 

writing thread can release the memory page corresponding to the target node 71 after 

successfully adding an exclusive lock for the target node 71. 

[0118] It should be noted that in FIGs. 7A to 7D, a big rectangular box represents a node, 20 

a small rectangular box represents an index record in a node, and a small dark gray 

rectangular box represents an index record needed to be deleted in the deleting operation, and 

for convenience of understanding, a lock type of a memory page corresponding to a node is 

marked near the node. 

[0119] For the compress, if there are still left index records in the target node after 25 

deleting, the target node needs to be merged with another node, which can be divided into 

merging with the father node or merging with the neighbor node. Merging with the father 

node can be called lift up, and merging with the neighbor node can be called merge. 

[0120] Exemplarily, for the lift up, if it is found that there is only one node on the layer 

where the target node is located, the target node needs to be merged with the father node. It 30 
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should be noted that if there is only one node on the layer where the father node of the target 

node is located, and there is only one index record in the father node of the target node, the 

father node of the target node may be merged with the father node of the father node of the 

target node, and finally it can be merged into the root node of the multiway tree according to 

this merging method. Exemplarily, suppose that the target node is node a, the father node of 5 

the target node is node b, and the father node of the father node of the target node is node c, 

before applying for adding an exclusive lock for the memory page corresponding to node b, a 

preset mark can be set for node a first, and the exclusive lock of the memory page 

corresponding to node a can be released; before applying for adding an exclusive lock for the 

memory page corresponding to node c, a preset mark can be set for node b first, and the 10 

exclusive lock of the memory page corresponding to node b can be released. 

[0121] Exemplarily, for the merge, it may be checked whether a neighbor node can 

accommodate remaining index records in the target node. It is possible to try to merge with 

the neighbor node on the left side, and if it fails, try to merge with the neighbor node on the 

right side. Merging with the neighbor node on the right side can be called right merge (right 15 

merge), and merging with the neighbor node on the left side can be called left merge (left 

merge). 

[0122] In an embodiment, in a case that the remaining index records in the target node 

need to be merged to the neighbor node on the left side of the target node, step 42 may 

specifically include the following steps D1- D4. 20 

[0123] Step D1, the writing thread applies for adding exclusive locks for memory pages 

corresponding to the target node and its neighbor node. 

[0124] If the memory page corresponding to the target node has been set with a preset 

mark by another writing thread, the writing thread releases the lock it holds. Further, the 

method provided in the embodiment may further include: if the memory page corresponding 25 

to the target node has been set with a preset mark by another writing thread to trigger the 

writing thread to release the lock it holds, the writing thread can wait for the preset mark of 

the memory page corresponding to the target node to be cleared, and then retraverse from the 

root node to search the target index record. 

[0125] If the memory page corresponding to the neighbor node has been set with a preset 30 
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mark by another writing thread, the writing thread releases the lock it holds. Further, the 

method provided in the embodiment may further include: if the memory page corresponding 

to the neighbor node of the target node has been set with a preset mark by another writing 

thread to trigger the writing thread to release the lock it holds, the writing thread can wait for 

the preset mark of the memory page corresponding to the neighbor node to be cleared, and 5 

then retraverse from the root node to search the target index record. 

[0126] The writing thread can execute step D2 after successfully adding an exclusive lock 

of the memory page corresponding to the target node. 

[0127] The writing thread can execute step D3 after successfully adding the exclusive 

locks of the memory pages corresponding to the target node and its neighbor node. 10 

[0128] Step D2, after successfully adding the exclusive lock for the memory page 

corresponding to the target node, the writing thread deletes the target index record in the 

target node. 

[0129] Step D3, the writing thread sets the preset mark for the memory pages 

corresponding to the target node and the neighbor node first, and releases the exclusive locks 15 

of the memory pages corresponding to the target node and the neighbor node, and then applies 

for adding an exclusive lock for the memory page corresponding to the father node of the 

target node by using the unconventional mode, and after successfully adding the exclusive 

lock for the memory page corresponding to the father node, the writing thread deletes the 

target node from under the father node by deleting in the father node an index record 20 

corresponding to the target node. 

[0130] If the memory page corresponding to the father node of the target node has been 

set with a preset mark by another writing thread, the writing thread releases the lock it holds. 

Further, the method provided in the embodiment may further include: if the memory page 

corresponding to the father node of the target node has been set with a preset mark by another 25 

writing thread to trigger the writing thread to release the lock it holds, the writing thread can 

wait for the preset mark of the memory page corresponding to the father node to be cleared, 

and then retraverse from the root node to search the target index record. 

[0131] Step D4, the writing thread applies for adding exclusive locks for the memory 

pages corresponding to the target node and its neighbor node, and after successfully adding 30 
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the exclusive locks for the memory pages corresponding to the target node and its neighbor 

node, moves remaining index records in the target node into the neighbor node on the left side 

of the target node, deletes the target node from the multiway tree by modifying index records 

in the neighbor node of the target node, and releases the memory page corresponding to the 

target node. 5 

[0132] If the memory page corresponding to the target node (or the neighbor node) has 

been set with a preset mark by another writing thread, the writing thread releases the lock it 

holds. Further, the method provided in the embodiment may further include: if the memory 

page corresponding to the target node (or the neighbor node) has been set with a preset mark 

by another writing thread to trigger the writing thread to release the lock it holds, the writing 10 

thread can wait for the preset mark of the memory page corresponding to the target node (or 

the neighbor node) to be cleared, and then retraverse from the root node to search the target 

index record. 

[0133] Optionally, although the order (i.e. from top to down) from the father node to its 

child nodes (i.e. the target node and the neighbor node) meets the requirement of the locking 15 

direction (i.e. from top to down), in order to release the exclusive lock of the father node as 

early as possible and improve the concurrency performance, before the writing thread applies 

for adding exclusive locks for the memory pages corresponding to the target node and the 

neighbor node by using the unconventional mode, the method may further include: the writing 

thread sets the preset mark for the memory page corresponding to the father node, and 20 

releases the exclusive lock of the memory page corresponding to the father node. 

