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Chapter 1. OVERVIEW & CONCEPTS

This chapter provides a general overview of essential MySQL Cluster, NDB API, and MGM API con-
cepts, terminology, and programming constructs.

1.1. Introduction

This section introduces the NDB Transaction and Scanning APIs as well asthe NDB Management
(MGM) API for use in building applications to run on MySQL Cluster. It also discusses the general the-
ory and principles involved in developing such applications.

1.1.1. The NDB API

The NDB API is an object-oriented application programming interface for MySQL Cluster that imple-
ments indexes, scans, transactions, and event handling. NDB transactions are ACID-compliant in that
they provide a means to group together operations in such away that they succeed (commit) or fail asa
unit (rollback). It is also possible to perform operationsin a"no-commit" or deferred mode, to be com-
mitted at alater time.

NDB scans are conceptually rather similar to the SQL cursors implemented in MySQL 5.0 and other
common enterprise-level database management systems. These allow for high-speed row processing for
record retrieval purposes. (MySQL Cluster naturally supports set processing just as does MySQL in its
non-Cluster distributions. This can be accomplished viathe usual MySQL APIs discussed in the
MySQL Manual and elsewhere.) The NDB API supports both table scans and row scans; the latter can
be performed using either unique or ordered indexes. Event detection and handling is discussed in Sec-
tion 3.5, “The NdbEvent Oper at i on Class’, aswell as Section 6.6, “NDB API Event Handling Ex-
ample”.

In addition, the NDB API provides object-oriented error-handling facilitiesin order to provide a means
of recovering gracefully from failed operations and other problems. See Section 6.3, “Handling Errors
and Retrying Transactions’, for a detailed example.

The NDB API provides a number of classes implementing the functionality described above. The most
important of these include the Ndb, Ndb_cl ust er _connecti on, NdbTr ansact i on, and Ndb-
Oper at i on classes. These model (respectively) database connections, cluster connections, transac-
tions, and operations. These classes and their subclasses are listed in Chapter 3, NDB APl CLASSES. Er-
ror conditionsin the NDB API are handled using NdbEr r or , astructure which is described in Sec-
tion 4.1, “The NdbEr r or Structure”.

1.1.2. The MGM API

The MySQL Cluster Management API, also known as the MGM API, is a C-language programming in-
terface intended to provide administrative services for the cluster. These include starting and stopping
Cluster nodes, handling Cluster logging, backups, and restoration from backups, as well as various other
management tasks. A conceptual overview of MGM and its uses can be found in Chapter 5, THE MGM
API.

The MGM API's principal structures model the states of individual modes (ndb_ngm node_st at e),
the state of the Cluster asawhole (ndb_ngm cl ust er _st at e), and management server response
messages (ndb_ngm r epl y). See Section 5.4, “MGM Structures’, for detailed descirptions of these.

1.2. Terminology

Provides a glossary of terms which are unique to the NDB and MGM APIs, or have a specialised mean-
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ing when applied therein.

The following terms are useful to an understanding of MySQL Cluster, the NDB AP, or have a special-
ised meaning when used in one of these contexts. In addition, you may find the MySQL Manual's
MySQL Cluster Glossary [http://dev.mysgl.com/doc/ref man/5./en/mysqgl-cluster-glossary.html] to be
useful aswell.

Backup: A complete copy of all cluster data, transactions and logs, saved to disk.

Restore: Returning the cluster to a previous state as stored in a backup.

Checkpoint: Generally speaking, when datais saved to disk, it is said that a checkpoint has been
reached. When working with the NDB storage engine, there are two sorts of checkpoints which work
together in order to ensure that a consistent view of the cluster's datais maintained:

L ocal Checkpoint (LCP): Thisis a checkpoint that is specific to asingle node; however, LCPs
take place for all nodesin the cluster more or less concurrently. An LCP involves saving all of a
node's data to disk, and so usually occurs every few minutes, depending upon the amount of data
stored by the node.

More detailed information about L CPs and their behaviour can be found in the MySQL Manual,
in the sections Defining Data Nodes

[http://dev.mysqgl.com/doc/refman/5.1/en/mysgl -cluster-ndbd-definition.html], and Configuring
Parameters for Local Checkpoints

[http://dev.mysql.com/doc/ref man/5.1/en/mysal -cluster-config-lcp-params.html].

Global Checkpoint (GCP): A GCP occurs every few seconds, when transactions for all nodes
are synchronised and the REDO log is flushed to disk.

A related term is GCI, which stands for “ Global Checkpoint ID”. This marks the point in the
REDO log where a GCP took place.

Node: A component of MySQL Cluster. 3 node types are supported:

« Management (MGM) node: Thisisan instance of ndb_ngnd, the cluster management server
daemon.

« Data node (sometimes also referred to as a“ storage nodes”’, although this usage is now discour-
aged): Thisisan instance of ndbd, and stores cluster data.

e API node: Thisis an application that accesses cluster data. SQL node refersto anmysql d process
that is connected to the cluster as an API node.

For more information about these node types, please refer to Section 1.3.3, “Review of MySQL

Cluster Concepts’, or to Process Management in MySQL Cluster

[http://dev.mysql.com/doc/refman/5.1/en/mysql -cluster-process-management.html], in the MySQL

Manual.

Node Failure: MySQL Cluster is not solely dependent upon the functioning of any single node mak-
ing up the cluster, which can continue to run even when one node fails.

Node Restart: The process of restarting a cluster node which has stopped on its own or been
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stopped deliberately. This can be done for several different reasons, including the following:

¢ Restarting a node which has shut down on its own (when this has occurred, it is known as forced
shutdown or node failure; the other cases dicussed here involve manually shutting down the node
and restarting it)

» To update the node's configuration
e Aspart of asoftware or hardware upgrade

e Inorder to defragment the node's Dat aMVenor y

Initial Node Restart: The process of starting a cluster node with its filesystem removed. Thisis
sometimes used in the course of software upgrades and in other special circumstances.

System Crash (or System Failure): This can occur when so many cluster nodes have failed that the
cluster's state can no longer be guaranteed.

System Restart: The process of restarting the cluster and reinitialising its state from disk logs and
checkpoints. Thisis required after either a planned or an unplanned shutdown of the cluster.

Fragment: Contains a portion of a database table; in other words, in the NDB storage engine, atable
is broken up into and stored as a number of subsets, usually referred to as fragments. A fragment is
sometimes also called a partition.

Replica: Under the NDB storage engine, each table fragment has number of replicasin order to
provide redundancy.

Transporter: A protocol providing datatransfer across a network. The NDB API supports 4 differ-
ent types of transporter connections: TCP/IP (local), TCP/IP (remote), SCI, and SHM. TCP/IP s, of
course, the familiar network protocol that underlies HTTP, FTP, and so forth, on the Internet. SCI
(Scalable Coherent Interface) is a high-speed protocol used in building multiprocessor systems and
parallel-processing applications. SHM stands for Unix-style shared memory segments. For an in-
formal introduction to SCI, see this essay [http://www.dol phinics.com/corporate/scitech.html] at dol-
phinics.com.

NDB: This originally stood for “Network Database”. It now refers to the storage engine used by
MySQL AB to enableits MySQL Cluster distributed database.

ACC: Access Manager. Handles hash indexes of primary keys providing speedy access to the re-
cords.

TUP: Tuple Manager. This handles storage of tuples (records) and contains the filtering engine used
to filter out records and attributes when performing reads and/or updates.

TC: Transaction Coordinator. Handles co-ordination of transactions and timeouts; serves asthein-
terface to the NDB API for indexes and scan operations.
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1.3. The NDB Cl ust er Transaction and Scanning API

This section defines and discusses the high-level architecture of the NDB API, and introduces the NDB
classes which are of greatest use and interest to the devel oper. It aso covers most important NDB API
concepts, including areview of MySQL Cluster Concepts.

1.3.1. Core NDB API Classes

The NDB APl isaMySQL Cluster application interface that implements transactions. It consists of the
following fundamental classes:
« Ndb_cl uster_connecti on representsaconnection to acluster.
See Section 3.2, “TheNdb_cl ust er _connect i on Class’.
» Ndb isthe main class, and represents a connection to a database.
See Section 3.1, “The Ndb Class’.
 NdbDi cti onary provides meta-information about tables and attributes.
See Section 3.4, “The NdbDi ct i onary Class’.
 NdbTransact i on represents atransaction.
See Section 3.9, “The NdbTr ansact i on Class’.
» NdbQOper at i on represents an operation using a primary key.
See Section 3.6, “The NdbOper at i on Class’.
 NdbScanOper at i on represents an operation performing afull table scan.
See Section 3.6.4, “The NdbScanQOper at i on Class’.
* Ndbl ndexQOper at i on represents an operation using a unique hash index.
See Section 3.6.3, “The Ndbl ndexOper at i on Class’.
* Ndbl ndexScanOper at i on represents an operation performing a scan using an ordered index.
See Section 3.6.4.3, “The Ndbl ndexScanQper at i on Class’.
 NdbRecAt tr represents an attribute value.

See Section 3.7, “The NdbRecAt t r Class’.

In addition, the NDB API definesan NdbEr r or structure, which contains the specification for an error.

It is also possible to receive events triggered when data in the database is changed. Thisis accomplished
through the NdbEvent Oper at i on class.

Important

The NDB event notification APl is not supported prior to MySQL 5.1. (Bug#19719
[http://bugs.mysgl.com/19719])
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For more information about these classes as well as some additional auxiliary classes not listed here, see
Chapter 3, NDB APl CLASSES.

1.3.2. Application Program Basics

The main structure of an application program is as follows:

1. Connecttoacluster usingtheNdb cl ust er _connect i on object.
2. Initiate a database connection by constructing and initialising one or more Ndb objects.

3. ldentify the tables, columns, and indexes on which you wish to operate, using NdbDi ct i onary
and one or more of its subclasses.

4. Define and execute transactions using the NdbTr ansact i on class.
5. Delete Ndb objects.

6. Terminate the connection to the cluster (terminate an instance of Ndb_cl ust er _connect i on).

1.3.2.1. Using Transactions

The procedure for using transactionsis as follows:

1. Start atransaction (instantiate an NdbTr ansact i on object).

2. Add and define operations associated with the transaction using instances of one or more of the
NdbOper at i on, NdbScanQper at i on, Ndbl ndexQper at i on, and Ndbl ndexScanQp-
erati on classes.

3. Execute the transaction (call NdbTr ansact i on: : execut e()).
4. Theoperation can be of two different types— Conmmi t or NoConmi t :
« If the operation is of type NoConmi t , then the application program requests that the operation
portion of atransaction be executed, but without actually committing the transaction. Following

the execution of aNoConmi t operation, the program can continue to define additional transac-
tion operations for later execution.

NoConmi t operations can also be rolled back by the application.

« |f the operation is of type Commi t , then the transaction isimmediately committed. The transac-
tion must be closed after it has been committed (even if the commit fails), and no further opera-
tions can be added to or defined for this transaction.

See Section 3.9.1.3, “The NdbTr ansact i on: : ExecType Type".

1.3.2.2. Synchronous Transactions
Synchronous transactions are defined and executed as follows:
1. Begin (create) the transaction, which isreferenced by an NdbTr ansact i on object typically cre-

ated using Ndb: : st art Transact i on() . At thispoint, the transaction is merely being defined;
it isnot yet sent to the NDB kernel.
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Define operations and add them to the transaction, using one or more of the following:

* NdbTransacti on:: get NdbQper ati on()

« NdbTransaction: : get NdbScanOper ati on()

* NdbTransaction:: get Ndbl ndexOperati on()

« NdbTransaction: : get Ndbl ndexScanOper ati on()

along with the appropriate methods of the respectiveNdbOper at i on class (or possibly one or

more of its subclasses). Note that, at this point, the transaction has still not yet been sent to the
NDB kernel.

3. Executethe transaction, using the NdbTr ansact i on: : execut e() method.

4. Closethetransaction by calling Ndb: : cl oseTransaction().

For an example of this process, see Section 6.1, “Using Synchronous Transactions”.

To execute several synchronous transactionsin parallel, you can either use multiple Ndb objectsin sev-
eral threads, or start multiple application programs.

1.3.2.3. Operations

AnNdbTransact i on consists of alist of operations, each of which is represented by an instance of
NdbOper at i on, NdbScanQper at i on, Ndbl ndexQper at i on, or Ndbl ndexScanOper a-
tion (thatis, of NdbOper at i on or one of its child classes).

Some general information about cluster access operation types can be found in Understanding the Im-
pact of Cluster Interconnects

[http://dev.mysql.com/doc/ref man/5.1/en/mysal -cluster-performance-figures.html], in the MySQL
Manual.

1.3.2.3.1. Single-row operations

After the operation is created using NdbTransaction::getNdbOperation() or NdbTransac-
tion::getNdblndexOperation(), it is defined in the following three steps:

1. Specify the standard operation type using NdbOper at i on: : readTupl e() .
2. Specify search conditions using NdbQper at i on: : equal ().

3. Specify attribute actions using NdbOper at i on: : get Val ue().

Here are two brief examplesillustrating this process. For the sake of brevity, we omit error handling.

Thisfirst example usesan NdbQper at i on:

/1 1. Retrieve tabl e object
nmyTabl e= nyDi ct - >get Tabl e(" MYTABLENAMVE") ;

/1l 2. Create an NdbOperation on this table
myQper ati on= nyTransact i on- >get NdbQper at i on( nyTabl e) ;

/1 3. Define the operation's type and | ock node
nmyOper at i on- >r eadTupl e( NdbOper ati on: : LM Read) ;

/1 4. Specify search conditions



http://dev.mysql.com/doc/refman/5.1/en/mysql-cluster-performance-figures.html
http://dev.mysql.com/doc/refman/5.1/en/mysql-cluster-performance-figures.html

OVERVIEW & CONCEPTS

nmyOper at i on- >equal ("ATTRL", i);

// 5. Performattribute retrieval
nyRecAttr= nyOperati on- >get Val ue("ATTR2", NULL);

For additional examples of this sort, see Section 6.1, “Using Synchronous Transactions”.

The second example uses an Ndbl ndexOper at i on:

/1 1. Retrieve index object
nmyl ndex= nyDi ct - >get | ndex (" Myl NDEX", " MYTABLENAME") ;

/1 2. Create
nyQOper ati on= nyTransacti on- >get Ndbl ndexOper at i on( nyl ndex) ;

/1 3. Define type of operation and | ock node
myQper at i on- >r eadTupl e( NdbOper ati on: : LM Read) ;

/1 4. Specify Search Conditions
myQper at i on- >equal ("ATTRL", i);

/1 5. Attribute Actions
nyRecAttr = nyQOperation->get Val ue("ATTR2", NULL);

Another example of this second type can be found in Section 6.5, “Using Secondary Indexesin Scans’.

We now discussin somewhat greater detail each step involved in the creation and use of synchronous

transactions.

1. Definesinglerow operation type. The following operation types are supported:

 NdbQOperation::insertTupl e() : Inserts anon-existing tuple.

e« NdbQOperation::witeTupl e(): Updatesatupleif one exists, otherwise inserts anew

tuple.
e NdbQperation: : updat eTupl e() : Updates an existing tuple.

* NdbQperation::del et eTupl e() : Deletes an existing tuple.

e« NdbQperation::readTupl e() : Reads an existing tuple using the specified lock mode.

All of these operations operate on the unique tuple key. When Ndbl ndexOper at i on isused,

then each of these operations operates on a defined unique hash index.
Note
If you want to define multiple operations within the same transaction, then you need to call

NdbTr ansacti on: : get NdbOper ati on() or NdbTr ansac-
tion::get Ndbl ndexOperati on() for each operation.

2. Specify Search Conditions. The search condition is used to select tuples. Search conditions are

set using NdbQper at i on: : equal ().

3. Specify Attribute Actions. Next, it is necessary to determine which attributes should be read or

updated. It isimportant to remember that:
» Deletes can neither read nor set values, but only delete them.

» Readscan only read values.

» Updates can only set values. Normally the attribute isidentified by name, but it is also possible

7
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to use the attribute's identity to determine the attribute.

NdbOper at i on: : get Val ue() returnsan NdbRecAt t r object containing the value as read.
To obtain the actual value, one of two methods can be used; the application can either

e Useitsown memory (passed through a pointer aVal ue) to NdbOper a-
tion::getValue(),or

» receivethe attribute value in an NdbRecAt t r object allocated by the NDB API.
The NdbRecAt t r object isreleased when Ndb: : cl oseTransacti on() iscalled. For this
reason, the application cannot reference this object following any subsequent call to

Ndb: : cl oseTransacti on() . Attempting to read datafrom an NdbRecAt t r object before
caling NdbTr ansacti on: : execut e() yieldsan undefined result.

1.3.2.3.2. Scan Operations
Scans are roughly the equivalent of SQL cursors, providing a means to perform high-speed row pro-
cessing. A scan can be performed on either atable (using an NdbScanOper at i on) or an ordered in-
dex (by means of an Ndbl ndexScanQper at i on).

Scan operations have the following characteristics:

» They can perform read operations which may be shared, exclusive, or dirty.
* They can potentially work with multiple rows.

e They can be used to update or delete multiple rows.

They can operate on several nodesin parallel.

After the operation is created using NdbTr ansact i on: : get NdbScanQOper at i on() or Ndb-
Transaction: : get Ndbl ndexScanQOper ati on(),itiscarried out asfollows:
1. Definethe standard operation type, using NdbScanQper ati on: : readTupl es() .

2. Specify search conditions, using NdbScanFi | t er, Ndbl ndexScanOper a-
tion::setBound(), or both.

3. Specify attribute actionsusing NdbOper at i on: : get Val ue() .
4. Executethetransaction using NdbTr ansacti on: : execut e().
5. Traversethe result set by means of successive calsto
NdbScanOper ati on: : next Resul t ().
Here are two brief examplesillustrating this process. Once again, in order to keep things relatively short
and simple, we forego any error handling.

Thisfirst example performs atable scan using an NdbScanQper at i on:

/1 1. Retrieve a table object
nmyTabl e= nyDi ct - >get Tabl e(" MYTABLENAMVE") ;

/Il 2. Create a scan operation (NdbScanOperation) on this table

8
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nmyOper ati on= nyTransacti on- >get NdbScanOper at i on( nyTabl e) ;

/1 3. Define the operation's type and | ock node
nmyOper at i on- >r eadTupl es(NdbOper ati on: : LM Read) ;

/1 4. Specify search conditions
NdbScanFi | t er sf(myOperation);
sf. begi n(NdbScanFi lter:: OR);

sf.eq(0, i); /l Return rows with colum O equal to i or
sf.eq(1, i+1); // colum 1 equal to (i+1)
sf.end();

/1 5. Retrieve attributes
nmyRecAttr= myQperati on- >get Val ue("ATTR2", NULL);

The second example uses an NdblndexScanOperation to perform an index scan:

/1 1. Retrieve index object
myl ndex= nyDi ct - >get | ndex (" MYORDEREDI NDEX", " MYTABLENAME") ;

/1l 2. Create an operation (Ndbl ndexScanOperati on obj ect)
myQper ati on= nmyTransact i on- >get Ndbl ndexScanOper at i on( nyl ndex) ;

/1 3. Define type of operation and | ock node
nmyOper at i on- >r eadTupl es(NdbOper ati on: : LM Read) ;

/1 4. Specify search conditions

/1 Al rows with ATTRL between i and (i +1)

myQper at i on- >set Bound( " ATTR1", Ndbl ndexScanOper ati on: : BoundGE, i);
nmyQOper at i on- >set Bound("ATTRL", Ndbl ndexScanOper ati on: : BoundLE, i +1);

/1 5. Retrieve attributes
nyRecAttr = MyOperati on->get Val ue("ATTR2", NULL);

Some additional discussion of each step required to perform a scan follows:

1. Define Scan Operation Type. It isimportant to remember that only a single operation is suppor-
ted for each scan operation (NdbScanOper at i on: : readTupl es() or Ndbl ndexScanQOp-
eration::readTupl es()).

Note

If you want to define multiple scan operations within the same transaction, then you need to
cal NdbTr ansacti on: : get NdbScanQper ati on() or NdbTr ansac-
tion::get Ndbl ndexScanQper ati on() separately for each operation.

2. Specify Search Conditions. The search condition is used to select tuples. If no search condition is
specified, the scan will return al rows in the table. The search condition can be an NdbScanFi | -
t er (which can be used on both NdbScanQOper at i on and Ndbl ndexScanQper ati on) or
bounds (which can be used only on index scans - see Ndbl ndexScanOper a-
tion::setBound()).Anindex scan can use both NdbScanFi | t er and bounds.

Note

When NdbScanFilter is used, each row is examined, whether or not it is actually returned.
However, when using bounds, only rows within the bounds will be examined.

3. Specify Attribute Actions. Next, it is necessary to define which attributes should be read. Aswith
transaction attributes, scan attributes are defined by name, but it is also possible to use the attrib-
utes identities to define attributes as well. As discussed elsewhere in this document (see Sec-
tion 1.3.2.2, “ Synchronous Transactions’), the value read is returned by the NdbOper a-
tion::getVal ue() methodasan NdbRecAt t r object.
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1.3.2.3.3. Using Scans to Update or Delete Rows

Scanning can also be used to update or delete rows. Thisis performed by

1. Scanning with exclusive locksusing NdbOper at i on: : LM Excl usi ve.

2. (When iterating through the result set:) For each row, optionaly calling either NdbScanOper a-
tion::updateCurrent Tupl e() or NdbScanOper ati on: : del et eCurrent Tupl e().

3.  (If performing NdbScanQOper at i on: : updat eCurr ent Tupl e() :) Setting new values for re-
cords simply by using NdbQper at i on: : set Val ue() . NdbQper ati on: : equal () should
not be called in such cases, as the primary key is retrieved from the scan.

Important

The update or delete is not actually performed until the next call to NdbTr ansac-
tion::execute() ismade justaswith single row operations. NdbTr ansac-
tion::execute() asomustbecalled before any locks are released; for more informa-
tion, see Section 1.3.2.3.4, “Lock Handling with Scans’.

Features Specific to Index Scans. When performing an index scan, it is possible to scan only a subset
of atableusing Ndbl ndexScanQper at i on: : set Bound() . In addition, result sets can be sorted
in either ascending or descending order, using Ndbl ndexScanOper ati on: : readTupl es() .
Note that rows are returned unordered by default unlesssort ed issettot r ue. It isalso important to
note that, when using Ndbl ndexScanQper at i on: : BoundEQ() on apartition key, only fragments
containing rows will actually be scanned. Finally, when performing a sorted scan, any value passed as
the Ndbl ndexScanOper ati on: : readTupl es() method'spar al | el argument will be ignored
and maximum parallelism will be used instead. In other words, all fragments which it is possible to scan
are scanned simultaneously and in parallel in such cases.

1.3.2.3.4. Lock Handling with Scans

Performing scans on either atable or an index has the potential to return a great many records; however,
Ndb locks only a predetermined number of rows per fragment at atime. The number of rows locked per
fragment is controlled by the batch parameter passed to NdbScanQper at i on: : readTupl es() .

In order to allow the application to handle how locks are released, NdbScanOper a-

tion::next Resul t () hasaBoolean parameter f et chAl | owed. If NdbScanOper a-
tion::nextResult() iscaledwithfetchAl | owed equal tof al se, then no locks may be re-
leased as result of the function call. Otherwise the locks for the current batch may be released.

This next example shows a scan delete that handles locks in an efficient manner. For the sake of brevity,
we omit error-handling.

i nt check;

/] Quter loop for each batch of rows
whi | e((check = MyScanOper ati on->next Result(true)) == 0)
{

do

/1 Inner |oop for each row within the batch
MyScanOper at | on- >del et eCurr ent Tupl e() ;

whi | e((check = MyScanOper ati on->next Result(fal se)) == 0);

/1 When there are no nore rows in the batch, execute all defined del etes
M/Tr ansact i on- >execut e( NoConmi t ) ;

10
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For a more complete example of a scan, see Section 6.4, “Basic Scanning Example”.
1.3.2.3.5. Error Handling

Errors can occur either when operations making up a transaction are being defined, or when the transac-
tionis actually being executed. Catching and handling either sort of error requires testing the value re-
turned by NdbTr ansact i on: : execut e( ), and then, if an error isindicated (that is, if thisvalueis
equal to - 1), using the following two methods in order to identify the error's type and location:

« NdbTransaction: : get NdbError Operati on() returnsareference to the operation causing
the most recent error.

e« NdbTransaction: : get NdbError Li ne() yieldsthe method number of the erroneous method
in the operation, starting with 1.

This short example illustrates how to detect an error and to use these two methods to identify it:

theTransacti on = t heNdb->start Transacti on();
theQperation = theTransacti on->get NdbOper ati on(" TEST_TABLE") ;
i f(theOperation == NULL)

goto error;

t heOper at i on->r eadTupl e( NdbOper ati on: : LM Read) ;
t heQper ati on- >set Val ue("ATTR 1", atl
t heQper at i on- >set Val ue("ATTR 2", atl
t heQper at i on- >set Val ue("ATTR 3", atl);
t heQper at i on- >set Val ue("ATTR 4", atl);

/Il Error occurs here

E
)

i f(theTransacti on->execute(Comit) == -1)

errorLine = theTransacti on->get NdbErr or Li ne() ;
error Qperati on = theTransacti on- >get NdbErr or Operati on();

Here, err or Li ne is 3, asthe error occurred in the third method called on the NdbOper at i on object
(inthiscase, t heQper at i on). If theresult of NdbTr ansact i on: : get NdbErr or Li ne() isO,
then the error occurred when the operations were executed. In this example, er r or Oper at i onisa
pointer to the object t heQper at i on. The NdbTr ansacti on: : get NdbEr r or () method returns
an NdbEr r or object providing information about the error.

Note

Transactions are not automatically closed when an error occurs. Y ou must call
Ndb: : cl oseTransacti on() or NdbTransacti on: : cl ose() to closethetransac-
tion.

See Section 3.1.1.9, “Ndb: : cl oseTransacti on()”, and Section 3.9.2.7, “Ndb-
Transaction::close()".

One recommended way to handle a transaction failure (that is, when an error is reported) is as shown
here:
1. Rall back the transaction by calling NdbTr ansact i on: : execut e() with aspecial Exec-

Type vauefor thet ype parameter.

See Section 3.9.2.5, “NdbTr ansact i on: : execut e()” and Section 3.9.1.3, “The Ndb-
Transaction: : ExecType Type”, for more information about how thisis done.

2. Closethetransaction by calling NdbTr ansacti on: : cl oseTransaction().

11



OVERVIEW & CONCEPTS

3. If the error was temporary, attempt to restart the transaction.

Severa errors can occur when atransaction contains multiple operations which are simultaneously ex-
ecuted. In this case the application must go through all operations and query each of their NdbEr r or
objects to find out what really happened.

Important

Errors can occur even when a commit is reported as successful. In order to handle such situ-
ations, the NDB API provides an additional NdbTr ansact i on: : commi t St at us()
method to check the transaction’'s commit status.

See Section 3.9.2.10, “NdbTr ansact i on: : conmmi t St at us() ”.

1.3.3. Review of MySQL Cluster Concepts

This seciton covers the NDB Kernel, and discusses MySQL Cluster transaction handling and transaction
coordinators. It also describes NDB record structures and concurrency issues.

The NDB Kernel isthe collection of data nodes belonging to aMySQL Cluster. The application pro-
grammer can for most purposes view the set of all storage nodes as a single entity. Each datanodeis
made up of three main components:

TC: The transaction coordinator.
ACC: The index storage component.
TUP: The data storage component.

When an application executes a transaction, it connects to one transaction coordinator on one data node.
Usually, the programmer does not need to specify which TC should be used, but in some cases where
performance isimportant, the programmer can provide “hints’ to use acertain TC. (If the node with the
desired transaction coordinator is down, then another TC will automatically take its place.)

Each data node has an ACC and a TUP which store the indexes and data portions of the database table
fragment. Even though asingle TC is responsible for the transaction, several ACCs and TUPs on other
data nodes might be involved in that transaction's execution.

1.3.3.1. Selecting a Transaction Coordinator

The default method is to select the transaction coordinator (TC) determined to be the "nearest” data
node, using a heuristic for proximity based on the type of transporter connection. In order of nearest to
most distant, these are:

1. SC

2. SHM

3. TCP/IP (locahost)

4. TCP/IP (remote host)

12
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If there are several connections available with the same proximity, oneis selected for each transaction in
around-robin fashion. Optionally, you may set the method for TC selection to round-robin mode, where
each new set of transactionsis placed on the next data node. The pool of connections from which this se-
lection is made consists of all available connections.

Asnoted in Section 1.3.3, “Review of MySQL Cluster Concepts’, the application programmer can
provide hints to the NDB API as to which transaction coordinator should be uses. Thisis done by
providing atable and a partition key (usually the primary key). If the primary key as the partition key,
then the transaction is placed on the node where the primary replica of that record resides. Note that this
isonly a hint; the system can be reconfigured at any time, in which case the NDB API chooses atrans-
action coordinator without using the hint. For more information, see Section 3.4.2.2.16,

“Col umm: : get PartitionKey()"”,and Section3.1.1.8, “Ndb: : start Transacti on()”. The
application programmer can specify the partition key from SQL by using this construct:

CREATE TABLE ... ENG NE=NDB PARTI TI ON BY KEY (attribute_|ist);

For additional information, see Partitioning [http://dev.mysgl.com/doc/ref man/5.1/en/partitioning.html],
and in particular KEY Partitioning [http://dev.mysgl.com/doc/ref man/5.1/en/partitioning-key.html], in
the MySQL Manual.

1.3.3.2. NDB Record Structure

TheNDB Cl ust er storage engine used by MySQL Cluster isarelational database engine storing re-
cords in tables as with other relational database systems. Table rows represent records as tuples of rela-
tional data. When anew tableis created, its attribute schemais specified for the table as awhole, and
thus each table row has the same structure. Again, thisistypical of relational databases, and NDB is no
different in this regard.

Primary Keys. Each record has from 1 up to 32 attributes which belong to the primary key of the table.

Transactions. Transactions are committed first to main memory, and then to disk, after aglobal check-
point (GCP) isissued. Since al data are (in most NDB Cluster configurations) synchronously replicated
and stored on multiple data nodes, the system can handle processor failures without loss of data.
However, in the case of a system-wide failure, all transactions (committed or not) occurring since the
most recent GCP are | ost.

Concurrency Control. NDB Cl ust er uses pessimistic concurrency control based on locking. If are-
guested lock (implicit and depending on database operation) cannot be attained within a specified time,
then atimeout error results.

Concurrent transactions as requested by parallel application programs and thread-based applications can
sometimes deadlock when they try to access the same information simultaneously. Thus, applications
need to be written in a manner such that timeout errors occurring due to such deadlocks are handled
gracefully. This generally means that the transaction encountering a timeout should be rolled back and
restarted.

Hints and Performance. Placing the transaction coordinator in close proximity to the actual data used
in the transaction can in many cases improve performance significantly. Thisis particularly true for sys-
tems using TCP/IP. For example, a Solaris system using a single 500 MHz processor has a cost model
for TCP/IP communication which can be represented by the formula

[30 microseconds] + ([100 nanoseconds] * [nunber of bytes])

Thismeansthat if we can ensure that we use “popular” links we increase buffering and thus drastically
reduce the costs of communication. The same system using SCI has a different cost model:

[5 microseconds] + ([10 nanoseconds] * [nunber of bytes])
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This means that the efficiency of an SCI system is much less dependent on selection of transaction co-
ordinators. Typically, TCP/IP systems spend 30 to 60% of their working time on communication,
whereas for SCI systemsthisfigureisin the range of 5 to 10%. Thus, employing SCI for data transport
means that less effort from the NDB API programmer is required and greater scalability can be
achieved, even for applications using data from many different parts of the database.

A simple example would be an application that uses many simple updates where a transaction needs to
update one record. This record has a 32-bit primary key which also serves as the partitioning key. Then
thekeyDat a isused asthe address of the integer of the primary key and keyLen is4.

1.3.4. The Adaptive Send Algorithm

Discusses the mechanics of transaction handling and transmission in MySQL Cluster and the NDB AP,
and the objects used to implement these.

When transactions are sent using NdbTr ansact i on: : execut e( ), they are not immediately trans-
ferred to the NDB Kernel. Instead, transactions are kept in a specia send list (buffer) in the Ndb object
to which they belong. The adaptive send algorithm decides when transactions should actually be trans-

ferred to the NDB kernel.

The NDB API isdesigned as a multi-threaded interface, and so it is often desirable to transfer database
operations from more than one thread at atime. The NDB API keeps track of which Ndb objects are act-
ivein transferring information to the NDB kernel and the expected number of threads to interact with
the NDB kernel. Note that a given instance of Ndb should be used in at most one thread; different
threads should not share the same Ndb object.

There are four conditions leading to the transfer of database operations from Ndb object buffers to the
NDB kernel:

1. TheNDB Transporter (TCP/IP, SCI, or shared memory) decides that a buffer isfull and sends it
off. The buffer size isimplementation-dependent and may change between MySQL Cluster re-
leases. When TCP/IP is the transporter, the buffer sizeis usually around 64 KB. Since each Ndb
object provides a single buffer per data node, the notion of a“full” buffer islocal to each data node.

2. Theaccumulation of statistical data on transferred information may force sending of buffersto all
storage nodes (that is, when all the buffers become full).

3. Every 10 ms, aspecia transmission thread checks whether or not any send activity has occurred. If
not, then the thread will force transmission to al nodes. This means that 20 msis the maximum
amount of time that database operations are kept waiting before being dispatched. A 10-millisecond
limitislikely in future releases of MySQL Cluster; checks more frequent than this require addition-
al support from the operating system.

4. For methods that are affected by the adaptive send algorithm (such as NdbTr ansac-
tion::execute()), thereisaf or ce parameter that overridesits default behaviour in thisre-
gard and forces immediate transmission to all nodes. See the individual NDB API class listings for
more information.

Note
The conditions listed above are subject to change in future releases of MySQL Cluster.
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Chapter 2. GETTING STARTED WITH THE
NDB API

This chapter discusses preparations for writing an NDB APl application.

2.1. Compiling and Linking NDB APl Programs

This section provides information on compiling and linking NDB API applications, including require-
ments and compiler and linker options.

2.1.1. General Requirements

To use the NDB API with MySQL, you must have the NDB client library and its header filesinstalled
alongside the regular MySQL client libraries and headers. These are automatically installed when you
build MySQL using the- - wi t h- ndbcl ust er conf i gur e option or when using aMySQL binary
package that supports the NDBCl ust er storage engine.

Note

MySQL 4.1 does not install the required NDB-specific header files. Y ou should use MySQL
5.0 or later when writing NDB API applications, and this Guide is targeted for use with
MySQL 5.1.

Thelibrary and header files were not included in MySQL 5.1 binary distributions prior to
MySQL 5.1.12; beginning with 5.1.12, you can find themin/

usr/incl ude/ st or age/ ndb. Thisissue did not occur when compiling MySQL 5.1
from source.

2.1.2. Compiler Options

Header Files. In order to compile source files that use the NDB API, you must ensure that the necessary
header files can be found. Header files specific to the NDB APl are installed in the following subdirect-
oriesof the MySQL i ncl ude directory:

* include/nysql /storage/ ndb/ ndbapi
e include/ nysql /st orage/ ndb/ ngnapi

Compiler Flags. The MySQL-specific compiler flags needed can be determined using the
nmysql _confi g utility that is part of the MySQL installation:

$ nysql _config --cflags

-1 /usr/local/nmysqgl/include/nysql -Weturn-type -Wrigraphs -W-W or nat

-\Wi gn- conpare -Winused -nctpu=pentiunmd -nmarch=penti umt

This sets the include path for the MySQL header files but not for those specific to the NDB API. The -
-incl ude optiontonysql _confi g returnsthe generic include path switch:;

shel | > nysqgl _config --include
-1 /usr/local /mysql/incl ude/ mysql

It is necessary to add the subdirectory paths explicitly, so that adding all the needed compile flags to the
CXXFLAGS shell variable should look something like this:

CFLAGS="$CFLAGS " nysql _config --cflags’
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CFLAGS="$CFLAGS " nysql _config --include storage/ndb
CFLAGS="$CFLAGS " nysql _config --include storage/ ndb/ ndbapi
CFLAGS="$CFLAGS " nysql _config --include storage/ ndb/ ngnapi

Tip

If you do not intend to use the Cluster management functions, the last line in the previous
example can be omitted. However, if you are interested in the management functions only,
and do not want or need to access Cluster data except from MySQL, then you can omit the
line referencing the ndbapi directory.

2.1.3. Linker Options

NDB API applications must be linked against both the MySQL and NDB client libraries. The NDB client
library also requires some functions from the myst r i ngs library, so this must be linked in as well.

The necessary linker flags for the MySQL client library are returned by mysqgl _config --1i bs.
For multithreaded applications you should usethe- - | i bs_r instead:

$ nysqgl _config --libs_r

-L/usr/local /nmysqgl-5.1/1ib/nysqgl -Inysqglclient_r -1z -Ipthread -1crypt

-Insl -Im-Ipthread -L/usr/lib -Issl -lcrypto

Tolink an NDB API application, itisnecessary to add - | ndbcl i ent and- | nmyst ri ngs tothese
options. Adding all the required linker flags to the L DFL AGS variable should look something like this:

LDFLAGS="$LDFLAGS " nysqgl _config --libs_r"
LDFLAGS="$LDFLAGS -I| ndbclient -Inystrings"

2.1.4. Using Autotools

It is often faster and simpler to use GNU autotools than to write your own makefiles. In this section, we
provide an autoconf macro W TH_MYSQL that can be usedto add a- - wi t h- mysql optionto acon-
figurefile, and that automatically sets the correct compiler and linker flags for given MySQL installa-
tion.

All of the examplesin this chapter include acommon mysql . n# file defining W TH_MYSQL. A typic-
al complete example consists of the actual source file and the following helper files:

e acincl ude
e configure.in
e NMakefile.nd

aut onake also requires that you provide READVE, NEW5, AUTHORS, and Changelog files;
however, these can be left empty.

To create al necessary build files, run the following:

acl ocal

aut oconf

aut omake -a -c

configure --w th-nmysqgl =/ nysql / prefix/path

Normally, this needs to be done only once, after which make will accommodate any file changes.

Example 1-1: aci ncl ude. n4.
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md_i ncl ude([../nmysql.m])

Example 1-2: confi gure.in.

AC_ I NI T(exanpl e, 1.0)

AM | NI T_AUTOVAKE( exanpl e, 1.0)
W TH_MYSQL()

AC_QUTPUT( Makefi | e)

Example 1-3: Makefi | e. am
bi n_PROGRAMS = exanpl e
exanpl e_SOURCES = exanpl e. cc

Example 1-4: W TH_MYSQL sourcefor inclusionin aci ncl ude. n4.

dnl
dnl configure.in hel per macros
dnl

AC_DEFUN([ W TH MYSQL], |
AC_MSG _CHECKI NG for nysql _confi g execut abl e)

AC ARG WTH(nysql, [ --w th-nysql =PATH path to nysql _config binary or nysql prefix dir], [
if test -x $wthval -a -f $withval
t hen

MYSQL_CONFI G=$wi t hval
elif test -x $wi thval/bin/nmysql _config -a -f $w thval /bi n/nysqgl _config
t hen
MYSQL_CONFI G=$wi t hval / bi n/ nysqgl _config
fi
I, [
if test -x /usr/local/nysqgl/bin/nysql _config -a -f /usr/local/nysql/bin/mysqgl_config
t hen
MYSQL_CONFI G=/ usr /| ocal / mysqgl / bi n/ mysql _config
elif test -x /usr/bin/nysqgl _config -a -f /usr/bin/nysqgl _config
then
MYSQL_CONFI G=/ usr/ bi n/ nysql _config
fi

1)

if test "x$MYSQL_CONFI G' = "x"
t hen
AC_MSG _RESULT( not found)
exit 3
el se
AC_PROG _CC
AC_PROG_CXX

# add regular MySQL C fl ags
ADDFLAGS="$MYSQL_CONFI G --cf |l ags"

# add NDB APl specific C flags

| BASE=" $MYSQL_CONFI G - - i ncl ude’
ADDFLAGS="$ADDFLAGS $I BASE/ st or age/ ndb"
ADDFLAGS="$ADDFLAGS $I BASE/ st or age/ ndb/ ndbapi "
ADDFLAGS="$ADDFLAGS $I BASE/ st or age/ ndb/ ngrmapi "

CFLAGS="$CFLAGS $ADDFLAGS'
CXXFLAGS="$CXXFLAGS $ADDFLAGS"

LDFLAGS="$LDFLAGS " $MYSQL_CONFIG --1ib
LDFLAGS="$LDFLAGS " $MYSQL_CONFI G --lib

AC_NBG_RESULT( $MYSQL_CONFI G)
fi
1)

" -Indbclient -lInystrings -I|nysys"
" -Indbclient -lnystrings"

" n

_r‘
_r‘

2.2. Connecting to the Cluster

This section covers connecting an NDB API application to aMySQL cluster.
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2.2.1. Include Files

NDB API applications require one or more of the following include files:

» Applications accessing Cluster data viathe NDB APl must include the file NdbApi . hpp.

» Applications making use of both the NDB API and the regular MySQL client APl also need toin-
cludenysql . h.

» Applications that use cluster management functions need the include file ngnapi . h.

2.2.2. APl Initialisation and Cleanup

Before using the NDB API, it must first beinitialised by calling thendb_i ni t () function. Once an
NDB API application is complete, call ndb_end( 0) to perform acleanup.

