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ROLLBACK METHOD AND APPARATUS OF TRANSACTION, RELATIONAL
DATABASE MANAGEMENT SYSTEM

FIELD OF THE INVENTION

This application relates to the database technology and in particular, to a rollback

method and apparatus of transaction, and a relational database management system.

BACKGROUND

In relational database management systems (RDBMS), a "transaction" refers to an

exchange between a workstation and a program, two workstations, or two programs that

accomplish a particular action or result. The transaction begins when the exchange begins;

and ends when commitment is made to the particular action or result.

Several conventional RDBMS support sub-transactions through the use of savepoints.

Savepoints are created between the beginning of the transaction and the commit. The

savepoints allow modifications made to data since a savepoint to be undone. This is referred

to herein as "rollback to a savepoint". Most of relational database systems use multi version

control using either undo records or some variant of it to keep the different version of the

same record to be used by the read transactions.

For transactions to occur with integrity, two transactions must be prevented from

updating the same piece of data at the same time. Locks on the data being updated are

typically used. When a transaction locks an object, it keeps one mark on that object using a

data structure to inform other transaction, about the lock and type of operation being done on

that object. This mark is a control block structure and is some time referred as LCB (Lock

Control Block).

When rollback to savepoint occurs, one must consider locks acquired since the

savepoint. Those locks taken to keep the changes, now being rolled back, from being seen by

other transactions may be released. Accordingly, there exists a need for a method for

selectively releasing locks when rolling back to a savepoint and awakening other transactions

waiting to operate on locked row.

However, the inventor found that the waiting transaction will not be woken up after

rollback to savepoint is done in the prior art. Or even though lock will be released and the

waiting transaction will be woken up after rollback to savepoint is done, whole lock list needs



to be scanned to match the corresponding resource.

SUMMARY

Embodiments of the present invention pertain to a rollback method and apparatus of

transaction, and a relational database management system.

According to a first aspect of the embodiments of the present invention, there is

provided a rollback method of transaction, applied in a relational database management

system, the method includes:

acquiring an undo record from a transaction block when a rollback to a savepoint is

happended;

judging whether the undo record is the first undo record of a piece of data;

marking release information on LCB (Lock Control Block) corresponding to the piece

of data if the undo record is the first undo record, such that one or more transactions waiting

for the LCB are released after applying the undo operation.

According to a second aspect of the embodiments of the present invention, there is

provided a rollback apparatus of transaction, applied in a relational database management

system, the apparatus includes:

a first acquiring unit, configured to acquire an undo record from a transaction block

when a rollback to a savepoint is happended;

a first judging unit, configured to judge whether the undo record is the first undo record

of a piece of data;

a marking unit, configured to mark release information on LCB corresponding to the

piece of data if the undo record is the first undo record.

According to a third aspect of the embodiments of the present invention, there is

provided a relational database management system, wherein the relational database

management system includes a rollback apparatus of transaction as described in above

content.

The advantages of the present invention exist in that: lock release algorithm will be

more efficient as it needs to traverse the lock list only once; and lock will be released even if

some transactions are already waiting for the same tuple. Furthermore, there is no separate

resource to release locks during rollback to savepoint.

These and further aspects and features of the present invention will be apparent with



reference to the following description and attached drawings. In the description and drawings,

particular embodiments of the invention have been disclosed in detail as being indicative of

some of the ways in which the principles of the invention may be employed, but it is

understood that the invention is not limited correspondingly in scope. Rather, the invention

includes all changes, modifications and equivalents coming within the spirit and terms of the

appended claims.

Features that are described and/or illustrated with respect to one embodiment may be

used in the same way or in a similar way in one or more other embodiments and/or in

combination with or instead of the features of the other embodiments.

It should be emphasized that the term "comprises/comprising" when used in this

specification is taken to specify the presence of stated features, integers, steps or components

but does not preclude the presence or addition of one or more other features, integers, steps,

components or groups thereof.

Many aspects of the invention can be better understood with reference to the following

drawings. The components in the drawings are not necessarily to scale, emphasis instead

being placed upon clearly illustrating the principles of the present invention. To facilitate

illustrating and describing some parts of the invention, corresponding portions of the

drawings may be exaggerated in size, e.g., made larger in relation to other parts than in an

exemplary device actually made according to the invention. Elements and features depicted

in one drawing or embodiment of the invention may be combined with elements and features

depicted in one or more additional drawings or embodiments. Moreover, in the drawings, like

reference numerals designate corresponding parts throughout the several views and may be

used to designate like or similar parts in more than one embodiment.