[0134] Exemplarily, first, as shown in FIG. 8A, the writing thread can hold exclusive 

locks X of memory pages corresponding to the target node 81 and its neighbor node 82 on the 

left side and the neighbor node 83 on the right side. Then, as shown in FIG. 8B, the writing 

thread can first release exclusive locks of the memory pages corresponding to the target node 25 

81, the neighbor node 82 and the neighbor node 83, and at the same time add read-write locks 

SX for the memory pages corresponding to the target node 81, the neighbor node 82 and the 

neighbor node 83, and then apply for adding an exclusive lock X for the memory page 

corresponding to the father node 84 of the target node by using the unconventional mode, and 

after successfully adding the exclusive lock for the memory page corresponding to the father 30 
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node 84, delete the target node 81 from under the father node 84 by deleting in the father node 

84 an index record corresponding to the target node 81. After then, as shown in FIG. 8C, the 

writing thread can first release the exclusive lock of the memory page corresponding to the 

father node 84, and at the same time add a read-write lock SX for the memory page 

corresponding to the father node 84, and then apply for adding exclusive locks X for the 5 

memory pages corresponding to the target node 81, the neighbor node 82 and the neighbor 

node 83 by using the unconventional mode, and after successfully adding the exclusive locks 

for the memory pages corresponding to the target node 81, the neighbor node 82 and the 

neighbor node 83, move the remaining index records in the target node 81 to the neighbor 

node 82, and delete the target node 81 from the multiway tree by modifying index records in 10 

the neighbor node 82 and the neighbor node 83 (in a case that nodes of each layer are strung 

together through a bidirectional linked list). After then, as shown in FIG. 8D, the writing 

thread can release the memory page corresponding to the target node 81. 

[0135] It should be noted that in FIGs. 8A to 8D, a big rectangular box represents a node, 

a small rectangular box represents an index record in a node, and for convenience of 15 

understanding, a lock type of a memory page corresponding to a node is marked near the 

node. 

[0136] In another embodiment, in a case that the remaining index records in the target 

node need to be merged to the neighbor node on the right side of the target node, step 42 may 

specifically include the following steps E1-E4. 20 

[0137] Step E1, the writing thread applies for adding exclusive locks for the memory 

pages corresponding to the target node and its neighbor node. 

[0138] If the memory page corresponding to the target node has been set with a preset 

mark by another writing thread, the writing thread releases the lock it holds. Further, the 

method provided in the embodiment may further include: if the memory page corresponding 25 

to the target node has been set with a preset mark by another writing thread to trigger the 

writing thread to release the lock it holds, the writing thread can wait for the preset mark of 

the memory page corresponding to the target node to be cleared, and then retraverse from the 

root node to search the target index record. 

[0139] If the memory page corresponding to the neighbor node has been set with a preset 30 
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mark by another writing thread, the writing thread releases the lock it holds. Further, the 

method provided in the embodiment may further include: if the memory page corresponding 

to the neighbor node of the target node has been set with a preset mark by another writing 

thread to trigger the writing thread to release the lock it holds, the writing thread can wait for 

the preset mark of the memory page corresponding to the neighbor node to be cleared, and 5 

then retraverse from the root node to search the target index record. 

[0140] The writing thread can execute step E2 after successfully adding an exclusive lock 

for the memory page corresponding to the target node. 

[0141] The writing thread can execute step E3 after successfully adding exclusive locks 

for the memory pages corresponding to the target node and its neighbor node. 10 

[0142] Step E2, the writing thread deletes the target index record in the target node. 

[0143] Step E3, the writing thread sets the preset mark for the memory pages 

corresponding to the target node and the neighbor node first, and releases the exclusive locks 

of the memory pages corresponding to the target node and the neighbor node, and then applies 

for adding an exclusive lock for the memory page corresponding to the father node of the 15 

target node, and after successfully adding the exclusive lock for the memory page 

corresponding to the father node, deletes the neighbor node on the right side of the target node 

from under the father node by deleting in the father node an index record corresponding to the 

neighbor node on the right side of the target node, and inserts the neighbor node on the right 

side of the target node under the father node by modifying an index record in the father node 20 

originally pointing to the target node to point to the neighbor node on the right side of the 

target node. 

[0144] If the memory page corresponding to the father node of the target node has been 

set with a preset mark by another writing thread, the writing thread releases the lock it holds. 

Further, the method provided in the embodiment may further include: if the memory page 25 

corresponding to the father node of the target node has been set with a preset mark by another 

writing thread to trigger the writing thread to release the lock it holds, the writing thread can 

wait for the preset mark of the memory page corresponding to the father node to be cleared, 

and then retraverse from the root node to search the target index record. 

[0145] Step E4, the writing thread applies for adding exclusive locks for the memory 30 
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pages corresponding to the target node and its neighbor node, and after successfully adding 

the exclusive locks for the memory pages corresponding to the target node and its neighbor 

node, moves the remaining index records in the target node into the neighbor node on the 

right side of the target node, deletes the target node from the multiway tree by modifying an 

index record in the neighbor node of the target node, and releases the memory page 5 

corresponding to the target node. 

[0146] If the memory page corresponding to the target node (or the neighbor node) has 

been set with a preset mark by another writing thread, the writing thread releases the lock it 

holds. Further, the method provided in the embodiment may further include: if the memory 

page corresponding to the target node (or the neighbor node) has been set with a preset mark 10 

by another writing thread to trigger the writing thread to release the lock it holds, the writing 

thread can wait for the preset mark of the memory page corresponding to the target node (or 

the neighbor node) to be cleared, and then retraverse from the root node to search the target 

index record. 

