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1 PATTERN ID-CARD

Name Writeset Extraction Based on Extended
Interfaces
Abstract Describes the implementation of an

extended interface for writeset
extraction useful for database

replication.
Level Abstract
Type Non-Functional-Cross-Cutting
Key Concerns
Credits Francisco Pérez-Sorrosal

Ricardo Jiménez-Péris
Marta Patifio-Martinez
Damian Serrano-Martinez
Contact Francisco Pérez-Sorrosal
fpsorrosal@fi.upm.esl

NEXOF-RA « FP7-216446 stemplate version 1.8+ Database Replication Interfaces ¢ Version 0.5 « Page 4 of 16

@creative
commons



NEXOF L=

reference architecture

2 PROBLEM DESCRIPTION

Data replication is the main technique for providing highly available and
scalable data services. Different architectural patterns have been proposed for
attaining data replication from databases (See the Black-Box, White-Box and
Gray-Box DB Replication patterns). In order to extract the data to be replicated
into a set of replicas (called writesets), these patterns for database replication
require either the use of standard DB interfaces (e.g. Black-Box and White-Box
DB Replication patterns) or the implementation of some minimal interface within
the DB (Gray-Box DB Replication pattern).

This writeset extraction pattern describes how to extend the standard DB
interface with some minimal functionality to dramatically improve the
performance of the extraction.
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3 FUNCTIONAL REQUIREMENTS
This section is not applicable to non-functional patterns.
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4 NON-FUNCTIONAL QUALITIES (QUALITY ATTRIBUTES)

Writeset Extraction based on Extended
DB Interfaces
Performance +
Applicability -
Maintainability 0

4.1 Rational

Data replication is mainly used to provide high availability to the data and
scalability to the applications using those data. The patterns related to writeset
extraction have a dramatic impact on the performance of database replication
patterns (See Black-Box, Gray-Box and White-Box DB Replication patterns).
The resulting system throughput and response times perceived by the clients
when the load increases are critical to measure the performance. The
applicability of the pattern —that is, the number and strength of assumptions that
must be taken into account in order to apply the pattern- must be also
considered. Finally, how the writeset extraction pattern affects maintainability
(measured as the number of components that is required to modify and
maintain to apply the pattern) is another important quality attribute to take into
account.

In the following text is described how the current pattern for writeset extraction
affects the quality attributes identified in the table above.

The strong point of this pattern is the performance obtained in writeset
extraction/injection. By implementing this well-defined interface in the database
code, the performance is dramatically improved with regard to the use of
standard mechanisms provided by databases such as triggers or log mining. On
the other hand, the applicability is restricted only to those open-source
databases that provide the source code to perform the required modifications or
to databases provided by database vendors that offer facilities to extend the
database functionalities on demand. The maintainability is considered as
neutral because once the writeset extraction/injection mechanism is
implemented, the replication middleware that use it on top of the database is not
affected when maintenance changes must be done in the database internals.
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5 ASSUMPTIONS

This pattern assumes a database component with a standard interface. Since
the pattern extends it, it requires to have access to the DB source code.

]

<<subsystem>>
X

O

Standard DB Interface

Database

The Standard Database interface provides the following operations:

beginTx(pa: Provider Agent): Transactionld

The Database component starts a new transaction triggered by the
Provider Agent pa returning the transaction identifier that univocally
identifies the transaction in the Multi-tier Transactional Service Runtime.

commitTx(tid: Transactionld)

The Database finishes successfully the transaction identified by the
corresponding tid, persisting the changes in state/data performed
during the transaction. The changes in state/data performed during the
transaction are accepted and must be visible in the Database for other
concurrent transactions.

abortTx(tid: Transactionld)

The Database finishes successfully the transaction identified by the
corresponding tid discarding the changes in state/data performed
during the transaction.

read(pa: Provider Agent, tid: Transactionld, q:
Query): Data

It retrieves the Data specified by the ProviderAgent pa running on the
Service Runtime in the context of the transaction identified by the
transaction identifier tid. The required data is specified by means of a
query d. It associates the data read in the transaction with TID tid with
the corresponding Provider Agent.

write(pa: Provider Agent, tid: Transactionld, d: Data)
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It persists the Data d specified by the Provider Agent pa running on the
Service Runtime in the context of the transaction identified by the
transaction identifier tid. It associates the data written in the transaction
with TID tid with the corresponding Provider Agent.

setTrigger(name: TriggerName, def: TriggerDefinition,
code: TriggerCode)

It allows to define a trigger with name name. A trigger is a procedure that
is executed when a condition is fulfilled on performing insert, update or
delete operations in the database. The concrete conditions and
operations are defined in the def parameter, and the procedure itself is
specified by the code in the code parameter.

unsetTrigger(name: TriggerName)
It allows to remove the trigger with name name from the database.
inspectLog(range: LogRange): LogData

This operation allows performing log mining. That is, to retrieve a part of
the database log specified in the range parameter.
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6 SOLUTION

In order to replicate data contained in databases, it is necessary an interface to
extract/inject the desired data from/into the database. Data are collected in the
form of writesets. Each writeset contains the modified records in the database in
the context of a particular transaction. The transaction identifier (TID) is used to
univocally identify a concrete writeset.