BRIEF DESCRIPTION OF THE DRAWING

The drawings are included to provide further understanding of the present invention,

which constitute a part of the specification and illustrate the preferred embodiments of the

present invention, and are used for setting forth the principles of the present invention

together with the description. The same element is represented with the same reference

number throughout the drawings.

In the drawings:

Figure 1 is a flowchart of the method of an embodiment of the present invention;



Figure 2 is an example showing LCB is marked of the present invention;

Figure 3 is another flowchart of the method of an embodiment of the present invention;

Figure 4 is a schematic diagram of the rollback apparatus of an embodiment of the

present invention;

Figure 5 is another schematic diagram of the rollback apparatus of an embodiment of

the present invention.

DETAILED DESCRIPTION

The many features and advantages of the embodiments are apparent from the detailed

specification and, thus, it is intended by the appended claims to cover all such features and

advantages of the embodiments that fall within the true spirit and scope thereof. Further,

since numerous modifications and changes will readily occur to those skilled in the art, it is

not desired to limit the inventive embodiments to the exact construction and operation

illustrated and described, and accordingly all suitable modifications and equivalents may be

resorted to, falling within the scope thereof.

The preferred embodiments of the present invention are described as follows in

reference to the drawings.

Nowadays, many of the commercial DBMS like Oracle supports rollback to savepoint.

But they don't wakeup the waiting transaction upon rollback to savepoint. User (such as new

or other session) is allowed to operate on rows after rollback to savepoint, if no other session

is already waiting to operate on that row.

Furthermore, there are some methods for implementing the save point using nested

transaction. In this method, for each savepoint creation a transaction started and is rolled back

to support rollback to savepoint. But the problem with the method is that, it requires more

resource.

For example, in PostgreSQL technology, after each savepoint a new transaction id

(sub-transaction) and corresponding resource owner is allocated. After taking locks (relation,

transaction etc.) under each sub-transaction, it associates current sub-transaction resource

owner with that lock. So after each savepoint, any new locks will have different resource

owner.

While rollback to savepoint, for each savepoint, whole lock list needs to be scanned to

match the corresponding resource owner, if it matches then it releases the lock. Incase there



are multiple savepoint in a transaction and rollback to first savepoint is done, PostgreSQL has

to traverse the whole lock list equal to intermediate number of Savepoint.

For Example, there is a segment of a transaction. PostgreSQL will traverse the lock list

4 times to perform rollback to savepoint in above case.

Table 1

Start Transaction;

Update tbl, Savepoint mypointl;

Delete from tbl , Savepoint mypoint2;

Update tbl l , Savepoint mypoint3;

Update tbl_2, Savepoint mypoint4;

Delete from tbl_3, Rollback to mypointl;

The present invention should build upon a common feature of lock manages, the

capacity to efficiently release locks owned by a given owning work unit. The method should

not incur unduly burdensome overhead. The present invention addresses such a need. It is

based on the fact that, once the last version of a record is used for roll backing, then it is safe

to release the lock attach to that record. This will make sure the waiting transaction to be

released for operation and further transaction to be able to do write operation on the record.

The present invention tries to propose a method for doing rollback to savepoint using

these multi version records as a mark. This mark will be used to decide on the point to which

rollback will be done. So whenever user creates a savepoint, a handle to the last version of

the record will be attached to the savepoint and the same will be used during rollback to the

savepoint.

The present invention makes sure that the waiting transaction will be woken up after

rollback to save point is done. Furthermore, it makes use of the exiting resource as a mark

and thus less resource usage and is less complex in nature. According to the present invention,

lock list in the table 1 has to be scanned once irrespective of number of savepoint. So the

present invention is better than PostgreSQL incase there are multiple savepoint in a

transaction.



Embodiment 1

This embodiment of the present invention provides a rollback method of transaction,

applied in a relational database management system.