[0147] Optionally, although the order (i.e. from top to down) from the father node to its 15 

child nodes (i.e. the target node and the neighbor node) meets the requirement of the locking 

direction (i.e. from top to down), in order to release the exclusive lock of the father node as 

early as possible and improve the concurrency performance, before the writing thread applies 

for adding exclusive locks for the memory pages corresponding to the target node and the 

neighbor node by using the unconventional mode, the method may further include: the writing 20 

thread sets the preset mark for the memory page corresponding to the father node, and 

releases the exclusive lock of the memory page corresponding to the father node. 

[0148] Exemplarily, first, as shown in FIG. 9A, the writing thread can hold exclusive 

locks X of memory pages corresponding to the target node 91 and its neighbor node 92 on the 

left side and the neighbor node 93 on the right side. Then, as shown in FIG. 9B, the writing 25 

thread can first release the exclusive locks of the memory pages corresponding to the target 

node 91, the neighbor node 92 and the neighbor node 93, and at the same time add read-write 

locks SX for the memory pages corresponding to the target node 91, the neighbor node 92 and 

the neighbor node 93, and then apply for adding an exclusive lock X for the memory page 

corresponding to the father node 94 of the target node by using the unconventional mode, and 30 
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after successfully adding the exclusive lock for the memory page corresponding to the father 

node 94, delete the neighbor node 93 from under the father node 94 by deleting in the father 

node 94 an index record corresponding to the neighbor node 93. After then ,as shown in FIG. 

9C, the writing thread can insert the neighbor node 93 under the father node 94 by modifying 

an index record in the father node 94 originally pointing to the target node 91 to point to the 5 

neighbor node 93. After then, as shown in FIG. 9D, the writing thread can first release the 

exclusive lock of the memory page corresponding to the father node 94, and at the same time 

add a read-write lock SX for the memory page corresponding to the father node 94, and then 

apply for adding exclusive locks X for the memory pages corresponding to the target node 91, 

the neighbor node 92 and the neighbor node 93 by using the unconventional mode, and after 10 

successfully adding the exclusive locks for the memory pages corresponding to the target 

node 91, the neighbor node 92 and the neighbor node 93, move the remaining index records in 

the target node 91 to the neighbor node 93, delete the target node 91 from the multiway tree 

by modifying index records in the neighbor node 92 and the neighbor node 93 (in a case that 

nodes of each layer are strung together through a bidirectional linked list), and release the 15 

memory page corresponding to the target node 91. 

[0149] It should be noted that in FIGs. 9A to 9D, a big rectangular box represents a node, 

a small rectangular box represents an index record in a node, and a small dark gray 

rectangular box represents a modified index record, and for convenience of understanding, a 

lock type of a memory page corresponding to a node is marked near the node. 20 

[0150] In the embodiment of the present application, a reading operation can be 

compatible with a preset mark, that is, there may be no conflict between the preset mark on 

the memory page and other threads acquiring a shared lock, so that the reading operation can 

continue to be executed. Optionally, for a node in the middle state of SMO, the writing thread 

can set for the node a pointer pointing to its new neighbor node, so that when other reading 25 

operations access the node in the middle state of SMO, they can continue to search in its new 

neighbor node, thus solving the problem that the structure of the multiway tree is incomplete 

before the structure modification operation is completed. For example, in a process of right 

split, a pointer pointing to a new node (new node) can be set in an old node (old node), which 

is equivalent to being a foster parent of the new node, and a reading operation can traverse 30 
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from the old node to the new node. In a case that nodes of each layer are strung together 

through a bidirectional linked list (level list), the left and right pointers of a node can be 

reused. 

[0151] Based on this, in an embodiment, the method provided in the embodiment may 

further include: for any node with the preset mark set by itself, if a neighbor node of the any 5 

node needs to be changed, setting in the any node a pointer pointing to the new neighbor node 

of the any node. In this case, exemplarily, if the reading operation enters a memory page in 

the middle state of SMO, it can be decided whether to continue to search a neighbor node on 

its right side according to a result of comparing a search keyword with a maximum key of the 

index record of the memory page. 10 

[0152] Similar to the writing thread, for the reading thread, when it is necessary to 

traverse from any node to a latter node of the any node, the reading thread can apply for 

adding a shared lock for a memory page corresponding to the latter node, and after 

successfully adding the shared lock for the memory page corresponding to the latter node, 

releases the shared lock of the memory page corresponding to the any node. 15 

[0153] In the embodiment of the present application, a writing thread does not apply for 

adding a read-write lock for a whole multiway tree, but applies for adding exclusive locks for 

memory pages corresponding to a target node and other nodes needing associated 

modification according to a locking rule, so as to modify the target node and the other nodes 

accordingly after successfully adding the exclusive locks for the target node and the other 20 

nodes, and the target node refers to a found node where an index record matching a search 

keyword is located. It is realized that a single writing thread can modify the structure of the 

multiway tree by only adding exclusive locks for memory pages corresponding to nodes 

needing to be modified in the multiway tree, so that conflicts between multiple writing 

threads are at the page level, and so that structure modification operations for the same 25 

multiway tree can be concurrent. In addition, the locking rule includes: if a direction from any 

node to an associated node does not meet a requirement of a locking direction, on the basis of 

holding an exclusive lock of a memory page corresponding to the any node and before 

applying for adding an exclusive lock for a memory page corresponding to the associated 

node, the exclusive lock of the memory page corresponding to the any node needs to be 30 
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released and a preset mark needs to be set for the memory page corresponding to the any node; 

and a lock held by itself needs to be released if any memory page for which adding an 

exclusive lock is applied has been set with the preset mark by another writing thread, which 

allows to apply for locking according to the locking rule, and the problem of a deadlock 