2.2.3. Establishing the Connection

To establish a connection to the server, it is necessary to create an instance of
Ndb_cl ust er _connect i on, whose constructor takes as its argument a cluster connectstring; if no
connectstring isgiven, | ocal host isassumed.

The cluster connection is not actually initiated until the

Ndb_cl ust er _connecti on:: connect () method iscalled. When invoked without any argu-
ments, the connection attempt isretried each 1 second indefinitely until successful, and no reporting is
done. See Section 3.2, “TheNdb_cl ust er _connect i on Class’, for details.

By default an API node will connect to the “nearest” data node — usually a data node running on the
same machine, due to the fact that shared memory transport can be used instead of the slower TCP/IP.
Thismay lead to poor load distribution in some cases, so it is possible to enforce a round-robin node
connection scheme by callingtheset _opti m zed_node_sel ecti on() method with 0 asitsar-
gument prior to calling connect () . (See Section 3.2.1.4,

“Ndb_cl uster _connection::set_optinized node_sel ection()”.)

Theconnect () method initiates a connection to a cluster management node only — it does not wait
for any connections to data nodes to be made. This can be accomplished by using

wai t _until _ready() aftercallingconnect().Thewait until _ready() method waitsup
to a given number of seconds for a connection to a data node to be established.

In the following example, initialisation and connection are handled in the two functions ex-
anpl e_ini t() andexanpl e_end() , which will beincluded in subsequent examples viathe file
exanpl e_connecti on. h.

Example 2-1: Connection example.

#i ncl ude <stdi o. h>

#i ncl ude <stdlib. h>
#i ncl ude <NdbApi . hpp>
#i ncl ude <nysql . h>

#i ncl ude <ngmapi . h>

Ndb_cl ust er _connection* connect to_cluster(); ;
voi d di sconnect _from cl uster(Ndb_cl uster_connection *c);

Ndb_cl ust er _connecti on* connect _to_cl uster()
Ndb_cl ust er _connecti on* ¢

if(ndb_init())
exi t (EXI T_FAI LURE) ;
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c= new Ndb_cl ust er_connection();
if(c->connect (4, 5, 1))

fprintf(stderr, "Unable to connect to cluster within 30 seconds.\n\n");
exit (EXI T_FAI LURE) ;

}
if(c->wait_until _ready(30, 0) < 0)
{
fprintf(stderr, "Cluster was not ready within 30 seconds.\n\n");
exit (EXI T_FAI LURE) ;

}
}

voi d di sconnect _from cl uster (Ndb_cl uster_connecti on *c)
del ete c;

ndb_end(2);

int main(int argc, char* argv[])
Ndb_cl ust er _connecti on *ndb_connecti on= connect _to_cluster();
printf("Connecti on Established.\n\n");
di sconnect _from cl uster(ndb_connection);

return EXI T_SUCCESS;

2.3. Mapping MySQL Database Object Names and
Types to NDB

This section discusses NDB naming and other conventions with regard to database objects.

Databases and Schemas. Databases and schemas are not represented by objects as such in the NDB
API. Instead, they are modelled as attributes of Tabl e and | ndex objects. The value of thedat a-
base attribute of one of these objectsis always the same as the name of the MySQL database to which
the table or index belongs. The value of the schenma attribute of aTabl e or | ndex object isaways
‘def ' (for “default”).

Tables. MySQL table names are directly mapped to NDB table names without modification. Table
names starting with 'NDB$' are reserved for internal use>, asisthe SYSTAB 0 tableinthesys data-
base.

Indexes. There are two different type of NDB indexes:

» Hash indexes are unique, but not ordered.

e B-treeindexes are ordered, but alow duplicate values.

Names of unique indexes and primary keys are handled as follows:

» ForaMySQL UNI QUE index, both a B-tree and a hash index are created. The B-tree index uses the
MySQL name for the index; the name for the hash index is generated by appending '$uni que'to
the index name.

» For aMySQL primary key only a B-tree index is created. Thisindex is given the name PRI VARY.

There is no extra hash; however, the uniqueness of the primary key is guaranteed by making the
MySQL key theinternal primary key of the NDB table.
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Column Names and Values. NDB column names are the same as their MySQL names.

Datatypes. MySQL datatypes are stored in NDB columns as follows:

The MySQL TI NYI NT, SMALLI NT, | NT, and Bl GI NT datatypes map to NDB types having the
same names and storage requirements as their MySQL counterparts.

The MySQL FLOAT and DOUBL E datatypes are mapped to NDB types having the same names and
storage requirements.

The storage space required for aMySQL CHAR column is determined by the maximum number of
characters and the column's character set. For most (but not all) character sets, each character takes
one byte of storage. When using UTF-8, each character requires three bytes. Y ou can find the num-
ber of bytes needed per character in a given character set by checking the Max| en column in the
output of SHOW CHARACTER SET.

In MySQL 5.1, the storage requirements for a VARCHAR or VARBI NARY column depend on wheth-
er the column is stored in memory or on disk:

* For in-memory columns, the NDBCL USTER storage engine supports variable-width columns
with 4-byte alignment. This means that (for example) athe string ' abcde' storedina
VARCHAR( 50) columnusingthel at i nl character set requires 12 bytes— in this case, 2
bytestimes 5 characters is 10, rounded up to the next even multiple of 4 yields 12. (This repres-
ents a change in behaviour from Cluster in MySQL 5.0 and 4.1, where a column having the same
definition required 52 bytes storage per row regardless of the length of the string being stored in
the row.)

e InDisk Data columns, VARCHAR and VARBI NARY are stored as fixed-width columns. This
means that each of these types requires the same amount of storage as a CHAR of the same size.

Each row in a Cluster BLOB or TEXT column is made up of two separate parts. One of theseis of
fixed size (256 bytes), and is actually stored in the original table. The other consists of any datain
excess of 256 bytes, which stored in a hidden table. The rows in this second table are always 2000
byteslong. This means that record of si ze bytesin a TEXT or BLOB column requires

e 256 bytes, if si ze <= 256

e 256 + 2000 * ((size — 256) \ 2000) + 1) bytesotherwise
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Chapter 3. NDB API CLASSES

This chapter provides a detailed listing of al public NDB API classes.

Each class listing includes:

e Description of the purpose of the classin the API.
» A diagram of the class showing its public members and types.

The sections of this covering the NdbDi ct i onary and NdbOper at i on classes aso include en-
tity-relationship diagrams showing the hierarchy of inner classes, subclasses, and public types des-
cending from them.

» Listingsof all public members, including descriptions of all method parameters and types.

3.1. The Ndb Class

This class represents the NDB kernel; it isthe primary class of the NDB API.

Description. Any non-trivial NDB API program makes use of at least one instance of Ndb. By using
several Ndb objects, it is possible to implement a multi-threaded application. Y ou should remember that
one Ndb object cannot be shared between threads; however, it is possible for a single thread to use mul-
tiple Ndb objects. A single application process can support a maximum of 128 Ndb objects.

Note

The Ndb object is multi-thread safe in that each Ndb object can be handled by one thread at
atime. If an Ndb object is handed over to another thread, then the application must ensure
that amemory barrier is used to ensure that the new thread sees all updates performed by the
previous thread.

Semaphores and mutexes are examples of easy ways to provide memory barriers without
having to bother about the memory barrier concept.

Itisalso possible to use multiple Ndb objects to perform operations on different clustersin asingle ap-
plication. See the Note onApplication-Level Partitioning for conditions and restrictions applying to such

usage.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod Purpose/ Use

Ndb() Class constructor; represents a connection to aMySQL Cluster.

~Ndb() Class destructor; terminates a Cluster connection when it isno
longer to be used

init() Initialises an Ndb object and makesit ready for use.

getDi ctionary() Gets adictionary, which is used for working with database schema
information.

get Dat abaseNane() Gets the name of the current database.

set Dat abaseNane() Sets the name of the current database.

get Dat abaseSchemaNane() |Getsthe name of the current database schema.
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M ethod Purpose/ Use

set Dat abaseSchenmaNane() |Setsthe name of the current database schema.

start Transacti on() Begins atransaction. (See Section 3.9, “The NdbTr ansact i on
Class’.)

cl oseTransacti on() Closes atransaction.

creat eEvent Operation() |Createsasubscription to a database event. (See Section 3.5, “The
NdbEvent Oper at i on Class’.)

dr opEvent Oper ati on() Drops a subscription to a database event.
pol | Event s() Waits for an event to occur.
get NdbError () Retrieves an error. (See Section 4.1, “The NdbEr r or Structure”.)

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.1.1,
“Ndb Class Methods’.

Class Diagram. Thisdiagram shows all the available methods of the Ndb class:

Ndb

Ndb(ndb_cluster_ connection : , cataloghame : = "", schemaName : = "def")
~Ndb ()

getDatabaseMName ()

setDatabaseName(databaseName : )
getDatabaseSchemaName ()

setDatabaseSchemaName (databaseSchemaMName : )
init({maxNoOfTransactions : )
waitUntilReady(timeout : )

getDictionary()

createkEventOperation(eventName : )
dropEventOperation(eventOp : )
pollEvents(aMillisecondNumber : , latestGCI : )
nextEvent()

getEventOperation(eventOp : )
startTransaction(table : , keyData : , keylen : )
closeTransaction( : )
pollNdb{aMillisecondNumber : )
sendPreparedTransactions(forceSend : )
sendPollNdb(aMillisecondNumber : )
getNdbError()

getNdbError{errorCode : )

3.1.1. Ndb Class Methods

The sections that follow discuss the public methods of the Ndb class.

3.1.1.1. Ndb Class Constructor

Description. This creates an instance of Ndb, which represents a connection to the MySQL Cluster. All
NDB API applications should begin with the creation of at least one Ndb object. Thisrequires the cre-
ation of at least oneinstance of Ndb_cl ust er _connect i on, which serves as a container for a
cluster connectstring.

Signature.
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Ndb
(
Ndb_cl ust er _connecti on *ndb_cl uster connecti on,
const char *cat al ogName = "",
const char *schemaNane = "def"

Parameters. The Ndb class constructor can take up to 3 parameters, of which only the first is required:
e ndb_cluster_connectionisaninstanceof Ndb_cl ust er _connect i on, which repres-
ents a cluster connectstring. (See Section 3.2, “TheNdb_cl ust er _connect i on Class’.)

» cat al ogNane isan optional parameter providing a namespace for the tables and indexes created
in any connection from the Ndb object.

The default value for this parameter is an empty string.

» Theoptional schermaNane provides an additional namespace for the tables and indexes created in a
given catalog.

The default value for this parameter is the string “ def”.

Return Value. An Ndb object.

~Ndb() (ClassDestructor). The destructor for the Ndb class should be called in order to terminate an
instance of Ndb. It requires no arguments, nor any special handling.

3.1.1.2. Ndb: :init()

Description. This method is used to initialise an Ndb object.

Signature.
int init

i nt maxNoCf Tr ansactions = 4

Parameters. Thei ni t () method takes a single parameter mexNoOf Tr ansact i ons of typein-
teger. This parameter specifies the maximum number of parallel NdbTr ansact i on objects that can
be handled by this instance of Ndb. The maximum permitted value for raxNoOF Tr ansact i ons is
1024; if not specified, it defaultsto 4.

Note

Each scan or index operation uses an extraNdbTr ansact i on object. See Section 3.9,
“The NdbTr ansacti on Class'.

Return Value. Thismethod returnsani nt , which can be either of two values:

* 0 indicates that the Ndb object was initialised successfully.

e -1:indicatesfailure.

3.1.1.3. Ndb: : get Di cti onary()
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Description. This method is used to obtain an object for retrieving or manipulating database schemain-
formation. ThisDi ct i onary object contains meta-information about all tablesin the cluster.

Note

The dictionary returned by this method operates independently of any transaction. See Sec-
tion3.4.1,“TheDi ct i onary Class’, for more information.

Signature.
NdbDi cti onary: : Di cti onary* getDictionary
(

voi d
) const

Parameters. None.

Return Value. Aninstance of theDi ct i onary class.

3.1.1.4. Ndb: : get Dat abaseNane()

Description. This method can be used to obtain the name of the current database.

Signature.

const char* get Dat abaseNane

voi d

Parameters. None.

Return Value. The name of the current database.

3.1.1.5. Ndb: : set Dat abaseNane()

Description. This method is used to set the name of the current database.

Signature.

voi d set Dat abaseNane

const char *dat abaseNane

Parameters. set Dat abaseNane() takesasingle, required parameter, the name of the new database
to be set as the current database.

Return Value. N/A.

3.1.1.6. Ndb: : get Dat abaseSchenmaNane()

Description. This method can be used to obtain the current database schema name.

Signature.

const char* get Dat abaseSchemaNane

voi d

24



NDB APl CLASSES

Parameters. None.

Return Value. The name of the current database schema.

3.1.1.7. Ndb: : set Dat abaseSchemaNane()

Description. This method allows you to set the name of the current database schema.

Signature.

voi d set Dat abaseSchenaNane

const char *dat abaseSchenmaNane

Parameters. The name of the database schema.

Return Value. N/A.

3.1.1.8. Ndb: : start Transacti on()

Description. This method is used to begin a new transaction.
Important

When the transaction is completed it must be closed using NdbTr ansac-
tion::close() orNdb:: cl oseTransacti on() . Thismust be done regardless of
the transaction's final outcome, even if it fails due to an error.

See Section 3.1.1.9, “Ndb: : cl oseTransacti on()”, and Section 3.9.2.7, “Ndb-
Transaction::close()”.

Signature.

NdbTr ansacti on* start Transacti on

const NdbDictionary:: Table *table = 0,
const char *keyData = 0,
Ui nt 32 *keylLen = 0

Parameters. This method takes three parameters, as follows:

e table:ApointertoaTabl e object. (See Section 3.4.3.7, “The Tabl e Class’.) Thisis used to de-
termine on which node the Transaction Coordinator should run.

» keyDat a: A pointer to a partition key correspondingtot abl e.

» keyLen: Thelength of the partition key, expressed in bytes.

Return Value. AnNdbTr ansact i on object. See Section 3.9, “The NdbTr ansact i on Class’.

3.1.1.9. Ndb: : cl oseTransacti on()

Description. Thisisone of two NDB APl methods provided for closing a transaction (the other being
NdbTransacti on: : cl ose() — seeSection 3.9.2.7, “NdbTr ansact i on: : cl ose()"). You

must call one of these two methods to close the transaction once it has been completed, whether or not
the transaction succeeded.
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Signature.

voi d cl oseTransacti on

NdbTr ansacti on *transacti on

Parameters. This method takes a single argument, a pointer to the NdbTr ansact i on to be closed.

Return Value. N/A.

3.1.1.10. Ndb: : cr eat eEvent OQper ati on
Description. This method creates a subscription to a database event.

Signature.

NdbEvent Oper at i on* creat eEvent Oper ati on

const char *event Nane

Parameters. This method takes a single argument, the unique event Namne identifying the event to
which you wish to subscribe.

Return Value. A pointer to an NdbEvent Oper at i on object (or NULL, in the event of failure). See
Section 3.5, “The NdbEvent Oper at i on Class’.

3.1.1.11. Ndb: : dr opEvent Oper ati on()

Description. This method drops a subscription to a database event represented by an NdbEvent -
Oper at i on object.

Signature.

int dropEvent Operati on
NdbEvent Oper ati on *event Op

Parameters. This method requires asingle input parameter, a pointer to an instance of NdbEvent -
Qper ati on.

Return Value. 0 on success; any other result indicates failure.

3.1.1.12. Ndb: : pol | Event s()

Description. This method waits for an event to occur, and returns as soon as an event is detected in any
existing subscription belonging to the Ndb object for which the method isinvoked. It is used to determ-
ine whether any events are available in the subscription queue.

Signature.

int pollEvents

int maxTi neToWai t ,
U nt64* |atestGCl = 0

Parameters. This method takes two parameters, as shown here:
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» The maximum time to wait, in milliseconds, before “giving up” and reporting that no events were
available (that is, before the method automatically returns 0).

« Theindex of the most recent global checkpoint. Normally, this may safely be permitted to assume its
default value, whichis 0.

Return Value. pol | Event s() returnsavaue of typei nt , which may be interpreted as follows:

* >0: There are events available in the queue.
* 0: Thereare no events available.

* <0 Indicatesfailure (possible errar).

3.1.1.13. Ndb: : next Event ()

Description. Returnsthe next event operation having data from a subscription queue.

Signature.

NdbEvent Oper at i on* next Event

voi d

Parameters. None.

Return Value. This method returnsan NdbEvent Oper at i on object representing the next event in a
subscription queue, if there is such an event. If thereis no event in the queue, it returns NULL instead.
(See Section 3.5, “The NdbEvent Oper at i on Class’.)

3.1.1.14. Ndb: : get NdbError ()

Description. This method provides you with two different waysto obtain an NdbEr r or object repres-
enting an error condition. For more detailed information about error handling in the NDB API, see
Chapter 4, NDB APl ERRORS.

Signature. Theget NdbEr r or () method actually has two variants. The first of these simply gets the
most recent error to have occurred:

const NdbError & get NdbErr or

voi d

The second variant returns the error corresponding to a given error code:

const NdbError & get NdbEr r or

int errorCode

Regardless of which version of the method is used, the NdbEr r or object returned persists until the next
NDB API method isinvoked.

Parameters. To obtain the most recent error, simply call get NdbEr r or () without any parameters.
To obtain the error matching a specific er r or Code, invoke the method passing the code (ani nt ) toiit
as aparameter. For alisting of NDB APl error codes and corresponding error messages, see Section 4.2,
“NDB Error Codes, Classifications, and Messages”.
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Return Value. An NdbEr r or object containing information about the error, including its type and,
where applicable, contextual information asto how the error arose. See Section 4.1, “The NdbEr r or
Structure”, for details.

3.2. The Ndb_cl uster connecti on Class

This class represents a connection to a cluster of data nodes.

Description. An NDB application program should begin with the creation of asingle

Ndb_cl ust er _connect i on object, and typically makes use of asingle

Ndb_cl ust er _connect i on. The application connects to a cluster management server when this
object'sconnect () methodiscalled. By usingthewai t _unti| ready() methoditispossibleto
wait for the connection to reach one or more data nodes.

Note

Thereis no restriction against instantiating multiple Ndb_cl ust er _connect i on ob-
jects representing connections to different management serversin asingle application, nor
against using these for creating multiple instances of the Ndb class. Such

Ndb_cl ust er _connect i on abjects (and the Ndb instances based on them) are not re-
quired even to connect to the same cluster.

For example, it is entirely possible to perform application-level partitioning of datain such
amanner that data meeting one set of criteriaare “handed off” to one cluster viaan Ndb ob-
ject that makes use of an Ndb_cl ust er _connect i on object representing a connection
to that cluster, while data not meeting those criteria (or perhaps a different set of criteria)
can be sent to a different cluster through a different instance of Ndb that makes use of an
Ndb_cl ust er _connecti on “pointing” to the second cluster.

It is possible to extend this scenario to develop a single application that accesses an arbitrary
number of clusters. However, in doing so, the following conditions and requirements must
be kept in mind:

¢ A cluster management server (ndb_ngnd) can connect to one and only one cluster
without being restarted and reconfigured, asit must read the datatelling it which data
nodes make up the cluster from a configuration file (confi g. i ni ).

e AnNdb_cl uster_connecti on object “belongs’ to a single management server
whose hostname or |P address is used in instantiating this object (passed asthe con-
nect st ri ng argument to its constructor); once the object is created, it cannot be used
to initiate a connection to a different management server.

(See Section 3.2.1.1, “Ndb_cl ust er _connect i on Class Constructor”.)

e An Ndb object making use of this connection (Ndb_cl ust er _connect i on) cannot
be re-used to connect to a different cluster management server (and thus to a different
collection of data nodes making up a cluster). Any given instance of Ndb isbound to a
specific Ndb_cl ust er _connect i on when created, and that
Ndb_cl ust er _connect i onisinturn bound to asingle and unique management
server when it isinstantiated.

(See Section 3.1.1.1, “Ndb Class Constructor”.)

¢ The bindings described above persist for the lifetimes of the Ndb and
Ndb_cl ust er _connect i on objectsin question.

Therefore, it isimperative in designing and implementing any application that accesses mul-
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tiple clustersin asingle session, that a separate set of Ndb_cl ust er _connecti on and
Ndb objects be instantiated for connecting to each cluster management server, and that no
confusion arises as to which of these is used to access which MySQL Cluster.

It is also important to keep in mind that no direct “sharing” of data or data nodes between
different clustersis possible. A data node can belong to one and only one cluster, and any
movement of data between clusters must be accomplished on the application level.

For examples demonstrating how connections to two different clusters can be made and
used in asingle application, see Section 6.2, “Using Synchronous Transactions and Multiple
Clusters’, and Section 6.7, “Event Handling with Multiple Clusters’.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod Purpose/ Use

Ndb_cl ust er _connecti on() Constructor; Creates a connection to a cluster of data nodes.
connect () Connects to a cluster management server.

wai t _until _ready() Waits until a connection with one or more data nodesiis suc-

cessful.

set _optinzed _node_sel ection |Usedto control node-selection behaviour.

()

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.2.1,
“Ndb_cl ust er _connect i on Class Methods’.

Class Diagram. Thisdiagram shows all the available methods of the Ndb_cl ust er _connecti on
class:

Mdb cluster_ connection

Mdb_cluster_connection{connectstring : const char®*)

~ Ndb_cluster_connection()

connect(retries : int, delay : int, verbose : int) : int
wait_until _ready(timeoutBefore : int, timeoutAfter : int) : int
set_optimized node selection(value : int)

3.2.1. Ndb_cl ust er _connecti on Class Methods

3.2.1.1. Ndb_cl uster _connecti on Class Constructor

Description. This method creates a connection to aMySQL cluster, that is, to a cluster of data nodes.
The object returned by this method is required in order to instantiate an Ndb object. (See Section 3.1,
“The Ndb Class’.) Thus, every NDB API application requires the use of an

Ndb_cl ust er _connecti on.

Signature.

Ndb_cl ust er _connecti on

const char* connectstring =0

Parameters. This method requires asingle parameter — aconnect st ri ng pointing to the location
of the management server.
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Return Value. Aninstanceof Ndb_cl ust er _connecti on.

3.2.1.2. Ndb_cl ust er _connecti on::connect ()

Description. This method connects to a cluster management server.

Signature.

i nt connect

int retries
int del ay
int verbose

T
e

Parameters. This method takes three parameters, all of which are optional:

* retries specifiesthe number of timesto retry the connection in the event of failure. The default
value (0) means that no additional attempts to connect will be made in the event of failure; a negat-
ivevaluefor r et ri es resultsin the connection attempt being repeated indefinitely.

e Thedel ay represents the number of seconds between reconnect attempts; the default is 1 second.

» ver bose indicates whether the method should output a report of its progress, with 1 causing this
reporting to be enabled; the default is O (reporting disabled).

Return Value. This method returnsani nt , which can have one of the following 3 values:

»  0: The connection attempt was successful.
e 1. Indicates arecoverable error.

e -1: Indicates an unrecoverable error.

3.2.1.3.Ndb_cl uster _connection::wait_until _ready()

Description. This method waits until the requested connection with one or more data nodes is success-
ful.

Signature.
int wait_until_ready

int tinmeoutBefore,
int timeoutAfter

)

Parameters. This method takes two parameters:

» tineout Bef or e determines the number of secondsto wait until thefirst “live” node is detected.
If this amount of time is exceeded with no live nodes detected, then the method immediately returns
anegative value.

o timeout Aft er determinesthe number of secondsto wait after the first “live” node is detected for
all nodes to become active. If this amount of time is exceeded without al nodes becoming active,
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then the method immediately returns a value greater than zero.
If this method returns O, then all nodes are “live”.

Return Value. wai t _until _ready() returnsani nt, whosevalueisinterpreted asfollows:

0: All nodes are“live".
* > 0:Atleast onenodeis*“live” (however, it is not known whether all nodes are “live”).

e < 0:Anerror occurred.

Ndb_cl uster _connection::set_optim zed node_sel ect
3.2.1.4.io0n()

Description. This method can be used to overridethe connect () method's default behaviour as re-
gards which node should be connected to first.

Signature.

voi d set_optim zed_node_sel ecti on

int val ue

Parameters. Aninteger val ue.

Return Value. None.

3.3. The NdbBI ob Class

This class represents a handle to a BLOB column and provides read and write access to BLOB column
values. This object has a number of different states and provides several modes of accessto BLOB data;
these are also described in this section.

Description. Aninstance of NdbBl ob is created using the NdbCper at i on: : get Bl obHandl e()
method during the operation preparation phase. (See Section 3.6, “The NdbOper at i on Class’.) This
object acts as a handle on a BLOB column.

BLOB Data Storage. BLOB datais stored in 2 locations:

* The header and inline bytes are stored in the blob attribute.

» Theblob's data segments are stored in a separate table named NDB$BLOB _ti d_ci d, whereti d is
thetableID, and ci d isthe blob column ID.

Theinline and data segment sizes can be set using the appropriate NdbDi ct i onary: : Col umm()
methods when the table is created. See Section 3.4.2, “The Col umm Class’, for more information about
these methods.

Data Access Types. NdbBI ob supports 3 types of data access:

» Inthe preparation phase, the NdbBI ob methods get Val ue() and set Val ue() are used to pre-
pare aread or write of a BLOB value of known size.
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» Alsointhe preparation phase, set Act i veHook() isused to define aroutine which isinvoked as
soon as the handle becomes active.

e Intheactivephase, r eadDat a() andw i t eDat a() areused to read and write BLOB values
having arbitrary sizes.

These data access types can be applied in combination, provided that they are used in the order given
above.

BLOB Operations. BLOB operations take effect when the next transaction is executed. In some cases,
NdbBI ob isforced to perform implicit execution. To avoid this, you should always operate on com-
plete blob data segments, and use NdbTr ansact i on: : execut ePendi ngBl obQps() toflush
reads and writes. There is no penalty for doing thisif nothing is pending. It is not necessary to do so fol-
lowing execution (obviously) or after next scan result is obtained. NdbBl ob also supports reading post-
or pre-blob data from events. The handle can be read after the next event on the main table has been re-
trieved. The data becomes available immediately. (See Section 3.5, “The NdbEvent Oper at i on
Class’.)

BLOBsand NdbOper at i ons. NdbOper at i on methods acting on NdbBIl ob objects have the fol-

lowing characteristics:

 NdbQperation::insertTuple() mustuseNdbBI ob: : set Val ue() if the BLOB attribute
isnon-nullable.

* NdbOperation::readTupl e() usedwith any lock mode can read but not write blob values.

Whenthe LM Conmi t t edRead lock mode isused withr eadTupl e() , thelock mode is auto-
matically upgraded to LM_Read whenever blob attributes are accessed.

« NdbOperation::updat eTupl e() can either overwrite an existing value using Nd-
bBl ob: : set Val ue(), or update it during the active phase.

* NdbOperation::witeTupl e() awaysoverwrites blob values, and must use Nd-
bBIl ob: : set Val ue() if the BLOB attribute is non-nullable.

 NdbOperation::del et eTupl e() createsimplicit, non-accessible BLOB handles.
» A scan with any lock mode can use its blob handles to read blob values but not write them.

A scan using the LM Excl usi ve lock mode can update row and blob values using updat eCur -
rent Tupl e() ; the operation returned must explicitly create its own blob handle.

A scanusing the LM Excl usi ve lock mode can delete row values (and therefore blob values) us-
ing del et eCurrent Tupl e() ; this create implicit non-accessible blob handles.

* Anoperation which isreturned by | ockCur r ent Tupl e() cannot update blob values.

See Section 3.6, “The NdbQper at i on Class'.

Known Issues. The following are known issues or limitations encountered when working with Nd-
bBl ob objects:

» Too many pending BL OB operations can overflow the I/O buffers.

e Thetable and its BLOB data segment tables are not created atomically.
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Public Types. The public types defined by NdbBl ob are shown here:

Type Purpose/ Use
Act i veHook Callback for NdbBI ob: : set Act i veHook()
State Represents the states that may be assumed by the NdbBI ob.

For a discussion of each of these types, along with its possible values, see Section 3.3.1, “NdbBI ob

Types'.

Public Methods. The following table lists the public methods of this class and the purpose or use of
each method:

M ethod Purpose/ Use

get State() Getsthe state of an NdbBIl ob object

get Val ue() Prepares to read a blob value

set Val ue()

Prepares to insert or update a blob value

set Act i veHook()

Defines a callback for blob handle activation

get Ver si on()

Checks whether ablob is statement-based or event-based

getNul | ()

Checks whether a blob valueis NULL

set Nul | ()

Setsablob to NUL L

get Lengt h()

Gets the length of ablob, in bytes

truncat e()

Truncates abloc to a given length

get Pos() Gets the current position for reading/writing

set Pos() Sets the position at which to begin reading/writing
readDat a() Reads data from a blob

writeData() Writes blob data

get Col umm() Gets ablob column.

get NdbError ()

Getsan error (an NdbEr r or object)

bl obsFi r st Bl ob()

Getsthefirst blobin alist.

bl obsNext Bl ob()

Getsthe next blob in alist

get Bl obEvent Nane()

Gets ablob event name

get Bl obTabl eNane()

Gets a blob data segment's table name.

Note
bl obsFi rst Bl ob() and bl obsNext Bl ob() are static methods.

Tip

Most NdbBI ob methods (nearly all of those whose return typeisi nt ) return O on success
and - 1 inthe event of failure.

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.3.2,

“NdbBl ob Class Methods”.

Class Diagram. Thisdiagram shows all the available methods and types of the NdbBI ob class:

33




NDB APl CLASSES

NdbBlob

getState() : State

getVersion(version . int&)

getValue(data : void*, bytes : Uint32) : int

setValue(data : const void*, bytes : Uint32) : int

setActiveHook(activeHook : ActiveHook*, arg @ void*) @ int

getDefined(isNull : int&) : int

getNull(isNull : int&) : int

setNull({) : int

getlength(length : Uint64&) : int

truncate(length : Uint64) : int

getPos(pos : Uint64&) : int

setPos(pos : Uint6d4) : int

readData(data : void*, bytes : Uint32&) . int

wWwriteData(data : const void*, bytes : Uint32) : int

getColumn() : const NdbDictionary::Column*

getBlobTableName (name : char*, ndb : Ndb*, table : const char*, column : const char*) : int
getBlobEventName (name : char*, ndb : Ndb*, event : const char*, column : const char*) : int
getNdbError() : const NdbError&

blobsFirstBlob() : NdbBlob*

blobsNextBlob() : NdbBlob*

N

€enums
State
Idle
Prepared
Active
Closed
Invalid

«datatype»
ActiveHook

3.3.1. NdbBIl ob Types

3.3.1.1.

3.3.1.2.

This section details the public types belonging to the Ndb Bl ob class.

The NdbBI ob: : Acti veHook Type

ActiveHook is a datatype defined for use as a callback for the set Act i veHook() method. (See Sec-
tion 3.3.2.4, “NdbBl ob: : set Acti veHook()".)

Definition. Act i veHook isacustom datatype defined as shown here:

typedef int ActiveHook

NdbBI ob* e,
voi d* arg

)

Description. Thisisacallback for NdbBI ob: : set Act i veHook( ) , and isinvoked immediately
once the prepared operation has been executed (but not committed). Any callsto get Val ue() or

set Val ue() areperformed first. The BLOB handleisactivesor eadDat a() orwr i t eDat a() can
be used to manipulate the BLOB value. A user-defined argument is passed along with the NdbBI ob.
Act i veHook() returnsanonzero valuein the event of an error.

The NdbBI ob: : St at e Type

Thisis an enumerated datatype which represents the possible states of an NdbBI ob instance.

Description. An NdbBl ob may assume any one of these states
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Enumeration Values.

Value Description

Pr epar ed thisisthe state of the NdbBI ob prior to operation execution.

Active Thisisthe BLOB handl€'s state following execution or the fetching
of the next result, but before the transaction is committed.

Cl osed This state occurs after the transaction has been committed.

Invalid Thisfollows arollback or the close of atransaction.

3.3.2. NdbBI ob Class Methods

This section discusses the public methods available in the NdbBI ob class.
Important

This class has no public constructor. Y ou can obtain a blob handle using NdbEvent Oper -
ation:: get Bl obHandl e() . (See Section 3.5, “The NdbEvent Oper at i on Class’.)

3.3.2.1. NdbBlI ob: : get St at e()

Description. This method gets the current state of the NdbBI ob object for which it isinvoked. Pos-
sible states are described in Section 3.3.1.2, “The NdbBI ob: : St at e Type”.

Signature.

State getState

voi d

Parameters. None.

Return Value. A St at e value. For possible values, see Section 3.3.1.2, “The NdbBI ob: : St at e
Type’.

3.3.2.2. NdbBI ob: : get Val ue()

Description. Use this method to prepare to read a blob value; the value is available following invoca-
tion. Useget Nul | () tocheck foraNULL value; useget Lengt h() to get the actual length of the
blob, and to check for truncation. get Val ue() setsthe current read/write position to the point follow-
ing the end of the data which was read.

Signature.

i nt getVal ue
voi d* data,

Ui nt 32 bytes
)

Parameters. This method takes two parameters — a pointer to the dat a to be read, and the number of
byt es to beread.

Return Value. 0 on success, - 1 on failure.
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3.3.2.3. NdbBI ob: : set Val ue()

Description. This method is used to prepare for inserting or updating a blob value. Any existing blob
data that islonger than the new data is truncated. The data buffer must remain valid until the operation
has been executed. set Val ue() setsthe current read/write position to the point following the end of
the data. You can set dat a to anull pointer (0) in order to create a NULL value.

Signature.

int setVal ue

const void* data,
Ui nt 32 byt es

)

Parameters. This method takes two parameters:

 Thedat a that isto be inserted or used to overwrite the blob value.

* Thenumber of byt es — that is, the length — of the dat a.

Return Value. 0 on success, - 1 on failure.

3.3.2.4. NdbBI ob: : set Acti veHook()

Description. This method defines a callback for blob handle activation. The queue of prepared opera-
tionswill be executed in no-commit mode up to this point; then, the callback isinvoked. For additional
information, see Section 3.3.1.1, “The NdbBI ob: : Acti veHook Type'.

Signature.

int setActiveHook

Act i veHook* acti veHook,
voi d* arg

)

Parameters. This method requires two parameters:
» A pointer toan Act i veHook value; thisis acallback as explained in Section 3.3.1.1, “The Nd-
bBIl ob: : Acti veHook Type".

» A pointer tovoi d, for any datato be passed to the callback.

Return Value. 0 on success, - 1 on failure.

3.3.2.5. NdbBI ob: : get Ver si on()

Description. This method is used to distinguish whether ablob operation is statement-based or event-
based.

Signature.

voi d get Versi on

int& version
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Parameters. This method takes a single parameter, an integer reference to the blob version (operation
type).

Return Value. One of the following three values:

e -1:Thisisa“norma” (statement-based) blob.
» 0: Thisis an event-operation based blob, following a change in its data.

» 1: Thisisan event-operation based blob, prior to any changein its data.

Note

get Ver si on() isalways successful, assuming that it isinvoked as a method of avalid
NdbBI ob instance.

3.3.2.6. NdbBI ob: : get Nul | ()

Description. This method checks whether the blob's value is NULL.

Signature.

int getNull
int& i sNull

Parameters. A referencetoaninteger i sNul | . Following invocation, this parameter has one of the
following values, interpreted as shown here:

* - 1:Theblobisundefined. If thisisanon-event blob, thisresult causes a state error.

* 0: Theblob hasanon-null value.

e 1:Theblob'svalueisNULL.

Return Value. None.

3.3.2.7. NdbBI ob: : set Nul | ()

Description. This method sets the value of ablob to NULL.

Signature.

int setNull

voi d

Parameters. None.

Return Value. 0 on success; - 1 on failure.

3.3.2.8. NdbBlI ob: : get Lengt h()
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Description. This method gets the blob's current length in bytes.

Signhature.

int getlLength
Ui nt 64& | ength

Parameters. A reference to the length.

Return Value. The blob'slength in bytes. For aNULL blob, this method returns 0. to distinguish
between a blob whose length is O blob and onewhich isNULL, usetheget Nul | () method.

3.3.2.9. NdbBI ob: : truncat e()

Description. This method is used to truncate a blob to a given length.

Signature.

int truncate

Uint64 length = 0

Parameters. truncat e() takesasingle parameter which specifiesthe new | engt h to which the
blob isto be truncated. This method has no effect if | engt h is greater than the blob's current length
(which you can check using get Lengt h()).

Return Value. 0 on success, - 1 on failure.

3.3.2.10. NdbBI ob: : get Pos()

Description. This method gets the current read/write position in a blab.

Signature.

i nt get Pos
Ui nt 64& pos

Parameters. One parameter, areference to the position.

Return Value. Returns 0 on success, or - 1 on failure. (Following a successful invocation, pos will
hold the current read/write position within the blob, as a number of bytes from the beginning.)

3.3.2.11. NdbBI ob: : set Pos()

Description. This method sets the position within the blob at which to read or write data.

Signature.

int setPos

Ui nt 64 pos

Parameters. The setPos() method takes a single parameter pos (an unsigned 64-bit integer), which is
the position for reading or writing data. The value of pos must be between 0 and the blob's current
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length.
Important

“Sparse” blobs are not supported in the NDB API; there can be no unused data positions
within ablob.

Return Value. 0 on success, - 1 on failure.

3.3.2.12. NdbBl ob: : readDat a()

Description. This method is used to read data from a blob.

Signature.

int readData
(

voi d* dat a,
Ui nt32& bytes

Parameters. r eadDat a() accepts apointer to the data to be read, and a reference to the number of
bytes read.

Return Value. 0 on success, - 1 on failure. Following a successful invocation, dat a points to the data
that was read, and byt es holds the number of bytes read.

3.3.2.13. NdbBI ob: : wri t eDat a()

Description. This method is used to write datato an NdbBI ob. After a successful invocation, the read/
write position will be at the first byte following the data that was written to the blob.

Note
A write past the current end of the blob data extends the blob automatically.

Signature.

int witeData

const void* data,
Ui nt 32 byt es

Parameters. This method takes two parameters, a pointer to the dat a to be written, and the number of
byt es towrite.

Return Value. 0 on success, - 1 on failure.

3.3.2.14. NdbBI ob: : get Col um()

Description. Use this method to get the BLOB column to which the NdbBl ob belongs.

Signature.

const Col umm* get Col um

voi d

Parameters. None.
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Return Value. A Column object. (See Section 3.4.2, “The Col umm Class’.)

3.3.2.15. NdbBI ob: : get NdbError ()

Description. Use this method to obtain an error object. The error may be blob-specific or may be
copied from afailed implicit operation. The error code is copied back to the operation unless the opera-
tion already has a non-zero error code.

Signature.

const NdbError & get NdbErr or
(

voi d
) const

Parameters. None.

Return Value. An NdbEr r or object. See Section 4.1, “The NdbEr r or Structure”.

3.3.2.16. NdbBI ob: : bl obsFi r st Bl ob()

Description. This method initialises alist of blobs belonging to the current operation and returns the
first blob inthelist.

Signature.

NdbBI ob* bl obsFi r st Bl ob

voi d

Parameters. None.

Return Value. A pointer to the desired blob.

3.3.2.17. NdbBI ob: : bl obsNext Bl ob()

Description. Use the method to obtain the next in alist of blobs that was initialised using
bl obsFi r st Bl ob() . See Section 3.3.2.16, “NdbBI ob: : bl obsFi rst Bl ob() ”.

Signature.

NdbBl ob* bl obsNext Bl ob
(

voi d

Parameters. None.

Return Value. A pointer to the desired blab.

3.3.2.18. NdbBI ob: : get Bl obEvent Nane()

Description. This method gets a blob event name. The blob event is created if the main event monitors
the blob column. The name includes the main event name.

Signature.

static int getBl obEvent Name
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char * nane,
Ndb* ndb,
const char* event,
const char* col um

Parameters. This method takes 4 parameters:

¢ nane: The name of the blob event.

ndb: Therelevant Ndb object.
e event : The name of the main event.

e col umm: The blob column.

Return Value. 0 on success, - 1 on failure.

3.3.2.19. NdbBI ob: : get Bl obTabl et Nane()

Description. This method gets the blob data segment table name.

Note
This method is generally of use only for testing and debugging purposes.
Sighature.

static int getBl obTabl eNanme
(
char* nane,
Ndb* ndb,

const char* table,
const char* col um

Parameters. This method takes 4 parameters:

» nane: The name of the blob data segment table.

ndb: Therelevant Ndb object.

t abl e: The name of the main table.

e col unm: The blob column.

Return Value. 0 on success, - 1 on failure.

3.4. The NdbDi cti onary Class

This class provides meta-information about database objects, such as tables, columns, and indexes.

While the preferred method of database object creation and deletion is through the MySQL Server, Nd-
bDi cti onary also permits the devel oper to perform these tasks via the NDB API.

Description. Thisisadatadictionary class that supports enquiries about tables, columns, and indexes.
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It also provides ways to define these database objects and to remove them. Both sorts of functionality
are supplied viainner classes that model these objects. These include the following:

e NdbDi ctionary:: Object:: Tabl e for working with tables

* NdbDi ctionary: : Col umm for creating table columns

e NdbDi ctionary:: Object:: | ndex for working with secondary indexes

* NdbDictionary::Dictionary for creating database objects and making schema enquiries
e« NdbDi ctionary:: Object:: Event for working with eventsin the cluster.

Additional NdbDi cti onary: : Obj ect subclasses model the tablespaces, logfile groups, datafiles,
and undofiles required for working with Cluster Disk Data tables introduced in MySQL 5.1.

Warning

Tables and indexes created using NdbDi ct i onar y cannot be viewed from the MySQL
Server.