Figure 1 is a flowchart of the method of an embodiment of the present invention. As

shown in Figure 1, the method includes:

Step 101, acquiring an undo record from a transaction block when a rollback to a

savepoint is happended;

Step 102, judging whether the undo record is the first undo record of a piece of data;

Step 103, marking release information on LCB (Lock Control Block) corresponding to

the piece of data if the undo record is the first undo record, such that one or more transactions

waiting for the LCB are released after applying the undo operation.

In this embodiment, for system which uses multi version control, the changes done to

data (such as a tuple) are recorded using undo records. A copy of the original record is stored

in the undo segment, before doing modification on the actual record.

In this embodiment, if a transaction comes for reading a record which is getting

updated by a different transaction, a committed copy of the updated tuple is used for the read

purpose. This read copy is different from other undo entries and can be identified easily. In

fact, this is the first undo record for the tuple for that transaction.

In this embodiment, the idea is to use this information to mark if a lock on the record

can be released or not after a rollback to savepoint. When a transaction want to do some write

operation on a record, it has to do so by attaching a lock to the record and thus allowing other

write transaction to wait by attaching a waiting lock to this lock.

In this embodiment, a lock can be a data structure having parent transaction

information and the waiting transactions information. There will be a one to one mapping

between the record and lock for a transaction. While doing rollback to savepoint, if the

transaction uses the first undo record for undo, then there is no more modification left and

thus the lock of the record can be marked for release.

In this embodiment, after rollback is done, the lock of the transaction can be scanned

and the marked locks can be released after setting the waiting transaction to free. In case, no

transactions are waiting for the tuple, then the transaction stamp from the tuple can be

removed, so that the next transaction need not wait for first transaction to commit.



Figure 2 is an example showing LCB is marked of the present invention. As shown in

Figure 2, there are two pieces of data (Tuple1 and Tuple2); and LCB1 corresponds to Tuple1,

LCB2 corresponds to Tuple2. Furthermore, there are 7 records (from Undol to Undo7) and a

savepoint is set between Undo2 and Undo3. Wherein Undol, Undo2, Undo4, Undo6 are used

for Tuplel; Undo3, Undo5, Undo7 are used for Tuple2.

As shown in Figure 2, Undol is the first undo record written for the Tuplel and Undo3

is the first undo record for the Tuple2. When rollback to the savepoint is done, Undo3 will get

replayed and the LCB2 will be marked for release, thus the lock for the Tuple2 will be

released. But for rollback to the savepoint, Undol will not get replayed and the LCB1 will

not be marked for release, thus its locks will not be released.

In this embodiment, the method may further include: judging whether identifier of the

undo record matches identifier of the savepoint; and acquiring another undo record from the

transaction block if identifier of the undo record does not match identifier of the savepoint.

In this embodiment, the method may further include: acquiring a LCB from the

transaction block if identifier of the undo record matches identifier of the savepoint; judging

whether the LCB is marked for release; releasing the transaction waiting for the LCB and the

LCB if the LCB is marked for release.

In this embodiment, the method may further include: removing the marked release

information from the LCB if the LCB is marked for release.

In this embodiment, the method may further include: judging whether end of the LCB

list for the transaction is reached; and acquiring another LCB from the transaction block if

end of the LCB list for the transaction is not reached.

Figure 3 is another flowchart of the method of an embodiment of the present invention.

As shown in Figure 3, the method includes:

Step 301, start rollback to a savepoint.

Step 302, get an undo record from the transaction block.

Step 303, apply the undo operation.

Step 304, judge whether the undo record is the first undo record of a piece of data; if

yes then execute step 305, if no then execute 306.

Step 305, mark on LCB corresponding to the piece of data.

Step 306, judge whether identifier of the undo record matches identifier of the

savepoint; if yes then execute 307, if no then execute 302.



Step 307, get a LCB from the transaction block.

Step 308, judge whether the LCB is marked for release; if yes then execute 309, if no

then execute 312.

Step 309, remove the transaction mark from the LCB.

Step 310, release the transaction waiting for the LCB.

Step 311, free the LCB.

Step 312, judge whether end of the LCB list for the transaction is reached; if no then

execute 307.

It can be seen from the above embodiment that lock release algorithm will be more

efficient as it needs to traverse the lock list only once; and lock will be released even if some

transactions are already waiting for the same tuple. Furthermore, there is no separate resource

to release locks during rollback to savepoint.