With regard to the format of the writesets, they can be obtained either in binary
or textual forms. Every approach has its own benefits and drawbacks.

If writesets are collected in binary form, they might be seen as a black-box. That
is, their contents might not be analyzed. This means that possible conflicts
between different writesets could not be detected. However, this approach
allows a faster extraction/injection of the writesets from/into the replicas of the
database because it does not require any additional processing.

In the second form, the writeset is collected as textual information (e.g. as SQL
sentences). In this case, the contents of the writeset can be analyzed, what is
useful to detect conflicts. It is also possible to inject the writesets in database
replicas of different vendors, increasing the portability of the solutions. However,
the injection of the writesets in the target database replicas requires additional
processing, what affects the performance.

Basically, the interface must provide the following two operations:
— getWriteset(tid: Transactionld) : Writeset

It allows an Agent to retrieve from the database the writeset for a
particular transaction identified by its tid.

— setWriteset(tid: Transactionld, ws: Writeset)

It allows an Agent to apply into the database the writeset for a particular
transaction identified by its tid.

Using standard interfaces/mechanisms (Triggers and Log Mining), data
replication has a high performance penalty and results in solutions with little or
null scalability. Therefore, instead of using the standard interfaces for data
extraction provided by the current database management systems, the solution
proposed here extends the functionality of the database providing extended
meta-interfaces [Kem00, KA0O, SJPKO06] that implement the specific operations
that allow to extract/inject writesets from/into databases.

The solution implies to access the source code of the database and implement
the required additional modules that perform the required functionality for
writeset extraction/injection without influence the normal behaviour of the
database.
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<<subsystem>>
Multi-Tier Transactional Service Runtime

E DB Replication Middleware

@)

Extended DB Interface (WSExtraction)

O +getWriteset(tid: TransactionId): Writeset
Standard DB Interface +setWriteset(tid: TransactionId, ws: Writeset)

N

Database

As it has been stated before, there are two different ways of implementing the
extended meta-interfaces depending on whether the interface provides the
writesets in binary or textual form. The architect must take this fact into account
when deciding the replication protocol to implement because it may
impact/restrict the final solution. When the writesets are collected as binary
data, their content might not be analyzed. With this approach, the writesets can
be propagated among replicas but conflicts could not be detected among
concurrent transactions. On the other hand, if the writesets are collected as
textual information (e.g. as SQL sentences), the contents of the writeset can be
analyzed, what allows for example to access the primary keys of the records
that have been updated. This information can be useful for certain replication
protocols in order to detect conflicts among concurrent transactions.
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7 RELATIONSHIPS TO OTHER PATTERNS

This pattern is an alternative to other writeset extraction patterns shown in the
figure below. Each pattern has different assumptions and tradeoffs in terms of
non-functional attributes. The interface and the implementation described here
allow the solutions described in those DB replication patterns to extract/inject
the writesets from/into the database. At a higher level, the DB replication
patterns are used to provide high availability and scalability to service runtimes
architected via the Multi-Tier Transactional Service Runtime pattern.

=

Multi-Tier
Transactional
Service Runtime
B o M b
isspplicableTo 5 oot
St isapplicableTo

~

"~ isApplicableTo
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’ ~
A ~

= =) 1]
Trigger Writeset Log Mininig Witeset Extraction
Extraction Writeset Extraction Based on Extended
DB Interfaces
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8 RELATIONSHIPS TO COMPONENTS CATALOGUE

The following sections detail the relationships of the components of this pattern
with regard to the NEXOF Reference Architecture.

8.1 Abstract Components

This pattern is related to the Database abstract component of the NEXOF-RA.

8.2 Concrete Components

Some of the most well-known concrete database system components available
these days are:

e Microsoft’'s SQL Server [MSS]
e Oracle [Ora]

e |IBM's DB2 [DB2]

e Sybase [Syb]

e PostgreSQL [Pos]

e MySql [MyS]
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9 RELATIONSHIPS TO STANDARDS CATALOGUE

The most well-known databases used currently in enterprises are relational
databases. In relational databases, the SQL standard is the de iure standard.
Extended interfaces for writeset extraction/injection are not a standard feature in
current databases. They require the access to the source code of the database
in order to be implemented. So, these interfaces can be either implemented in
open-source databases or must be ordered on demand the database vendors.
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10 APPLICATION EXAMPLES

One of the main applications of this pattern is to enable efficient database
replication. By extracting the writesets it becomes possible to avoid executing
the update transactions at all the replicas. That is, with this pattern is possible to
fully execute each update transactions at any of the replicas, extract the
resulting writeset, propagate it to the rest of replicas and apply it locally. This
process is substantially cheaper than fully executing each update transaction at
each replica.

Other applications of this pattern are online incremental backup utilities and
geographic distribution of data. Using this pattern, these applications can
extract the writesets from the databases and manage them accordingly to their
specific functionality (e.g. create database backups without stopping the
database system or distribute data near to clients depending on their
localization) .
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