between threads can be avoided. 5 

[0154] FIG. 10 is a schematic structural diagram of a database operation apparatus 

according to an embodiment of the present application. Referring to FIG. 10, the embodiment 

provides a database operation apparatus, and the apparatus can perform the database operation 

method provided in the above method embodiment. Specifically, the apparatus may include: 

a searching module 101, configured to traverse, by the writing thread, from a root 10 

node of the multiway tree to search a target index record matching a search keyword of a 

writing operation, so as to find a target node where the target index record is located; and 

a modifying module 102, configured to: if the writing operation needs to trigger a 

structure modification operation, apply for adding, by the writing thread according to a 

locking rule, exclusive locks for memory pages corresponding to the target node and other 15 

nodes needing associated modification, so as to modify the target node and the other nodes 

accordingly after successfully adding the exclusive locks for the target node and the other 

nodes; where the locking rule includes: if a direction from any node to an associated node 

does not meet a requirement of a locking direction, on the basis of holding an exclusive lock 

of a memory page corresponding to the any node and before applying for adding an exclusive 20 

lock for a memory page corresponding to the associated node, the exclusive lock of the 

memory page corresponding to the any node needs to be released and a preset mark needs to 

be set for the memory page corresponding to the any node; and a lock held by itself needs to 

be released if any memory page for which adding an exclusive lock is applied has been set 

with the preset mark by another writing thread. 25 

[0155] Optionally, the locking direction includes a top-to-down direction and a 

left-to-right direction along the multiway tree. 

[0156] Optionally, the exclusive lock of the memory page corresponding to the any node 

needing to be released and the preset mark needing to be set for the memory page 

corresponding to the any node includes: releasing the exclusive lock of the memory page 30 



 

37 

corresponding to the any node and adding a read-write lock for the memory page 

corresponding to the any node needing to be done at the same time. 

[0157] Optionally, the writing operation is an inserting operation, and a node needs to be 

added on a right side of the target node; the modifying module 102 is specifically configured 

to: 5 

apply for adding, by the writing thread, exclusive locks for memory pages 

corresponding to the target node and its neighbor node on the right side, and apply for a new 

memory page as a new node, where the writing thread holds an exclusive lock of the new 

memory page; 

after successfully adding the exclusive locks for the memory pages corresponding 10 

to the target node and its neighbor node on the right side, move, by the writing thread, a part 

of index records in the target node to the new node, insert an index record needed to be 

inserted in the inserting operation into the new node, and insert the new node between the 

target node and the neighbor node by modifying index records in the target node, the new 

node and the neighbor node; and 15 

set, by the writing thread, the preset mark for memory pages corresponding to the 

target node, the new node and the neighbor node first, release exclusive locks of the memory 

pages corresponding to the target node, the new node and the neighbor node, then apply for 

adding an exclusive lock for a memory page corresponding to a father node of the target node 

by using an unconventional mode, and after successfully adding the exclusive lock for the 20 

memory page corresponding to the father node, insert, by the writing thread, the new node 

under the father node by adding in the father node an index record corresponding to the new 

node. 

[0158] Optionally, the writing operation is an inserting operation, and a node needs to be 

added on a left side of the target node; the modifying module 102 is specifically configured 25 

to: 

apply for adding, by the writing thread, exclusive locks for memory pages 

corresponding to the target node and its neighbor node on the left side, and applying for a new 

memory page as a new node, where the writing thread holds an exclusive lock of the new 

memory page; 30 
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after successfully adding the exclusive locks for the memory pages corresponding 

to the target node and its neighbor node on the left side, set, by the writing thread, the preset 

mark for the memory pages corresponding to the target node and the neighbor node first, 

release the exclusive locks of the memory pages corresponding to the target node and the 

neighbor node, then apply for adding an exclusive lock for a memory page corresponding to a 5 

father node of the target node by using an unconventional mode, and after successfully adding 

the exclusive lock for the memory page corresponding to the father node, insert the new node 

under the father node by modifying an index record in the father node originally pointing to 

the target node to point to the new node; and 

after applying for adding, by the writing thread, the exclusive locks for the 10 

memory pages corresponding to the target node and the neighbor node by using the 

unconventional mode and successfully adding the exclusive locks for the memory pages 

corresponding to the target node and its neighbor node, move a part of index records in the 

target node to the new node, insert an index record needed to be inserted in the inserting 

operation into the new node, and insert the new node between the target node and the 15 

neighbor node by modifying index records in the target node, the new node and the neighbor 

node; and 

insert, by the writing thread, the target node under the father node by adding in the 

father node an index record corresponding to the target node. 

[0159] Optionally, the modifying module 102 is further configured to: set, by the writing 20 

thread, the preset mark for the memory page corresponding to the father node and release the 

exclusive lock of the memory page corresponding to the father node, before the writing thread 

applies for adding the exclusive locks for the memory pages corresponding to the target node 

and the neighbor node by using the unconventional mode. 

[0160] The modifying module 102 is further configured to: set, by the writing thread, the 25 

preset mark for the memory pages corresponding to the target node, the new node and the 

neighbor node, and release the exclusive locks of the memory pages corresponding to the 

target node, the new node and the neighbor node, before the writing thread inserts the target 

node under the father node by adding in the father node an index record corresponding to the 

target node; where the writing thread applies for adding an exclusive lock for the memory 30 
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page corresponding to the father node of the target node by using the unconventional mode. 