Embodiment 2

This embodiment of the present invention provides a rollback apparatus of transaction,

applied in a relational database management system. This embodiment corresponds to the

method of the above embodiment 1 and the same content will not be described.

Figure 4 is a schematic diagram of the rollback apparatus of an embodiment of the

present invention. As shown in Figure 4, the rollback apparatus 400 includes: a first acquiring

unit 401, a first judging unit 402, a marking unit 403. Other parts of the rollback apparatus

400 can refer to the existing technology and not be described in the present application.

Wherein, the first acquiring unit 401 is configured to acquire an undo record from a

transaction block when a rollback to a savepoint is happended; the first judging unit 402 is

configured to judge whether the undo record is the first undo record of a piece of data; the

marking unit 403 is configured to mark release information on LCB corresponding to the

piece of data if the undo record is the first undo record.

Figure 5 is another schematic diagram of the rollback apparatus of an embodiment of

the present invention. As shown in Figure 5, the rollback apparatus 500 includes: a first

acquiring unit 401, a first judging unit 402, a marking unit 403. As described in above

content.

As shown in Figure 5, the rollback apparatus 500 further includes: a second judging

unit 504. The second judging unit 504 is configured to judge whether identifier of the undo



record matches identifier of the savepoint. And the first acquiring unit 401 is further

configured to acquire another undo record from the transaction block if identifier of the undo

record does not match identifier of the savepoint.

As shown in Figure 5, the rollback apparatus 500 further includes: a second acquiring

unit 505, a third judging unit 506 and a releasing unit 507.

Wherein, the second acquiring unit 505 is configured to acquire a LCB from the

transaction block if identifier of the undo record matches identifier of the savepoint; the third

judging unit 506 is configured to judge whether the LCB is marked for release; the releasing

unit 507 is configured to release the transaction waiting for the LCB and the LCB if the LCB

is marked for release.

As shown in Figure 5, the rollback apparatus 500 further includes: a removing unit 508,

the removing unit 508 is configured to remove the marked release information from the LCB

if the LCB is marked for release.

As shown in Figure 5, the rollback apparatus 500 further includes: a fourth judging unit

509, the fourth judging unit 509 is configured to judge whether end of the LCB list for the

transaction is reached. And the second acquiring unit 505 is further configured to acquire

another LCB from the transaction block if end of the LCB list for the transaction is not

reached.

This embodiment of the present invention further provides a relational database

management system, wherein the relational database management system includes a rollback

apparatus of transaction as described in above content.

It can be seen from the above embodiment that lock release algorithm will be more

efficient as it needs to traverse the lock list only once; and lock will be released even if some

transactions are already waiting for the same tuple. Furthermore, there is no separate resource

to release locks during rollback to savepoint.

It should be understood that each of the parts of the present invention may be

implemented by hardware, software, firmware, or a combination thereof. In the above

embodiments, multiple steps or methods may be realized by software or firmware that is

stored in the memory and executed by an appropriate instruction executing system. For

example, if it is realized by hardware, it may be realized by any one of the following

technologies known in the art or a combination thereof as in another embodiment: a discrete



logic circuit having a logic gate circuit for realizing logic functions of data signals,

application-specific integrated circuit having an appropriate combined logic gate circuit, a

programmable gate array (PGA), and a field programmable gate array (FPGA), etc.

The description or blocks in the flowcharts or of any process or method in other

manners may be understood as being indicative of comprising one or more modules,

segments or parts for realizing the codes of executable instructions of the steps in specific

logic functions or processes, and that the scope of the preferred embodiments of the present

invention comprise other implementations, wherein the functions may be executed in

manners different from those shown or discussed, including executing the functions

according to the related functions in a substantially simultaneous manner or in a reverse order,

which should be understood by those skilled in the art to which the present invention pertains.

The logic and/or steps shown in the flowcharts or described in other manners here may

be, for example, understood as a sequencing list of executable instructions for realizing logic

functions, which may be implemented in any computer readable medium, for use by an

instruction executing system, device or apparatus (such as a system including a computer, a

system including a processor, or other systems capable of extracting instructions from an

instruction executing system, device or apparatus and executing the instructions), or for use

in combination with the instruction executing system, device or apparatus.