Dropping indexes viathe NDB API that were created originally from aMySQL Cluster
causesinconsistencies. It is possible that a table from which one or more indexes have been
dropped using the NDB API will no longer be usable by MySQL following such operations.
In this event, the table must be dropped, and then re-created using MySQL to make it ac-
cessible to MySQL once more.

Public Methods. NdbDi ct i onary itself has no public methods. All work is accomplished by access-
ing its subclasses and their public members.

NdbDi ct i onary SubclassHierarchy. Thisdiagram shows the hierarchy made up of the NdbDi c-
ti onary class, its subclasses, and their enumerated datatypes:
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Kenums
Column [ ArrayType
genums genums
StorageType Type
Dictionary
List Index Undofile
«enum»
Element Type

LogfileGroup

The next several sectionsdiscuss NdbDi ct i onar y's subclasses and their public membersin detail.
The organisation of these sections reflects that of the NdbDi ct i onar y class hierarchy.

Note

For the numeric equivalents to enumerations of NdbDictionary subclasses, seethefile/
st orage/ ndb/ i ncl ude/ ndbapi / NdbDi cti onary. hpp inthe MySQL 5.1 source

tree.

3.4.1. The Di cti onary Class

This section describesthe Di ct i onar y classand its subclassesLi st and El enent .

Description. Thisisused for defining and retrieving data object metadata. It also includes methods for
creating and dropping database objects.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

Method

Purpose/ Use

Di ctionary()

Class constructor method

~Di ctionary()

Destructor method

get Tabl e()

Gets the table having the given name

get | ndex()

Gets the index having the given name

get Event ()

Gets the event having the given name
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Method

Purpose/ Use

get Tabl espace()

Gets the tablespace having the given name

get Logfil eG oup()

Gets the logfile group having the given name

getDatafile()

Gets the datafile having the given name

get Undofil e()

Gets the undofile having the given name

get NdbError ()

Retrieves the |latest error

creat eTabl e()

Creates atable

creat el ndex()

Creates an index

creat eEvent ()

Creates an event

creat eTabl espace()

Creates a tablespace

creat eLogfil eGoup()

Creates alogfile group

createDatafil e()

Creates a datafile

creat eUndofil e()

Creates an undofile

dropTabl e()

Drops atable

dr opl ndex()

dr opEvent ()

Drops an index

dropTabl espace()

Drops atablespace

dropLogfil eG oup()

Drops alogfile group

dropDat afil e()

Drops a datafile

dropUndofil e()

Drops an undofile

i stOhjects()

Fetches alist of the objects in the dictionary

I'istlndexes()

Fetches alist of the indexes defined on a given table

renmoveCachedTabl e()

Removes atable from the local cache

removeCachedl ndex()

Removes an index from the local cache

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.4.1.1,

“Di cti onary Class Methods'.

Important

Objects created usingthe Di ct i onary: : cr eat e* () methods are not visible from the
MySQL Server. For thisreason, it is usually preferable to avoid using them.

Note

The Dictionary class does not have any methods for working directly with columns. Y ou
must use Col umm class methods for this purpose — see Section 3.4.2, “The Col umm

Class’, for details.

Public Types. See Section 3.4.1.2,“ThelLi st Class’, and Section 3.4.1.2.1, “The El enent Struc-

ture’.

Di cti onary Classand Subclass Diagram. This diagram shows all the public members of the Di c-

ti onary classand its subclasses:
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Dictionary

Dictionary(ndb Ndbé&)

~Dictionary()

getTable(name const char®) const Ta
getIndex(iName const char*, tHame

getEvent (eventName
getTablespace(name
getTablespace(id Ui
getlLogfileGroup(name
getDatafile(nodeld
getUndofile(nodeld

const char®*)
const char®*)
nt32) : Tablespace
const char*)
Uint32, path
Uint32, path

ble*

const char*)
const Event®
: Tablespace

LogfileGroup
const char®)
const char®*)

Datafile
Undofile

getNdbError()

struct const NdbError&

createTable(table
createlndex(index
createlndex(index con
createEvent (event con
createTablespace(tSpace

con
con

createlogfileGroup(1Group

createDatafile(dFile
createlUndofile(uFile
dropTable(table
dropTable (name const
dropIndex(iName const
dropEvent{eventName : c
dropTablespace(t5pace
dropLogfileGroup(lGroup
dropDatafile(dFile
dropUndofile(uFile
listObjects(list
listIndexes(list
removeCachedTable(table

: Table&)

const Datafile&)
const Undofile&)
Listé,
Listé,

st
st
st
st

Table&) int

Index&) int

Index&, table

Eventé&) int

const Tablespace&) in
const LogfileGroupé&)

const Datafile&, overwrite

const Undofile&, overwrite

int

char*) int

char*, tHName const char

onst char*) int

const Tablespace&) int
const LogfileGroupé)

int

int

type : Object::Type)

table const char®)

const char®*)

const Table&)

t
int
bool)
bool)

*) int

int

int
int

const Index*

int

int
int

removeCachedIndex(index const char*, table const char*)
List

count unsigned
elements Element*
List()
~ List()

Element
id : unsigned
type : Object::Type
state : Object::5tate
store : Object::5tore
database char*
schema char*
name char*
Element ()
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3.4.1.1. D cti onary Class Methods
This section details all of the public methods of the Di ct i onary class.

3.4.1.1.1. Di cti onary Class Constructor

Description. This method creates a new instance of the Di ct i onary class.

Note
Both the constructor and destructor for this class are protected methods, rather than public.

Signature.

protected Dictionary

(
Ndb& ndb

Parameters. An Ndb object. See Section 3.1, “The Ndb Class’.
Return Value. A Di cti onary object.

Destructor. The destructor takes no parameters and returns nothing.

protected ~Dictionary

voi d

3.4.1.1.2. Di ctionary: : get Tabl e()

Description. This method can be used to access the table with a known name. See Section 3.4.3.7, “The
Tabl e Class’.

Signature.

const Tabl e* get Tabl e

const char* nane
) const

Parameters. The nane of thetable.

Return Value. A pointer to the table, or NULL if there is no table with the nane supplied.

3.4.1.1.3.Di ctionary::getlndex()

Description. This method retrieves a pointer to an index, given the name of the index and the name of
the table to which the table belongs.

Signature.

const | ndex* getlndex
const char* i Nane,

const char* tNane
) const

Parameters. Two parameters are required:

46



NDB APl CLASSES

» Thenameof theindex (i Nane)
* Thename of the table to which the index belongs (t Nane)
Both are string values, represented by character pointers.

Return Value. A pointer to an | ndex. See Section 3.4.3.5, “The | ndex Class’, for information about
this object.

3.4.1.14.Di ctionary::get Event ()
Description. This method is used to obtain an Event object, given the event's name.

Signature.

const Event* get Event

const char* event Nane

Parameters. Theevent Nane, astring (character pointer).

Return Value. A pointer to an Event object. See Section 3.4.3.4, “The Event Class’, for morein-
formation.

3.4.1.15.Di ctionary: : get Tabl espace()

Description. Given either the name or ID of atablespace, this method returns the corresponding Ta-
bl espace object.

Signatures. Using the tablespace name:

Tabl espace get Tabl espace

const char* nane

Using the tablespace ID:

Tabl espace get Tabl espace

Uint32 id

Parameters. Either one of the following:

» Thenane of the tablespace, a string (as a character pointer)

» Theunsigned 32-bit integer i d of the tablespace

Return Value. A Tabl espace object, asdiscussed in Section 3.4.3.8, “The Tabl espace Class’.
3.4.1.1.6.Di ctionary::getLogfil eG oup()
Description. This method getsalLogf i | eG oup object, given the name of the logfile group.

Signature.

Logfil eG oup getLogfil eG oup
(
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const char* nane

Parameters. The nane of the logfile group.

Return Value. Aninstanceof Logfi | eG oup; see Section 3.4.3.6, “TheLogf i | eG oup Class’,
for more information.

3.4.1.17.Dictionary::getDatafile()

Description. Thismethod isused to retrieveaDat af i | e object, given the node ID of the data node
where a datafile is|located and the path to the datafile on that node's fil esystem.

Signature.

Datafile getDatafile

Ui nt 32 nodel d,
const char* path

Parameters. This method must be invoked using two arguments, as shown here:

* The 32-bit unsigned integer nodel d of the data node where the datefileis located

e Thepat h to the datafile on the node's filesystem (string as character pointer)

Return Value. A Dat af i | e object — see Section 3.4.3.3, “The Dat af i | e Class’, for details.

3.4.1.1.8.Di ctionary::getUndofile()

Description. This method gets an Undof i | e object, given the ID of the node where an undofile isloc-
ated and the filesystem path to thefile.

Signature.

Undofil e get Undofile

Ui nt 32 nodel d,
const char* path

Parameters. This method requires the following two arguments:

» Thenodel d of the data node where the undofileis located; this value is passed as a 32-hit unsigned
integer
» Thepat h to the undofile on the node's filesystem (string as character pointer)

Return Value. Aninstance of Undof i | e. For more information, see Section 3.4.3.9, “The Undo-
fileClass.

3.4.1.1.9.Di ctionary: : get NdbError ()

Description. This method retrieves the most recent NDB API error.
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Signature.

const struct NdbError& get NdbError

voi d
) const

Parameters. None.

Return Value. A referenceto an NdbEr r or object. See Section 4.1, “The NdbEr r or Structure”.
3.4.1.1.10. Di ctionary: : createTabl e()

Description. Creates atable given an instance of Tabl e.

Signature.

int createTable

const Tabl e& tabl e

Parameters. Aninstance of Tabl e. See Section 3.4.3.7, “The Tabl e Class’, for more information.

Return Value. 0 on success, - 1 on failure.

3.4.1.1.11. Dictionary::createl ndex()

Description. This method creates an index given an instance of | ndex and possibly an optional in-
stance of Tabl e.

Signature.

int createl ndex

const | ndex& i ndex

int createl ndex

const | ndex& i ndex,
const Tabl e& tabl e

Parameters. Required: A referenceto an | ndex object. Optional: A referenceto a Tabl e object.

Return Value. 0 on success, - 1 on failure.
3.4.1.1.12. Di ctionary: :createEvent ()

Description. Creates an event, given areferenceto an Event object.

Signature.

int createEvent

const Event & event

Parameters. A referenceevent toan Event object.
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Return Value. 0 on success, - 1 on failure.
3.4.1.1.13. Di ctionary: : creat eTabl espace()

Description. This method creates a new tablespace, given aTabl espace object.

Signature.

int createTabl espace

const Tabl espace& t Space

Parameters. This method requires a single argument — areferenceto an instance of Tabl espace.

Return Value. 0 on success, - 1 on failure.
3.4.1.1.14.Dictionary: :createlLogfil eGoup()

Description. This method creates a new logfile group, given an instance of Logf i | eG oup.

Signature.

int createlLogfil eG oup

const Logfil eGoup& | Goup

Parameters. A single argument, areferencetoalogfi | eG oup object, isrequired.

Return Value. 0 on success, - 1 on failure.

3.4.1.1.15.Dictionary::createDatafil e()
Description. This method creates a new datafile, given aDat af i | e object.

Signature.

int createbDatafile

const Datafile& dFile

Parameters. A single argument — areferenceto an instance of Dat af i | e — isrequired.

Return Value. 0 on success, - 1 on failure.
3.4.1.1.16.Di ctionary: :createUndofil e()

Description. This method creates a new undofile, given an Undof i | e object.

Signature.

int createUndofile

const Undofile& uFile

Parameters. This method requires one argument: areference to an instance of Undofi | e.
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Return Value. 0 on success, - 1 on failure.

3.4.1.1.17.Di ctionary: :dropTabl e()
Description. Drops atable given an instance of Tabl e.

Signature.

int dropTabl e

const Tabl e& tabl e

Parameters. Aninstance of Tabl e. See Section 3.4.3.7, “The Tabl e Class’, for more information.

Return Value. 0 on success, - 1 on failure.

3.4.1.1.18. Di cti onary: : dropl ndex()

Description. This method drops an index given an instance of | ndex and possibly an optional instance
of Tabl e.

Signature.

i nt dropl ndex

const | ndex& i ndex

i nt dropl ndex

const | ndex& i ndex,
const Tabl e& tabl e

Parameters. Required: A referenceto an | ndex object. Optional: A referenceto a Tabl e object.

Return Value. 0 on success, - 1 on failure.

3.4.1.1.19. Di ctionary: :dropEvent ()
Description. This method drops an event, given areferenceto an Event object.

Signature.

int dropEvent

const Event & event

Parameters. A referenceevent toan Event object.
Return Value. 0 on success, - 1 onfailure.
3.4.1.1.20. Di ctionary: : dropTabl espace()
Description. This method drops a tablespace, given a Tabl espace object.

Signature.

int dropTabl espace
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const Tabl espace& t Space

Parameters. This method requires a single argument — areference to an instance of Tabl espace.

Return Value. 0 on success, - 1 on failure.
3.4.1.1.21. Dictionary: :dropLogfil eG oup()
Description. This method drops alogfile group, given an instance of Logf i | eG oup.

Signature.

int dropLogfil eG oup
const Logfil eG oup& | G oup

Parameters. A single argument, areferencetoalogfi | eG oup object, isrequired.

Return Value. 0 on success, - 1 onfailure.
3.4.1.1.22.Dictionary::dropDatafile()

Description. This method drops adatéfile, given aDat af i | e object.

Signature.

int dropDatafile
const Datafile& dFile

Parameters. A single argument — areferenceto aninstance of Dat af i | e — isrequired.

Return Value. 0 on success, - 1 on failure.

3.4.1.1.23. Dictionary: :dropUndofile()
Description. This method drops an undofile, given an Undof i | e object.

Signature.

int dropUndofile
const Undofile& uFile

Parameters. This method requires one argument: areference to an instance of Undof i | e.
Return Value. 0 on success, - 1 on failure.
3.4.1.1.24.Dictionary::listObjects()

Description. Thismethod is used to obtain alist of objectsin the dictionary. It is possible to get all of
the objectsin the dictionary, or to restrict the list to objects of asingle type.

Signatures.
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int |istObjects

Li st& l'ist,
oj ect:: Type type = Ooj ect:: TypeUndefi ned
) const

or

int listQbjects

Li st & list,
oj ect:: Type type = Obj ect:: TypeUndefi ned

Parameters. A referencetoali st object isrequired — thisisthe list that contains the dictionary's
objectsafter | i st Obj ect s() iscalled. (See Section 3.4.1.2, “TheLi st Class’.) An optional second
argument t ype may be used to restrict the list to only those objects of the given type — that is, of the
specified Obj ect : : Type. (See Section 3.4.3.1.5, “The Obj ect : : Type Type”.)

Return Value. 0 on success, - 1 on failure.
3.4.1.1.25.Dictionary::listlndexes()

Description. This method isused to obtainalLi st of al the indexes on atable, given the table's name.
(See Section 3.4.1.2, “The Li st Class’.)

Signature.

int |istlndexes

Li st & list,
const char* table
) const

or

int |istlndexes

List& list,
const char* table

Parameters. | i st | ndexes() takestwo arguments:

e Areferencetotheli st that contains the indexes following the call to the method
» Thenameof thet abl e whoseindexes are to be listed
Both of these arguments are required.

Return Value. 0 on success, - 1 on failure.

3.4.1.1.26.Di ctionary::renmoveCachedTabl e()
Description. This method removes the specified table from the local cache.

Signature.

voi d renoveCachedTabl e

const char* table
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Parameters. The name of thet abl e to be removed from the cache.

Return Value. None.

3.4.1.1.27.Di ctionary: : renmoveCachedl ndex()

3.4.1.2.

Description. This method removes the specified index from the local cache.

Signature.

voi d renpveCachedl| ndex

const char* index,
const char* table

Parameters. Ther enoveCachedl ndex() requirestwo arguments;

* Thename of thei ndex to be removed from the cache

» Thenameof thet abl e in which theindex isfound

Return Value. None.

The Li st Class

This section coverstheLi st class, asubclass of NdbDi cti onary: : Di ctionary.

Description. ThelLi st classisaDi cti onary subclassthat is used for representing lists popul ated
by the methodsDi cti onary: :|1istObjects() andDi ctionary::|listlndexes().(See
Section 3.4.1.1.24,“Di ctionary: : i st Obj ect s()”, and Section 3.4.1.1.25, “Di ct i on-
ary::listlndexes()”))

ClassMethods. This class has only two methods, a constructor and a destructor. Neither method takes
any arguments, and the return type of eachisvoi d.

Constructor. CalingthelLi st constructor createsanew Li st whosecount and el enent s attrib-
utes are both set equal to 0.

Destructor. Thedestructor ~Li st () issimply defined in such away asto remove al elements and
their properties. You can find its definition in the file/ st or -
age/ ndb/ i ncl ude/ ndbapi / NdbDi cti onary. hpp.

Attributes. A Li st hastwo attributes:

e count, anunsigned integer, which stores the number of elementsin thelist.
* el ement s, apointer to an array of El ement data structures contained in the list. See Sec-
tion 3.4.1.2.1, “The El enent Structure’.
Types. Theli st classdefinesan El enent structure, which is described in the following section.
Note

For a graphical representation of this class and its parent-child relationships, see Sec-
tion3.4.1,“TheDi cti onary Class’.
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3.4.1.2.1. The El enent Structure
This section discusses the structure NdbDi ct i onary: : Di ctionary: : List::El ement.
Description. The El enent structure models an element of alist; it is used to store an object ina
Li st populated by the methodsDi cti onary::|istojects() andDi cti on-
ary::listlndexes().

Attributes. An El enment has the attributes shown in the following table:

Attribute Type Initial Value
id unsi gned int 0
type oj ect:: Type bj ect: : TypeUndefi ned
state hject::State bj ect:: St at eUndefi ned
store hject::Store bj ect: : StoreUndefi ned
dat abase char* 0
schena char* 0
nane char* 0

Note

For a graphical representation of this class and its parent-child relationships, see Sec-
tion3.4.1, “TheDi cti onary Class’.

3.4.2. The Col umm Class

This class represents a column in an NDB Cluster table.

Description. Each instance of the Col umm is characterised by its type, which is determined by a num-
ber of type specifiers:

* Built-intype

» Array length or maximum length

» Precision and scale (currently not in use)

» Character set (applicable only to columns using string datatypes)

* Inline and part sizes (applicable only to BL OB columns)

These typesin general correspond to MySQL datatypes and their variants. The data formats are same as
in MySQL. The NDB API provides no support for constructing such formats; however, they are checked

by the NDB kernel.

Public Methods. The following table lists the public methods of this class and the purpose or use of
each method:

M ethod Purpose/ Use

get Nane() Gets the name of the column

get Nul I abl e() Checks whether the column can be set to NULL

get Pri maryKey() Check whether the column is part of the tabl€e's primary key
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M ethod Purpose/ Use

get Col ummNo() Gets the column number

equal () Compares Col umm abjects

get Type() Gets the column'stype (Type value)

get Lengt h()

Gets the column's length

get Char set ()

Get the character set used by a string (text) column (not applicable
to columns not storing character data)

getlnlineSize()

Getstheinline size of a BLOB column (not applicable to other
column types)

get Part Si ze()

Getsthe part size of a BLOB column (not applicable to other
column types)

getStripeSi ze()

Gets a BLOB column's stripe size (not applicable to other column
types)

get Si ze()

Gets the size of an element

getPartitionKey()

Checks whether the column is part of the tabl€'s partitioning key

get ArrayType()

Gets the column's array type

get St orageType()

Gets the storage type used by this column

get Preci sion()

Gets the column's precision (used for decimal types only)

get Scal e() Gets the column's scale (used for decimal types only)
Col um() Class constructor; there is also a copy constructor
~Col um() Class destructor

set Nane() Sets the column's name

set Nul | abl e()

Toggles the column's nullability

set Pri maryKey()

Determines whether the column is part of the primary key

set Type()

Sets the column's Ty pe

set Lengt h()

Sets the column's length

set Char set ()

Sets the character set used by a column containing character data
(not applicable to non-textual columns)

setlnlineSize()

Setstheinline size for a BLOB column (not applicable to
non-BL OB columns)

setPart Si ze()

Sets the part size for a BLOB column (not applicable to non-BLOB
columns)

set StripeSi ze()

Sets the stripe size for a BLOB column (not applicable to
non-BL OB columns)

set PartitionKey()

Determines whether the column is part of the table's partitioning
key

set ArrayType()

Setsthe column's Ar r ay Ty pe

set St orageType()

Sets the storage type to be used by this column

get Preci sion()

Gets the column's precision (used for decimal types only)

get Scal e() Gets the column's scale (used for decimal types only)
get Preci sion() Sets the column's precision (used for decimal types only)
get Scal e() Sets the column's scale (used for decimal types only)

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.4.2.2,
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“Col umm Class Methods’.

Public Types. These are the public types of the Col unm class:

Type Purpose/ Use

ArrayType Specifies the column'sinternal storage format

St or ageType Determines whether the column is stored in memory or on disk

Type The column’s datatype. NDB columns have the datatypes as found
in MySQL

For a discussion of each of these types, along with its possible values, see Section 3.4.2.1, “Col urm
Types'.

Class Diagram. Thisdiagram shows all the available methods and enumerated types of the Col um
class:
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Column
Column{name : const char* = "") : Column “enums:
Column{column : const Column&) : Column Type
~Column() Undefined
getName() : const char* TTHF1HF
getNullable() : bool T1nyuh15gned
getPrimaryKey() bool Sma111nt.
getColumnNo() : int 5ma11uh51gh9d
equal{column : Columné) bool Mediumint
getType() : Type Mediumunsigned
getPrecision() int Int.
getScale() : int Unsigned
getlength() : int Bigint
getCharset() : CHARSET INFO* Bigunsigned
getlnlineSize() int Float
getPartSize() : int DOUblE.
getStripeSize() int Olddecimal
getsSize() int f Olddecimalunsigned
getPartitionKey() bool Decjmal .
getArrayType() : ArrayType Decimalunsigned
getStorageType() S5torageType Char
setName(name : const char?*) Vgrchar
setNullable(nullable : bool) B1nary
setPrimaryKey(primary : bool) Varb1hary
setType(type : Type) Datetime
setPrecision(precision : int) Date
setScale(scale : int) Blob
setlength(length : int) Text
setCharset(charset : CHARSET_ INFO*) Bit
setInlineSize(size : int) Longvarchar
setPartSize(size : int) Longvarbinary
setStripeSize(size : int) Time
setPartitionkKey(enable : bool) ?gar
setArrayType(arrayType @ ArrayType) Timestamp
setStorageType(storageType : StorageType)
e
£enums ArrayType
Storagelype ArrayTypeFixed

StorageTypeMemory
StorageTypeDisk ArrayTypeShortVar

ArrayTypeMediumVar

3.4.2.1. Col umm Types

This section details the public types belonging to the Col umm class.

3.4.2.1.1. The Col um: : ArrayType Type

This type describes the Col unm'sinterna attribute format.
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Description. The attribute storage format can be either fixed or variable.

Enumeration Values.

Value Description

ArrayTypeFi xed stored as a fixed number of bytes

ArrayTypeShort Var stored as a variable number of bytes; uses 1 byte overhead
ArrayTypeMedi unvar stored as a variable number of bytes; uses 2 bytes overhead

The fixed storage format is faster but also generally requires more space than the variable format. The
defaultisArray TypeShort Var for Var * typesand Ar r ay TypeFi xed for others. The default is
usualy sufficient.

3.4.2.1.2. The Col um: : St or ageType Type
This type describes the storage type used by a Col unm object.
Description. The storage type used for a given column can be either in memory or on disk. Columns
stored on disk mean that less RAM isrequired overall but such columns cannot be indexed, and are po-

tentially much slower to access. The default is St or ageTypeMenor y.

Enumeration Values.

Value Description
St or ageTypeMenory Store the column in memory
St or ageTypeDi sk Store the column on disk

3.4.2.1.3. Col umm: : Type
Type isused to describe the Col unm object's datatype.

Description. Datatypesfor Col unm objects are analogous to the datatypes used by MySQL. The types
Ti nyi nt, Ti nyi ntunsi gned, Smal | i nt, Smal | unsi gned, Medi um nt , Medi unun-

si gned, | nt, Unsi gned, Bi gi nt, Bi gunsi gned, Fl oat , and Doubl e (that is, types Ti nyi nt
through Doubl e in the order listed in the Enumeration Valuestable) can be used in arrays.

Enumeration Values.

Value Description

Undefi ned Undefined

Ti nyi nt 1-byte signed integer
Ti nyunsi gned 1-byte unsigned integer
Smal | i nt 2-byte signed integer
Smal | unsi gned 2-byte unsigned integer
Medi um nt 3-byte signed integer
Medi ununsi gned 3-byte unsigned integer
I nt 4-byte signed integer
Unsi gned 4-byte unsigned integer
Bi gi nt 8-byte signed integer
Bi gunsi gned 8-byte signed integer
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Value Description

FI oat 4-byte float

Doubl e 8-byte float

A ddeci nal Signed decimal as used prior to MySQL 5.0

A ddeci mal unsi gned Unsigned decimal as used prior to MySQL 5.0

Deci nal Signed decimal as used by MySQL 5.0 and later

Deci mal unsi gned Unsigned decimal as used by MySQL 5.0 and later

Char A fixed-length array of 1-byte characters; maximum length is 255
characters

Var char A variable-length array of 1-byte characters, maximum length is
255 characters

Bi nary A fixed-length array of 1-byte binary characters; maximum length
is 255 characters

Var bi nary A variable-length array of 1-byte binary characters; maximum
length is 255 characters

Dat eti me An 8-byte date and time value, with a precision of 1 second

Dat e A 4-byte date value, with a precision of 1 day

Bl ob A binary large object; see Section 3.3, “The NdbBI ob Class”

Text A text blob

Bi t A bit value; the length specifies the number of bits

Longvar char A 2-byte Var char

Longvar bi nary A 2-byte Var bi nary

Ti e Time without date

Year 1-byte year value in the range 1901-2155 (same as MySQL)

Ti mest anp Unix time

Caution
I Do not confuse Col umm: : Type with Cbj ect : : Type or Tabl e: : Type.

3.4.2.2. Col um Class Methods

This section documents the public methods of the Col unm class.
Note

The assignment (=) operator is overloaded for this class, so that it always performs a deep
copy.

Warning

Aswith other database objects, Col urm object creation and attribute changes to existing
columns done using the NDB API are not visible from MySQL. For example, if you change
a column's datatype using Column::setType(), MySQL will regard the type of column as be-
ing unchanged. The only exception to this rule with regard to columns is that you can
change the name of an existing column using Col umm: : set Name() .

3.4.2.2.1. Col umm Constructor
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Description. You can create anew Col unm or copy an existing one using the class constructor.
Warning
I A Col um created using the NDB API will not be visibleto aMySQL server.
Signature. You can create either a new instance of the Col unm class, or by copying an existing

Col umm object. Both of these are shown here.

e Constructor for anew Col umm:

Col umm

const char* nane = ""

» Copy constructor:

Col um

const Col umé& col um

Parameters. When creating anew instance of Col unm, the constructor takes a single argument, which
is the name of the new column to be created. The copy constructor also takes one parameter — in this
case, areferenceto the Col unm instance to be copied.

Return Value. A Col urm object.

Destructor. The Col umm class destructor takes no arguments and None.

Examples.

[ To be supplied...]

3.4.2.2.2. Col um: : get Nane()
Description. This method returns the name of the column for which it is called.

Signature.

const char* get Nane

voi d
) const

Parameters. None.

Return Value. The name of the column.

3.4.2.2.3. Col um: : get Nul | abl e()
Description. This method is used to determine whether the column can be set to NULL.

Signature.

bool get Nul | abl e

voi d
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) const

Parameters. None.

Return Value. A Boolean value: t r ue if the column can be set to NULL, otherwisef al se.

3.4.2.2.4. Col um: : get Pri mar yKey()

Description. This method is used to determine whether the column is part of the table's primary key.

Signature.

bool get Pri maryKey

voi d
) const

Parameters. None.

Return Value. A Booleanvalue: t r ue if the column is part of the primary key of the table to which
this column belongs, otherwisef al se.

3.4.2.2.5. Col um: : get Col utmmNo()

Description. This method gets the number of acolumn — that is, its horizontal position within the ta-
ble.

Signature.

i nt get Col unmNo

voi d
) const

Parameters. None.

Return Value. The column number as an integer.

3.4.2.2.6. Col um: : equal ()

Description. This method is used to compare one Col urm with another to determine whether the two
Col um objects are the same.

Signature.

bool equal

const Col umé& col um
) const

Parameters. equal () takesasingle parameter, areference to an instance of Col um.

Return Value. t r ue if the columns being compared are equal, otherwisef al se.

3.4.2.2.7. Col umm: : get Type()

Description. This method gets the column's datatype.

Signature.
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Type get Type

voi d
) const

Parameters. None.

Return Value. The Type (datatype) of the column. For alist of possible values, see Section 3.4.2.1.3,
“Col um: : Type”.

3.4.2.2.8. Col um: : get Preci si on()

Description. This method gets the precision of a column.

Note
This method is applicable to decimal columns only.

Signature.

int getPrecision

voi d
) const

Parameters. None.
Return Value. The column's precision, as an integer. The precision is defined as the number of signi-

ficant digits, for more information, see the discussion of the DECI MAL datatype in Numeric Types
[http://dev.mysgl.com/doc/ref man/5./en/numeric-types.html], in the MySQL Manual.

3.4.2.2.9. Col um: : get Scal e()

Description. This method gets the scale used for a decimal column value.

Note
This method is applicable to decimal columns only.

Signature.

int getScal e
(

voi d
) const

Parameters. None.
Return Value. Thedecimal column's scale, as an integer. The scale of adecimal column represents the
number of digitsthat can be stored following the decimal point. It is possible for this valueto be 0. For

more information, see the discussion of the DECl MAL datatype in Numeric Types
[http://dev.mysgl.com/doc/ref man/5.1/en/numeric-types.html], in the MySQL Manual.

3.4.2.2.10. Col um: : get Lengt h()

Description. This method gets the length of a column. Thisis either the array length for the column or
— for avariable length array — the maximum length.

Signature.
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int getlLength

voi d
) const

Parameters. None.

Return Value. The (maximum) array length of the column, as an integer.

3.4.2.2.11. Col umm: : get Char set ()

Description. This gets the character set used by atext column.
Note

This method is applicable only to columns whose Ty pe valueis Char , Var char , or
Text .

Signature.

CHARSET | NFO* get Char set

voi d
) const

Parameters. None.

Return Value. A pointer to a CHARSET | NFO structure specifying both character set and collation.
Thisisthe sameasaMySQL MY CHARSET | NFOdata structure; for more information, see

nmysqgl get character_set _info()
[http://dev.mysqgl.com/doc/refman/5.1/en/mysgl-get-character-set-info.html],in the MySQL Manual.

3.4.2.2.12. Col um: : get I nli neSi ze()

Description. This method retrieves the inline size of a blob column — that is, the number of initia
bytesto store in the table's blob attribute. This part is normally in main memory and can be indexed.

Note
This method is applicable only to blob columns.

Signature.

int getlnlineSize

voi d
) const

Parameters. None.

Return Value. Theblob column'sinline size, as an integer.

3.4.2.2.13. Col umm: : get Part Si ze()

Description. This method is used to get the part size of ablob column — that is, the number of bytes
that are stored in each tuple of the blob table.

Note
This method is applicable to blob columns only.
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Signature.

int getPartSize

voi d
) const

Parameters. None.

Return Value. The column’s part size, as an integer. Inthe case of aTi nybl ob column, thisvalueis
0 (that is, only inline bytes are stored).

3.4.2.2.14. Col um: : get Stri peSi ze()

Description. This method gets the stripe size of ablob column — that is, the number of consecutive
parts to store in each node group.

Signature.
int getStripeSize
(

voi d
) const

Parameters. None.
Return Value. The column's stripe size, as an integer.
3.4.2.2.15. Col um: : get Si ze()

Description. Thisfunction is used to obtain the size of a column.

Signature.
int getSize

voi d
) const

Parameters. None.
Return Value. The column'ssizein bytes (an integer value).
3.4.2.2.16. Col um: : get Partiti onKey()

Description. This method is used to check whether the column is part of the table's partitioning key.

Note

A partitioning key is a set of attributes used to distribute the tuples onto the NDB nodes. This
key a hashing function specific to the NDBCl ust er storage engine.

An example where this would be useful is an inventory tracking application involving mul-
tiple warehouses and regions, where it might be good to use the warehouse ID and district id
as the partition key. Thiswould place all data for a specific district and warehouse in the
same database node. Locally to each fragment the full primary key will still be used with the
hashing agorithm in such a case.

For more information about partitioning, partitioning schemes, and partitioning keysin
MySQL 5.1, see Partitioning [http://dev.mysgl.com/doc/ref man/5.1/en/partitioning.html], in
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| the MySQL Manual.
Important

The only type of user-defined partitioning that is supported for use with the NDBCl ust er
storage engine in MySQL 5.1 is key partitioning.

Signature.

bool getPartitionKey

voi d
) const

Parameters. None.

Return Value. t r ue if the column is part of the partitioning key for the table, otherwisef al se.

3.4.2.2.17. Col um: : get ArrayType()
Description. This method gets the column's array type.

Signature.

ArrayType get ArrayType
(

voi d
) const

Parameters. None.

Return Value. AnArrayType; see Section 3.4.2.1.1, “The Col umm: : ArrayType Type” for pos-
sible values.

3.4.2.2.18. Col unm: : get St or ageType()
Description. This method obtains a column's storage type.

Signature.

St or ageType get St or ageType

voi d
) const

Parameters. None.

Return Value. A St or ageType value; for more information about this type, see Section 3.4.2.1.2,
“The Col um: : St or ageType Type".

3.4.2.2.19. Col um: : set Nane()
Description. This method is used to set the name of a column.
Important

set Nanme() istheonly Col unm method whose result is visible from a MySQL Server.
MySQL cannot see any other changes made to existing columns using the NDB API.

Signature.
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voi d set Nane

const char* nane

Parameters. This method takes a single argument — the new name for the column.
Return Value. This method None.
3.4.2.2.20. Col umm: : set Nul | abl e()
Description. This method allows you to toggle the nullability of a column.
Important
I Changes made to columns using this method are not visible to MySQL.

Signature.

voi d setNul | abl e

bool null abl e

Parameters. A Booleanvalue. Usingt r ue makesit possible to insert NULLs into the column; if nul -
| abl e isf al se, then this method performs the equivalent of changing the column to NOT NULL in

MySQL.
Return Value. No return value.
3.4.2.2.21. Col um: : set Pri mar yKey()

Description. This method is used to make a column part of the table's primary key, or to removeit from
the primary key.

Important
Changes made to columns using this method are not visible to MySQL.

Signature.

voi d set Pri mar yKey

bool primary

Parameters. This method takes a single Boolean value. If itist r ue, then the column becomes part of
the table's primary key; if f al se, then the column is removed from the primary key.

Return Value. No return value.
3.4.2.2.22. Col um: : set Type()
Description. This method setsthe Ty pe (datatype) of a column.
Important

set Type() resetsall column attributes to their (type dependent) default values; it should
be the first method that you call when changing the attributes of a given column.
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I Changes made to columns using this method are not visible to MySQL.

Signhature.

voi d set Type
Type type
)

Parameters. This method takes a single parameter — the new Col urm: : Ty pe for the column. The
default isUnsi gned. For alisting of all permitted values, see Section 3.4.2.1.3, “Col umm: : Type”.

Return Value. Noreturn value.
3.4.2.2.23. Col um: : set Pr eci si on()
Description. This method can be used to set the precision of a decimal column.
Important
This method is applicable to decimal columns only.
Changes made to columns using this method are not visible to MySQL.

Signature.

voi d set Preci sion

int precision

Parameters. This method takes a single parameter — precision is an integer, the value of the column's
new precision. For additional information about decimal precision and scale, see Section 3.4.2.2.8,
“Col um: : get Preci si on() ", and Section 3.4.2.2.9, “Col umm: : get Scal e() ".

Return Value. No return value.

3.4.2.2.24. Col um: : set Scal e()
Description. This method can be used to set the scale of adecimal column.
Important
This method is applicable to decimal columns only.
Changes made to columns using this method are not visible to MySQL.

Signature.

voi d set Scal e

int scale

Parameters. This method takes a single parameter — theinteger scal e isthe new scale for the
decimal column. For additional information about decimal precision and scale, see Section 3.4.2.2.8,
“Col umm: : get Preci sion()”, and Section 3.4.2.2.9, “Col umm: : get Scal e() ".

Return Value. No return value.
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3.4.2.2.25. Col umm: : set Lengt h()

Description. This method sets the length of a column. For avariable-length array, thisis the maximum
length; otherwise it isthe array length.

Important
Changes made to columns using this method are not visible to MySQL.

Signature.

voi d setlLength

int length

Parameters. This method takes a single argument — the integer value | engt h isthe new length for
the column.

Return Value. No return value.
3.4.2.2.26. Col um: : set Char set ()

Description. This method can be used to set the character set and collation of a Char , Var char , or
Text column.

Important
This method is applicable to Char , Var char , and Text columnsonly.
Changes made to columns using this method are not visible to MySQL.

Signature.

voi d set Char set

CHARSET | NFO* cs

Parameters. This method takes one parameter. cs isapointer to a CHARSET | NFOstructure. For ad-
ditional information, see Section 3.4.2.2.11, “Col unm: : get Char set () ”.

Return Value. No return value.

3.4.2.2.27. Col um: : set I nl i neSi ze
Description. This method gets the inline size of a BLOB column — that is, the number of initial bytes
to storein the tabl€e's blaob attribute. This part is normally kept in main memory, and can be indexed and
interpreted.
Important
This method is applicable to BLOB columns only.

Changes made to columns using this method are not visible to MySQL.

Signature.

voi d setlnlineSize

int size
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Parameters. Theinteger si ze isthe new inline size for the BLOB column.

Return Value. No return value.
3.4.2.2.28. Col umm: : set Part Si ze()

Description. This method sets the part size of a BLOB column — that is, the number of bytesto storein
each tuple of the BLOB table.

Important
This method is applicable to BLOB columns only.
Changes made to columns using this method are not visible to MySQL.

Signature.

voi d set Part Si ze

int size

Parameters. Theinteger si ze isthe number of bytesto storein the BLOB table. Using zero for this
value alows only inline bytes to be stored, in effect making the column'stype TI1 NYBLOB.

Return Value. No return value.
3.4.2.2.29. Col um: : set Stri peSi ze()

Description. This method sets the stripe size of a BLOB column — that is, the number of consecutive
parts to store in each node group.

Important
This method is applicable to BLOB columns only.
Changes made to columns using this method are not visible to MySQL.

Signature.

voi d setStripeSi ze

int size

Parameters. This method takes a single argument. The integer si ze isthe new stripe size for the
column.

Return Value. No return value.

3.4.2.2.30. Col um: : set PartitionKey()

Description. This method makes it possible to add a column to the partitioning key of the table to
which it belongs, or to remove the column from the table's partitioning key.

Important

Changes made to columns using this method are not visible to MySQL.
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I For additional information, see Section 3.4.2.2.16, “Col umm: : get Partiti onKey()".

Signhature.

void setPartitionKey

bool enabl e

Parameters. The single parameter enabl e isaBoolean value. Passing t r ue to this method makes
the column part of the tabl€'s partitioning key; if enabl e isf al se, then the column is removed from
the partitioning key.

Return Value. No return value.

3.4.3. The (bj ect Class

This class provides meta-information about database objects such as tables and indexes. Obj ect sub-
classes model these and other database objects.

Public Methods. The following table lists the public methods of the Cbj ect class and the purpose or
use of each method:

M ethod Purpose/ Use

get Obj ect St at us() Gets an object's status

get Obj ect Ver si on() Gets the version of an object
get Obj ect1d() Getsan object'sID

For a detailed discussion of each of these methods, see Section 3.4.3.2, “Chj ect Class Methods”.

Public Types. These are the public types of the Cbj ect class:

Type Purpose/ Use

Fragnent Type Fragmentation type used by the object (atable or index)

State The object's state (whether it is usable)

St at us The object's state (whether it is available)

Store Whether the object has been temporarily or permanently stored

Type The object's type (what sort of table, index, or other database ob-
ject the Cbj ect represents)

For a discussion of each of these types, along with its possible values, see Section 3.4.3.1, “Obj ect
Class Enumerated Types'.

This diagram shows all public members of the Obj ect class:
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wenum: Object

FragmentType getObjectStatus() : Status

Fraglndefined . . .

FoTerELe getDbJectVers1?n() cint

FragAllSmall getObjectId() : int

FragAllMedium

FragAlllLarge

DistrKeyHash

DistrKeylLin prrT—

UserDefined State
StatelUndefined “enums
StateOffline Status
StateBuilding New «enum»
StateDropping Changed Store
StateOnline Retrieved| [StorelUndefined
StateBackup Invalid StoreTemporary
StateBroken Altered StorePermanent

Lenum:

Type

TypeUndefined
SystemTable
UserTable
UniqueHashIndex
OrderedIndex
HashIndexTrigger
IndexTrigger
SubscriptionTrigger
ReadOnlyConstraint
Tablespace
LogfileGroup
Datafile

Undofile

For avisual representation of Obj ect 's subclasses, see Section 3.4, “The NdbDi ct i onary Class’.

3.4.3.1. Qbj ect Class Enumerated Types

This section detail s the public enumerated types belonging to the Cbj ect class.

3.4.3.1.1. The bj ect : : Fragnent Type Type

Thistype describes the Obj ect 's fragmentation type.