[0161] Optionally, the writing operation is a deleting operation, and the target node needs 

to be deleted; the modifying module 102 is specifically configured to: 

apply for adding, by the writing thread, exclusive locks for memory pages 

corresponding to the target node and its neighbor node; 5 

after successfully adding the exclusive locks for the memory pages corresponding 

to the target node and its neighbor node, set, by the writing thread, the preset mark for the 

memory pages corresponding to the target node and the neighbor node first, release the 

exclusive locks of the memory pages corresponding to the target node and the neighbor node, 

then apply for adding an exclusive lock for a memory page corresponding to a father node of 10 

the target node by using the unconventional mode, and after successfully adding the exclusive 

lock for the memory page corresponding to the father node, delete the target node from under 

the father node by deleting in the father node an index record corresponding to the target node; 

and 

apply for adding, by the writing thread, exclusive locks for the memory pages 15 

corresponding to the target node and its neighbor node by using the unconventional mode, 

delete the target node from the multiway tree by modifying an index record in the neighbor 

node after successfully adding an exclusive lock for the memory page corresponding to the 

neighbor node, and release the memory page corresponding to the target node after 

successfully adding an exclusive lock for the target node. 20 

[0162] Optionally, the writing operation is a deleting operation, and remaining index 

records in the target node need to be merged to a neighbor node on a left side of the target 

node; the modifying module 102 is specifically configured to: 

apply for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node; 25 

after successfully adding an exclusive lock for the memory page corresponding to 

the target node, delete, by the writing thread, the target index record in the target node; 

after successfully adding the exclusive locks for the memory pages corresponding 

to the target node and the neighbor node, set, by the writing thread, the preset mark for the 

memory pages corresponding to the target node and the neighbor node first, release the 30 
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exclusive locks of the memory pages corresponding to the target node and the neighbor node, 

then apply for adding an exclusive lock for a memory page corresponding to a father node of 

the target node by using the unconventional mode, and after successfully adding the exclusive 

lock for the memory page corresponding to the father node, delete the target node from under 

the father node by deleting in the father node an index record corresponding to the target node; 5 

and 

apply for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node by using the unconventional mode, and 

after successfully adding the exclusive locks for the memory pages corresponding to the target 

node and its neighbor node, move the remaining index records in the target node to the 10 

neighbor node on the left side of the target node, delete the target node from the multiway tree 

by modifying an index record in the neighbor node of the target node, and release the memory 

page corresponding to the target node. 

[0163] Optionally, the writing operation is a deleting operation, and remaining index 

records in the target node need to be merged to a neighbor node on a right side of the target 15 

node; the modifying module 102 is specifically configured to: 

apply for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node; 

after successfully adding an exclusive lock for the memory page corresponding to 

the target node, delete, by the writing thread, the target index record in the target node; 20 

after successfully adding the exclusive locks for the memory pages corresponding 

to the target node and the neighbor node, set, by the writing thread, the preset mark for the 

memory pages corresponding to the target node and the neighbor node first, release the 

exclusive locks of the memory pages corresponding to the target node and the neighbor node, 

then apply for adding an exclusive lock for a memory page corresponding to a father node of 25 

the target node, and after successfully adding the exclusive lock for the memory page 

corresponding to the father node, delete the neighbor node on the right side of the target node 

from under the father node by deleting in the father node an index record corresponding to the 

neighbor node on the right side of the target node, and insert the neighbor node on the right 

side of the target node under the father node by modifying an index record in the father node 30 
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originally pointing to the target node to point to the neighbor node on the right side of the 

target node; and 

apply for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node by using the unconventional mode, and 

after successfully adding the exclusive locks for the memory pages corresponding to the target 5 

node and the neighbor node, move the remaining index records in the target node to the 

neighbor node on the right side of the target node, delete the target node from the multiway 

tree by modifying an index record in the neighbor node of the target node, and release the 

memory page corresponding to the target node. 

[0164] Further optionally, the modifying module 102 is further configured to: set, by the 10 

writing thread, the preset mark for the memory page corresponding to the father node, and 

release the exclusive lock of the memory page corresponding to the father node, before the 

writing thread applies for adding the exclusive locks for the memory pages corresponding to 

the target node and its neighbor node by using the unconventional mode. 

[0165] Optionally, the searching module 101 is further configured to: when it is necessary 15 

to traverse from any node to a latter node of the any node, apply for adding, by the writing 

thread, a shared lock for a memory page corresponding to the latter node, and after 

successfully adding the shared lock for the memory page corresponding to the latter node, 

release a shared lock of a memory page corresponding to the any node. 

[0166] Optionally, the modifying module 102 is further configured to: for any node with 20 

the preset mark set by itself, if a neighbor node of the any node needs to be changed, set in the 

any node a pointer pointing to the new neighbor node of the any node. 

[0167] Optionally, the searching module 101 is further configured to: if a certain memory 

page has been set with the preset mark by another writing thread to trigger the writing thread 

to release the lock it holds, wait, by the writing thread, for the preset mark of the certain 25 

memory page to be cleared, and then retraverse from the root node to search the target index 

record. 

[0168] The apparatus shown in FIG. 10 can perform the method of the embodiment 

shown in FIG. 4, the part not described in detail in the embodiment can refer to relevant 

description of the embodiment shown in FIG. 4. The performing process and technical effect 30 



 

42 

of the technical solution refer to the description in the embodiment shown in FIG. 4, and will 

not be repeated here. 

[0169] In a possible implementation, the structure of the apparatus shown in FIG. 10 can 

be implemented as a computer device. As shown in FIG. 11, the computer device may include 

a processor 111 and a memory 112. The memory 112 is configured to store a program that 5 

supports the computer device to perform the method provided in the embodiment shown in 

FIG. 4, and the processor 111 is configured to execute the program stored in the memory 112. 

[0170] The program includes one or more computer instructions, where when the one or 

more computer instructions are executed by the processor 111, the following steps can be 

implemented. 10 

[0171] A writing thread traverses from a root node of the multiway tree to search a target 

index record matching a search keyword of a writing operation, so as to find a target node 

where the target index record is located. 