The above literal description and drawings show various features of the present

invention. It should be understood that those skilled in the art may prepare appropriate

computer codes to carry out each of the steps and processes as described above and shown in

the drawings. It should be also understood that all the terminals, computers, servers, and

networks may be any type, and the computer codes may be prepared according to the

disclosure to carry out the present invention by using the apparatus.

Particular embodiments of the present invention have been disclosed herein. Those

skilled in the art will readily recognize that the present invention is applicable in other

environments. In practice, there exist many embodiments and implementations. The

appended claims are by no means intended to limit the scope of the present invention to the

above particular embodiments. Furthermore, any reference to "a device to. . ." is an

explanation of device plus function for describing elements and claims, and it is not desired

that any element using no reference to "a device to. . ." is understood as an element of device



plus function, even though the wording of "device" is included in that claim.

Although a particular preferred embodiment or embodiments have been shown and the

present invention has been described, it is obvious that equivalent modifications and variants

are conceivable to those skilled in the art in reading and understanding the description and

drawings. Especially for various functions executed by the above elements (portions,

assemblies, apparatus, and compositions, etc.), except otherwise specified, it is desirable that

the terms (including the reference to "device") describing these elements correspond to any

element executing particular functions of these elements (i.e. functional equivalents), even

though the element is different from that executing the function of an exemplary embodiment

or embodiments illustrated in the present invention with respect to structure. Furthermore,

although the a particular feature of the present invention is described with respect to only one

or more of the illustrated embodiments, such a feature may be combined with one or more

other features of other embodiments as desired and in consideration of advantageous aspects

of any given or particular application.



WE CLAIM :

1 . A rollback method of transaction, applied in a relational database management

system, the method comprising:

acquiring an undo record from a transaction block when a rollback to a savepoint is

happended;

judging whether the undo record is the first undo record of a piece of data;

marking release information on LCB (Lock Control Block) corresponding to the piece

of data if the undo record is the first undo record, such that one or more transactions waiting

for the LCB are released after applying the undo operation.

2 . The method according to claim 1, wherein the method further comprising:

judging whether identifier of the undo record matches identifier of the savepoint;

and acquiring another undo record from the transaction block if identifier of the undo

record does not match identifier of the savepoint.

3 . The method according to claim 2, wherein the method further comprising:

acquiring a LCB from the transaction block if identifier of the undo record matches

identifier of the savepoint;

judging whether the LCB is marked for release;

releasing the transaction waiting for the LCB and the LCB if the LCB is marked for

release.

4 . The method according to claim 3, wherein the method further comprising:

removing the marked release information from the LCB if the LCB is marked for

release.

5 . The method according to claim 3 or 4, wherein the method further comprising:

judging whether end of the LCB list for the transaction is reached;

and acquiring another LCB from the transaction block if end of the LCB list for the

transaction is not reached.



6 . A rollback apparatus of transaction, applied in a relational database management

system, the apparatus comprising:

a first acquiring unit, configured to acquire an undo record from a transaction block

when a rollback to a savepoint is happended;

a first judging unit, configured to judge whether the undo record is the first undo record

of a piece of data;

a marking unit, configured to mark release information on LCB corresponding to the

piece of data if the undo record is the first undo record.

7 . The apparatus according to claim 6, wherein the apparatus further comprising:

a second judging unit, configured to judge whether identifier of the undo record

matches identifier of the savepoint;

and the first acquiring unit is further configured to acquire another undo record from

the transaction block if identifier of the undo record does not match identifier of the

savepoint.

8 . The apparatus according to claim 7, wherein the apparatus further comprising:

a second acquiring unit, configured to acquire a LCB from the transaction block if

identifier of the undo record matches identifier of the savepoint;

a third judging unit, configured to judge whether the LCB is marked for release;

a releasing unit, configured to release the transaction waiting for the LCB and the LCB

if the LCB is marked for release.

9 . The apparatus according to claim 8, wherein the apparatus further comprising:

a removing unit, configured to remove the marked release information from the LCB if

the LCB is marked for release.

10. The apparatus according to claim 8 or 9, wherein the apparatus further comprising:

a fourth judging unit, configured to judge whether end of the LCB list for the

transaction is reached;

and the second acquiring unit is further configured to acquire another LCB from the

transaction block if end of the LCB list for the transaction is not reached.



11. A relational database management system, wherein the relational database

management system comprising a rollback apparatus of transaction as claimed in any one of

claims 6-10.
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