Description. This parameter specifies how datain the table or index is distributed among the cluster's
storage nodes, that is, the number of fragments per node. The larger the table, the larger the number of
fragments that should be used. Note that all replicas count as asingle fragment. For atable, the default is
FragAl | Medi um For aunique hash index, the default is taken from the underlying table and cannot

currently be changed.

Enumeration Values.

Value

Description

FragUndef i ned

The fragmentation type is undefined or the default

FragAl | Medi um

Two fragments per node

FragAl | Lar ge

Four fragments per node

3.4.3.1.2. The Ooj ect : : St at e Type

This type describes the state of the Obj ect .

Description. This parameter provides us with the object's state. By state, we mean whether or not the
object is defined and isin a usable condition.

Enumeration Values.

Value

Description

St at eUndef i ned

Undefined

StateO fline

Offline, not useable

St at eBui | di ng

Building (e.g. restore?), not useable(?)

St at eDr oppi ng

Going offline or being dropped; not usable
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Value

Description

StateOnline

Online, usable

St at eBackup

Online, being backed up, usable

St at eBr oken

Broken; should be dropped and re-created

3.4.3.1.3. The Ohj ect : : St at us Type

This type describes the Cbj ect 's status.

Description. Reading an object's St at us tells whether or not it is available in the NDB kernel.

Enumeration Values.

Value Description

New The object exists only in memory, and has not yet been created in
the NDB kernel

Changed The object has been modified in memory, and must be committed
in the NDB Kernel for changesto take effect

Retrieved The object exists, and has been read into main memory from the
NDB Kernel

Invalid The object has been invalidated, and should no longer be used

Altered The table has been altered in the NDB kernel, but is still available
for use

3.4.3.1.4. The Ooj ect: : St or e Type

Thistype describes the Obj ect 's persistence.

Description. Reading thisvalue tells usisthe object istemporary or permanent.

Enumeration Values.

Value

Description

St or eUndef i ned

The object is undefined

St or eTenpor ary

Temporary storage; the object or datawill be deleted on system re-
Start

St or ePer nanent

The object or data is permanent; it has been logged to disk

3.4.3.1.5. The Ohj ect : : Type Type

Thistype describes the Obj ect 'stype.

Description. The Ty pe of the object can be one of several different sorts of index, trigger, tablespace,

and so on.

Enumeration Values.

Value

Description

TypeUndefi ned

Undefined
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Value Description
Syst enirabl e System table
User Tabl e User table (may be temporary)

Uni queHashl ndex

Unique (but unordered) hash index

Or der edl ndex

Ordered (but not unique) index

Hashl ndexTri gger

Index maintenance (internal)

I ndexTri gger

Index maintenance (internal)

Subscri ptionTri gger

Backup or replication (internal)

ReadOnl yConst r ai nt Trigger (internal)
Tabl espace Tablespace
Logfil eG oup Logfile group
Dat afile Datafile
Undofil e Undofile

hj ect Class Methods

The sections that follow describe each of the public methods of the Obj ect class.

Important

All 3 of these methods are pure virtual methods, and are reimplemented in the Tabl e, | n-
dex, and Event subclasses where needed. See Section 3.4.3.7, “The Tabl e Class’, Sec-
tion 3.4.3.5, “The | ndex Class’, and Section 3.4.3.4, “The Event Class'.

3.4.3.2.1. bj ect : : get Obj ect St at us()

Description. This method retrieves the status of the object for which it isinvoked.

Signature.

virtual Status get Object Status

voi d
) const

Parameters. None.

Return Value. Thecurrent St at us of the Obj ect . For possible values, see Section 3.4.3.1.3, “The

Obj ect: : St at us Type”.

3.4.3.2.2. Qbj ect : : get Obj ect Versi on()

Description. The method gets the current version of the object.

Signature.

virtual int getObjectVersion

voi d
) const

Parameters. None.
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Return Value. The object's version number, an integer.

3.4.3.2.3. bj ect: : get Obj ect 1 d()

Description. This method retrieves the object's ID.

Signature.

virtual int getObjectld

voi d
) const

Parameters. None.

Return Value. Theobject ID, an integer.

3.4.3.3. The Dat af i | e Class

This section coversthe Dat af i | e class.

Description. TheDat af i | e classmodels a Cluster Disk Data datafile, which is used to store Disk

Datatable data

Note

In MySQL 5.1, only unindexed column data can be stored on disk. Indexes and indexes
columns continue to be stored in memory as with previous versions of MySQL Cluster.

Versions of MySQL prior to 5.1 do not support Disk Data storage and so do not support
datafiles; thusthe Dat af i | e classisunavailable for NDB API applications written against

these MySQL versions.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod Purpose/ Use

Datafil e() Class constructor

~Dat afil e() Destructor

get Pat h() Gets the filesystem path to the datafile

get Si ze() Gets the size of the datafile

get Free() Gets the amount of free space in the datafile

get Node() Gets the ID of the node where the datafile is |ocated

get Tabl espace()

Gets the name of the tablespace to which the datafile belongs

get Tabl espacel d()

Gets the ID of the tablespace to which the datafile belongs

get Fi l eNo()

Gets the number of the datafile in the table space

get Obj ect St at us()

Gets the datafil€'s object status

get Obj ect Ver si on()

Gets the datafil€'s object version

get Obj ect 1 d()

Getsthe datafile's object ID

set Pat h()

Sets the name and location of the datafile on the filesystem

set Si ze()

Setsthe datefil€'s size

set Tabl espace()

Sets the tablespace to which the datafile belongs
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M ethod Purpose/ Use

set Node() Sets the Cluster node where the datafile is to be located

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-
tion 3.4.3.3.1, “Dat af i | e Class Methods”.

Public Types. The Dat af i | e class defines no public types.

Class Diagram. Thisdiagram shows all the available methods of the Dat af i | e class:

Datafile
Datafile()
Datafile(datafile : const Datafile&)
~ Datafile()

getPath() : const char*

getSize() : Uinted

getFree() : Uint64d

getTablespace() : const char*
getTablespaceld() : Uint32
getNode() : Uint32

getFileNo() : WUint32
getObjectStatus() : Object::5tatus
getObjectVersion{) : int
getObjectId() : int

setPath(name : const char®*)
setSize(size : Uinted)
setTablespace(name : const char?*)
setTablespace(tablespace : class const Tablespace&)
setNode(nodeld : Uint32)

3.4.3.3.1. Dat af i | e Class Methods

This section provides descriptions of the public methods of the Dat af i | e class.
3.4.3.3.1.1. Dat af i | e Class Constructor

Description. This method creates a new instance of Dat af i | e, or acopy of an existing one.

Signature. To create a new instance:

Dat afil e

voi d

To create acopy of an existing Dat af i | e instance:

Datafil e
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const Datafile& datafile

Parameters. New instance: None. Copy constructor: areference to the Dat af i | e instance to be
copied.

Return Value. A Dat af i | e object.

3.4.3.3.1.2. Dat afi | e: : get Pat h()

Description. This method returns the filesystem path to the datafile.

Signature.

const char* getPath

voi d
) const

Parameters. None.

Return Value. The path to the datafile on the data node's filesystem, a string (character pointer).

3.4.33.13. Datafile::getSize()

Description. This method gets the size of the datafile in bytes.

Signature.

Ui nt 64 getSi ze

voi d
) const

Parameters. None.

Return Value. The size of the datafile, in bytes, as an unsigned 64-bit integer.

3.4.33.14. Datafile::getFree()

Description. This method gets the free space available in the datefile.

Signhature.

Ui nt 64 get Free

voi d
) const

Parameters. None.

Return Value. The number of bytes free in the datafile, as an unsigned 64-bit integer.

3.4.3.3.15. Datafi | e: : get Tabl espace()

Description. This method can be used to obtain the name of the tablespace to which the datafile be-
longs.

| Note
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Y ou can also access the associated tablespace's ID directly. See Section 3.4.3.3.1.6, “Dat a-
file::getTabl espacel d()”.

Signature.

const char* get Tabl espace

voi d
) const

Parameters. None.
Return Value. The name of the associated tablespace (as a character pointer).
3.4.3.3.1.6. Datafi | e:: get Tabl espacel d()
Description. This method getsthe ID of the tablespace to which the datafile belongs.
Note

Y ou can also access the name of the associated tablespace directly. See Section 3.4.3.3.1.5,
“Dat afi | e: : get Tabl espace()".

Signature.

Ui nt 32 get Tabl espacel d
(

voi d
) const

Parameters. None.

Return Value. Theis method returns the tablespace ID as an unsigned 32-bit integer.
3.4.3.3.1.7.Dat af i | e: : get Node()

Description. This method retrievesthe ID of the Cluster node on which the datafile resides.

Signature.

Ui nt 32 get Node
(

voi d
) const

Parameters. None.
Return Value. The node ID as an unsigned 32-hit integer.
3.4.3.3.1.8. Datafile::getFileNo()
Description. This method gets the number of the file within the associated tablespace.

Signature.

Ui nt 32 getFil eNo
(

voi d
) const

Parameters. None.
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Return Value. The file number, as an unsigned 32-bit integer.
3.4.3.3.1.9. Datafi | e: : get Cbj ect St at us()
Description. This method is used to obtain the datefile's object status.

Signature.

virtual Object::Status get Object St at us

voi d
) const

Parameters. None.

Return Value. The datafiles St at us. See Section 3.4.3.1.3, “The Obj ect : : St at us Type".
3.4.3.3.1.10. Dat af i | e: : get Obj ect Ver si on()

Description. This method retrieves the datafile€'s object version.

Signature.

virtual int getObjectVersion

voi d
) const

Parameters. None.

Return Value. The datafile's object version, as an integer.
3.4.33.1.11. Datafi |l e: : get Ooj ect 1 d()

Description. This method is used to obtain the object ID of the datafile.

Signature.

virtual int getObjectld

voi d
) const

Parameters. None.
Return Value. The datafile's object 1D, as an integer.
3.4.3.3.1.12. Dat af i | e: : set Pat h()
Description. This method sets the path to the datafile on the data node's filesystem.

Signature.

const char* getPath

voi d
) const

Parameters. The path to thefile, astring (as a character pointer).

Return Value. None.

79



NDB APl CLASSES

3.4.3.3.1.13. Datafil e::setSize()
Description. This method sets the size of the datéfile.

Signature.

voi d setSize

Ui nt 64 size

Parameters. This method takes a single parameter — the desired si ze in bytesfor the datafile, as an
unsigned 64-bit integer.

Return Value. None.
3.4.3.3.1.14. Dat af i | e: : set Tabl espace()
Description. This method is used to associate the datafile with a tablespace.

Signatures. set Tabl espace() can beinvoked with either the name of the tablespace, as shown
here:

voi d set Tabl espace

const char* nane

Or with areferenceto a Tabl espace object.

voi d set Tabl espace

const cl ass Tabl espace& tabl espace

Parameters. This method takes a single parameter, which can be either one of the following:

» Thenane of the tablespace (as a character pointer).

» A referencet abl espace to the corresponding Tabl espace object.

Return Value. None.
3.4.3.3.1.15. Dat af i | e: : set Node()
Description. Designates the node to which this datefile belongs.

Signature.

voi d set Node
Ui nt 32 nodeld

Parameters. Thenodel d of the node on which the datafile is to be located (an unsigned 32-bit integer
value).

Return Value. None.

3.4.3.4. The Event Class
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This section discusses the Event class, its methods and defined types.

Description. This class represents a database event in aMySQL Cluster.

Public Methods. The following table lists the public methods of the Event class and the purpose or

use of each method:

M ethod Purpose/ Use

Event () Class constructor

~Event () Destructor

get Nane() Gets the event's name

get Tabl e() Getsthe Tabl e object on which the event is defined

get Tabl eName()

Gets the name of the table on which the event is defined

get Tabl eEvent ()

Checks whether an event is to be detected

getDurability()

Gets the event's durability

get Report ()

Gets the event's reporting options

get NoOf Event Col uims()

Gets the number of columns for which an event is defined

get Event Col um()

Gets a column for which an event is defined

get Obj ect St at us()

Gets the event's object status

get Obj ect Ver si on()

Gets the event's object version

get Obj ect1d()

Gets the event's object ID

set Nane()

Sets the event's name

set Tabl e()

Setsthe Tabl e object on which the event is defined

addTabl eEvent ()

Adds the type of event that should be detected

setDurability()

Sets the event's durability

set Report ()

The the event's reporting options

addEvent Col unmm()

Adds a column on which events should be detected

addEvent Col umms()

Adds multiple columns on which events should be detected

mer geEvent s()

Stes the event's merge flag

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-
tion 3.4.3.4.2, “Event Class Methods”.

Public Types. These arethe public types of the Event class:

Type

Purpose/ Use

Tabl eEvent

Represents the type of atable event

Event Durability

Specifies an event's scope, accessibility, and lifetime

Event Report

Specifies the reporting option for atable event

For a discussion of each of these types, along with its possible values, see Section 3.4.3.4.1, “Event

Types’.

Class Diagram. Thisdiagram shows all the available methods and enumerated types of the Event

class:
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3.4.3.4.1. Event Types

This section details the public types

Event
Event(name : const char*) : Event
Event(name : const char*, table : const NdbDictionary::Table&) : Event
~Event ()
getName () const char*
getTable() : const NdbDictionary::Table*
getTableName() const char*
getTableEvent(te : const Event::TableEvent) : bool
getDurability() : EventDurability
getReport() : EventReport
getNoOTEventColumns() int
getEventColumn(no : unsigned) : const MdbDictionary::Column*
getObjectStatus() Status
getObjectVersion() int
getObjectId() int
setName(name : const char*)
setTable(table : const NdbDictionary::Table&)
addTableEvent(te : const Event::TableEvent)
setDurability(ed : EventDurability)
setReport(er : EventReport)
addEventCoumn(attrID : unsigned)
addEventColumn{columnName : const char®*)
addEventColumns(n : int, columnNames : const char**)
mergeEvents(flag : bool)
«EEEm»
TableEvent
TE_INSERT
TE_DELETE
<enum» E—g;gﬁﬁ
. «enums
E;EEEEE;$E;é1tY TE_ALTER EventReport
ED SESSION TE_CREATE ER_UPDATED
ED TEMPORARY TE_GCP_COMPLETE ER_ALL
ED_PERMANENT TE_CLUSTER_FAILURE ER_SUBSCRIBE

TE_STOP
TE_NODE_FAILURE
TE_SUBSCRIBE
TE_UNSUBSCRIBE
TE ALL

belonging to the Event class.

3.4.3.4.1.1. The Event : : Tabl eEvent Type

This section describes Tabl eEvent , atype defined by the Event class.

Description. Tabl eEvent isused to classify the types of events that may be associated with tablesin

the NDB API.
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Enumeration Values.

Value Description

TE_| NSERT Insert event on atable

TE_DELETE Delete event on atable

TE_UPDATE Update event on atable

TE_DROP Occurs when atable is dropped

TE _ALTER Occurs when atable definition is changed
TE_CREATE Occurs when atable is created

TE_GCP_COMPLETE

Occurs on Cluster failures

TE_CLUSTER_FAI LURE

Occurs on the completion of aglobal checkpoint

TE_STOP

Occurs when an event operation is stopped

TE_NODE_FAI LURE

Occurs when a Cluster node fails

TE_SUBSCRI BE

Occurs when a cluster node subscribes to an event

TE_UNSUBSCRI BE

Occurs when a cluster node unsubscribes from an event

TE_ALL

Occurs when any event occurs on atable (not relevant when a spe-
cific event is received)

3.4.3.4.1.2. The Event : : Event Durabi l i ty Type

This section discusses Event Dur abi | i ty, atype defined by the Event class.

Description. The values of thistype are used to describe an event's lifetime or persistence aswell asits

scope.

Enumeration Values.

Value Description

ED_UNDEFI NED The event is undefined or of an unsupported type

ED SESSI ON This event persists only for the duration of the current session, and
isavailable only to the current application. It is deleted after the
application disconnects or following a cluster restart

ED TEMPORARY Any application may use the event, but it is deleted following a
cluster restart

ED_PERMANENT Any application may use the event, and it persists until deleted by

an application — even following a cluster restart

3.4.3.4.1.3. The Event : : Event Report Type

This section discusses Event Repor t , atype defined by the Event class.

Description. The values of this type are used to specify reporting options for table events.

Enumeration Values.

Value Description
ER_UPDATED Reporting of update events
ER ALL Reporting of all events, except for those not resulting in any up-
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Value Description
dates to the inline parts of BLOB columns
ER_SUBSCRI BE Reporting of subscription events

3.4.3.4.2. Event Class Methods
3.4.3.4.2.1. Event Constructor

Description. The Event constructor creates a new instance with a given name, and optionally associ-
ated with atable.

Signatures. Nameonly:

Event

const char* nane

Name and associated table:

Event

const char* nane,
const NdbDi cti onary:: Tabl e& tabl e

Parameters. At aminimum, anane (as aconstant character pointer) for the event is required. Option-
ally, an event may also be associated with a table; this argument, when present, isareferencetoaTa-
bl e object (see Section 3.4.3.7, “The Tabl e Class’).

Return Value. A new instance of Event .

Destructor. A destructor for this classis supplied as a virtual method which takes no arguments and
whose return typeisvoi d.

3.4.3.4.2.2. Event : : get Nane()
Description. This method obtains the name of the event.

Signature.

const char* get Name

voi d
) const

Parameters. None.
Return Value. The name of the event, as a character pointer.

3.4.3.4.2.3. Event : : get Tabl e()
Description. This method is used to find the table with which an event is associated. It returns arefer-
ence to the corresponding Tabl e object. Y ou may also obtain the name of the table directly using get-
TableName(). (For details, see Section 3.4.3.4.2.4, “Event : : get Tabl eNane() ".)

Signature.

const NdbDi ctionary:: Tabl e* get Tabl e
(
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voi d
) const

Parameters. None.

Return Value. Thetable with which the event is associated — if there is one— asa pointer toa Ta-
bl e object; otherwise, this method returns NULL. (See Section 3.4.3.7, “The Tabl e Class’.)

3.4.3.4.2.4. Event : : get Tabl eNane()

Description. This method obtains the name of the table with which an event is associated, and can
serve as a convenient alternative to get Tabl e() . (See Section 3.4.3.4.2.3,
“Bvent::getTable()".)

Signature.

const char* get Tabl eNanme

voi d
) const

Parameters. None.

Return Value. The name of the table associated with this event, as a character pointer.
3.4.3.4.2.5. Event : : get Tabl eEvent ()

Description. This method is used to check whether a given table event will be detected.

Signature.

bool get Tabl eEvent

const Tabl eEvent te
) const

Parameters. This method takes a single parameter - the table event'stype, that is, aTabl eEvent
value. See Section 3.4.3.4.1.1, “The Event : : Tabl eEvent Type’, for thelist of possible values.

Return Value. Thismethod returnst r ue if eventsof Tabl eEvent typet e will be detected. Other-
wise, thereturn valueisf al se.

3.4.3.4.2.6. Event::getDurability()
Description. This method gets the event's lifetime and scope (that is, itsEvent Dur abi | i ty).

Signature.

EventDurability getDurability
(

voi d
) const

Parameters. None.

Return Value. AnEvent Dur abi | i ty value. See Section 3.4.3.4.1.2, “The
Event:: Event Dur abi | i ty Type”, for possible values.

3.4.3.4.2.7. Event : : get Report ()
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Description. This method is used to obtain the reporting option in force for this event.

Signhature.

Event Report get Report

voi d
) const

Parameters. None.

Return Value. One of the reporting options specified in Section 3.4.3.4.1.3, “The
Event:: Event Report Type'.

3.4.3.4.2.8. Event : : get NoOf Event Col umrms()
Description. This method obtains the number of columns on which an event is defined.

Signature.

int get NoOrf Event Col umms
(

voi d
) const

Parameters. None.
Return Value. The number of columns (as an integer), or - 1 in the case of an error.
3.4.3.4.2.9. Event : : get Event Col umm()

Description. This method is used to obtain a specific column from among those on which an event is
defined.

Signature.

const Col um* get Event Col utm

unsi gned no
) const

Parameters. The number (no) of the column, as obtained using get NoOf Col urms() (see Sec-
tion 3.4.3.4.2.8, “Event : : get NoOf Event Col umms() ).

Return Value. A pointer to the Col urm corresponding to no.
3.4.3.4.2.10. Event : : get Obj ect St at us()
Description. This method gets the object status of the event.

Signature.

virtual Object::Status get Object Status

voi d
) const

Parameters. None.

Return Value. The object status of the event — for possible values, see Section 3.4.3.1.3, “ The Cb-
ject:: Status Type'.
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3.4.3.4.2.11. Event : : get Obj ect Ver si on()
Description. This method gets the event's object version.

Signature.

virtual int getObjectVersion

voi d
) const

Parameters. None.

Return Value. The object version of the event, as an integer.
3.4.3.4.2.12. Event : : get Obj ect 1 d()

Description. This method retrieves an event's object ID.

Signature.

virtual int getObjectld
(

voi d
) const

Parameters. None.
Return Value. The object ID of the event, as an integer.
3.4.3.4.2.13. Event : : set Nane()

Description. This method is used to set the name of an event. The name must be unique among all
events visible from the current application (see Section 3.4.3.4.2.6, “Event : : get Durabi lity()").

Note

Y ou can also set the event's name when first creating it. See Section 3.4.3.4.2.1, “Event
Constructor”.

Signature.

voi d set Nane

const char* nane

Parameters. The nane to be given to the event (as a constant character pointer).
Return Value. None.
3.4.3.4.2.14. Event : : set Tabl e()
Description. This method defines a table on which events are to be detected.
Note
By default, event detection takes place on all columnsin thetable. UseaddEvent -

Col um(') to override this behaviour. For details, see Section 3.4.3.4.2.18,
“Event :: addEvent Col utm() ".
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Signature.

voi d set Tabl e

const NdbDi ctionary:: Tabl e& tabl e

Parameters. This method requires a single parameter, a reference to the table (see Section 3.4.3.7, “The
Tabl e Class’) on which events are to be detected.

Return Value. None.
3.4.3.4.2.15. Event : : addTabl eEvent ()
Description. This method is used to add types of events that should be detected.

Signature.

voi d addTabl eEvent

const Tabl eEvent te

Parameters. Thismethod requiresaTabl eEvent vaue. See Section 3.4.3.4.1.1, “The
Event : : Tabl eEvent Type’ for possible values.

Return Value. None.
3.4.3.4.2.16. Event : : set Durabi l i ty()
Description. This method sets an event's durability — that is, its lifetime and scope.

Signature.

voi d setDurability(EventDurability ed)

Parameters. This method requiresasingle Event Dur abi | i t y value as a parameter. See Sec-
tion 3.4.3.4.1.2,“The Event : : Event Dur abi | i ty Type", for possible values.

Return Value. None.
3.4.3.4.2.17. Event : : set Report ()

Description. This method is used to set areporting option for an event. Possible option values may be
found in Section 3.4.3.4.1.3, “TheEvent : : Event Report Type'.

Signature.

voi d set Report
Event Report er

Parameters. AnEvent Report option value.
Return Value. None.
3.4.3.4.2.18. Event : : addEvent Col uim()

Description. This method is used to add a column on which events should be detected. The column

88



NDB APl CLASSES

may beindicated either by itsID or its name.

Important

YoumustinvokeDi cti onary: : creat eEvent () beforeany errorswill be detected.
See Section 3.4.1.1.12, “Di cti onary: : creat eEvent ()".

Note

If you know several columns by name, you can enable event detection on al of them at one
timeby using addEvent Col unms() . See Section 3.4.3.4.2.19,

“Event :: addEvent Col utms() ”.

Signature. Identifying the event using its column ID:

voi d addEvent Col umm

unsigned attrld

| dentifying the column by name:

voi d addEvent Col umm

const char* col unmNane

Parameters. This method takes a single argument, which may be either one of:

 ThecolumnID (at t r | d), which should be an integer greater than or equal to 0, and less than the
value returned by get NoOf Event Col umms() .

e Thecolumn'snane (asaconstant character pointer).

Return Value. None.

3.4.3.4.2.19. Event : : addEvent Col ums()

Description. This method is used to enable event detection on several columns at the sametime. You
must use the names of the columns.

Important

AswithaddEvent Col umm( ), youmustinvokeDi cti onary: : creat eEvent () be
fore any errors will be detected. See Section 3.4.1.1.12, “Di cti on-
ary::createEvent ()".

Signature.

voi d addEvent Col urms

i nt n,
const char** col untmNanes

Parameters. This method requires two arguments:

e The number of columns n (an integer).

» The names of the columns col utMmNamnes — this must be passed as a pointer to a character pointer.
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Return Value. None.

3.4.3.4.2.20. Event : : ner geEvent s()

Description. This method is used to set the merge events flag, whichisf al se by default. Setting it to
t r ue impliesthat events are merged as follows:

» Foragiven NdbEvent Oper at i on associated with this event, events on the same primary key
within the same global checkpoint index (GCI) are merged into a single event.

« A blobtable event is created for each blob attribute, and blob events are handled as part of main ta-

ble events.

» Blob post/pre data from blob part events can be read via NdbBI ob methods as a single value.

Note

Currently thisflag is not inherited by NdbEvent Oper at i on, and must be set on Nd-
bEvent Qper at i on explicitly. See Section 3.5, “The NdbEvent Qper at i on Class’.

Signature.

voi d nergeEvents

bool flag

Parameters. A Booleanf | ag value.

Return Value. None.

3.4.3.5. The | ndex Class

This section provides areference to the | ndex class and its public members.

Description. Thisclass represents an index on an NDB Cl ust er table column. It is a descendant of
the NdbDi cti onary class, viathe Obj ect class. For information on these, see Section 3.4, “The
NdbDi cti onary Class’, and Section 3.4.3, “The Obj ect Class'.

Public Methods. The following table lists the public methods of | ndex and the purpose or use of each

method:

M ethod Purpose/ Use

I ndex() Class constructor

~I ndex() Destructor

get Nane() Gets the name of the index

get Tabl e() Gets the name of the table being indexed

get NoOf Col umtms() Gets the number of columns belonging to the index
get Col um() Gets a column making up (part of) the index

get Type() Gets the index type

get Loggi ng()

Checks whether the index is logged to disk

get Obj ect St at us()

Getsthe index object status

get Obj ect Ver si on()

Gets the index object status
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M ethod Purpose/ Use

get Obj ect1d() Gets the index object ID

set Name() Sets the name of the index

set Tabl e() Sets the name of the table to be indexed
addCol um() Addsa Col unm object to the index
addCol umNane() Adds a column by name to the index
addCol umNanmes() Adds multiple columns by name to the index
set Type() Set the index type

set Loggi ng() Enable/disable logging of the index to disk

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-

tion 3.4.3.5.2, “| ndex Class Methods’.

Public Types. Index has one public type, the Ty pe type. For a discussion of Type, see Sec-

tion 3.4.3.5.1, “Thel ndex: : Type Type".

Class Diagram. Thisdiagram shows all the available methods and enumerated types of the | ndex

class:

Index

getName() : const char*

getTable() : const char*
getNoOfColumns() : unsigned

getColumn(no : unsigned) : const Column*
getType() : Type

getLogging() : bool

getObjectStatus() : Object::S5tatus
getObjectVersion() : int

getObjectId() : int

Index({name : const char®*)

~ Index()

setName(name : const char®*)
setTable({name : const char®*)

addColumn({c : const Column&)
addColumnName (name : const char*)
addColumnNames (no0fColumnNames : unsigned, names
setType(type : Type)

setlogging(enable : bool)

const char**)

«enum»
Type
Undefined
UniqueHashIndex
OrderedIndex
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3.4.3.5.1. The | ndex: : Type Type

Description. Thisisan enumerated type which describes the sort of column index represented by a giv-
en instance of | ndex.

Caution

Do not confuse this enumerated type with Cbj ect : : Type, which is discussed in Sec-
tion 3.4.3.1.5,“The Obj ect : : Type Type’, or with Tabl e: : Type or Col um: : Type.

Enumeration Values.

Value Description

Undefi ned Undefined object type (initial/default value)

Uni queHashl ndex Unique unordered hash index (only index type currently suppor-
ted)

Or der edl ndex Non-unique, ordered index

3.4.3.5.2. | ndex Class Methods

This section contain descriptions of al public methods of the | ndex class. This class has relatively few
methods (compared to, say, Tabl e), which arefairly straightforward to use.

Important

If you create or change indexes using the NDB API, these modifications cannot be seen by
MySQL. The only exception to thisis renaming the index using | ndex: : set Name() .

3.4.3.5.2.1. | ndex Class Constructor
Description. Thisisused to create an new instance of | ndex.

Important
Indexes created using the NDB API cannot be seen by the MySQL Server.

Signature.

I ndex

const char* nane = ""

Parameters. The name of the new index. It is possible to create an index without a name, and then as-
sign anameto it later using set Nane( ) . See Section 3.4.3.5.2.11, “I ndex: : set Nane() ".

Return Value. A new instance of | ndex.

Destructor. The destructor (~1 ndex( ) ) issupplied as avirtual method.
3.4.3.5.2.2. I ndex: : get Nane()

Description. This method is used to obtain the name of an index.

Signature.

const char* get Nane
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voi d
) const

Parameters. None.
Return Value. The name of theindex, as a constant character pointer.
3.4.3.5.2.3. | ndex: : get Tabl e()
Description. This method can be used to obtain the name of the table to which the index belongs.

Signature.

const char* getTable

voi d
) const

Parameters. None.
Return Value. The name of the table, as a constant character pointer.
3.4.3.5.2.4. | ndex: : get NoOf Col utms()
Description. This method is used to obtain the number of columns making up the index.

Signature.

unsi gned get NoOf Col umms

voi d
) const

Parameters. None.

Return Value. An unsigned integer representing the number of columnsin the index.
3.4.3.5.2.5. | ndex: : get Col um()

Description. This method retrieves the column at the specified position within the index.

Signature.

const Col umm* get Col um

unsi gned no
) const

Parameters. The ordinal position number no of the column, as an unsigned integer. Usethe get -
NoCOf Col unms () method to determine how many columns make up the index — see Sec-
tion 3.4.3.5.2.4,“I ndex: : get NoOf Col unms() ", for details.

Return Value. The column having position no in the index, as a pointer to an instance of Col unm. See
Section 3.4.2, “The Col unm Class’.

3.4.3.5.2.6. | ndex: : get Type()
Description. This method can be used to find the type of index.

Signature.
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Type get Type

voi d
) const

Parameters. None.
Return Value. Anindex type. See Section 3.4.3.5.1, “The | ndex: : Type Type”, for possible values.
3.4.3.5.2.7. | ndex: : get Loggi ng()
Description. Use this method to determine whether logging to disk has been enabled for the index.
Note
Indexes which are not logged are rebuilt when the cluster is started or restarted.

Ordered indexes currently do not support logging to disk; they are rebuilt each time the
cluster is started. (Thisincludes restarts.)

Signature.

bool getLoggi ng

voi d
) const

Parameters. None.

Return Value. A Boolean value:

» true: Theindex isbeing logged to disk.

» fal se: Theindex is not being logged.

3.4.3.5.2.8. I ndex: : get Obj ect St at us()
Description. This method gets the object status of the index.

Signature.

virtual Object::Status get Object Status

voi d
) const

Parameters. None.

Return Value. A St at us value— see Section 3.4.3.1.3, “The Cbj ect : : St at us Type”, for more
information.

3.4.3.5.2.9. I ndex: : get Obj ect Ver si on()
Description. This method gets the object version of the index.

Signature.

virtual int getObjectVersion

voi d
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) const

Parameters. None.

Return Value. The object version for the index, as an integer.
3.4.3.5.2.10. | ndex: : get Obj ect 1 d()

Description. This method is used to obtain the object ID of the index.

Signature.

virtual int getObjectld

voi d
) const

Parameters. None.
Return Value. Theaobject ID, as an integer.
3.4.3.5.2.11. | ndex: : set Nane()

Description. This method sets the name of the index.

Note
Thisistheonly | ndex: : set * () method whose result isvisibleto aMySQL Server.

Signature.

voi d set Nane

const char* nane

Parameters. The desired namne for the index, as a constant character pointer.
Return Value. None.
3.4.3.5.2.12. | ndex: : set Tabl e()
Description. This method sets the table that isto be indexed. The table is referenced by name.

Signature.

voi d set Tabl e

const char* nane

Parameters. The nane of the table to be indexed, as a constant character pointer.
Return Value. None.

3.4.3.5.2.13. | ndex: : addCol umm()
Description. This method may be used to add a column to an index.

| Note
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The order of the columns matches the order in which they are added to the index. However,
this matters only with ordered indexes.

Signature.

voi d addCol um

const Col umé& c

Parameters. A reference c to the column which is to be added to the index.

Return Value. None.

3.4.3.5.2.14. | ndex: : addCol ummNane()

Description. This method worksin the sameway asaddCol urm( ) , except that it takes the name of
the column as a parameter. See Section 3.4.3.5.2.5, “| ndex: : get Col uim() .

Signature.

voi d addCol utmNane

const char* nane

Parameters. The nane of the column to be added to the index, as a constant character pointer.

Return Value. None.

3.4.3.5.2.15. | ndex: : addCol ummNanes()

Description. This method is used to add several column namesto an index definition at one time.
Note

AswiththeaddCol utm() and addCol unmName() methods, the indexes are numbered
in the order in which they were added. (However, this matters only for ordered indexes.)

Signature.

voi d addCol umNanes
(

unsi gned noCOf Nanes,
const char** nanes

Parameters. This method takes two parameters:

*  The number of columns/names noOf Nanes to be added to the index.

* Thenanes to be added (as a pointer to a pointer).

Return Value. None.

3.4.3.5.2.16. | ndex: : set Type()

Description. This method is used to set the index type.
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Signature.
voi d set Type
Type type
)

Parameters. Thet ype of index. For possible values, see Section 3.4.3.5.1, “The | ndex: : Type
Type’.

Return Value. None.
3.4.3.5.2.17. | ndex: : set Loggi ng
Description. This method is used to enable or disable logging of the index to disk.

Signature.

voi d set Loggi ng

bool enabl e

Parameters. set Loggi ng() takesasingle Boolean parameter enabl e. If enabl e ist r ue, then
logging is enabled for the index; if false, then logging of thisindex is disabled.

Return Value. None.

3.4.3.6. The Logfi | eG oup Class

This section discussesthe Logf i | eG- oup class, which represents aMySQL Cluster Disk Data logfile
group.

Description. This class represents aMySQL Cluster Disk Data logfile group, which is used for storing
Disk Data undofiles. For general information about logfile groups and undofiles, see the MySQL Cluster
Disk Data Storage [http://dev.mysql.com/doc/refman/5.1/en/mysgl-cluster-disk-data.html], in the
MySQL Manual.

Note

In MySQL 5.1, only unindexed column data can be stored on disk. Indexes and indexes
columns continue to be stored in memory as with previous versions of MySQL Cluster.

Versions of MySQL prior to 5.1 do not support Disk Data storage and so do not support log-
file groups; thusthe Logf i | eGr oup classis unavailable for NDB APl applications written
against these MySQL versions.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod Purpose/ Use

Logfil eGoup() Class constructor

~Logfil eG oup() Virtual destructor

get Name() Retrieves the logfile group's name

get UndoBuf fer Si ze() Gets the size of the logfile group's UNDO buffer

get Aut oG owSpeci fi cation() Ga(?tsthelogfilegroup‘sAut oG owSpeci fi cati on
values
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Method

Purpose/ Use

get UndoFr eeWor ds()

Retrieves the amount of free space in the UNDO buffer

get Obj ect St at us()

Getsthe logfile group's object status value

get Obj ect Versi on()

Retrieves the logfile group's object version

get Cbj ect1d()

Get the object ID of the logfile group

set Nane()

Sets the name of the logfile group

set UndoBuf f er Si ze()

Sets the size of the logfile group's UNDO buffer.

set Aut oGr owSpeci fi cation()

Sets Aut 0Gr owSpeci fi cati on valuesfor the log-

file group

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-
tion 3.4.3.6.1, “Logf i | eG oup Class Methods”.

Public Types. TheLogfi | eG oup class does not itself define any public types. However, two of its
methods make use of the Aut oG owSpeci f i cat i on data structure as a parameter or return value.
For more information, see Section 3.4.4, “The Aut oG owSpeci fi cat i on Structure”.

Class Diagram. Thisdiagram shows all the available public methods of the Logf i | eGr oup class:

LogfileGroup
LogfileGroup()
LogfileGroup(lGroup : const LogfileGroup&)
~ LogfileGroup()
getName () const char*
getUndoBufferSize() Uint32
getAutoGrowSpecification() : const AutoGrowSpecification&
getUndoFreeWords () Uintcd
getObjectStatus() : Object::5tatus
getObjectVersion() int
getObjectId() int
setName (name const char*)

setUndoBufferSize(size Uint32)
setAutoGrowSpecification(autoGrowSpec

const AutoGrowSpecification&)

3.4.3.6.1. Logfi | eG oup Class Methods
This section provides descriptions for the public methods of the Logf i | eGr oup class.
3.4.3.6.1.1. Logf i | eG oup Constructor

Description. The LogfileGroup class has two public constructors, one of which takes no arguments and
creates a completely new instance. The other is a copy constructor.

Note

TheDi cti onary class aso supplies methods for creating and destroying Log-
fileG oup objects. See Section 3.4.1, “TheDi ct i onary Class’.

Signatures. New instance:

Logfi | eG oup
(

voi d
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Copy constructor:

Logfi | eG oup
const Logfil eGoup& | ogfil eG oup

Parameters. When creating a new instance, the constructor takes no parameters. When copying an ex-
isting instance, the constructor is passed areferenceto the Logf i | eGr oup instance to be copied.

Return Value. A Logfi | eG oup object.

Destructor.

virtual ~LogfileG oup

voi d

Examples.

[ To be supplied...]

3.4.3.6.1.2. Logf i | eG oup: : get Nane()
Description. This method gets the name of the logfile group.

Signature.

const char* get Nanme

voi d
) const

Parameters. None.

Return Value. Thelogfile group's name, a string (as a character pointer).
3.4.3.6.1.3. Logf i | eGr oup: : get UndoBuf fer Si ze()

Description. This method retrieves the size of the logfile group's UNDO buffer.

Signature.

Ui nt 32 get UndoBufferSi ze
(

voi d
) const

Parameters. None.
Return Value. The size of the UNDO buffer, in bytes.
3.4.3.6.1.4. Logfi | eG oup: : get Aut oG owSpeci fi cati on()

Description. This method retrievesthe Aut oG- owSpeci fi cat i on associated with the logfile
group.

Signature.
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const Aut oG owSpeci fi cati on& get Aut oG owSpeci fi cati on

voi d
) const

Parameters. None.

Return Value. An Aut oG owSpeci fi cat i on data structure. See Section 3.4.4, “The
Aut oG owSpeci fi cati on Structure”, for details.

3.4.3.6.1.5. Logfi | eG oup: : get UndoFr eeWor ds()
Description. This method retrieves the number of bytes unused in the logfile group's UNDO buffer.

Signature.

Ui nt 64 get UndoFr eeWor ds

voi d
) const

Parameters. None.
Return Value. The number of bytes free, as a 64-bit integer.
3.4.3.6.1.6. Logfi | eG oup: : get Chj ect St at us()
Description. This method is used to obtain the object status of the Logf i | eG oup.

Signature.

virtual Qbject::Status get Object St atus

voi d
) const

Parameters. None.

Return Value. Thelogfilegroup's St at us — see Section 3.4.3.1.3, “The Obj ect : : St at us Type”
for possible values.

3.4.3.6.1.7. Logfi |l eG oup: : get Obj ect Versi on()
Description. This method gets the logfile group's object version.

Signature.

virtual int getCbjectVersion

voi d
) const

Parameters. None.

Return Value. The object version of the logfile group, as an integer.
3.4.3.6.1.8. Logfi |l eGoup:: get Cbj ectld()

Description. This method is used to retrieve the object 1D of the logfile group.

Signature.
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virtual int getObjectld

voi d
) const

Parameters. None.

Return Value. Thelogfile group's object ID (an integer value).

3.4.3.6.1.9. Logfi | eGroup: : set Nane()

Description. This method is used to set a name for the logfile group.

Signhature.

voi d set Nane

const char* nane

Parameters. The nane to be given to the logfile group (character pointer).

Return Value. None.

3.4.3.6.1.10. Logf i | eG oup: : set UndoBuf f er Si ze()

Description. This method can be used to set the size of the logfile group's UNDO buffer.

Signhature.

voi d set UndoBufferSize
Ui nt 32 size

Parameters. Thesi ze in bytesfor the UNDO buffer (using a 32-bit unsigned integer value).

Return Value. None.

3.4.3.6.1.11. Logf i | eG oup: : set Aut oG owSpeci fi cati on()

Description. This method setsto the Aut oG- owSpeci fi cat i on datafor the logfile group.

Signature.

voi d set Aut oG owSpeci fi cation

const Aut oG owSpeci fi cati on& aut oG owSpec

Parameters. The datais passed as asingle parameter, an Aut oG- owSpeci fi cat i on datastructure
— see Section 3.4.4, “The Aut 0Gr owSpeci fi cat i on Structure”.

Return Value. None.

3.4.3.7. The Tabl e Class

This section describes the Tabl e class, which models a database table in the NDB API.

Description. The Tabl e classrepresentsatablein aMySQL Cluster database. This class extends the
hj ect class, whichin turnisan inner class of the NdbDi ct i onary class.

101



NDB APl CLASSES

Important

It is possible using the NDB API to create tables independently of the MySQL server.
However, it is usually not advisable to do so, since tables created in this fashion cannot be
seen by the MySQL server. Similarly, it is possible using Tabl e methods to modify exist-
ing tables, but these changes (except for renaming tables) are not visible to MySQL.