[0172] If the writing operation needs to trigger a structure modification operation, the 

writing thread applies for adding, according to a locking rule, exclusive locks for memory 15 

pages corresponding to the target node and other nodes needing associated modification, so as 

to modify the target node and the other nodes accordingly after successfully adding the 

exclusive locks for the target node and the other nodes; where the locking rule includes: if a 

direction from any node to an associated node does not meet a requirement of a locking 

direction, on the basis of holding an exclusive lock of a memory page corresponding to the 20 

any node and before applying for adding an exclusive lock for a memory page corresponding 

to the associated node, the exclusive lock of the memory page corresponding to the any node 

needs to be released and a preset mark needs to be set for the memory page corresponding to 

the any node; and a lock held by itself needs to be released if any memory page for which 

adding an exclusive lock is applied has been set with the preset mark by another writing 25 

thread. 

[0173] Optionally, the processor 111 is further configured to perform all or part of the 

steps in the aforementioned embodiment shown in FIG. 4. 

[0174] The structure of the computer device may further include a communication 

interface 113 configured for the computer device to communicate with other devices or 30 
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communication networks. 

[0175] In addition, an embodiment of the present application provides a 

computer-readable storage medium having a computer program stored thereon, where when 

the computer program is executed, the method described in the embodiment shown in FIG. 4 

is implemented. 5 

[0176] The apparatus embodiment described above is only schematic, in which the units 

described as separate components may or may not be physically separated, and components 

displaying as units may or may not be physical units, that is, they may be located in one place 

or distributed to multiple network units. Some or all of the modules can be selected according 

to actual requirements to achieve the purpose of the solution of the embodiment. Those skilled 10 

in the art can understand and implement without paying creative efforts. 

[0177] By the description of the above embodiments, those skilled in the art can clearly 

understand that the implementations can be realized by adding a necessary general hardware 

platform, or can be realized by combining hardware and software. Based on such 

understanding, the essence of the above solution or the part that has contributed to the prior 15 

art can be embodied in a form of a computer product, and the present application can take the 

form of a computer program product implemented on one or more computer-usable storage 

media (including but not limited to a disk storage, a CD-ROM, an optical storage, etc.) 

containing computer-usable program codes. 

[0178] The present application is described with reference to flowcharts and/or block 20 

diagrams of the method, the device (the system), and the computer program product 

according to the embodiments of the present application. It should be understood that each 

flow and/or block in the flowcharts and/or block diagrams, and combinations of the process 

and/or block in the flowcharts and/or block diagrams can be implemented by computer 

program instructions. These computer program instructions can be provided to a general 25 

purpose computer, a special purpose computer, an embedded processor or a processor of other 

programmable device to produce a machine, such that the instructions executed by the 

computer or the processor of other programmable device produce an apparatus used for 

implementing specified functions in one or more processes of the flowchart and/or one or 

more blocks of the block diagram. 30 
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[0179] These computer program instructions may also be stored in a computer-readable 

memory that can guide a computer or other programmable devices to work in a particular 

manner, such that the instructions stored in the computer-readable memory produce a 

manufacture including instruction apparatus, the instruction apparatus implements specified 

functions in one or more processes of the flowchart and/or one or more blocks of the block 5 

diagram. 

[0180] These computer program instructions may also be loaded onto a computer or other 

programmable devices, such that a series of operation steps are performed on the computer or 

the other programmable devices to produce a computer-implemented process, such that the 

instructions executed on the computer or the other programmable devices provide steps for 10 

implementing specified functions in one or more processes of the flowchart and/or one or 

more blocks of the block diagram. 

[0181] In a typical configuration, a computing device includes one or more processors 

(CPU), an input/output interface, a network interface, and a memory. 

[0182] The memory may include a non-permanent memory, a random access memory 15 

(RAM) and/or a nonvolatile memory (such as a read-only memory (ROM) or a flash memory 

(flash RAM)) in the computer-readable medium. The memory is an example of the 

computer-readable medium. 

[0183] The computer-readable medium, including permanent and non-permanent, 

removable and non-removable media, can store information by any method or technology. 20 

Information can be computer-readable instructions, linked lists, modules of a program or 

other data. Examples of computer storage media include, but not limited to a phase-change 

memory (PRAM), a static random access memory (SRAM), a dynamic random access 

memory (DRAM), a random access memory (RAM) of other types, a read-only memory 

(ROM), an electrically erasable programmable read-only memory (EEPROM), a flash 25 

memory or other memory technologies, a compact disc read-only memory (CD-ROM), a 

digital versatile disc (DVD) or other optical storage, a magnetic cassette tape, a magnetic tape 

magnetic disk storage or other magnetic storage devices or any other non-transmission 

medium, which can be used to store information that can be accessed by a computing device. 

According to the definition herein, the computer-readable medium does not include a 30 
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transitory computer-readable media (transitory media), such as modulated data signals and 

carrier waves. 

[0184] Finally, it should be noted that the above embodiments are only used to illustrate 

the technical solutions of the present application, but not to limit it. Although the present 

application has been described in detail with reference to the foregoing embodiments, it 5 

should be understood by those skilled in the art that they can still modify the technical 

solutions described in the foregoing embodiments or substitute some or all technical features 

with equivalents. However, these modifications or substitutions do not make the essence of 

the corresponding technical solutions deviate from the scope of the technical solutions of 

various embodiments of the present application. 10 
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CLAIMS 

1. A database operation method, wherein the database uses a multiway tree as an index, a 

one-to-one correspondence is between nodes of the multiway tree and memory pages, and the 

method comprises: 

traversing, by a writing thread, from a root node of the multiway tree to search a target 5 

index record matching a search keyword of a writing operation, so as to find a target node 

where the target index record is located; and 

if the writing operation needs to trigger a structure modification operation, applying for 

adding, by the writing thread according to a locking rule, exclusive locks for memory pages 

corresponding to the target node and other nodes needing associated modification, so as to 10 

modify the target node and the other nodes accordingly after successfully adding the exclusive 

locks for the target node and the other nodes; wherein the locking rule comprises: if a 

direction from any node to an associated node does not meet a requirement of a locking 

direction, on the basis of holding an exclusive lock of a memory page corresponding to the 

any node and before applying for adding an exclusive lock for a memory page corresponding 15 

to the associated node, the exclusive lock of the memory page corresponding to the any node 

needs to be released and a preset mark needs to be set for the memory page corresponding to 

the any node; and a lock held by itself needs to be released if any memory page for which 

adding an exclusive lock is applied has been set with the preset mark by another writing 

thread. 20 

2. The method according to claim 1, wherein the locking direction comprises a 

top-to-down direction and a left-to-right direction along the multiway tree. 