Calculating Table Sizes. When calculating the data storage one should add the size of all attributes
(each attribute consuming a minimum of 4 bytes) and well as 12 bytes overhead. Variable size attributes
have a size of 12 bytes plusthe actual data storage parts, with an additional overhead based on the size
of the variable part. For example, consider atable with 5 attributes: one 64-bit attribute, one 32-bit at-
tribute, two 16-bit attributes, and one array of 64 8-bit attributes. The amount of memory consumed per
record by thistable is the sum of the following:

» 8bytesfor the 64-hit attribute
e 4 bytesfor the 32-hit attribute
» 8bytesfor the two 16-bit attributes, each of these taking up 4 bytes due to right-alignment

e 64 bytesfor thearray (64 * 1 byte per array element)

* 12 bytes overhead

Thistotals 96 bytes per record. In addition, you should assume an overhead of about 2% for the alloca-
tion of page headers and wasted space. Thus, 1 million records should consume 96 MB, and the addi-
tional page header and other overhead comes to approximately 2 MB. Rounding up yields 100 MB.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod Purpose/ Use

Tabl e() Class constructor

~Tabl e() Destructor

get Name() Gets thetable's name

get Tabl el d() Getsthetable'sID

get Col um() Gets a column (by name) from the table

get Loggi ng()

Checks whether logging to disk is enabled for this table

get Fragnent Type()

Getsthetable's Fr agnent Type

get Kval ue()

Getsthetable's KVal ue

get M nLoadFact or ()

Gets the table's minimum load factor

get MaxLoadFact or ()

Gets the table's maximum load factor

get NoOf Col umms()

Gets the number of columnsin the table

get NoOf Pri mar yKeys()

Gets the number of primary keysin the table

get Pri maryKey()

Gets the name of the table's primary key

equal ()

Compares the table with another table

get FrnmDat a()

Gets the datafrom the table . FRMfile

get FrmLengt h()

Gets the length of the table's. FRMfile

get Fragnent Dat a()

Gets table fragment data (ID, state, and node group)

get Fragnent Dat aLen()

Gets the length of the table fragment data
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Method

Purpose/ Use

get Rangeli st Dat a()

GetsaRANGE or LI ST array

get Rangeli st Dat aLen()

Getsthe length of the table RANGE or LI ST array

get Tabl espaceDat a()

Getsthe ID and version of the tablespace containing the
table

get Tabl espaceDat aLen()

Gets the length of the table's tablespace data

get Li near Fl ag()

Gets the current setting for the tabl€e's linear hashing flag

get Fragnent Count ()

Gets the number of fragments for thistable

get Tabl espace()

Gets the tablespace containing this table

get Tabl espaceNanes()

get Obj ect Type()

Gets thetable's object type (Obj ect : : Type asop-
posed to Tabl e: : Type)

get Obj ect St at us()

Getsthetable's object status

get Obj ect Ver si on()

Gets the table's object version

get Obj ect1d()

Gets the table's object 1D

get MaxRows ()

Gets the maximum number of rows that this table may
contain

get Def aul t NoPartitionsFl ag()

Checks whether the default number of partitionsis be-
ing used

get RowGCl | ndi cat or ()

get RowChecksum ndi cat or ()

set Nane()

Sets the table's name

addCol umm()

Adds a column to the table

set Loggi ng()

Toggle logging of the table to disk

set Li near Fl ag()

Sets the table's linear hashing flag

set Fragnent Count ()

Sets the number of fragments for thistable

set Fragnent ati onType()

Setsthe table's Fr agnent Type

set Kval ue()

Set the KVal ue

set M nLoadFact or ()

Set the table's minimum load factor
(M nLoadFact or)

set MaxLoadFact or ()

Set the table's maximum load factor (MaxLoad-
Fact or)

set Tabl espace()

Set the tablespace to use for thistable

set Statusl nvalid()

set MaxRows ()

Sets the maximum number of rowsin the table

set NoDefaul t Partiti onsFl ag()

Toggles whether the default number of partitions should
be used for the table

set Frm()

Setsthe . FRMfile to be used for thistable

set Fragnent Dat a()

Sets the fragment 1D, node group ID, and fragment state

set Tabl espaceNanes()

Sets the tablespace names for fragments

set Tabl espaceDat a()

Sets the tablespace ID and version

set Rangeli st Dat a()

Sets LI ST and RANGE partition data

set Obj ect Type()

Sets the tabl€'s object type

set RowGCl | ndi cat or ()
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M ethod Purpose/ Use

set RowChecksum ndi cat or ()

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-
tion 3.4.3.7.1, “Tabl e Class Methods’.

Public Types. The Tabl e class defines no public types.

Class Diagram. Thisdiagram shows all the available methods of the Tabl e class:
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Table

getName() : const char*

getTableld() : int

getColumn{name : const char*) : const Column*
getColumn{attributeld : const int) : Column*
getlogging() : bool

getFragmentType() : FragmentType

getkKValue() : int

getMinLoadFactor() : int

getMaxlLoadFactor() : int

getNoOfColumns() : int

getNoOfPrimaryKeys() : int

getPrimaryKey(no : int) : const char*
equal(table : const Table&) : bool
getFrmData() : const void*

getFrmLength() : Uint32

getFragmentData() : const veoid*
getFragmentDatalen() : Uint32
getRangelistData() : const void*
getRangelistDatalen() : Uint32
getTablespaceData() : const void*
getTablespaceDatalen() : Uint32

Table(name : const char®*)

Table(table : const Table&)

~ Table()

operator =(table : const Table&) : Table&
setName(name : const char*)

addColumn{column : const Columné)
setlogging(enable : bool)

setlinearFlag(flag : Uint32)

getLinearFlag() : bool

setFragmentCount(count : Uint32)
getFragmentCount() : Uint32
setFragmentType(fragmentType : FragmentType)
setkValue(kValue : int)

setMinLoadFactor(min : int)
setMaxloadFactor(max : int)

setTablespace(name : const char®*)
setTablespace(tablespace : class const Tablespace&)
getTablespace() : const char*

getTablespace(id : Uint32*, version : Uint32*) : bool
getObjectType() : Object::Type
getObjectStatus() : Object::Status
setStatusInvalid()

getObjectVersion() : int

setMaxRows (maxRows : Uinted)

getMaxRows() : Uinted
setDefaultNoPartitionsFlag(indicator : Uint32)
getDefaultNoPartitionsFlag() : Uint32
getObjectId() : int

setFrm(data : const woid*, len : Uint32)
setFragmentData(data : const void*, len : Uint32)
setTablespaceNames{data : const wvoid*, len : Uint32)
getTablespaceNames() : const void*
getTablespaceNamesLen() : Uint32
setTablespaceData(data : const wvoid*, len : Uint32)
setRangelistData(data : const void*, len : Uint32)
setObjectType(type : Object::Type)
setRowGCIIndicator{value : bool)
getRowGCIIndicator() : bool
setRowChecksumIndicator(value : bool)
getRowChecksumIndicator() : bool
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3.4.3.7.1. Tabl e Class Methods

This section discusses the public methods of the Tabl e class.
Note

The assignment (=) operator is overloaded for this class, so that it always performs a deep
copy.

Warning

Aswith other database objects, Tabl e object creation and attribute changes to existing
tables done using the NDB APl are not visible from MySQL. For example, if you add a new
columnto atableusing Tabl e: : addCol umm( ) , MySQL will not see the new column.
The only exception to this rule with regard to tables is that you can change the name of an
existing tableusing Tabl e: : set Nane() .

3.4.3.7.1.1. Tabl e Constructor

Description. CreatesaTabl e instance. There are two version of the Tabl e constructor, one for creat-
ing a new instance, and a copy constructor.

Important
Tables created in the NDB API using this method are not accessible from MySQL.

Signature. New instance:

Tabl e

const char* nane = ""

Copy constructor:

Tabl e

const Tabl e& tabl e

Parameters. For anew instance, the name of the table to be created. For a copy, areferenceto the table
to be copied.

Return Value. A Tabl e object.

Destructor.

virtual ~Tabl e()

3.4.3.7.1.2. Tabl e: get Nane()
Description. Getsthe name of atable.

Signature.

const char* get Nane

voi d
) const

Parameters. None.
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Return Value. The name of the table (a string).
3.4.3.7.1.3. Tabl e: : get 1 d()
Description. This method gets atable'sID.

Signature.

int getTableld

voi d
) const

Parameters. None.
Return Value. Aninteger.
3.4.3.7.1.4. Tabl e: : get Col um()

Description. This method is used to obtain a column definition, given either the index or the name of
the column.

Signature. Using the column ID:

Col um* get Col umm

const int Attributeld

Using the column name:

Col um* get Col um

const char* nane

Parameters. Either of: the column'sindex in the table (as would be returned by the column's get -
Col urmNo() methaod), or the name of the column.

Return Value. A pointer to the column with the specified index or name. If there is no such column,
then this method returns NULL.

3.4.3.7.1.5. Tabl e: : get Loggi ng()

Description. Thisclassisused to check whether atable islogged to disk — that is, whether it is per-
manent or temporary.

Signature.

bool getLoggi ng

voi d
) const

Parameters. None.

Return Value. Returns aBoolean value. If this method returnst r ue, then full checkpointing and log-
ging are done on thetable. If f al se, then thetableis atemporary table and is not logged to disk; in the
event of a system restart the table still exists and retains its definition, but it will be empty. The default
logging valueist r ue.

3.4.3.7.1.6. Tabl e: : get Fragnent ati onType()
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Description. This method gets the tabl€'s fragmentation type.

Signhature.

Fragment Type get Fragnment Type
voi d
) const

Parameters. None.

Return Value. A Fragnent Type value, asdefined in Section 3.4.3.1.1, “The Cb-
j ect:: Fragnent Type Type'.

3.4.3.7.1.7. Tabl e: : get KVal ue()

Description. This method gets the KValue, a hashing parameter which is currently restricted to the
value 6. In afuture release, it may become feasible to set this parameter to other values.

Signature.

int getKVal ue
(

voi d
) const

Parameters. None.
Return Value. An integer (currently always 6).
3.4.3.7.1.8. Tabl e: : get M nLoadFact or ()

Description. This method gets the value of the load factor when reduction of the hash table begins. This
should always be less than the value returned by get MaxLoadFact or () .

Signature.

int getM nLoadFact or

voi d
) const

Parameters. None.

Return Value. Aninteger (actually, a percentage expressed as an integer — see Section 3.4.3.7.1.9,
“Tabl e: : get MaxLoadFactor ()").

3.4.3.7.1.9. Tabl e: : get MaxLoadFact or ()

Description. This method returns the load factor (a hashing parameter) when splitting of the containers
in the local hash tables begins.

Signature.

i nt get MaxLoadFact or
(

voi d
) const

Parameters. None.
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Return Value. Aninteger whose maximum value is 100. When the maximum value is returned, this

means that memory usage is optimised. Smaller values indicate that less datais stored in each container,

which means that keys are found more quickly; however, this also consumes more memory.
3.4.3.7.1.10. Tabl e: : get NoOf CO umms()

Description. This method is used to obtain the number of columnsin atable.

Signature.

int get NoOr Col umms
(

voi d
) const

Parameters. None.
Return Value. An integer — the number of columnsin the table.
3.4.3.7.1.11. Tabl e: : get NoOf Pri mar yKeys()
Description. This method finds the number of primary key columnsin the table.

Signature.
int get NoOr Pri mar yKeys
(

voi d
) const

Parameters. None.
Return Value. Aninteger.
3.4.3.7.1.12. Tabl e: : get Pri mar yKey()
Description. This method is used to obtain the name of the table's primary key.

Signature.

const char* get Pri maryKey

int no
) const

Parameters. None.

Return Value. The name of the primary key, a string (character pointer).
3.4.3.7.1.13. Tabl e: : equal ()

Description. This method is used to compare one instance of Tabl e with another.

Signature.

bool equal

const Tabl e& tabl e
) const

Parameters. A referencetothe Tabl e object with which the current instance isto be compared.
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Return Value. t r ue if the two tables are the same, otherwisef al se.
3.4.3.7.1.14. Tabl e: : get FrnDat a()
Description. The the datafrom the . FRMfile associated with the table.

Signature.

const voi d* get FrnDat a

voi d
) const

Parameters. None.
Return Value. A pointer to the. FRMdata.
3.4.3.7.1.15. Tabl e: : get FrmLengt h()
Description. Getsthe length of the table's. FRMfile data, in bytes.

Signature.

Ui nt 32 get FrmLengt h

voi d
) const

Parameters. None.

Return Value. Thelength of the . FRMfile data (unsigned 32-bit integer).
3.4.3.7.1.16. Tabl e: : get Fragnent Dat a()

Description. This method gets the table's fragment data (1D, state, and node group).

Signature.

const voi d* get Fragnment Dat a

voi d
) const

Parameters. None.
Return Value. A pointer to the datato be read.
3.4.3.7.1.17. Tabl e: : get Fragnent Dat aLen()
Description. Getsthe length of the table fragment data to be read, in bytes.

Signature.

Ui nt 32 get Fragnent Dat aLen

voi d
) const

Parameters. None.

Return Value. The number of bytesto be read, as an unsigned 32-bit integer.
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3.4.3.7.1.18. Tabl e: : get RangeLi st Dat a()
Description. This method gets the range or list data associated with the table.

Signature.

const voi d* get Rangeli st Dat a
(

voi d
) const

Parameters. None.
Return Value. A pointer to the data.
3.4.3.7.1.19. Tabl e: : get RangeLi st Dat aLen()
Description. This method gets the size of the table'srange or list array.

Signature.

Ui nt 32 get Rangeli st Dat aLen
(

voi d
) const

Parameters. None.

Return Value. The length of the list or range array, as an integer.
3.4.3.7.1.20. Tabl e: : get Tabl espaceDat a()

Description. This method gets the table's tablespace data (ID and version).

Signature.

const voi d* get Tabl espaceDat a

voi d
) const

Parameters. None.
Return Value. A pointer to the data.
3.4.3.7.1.21. Tabl e: : get Tabl espaceDat aLen()
Description. This method is used to get the length of the table's tablespace data.

Signature.

Ui nt 32 get Tabl espaceDat aLen
(

voi d
) const

Parameters. None.
Return Value. The length of the data, as a 32-bit unsigned integer.

3.4.3.7.1.22. Tabl e: : get Li near Fl ag()
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Description. This method retrieves the value of the table's linear hashing flag.

Signhature.

bool getLi nearFl ag

voi d
) const

Parameters. None.

Return Value. t r ue if theflagisset,and f al se if itisnot.
3.4.3.7.1.23. Tabl e: : get Fragnment Count ()

Description. This method gets the number of fragmentsin the table.

Signhature.

Ui nt 32 get Fr agnment Count

voi d
) const

Parameters. None.
Return Value. The number of table fragments, as a 32-bit unsigned integer.
3.4.3.7.1.24. Tabl e: : get Tabl espace()

Description. This method is used in two ways: to obtain the name of the tablespace to which this table
is assigned; to verify that a given tablespace is the one being used by thistable.

Signatures. To obtain the name of the tablespace:

const char* get Tabl espace

voi d
) const

To determine whether the tablespace is the one indicated by the given ID and version:

bool get Tabl espace

Uint32* id = 0,
Ui nt 32* version = 0
) const

Parameters. The number and types of parameters depend on how this method is being used:
*  When used to obtain the name of the tablespace in use by the table, it is called without any argu-
ments.

»  When used to determine whether the given tablespace is the one being used by thistable, then getTa-
blespace() takes two parameters:

1. Thetablespacei d, given asapointer to a 32-bit unsigned integer

2. Thetablespacever si on, also given as a pointer to a 32-bit unsigned integer
The default value for both i d and ver si on isO.
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Return Value. The return type depends on how the method is called.

 Whenget Tabl espace() iscalled without any arguments, it returnsa Tabl espace object in-

stance. See Section 3.4.3.8, “The Tabl espace Class’, for more information.

*  When called with two arguments, it returnst r ue if the tablespace is the same as the one having the

ID and version indicated; otherwise, it returnsf al se.

3.4.3.7.1.25. Tabl e: : get Obj ect Type()

Description. This method is used to obtain the table'stype — that is, its Obj ect : : Type value

Signature.
Qbj ect: : Type get Obj ect Type
(
voi d
) const

Parameters. None.

Return Value. Returnsa Ty pe value. For possible values, see Section 3.4.3.1.5, “The Ob-
ject:: Type Type'.

3.4.3.7.1.26. Tabl e: : get St at us()

Description. This method gets the table's status— that is, its Obj ect : : St at us.

Signature.

virtual Qbject::Status get Object St atus

voi d
) const

Parameters. None.

Return Value. A St at us value. For possible values, see Section 3.4.3.1.3, “The Cbj ect
Type'.

3.4.3.7.1.27. Tabl e: : get Obj ect Ver si on()

Description. This method gets the table's object version.

Signature.

virtual int getObjectVersion

voi d
) const

Parameters. None.

Return Value. Thetable's object version, as an integer.

3.4.3.7.1.28. Tabl e: : get MaxRows()

;. Status

Description. This method gets the maximum number of rows that the table can hold. Thisis used for

calculating the number of partitions.
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Signature.

Ui nt 64 get MaxRows

voi d
) const

Parameters. None.
Return Value. The maximum number of table rows, as a 64-bit unsigned integer.
3.4.3.7.1.29. Tabl e: : get Def aul t NoPartitionsFl ag()

Description. This method is used to find out whether the default number of partitionsis used for the ta-
ble.

Signature.

Ui nt 32 get Def aul t NoPartitionsFl ag
(

voi d
) const

Parameters. None.

Return Value. A 32-hit unsigned integer.
3.4.3.7.1.30. Tabl e: : get Obj ect 1 d()

Description. This method gets the tabl€'s object ID.

Signature.

virtual int getObjectld
(

voi d
) const

Parameters. None.
Return Value. Theobject ID isreturned as an integer.
3.4.3.7.1.31. Tabl e: : get Tabl espaceNanes()
Description. This method gets a pointer to the names of the tablespaces used in the table fragments.

Signature.

const voi d* get Tabl espaceNanes

voi d

Parameters. None.
Return Value. A pointer to the tablespace name data.
3.4.3.7.1.32. Tabl e: : get Tabl espaceNanesLen()

Description. This method gets the length of the tablespace name data returned by get Tabl espace-
Narmes() . (See Section 3.4.3.7.1.31, “Tabl e: : get Tabl espaceNanes()".)
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Signature.

Ui nt 32 get Tabl espaceNanesLen

voi d
) const

Parameters. None.

Return Value. The length of the names data, in bytes, as a 32-but unsigned integer.
3.4.3.7.1.33. Tabl e: : get RowGCl | ndi cat or ()

Description.

Signature.

bool get RowGCl | ndi cat or

voi d
) const

Parameters. None.

Return Value. Atruelfal se value.
3.4.3.7.1.34. Tabl e: : get RowChecksuml ndi cat or ()

Description.

Signature.

bool get RowChecksuni ndi cat or

voi d
) const

Parameters. None.
Return Value. At rue/f al se vaue.
3.4.3.7.1.35. Tabl e: : set Nane()

Description. This method sets the name of the table.

Note
Thisistheonly set * () method of Tabl e whose effects are visible to MySQL .

Signature.

voi d set Nane

const char* nane

Parameters. nane isthe (new) name of the table.
Return Value. None.

3.4.3.7.1.36. Tabl e: : addCol umm()
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Description. Addsacolumn to atable.

Signhature.

voi d addCol um

const Col umé& col um

Parameters. A reference to the column which is to be added to the table.
Return Value. None; however, it does create a copy of the original Col unm object.
3.4.3.7.1.37. Tabl e: : set Loggi ng()
Description. Togglesthe table'slogging state. See Section 3.4.3.7.1.5, “Tabl e: : get Loggi ng() ".

Signhature.

voi d set Loggi ng

bool enabl e

Parameters. If enabl e ist r ue, thenlogging for thistableisenabled; if itisf al se, thenlogging is
disabled.

Return Value. None.
3.4.3.7.1.38. Tabl e: : set Li near Fl ag()
Description.

Signature.

voi d setLi near Fl ag

Uint32 flag

Parameters. Thef | ag isa32-hit unsigned integer.
Return Value. None.

3.4.3.7.1.39. Tabl e: : set Fragnment Count ()
Description. Sets the number of table fragments.

Signature.

voi d set Fragnent Count

Ui nt 32 count

Parameters. count isthe number of fragments to be used for the table.
Return Value. None.

3.4.3.7.1.40. Tabl e: : set Fragnment Type()
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Description. This method sets the table's fragmentation type.

Signhature.

voi d set Fragnent Type

Fragnent Type fragnent Type

Parameters. This method takes one argument, a Fr agnent Type value. See Section 3.4.3.1.1, “The
oj ect: : Fragnent Type Type’, for more information.

Return Value. None.
3.4.3.7.1.41. Tabl e: : set Kval ue()
Description. Thissetsthe KVal ue, ahashing parameter.

Signature.

voi d set KVal ue

int kval ue

Parameters. kVal ue isaninteger. Currently the only permitted valueis 6. In afuture version this
may become a variable parameter.

Return Value. None.
3.4.3.7.1.42. Tabl e: : set M nLoadFact or ()
Description. This method sets the minimum load factor when reduction of the hash table begins.

Signature.

voi d set M nLoadFact or

int mn

Parameters. This method takes a single parameter ni n, an integer representation of a percentage (for
example, 45 represents 45 percent). For more information, see Section 3.4.3.7.1.8, “Ta-
bl e: : get M nLoadFact or () ".

Return Value. None.
3.4.3.7.1.43. Tabl e: : set MaxLoadFact or ()

Description. This method sets the maximum load factor when splitting the containersin the local hash
tables.

Signature.

voi d set MaxLoadFact or

int max

Parameters. This method takes a single parameter nax, an integer representation of a percentage (for
example, 45 represents 45 percent). For more information, see Section 3.4.3.7.1.9, “Ta-
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bl e: : get MaxLoadFact or ().
Caution
I This should never be greater than the minimum load factor.
Return Value. None.
3.4.3.7.1.44. Tabl e: : set Tabl espace()
Description. This method sets the tablespace for the table.

Signatures. Using the name of the tablespace:

voi d set Tabl espace

const char* nane

Using aTabl espace object:

voi d set Tabl espace

const cl ass Tabl espace& tabl espace

Parameters. This method can be called with a single argument of either of two types:

1. Thenane of the tablespace (a string).
2. A referenceto an existing Tabl espace instance.
See Section 3.4.3.8, “The Tabl espace Class’.
Return Value. None.
3.4.3.7.1.45. Tabl e: : set MaxRows()
Description. This method sets the maximum number of rows that can be held by the table.

Signature.

voi d set MaxRows

U nt 64 maxRows

Parameters. maxRows isa64-bit unsigned integer that represents the maximum number of rows to be
held in the table.

Return Value. None.
3.4.3.7.1.46. Tabl e: : set Def aul t NoPartiti onsFl ag()

Description. This method sets an indicator that determines whether the default number of partitionsis
used for the table.

Signature.

voi d set Def aul t NoPartiti onsFl ag

Ui nt 32 i ndi cator
) const
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Parameters. This method takes asingle argument i ndi cat or, a32-bit unsigned integer.
Return Value. None.

3.4.3.7.1.47. Tabl e: : set Frm()
Description. This method is used to write data to thistable's. FRMfile.

Signature.

voi d set Frm

const voi d* data,
Ui nt 32 | en

)

Parameters. This method takes two arguments:

* A pointer to the dat a to be written.

» Thelength (I en) of the data.

Return Value. None.
3.4.3.7.1.48. Tabl e: : set Fragnent Dat a()
Description. This method writes an array of fragment information containing the following informa-
tion:
e Fragment ID
* Nodegroup ID

e Fragment State

Signature.

voi d set Fragnent Dat a

const voi d* data,
Ui nt 32 I en

)

Parameters. This method takes two parameters:

* A pointer to the fragment dat a to be written

» Thelength (I en) of this data, in bytes, as a 32-bit unsigned integer

Return Value. None.
3.4.3.7.1.49. Tabl e: : set Tabl espaceNanes()

Description. Setsthe names of the tablespaces used by the table fragments.
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Signature.

voi d set Tabl espaceNanes

const voi d* data
Ui nt 32 I en

)

Parameters. This method takes two parameters:

* A pointer to the tablespace names dat a

» Thelength (I en) of the names data, as a 32-bit unsigned integer.

Return Value. None.
3.4.3.7.1.50. Tabl e: : set Tabl espaceDat a()

Description. This method sets the tablespace information for each fragment, and includes a tablespace
ID and atablespace version.

Signature.

voi d set Tabl espaceDat a

const voi d* dat a,
Ui nt 32 I en

Parameters. This method requires two parameters:

» A pointer to the dat a containing the tablespace ID and version

» Thelength (I en) of thisdata, as a 32-bit unsigned integer.

Return Value. None.

3.4.3.7.1.51. Tabl e: : set RangelLi st Dat a()
Description. This method sets an array containing information that maps range values and list values to
fragments. Thisis essentially a sorted map consisting of fragment ID/value pairs. For range partitions
thereisone pair per fragment. For list partitions it could be any number of pairs, but at |east as many
pairs as there are fragments.

Signature.

voi d set RangelLi st Dat a
(

const voi d* data,
Ui nt 32 | en

Parameters. This method requires two parameters:

* A pointer to therange or list dat a containing the ID/value pairs

» Thelength (I en) of thisdata, as a32-hit unsigned integer.
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Return Value. None.
3.4.3.7.1.52. Tabl e: : set Obj ect Type()
Description. This method sets the table's object type.

Signature.

voi d set Obj ect Type
oj ect:: Type type

Parameters. The desired object t ype. This must be one of the Ty pe vaueslisted in Section 3.4.3.1.5,
“Theoj ect: : Type Type".

Return Value. None.
3.4.3.7.1.53. Tabl e: : set RowGCl | ndi cat or ()
Description.

Signature.

voi d set RowCCl | ndi cat or

bool val ue
) const

Parameters. Atruelfal seval ue.
Return Value. None.

3.4.3.7.1.54. Tabl e: : set RowChecksuni ndi cat or ()
Description.

Signature.

voi d set RowChecksum ndi cat or

bool val ue
) const

Parameters. Atrue/f al se val ue.

Return Value. None.

3.4.3.8. The Tabl espace Class

This section discusses the Tabl espace class and its public members.

Description. The Tabl espace classmodelsaMySQL Cluster Disk Data tablespace, which contains
the datafiles used to store Cluster Disk Data. For an overview of Cluster Disk Data and their character-
istics, see CREATE TABLESPACE Syntax
[http://dev.mysqgl.com/doc/refman/5.1/en/create-tablespace.html], in the MySQL Manual.

Note
In MySQL 5.1, only unindexed column data can be stored on disk. Indexes and indexes
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columns continue to be stored in memory as with previous versions of MySQL Cluster.

Versions of MySQL prior to 5.1 do not support Disk Data storage and so do not support ta-
blespaces; thusthe Tabl espace classisunavailable for NDB APl applications written

against these MySQL versions.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

Method

Purpose/ Use

Tabl espace()

Class constructor

~Tabl espace()

Virtua destructor method

get Nane()

Gets the name of the tablespace

get Extent Si ze()

Gets the extent size used by the tablespace

get Aut oG- owSpeci fi cation()

Used to obtain the AutoGrowSpecification struc-
ture associated with the tablespace

get Def aul t Logfi | eG oup()

Gets the name of the tablespace's default logfile
group

get Def aul t Logfi |l eGroupl d()

Getsthe ID of the tablespace's default logfile
group

get Obj ect St at us()

Used to obtain the Cbj ect : : St at us of the Ta-
bl espace instance for which it is called

get Obj ect Ver si on()

Getsthe object version of the Tabl espace ob-
ject for which it isinvoked

get Obj ect1d()

Getsthe object ID of aTabl espace instance

set Name()

Sets the name for the tablespace

set Extent Si ze()

Sets the size of the extents used by the tablespace

set Aut oG owSpeci fi cation()

Used to set the auto-grow characteristics of the ta-
blespace

set Def aul t Logfi |l eG oup()

Sets the tablespace's default logfile group

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-
tion 3.4.3.8.1, “Tabl espace Class Methods’.

Public Types. The Tablespace class defines no public types of its own; however, two of its methods
make use of the Aut 0Gr owSpeci fi cat i on datastructure. Information about this structure can be
found in Section 3.4.4, “The Aut oG owSpeci fi cat i on Structure’.

Class Diagram. Thisdiagram shows all the available methods and enumerated types of the Ta-

bl espace class:
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Tablespace
Tablespace()
Tablespace(tablespace : const Tablespace&)
~Tablespace()

getMame() : const char*

getExtentSize() : Uint32

getAutoGrowSpecification() : const AutoGrowSpecification&
getDefaultLogfileGroup() : const char®*
getDefaultLogfileGroupId() : Uint32

getObjectStatus() : Object::5tatus

getObjectVersion() : int

getObjectId() : int

setMame(name : const char®*)

setExtentSize(size : Uint32)
setAutoGrowSpecification(autoGrowipec : const AutoGrowSpecificationd)
setDefaultlogfileGroup(name : const char*)
setDefaultLogfileGroup{lGroup : class const LogfileGroup&)

3.4.3.8.1. Tabl espace Class Methods

This section provides details of the public members of the NDB API's Tabl espace class.

3.4.3.8.1.1. Tabl espace Constructor

Description. These methods are used to create anew instance of Tabl espace, or to copy an existing
one.

Note

TheNdbDi ctionary: : Di ctionary classalso supplies methods for creating and drop-
ping tablespaces. See Section 3.4.1, “The Di cti onary Class’.

Signatures. New instance:

Tabl espace

voi d

Copy constructor:

Tabl espace

const Tabl espace& tabl espace

Parameters. New instance: None. Copy constructor: areferencet abl espace to an existing Ta-
bl espace instance.

Return Value. A Tabl espace object.

Destructor. The class defines avirtual destructor ~Tabl espace() which takes no arguments and re-
turns no value.

3.4.3.8.1.2. Tabl espace: : get Nanme()

Description. This method retrieves the name of the tablespace.
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Signature.

const char* get Nane

voi d
) const

Parameters. None.

Return Value. The name of the tablespace, a string value (as a character pointer).

3.4.3.8.1.3. Tabl espace: : get Ext ent Si ze()

Description. This method is used to retrieve the extent size — that is the size of the memory allocation
units — used by the tablespace.

Note
The same extent size is used for all datafiles contained in a given tablespace.

Signature.

Ui nt 32 get Ext ent Si ze

voi d
) const

Parameters. None.

Return Value. The tablespace's extent sizein bytes, as an unsigned 32-bit integer.

3.4.3.8.1.4. Tabl espace: : get Aut oG owSpeci fi cati on()

Description.

Signature.

const Aut oG owSpeci fi cati on& get Aut oG owSpeci fi cati on

voi d
) const

Parameters. None.

Return Value. A reference to the structure which describes the tablespace auto-grow characteristics —
for details, see Section 3.4.4, “The Aut oG owSpeci fi cat i on Structure’.

3.4.3.8.1.5. Tabl espace: : get Def aul t Logfi | eG oup()

Description. This method retrieves the name of the tablespace's default logfile group.
Note

Alternatively, you may wish to obtain the ID of the default logfile group — see Sec-
tion 3.4.3.8.1.6, “Tabl espace: : get Def aul t Logfi | eG oupl d()".

Signature.

const char* getDefaul t Logfil eG oup

voi d
) const
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Parameters. None.
Return Value. The name of the logfile group (string value as character pointer).
3.4.3.8.1.6. Tabl espace: : get Def aul t Logfi | eG oupl d()
Description. This method retrievesthe ID of the tablespace's default logfile group.
Note

Y ou can aso obtain directly the name of the default logfile group rather than its ID — see
Section 3.4.3.8.1.5, “Tabl espace: : get Def aul t Logfi | eG oup() ".

Signature.

Ui nt 32 get Def aul t Logfil eG oupld

voi d
) const

Parameters. None.

Return Value. ThelD of thelogfile group, as an unsigned 32-hit integer.
3.4.3.8.1.7. Tabl espace: : get Cbj ect St at us()

Description. This method is used to retrieve the object status of a tablespace.

Signature.

virtual Object::Status get Object Status

voi d
) const

Parameters. None.

Return Value. An bj ect : : St at us value— see Section 3.4.3.1.3, “The Cbj ect : : St at us
Type’, for details.

3.4.3.8.1.8. Tabl espace: : get Obj ect Ver si on()
Description. This method gets the tablespace object version.

Signature.

virtual int getCbjectVersion

voi d
) const

Parameters. None.
Return Value. The object version, as an integer.
3.4.3.8.1.9. Tabl espace: : get Obj ect 1 d()

Description. This method retrieves the tablespace's object ID.
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Signature.

virtual int getObjectld

voi d
) const

Parameters. None.

Return Value. Theobject ID, as an integer.
3.4.3.8.1.10. Tabl espace: : set Nane()

Description. This method sets the name of the tablespace.

Signature.

voi d set Nane

const char* nane
) const

Parameters. The nane of the tablespace, a string (character pointer).
Return Value. None.

3.4.3.8.1.11. Tabl espace: : set Ext ent Si ze()
Description. This method sets the tablespace's extent size.

Signature.

voi d set Extent Si ze

Ui nt 32 size

Parameters. Thesi ze to be used for this tablespace's extents, in bytes.
Return Value. None.
3.4.3.8.1.12. Tabl espace: : set Aut oG owSpeci fi cati on()
Description. This method is used to set the auto-grow characteristics of the tablespace.

Signature.

voi d set Aut oG owSpeci fi cation

const Aut oG owSpeci fi cati on& aut oG owSpec

Parameters. This method takes a single parameter, an Aut oG owSpeci fi cat i on datastructure.
See Section 3.4.4, “The Aut oG owSpeci fi cati on Structure”.

Return Value. None.
3.4.3.8.1.13. Tabl espace: : set Def aul t Logfi | eG oup()

Description. This method is used to set a tablespace's default logfile group.
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Signature. This method can be called in two different ways. The first of these uses the name of the log-
file group, as shown here:

voi d set Def aul t Logfil eG oup

const char* nane

This method can also be called by passing it areferencetoalLogf i | eG oup object:

voi d set Def aul t Logfil eG oup

const class Logfil eGoup& | G oup

Note

There is no method for setting alogfile group as the the default for a tablespace by referen-
cing the logfile group's ID. (In other words, thereisno set * () method corresponding to
get Def aul t Logfil eG oupld().)

Parameters. Either the nane of the logfile group to be assigned to the tablespace, or areference
| G oup to thislogfile group.

Return Value. None.

3.4.3.9. The Undof i | e Class

The section discusses the Undof i | e class and its public methods.

Description. TheUndof i | e classmodels a Cluster Disk Data undofile, which stores data used for
rolling back transactions.

Note

In MySQL 5.1, only unindexed column data can be stored on disk. Indexes and indexes
columns continue to be stored in memory as with previous versions of MySQL Cluster.

Versions of MySQL prior to 5.1 do not support Disk Data storage and so do not support un-
dofile; thusthe Undof i | e classis unavailable for NDB API applications written against

these MySQL versions.
Public Methods. The following table lists the public methods of this class and the purpose or use of
each method:
M ethod Purpose/ Use
Undofil e() Class constructor
~Undofi | e() Virtual destructor
get Pat h() Gets the undofile's filesystem path
get Si ze() Gets the size of the undofile
get Logfil eG oup() Gets the name of the logfile group to which the undofile belongs
get Logfi |l eG oupl d() Getsthe ID of the logfile group to which the undofile belongs
get Node() Gets the node where the undofile is located
get Fi |l eNo() Gets the number of the undofile in the logfile group
get Obj ect St at us() Getsthe undofiles St at us
get Obj ect Ver si on() Gets the undofile's object version
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M ethod Purpose/ Use

get Obj ect1d() Gets the undofile's object ID

set Pat h() Sets the filesystem path for the undofile

set Si ze() Sets the undofile's size

set Logfil eG oup() Sets the undofile's logfile group using the name of the logfile
group or areference to the corresponding Logf i | eGr oup object

set Node() Sets the node on which the undofile is located

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-
tion 3.4.3.9.1, “Undof i | e Class Methods”.

Public Types. The Undof i | e class defines no public types.

Class Diagram. Thisdiagram shows all the available methods of the Undof i | e class:

Undofile
Undofile()
Undofile{undoFile : const Undofile&)
~Undofile()

getPath() : const char*

getSize() : Uinted
getLogfileGroup() : const char*®
getlLogfileGroupId() : Uint32
getNode() : Uint32

getFileNo() : Uint32
getObjectStatus() : Object::5tatus
getObjectVersion() : int
getObjectId() : 1int

setPath(path : const char*)
setSize( : Uinted)
setLogfileGroup(name : const char®*)
setLogfileGroup(logfileGroup : class const LogfileGroup&)
setNode (nodeld : Uint32)

3.4.3.9.1. Undof i | e Class Methods
This section details the public methods of the Undof i | e class.
3.4.3.9.1.1.

Description. The class constructor can be used to create anew Undof i | e instance, or to copy an ex-
isting one.

Signatures. Creates anew instance:
Undmzi le

voi d
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Copy constructor:

Undofil e
const Undofil e& undoFil e

Parameters. New instance: None. The copy constructor takes a single argument — areference to the
Undof i | e object to be copied.

Return Value. AnUndof i | e object.

Destructor. The class definesavirtual destructor which takes no arguments and has the return type
voi d.

3.4.3.9.1.2. Undof i | e: : get Pat h()

Description. This method retrieves the path matching the location of the undofile on the data node's
filesystem.

Signature.

const char* getPath

voi d
) const

Parameters. None.

Return Value. The filesystem path, a string (as a character pointer).
3.4.3.9.1.3. Undofi |l e: : get Si ze()

Description. This method gets the size of the undofilein bytes.

Signature.

Ui nt 64 getSi ze

voi d
) const

Parameters. None.
Return Value. The sizein bytes of the undofile, as an unsigned 64-bit integer.
3.4.3.9.1.4. Undofil e:: getLogfil eG oup()
Description. This method retrieves the name of the logfile group to which the undofile belongs.

Signature.

const char* getLogfil eG oup

voi d
) const

Parameters. None.

Return Value. The name of the logfile group, a string value (as a character pointer).
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3.4.3.9.1.5. Undof i | e: : get Logfi |l eGoupl d()
Description. This method retrievesthe ID of the logfile group to which the undofile belongs.
Note

It is also possible to obtain the name of the logfile group directly. See Section 3.4.3.9.1.4,
“Undofile::getlLogfil eGoup()”

Signature.

Ui nt 32 get Logfil eG oupld
(

voi d
) const

Parameters. None.
Return Value. TheID of thelogfile group, as an unsigned 32-hit integer.
3.4.3.9.1.6. Undof i | e: : get Node()
Description. This method is used to retrieve the node ID of the node where the undofile is located.

Signature.

Ui nt 32 get Node
(

voi d
) const

Parameters. None.
Return Value. The node ID, as an unsigned 32-hit integer.
3.4.3.9.1.7. Undof i | e: : get Fi | eNo()

Description. Theget Fi | eNo() method gets the number of the undofile in the logfile group to which
it belongs.

Signature.

Ui nt 32 get Fi | eNo

voi d
) const

Parameters. None.

Return Value. The number of the undofile, as an unsigned 32-bit integer.
3.4.3.9.1.8. Undof i | e: : get Obj ect St at us()

Description. This method is used to retrieve the object status of an undofile.

Signature.

virtual Object::Status get Object Status

voi d
) const
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Parameters. None.

Return Value. Anbj ect : : St at us value— see Section 3.4.3.1.3, “The Obj ect : : St at us
Type’, for details.

3.4.3.9.1.9. Undof i | e: : get Cbj ect Ver si on()
Description. This method gets the undofile's object version.

Signature.

virtual int getObjectVersion

voi d
) const

Parameters. None.

Return Value. The object version, as an integer.
3.4.3.9.1.10. Undof i | e: : get Cbj ect 1 d()

Description. This method retrieves the undofile's object ID.

Signature.

virtual int getObjectld
(

voi d
) const

Parameters. None.
Return Value. Theabject ID, as an integer.
3.4.3.9.1.11. Undof i | e: : set Pat h()

Description. This method is used to set the filesystem path of the undofile on the data node where it
resides.

Signature.

voi d setPath

const char* path

Parameters. The desired pat h to the undofile.
Return Value. None.

3.4.3.9.1.12. Undof i |l e: : set Si ze()
Description. Setsthe size of the undofile in bytes.

Signature.

voi d setSize

Ui nt 64 size
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Parameters. Theintended si ze of the undofile in bytes, as an unsigned 64-bit integer.
Return Value. None.
3.4.3.9.1.13. Undof i | e: : set Logfil eGoup()

Description. Given either a name or an object reference to alogfile group, the set Log-
fileG oup() method assigns the undofile to that logfile group.

Signature. Using alogfile group name:

voi d setLogfil eG oup

const char* nane

Using areference to a L ogfileGroup instance:

voi d setLogfil eG oup

const class LogfileGoup & | ogfileG oup

Parameters. The nane of the logfile group (a character pointer), or areferencetoalLogfi | eG oup
instance.

Return Value. None.
3.4.3.9.1.14. Undof i | e: : set Node()
Description. Setsthe node on which the logfile group isto reside.

Signature.

voi d set Node
Ui nt 32 nodel d

Parameters. Thenodel d of the data node where the undofile isto be placed; thisis an unsigned
32-bit integer.

Return Value. None.

3.4.4. The Aut oG owSpeci fi cati on Structure

This section describes the Aut 0Gr owSpeci fi cat i on structure.