3. The method according to claim 1, wherein the exclusive lock of the memory page 

corresponding to the any node needing to be released and the preset mark needing to be set 

for the memory page corresponding to the any node comprises: releasing the exclusive lock of 25 

the memory page corresponding to the any node and adding a read-write lock for the memory 

page corresponding to the any node needing to be done at the same time. 

4. The method according to any one of claims 1 to 3, wherein the writing operation is an 

inserting operation, and a node needs to be added on a right side of the target node; and the 

applying for adding, by the writing thread according to the locking rule, the exclusive locks 30 

for the memory pages corresponding to the target node and the other nodes needing associated 

modification, so as to modify the target node and the other nodes accordingly after 

successfully adding the exclusive locks for the target node and the other nodes comprises: 
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applying for adding, by the writing thread, exclusive locks for memory pages 

corresponding to the target node and its neighbor node on the right side, and applying for a 

new memory page as a new node, wherein the writing thread holds an exclusive lock of the 

new memory page; 

after successfully adding the exclusive locks for the memory pages corresponding to the 5 

target node and its neighbor node on the right side, moving, by the writing thread, a part of 

index records in the target node to the new node, inserting an index record needed to be 

inserted in the inserting operation into the new node, and inserting the new node between the 

target node and the neighbor node by modifying index records in the target node, the new 

node and the neighbor node; and 10 

setting, by the writing thread, the preset mark for memory pages corresponding to the 

target node, the new node and the neighbor node first, releasing exclusive locks of the 

memory pages corresponding to the target node, the new node and the neighbor node, then 

applying for adding an exclusive lock for a memory page corresponding to a father node of 

the target node, and after successfully adding the exclusive lock for the memory page 15 

corresponding to the father node, inserting, by the writing thread, the new node under the 

father node by adding in the father node an index record corresponding to the new node. 

5. The method according to any one of claims 1 to 3, wherein the writing operation is an 

inserting operation, and a node needs to be added on a left side of the target node; and the 

applying for adding, by the writing thread according to the locking rule, the exclusive locks 20 

for the memory pages corresponding to the target node and the other nodes needing associated 

modification, so as to modify the target node and the other nodes accordingly after 

successfully adding the exclusive locks for the target node and the other nodes comprises: 

applying for adding, by the writing thread, exclusive locks for memory pages 

corresponding to the target node and its neighbor node on the left side, and applying for a new 25 

memory page as a new node, wherein the writing thread holds an exclusive lock of the new 

memory page; 

after successfully adding the exclusive locks for the memory pages corresponding to the 

target node and its neighbor node on the left side, setting, by the writing thread, the preset 

mark for the memory pages corresponding to the target node and the neighbor node first, 30 

releasing the exclusive locks of the memory pages corresponding to the target node and the 

neighbor node, then applying for adding an exclusive lock for a memory page corresponding 

to a father node of the target node, and after successfully adding the exclusive lock for the 

memory page corresponding to the father node, inserting the new node under the father node 
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by modifying an index record in the father node originally pointing to the target node to point 

to the new node; 

after the applying for adding, by the writing thread, the exclusive locks for the memory 

pages corresponding to the target node and the neighbor node and successfully adding the 

exclusive locks for the memory pages corresponding to the target node and its neighbor node, 5 

moving a part of index records in the target node to the new node, inserting an index record 

needed to be inserted in the inserting operation into the new node, and inserting the new node 

between the target node and the neighbor node by modifying index records in the target node, 

the new node and the neighbor node; and 

inserting, by the writing thread, the target node under the father node by adding in the 10 

father node an index record corresponding to the target node. 

6. The method according to any one of claims 1 to 3, wherein the writing operation is a 

deleting operation, and the target node needs to be deleted; and the applying for adding, by 

the writing thread according to the locking rule, the exclusive locks for the memory pages 

corresponding to the target node and the other nodes needing associated modification, so as to 15 

modify the target node and the other nodes accordingly after successfully adding the exclusive 

locks for the target node and the other nodes comprises: 

applying for adding, by the writing thread, exclusive locks for memory pages 

corresponding to the target node and its neighbor node; 

after successfully adding the exclusive locks for the memory pages corresponding to the 20 

target node and its neighbor node, setting, by the writing thread, the preset mark for the 

memory pages corresponding to the target node and the neighbor node first, releasing the 

exclusive locks of the memory pages corresponding to the target node and the neighbor node, 

then applying for adding an exclusive lock for a memory page corresponding to a father node 

of the target node, and after successfully adding the exclusive lock for the memory page 25 

corresponding to the father node, deleting the target node from under the father node by 

deleting in the father node an index record corresponding to the target node; and 

applying for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node, deleting the target node from the 

multiway tree by modifying an index record in the neighbor node after successfully adding an 30 

exclusive lock for the memory page corresponding to the neighbor node, and releasing the 

memory page corresponding to the target node after successfully adding an exclusive lock for 

the target node. 

7. The method according to any one of claims 1 to 3, wherein the writing operation is a 
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deleting operation, and remaining index records in the target node need to be merged to a 

neighbor node on a left side of the target node; and the applying for adding, by the writing 

thread according to the locking rule, the exclusive locks for the memory pages corresponding 

to the target node and the other nodes needing associated modification, so as to modify the 

target node and the other nodes accordingly after successfully adding the exclusive locks for 5 

the target node and the other nodes comprises: 

applying for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node; 

after successfully adding an exclusive lock for the memory page corresponding to the 

target node, deleting, by the writing thread, the target index record in the target node; 10 

after successfully adding the exclusive locks for the memory pages corresponding to the 

target node and the neighbor node, setting, by the writing thread, the preset mark for the 

memory pages corresponding to the target node and the neighbor node first, releasing the 

exclusive locks of the memory pages corresponding to the target node and the neighbor node, 

then applying for adding an exclusive lock for a memory page corresponding to a father node 15 

of the target node, and after successfully adding the exclusive lock for the memory page 

corresponding to the father node, deleting the target node from under the father node by 

deleting in the father node an index record corresponding to the target node; and 

applying for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node, and after successfully adding the 20 

exclusive locks for the memory pages corresponding to the target node and its neighbor node, 

moving the remaining index records in the target node to the neighbor node on the left side of 

the target node, deleting the target node from the multiway tree by modifying an index record 

in the neighbor node of the target node, and releasing the memory page corresponding to the 

target node. 25 

8. The method according to any one of claims 1 to 3, wherein the writing operation is a 

deleting operation, and remaining index records in the target node need to be merged to a 

neighbor node on a right side of the target node; and the applying for adding, by the writing 

thread according to a preset locking strategy, the exclusive locks for the memory pages 

corresponding to the target node and the other nodes needing associated modification, so as to 30 

modify the target node and the other nodes accordingly after successfully adding the exclusive 

locks for the target node and the other nodes comprises: 

applying for adding, by the writing thread, exclusive locks for the memory pages 

corresponding to the target node and its neighbor node; 
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after successfully adding an exclusive lock for the memory page corresponding to the 

target node, deleting, by the writing thread, the target index record in the target node; 

after successfully adding the exclusive locks for the memory pages corresponding to the 

target node and the neighbor node, setting, by the writing thread, the preset mark for the 

memory pages corresponding to the target node and the neighbor node first, releasing the 5 

exclusive locks of the memory pages corresponding to the target node and the neighbor node, 

then applying for adding an exclusive lock for a memory page corresponding to a father node 

of the target node, and after successfully adding the exclusive lock for the memory page 

corresponding to the father node, deleting the neighbor node on the right side of the target 

node from under the father node by deleting in the father node an index record corresponding 10 

to the neighbor node on the right side of the target node, and inserting the neighbor node on 

the right side of the target node under the father node by modifying an index record in the 

father node originally pointing to the target node to point to the neighbor node on the right 

side of the target node; and 

applying for adding, by the writing thread, exclusive locks for the memory pages 15 

corresponding to the target node and its neighbor node, and after successfully adding the 

exclusive locks for the memory pages corresponding to the target node and the neighbor node, 

moving the remaining index records in the target node to the neighbor node on the right side 

of the target node, deleting the target node from the multiway tree by modifying an index 

record in the neighbor node of the target node, and releasing the memory page corresponding 20 

to the target node. 

9. The method according to claim 1, wherein the method further comprises: if a certain 

memory page has been set with the preset mark by another writing thread to trigger the 

writing thread to release a lock it holds, the writing thread waits for the preset mark of the 

certain memory page to be cleared, and retraverse from the root node to search the target 25 

index record. 

10. The method according to claim 1, wherein the method further comprises: when it is 

necessary to traverse from any node to a latter node of the any node, applying for adding, by 

the writing thread, a shared lock for a memory page corresponding to the latter node, and after 

successfully adding the shared lock for the memory page corresponding to the latter node, 30 

releasing a shared lock of a memory page corresponding to the any node. 

11. The method according to claim 1, wherein the method further comprises: for any 

node with the preset mark set by itself, if a neighbor node of the any node needs to be 

changed, setting in the any node a pointer pointing to the new neighbor node of the any node. 
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12. A database operation apparatus, wherein the database uses a multiway tree as an 

index, a one-to-one correspondence is between nodes of the multiway tree and pages, and the 

apparatus comprises: 

a searching module, configured to traverse, by a writing thread, from a root node of the 

multiway tree to search a target index record matching a search keyword of a writing 5 

operation, so as to find a target node where the target index record is located; and 

a modifying module, configured to: if the writing operation needs to trigger a structure 

modification operation, apply for adding, by the writing thread according to a locking rule, 

exclusive locks for memory pages corresponding to the target node and other nodes needing 

associated modification, so as to modify the target node and the other nodes accordingly after 10 

successfully adding the exclusive locks for the target node and the other nodes; wherein the 

locking rule comprises: if a direction from any node to an associated node does not meet a 

requirement of a locking direction, on the basis of holding an exclusive lock of a memory 

page corresponding to the any node and before applying for adding an exclusive lock for a 

memory page corresponding to the associated node, the exclusive lock of the memory page 15 

corresponding to the any node needs to be released and a preset mark needs to be set for the 

memory page corresponding to the any node; and a lock held by itself needs to be released if 

any memory page for which adding an exclusive lock is applied has been set with the preset 

mark by another writing thread. 

13. A computer device comprising: a memory and a processor; wherein the memory is 20 

used for storing one or more computer instructions, and when the one or more computer 

instructions are executed by the processor, the method according to any one of claims 1 to 11 

is implemented. 

14. A computer-readable storage medium having a computer program stored thereon, 

wherein when the computer program is executed, the method according to any one of claims 1 25 

to 11 is implemented.  