Description. The Aut oG owSpeci fi cat i on isadatastructure defined in the NdbDi ct i onary
class, and is used as a parameter to or return value of some of the methods of the Tabl espace and
Logfi | eG oup classes. See Section 3.4.3.8, “The Tabl espace Class’, and Section 3.4.3.6, “The
Logfi |l eG oup Class’, for more information.

Public Methods. Aut oG owSpeci fi cat i on hasthe following members, whose types are as shown
in the following diagram:
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AutoGrowSpecification
min_free : Uint32
max_size : Uinted
file _size : Uinted
filename pattern : const char*®

The purpose and use of each member can be found in the following table:

Name Description
mn_free 7
max_si ze 7?
file_size ”?
filenane_pattern 7?

3.5. The NdbEvent Oper at i on Class

This section describes the NdbEvent Oper at i on class, which is used to monitor changes (events) in
a database.

Description. NdbEvent Oper at i on represents a database event.

Creating an Instance of NdbEvent Qper at i on. This class has no public constructor or destructor.
Instead, instances of NdbEvent Oper at i on are created as the result of method calls on Ndb and Nd-
bDi cti onary objects:

1. Theremust exist an event which was created using Di ct i onary: : creat eEvent (). This
method returns an instance of the NdbDi ct i onary: : Event class. See Section 3.4.1.1.12,
“Dictionary::createEvent()”.

AnNdbEvent Oper at i on object isinstantiated using Ndb: : cr eat eEvent Oper ati on(),
which acts on instance of NdbDi cti onary: : Event . See Section 3.1.1.10,
“Ndb: : creat eEvent Operati on”.

See also Section 3.4.3.4, “The Event Class’.

An instance of this classisremoved by invoking Ndb: : dr opEvent Oper at i on. See Sec-
tion 3.1.1.11, “Ndb: : dr opEvent Oper at i on() ", for more information.

Tip

A detailed example demonstrating creation and removal of event operationsis provided in
Section 6.6, “NDB API Event Handling Example”.

Limitations. The following limitations apply to this class:
*  The maximum number of active NdbEvent Oper at i on objectsis currently fixed at compile time
at 100. This may become a configurable parameter in a future release.

»  The maximum number of NdbEvent Oper at i on objects associated with asingle event in one
processis 16.
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Known Issues. The following issues may be encountered when working with event operationsin the
NDB API:

When several instances of NdbEvent Oper at i on aretied to the same event in the same process,
they share the circular buffer (set asthe buf f er Lengt h parameter to

Ndb: : cr eat eEvent Oper at i on() ), which istherefore the same for all such instances and de-
termined when the first one isinstantiated. For this reason, you should make sure to instantiate the
“largest” instance first.

Currently, all | NSERT, DELETE, and UPDATE events — aswell as al attribute changes — are sent
to the API, even if only some attributes have been specified. However, these are hidden from the
user and only relevant datais shown after calling Ndb: : next Event ().

Note that false exitsfrom Ndb: : pol | Event s() may occur, and thus the following nex-
t Event () call returns zero, since there was no available data. In such cases, simply call pol -
| Event s() again.

See Section 3.1.1.12, “Ndb: : pol | Event s() ", and Section 3.1.1.13, “Ndb: : next Event () ".

Event code does not check the table schema version. When atable is dropped, make sure that you
drop any associated events.

On areplicated Cluster, each event is received multiple times — once for each replica. However, if a
node fails, events are no longer received multiple times for data in the corresponding fragment.

Following the failure of anode, not al eventswill be received any longer. Y ou should drop any as-
sociated NdbEvent Oper at i on objects and re-create them after once the node is running again.

We intend to remedy these issues in future releases of MySQL Cluster and the NDB API.

Tip

To view the contents of the system table containing created events, you can use the
ndb_sel ect _al | utility as shown here:

ndb_sel ect _all -d sys ' NDB$SEVENTS 0'

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod

Purpose/ Use

get State()

Gets the current state of the event operation

get Event Type()

Gets the event type

get Val ue()

Retrieves an attribute value

get PreVal ue()

Retrieves an attribute's previous value

get Bl obHandl e()

Gets ahandle for reading blob attributes

get Pr eBl obHandl e()

Gets a handle for reading the previous blob attrib-
ute

get GCl ()

Retrieves the GCI of the most recently retrieved
event

get Lat est GCl ()

Retrieves the most recent GCI (whether or not the
corresponding event has been retrieved)

get NdbError ()

Gets the most recent error
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Method

Purpose/ Use

i sConsi stent ()

Detects event loss caused by node failure

t abl eNameChanged()

Checks to see whether the name of atable has
changed

t abl eFr nChanged()

Checks to see whether atable . FRMfile has
changed

t abl eFragnent at i onChanged()

Checks to see whether the fragmentation for ata
ble has changed

t abl eRangelLi st Changed()

Checks to see whether atable range partition list
name has changed

mer geEvent s()

Allows for eventsto be merged

execut e()

Activatesthe NdbEvent Oper ati on

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.5.2,

“NdbEvent Oper at i on Class Methods”.

Public Types. NdbEvent Oper at i on defines one enumerated type. See Section 3.5.1, “The Nd-

bEvent Oper ati on: : St at e Type”, for details.

Class Diagram. Thisdiagram shows all the available methods and enumerated types of the NdbEven-

t Oper at i on class.
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NdbEventOperation

getState() : State

getkEventType() : NdbDictionary::Event::TableEvent
getValue(name : const char*, value : char*) : NdbRecAttr*
getPreValue(name : const char*, value : char*) : NdbRecAttr*
getBlobHandle(name : const char*) : NdbBlob*
getPreBlobHandle(name : const char*) : NdbBlob*

getGCI() : Uinted

getlLatestGCI() : Uinté4

getNdbError() : struct const NdbError&

isConsistent() : bool

tableNameChanged() : const bool

tableFrmChanged() : const bool
tableFragmentationChanged() : const bool
tableRangelistChanged() : const bool

mergekEvents(flag : bool)

execute() : int

«enum»
5tate
EO_CREATED
EO _EXECUTING
EO_DROPPED
EO_ERROR

3.5.1. The NdbEvent Oper ati on: : St at e Type

Description. Thistype describes the event operation's state.

Enumeration Values.

Value Description

EO CREATED The event operation has been created, but execut e() hasnot yet
been called.

EO _EXECUTI NG Theexecut e() method has been invoked for this event opera-
tion.

EO DROPPED The event operation is waiting to be deleted, and is no longer us-
able.

EO ERROR An error has occurred, and the event operation is unusable.

A St at e valueisreturned by the get St at e() method. See Section 3.5.2.1, “NdbEvent Oper a-
tion::getState()”,for moreinformation.

3.5.2. NdbEvent Oper at i on Class Methods
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This section contains definitions and descriptions of the public methods of the NdbEvent Oper at i on
class.

3.5.2.1. NdbEvent Oper ati on: : get State()

Description. This method gets the event operation's current state.

Signature.

State getState
(

voi d

Parameters. None.

Return Value. A St at e value. See Section 3.5.1, “The NdbEvent Oper at i on: : St at e Type".

3.5.2.2. NdbEvent Oper ati on: : get Event Type()

Description. This method is used to obtain the event'stype (Tabl eEvent).

Signature.

NdbDi cti onary: : Event:: Tabl eEvent get Event Type
(

voi d
) const

Parameters. None.

Return Value. A Tabl eEvent value. See Section 3.4.3.4.1.1, “TheEvent : : Tabl eEvent Type’.

3.5.2.3. NdbEvent Oper ati on: : get Val ue()

Description. This method defines the retrieval of an attribute value. The NDB API allocates memory for
the NdbRecAt t r object that isto hold the returned attribute value.

Important

This method does not fetch the attribute value from the database, and the NdbRecAt t r ob-
ject returned by this method is not readable or printable before calling the execute() method
and Ndb: : next Event () hasreturned not NULL.

If a specific attribute has not changed, the corresponding NdbRecAt t r will bein the state
UNDEFI NED. This can be checked by using NdbRecAt t r: : i sSNULL() whichin such
casesreturns- 1.

val ue Buffer Memory Allocation. It isthe application's responsibility to allocate sufficient memory
for theval ue buffer (if not NULL), and this buffer must be aligned appropriately. The buffer is used
directly (thus avoiding a copy penalty) only if it is aligned on a4-byte boundary and the attribute size in
bytes (calculated asNdbRecAt tr: : attr Si ze() timesNdbRecAttr::arraySi ze())isamul-
tiple of 4.

Note

get Val ue() retrievesthe current value. Use get Pr eVal ue() for retrieving the previ-
ous value. See Section 3.5.2.4, “NdbEvent Oper at i on: : get PreVal ue()”.
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Signature.

NdbRecAttr* get Val ue

const char* nane,
char * value = 0

)

Parameters. This method takes two parameters:

» Thenane of the attribute (as a constant character pointer).
* A pointertoaval ue:
< |f the attribute valueis not NULL, then the attribute value is returned in this parameter.
e If theattribute value is NULL, then the attribute value is stored only in the NdbRecAt t r object

returned by this method.
Seeval ue Buffer Memory Allocation for more information regarding this parameter.

Return Value. AnNdbRecAt t r object to hold the value of the attribute, or a NULL pointer indicating
that an error has occurred. See Section 3.7, “The NdbRecAt t r Class’.

3.5.2.4. NdbEvent Oper ati on: : get PreVal ue()

Description. This method performsidentically to getValue(), except that it is used to define aretrieval
operation of an attribute's previous value rather than the current value. See Section 3.5.2.3, “NdbEven-
t Operati on:: get Val ue()”, for details.

Signature.

NdbRecAttr* get PreVal ue

const char* nane,
char * value = 0

Parameters. This method takes two parameters:

» Thenane of the attribute (as a constant character pointer).
* A pointertoaval ue:
e |f theattribute valueis not NULL, then the attribute value is returned in this parameter.
e If the attribute value is NULL, then the attribute value is stored only in the NdbRecAt t r object

returned by this method.
Seeval ue Buffer Memory Allocation for more information regarding this parameter.

Return Value. AnNdbRecAt t r object to hold the value of the attribute, or aNULL pointer indicating
that an error has occurred. See Section 3.7, “The NdbRecAt t r Class’.

3.5.2.5. NdbEvent Oper ati on: : get Bl obHandl e()

Description. This method is used in place of getVaue() for blob attributes. The blob handle
(NdbBI ob)returned by this method supports read operations only.
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Note

To obtain the previous value for ablob attribute, use get Pr eBl obHandl e. See Sec-
tion 3.5.2.6, “NdbEvent Qper ati on: : get Pr eBl obHandl e() .

Signature.

NdbBl ob* get Bl obHandl e

const char* nane

Parameters. The nane of the blob attribute.

Return Value. A pointer to an NdbBIl ob object. See Section 3.3, “The NdbBI ob Class’.

3.5.2.6. NdbEvent Oper ati on: : get PreBl obHandl e()

Description. Thisfunction isthe sameasget Bl obHandl e() , except that it is used to access the pre-
vious value of the blob attribute. See Section 3.5.2.5, “NdbEvent Oper a-
tion::getBl obHandl e()".

Signature.

NdbBI ob* get Pr eBl obHandl e

const char* nane

Parameters. The nane of the blob attribute.

Return Value. A pointer to an NdbBI ob. See Section 3.3, “The NdbBI ob Class’.

3.5.2.7. NdbEvent Oper ati on: : get GCl ()

Description. This method retrieves the GCI for the most recently retrieved event.

Signature.

Ui nt 64 get GCl

voi d
) const

Parameters. None.

Return Value. Theglobal checkpoint index of the most recently retrieved event (an integer).

3.5.2.8. NdbEvent Oper ati on: : get Lat est GCl ()

Description. This method retrieves the most recent GCI.

Note
The GCI obtained using this method is not necessarily associated with an event.

Signature.

Ui nt 64 get Lat est CCl
(
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voi d
) const

Parameters. None.

Return Value. Theindex of the latest global checkpoint, an integer.

3.5.2.9. NdbEvent Oper ati on: : get NdbErr or ()

Description. This method retrieves the most recent error.

Signature.

const struct NdbError& get NdbError

voi d
) const

Parameters. None.

Return Value. A referenceto an NdbEr r or structure. See Section 4.1, “The NdbEr r or Structure”.

3.5.2.10. NdbEvent Oper ati on: : i sConsi stent ()

Description. This method is used to determine whether event loss has taken place following the failure
of anode.

Signature.

bool i sConsi stent

voi d
) const

Parameters. None.

Return Value. If event loss has taken place, then this method returnsf al se; otherwise, it returns
true.

3.5.2.11. NdbEvent Oper ati on: : t abl eNameChanged()

Description. This method tests whether a table name has changed as the result of aTE_ALTER table
event. (See Section 3.4.3.4.1.1, “The Event : : Tabl eEvent Type'.)

Signature.

const bool tabl eNameChanged

voi d
) const

Parameters. None.

Return Value. Returnst r ue if the name of the table has changed; otherwise, the method returns
fal se.

3.5.2.12. NdbEvent Oper ati on: : t abl eFr nChanged()

Description. Use this method to determine whether atable . FRMfile has changed in connection with a
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TE_ALTER event. (See Section 3.4.3.4.1.1, “TheEvent : : Tabl eEvent Type’.)

Signature.

const bool tabl eFr nChanged
(

voi d
) const

Parameters. None.

Return Value. Returnst r ue if thetable. FRMfile has changed; otherwise, the method returns
fal se.

3.5.2.13. NdbEvent Oper ati on: : t abl eFragnent at i onChanged()

Description. This method is used to test whether a table's fragmentation has changed in connection
withaTE_ALTER event. (See Section 3.4.3.4.1.1, “TheEvent : : Tabl eEvent Type’.)

Signature.

const bool tabl eFragnentati onChanged

voi d
) const

Parameters. None.

Return Value. Returnst r ue if the table's fragmentation has changed; otherwise, the method returns
fal se.

3.5.2.14. NdbEvent Oper ati on: : t abl eRangeLi st Changed()

Description. Use this method to check whether atable range partition list name has changed in connec-
tionwithaTE _ALTER event.

Signature.

const bool tabl eRangelLi st Changed

voi d
) const

Parameters. None.

Return Value. This method returnst r ue if range or list partition name has changed; otherwise it re-
turnsf al se.

3.5.2.15. NdbEvent Oper ati on: : mer geEvent s()

Description. This method is used to set the merge events flag. For information about event merging,
see Section 3.4.3.4.2.20, “Event : : mer geEvent s() .

Note
The merge eventsflagisf al se by default.

Signature.

voi d nergeEvents
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bool flag

Parameters. A Booleanf | ag.

Return Value. None.

3.5.2.16. NdbEvent Oper ati on: : execut e()

Description. Activatesthe NdbEvent Oper at i on, so that it can begin receiving events. Changed at-
tribute values may be retrieved after Ndb: : next Event () hasreturned not NULL. get Val ue() or
get PreVal ue() must be called beforeinvoking execut e() .
Important
Before attempting to use this method, you should have read the explanations provided in
Section 3.1.1.13, “Ndb: : next Event () ”, and Section 3.5.2.3, “NdbEvent Oper a-
tion::getVal ue()”. Alsosee Section 3.5, “The NdbEvent Oper at i on Class’.

Signature.

int execute

voi d

Parameters. None.

Return Value. This method returns O on success and - 1 on failure.

3.6. The NdbOper at i on Class

This section discusses the NdbOper at i on class. Its subclasses Ndbl ndexCOper at i on, NdbScan-
Oper at i on, and Ndbl ndexScanQOper at i on are described in subsections of this section.

NdbOper at i on Subclasses. This diagram shows the relationships of NdbOper at i on, it subclasses,
and their public types:
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e Lme
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LockMaode

NdbOperation

NdbIndexOperation Ndb5canOperation

wenum:

NdbIndexScanOperation ScanFlag

«enums
BoundType

Description. NdbOper at i on represents a“generic” data operation. Its subclasses represent more spe-
cific types of operations. See Section 3.6.1.1, “The NdbQper at i on: : Type Type’ for alisting of op-
eration types and their corresponding NdbQper at i on subclasses.

Public Methods. The following table lists the public methods of this class and the purpose or use of
each method:

M ethod Purpose/ Use

get Val ue() Prepares an attribute value for access

get Bl obHandl e() Used to access blob attributes

get Tabl eNane() Gets the name of the table used for this operation
get Tabl e() Gets the table object used for this operation

get NdbError () Getsthe latest error

get NdbEr r or Li ne() Gets the number of the method where the latest error occurred
get Type() Gets the type of operation

get LockMode() Gets the operation's lock mode

equal () Defines a search condition using equality

set Val ue() Defines an attribute to set or update

i nsert Tupl e() Adds anew tupleto atable

updat eTupl e() Updates an existing tuple in atable

readTupl e() Reads atuple from atable
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M ethod Purpose/ Use
writeTupl e() Inserts or updates a tuple
del et eTupl e() Removes atuple from atable

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.6.2,
“NdbQper at i on Class Methods”.

Public Types. TheNdbQOper at i on class defines two public types, as shown in the following table:

Type Purpose/ Use
Type Operation access types
LockMode The type of lock used when performing a read operation

For adiscussion of each of these types, along with its possible values, see Section 3.6.1, “NdbQper a-
tion Types'.

Class Diagram. Thisdiagram shows all the available methods and enumerated types of the NdbCper -
ation class:
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NdbOperation
getValue(name : const char*, value char* = @) NdbRecAttr*
getValue(id Uint32, value char* = @) NdbRecAttr*
getValue(col const NdbDictionary::Column*, wvalue char* = @) NdbRecAttr*
getBlobHandle(name : const char*) : NdbBlob*
getBlobHandle(id Uint32) NdbBlob*
getTableName () const char*
getTable() const NdbDictionary::Table*
getNdbError()
getNdbErrorLine() int
getType() : Type
getlLockMode() : LockMode
equal (name : const char*, wvalue const char*) int
equal (name : const char*, wvalue Int32) int
equal (name : const char*, value Uint32) int
equal (name : const char*, value Inted) int
equal(name : const char®, wvalue Uinted) int
equal (id : int, wvalue const char ) int
equal(id int, wvalue Int32) int
equal (id int, value Uint32) int
equal (id int, value Inted) int
equal(id : int, wvalue Uinted) int
setValue(name : const char* value : const char*) int
setValue(name : const char*, value Int32) int
setValue(name : const char*, value Uint32) int
setValue(name : const char*, value Inted) int
setValue(name : const char*, value Uinted) int
setValue(name : const char*, value float) int
setValue(name : const char* value double) int
setValue(id 1nt value const char ) o oint
setValue(id int, value Int32) int
setValue(id int, value Uint32) int
setValue(id int, value Inted) int
setValue(id int, value Uinted) int
setValue(id int, value float) int
setValue(id int, value double) int
1n5ertTup1e() int
readTuple (mode LockMode) int
writeTuple() int
updateTuple() int
deleteTuple() int

«enums
T «enums
PrimaryKeyAccess Logldiics
LM Read

UniquelndexAccess
TableScan
OrderedIndexScan

Note

LM Exclusive
LM CommittedRead

For more information about the use of NdbOper at i on, see Section 1.3.2.3.1, “Single-row
operations’.
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3.6.1. NdbOper at i on Types
This section details the public types belonging to the NdbQper at i on class.
3.6.1.1. The NdbOper ati on: : Type Type

Description. Type is used to describe the operation access type. Each access type is supported by Nd-
bOper at i on or one of its subclasses, as shown in the following table:

Enumeration Values.

Value Description Class

Pri mar yKeyAccess A read, insert, update, or de- |NdbOper at i on
lete operation using the table's
primary key

Uni quel ndexAccess A read, update, or deleteop- |Ndbl ndexOper ati on
eration using a unique index

Tabl eScan A full table scan NdbScanQper at i on

O der edl ndexScan An ordered index scan Ndbl ndexScanOper ati on

3.6.1.2. The NdbOper ati on: : LockMbde Type

Description. This type describes the lock mode used when performing a read operation.

Enumeration Values.

Value Description

LM Read Read with shared lock

LM Excl usi ve Read with exclusive lock

LM Conmi tt edRead Ignore locks; read last committed
Note

Thereisalso support for dirty reads (LM Di r t y), but thisis normally for internal purposes
only, and should not be used for applications deployed in a production setting.

3.6.2. NdbOper at i on Class Methods

This section lists and describes the public methods of the NdbOper at i on class.

Note
This class has no public constructor. To create an instance of NdbQper at i on, you must

use NdbTr ansact i on: : get NdbOper ati on() . See Section 3.9.2.1, “NdbTr ansac-
tion::get NdbOperation()”,for moreinformation.

3.6.2.1. NdbOper at i on: : get Val ue()

Description. This method defines the retrieval of an attribute value. The NDB API allocates memory for
the NdbRecAt t r object that isto hold the returned attribute value.

] 'mportant
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This method does not fetch the attribute value from the database, and the NdbRecAt t r ob-
ject returned by this method is not readable or printable before calling NdbTr ansac-
tion::execute().

If a specific attribute has not changed, the corresponding NdbRecAt t r will bein the state
UNDEFI NED. This can be checked by using NdbRecAt t r: : i sSNULL() whichin such
casesreturns- 1.

See Section 3.9.2.5, “NdbTr ansact i on: : execut e() ", and Section 3.7.1.4, “Nd-
bRecAttr::isNULL()".

Signature. There are three versions of this method, each having different parameters:

NdbRecAttr* get Val ue

const char* nane,
char * value = 0

NdbRecAttr* get Val ue

(
Uint32 id,
char* value =0

NdbRecAttr* get Val ue

const NdbDi cti onary: : Col um* col,
char * value = 0

Parameters. All three forms of this method require two parameters. They differ with regard to the type
of the first parameter, which can be any one of the following:

e Theattribute nanme
e Theattributei d
e Thecol um on which the attribute is defined

In all three cases, the second parameter is a character buffer in which anon-NULL attribute value isre-
turned. In the event that the attribute isNULL, isit stored only in the NdbRecAt t r object returned by
this method.

Return Value. AnNdbRecAt t r object to hold the value of the attribute, or a NULL pointer, indicat-
ing an error.

3.6.2.2. NdbOper at i on: : get Bl obHandl e()

Description. Thismethod isused in place of get Val ue() or set Val ue() for blob attributes. It
creates a blob handle (NdbBI ob object). A second call with the same argument returns the previously
created handle. The handleis linked to the operation and is maintained automatically. See Section 3.3,
“The NdbBI ob Class’, for details.

Signature. This method has two forms, depending on whether it is called with the name or the ID of the
blob attribute:

virtual NdbBl ob* get Bl obHandl e

const char* nane

virtual NdbBl ob* get Bl obHandl e
(
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uint32 id

Parameters. This method takes a single parameter, which can be either one of the following:

* Thenane of the attribute
* Thei d of the attribute

Return Value. Regardless of parameter type used, this method return a pointer to an instance of Nd-
bBI ob.

3.6.2.3. NdbOper at i on: : get Tabl eNane()

Description. This method retrieves the name of the table used for the operation.

Signature.

const char* get Tabl eNane

voi d
) const

Parameters. None.

Return Value. The name of thetable.

3.6.2.4. NdbOper at i on: : get Tabl e()
Description. This method is used to retrieve the table object associated with the operation.

Signature.

const NdbDi ctionary:: Tabl e* get Tabl e

voi d
) const

Parameters. None.

Return Value. Aninstance of Tabl e. For more information, see Section 3.4.3.7, “The Tabl e Class”.

3.6.2.5. NdbOper ati on: : get NdbError ()

Description. This method gets the most recent error (an NdbEr r or object).

Signature.

const NdbError & get NdbErr or

voi d
) const

Parameters. None.

Return Value. An NdbEr r or object. See Section 4.1, “The NdbEr r or Structure”.
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3.6.2.6. NdbOper at i on: : get NdbEr r or Li ne()

Description. This method retrieves the method number in which the latest error occurred.

Signature.

i nt get NdbErrorLi ne

voi d

Parameters. None.

Return Value. The method number (an integer).

3.6.2.7. NdbOper at i on: : get Type()

Description. This method is used to retrieve the access type for this operation.

Signature.

const Type get Type

voi d
) const

Parameters. None.

Return Value. A Type value. See Section 3.6.1.1, “The NdbOper at i on: : Type Type".

3.6.2.8. NdbOper ati on: : get LockMbde()

Description. This method gets the operation's lock mode.

Signature.

LockMbde get LockMbde
(

voi d
) const

Parameters. None.

Return Value. A LockMode value. See Section 3.6.1.2, “The NdbQper at i on: : LockMbde Type”.

3.6.2.9. NdbOper at i on: : equal ()

Description. This method define a search condition with an equality. The condition is true if the attrib-
ute has the given value. To set search conditions on multiple attributes, use several callstoequal () ;in
such cases all of them must be satisfied for the tuple to be selected.

Important

If the attribute is of afixed size, its value must include all bytes. In particular aChar value
must be native-blank padded. If the attribute is of variable size, its value must start with 1 or
2 little-endian length bytes (2 if itstypeisLong*).

| Note
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Whenusingi nsert Tupl e() , you may aso define the search key with set Val ue() .
See Section 3.6.2.10, “NdbOper at i on: : set Val ue() .

Signature. Thereare 10 versionsof equal () , each having slightly different parameters. All of these
arelisted here:

int equal

const char* nane,
const char* val ue

int equal
const char* nane,
I nt 32 val ue
)
int equal
const char* nane,
Ui nt 32 val ue
int equal
const char* nane,
I nt 64 val ue
)
int equal
const char* nane,
U nt 64 val ue
)
int equal

Ui nt 32 id,
const char* val ue

int equal

Uint32 id,
Int32 val ue

)

int equal
Uint32 id,
Ui nt 32 val ue
)
int equal
uint32 id

I nt 64 vai ue

)
int equal

Uint32 id,
U nt 64 val ue

)

Parameters. This method requires two parameters:

» Thefirst parameter can be either of the following:
e Thenane of the attribute (a string)

e Thei d of the attribute (an unsigned 32-hit integer)
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The second parameter isthe attribute val ue to be tested; it can be any one of the following 5 types:

String

32-bit integer

Unsigned 32-bit integer
64-bit integer

Unsigned 64-bit integer

Return Value. Returns- 1 inthe event of an error.

3.6.2.10. NdbOper at i on: : set Val ue()

Description. This method defines an attribute to be set or updated.

Important

There are anumber of NdbOper at i on: : set Val ue() methods that take a certain type
asinput (pass by value rather than passing a pointer). It is the responsibility of the applica-
tion programmer to use the correct types.

However, the NDB API does check that the application sends a correct length to the interface
as given in the length parameter. A char * value can contain any datatype or any type of ar-
ray. If the length is not provided, or if it is set to zero, then the APl assumes that the pointer
is correct, and does not check it.

Tip
To set aNULL value, use the following construct:

set Val ue(" ATTR_NAME", (char*) NULL);

Note

Whenyou usei nsert Tupl e() , the NDB API will automatically detect that it is supposed
touseequal () instead.

In addition, it is not necessary when using insertTuple() to use set Val ue() on key attrib-
utes before other attributes.

Signature. There are 14 versions of NdbQper at i on: : set Val ue() , each with dightly different
parameters, as listed here (and summarised in the Parameters section following):

int setVal ue

)

const char* nane,
const char* val ue

int setVal ue

const char* nane,
I nt 32 val ue

int setVal ue

const char* nane,
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Ui nt 32

set Val ue

const char*

I nt 64
)

set Val ue

const char*

U nt 64
)

set Val ue

const char*

f 1 oat

)

set Val ue

const char*

doubl e

)

set Val ue

(
Ui nt 32

const char*

set Val ue

Ui nt32 i

I nt 32

set Val ue

Uint32 i

Ui nt 32
)

set Val ue

Uint32 i

I nt 64
)

set Val ue

Ui nt 32
Ui nt 64

)

set Val ue

(
Uint32 i

fl oat

set Val ue

Ui nt 32
doubl e

)

val ue

val ue

val ue

id,
val ue

val ue

id,
val ue

val ue

name
val ue

nanme
val ue

nane,
val ue

nane
val ue

id,
val ue

Parameters. This method requires two parameters:

Thefirst parameter identified the attribute to be set, and may be either one of:

The attribute nane (astring)

The attribute i d (an unsigned 32-bit integer)
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» The second parameter isthe val ue to which the attribute is to be set; its type may be any one of the
following 7 types:

e String (const char*)
e 32-hit integer

e Unsigned 32-bit integer
e 64-hit integer

e Unsigned 64-bit integer
* Double

e Foat

See Section 3.6.2.9, “NdbCper at i on: : equal () ", for important information regarding the value's
format and length.

Return Value. Returns- 1 in the event of failure.

3.6.2.11. NdbOper ati on: :insert Tupl e()

Description. This method definesthe NdbOper at i on to bean | NSERT operation. When the Ndb-
Transaction: : execut e() method iscalled, this operation adds a new tuple to the table. See Sec-
tion 3.9.2.5, “NdbTr ansact i on: : execut e() ".

Signature.

virtual int insertTuple

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.

3.6.2.12. NdbOper ati on: : readTupl e()

Description. This method definethe NdbOper at i on asaREAD operation. When the NdbTr ans-
action::execut e() method isinvoked, the operation reads a tuple. See Section 3.9.2.5, “Ndb-
Transaction: : execute()".

Signature.

virtual int readTuple

LockMbde node

Parameters. node specifies the locking mode used by the read operation. See Section 3.6.1.2, “The
NdbOper at i on: : LockMbde Type”, for possible values.

Return Value. 0 on success, - 1 on failure.

3.6.2.13. NdbOperation: : witeTupl e()
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Description. This method definesthe NdbOper at i on asa\WRI TE operation. When the NdbTr ans-
action: :execut e() method isinvoked, the operation writes atuple to the table. If the tuple
already exists, it is updated; otherwise an insert takes place. See Section 3.9.2.5, “NdbTr ansac-
tion::execute()”.

Signature.

virtual int witeTuple

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.

3.6.2.14. NdbOper at i on: : updat eTupl e()
Description. This method definesthe NdbOper at i on as an UPDATE operation. When the Ndb-
Transaction: : execut e() method isinvoked, the operation updates atuple found in the table.
See Section 3.9.2.5, “NdbTr ansact i on: : execute() .

Signature.

virtual int updateTuple

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.

3.6.2.15. NdbOper ati on: : del et eTupl e()
Description. This method definesthe NdbOper at i on asaDELETE operation. When the Ndb-
Transaction: : execut e() method isinvoked, the operation deletes a tuple from the table. See
Section 3.9.2.5, “NdbTr ansact i on: : execut e() ".

Signature.

virtual int del eteTuple

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.

3.6.3. The Ndbl ndexOper ati on Class

This section describes the Ndbl ndexOper at i on class and its public methods.

Description. Ndbl ndexQper at i on represents an index operation for use in transactions. This class
inherits from NdbQper at i on; see Section 3.6, “The NdbQper at i on Class’, for more information.

| Note
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Ndbl ndexOper at i on can be used only with unique hash indexes; to work with ordered
indexes, use Ndbl ndexScanQper at i on. See Section 3.6.4.3, “The Ndbl ndexScan-
Oper ati on Class’.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod Purpose/ Use

get | ndex() Gets the index used by the operation
readTupl e() Reads atuple from atable

updat eTupl e() Updates an existing tuple in atable
del et eTupl e() Removes atuple from atable

Note
Index operations are not permitted to insert tuples.

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.6.2,
“NdbQper at i on Class Methods”.

Public Types. TheNdbl ndexOper at i on class defines no public types of its own.

Class Diagram. Thisdiagram shows all the available methods of the Ndbl ndexQOper at i on class:

NdbIndexOperation

getIndex() : const NdbDictionary::Index*
readTuple(mode : LockMode) : int
updateTuple() : int

deleteTuple() : int

Note

For more information about the use of Ndbl ndexQper at i on, see Section 1.3.2.3.1,
“Single-row operations”.

3.6.3.1. Ndbl ndexOper at i on Class Methods
This section lists and describes the public methods of the Ndbl ndexOper at i on class.
Note
This class has no public constructor. To create an instance of Ndbl ndexOper ati on, itis

necessary to use the NdbTr ansact i on: : get Ndbl ndexQper at i on() method. See
Section 3.9.2.4, “NdbTr ansact i on: : get Ndbl ndexQper ati on()”.

3.6.3.1.1. Ndbl ndexQper ati on: : get | ndex()
Description.

Signature.

const NdbDi ctionary:: | ndex* getlndex
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voi d
) const

Parameters. None.

Return Value. A pointer to an | ndex object. See Section 3.4.3.5, “The | ndex Class’.

3.6.3.1.2. Ndbl ndexQper ati on: : readTupl e()

Description. This method definethe Ndbl ndexOper at i on asaREAD operation. When the Ndb-
Transacti on: : execut e() method isinvoked, the operation reads atuple. See Section 3.9.2.5,
“NdbTr ansacti on: : execute()"”.

Signature.

int readTupl e

LockMode node

Parameters. node specifies the locking mode used by the read operation. See Section 3.6.1.2, “The
NdbOper at i on: : LockMode Type”, for possible values.

Return Value. 0 on success, - 1 on failure.

3.6.3.1.3. Ndbl ndexQper ati on: : updat eTupl e()
Description. This method definesthe Ndbl ndexOper at i on asan UPDATE operation. When the
NdbTr ansacti on: : execut e() method isinvoked, the operation updates atuple found in the ta-
ble. See Section 3.9.2.5, “NdbTr ansact i on: : execut e()”.

Signature.

int witeTuple

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.

3.6.3.1.4. Ndbl ndexQper ati on: : del et eTupl e()
Description. This method definesthe Ndbl ndexOper at i on as a DELETE operation. When the Nd-
bTransacti on: : execut e() method isinvoked, the operation deletes atuple from the table. See
Section 3.9.2.5, “NdbTr ansact i on: : execute() .

Signature.

int del eteTuple

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.
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3.6.4. The NdbScanOper at i on Class

This section describes the NdbScanQper at i on class and its class members.

Description. The NdbScanQper at i on class represents a scanning operation used in a transaction.
This classinherits from NdbQper at i on. For more information, see Section 3.6, “The NdbQper a-

tion Class.

Public Methods. The following table lists the public methods of this class and the purpose or use of
each method:

M ethod Purpose/ Use
readTupl es() Reads tuples

next Resul t () Gets the next tuple

cl ose() Closes the scan

| ockCurrent Tupl e() Locksthe current tuple
updat eCurrent Tupl e() Updates the current tuple
del et eCurrent Tupl e() Deletes the current tuple
restart() Restarts the scan

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.6.4.2,
“NdbScanQper at i on Class Methods”.

Public Types. Thisclass definesasingle public type ScanFl ag. See Section 3.6.4.1, “The Ndb-
ScanQOper ati on: : ScanFl ag Type’, for details.

Class Diagram. Thisdiagram shows all the available members of the NdbScanQper at i on class:
NdbScanOperation

readTuples(mode : LockMode, flags : Uint32, parallel : Uint32, batch : Uint32) : int
nextResult(fetchAllowed : bool, forceSend : bool) : int

close({forceSend : boeol, releaseOp : bool)

lockCurrentTuple() : NdbOperation*

lockCurrentTuple(lockTrans : NdbTransaction*) : NdbOperation*

updateCurrentTuple() : MdbOperation*

updateCurrentTuple(updateTrans : NdbTransaction*) : NdbOperation*
deleteCurrentTuple() : int

deleteCurrentTuple(takeOverTransaction : NdbTransaction*) : int

restart(forceSend : bool) : int

«enums»
ScanFlag
SF_TupScan
SF_OrderBy
SF_Descending
SF_ReadRangeNo
SF_KeyInfo

Note

For more information about the use of NdbScanOper at i on, see Section 1.3.2.3.2, “Scan
Operations’, and Section 1.3.2.3.3, “Using Scans to Update or Delete Rows’
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3.6.4.1. The NdbScanQper ati on: : ScanFl ag Type

Description. Values of thistype are the scan flags used with ther ead Tupl es() method. More than
one may be used, in which case, they are ORed together as the second argument to that method. See
Section 3.6.4.2.1, “NdbScanOper at i on: : readTupl es() ", for more information.

Enumeration Values.

Value Description

SF_TupScan TUP scan

SF_Order By Ordered index scan (ascending)

SF_Descendi ng Ordered index scan (descending)

SF_ReadRangeNo Enables Ndbl ndexScanQOper ati on: : get _range_no()
SF_Keyl nfo Requests Key | nf o to be sent back to the caller

3.6.4.2. NdbScanQper at i on Class Methods

This section lists and describes the public methods of the NdbScanOper at i on class.

Note

This class has no public constructor. To create an instance of NdbScanOper at i on, itis
necessary to usethe NdbTr ansact i on: : get NdbScanQper ati on() method. See
Section 3.9.2.2, “NdbTr ansact i on: : get NdbScanOper ati on() .

3.6.4.2.1. NdbScanQper ati on: : readTupl es()

Description. This method is used to perform a scan.

Signature.

virtual int readTuples
LockMbde npde = LM Read,
Unt32 flags = 0,

Ui nt 32 parallel =0,
Ui nt 32 batch = 0

Parameters. This method takes four parameters, as shown here:

* Thelock node; thisisaLockMbde value as described in Section 3.6.1.2, “The NdbOper a-
tion::LockMde Type'.
* Oneor more ScanFl ag values. Multiple values are OR'ed together

e The number of fragmentsto scanin par al | el ; use 0 to require that the maximum possible num-
ber be used.

» Thebat ch parameter specifies how many records will be returned to the client from the server by

the next NdbScanQper at i on: : next Resul t (true) method call. Use O to specify the max-
imum automatically.

| Note
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This parameter was ignored prior to MySQL 5.1.12, and the maximum was used.
(Bug#20252 [ http://bugs.mysgl.com/20252])

Return Value. 0 on success, - 1 on failure.

3.6.4.2.2. NdbScanQOper ati on: : next Resul t ()

Description. This method is used to fetch the next tuple in a scan transaction. Following each call to
next Resul t (), the buffersand NdbRecAt t r objects defined in NdbOper at i on: : get Val ue()
are updated with values from the scanned tuple.

Signature.

i nt nextResult

bool fetchAllowed = true,
bool forceSend = fal se

)

Parameters. This method takes two parameters:

Normally, the NDB API contacts the NDB kernel for more tuples whenever it is necessary; setting
fetchAl | owed tof al se keeps this from happening.

Disabling f et chAl | owed by setting itto f al se forces NDB to process any records it already has
in its caches. When there are no more cached records it returns 2. Y ou must then call next Res-
ul t () withfet chAl | owed equal tot r ue in order to contact NDB for more records.

Whilenext Resul t (f al se) returns 0, you should transfer the record to another transaction.
When next Resul t (f al se) returns 2, you must execute and commit the other transaction. This
causes any locksto be transferred to the other transaction, updates or deletes to be made, and then,
the locks to be released. Following this, call next Resul t (true) — thisfetches more records
and caches them in the NDB API.

Note

If you do not transfer the records to another transaction, the locks on those records will be
released the next time that the NDB Kernel is contacted for more records.

Disabling f et chAl | owed can be useful when you want to update or delete all of the records ob-
tained in a given transaction, as doing so saves time and speeds up updates or deletes of scanned re-
cords.

f or ceSend defaultsto f al se, and can normally be omitted. However, setting this parameter to
t r ue meansthat transactions are sent immediately. See Section 1.3.4, “ The Adaptive Send Al-
gorithm”, for more information.

Return Value. This method returns one of the following 4 integer values:

- 1: Indicates that an error has occurred.
0: Another tuple has been received.

1: There are no more tuplesto scan.
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» 2: Thereare no more cached records (invoke next Resul t (t rue) tofetch more records).

3.6.4.2.3. NdbScanQper ati on: : cl ose()
Description. Calling this method closes a scan.

Signature.

voi d cl ose

bool forceSend
bool rel easeOp

)

fal se
fal se

Parameters. This method takes two parameters:
» forceSend defaultstof al se; cal cl ose() withthisparameter settot r ue in order to force
transactions to be sent.

* rel ease(p asodefaultstof al se; settot r ue in order to release the operation.

Return Value. None.

3.6.4.2.4. NdbScanQper ati on: : | ockCurrent Tupl e()
Description. This method locks the current tuple.

Signature.

NdbQper at i on* | ockCur r ent Tupl e
(

voi d

or

NdbOper at i on* | ockCurrent Tupl e

NdbTr ansacti on* | ockTrans

Parameters. This method takes a single, optional parameter — the transaction that should perform the
lock. If thisis omitted, the transaction is the current one.

Return Value. This method returns a pointer to an NdbQper at i on object, or NULL. (See Sec-
tion 3.6, “The NdbQper at i on Class’.)

3.6.4.2.5. NdbScanOper at i on: : updat eCur r ent Tupl e()
Description. This method is used to update the current tuple.

Signature.

NdbOper at i on* updat eCur r ent Tupl e

voi d

or
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NdbOper at i on* updat eCur r ent Tupl e

NdbTr ansacti on* updat eTr ans

Parameters. This method takes a single, optional parameter — the transaction that should perform the
lock. If thisis omitted, the transaction is the current one.

Return Value. This method returnsan NdbOper at i on object or NULL. (See Section 3.6, “The Ndb-
Oper ati on Class’.)

3.6.4.2.6. NdbScanQper ati on: : del et eCurrent Tupl e()

Description. This method is used to delete the current tuple.

Signature.

int del et eCurrent Tupl e
(

voi d

or

i nt del et eCurrent Tupl e

NdbTr ansacti on* takeOver Transacti on

Parameters. This method takes a single, optional parameter — the transaction that should perform the
lock. If thisis omitted, the transaction is the current one.

Return Value. 0 on success, - 1 on failure.

3.6.4.2.7. NdbScanQOper ation: :restart ()

3.6.4.3.

Description. Usethis method to restart a scan without changing any of itsget Val ue() calsor
search conditions.

Signature.

int restart

bool forceSend = fal se

Parameters. Call thismethod with f or ceSend settot r ue in order to force the transaction to be
sent.

Return Value. 0 on success, - 1 on failure.

The Ndbl ndexScanQper at i on Class

This section discusses the Ndbl ndexScanQOper at i on class and its public members.

Description. The Ndbl ndexScanOper at i on class represents a scan operation using an ordered in-
dex. This classinherits from NdbScanQper at i on and NdbOper at i on. See Section 3.6.4, “The
NdbScanQOper at i on Class’, and Section 3.6, “The NdbOper at i on Class’, for more information
about these classes.

| Note
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Ndbl ndexScanQper at i on isfor use with ordered indexes only; to work with unique
hash indexes, use Ndbl ndexOper at i on.

Public Methods. The following table lists the public methods of this class and the purpose or use of

each method:

M ethod Purpose/ Use

get _range_no() Gets the range number for the current row

get Sorted() Checks whether the current scan is sorted

get Descendi ng() Checks whether the current scan is sorted
readTupl es() Reads tuples using an ordered index

set Bound() Defines abound on the index key for arange scan
reset bounds() Resets bounds, puts the operation in the send queue
end_of _bound() Marks the end of a bound

For detailed descriptions, signatures, and examples of use for each of these methods, see Sec-
tion 3.6.4.3.2, “Ndbl ndexScanOper at i on Class Methods’.

Public Types. TheNdbl ndexScanQper at i on class defines one public type. See Section 3.6.4.3.1,
“The Ndbl ndexScanQOper at i on: : BoundType Type".

Class Diagram. Thisdiagram shows all the public members of the Ndbl ndexScanQper at i on
class:

NdbIndexScanOperation

get_range_no() : int

getSorted() : bool

getDescending() : bool

readTuples(mode : LockMode, flags : Uint32, parallel : Uint32, batch : Uint32) : int
setBound(attr : const char*, type : int, value : const void*) : int

setBound(id : Uint32, type : int, wvalue : const void*) : int

reset _bounds({forceSend : bool) : int

end_of _bound(range no : Uint32) : int

&Enum»
BoundType
BoundLE
BoundLT
BoundGE
BoundGT
BoundEQ

Note

For more information about the use of Ndbl ndexScanOper at i on, see Section 1.3.2.3.2,
“Scan Operations”, and Section 1.3.2.3.3, “Using Scans to Update or Delete Rows”

3.6.4.3.1. The Ndbl ndexScanQOper at i on: : BoundType Type

Description. Thistypeisused to describe an ordered key bound.

I Tip
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The numeric values are fixed in the APl and can be used explicitly — in other words, it is
“safe” to calculate the values and use them.

Enumeration Values.

Value Numeric Value Description
BoundLE 0 Lower bound
BoundLT 1 Strict lower bound
BoundGE 2 Upper bound
BoundGT 3 Strict upper bound
BoundEQ 4 Equality

3.6.4.3.2. Ndbl ndexScanQper at i on Class Methods

This section lists and describes the public methods of the Ndbl ndexScanQper at i on class.
3.6.4.3.2.1. Ndbl ndexScanQper ati on: : get _range_no()

Description. This method returns the range number for the current row.

Signature.
int get_range_no

voi d

Parameters. None.
Return Value. The range number (an integer).
3.6.4.3.2.2. Ndbl ndexScanQper at i on: : get Sort ed()
Description. This method is used to check whether the scan is sorted.

Signature.

bool get Sorted

voi d
) const

Parameters. None.
Return Value. t r ue if the scan is sorted, otherwisef al se.
3.6.4.3.2.3. Ndbl ndexScanQper at i on: : get Descendi ng()
Description. This method is used to check whether the scan is descending.

Signature.

bool get Descendi ng

voi d
) const
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Parameters. None.

Return Value. This method returnst r ue if the scan is sorted in descending order; otherwise, it returns
fal se.

3.6.4.3.2.4. Ndbl ndexScanQper ati on: : readTupl es()
Description. This method is used to read tuples, using an ordered index.

Signature.

virtual int readTuples
LockMode node = LM Read,
unt32 flags = 0,

Ui nt 32 parallel = 0,
Ui nt 32 batch = 0

Parameters. Ther eadTupl es() method takes 3 parameters, as listed here:

» Thelock node used for the scan. ThisisalLockMode value; see Section 3.6.1.2, “The NdbOper -
ation:: LockMbde Type’ for more information, including permitted values.

» Oneor more scan flags, multiplef | ags are OR'ed together as they are when used with NdbScan-
Operation::readTupl es() . See Section 3.6.4.1, “The NdbScanQOper at i on: : ScanFl ag
Type” for possible values.

» The number of fragmentsto scanin par al | el ; use O to specify the maximum automatically.

* Thebat ch parameter specifies how many records will be returned to the client from the server by
the next NdbScanQper at i on: : next Resul t (true) method call. Use O to specify the max-
imum automatically.

Note
This parameter was ignored prior to MySQL 5.1.12, and the maximum was
used.(Bug#20252 [http://bugs.mysgl.com/20252])

Return Value. Aninteger: O indicates success; - 1 indicatesfailure.

3.6.4.3.2.5. Ndbl ndexScanQper at i on: : set Bound

Description. This method defines a bound on an index key used in arange scan.

Each index key can have alower bound, upper bound, or both. Setting the key equal to a value defines

both upper and lower bounds. Bounds can be defined in any order. Conflicting definitions gives rise to

an error.

Bounds must be set on initial sequences of index keys, and al but possibly the last bound must be non-
strict. This means, for example, that “a>=2 AND b > 3" is permissible, but “a>2 AND b >= 3" is not.

The scan may currently return tuples for which the bounds are not satisfied. For example, a<= 2 &&
b <= 3 notonly scanstheindex upto (a=2, b=3),butasoreturnsany (a=1, b=4) aswel.

When setting bounds based on equality, it is better to use BoundEQinstead of the equivalent pair
BoundLE and BoundGE. Thisis especialy true when the table partition key is a prefix of the index

key.
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NULL is considered less than any non-NUL L value and equal to another NULL value. To perform com-
parisons with NULL, use set Bound() with anull pointer (0).

Anindex also stores all-NULL keys aswell, and performing an index scan with an empty bound set re-
turns al tuples from the table.

Signature.

int set Bound

const char* nane,
i nt ) type,
const voi d* val ue

or

int set Bound

(
Ui nt 32 id,
i nt t ype,
const voi d* val ue

Parameters. This method takes 3 parameters:

» Either the nane or thei d of the attribute on which the bound is to be set.

» Theboundt ype — see Section 3.6.4.3.1, “The Ndbl ndexScanQper at i on: : BoundType
Type’.

e A pointer to thebound val ue (use O for NULL).

Return Value. Returns 0 on success, - 1 on failure.
3.6.4.3.2.6. Ndbl ndexScanQper ati on: : reset bounds()

Description. Reset the bounds, and put the operation into the list that will be sent on the next Ndb-
Transaction: : execut e() call.

Signature.

int reset_bounds

bool forceSend = fal se

Parameters. Set f or ceSend to truein order to force the operation to be sent immediately.
Return Value. 0 on success, - 1 on failure.
3.6.4.3.2.7. Ndbl ndexScanQper ati on: : end_of _bound()

Description. This method is used to mark the end of a bound; used when batching index reads (that is,
when employing multiple ranges).

Signature.

i nt end_of _bound

Ui nt 32 range_no
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Parameters. The number of the range on which the bound occurs.

Return Value. 0 indicates success; - 1 indicates failure.

3.7. The NdbRecAt t r Class

The section describesthe NdbRecAt t r class and its public methods.

Description. NdbRecAt t r contains the value of an attribute. An NdbRecAt t r object isused to store
an attribute value after it has been retrieved the NDB Cluster using the NdbOper a-
tion::getVal ue(). Thisobjectisallocated by the NDB API. A brief exampleis shown here:

M/RecAttr = MyOperation->get Val ue("ATTR2", NULL);
if(M/RecAttr == NULL) goto error;

i f (MyTransacti on- >execute(Commit) == -1)
goto error;

ndbout << MyRecAttr->u_32 val ue();

For more examples, see Section 6.1, “Using Synchronous Transactions”.
Note

AnNdbRecAt t r object isinstantiated with its value when NdbTr ansac-
tion::execute() isinvoked. Prior to this, the valueis undefined. (Use NdbRecAt -
tr::isNULL() tocheck whether the value is defined.) This meansthat an NdbRecAt t r
object has valid information only between the timesthat NdbTr ansac-
tion::execute() andNdb:: cl oseTransacti on() arecaled. The value of the
null indicator is- 1 until NdbTr ansact i on: : execut e() method isinvoked.

Public Methods. NdbRecAt t r has a number of methods for retrieving values of various simple types
directly from an instance of this class. To obtain areference to the value, use

NdbRecAt tr:: aRef (). Thefollowing tablelists al of the public methods of this class and the pur-
pose or use of each method:

Method Purpose/ Use

get Col um() Gets the column to which the attribute belongs

get Type() Gets the attribute's type (Col umm: : Type)

get _size_in_bytes() Gets the size of the attribute, in bytes

i SNULL() Tests whether the attribute is NULL

i nt 64_val ue() Retrieves the attribute value, as a 64-bit integer

i nt 32_val ue() Retrieves the attribute value, as a 32-bit integer

short _val ue() Retrieves the attribute value, as a short integer

char _val ue() Retrieves the attribute value, asachar

u_64 val ue() Retrieves the attribute value, as an unsigned 64-bit integer
u_32 val ue() Retrieves the attribute value, as an unsigned 32-bit integer
u_short _val ue() Retrieves the attribute value, as an unsigned short integer
u_char _val ue() Retrieves the attribute value, as an unsigned char

fl oat _val ue() Retrieves the attribute value, as a float

doubl e_val ue() Retrieves the attribute value, as a double

aRef () Gets a pointer to the attribute value
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M ethod Purpose/ Use
cl one() Makes a deep copy of the Rec At t r object
~NdbRecAt tr () Destructor method

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.7.1,
“NdbRecAt t r Class Methods”.

Public Types. TheNdbRecAt t r classdefines no public types.

Class Diagram. Thisdiagram shows all the available methods of the NdbRecAt t r class:

NdbRecAttr

getColumn() : const NdbDictionary::Column*
getType() : NdbDictionary::Column::Type
get _size in_bytes() : Uint32

isNULL() : int

inted wvalue() : Inted
int32 value() Int32
short _wvalue() : short
char_value() char

u 64 value() Uintcd
u 32 value() : Uint32
u_short_wvalue() : Uintlé
u char_value() : Uint8
float_wvalue() : float
double wvalue() : double
akRef() : char*

clone() : NdbRecAttr*

~ NdbRecAttr()

3.7.1. NdbRecAt t r Class Methods

This section lists and describes the public methods of the NdbRecAt t r class.

Constructor and Destructor. The NdbRecAt t r class has no public constructor; an instance of this
object is created using NdbTr ansact i on: : execut e( ) . The destructor method, which is public, is
discussed in Section 3.7.1.17, “~NdbRecAt t r () ".

3.7.1.1. NdbRecAt tr: : get Col um()

Description. This method is used to obtain the column to which the attribute belongs.
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Signature.

const NdbDi cti onary:: Col um* get Col utm

voi d
) const

Parameters. None.

Return Value. A pointer to a Col urm object. See Section 3.4.2, “The Col urm Class’.

3.7.1.2. NdbRecAt tr: : get Type()

Description. This method is used to obtain the column's datatype.

Signature.
NdbDi cti onary: : Col um: : Type get Type

voi d
) const

Parameters. None.

Return Value. AnNdbDi cti onary: : Col um: : Type vaue. See Section 3.4.2.1.3,
“Col um: : Type” for moreinformation, including permitted values.

3.7.1.3. NdbRecAt tr: : get_size in_bytes()

Description. You can use this method to obtain the size of an attribute (element).

Signature.
Ui nt 32 get_size_in_bytes

voi d
) const

Parameters. None.

Return Value. The attribute size in bytes, as an unsigned 32-bit integer.

3.7.1.4. NdbRecAt tr: :i sNULL()
Description. This method checks whether an attribute valueis NULL.

Signature.

int i sNULL

voi d
) const

Parameters. None.

Return Value. One of the following 3 values:

e - 1: Theattribute value is not defined, either due to an error, or because NdbTr ansac-
tion::execute() hasnotyet been used.
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e 0O: Theattribute value is defined, but isnot NULL.

e 1: Theattribute valueis defined and is NULL.

3.7.1.5. NdbRecAt tr::in64 val ue()

Description. This method gets the value stored in an NdbRec At t r object, and returns it as a 64-bit in-
teger.

Signature.

Int64 int64 _val ue
(

voi d
) const

Parameters. None.

Return Value. A 64-bit integer.

3.7.1.6. NdbRecAttr::int32 val ue()

Description. This method gets the value stored in an NdbRecAt t r object, and returns it as a 32-bit in-
teger.

Signature.

Int32 int32_val ue

voi d
) const

Parameters. None.

Return Value. A 32-hit integer.

3.7.1.7. NdbRecAt tr: :short val ue()

Description. This method getsthe value stored in an NdbRec At t r object, and returnsit as a 16-bit in-
teger (short).

Signature.

short short_val ue

voi d
) const

Parameters. None.

Return Value. A 16-bit integer.

3.7.1.8. NdbRecAt tr: : char _val ue()

Description. This method gets the value stored in an NdbRecAt t r object, and returnsit asachar .

Signature.
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char char_val ue

voi d
) const

Parameters. None.

Return Value. A char value.

3.7.1.9. NdbRecAttr::u 64 val ue()

Description. This method gets the value stored in an NdbRecAt t r object, and returnsit as an un-
signed 64-bit integer.

Signature.

Ui nt 64 u_64_val ue
(

voi d
) const

Parameters. None.

Return Value. An unsigned 64-bit integer.

3.7.1.10. NdbRecAttr::in64 val ue()

Description. This method gets the value stored in an NdbRecAt t r object, and returnsit as an un-
signed 32-hit integer.

Signature.

Ui nt 32 u_32_val ue

voi d
) const

Parameters. None.

Return Value. An unsigned 32-bit integer.

3.7.1.11. NdbRecAttr::u_short _val ue()

Description. This method gets the value stored in an NdbRecAt t r object, and returnsit as an un-
signed 16-bit (short) integer.

Signature.

Uint16 u_short_val ue

voi d
) const

Parameters. None.

Return Value. An unsigned short (16-bit) integer.

3.7.1.12. NdbRecAt tr: : u_char _val ue()
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Description. This method gets the value stored in an NdbRecAt t r object, and returnsit as an un-
signed char .

Signature.

Ui nt8 u_char _val ue

voi d
) const

Parameters. None.

Return Value. Anunsigned 8-bit char value.

3.7.1.13. NdbRecAt tr:: fl oat _val ue()
Description. This method gets the value stored in an NdbRecAt t r object, and returnsit as afloat.

Signature.

float float_val ue

voi d
) const

Parameters. None.

Return Value. A float.

3.7.1.14. NdbRecAt tr: : doubl e_val ue()
Description. This method gets the value stored in an NdbRecAt t r object, and returns it as a double.

Signature.

doubl e doubl e_val ue

voi d
) const

Parameters. None.

Return Value. A double.

3.7.1.15. NdbRecAt tr: : aRef ()

Description. This method is used to obtain areference to an attribute value, asachar pointer. This
pointer is aligned appropriately for the datatype. The memory is released by the NDB APl when Ndb-
Transaction::closeTransaction() isexecuted on the transaction which read the value.

Signature.

char* aRef

voi d
) const

Parameters. A pointer to the attribute value. Because this pointer is constant, this method can be called
anytime after NdbOper at i on: : get Val ue() hasbeen called.
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Return Value. None.

3.7.1.16. NdbRecAt tr: : cl one()

Description. This method creates a deep copy of an NdbRecAt t r object.
Note

The copy created by this method should be deleted by the application when no longer
needed.

Signature.

NdbRecAttr* cl one

voi d
) const

Parameters. None.

Return Value. AnNdbRecAt t r object. Thisis acomplete copy of the original, including all data.

3.7.1.17. ~NdbRecAt t r ()
Description. The NdbRecAt t r class destructor method.

Important

Y ou should delete only copies of NdbRecAt t r objects that were created in your applica-
tionusingthecl one() method. See Section 3.7.1.16, “NdbRecAt tr: : cl one() .

Signature.

~NdbRecAt t r

voi d

Parameters. None.

Return Value. None.

3.8. The NdbScanFi | t er Class

This section discusses the NdbScanFl i t er classand it public members.

Description. NdbScanFi | t er provides an alternative means of specifying filters for scan operations.

Important
Thisinterfaceis till under development and is likely to change in future rel eases.
Public Methods. The following table lists the public methods of this class and the purpose or use of
each method:
M ethod Purpose/ Use
NdbScanFi | ter () Constructor method
~NdbScanFi | t er () Destructor method
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M ethod Purpose/ Use

begi n() Begins a compound (set of conditions)
end() Ends a compound

cmp() Compares a column value with an arbitrary value
eq() Tests for equality

ne() Tests for inequality

It() Tests for aless-than condition

I e() Tests for aless-than-or-equal condition

gt () Tests for a greater-than condition

ge() Tests for a greater-than-or-equal condition
isnull () Tests whether a column valueis NULL

i snotnull () Tests whether a column value is not NULL

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.8.2,
“NdbScanFi | t er Class Methods'.

Public Types. TheNdbScanFi | t er classdefinestwo public types:

* Bi naryCondi ti on: Thetype of condition, such aslower bound or upper bound.

 Group: Alogical grouping operator, such as AND or OR.

For a discussion of each of these types, along with its possible values, see Section 3.8.1, “NdbScan-
Filter Types'.

Class Diagram. Thisdiagram shows all the public members of the NdbScanFi | t er class:
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NdbScanFilter

NdbScanFilter(op : class NdbOperation*)

~NdbScanFilter ()

begin(group : Group) int

end() : int

cmp(cond : BinaryCondition, Colld : int, val : const void*, len : Uint32) : int

eq(Colld : int, value : Uint32) : int

eq(Colld : int, value : Uinted) : int

ne(Colld : int, value : Uint32) : int

ne(CollId : int, value : Uinted4) : 1int

1t(ColId : int, value : Uint32) : 1int

1t(CollId : int, value : Uinted) : int

le(ColId : int, value : Uint32) : int

le(Colld : int, value : Uinted) : int

gt(Colld : int, value : Uint32) : int

gt(Colld : int, value : Uinted) : int

ge(Colld : int, value : Uint32) : int

ge(Colld : int, value : Uinted) : int

isnull({ColId : int) int

isnotnull(Colld : int) int

wenums»

BinaryCondition
COND_LE €enums
COND_LT Group
COND_GE AND
COND_GT OR
COND_EQ NAND
COND_NE NOR
COND_LIKE
COND NOTLIKE

3.8.1. NdbScanFi | t er Types

This section details the public types belonging to the NdbScanFi | t er class.

3.8.1.1. The NdbScanFi | t er: : Bi naryCondi ti on Type

Description. Thistype represents a condition based on the comparison of a column value with somein-
teger value — that is, a bound condition.

Enumeration Values.

Value Description
COND_LE Lower bound (<=)
COND_LT Strict lower bound (<)
COND_GE Upper bound (>=)
COND_GT Strict upper bound (>)
COND_EQ Equality (=)
COND_NE Inequality (<>or! =)
COND_LI KE LI KE condition
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Value Description
COND_NOTLI KE NOT LI KE condition

3.8.1.2. The NdbScanFi I ter:: G oup Type

Description. Thistypeisused to describe logical (grouping) operators, and is used with thebegi n()
method. (See Section 3.8.2.2, “NdbScanFi | ter: : begi n()".)

Enumeration Values.

Value Description

AND Logical AND: A AND B AND C

OR Logicdl ORRA OR B OR C

NAND Logical NOT AND: NOT (A AND B AND Q)
NOR Logical NOT OR:NOT (A OR B OR Q)

3.8.2. NdbScanFi | t er Class Methods

This section lists and describes the public methods of the NdbScanFi | t er class.
3.8.2.1. NdbScanFi | t er Class Constructor

Description. Thisisthe constructor method for NdbScanFi | t er , and creates a new instance of the
class.

Signature.

NdbScanFi | t er

cl ass NdbQperati on* op

Parameters. This method takes a single parameter: a pointer to the NdbOper at i on to which the filter
applies.

Return Value. A new instance of NdbScanFi | t er.

Destructor. The destructor takes no arguments and does not return avalue. It should be called to re-
move the NdbScanFi | t er object when it isno longer needed.

3.8.2.2. NdbScanFi | ter: : begi n()

Description. Thismethod is used to start a compound, and specifies the logical operator used to group
together the conditions making up the compound. The default is AND.

Signature.
int begin
(
G oup group = AND

Parameters. A G- oup vaue: one of AND, OR, NAND, or NOR. See Section 3.8.1.2, “The NdbScan-
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Filter:: G oup Type’, for additional information.

Return Value. 0 on success, - 1 on failure.

3.8.2.3. NdbScanFi I ter: :end()

Description. This method completes a compound, signalling that there are no more conditions to be ad-
ded toit.

Signature.

int end

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.

3.8.2.4. NdbScanFi lter::eq()

Description. This method is used to perform an equality test on a column value and an integer.

Signature.
int eq

i nt Col I d,
Ui nt 32 val ue

or

int eq

i nt Col 1 d,
Ui nt 64 val ue

Parameters. This method takes two parameters:

* ThelD (Col | d) of the column whose valueis to be tested

e Aninteger with which to compare the column value; this integer may be either 32-bit or 64-bit, and
isunsigned in either case.

Return Value. 0 on success, - 1 on failure.

3.8.2.5. NdbScanFi I ter::ne()

Description. This method is used to perform an inequality test on a column value and an integer.

Signature.

int ne

i nt Col I d,
Ui nt 32 val ue
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or

int ne

i nt Col I d,
Ui nt 64 val ue

Parameters. Likeeq() andthe other NdbScanFi | t er methods of this type, this method takes two
parameters:

e ThelD (Col I d) of the column whose value is to be tested

» Aninteger with which to compare the column value; this integer may be either 32-bit or 64-bit, and

isunsigned in either case.

Return Value. 0 on success, - 1 on failure.

3.8.2.6. NdbScanFilter::1t()

Description. This method is used to perform aless-than (strict lower bound) test on a column value and
an integer.

Signature.

int It

i nt Col I d,
Ui nt 32 val ue

or

int It

int Col I d,
U nt 64 val ue

Parameters. Likeeq( ), ne(), andtheother NdbScanFi | t er methods of this type, this method
takes two parameters:

* ThelD (Col | d) of the column whose valueis to be tested

» Aninteger with which to compare the column value; thisinteger may be either 32-bit or 64-hit, and

isunsigned in either case.

Return Value. 0 on success, - 1 on failure.

3.8.2.7.NdbScanFilter::le()

Description. This method is used to perform aless-than-or-equal test on a column value and an integer.

Signature.

int le

i nt Col I d,
Ui nt 32 val ue
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or

int le

i nt Col I d,
U nt 64 val ue

Parameters. Likethe other NdbScanFi | t er methods of thistype, this method takes two parameters:

e ThelD (Col | d) of the column whose valueis to be tested

» Aninteger with which to compare the column value; this integer may be either 32-bit or 64-bit, and
isunsigned in either case.

Return Value. 0 on success, - 1 on failure.

3.8.2.8. NdbScanFi I ter::gt()

Description. This method is used to perform a greater-than (strict upper bound) test on a column value
and an integer.

Signature.
int gt

i nt Col 1 d,
Ui nt 32 val ue

or
int gt

i nt Col I d,
Ui nt 64 val ue

Parameters. Likethe other NdbScanFi | t er methods of this type, this method takes two parameters:

* ThelD (Col | d) of the column whose valueis to be tested

» Aninteger with which to compare the column value; thisinteger may be either 32-bit or 64-hit, and
isunsigned in either case.

Return Value. 0 on success, - 1 on failure.

3.8.2.9. NdbScanFi I ter::ge()

Description. This method is used to perform a greater-than-or-equal test on a column value and an in-
teger.

Signature.

int ge

i nt Col 1 d,
Ui nt 32 val ue
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or
int ge

i nt Col I d,
U nt 64 val ue

Parameters. Likeeq(),lt(),!e(), andtheother NdbScanFi | t er methods of thistype, this

method takes two parameters:

* ThelD (Col | d) of the column whose valueis to be tested

e Aninteger with which to compare the column value; thisinteger may be either 32-bit or 64-bit, and

isunsigned in either case.

Return Value. 0 on success, - 1 on failure.

3.8.2.10. NdbScanFi l ter::isnull ()

Description. This method is used to check whether a column valueis NULL.

Signature.
int isnull
int Colld

Parameters. TheID of the column whose value is to be tested.

Return Value. 0O if thevalueis NULL.

3.8.2.11. NdbScanFi I ter::isnotnull ()

Description. This method is used to check whether a column valueis not NULL.

Signature.

int isnotnull

int Colld

Parameters. The ID of the column whose value is to be tested.

Return Value. O if thevalueisnot NULL.

3.9. The NdbTr ansact i on Class

This section describesthe NdbTr ansact i on class and its public members.

Description. A transaction is represented in the NDB APl by an NdbTr ansact i on object, which be-
longsto an Ndb object and is created using Ndb: : st art Tr ansact i on() . A transaction consists of
alist of operations represented by the NdbOper at i on class, or by one of its subclasses— NdbScan-
Oper ati on, Ndbl ndexQOper at i on, or Ndbl ndexScanOper at i on (see Section 3.6, “The Nd-

bOper at i on Class’). Each operation access exactly one table.
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Using Transactions. After obtaining an NdbTr ansact i on object, it is employed as follows:

» Anoperationisallocated to the transaction using one of these methods:
e get NdbOperation()
e get NdbScanQperati on()
¢ get Ndbl ndexOperati on()
e get Ndbl ndexScanQOper ati on()
Calling one of these methods defines the operation. Several operations can be defined on the same
NdbTr ansact i on object, in which case they are executed in parallel. When al operations are
defined, theexecut e() method sends them to the NDB kernel for execution.

» Theexecut e() method returns when the NDB kernel has completed execution of all operations
previously defined.

Important
I All alocated operations should be properly defined before calling the execut e() method.
* execut e() performsitstask in one of 3 modes, listed here:
* NdbTransaction: : NoConm t : Executes operations without committing them.

« NdbTransacti on:: Comm t : Executes any remaining operation and then commits the com-
plete transaction.

* NdbTransaction: : Rol | back: Rollsback the entire transaction.
execut e() isalso equipped with an extra error handling parameter, which provides two alternat-
ives:.

« NdbTransaction: : Abort OnError: Any error causes the transaction to be aborted. Thisis
the default behaviour.

« NdbTransaction:: AO | gnor eEr r or : The transaction continues to be executed even if
one or more of the operations defined for that transaction fails.

Public Methods. The following table lists the public methods of this class and the purpose or use of
each method:

Method
get NdbOper ati on()

Purpose/ Use
Getsan NdbOper at i on

get NdbScanOper ati on()

Getsan NdbScanOper at i on

get Ndbl ndexScanOper ati on()

Getsan Ndbl ndexScanQper at i on

get Ndbl ndexQOper ati on()

Getsan Ndbl ndexQOper at i on

execut e

Executes atransaction

refresh() Keeps a transaction from timing out
cl ose() Closes atransaction
get GCl () Gets atransaction's global checkpoint ID (GCI)

get Transactionl d()

Gets the transaction |D

commi t St at us()

Gets the transaction's commit status
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Method

Purpose/ Use

get NdbError ()

Gets the most recent error

get NdbEr r or Oper ati on()

Gets the most recent operation which caused an error

get NdbEr r or Li ne()

Gets the line number where the most recent error occurred

get Next Conpl et edOper ati on()

Gets operations that have been executed; used for finding er-

rors

For detailed descriptions, signatures, and examples of use for each of these methods, see Section 3.9.2,
“NdbTr ansact i on Class Methods’.

Public Types. NdbTr ansact i on defines 3 public types as shown in the following table:

Type Purpose/ Use

Abort Opti on Determines whether failed operations cause a transaction to abort

Commi t St at usType Describes the transaction's commit status

ExecType bDet:(armi nes whether the transaction should be committed or rolled
aC

For a discussion of each of these types, along with its possible values, see Section 3.9.1, “NdbTr ans-
action Types'.

Class Diagram. Thisdiagram shows all the available methods and enumerated types of the. . . class:

NdbTransaction

getNdbOperation(table :

getNdbScanOperation(table :

const NdbDictionary::Table*)

: NdbOperation*
const NdbDictienary::Table*)

: NdbScanOperation*

getNdbIndexScanOperation(index

: const NdbDictionary::Index*)

: NdbIndexScanOperation*

getNdbErrorLine() : int

getNdbIndexOperation(index : const NdbDictionary::Index*) : NdbIndexOperation*
execute(type : ExecType, option : AbortOption, force : int) : int

refresh{) : int

close()

getGCI() @ int

getTransactionId() : Uintéed

commitStatus() : CommitStatusType

getNdbError() : const NdbError&

getNdbErrorOperation() : MNdbOperation*

getNextCompletedOperation(op : const NdbOperation*) : const NdbOperation*

«enums: «enums «enums:
AbortOption CommitStatusType ExecType
AbortOnError NotStarted NoCommit
AQ _IgnoreError Started Commit
Committed Rollback
Aborted
NeedAbort

3.9.1. NdbTransacti on Types

This section details the public types belonging to the NdbTr ansact i on class.
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3.9.1.1. The NdbTransact i on: : Abort Opti on Type

Description. Thistypeisused to determine whether failed operations should force a transaction to be
aborted. It is used as an argument to the execut e() method — see Section 3.9.2.5, “NdbTr ansac-
tion::execute()”,for moreinformation.

Enumeration Values.

Value

Description

Abor t OnErr or

A failed operation causes the transaction to abort.

AO_| gnoreOnError

Failed operations are ignored; the transaction continues to execute.

3.9.1.2. The NdbTransact i on: : Comm t St at usType Type

Description. Thistypeisused to describe atransaction's commit status.

Enumeration Values.

Value Description

Not St art ed The transaction has not yet been started.

Started The transaction has started, but is not yet committed.

Conmitted The transaction has completed, and has been committed.

Aborted The transaction was aborted.

NeedAbor t ;Se t:\jnsaction has encountered an error, but has not yet been
orted.

A transaction's commit status ca be read using thecommi t St at us() method. See Section 3.9.2.10,
“NdbTransaction::conmitStatus()”.

3.9.1.3. The NdbTr ansact i on: : ExecType Type

Description. Thistype sets the transaction's execution type — that is, whether it should execute, ex-

ecute and commit, or abort. It is used as a parameter to the execut e() method. (See Section 3.9.2.5,
“NdbTr ansacti on: : execute()”.)

Enumeration Values.

Value Description

NoConmi t The transaction should execute, but not commit.
Conmi t The transaction should execute and be committed.
Rol | back The transaction should be rolled back.

3.9.2. NdbTr ansact i on Class Methods

This section lists and describes the public methods of the NdbTr ansact i on class.

3.9.2.1. NdbTr ansacti on: : get NdbQper ati on()

Description. This method is used to create an NdbOper at i on associated with a given table.
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Note

All operations within the same transaction must be initialised with this method. Operations
must be defined before they are executed.

Signature.

NdbQper at i on* get NdbOper ati on
const NdbDi cti onary:: Tabl e* table

Parameters. The Tabl e object on which the operation is to be performed. See Section 3.4.3.7, “The
Tabl e Class'.

Return Value. A pointer to the new NdbOper at i on. See Section 3.6, “The NdbOper at i on Class’.

3.9.2.2. NdbTr ansacti on: : get NdbScanQOper ati on()

Description. This method is used to create an NdbScanOper at i on associated with a given table.
Note

All scan operations within the same transaction must be initialised with this method. Opera-
tions must be defined before they are executed.

Signature.

NdbScanOper at i on* get NdbScanOper at i on

const NdbDi cti onary:: Tabl e* table

Parameters. The Tabl e object on which the operation is to be performed. See Section 3.4.3.7, “The
Tabl e Class’.

Return Value. A pointer to the new NdbScanQOper at i on. See Section 3.6.4, “The NdbScanQp-
eration Class’.

3.9.2.3. NdbTr ansacti on: : get Ndbl ndexScanQper ati on()

Description. This method is used to create an Ndbl ndexScanOper at i on associated with agiven
table.

Note

All index scan operations within the same transaction must be initialised with this method.
Operations must be defined before they are executed.

Signature.

Ndbl ndexScanOper at i on* get Ndbl ndexScanOper at i on

const NdbDi ctionary:: | ndex* index

Parameters. Thel ndex object on which the operation is to be performed. See Section 3.4.3.5, “The
I ndex Class’.

Return Value. A pointer to the new Ndbl ndexScanQOper at i on. See Section 3.6.4.3, “The Nd-
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bl ndexScanQOper at i on Class’.

3.9.2.4. NdbTr ansacti on: : get Ndbl ndexQOper ati on()

Description. This method is used to create an Ndbl ndexQOper at i on associated with a given table.
Note

All index operations within the same transaction must be initialised with this method. Oper-
ations must be defined before they are executed.

Signature.

Ndbl ndexOper at i on* get Ndbl ndexOper at i on

const NdbDi ctionary:: Tabl e* table

Parameters. The Tabl e object on which the operation is to be performed. See Section 3.4.3.7, “The
Tabl e Class’.

Return Value. A pointer to the new Ndbl ndexOper at i on. See Section 3.6.3, “The Ndbl ndex-
Oper ati on Class’.

3.9.2.5. NdbTr ansacti on: : execut e()

Description. This method is used to execute a transaction.

Signature.

int execute

ExecType execType,
Abor t Opti on abort Opti on = Abort OnError,
int force =0

)

Parameters. The execute method takes 3 parameters, as described here:
» Theexecution type (ExecType value); see Section 3.9.1.3, “The NdbTr ansac-
tion:: ExecType Type’, for more information and possible values.

» Anabort option (Abor t Opt i on vaue); see Section 3.9.1.3, “The NdbTr ansac-
tion:: ExecType Type’, for moreinformation and possible values.

e A f or ce parameter, which determines when operations should be sent to the NDB Kernel:
¢ 0: Non-forced; detected by the adaptive send algorithm.
» 1: Forced; detected by the adaptive send algorithm.
e 2: Non-forced; not detected by the adaptive send algorithm.
See Section 1.3.4, “ The Adaptive Send Algorithm”.

Return Value. 0 on success, - 1 on failure.

3.9.2.6. NdbTransaction: :refresh()

Description. This method updates the transaction's timeout counter, and thus avoids aborting due to
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transaction timeout.
Note

It is not advisable to take alock on arecord and maintain it for a extended time since this
can impact other transactions.

Signature.

int refresh

voi d

Parameters. None.

Return Value. 0 on success, - 1 on failure.

3.9.2.7. NdbTr ansacti on: : cl ose()

Description. This method closes atransaction. It is equivalent to calling
Ndb: : cl oseTransacti on() (seeSection3.1.1.9, “Ndb: : cl oseTransacti on()").

Signature.

voi d cl ose

voi d

Parameters. None.

Return Value. None.

3.9.2.8. NdbTr ansacti on: : get GCl ()

Description. This method retrieves the transaction's global checkpoint ID (GCl).

Each committed transaction belongs to a GCI. The log for the committed transaction is saved on disk
when aglobal checkpoint occurs.

By comparing the GCI of a transaction with the value of the latest GCI restored in arestarted NDB
Cluster, you can determine whether or not the transaction was restored.

Note

Whether or not the global checkpoint with this GCI has been saved on disk cannot be de-
termined by this method.

Important

The GCI for a scan transaction is undefined, since no updates are performed in scan transac-
tions.

Signature.
int getGCl

voi d
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Parameters. None.

Return Value. Thetransaction's GCI, or - 1 if noneis available.

Note
No GCl isavailable until execut e() hasbeen caled with ExecType: : Conmi t .

3.9.2.9. NdbTransaction: : get Transacti onl d()

Description. This method is used to obtain the transaction ID.

Signature.

Ui nt 64 get Transactionld

voi d

Parameters. None.

Return Value. Thetransaction ID, as an unsigned 64-hit integer.

3.9.2.10. NdbTr ansacti on: : conm t St at us()

Description. This method gets the transaction's commit status.

Signature.

Commi t St at usType conmi t St at us

voi d

Parameters. None.

Return Value. The commit status of the transaction, aConmi t St at usType vaue. See Sec-
tion 3.9.1.2, “The NdbTr ansact i on: : Conmi t St at usType Type".

3.9.2.11. NdbTr ansacti on: : get NdbErr or ()

Description. This method is used to obtain the most recent error (NdbEr r or ).

Signature.

const NdbError & get NdbErr or
(

voi d
) const

Parameters. None.
Return Value. A referenceto an NdbEr r or object. See Section 4.1, “The NdbEr r or Structure”.
Note

For additional information about handling errors in transactions, see Section 1.3.2.3.5,
“Error Handling”.
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3.9.2.12. NdbTr ansacti on: : get NdbEr r or Oper ati on()

Description. This method retrieves the operation that caused an error.
Tip

To obtain more information about the actual error, use the NdbQper a-
tion::get NdbError () method of the NdbQper at i on object returned by get Nd-
bError Operati on() . (See Section 3.6.2.5, “NdbQper at i on: : get NdbError()".)

Signature.

NdbOper at i on* get NdbEr r or Oper at i on

voi d

Parameters. None.
Return Value. A pointer to an NdbQper at i on.
Note

For additional information about handling errors in transactions, see Section 1.3.2.3.5,
“Error Handling”.

3.9.2.13. NdbTr ansacti on: : get NdbErr or Li ne()

Description. This method return the line number where the most recent error occurred.

Signature.

int get NdbErrorLine
(

voi d

Parameters. None.
Return Value. Theline number of the most recent error.
Note

For additional information about handling errors in transactions, see Section 1.3.2.3.5,
“Error Handling”.

3.9.2.14. NdbTr ansacti on: : get Next Conpl et edOper ati on()

Description. This method is used to retrieve atransaction's completed operations. It istypically used to
fetch all operations belonging to a given transaction to check for errors.

NdbTransacti on: : get Next Conpl et edOper ati on( NULL) returns the transaction's first Nd-
bQper at i on object; NdbTr ansact i on: : get Next Conpl et edQper ati on( myOp) returnsthe
NdbOper at i on object defined after NdbOper at i on nyQp.

Important

This method should only be used after the transaction has been executed, but before the
transaction has been closed.
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Signature.
const NdbOperati on* get Next Conpl et edOper ati on

const NdbQperati on* op
) const

Parameters. This method requires a single parameter op, which is an operation (NdbOper at i on ob-
ject), or NULL.

Return Value. The operation following op, or the first operation defined for the transaction if get -
Next Conpl et edOper ati on() wascalled using NULL.
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This chapter discusses reporting and handling of errors potentially generated in NDB API applications.
It includes information about the NdbEr r or data structure, which is used to model errors, and about
NDB API error codes, classifications, and messages.

4.1. The NdbEr r or Structure

This section discusses the NdbEr r or data structure, which contains status and other information about
errors, including error codes, classifications, and messages.

Description. An NdbEr r or consists of six parts:

Error status: This describes the impact of an error on the application, and reflects what the applica-
tion should do when the error is encountered.

The error statusis described by a value of the St at us type. See Section 4.1.1.1, “The NdbEr -
ror::Status Type’, for possible St at us values and how they should be interpreted.

Error classification: This represents alogical error type or grouping.

The error classification is described by avalue of the Cl assi fi cat i on type. See Sec-
tion4.1.1.2,“The NdbError: : Cl assificati on Type’, for possible classifications and their
interpretation. Additional information is provided in Section 4.2.2, “NDB Error Classifications’.

Error code: Thisisan NDB API internal error code which uniquely identifies the error.
Important

It is not recommended to write application programs which are dependent on specific error
codes. Instead, applications should check error status and classification. More information
about errors can also be obtained by checking error messages and (when available) error de-
tail messages. However — like error codes — these error messages and error detail mes-
sages are subject to change.

A listing of current error codes, broken down by classification, is provided in Section 4.2.1, “NDB
Error Codes and Messages’. Thislisting will be updated periodically, or you can check thefile
st orage/ ndb/ src/ ndbapi / ndberror. ¢ inthe MySQL 5.1 sources.

4. MySQL Error code: Thisisthe corresponding MySQL Server error code. MySQL error codes are
not discussed in this document; please see Server Error Codes and Messages
[http://dev.mysgl.com/doc/refman/5.1/en/error-messages-server.html], in the MySQL Manual, for
information about these.

Error message: Thisis ageneric, context-independent description of the error.

Error details: This can often provide additional information (not found in the error message) about
an error, specific to the circumstances under which the error is encountered. However, it is not
availablein all cases.

Where not specified, the error detail messageis NULL.
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Important

Specific NDB API error codes, messages, and detail messages are subject to change without
notice.

Definition. The NdbError structure contains the following members, whose types are as shown:

Status status

The error status.

Classification classification

The error type (classification).

int code

The NDB API error code.

int nysql _code
The MySQL error code.

const char* nessage

The error message.

char* details

The error detail message.
See the Description for more information about these members and their types.

Public Types. NdbEr r or definestwo datatypes:

e Status: Theerror status. See Section 4.1.1.1, “The NdbEr r or : : St at us Type”.
e Classification: Thetypeof error or the logical grouping to which it belongs. See Sec-
tion4.1.1.2,“The NdbError: : Cl assi fi cati on Type’.

Structure Diagram. This diagram shows all the available members and types of the NdbEr r or struc-
ture:
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kenums
Classification
NoError
ApplicationError
NoDataFound
ConstraintViolation
SchemaError
InsufficientSpace
TemporaryResourceError
NodeRecoveryError
OverloadErraor
TimeoutExpired
UnknownResultError
InternalError
FunctionNotImplemented
UnknownErrorCode
NodeShutdown
SchemaObjectExists
InternalTemporary

4.1.1. NdbEr r or Types

NdbError
status : Status
classification

: Classification

code : int
mysql_code : int «enums
message : const char*® Status

Success
TemporaryError
PermanentError
UnknownResult

details : char*

This section discussesthe St at us and Cl assi fi cat i on datatypes defined by NdbEr r or .

4.1.1.1. The NdbError:: St at us Type

Description. Thistypeis used to describe an error's status.

Enumeration Values.

Value

Description

Success

No error has occurred

Tenpor aryError

A temporary and usually recoverable error; the application should
retry the operation giving rise to the error

Per manent Err or

Permanent error; not recoverable

UnknownResul t

The operation's result or status is unknown

Note

Related information specific to certain error conditions may be found in Section 4.2.2,
“NDB Error Classifications”.

4.1.1.2. The NdbError::C assification Type

Description. Thistype describes the type of error, or the logical group to which it belongs.

Enumeration Values.

Value Description

NoEr r or Indicates success (no error occurred)

Appl i cati onError An error occurred in an application program

NoDat aFound A read operation failed due to one or more missing records.

ConstraintViolation A constraint violation occurred, such as attempting to insert atuple
having aprimary key value already in use in the target table.
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Value

Description

SchemaEr r or

An error took place when trying to create or use atable.

I nsuf ficient Space

There was insufficient memory for data or indexes.

Tenpor ar yResour ceError

Thistype of error istypicaly encountered when there are too
many active transactions.

NodeRecover yErr or

Thisisatemporary failure which was likely caused by a node re-
covery in progress, some examples being when information sent
between an application and NDB is lost, or when there is adistribu-
tion change.

Over | oadErr or

Thistype of error is often caused when there isinsufficient logfile
space.

Ti meout Expi red

A timeout, often caused by a deadlock.

UnknownResul t Err or

It is not known whether atransaction was committed.

I nternal Error

A serious error has occurred in NDB itsalf.

Funct i onNot | npl enent ed

The application attempted to use a function which is not yet imple-
mented.

UnknownEr r or Code

Thisis seen where the NDB error handler cannot determine the cor-
rect error code to report.

NodeShut down

Thisis caused by a node shutdown.

Schema(bj ect Exi st's

The application attempted to create a schema object that already
exists.

I nt er nal Tenpor ary

A request was sent to a non-master node.

Note

Related information specific to certain error conditions may be found in Section 4.2.1, “NDB
Error Codes and Messages’, and in Section 4.2.2, “NDB Error Classifications’.

4.2. NDB Error Codes, Classifications, and Messages

This section contains listings of common NDB error codes and messages, along with their classifications
and likely causes for which they might be raised.

Important

It is strongly recommended that you not depend on specific error codes in your NDB API ap-
plications, as they are subject to change over time. Instead, you should use the NdbEr -
ror:: Status and error classification in your source code, or consult the output of per -
ror --ndb error_code toobtaininformation about a specific error code.

If you find a situation in which you need to use a specific error code in your application,
please file a bug report at http://bugs.mysgl.com/ so that we can update the corresponding

status and classification.

4.2.1. NDB Error Codes and Messages

This section contains a number of tables, one for each type of NDB API error. The error types include the

following:

* Noerror
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» Application error

» Scan application error

» Configuration or application error
* Nodatafound

* Constraint violation

» Schemaerror

*  User defined error

* Insufficient space

e Temporary Resource error
* Node Recovery error

* Overload error

» Timeout expired

* Node shutdown

* Internal temporary

» Unknown result error

* Unknown error code

* Internal error

» Function not implemented

The information in each table includes, for each error:

*  Thenumeric NDB error code
e The corresponding MySQL error code
» The NDB classification code
See Section 4.2.2, “NDB Error Classifications’, for the meanings of these classification codes.
» Thetext of the error message

Similar errors have been grouped together in each table. The last table — see Section 4.2.1.22, “Other
Errors (Not Y et Categorised)” — contains errors that have not yet been assigned to a specific category.

Tip

Y ou can aways obtain the latest error codes and information from thefile st or age/
ndb/ src/ ndbapi / ndberror. c.

4.2.1.1. No Error
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4.2.1.4.
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NDB Error MySQL Er- |NDBError Error Message
Code ror Code Classification
0 0 NE No error
NoDat aFound Errors
NDB Er- |MySQL Error Code NDB Er- |Error Message
ror ror
Code Classi-
fication
626 HA_ERR _KEY_NOT_FOUND ND Tuple did not exist

Constrai nt Viol ati on Errors

NDB Er- |MySQL Error Code NDB Er- |Error Message

ror ror

Code Classi-

fication

630 HA ERR FOUND_ DUPP_KEY Ccv Tuple already existed when attempting
to insert

839 DVEC cv Illegal null attribute

840 DVEC Ccv Trying to set aNOT NULL attribute to
NULL

893 HA ERR FOUND DUPP_KEY cv Constraint violation e.g. duplicate value
in unique index

Node recovery errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

286 DVEC NR Node failure caused abort of transaction

250 DVEC NR Node where lock was held crashed, restart scan transac-
tion

499 DVEC NR Scan take over error, restart scan transaction

1204 DVEC NR Temporary failure, distribution changed

4002 DVEC NR Send to NDB failed

4010 DVEC NR Node failure caused abort of transaction

4025 DVEC NR Node failure caused abort of transaction

4027 DVEC NR Node failure caused abort of transaction

4028 DVEC NR Node failure caused abort of transaction

4029 DVEC NR Node failure caused abort of transaction

4031 DVEC NR Node failure caused abort of transaction

4033 DIVEC NR Send to NDB failed

4115 DVEC NR Transaction was committed but all read information was

not received due to node crash
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NDB Error MySQL Er- |NDBError Error Message
Code ror Code Classification
4119 DVEC NR Simple/dirty read failed due to node failure

Node Shutdown Errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

280 DVEC NS Transaction aborted due to node shutdown
270 DVEC NS Transaction aborted due to node shutdown
1223 DVEC NS Read operation aborted due to node shutdown
4023 DVEC NS Transaction aborted due to node shutdown
4030 DVEC NS Transaction aborted due to node shutdown
4034 DVEC NS Transaction aborted due to hode shutdown

Unknown Result Errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

4008 DVEC UR Receive from NDB failed

4009 DVEC UR Cluster Failure

4012 DVEC UR Request ndbd time-out, maybe due to high load or com-
munication problems

4024 DVEC UR Time-out, most likely caused by simple read or cluster

failure

Temporary Resource Errors

NDB Error MySQL Er- |NDBError Error Message

Code ror Code Classification

217 DVEC TR 217

218 DVEC TR 218

219 DVEC TR 219

233 DVEC TR Out of operation records in transaction coordinator
(increase MaxNoOfConcurrentOperations)

275 DVEC TR 275

279 DVEC TR Out of transaction markersin transaction coordinator

414 DVEC TR 414

418 DVEC TR Out of transaction buffersin LQH

419 DVEC TR 419

245 DVEC TR Too many active scans

4388 DVEC TR Too many active scans

490 DVEC TR Too many active scans
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NDB Error MySQL Er- |NDBError Error Message

Code ror Code Classification

805 DVEC TR Out of attrinfo records in tuple manager

830 DVEC TR Out of add fragment operation records

873 DVEC TR Out of attrinfo records for scan in tuple manager

899 DVEC TR Rowid already allocated

1217 DVEC TR Out of operation recordsin local data manager (increase
MaxNoOfL ocal Operations)

1220 DVEC TR REDO log files overloaded, consult online manual
(decrease TimeBetweenL ocal Checkpoints, and|or in-
crease NoOfFragmentL ogFiles)

1222 DVEC TR Out of transaction markersin LQH

4021 DVEC TR Out of Send Buffer spacein NDB AP

4022 DVEC TR Out of Send Buffer spacein NDB AP

4032 DVEC TR Out of Send Buffer spacein NDB API

1501 DVEC TR Out of undo space

288 DVEC TR Out of index operations in transaction coordinator
(increase MaxNoOfConcurrentl ndexOperations)

Insufficient Space Errors

NDB Error MySQL Error Code NDB Error Error Message

Code Classification

623 HA ERR RECORD FI |IS 623
LE FULL

624 HA ERR RECORD FI [IS 624
LE FULL

625 HA ERR | NDEX FIL |IS Out of memory in Ndb Kernel, hash index
E FULL part (increase IndexMemory)

640 DVEC IS Too many hash indexes (should not happen)

826 HA ERR RECORD FI |IS Too many tables and attributes (increase
LE FULL MaxNoOfAttributes or MaxNoOfTables)

827 HA ERR RECORD FI |IS Out of memory in Ndb Kernel, table data
LE FULL (increase DataM emory)

902 HA ERR _RECORD FI |IS Out of memory in Ndb Kernel, ordered index
LE FULL data (increase DataM emory)

903 HA ERR | NDEX FIL |IS Too many ordered indexes (increase
E FULL MaxNoOfOrderedl ndexes)

904 HA ERR | NDEX _FIL [IS Out of fragment records (increase MaxNoO-
E FULL fOrderedindexes)

905 DVEC IS Out of attribute records (increase MaxNoO-

fAttributes)

1601 HA ERR _RECORD FI |IS Out extents, tablespace full

LE FULL
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4.2.1.9. Ti meout Expi r ed errors

NDB Error MySQL Error Code NDB Error Error Message
Code Classification
266 HA ERR LOCK WAI T |TO Time-out in NDB, probably caused by dead-
_TI MEQUT lock
274 HA ERR LOCK WAI T |TO Time-out in NDB, probably caused by dead-
_TI MEQUT lock
296 HA ERR LOCK WAI T |TO Time-out in NDB, probably caused by dead-
_TI MEQUT lock
297 HA ERR LOCK WAI T |TO Time-out in NDB, probably caused by dead-
_TI MEQUT lock
237 HA ERR LOCK WAI T |TO Transaction had timed out when trying to
_TI VEQUT commit it
4.2.1.10. Overload Errors
NDB Error MySQL Er- |NDB Error Error Message
Code ror Code Classification
701 DVEC oL System busy with other schema operation
711 DVEC oL System busy with node restart, schema operations not
allowed
410 DVEC OL REDO log files overloaded, consult online manual
(decrease TimeBetweenL ocal Checkpoints, and|or in-
crease NoOfFragmentL ogFiles)
677 DVEC oL Index UNDO buffers overloaded (increase Undoln-
dexBuffer)
891 DVEC oL Data UNDO buffers overloaded (increase UndoDat-
aBuffer)
1221 DVEC OL REDO buffers overloaded, consult online manual
(increase RedoBuffer)
4006 DVEC oL Connect failure - out of connection objects (increase
MaxNoOfConcurrentTransactions)

4.2.1.11. Internal Temporary Errors

NDB Error MySQL Er- |NDB Error Error Message
Code ror Code Classification
702 DVEC IT Request to non-master

4.2.1.12. Internal errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

892 DVEC IE Inconsistent hash index. The index needs to be dropped
and recreated
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NDB Error MySQL Er- |NDBError Error Message

Code ror Code Classification

896 DVEC IE Tuple corrupted - wrong checksum or column datain in-
valid format

901 DVEC IE Inconsistent ordered index. The index needs to be
dropped and recreated

202 DVEC IE 202

203 DVEC IE 203

207 DVEC IE 207

208 DVEC IE 208

209 DVEC IE Communication problem, signal error

220 DVEC IE 220

230 DVEC IE 230

232 DVEC IE 232

238 DVEC IE 238

271 DMVEC IE Simple Read transaction without any attributes to read

272 DVEC IE Update operation without any attributes to update

276 DVEC IE 276

277 DVEC IE 277

278 DVEC IE 278

287 DVEC IE Index corrupted

290 DVEC IE Corrupt key in TC, unable to xfrm

631 DVEC IE 631

632 DVEC IE 632

706 DVEC IE Inconsistency during table creation

809 DVEC IE 809

812 DVEC IE 812

829 DVEC IE 829

833 DVEC IE 833

871 DVEC IE 871

882 DVEC IE 882

883 DVEC IE 883

887 DVEC IE 887

888 DVEC IE 888

890 DVEC IE 890

4000 DVEC IE MEMORY ALLOCATION ERROR

4001 DVEC IE Signal Definition Error

4005 DVEC IE Internal Error in NdbApi

4011 DVEC IE Internal Error in NdbApi

4107 DMVEC IE Simple Transaction and Not Start

4108 DVEC IE Faulty operation type

4109 DVEC IE Faulty primary key attribute length
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NDB Error MySQL Er- |NDBError Error Message

Code ror Code Classification

4110 DVEC IE Faulty length in ATTRINFO signal

4111 DVEC IE Status Error in NdbConnection

4113 DVEC IE Too many operations received

4320 DVEC IE Cannot use the same object twice to create table

4321 DVEC IE Trying to start two schema transactions

4344 DVEC IE Only DBDICT and TRIX can send requeststo TRIX

4345 DVEC IE TRIX block is not available yet, probably due to node
failure

4346 DVEC IE Internal error at index create/build

4347 DVEC IE Bad state at alter index

4348 DVEC IE Inconsistency detected at alter index

4349 DVEC IE Inconsistency detected at index usage

4350 DMVEC IE Transaction already aborted

4.2.1.13. Application Errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

763 DVEC AE Altq table requires cluster nodes to have exact same
version

823 DVEC AE Too much attrinfo from application in tuple manager

831 DVEC AE Too many nullable/bitfields in table definition

876 DVEC AE 876

877 DVEC AE 877

878 DVEC AE 878

879 DVEC AE 879

880 DVEC AE Tried to read too much - too many getValue calls

884 DVEC AE Stack overflow in interpreter

885 DVEC AE Stack underflow in interpreter

886 DVEC AE More than 65535 instructions executed in interpreter

897 DVEC AE Update attempt of primary key via ndbcluster internal
api (if this occurs viathe MySQL server it isabug,
please report)

4256 DVEC AE Must call Ndb::init() before this function

4257 DVEC AE Tried to read too much - too many getValue calls

4.2.1.14. Scan Application Errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

242 DIVEC AE Zero concurrency in scan
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NDB Error MySQL Er- |NDBError Error Message

Code ror Code Classification

244 DVEC AE Too high concurrency in scan

269 DVEC AE No condition and attributes to read in scan

4600 DVEC AE Transaction is already started

4601 DVEC AE Transaction is not started

4602 DVEC AE Y ou must call getNdbOperation before executeScan

4603 DVEC AE There can only be ONE operation in a scan transaction

4604 DVEC AE takeOverScanOp, to take over a scanned row one must
explicitly request keyinfo on readTuples call

4605 DVEC AE Y ou may only call openScanRead or openScanExclus-
ive once for each operation

4607 DVEC AE There may only be one operation in a scan transaction

4608 DVEC AE Y ou can not takeOverScan unless you have used
openScanExclusive

4609 DVEC AE Y ou must call nextScanResult before trying to
takeOverScan

4232 DVEC AE Parallelism can only be between 1 and 240

4.2.1.15. Event Schema Errors

NDB Error MySQL Er- |NDB Error Error Message
Code ror Code Classification
4713 DVEC SE Column defined in event does not exist in table

4.2.1.16. Event Application Errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

4707 DVEC AE Too many event have been defined

4708 DVEC AE Event nameistoo long

4709 DVEC AE Can't accept more subscribers

746 DVEC OE Event name already exists

747 DVEC IS Out of event records

748 DVEC TR Busy during read of event table

4710 DVEC AE Event not found

4711 DVEC AE Creation of event failed

4712 DVEC AE Stopped event operation does not exist. Already
stopped?

4.2.1.17. Event Internal Errors

200




NDB APl ERRORS

NDB Error MySQL Er- |NDBError Error Message
Code ror Code Classification
4731 DVEC IE Event not found

4.2.1.18. Schema Errors

NDB Error MySQL Error Code NDB Error Error Message
Code Classification
311 DVEC AE Undefined partition used in setPartitionld
703 DIVEC SE Invalid table format
704 DVEC SE Attribute name too long
705 DVEC SE Table nametoo long
707 DVEC S No more table metadata records (increase
MaxNoOfTables)
708 DMVEC S No more attribute metadata records (increase
MaxNoOfAttributes)
709 HA ERR NO SUCH T |SE No such table existed
ABLE
710 DVEC SE Internal: Get by table name not supported, use
tableid.
721 HA ERR TABLE EXI |OE Table or index with given name already exists
ST
723 HA ERR NO SUCH T |SE No such table existed
ABLE
736 DVEC SE Unsupported array size
737 HA WRONG _CREATE_ |SE Attribute array size too big
OPTI ON
738 HA WRONG CREATE_ |SE Record too big
OPTI ON
739 HA_ WRONG_CREATE_ |SE Unsupported primary key length
OPTI ON
740 HA WRONG CREATE_ |SE Nullable primary key not supported
OPTI ON
741 DVEC SE Unsupported alter table
743 HA WRONG _CREATE_ |SE Unsupported character set in table or index
OPTI ON
744 DVEC SE Character string isinvalid for given character
Set
745 HA VWRONG CREATE  |SE Distribution key not supported for char attrib-
OPTI ON ute (use binary attribute)
771 HA WRONG CREATE_ |AE Given NODEGROUP doesn't exist in this
OPTI ON cluster
772 HA VWRONG CREATE  |IE Given fragmentType doesn't exist
OPTI ON
749 HA WRONG CREATE  |IE Primary Tablein wrong state
OPTI ON
763 HA WRONG CREATE_ |SE Invalid undo buffer size
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OPTI ON
764 HA WRONG_CREATE_ [SE Invalid extent size
OPTI ON
765 DVEC SE Out of filegroup records
750 | E SE Invalid file type
751 DVEC S Out of file records
752 DVEC SE Invalid file format
753 | E SE Invalid filegroup for file
754 I E SE Invalid filegroup version when creating file
755 HA WRONG CREATE_ |SE Invalid tablespace
OPTI ON
756 DVEC SE Index on disk column is not supported
757 DVEC SE Varsize bitfield not supported
758 DVEC SE Tablespace has changed
759 DVEC SE Invalid tablespace version
760 DVEC SE File already exists
761 DVEC SE Unable to drop table as backup isin progress
762 DVEC SE Unable to alter table as backup isin progress
766 DVEC SE Can't drop file, no such file
767 DVEC SE Can't drop filegroup, no such filegroup
768 DVEC SE Can't drop filegroup, filegroup is used
769 DVEC SE Drop undofile not supported, drop logfile
group instead
770 DVEC SE Can't drop file, fileis used
774 DVEC SE Invalid schema aobject for drop
241 HA ERR TABLE DEF |[SE Invalid schema object version
_CHANGED
283 HA ERR NO SUCH T |SE Tableis being dropped
ABLE
284 HA ERR TABLE DEF |SE Table not defined in transaction coordinator
_CHANGED
285 DVEC SE Unknown table error in transaction coordinat-
or
881 DVEC SE Unable to create table, out of data pages
(increase DataM emory)
906 DVEC SE Unsupported attribute type in index
907 DVEC SE Unsupported character set in table or index
908 DVEC IS Invalid ordered index tree node size
1225 DVEC SE Table not defined in local query handler
1226 DVEC SE Table is being dropped
1228 DVEC SE Cannot use drop table for drop index
1229 DVEC SE Too long frm data supplied
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1231 DVEC S Invalid table or index to scan

1232 DVEC SE Invalid table or index to scan

1502 DVEC IE Filegroup already exists

1503 DVEC SE Out of filegroup records

1504 DVEC SE Out of logbuffer memory

1505 DVEC IE Invalid filegroup

1506 DVEC IE Invalid filegroup version

1507 DVEC IE File no aready inuse

1508 DVEC SE Out of file records

1509 DVEC S File system error, check if path,permissions
etc

1510 DVEC IE File meta data error

1511 DVEC IE Out of memory

1512 DVEC SE File read error

1513 DVEC IE Filegroup not online

1514 DVEC SE Currently thereis alimit of one logfile group

773 DVEC SE Out of string memory, please modify String-
Memory config parameter

775 DVEC SE Createfileis not supported when Diskless=1

776 DVEC AE Index created on temporary table must itself
be temporary

777 DVEC AE Cannot create atemporary index on anon-
temporary table

778 DMVEC AE A temporary table or index must be specified
as not logging

4.2.1.19. Functi onNot | npl enent ed Errors

NDB Error MySQL Er- |NDB Error Error Message
Code ror Code Classification
4003 DVEC NI Function not implemented yet

4.2.1.20. Backup Errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

1300 DVEC IE Undefined error

1301 DVEC IE Ba)ckup issued to not master (reissue command to mas-
ter

1302 DVEC IE Out of backup record

1303 DVEC IS Out of resources

1304 DVEC IE Sequence failure
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1305 DVEC IE Backup definition not implemented

1306 DVEC AE Backup not supported in diskless mode (change Disk-
less)

1321 DVEC ubD Backup aborted by user request

1322 DVEC IE Backup already completed

1323 DVEC IE 1323

1324 DVEC IE Backup log buffer full

1325 DVEC IE File or scan error

1326 DVEC IE Backup abortet due to node failure

1327 DVEC IE 1327

1340 DVEC IE Backup undefined error

1342 DVEC AE Backup failed to allocate buffers (check configuration)

1343 DMVEC AE Backup failed to setup fs buffers (check configuration)

1344 DVEC AE Backup failed to allocate tables (check configuration)

1345 DVEC AE Backup failed to insert file header (check configuration)

1346 DVEC AE Backup failed to insert table list (check configuration)

1347 DVEC AE Backup failed to allocate table memory (check configur-
ation)

1348 DVEC AE Bacl;up failed to allocate file record (check configura-
tion

1349 DVEC AE Backup failed to allocate attribute record (check config-
uration)

1329 DVEC AE Backup during software upgrade not supported

4.2.1.21. Node ID Allocation Errors

NDB Error MySQL Er- |NDB Error Error Message

Code ror Code Classification

1700 DVEC IE Undefined error

1701 DVEC AE Node already reserved

1702 DVEC AE Node already connected

1703 DVEC AE Node failure handling not completed
1704 DVEC AE Node type mismatch

4.2.1.22. Other Errors (Not Yet Categorised)

NDB Error MySQL Error Code NDB Error Error Message

Code Classification

720 DVEC AE Attribute name reused in table
definition

1405 DVEC NR Subscriber manager busy with
node recovery
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1407 DVEC SE Subscription not found in sub-
scriber manager

1411 DVEC TR Subscriber manager busy with
adding/removing a subscriber

1412 DVEC IS Can't accept more subscribers, out
of space in pool

1413 DVEC TR Subscriber manager busy with
adding the subscription

1414 DVEC TR Subscriber manager has sub-
scribers on this subscription

1415 DVEC SE Subscription not unique in sub-
scriber manager

1416 DVEC IS Can't accept more subscriptions,
out of spacein pool

1417 DVEC SE Table in suscription not defined,
probably dropped

1418 DVEC SE Subscription dropped, no new sub-
scribers allowed

1419 DVEC SE Subscription already dropped

1420 DVEC TR Subscriber manager busy with
adding/removing atable

4004 DVEC AE Attribute name or id not found in
the table

4100 DIVEC AE Status Error in NDB

4101 DVEC AE No connections to NDB available
and connect failed

4102 DVEC AE Typein NdbTamper not correct

4103 DVEC AE No schema connections to NDB
available and connect failed

4104 DVEC AE Ndb Init in wrong state, destroy
Ndb object and create a new

4105 DVEC AE Too many Ndb objects

4106 DVEC AE All Not NULL attribute have not
been defined

4114 DVEC AE Transaction is aready completed

4116 DVEC AE Operation was not defined cor-
rectly, probably missing a key

4117 DVEC AE Could not start transporter, config-
uration error

4118 DVEC AE Parameter error in API call

4300 DVEC AE Tuple Key Type not correct

4301 DIVEC AE Fragment Type not correct

4302 DIVEC AE Minimum Load Factor not correct

4303 DVEC AE Maximum Load Factor not correct

4304 DVEC AE Maximum Load Factor smaller

205




NDB APl ERRORS

NDB Error MySQL Error Code NDB Error Error Message

Code Classification
than Minimum

4305 DVEC AE K value must currently be set to 6

4306 DVEC AE Memory Type not correct

4307 DIVEC AE Invalid table name

4308 DVEC AE Attribute Size not correct

4309 DVEC AE Fixed array too large, maximum
64000 bytes

4310 DVEC AE Attribute Type not correct

4311 DVEC AE Storage Mode not correct

4312 DVEC AE Null Attribute Type not correct

4313 DVEC AE Index only storage for non-key at-
tribute

4314 DVEC AE Storage Type of attribute not cor-
rect

4315 DVEC AE No more key attributes allowed
after defining variable length key
attribute

4316 DVEC AE Key attributes are not allowed to be
NULL attributes

4317 DVEC AE Too many primary keys defined in
table

4318 DVEC AE Invalid attribute name or number

4319 DVEC AE createAttribute called at erroneus
place

4322 DVEC AE Attempt to define distribution key
when not prepared to

4323 DVEC AE Distribution Key set on table but
not defined on first attribute

4324 DVEC AE Attempt to define distribution
group when not prepared to

4325 DVEC AE Distribution Group set on table but
not defined on first attribute

4326 DVEC AE Distribution Group with erroneus
number of bits

4327 DVEC AE Distribution Group with 1 byte at-
tribute is not alowed

4328 DVEC AE Disk memory attributes not yet
supported

4329 DVEC AE Variable stored attributes not yet
supported

4400 DVEC AE Status Error in NdbSchemaCon

4401 DVEC AE Only one schema operation per
schema transaction

4402 DVEC AE No schema operation defined be-

fore calling execute
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4501 DVEC AE Insert in hash table failed when
getting table information from Ndb

4502 DVEC AE GetValue not alowed in Update
operation

4503 DVEC AE GetValue not alowed in Insert op-
eration

4504 DVEC AE SetVaue not allowed in Read op-
eration

4505 DVEC AE NULL value not alowed in
primary key search

4506 DVEC AE Missing getValue/setValue when
calling execute

4507 DVEC AE Missing operation request when
calling execute

4200 DIVEC AE Status Error when defining an op-
eration

4201 DVEC AE Variable Arrays not yet supported

4202 DVEC AE Set value on tuple key attributeis
not allowed

4203 DVEC AE Trying to set aNOT NULL attrib-
uteto NULL

4204 DVEC AE Set value and Read/Delete Tupleis
incompatible

4205 DVEC AE No Key attribute used to define
tuple

4206 DVEC AE Not allowed to equal key attribute
twice

4207 DVEC AE Key sizeislimited to 4092 bytes

4208 DVEC AE Trying to read a non-stored attrib-
ute

4209 DVEC AE Length parameter in equal/set-
Valueisincorrect

4210 DVEC AE Ndb sent more info than the length
he specified

4211 DVEC AE Inconsistency in list of NdbRecAt-
tr-objects

4212 DVEC AE Ndb reports NULL value on Not
NULL attribute

4213 DVEC AE Not all data of an attribute has been
received

4214 DVEC AE Not all attributes have been re-
ceived

4215 DVEC AE More data received than reported
in TCKEY CONF message

4216 DVEC AE More than 8052 bytesin setValue

cannot be handled

207




NDB APl ERRORS

NDB Error MySQL Error Code NDB Error Error Message

Code Classification

4217 DVEC AE It isnot alowed to increment any
other than unsigned ints

4218 DVEC AE Currently not allowed to increment
NULL-able attributes

4219 DVEC AE Maximum size of interpretative at-
tributes are 64 bits

4220 DVEC AE Maximum size of interpretative at-
tributes are 64 bits

4221 DVEC AE Trying to jump to a non-defined la
bel

4222 DVEC AE Label was not found, internal error

4223 DVEC AE Not allowed to create jumpsto
yourself

4224 DVEC AE Not allowed to jump to alabel in a
different subroutine

4225 DVEC AE All primary keys defined, call set-
Vaue/getVaue

4226 DVEC AE Bad number when defining a label

4227 DVEC AE Bad number when defining a sub-
routine

4228 DVEC AE [llegal interpreter function in scan
definition

4229 DVEC AE Illegal register in interpreter func-
tion definition

4230 DVEC AE Illegal state when calling getValue,
probably not aread

4231 DVEC AE Illegal state when calling interpret-
er routine

4233 DVEC AE Calling execute (synchronous)
when already prepared asynchron-
ous transaction exists

4234 DVEC AE Illegal to call setValuein this state

4235 DVEC AE No callback from execute

4236 DVEC AE Trigger name too long

4237 DVEC AE Too many triggers

4238 DVEC AE Trigger not found

4239 DVEC AE Trigger with given name already
exists

4240 DVEC AE Unsupported trigger type

4241 DVEC AE Index name too long

4242 DVEC AE Too many indexes

4243 DVEC AE Index not found

4244 HA ERR TABLE EXI ST OE Index or table with given name
already exists

4247 DVEC AE Illegal index/trigger create/
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drop/alter request

4248 DVEC AE Trigger/index nameinvalid

4249 DVEC AE Invaid table

4250 DVEC AE Invalid index type or index logging
option

4251 HA ERR FOUND DUPP_UNI QU (AE Cannot create unique index, du-

E plicate keys found

4252 DVEC AE Failed to allocate space for index

4253 DVEC AE Failed to create index table

4254 DVEC AE Table not an index table

4255 DVEC AE Hash index attributes must be spe-
cified in same order as table attrib-
utes

4258 DVEC AE Cannot create unique index, du-
plicate attributes found in defini-
tion

4259 DVEC AE Invalid set of range scan bounds

4260 DVEC ubD NdbScanFilter: Operator is not
defined in NdbScanFilter::Group

4261 DVEC ub NdbScanFilter: Columnis NULL

4262 DVEC ub NdbScanFilter: Condition is out of
bounds

4263 DVEC IE Invalid blob attributes or invalid
blob partstable

4264 DVEC AE Invalid usage of blob attribute

4265 DVEC AE The method is not valid in current
blob state

4266 DVEC AE Invalid blob seek position

4267 DVEC IE Corrupted blob value

4268 DVEC IE Error in blob head update forced
rollback of transaction

4269 DVEC IE No connection to ndb management
server

4270 DVEC IE Unknown blob error

4335 DVEC AE Only one autoincrement column al-
lowed per table. Having atable
without primary key uses an
autoincremented hidden key, i.e. a
table without a primary key can not
have an autoincremented column

4271 DVEC AE Invalid index object, not retrieved
via getlndex()

4272 DVEC AE Table definition has undefined
column

4273 DVEC IE No blob table in dict cache
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4274 DVEC IE Corrupted main table PK in blob
operation

4275 DVEC AE The blob method isincompatible
with operation type or lock mode

4.2.2. NDB Error Classifications

The following table lists the classification codes used in Section 4.2, “NDB Error Codes, Classifications,
and Messages’, and their descriptions. These can also be found in thefile/ st or -
age/ ndb/ sr c/ ndbapi / ndberror. c.

Classification |Error Status Description

Code

NE Success No error

AE Permanent error Application error

CE Permanent error Configuration or application error
ND Permanent error No data found

cv Permanent error Constraint violation

SE Permanent error Schemaerror

ub Permanent error User defined error

IS Permanent error Insufficient space

TR Temporary error Temporary Resource error
NR Temporary error Node Recovery error

a Temporary error Overload error

TO Temporary error Timeout expired

NS Temporary error Node shutdown

I T Temporary error Internal temporary

UR Unknown result Unknown result error

UE Unknown result Unknown error code

I E Permanent error Internal error

NI Permanent error Function not implemented
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Chapter 5. THE MGM API

This chapter discusses the MySQL Cluster Management API, aC language API that is used for adminis-
trative tasks such as starting and stopping Cluster nodes, backups, and logging. It also covers MGM con-
cepts, programming constructs, and event types.

5.1. General Concepts

Each MGM API function needs a management server handle of type NdbMgnHandl e. Thishandleis
created by calling the function ndb_ngm cr eat e_handl e() and freed by calling
ndb_nmgm dest roy_handl e().

See Section 5.2.3.1, “ndb_ngm creat e_handl e() ", and Section 5.2.3.3,
“ndb_ngm dest roy_handl e() ", for more information about these two functions.

Important

Y ou should not share an NdbMgmHand| e between threads. Whileit is possible to do so (if
you implement your own locks), thisis not recommended, and each thread should use its
own management server handle.

A function can return any of the following:

e Aninteger value, with avalue of - 1 indicating an error.

* A non-constant pointer value. A NULL value indicates an error; otherwise, the return value must be
freed by the programmer.

» A constant pointer value, with a NULL value indicating an error. The returned value should not be
freed.

Error conditions can be identified by using the appropriate error-reporting functions
ndb_nmgm get latest _error() andndb_nmgm error ().

Here is an example using the MGM API (without error handling for brevity's sake):

NdbMgnmHandl e handl e= ndb_ngm cr eat e_handl e() ;

ndb_ngm connect (handl e, 0, 0, 0) ;

struct ndb_nmgm cl uster_state *state= ndb_ngm get_st atus(handl e);
for(int i=0; i > state->no_of_nodes; i++)

struct ndb_ngm node_st ate *node_st at e= &st at e- >node_states[i];
printf("node with I1D=% ", node_state->node_id);

i f (node_st at e->version ! = 0)
printf("connected\n");

el se
printf("not connected\n");

free((void*)state);
ndb_ngm dest r oy_handl e( &andl e) ;

5.1.1. Working with Log Events

Data nodes and management servers regularly and on specific occasions report on various log events
that occur in the cluster. These log events are written to the cluster log. Optionally an MGM API client
may listen to these events using the method ndb_nmgm | i st en_event () . Each log event belongs to
acategory ndb_ngm event cat egory) and hasaseverity ndb_ngm event severi ty associ-
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ated with it. Each log event also has alevel (0-15) associated with it.

Which log events that come out is controlled withndb_nmgm | i st en_event (),
ndb_nmgm set cl usterl og | ogl evel (), and
ndb_nmgm set _clusterl og_severity filter().

Thisis an example showing how to listen to events related to backup:

15, NDB_MGM EVENT_CATEGORY_BACKUP, 0 };
1|

i
i i sten _event (handle, filter);

5.1.2. Structured Log Events

The following steps are involved:

1. Createan NdbEvent LogHandl e usingndb_ngm creat e | ogevent handl e().
2. Wait for and store log eventsusing ndb_| ogevent _get _next ().

3. Thelog event datais availablein the structure ndb_| ogevent . The datawhich is specificto a
particular event is stored in a union between structures; usendb_| ogevent : : t ype to decide
which structureisvalid.

The following sample code demonstrates listening to events related to backups:

int filter[] ={ 15, NDB_M3M EVENT_ CATEGORY_BACKUP, 0 };
NdbEvent LogHandl e | e_handl e= ndb_nmgm cr eat e_| ogevent _ hand| e(handl e, filter);
struct ndb_l ogevent Te;
int r= ndb_| ogevent _get_next (| e_handl e, & e, 0);
if(r <0)
[* error */
else if(r == 0)
/* no event */

switch(le.type)

case NDB_LE BackupStart ed:
.. le.BackupStarted. starting_node;
| e. BackupSt art ed. backup_i d;
br eak;
case NDB _LE BackupFail edToStart:
| e. BackupFai | edToStart. error;
br eak;
case NDB_LE BackupConpl et ed:
... |l e.BackupConpl et ed. st op_gci ;
br eak;
case NDB LE_BackupAbort ed:
... le. BackupStarted. backup_i d;
br eak;
defaul t :
br eak;

For more information, see Section 5.2.1, “Log Event Functions”.
Note
Availablelog event types are listed in Section 5.3.4, “The Ndb_| ogevent _t ype Type’,

aswell asinthefile/ st or age/ ndb/ i ncl ude/ ngmapi / ndb_| ogevent . h inthe
MySQL 5.1 sources.

5.2. MGM C API Function Listing
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This section covers the structures and functions used in the MGM API. Listings are grouped by purpose
or use.

5.2.1. Log Event Functions

This section discusses functions that are used for listening to log events.

5.2.1.1.ndb_mgm | i sten_event ()

Description. Thisfunction is used to listen to log events, which are read from the return file descriptor.
Events use atext-based format, the same asin the cluster log.

Signature.

int ndb_nmgm|isten_event

(
NdbMgnHandl e handl e,
const int filter[]

)

Parameters. Thisfunction takes two arguments:

* AnNdbMynmHand! e handl e.

e Afilter whichconsistsof aseriesof {| evel , ndb_ngm event _cat egory} pars(ina
single array) that are pushed to afile descriptor. Use O for the level to terminate the list.

Return Value. The file descriptor from which events are to be read.

5.2.1.2.ndb_ngm creat e_| ogevent _handl e()
Description. Thisfunction isused to create alog event handle.

Signature.

NdbLogEvent Handl e ndb_ngm cr eat e_| ogevent _handl e

(
NdbMgnHandl e handl e,
const int filter[]

Parameters. This function takes two arguments:

* AnNdbMynHandl e handl e.

e Afilter whichconsistsof aseriesof {| evel , ndb_ngm event cat egory} pars(ina
single array) that are pushed to afile descriptor. Use O for the level to terminate the list.

Return Value. A log event handle.

5.2.1.3. ndb_ngm destroy | ogevent handl e()
Description. Usethis function to destroy alog event handle when there is no further need for it.

Signature.
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voi d ndb_ngm destroy_| ogevent _handl e

NdbLogEvent Handl e* handl e

Parameters. A pointer to alog event handl e.

Return Value. None.

ndb_| ogevent get fd()
Description. Thisfunction retrieves afile descriptor from an NdbMgnmiogEvent Handl e. It wasim-
plemented in MySQL 5.1.12.

Warning

I Do not attempt to read from the file descriptor returned by this function.

Signature.
int ndb_| ogevent _get_fd

const NdbLogEvent Handl e handl e
Parameters. A LogEvent Handl e.
Return Value. A filedescriptor. In the event of failure, - 1 is returned.
ndb_| ogevent get next ()
Description. Thisfunction is used to retrieve the next log event, using the event's datato fill in the sup-
plied ndb_| ogevent structure.
Signature.

int ndb_| ogevent _get_next

const NdbLogEvent Handl e handl e,
struct ndb_| ogevent * | ogevent,
unsi gned ti meout

Parameters. Three parameters are expected by this functions:

« AnNdbLogEvent Handl e
» Apointertoanndb_| ogevent datastructure

»  The number of milliseconds to wait for the event before timing out

Return Value. The value returned by this function isinterpreted as follows:

* > 0: Theevent exists, and it datawas retrieved into the| ogevent
e 0: A timeout occurred while waiting for the event (morethant i neout milliseconds elapsed)

e < 0:Anerror occurred.
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If thereturn value is less than or equal to zero, then the| ogevent isnot atered or affected in any way.

5.2.1.6. ndb_| ogevent get | atest _error()
Description. Thisfunction retrieves the error code from the most recent error.
Note

You may prefertousendb_| ogevent get | atest _error_nsg() instead. See
Section5.2.1.7,“ndb_| ogevent _get | atest_error_nsg()”

Signature.

int ndb_| ogevent _get | atest_error

const NdbLogEvent Handl e handl e

Parameters. A log event handle.

Return Value. An error code.

5.2.1.7.ndb_I| ogevent _get latest _error_nsg()
Description. Retrievesthe text of the most recent error obtained while trying to read log events.

Signature.

const char* ndb_| ogevent _get_| atest_error_nsg

const NdbLogEvent Handl e handl e

Parameters. A log event handle.

Return Value. Thetext of the error message.

5.2.2. MGM API Error Handling Functions

The MGM API used for Error handling are discussed in this section.
Each MGM API error is characterised by an error code and an error message. There may also be an error

description that may provide additional information about the error. The API provides functions to ob-
tain this information in the event of an error.

5.2.2.1.ndb_ngm get | atest _error()

Description. Thisfunction isused to get the latest error code associated with a given management serv-
er handle.

Signature.

int ndb_ngmget_| atest_error

const NdbMgnHandl e handl e

Parameters. An NdbMgMHandl e.

Return Value. An error code corresponding to an ndb_ngm er r or value; see Section 5.3.3, “The

215



THE MGM API

ndb_nmgm error Type'. You can obtain the related error message using
ndb_ngm get | atest_error_mnsg() ; see Section 5.2.2.2,
“ndb_nmgm get | atest _error_nsg()”.

5.2.2.2.ndb_ngm get | atest _error_nsg()

Description. Thisfunction is used to obtain the latest general error message associated with an Ndb-
MgnHandl e.

Signature.

const char* ndb_ngm get _| atest _error_nsg

const NdbMgnmHandl e handl e

Parameters. An NdbMgnHandl e.
Return Value. The error message text. More specific information can be obtained using

ndb_nmgm get | atest _error_desc() ; see Section 5.2.2.3,
“ndb_nmgm get | atest _error_desc()”, for details.

5.2.2.3.ndb_ngm get | atest _error_desc()

Description. Get the most recent error description associated with an NdbMynHandl e; this descrip-
tion provides additional information regarding the error message.

Signature.

const char* ndb_ngm get _| at est _error_desc

const NdbMgnHandl e handl e

Parameters. An NdbMgnHandl e.

Return Value. The error description text.

5.2.2.4.ndb_ngm set _error_strean()
Description. The function can be used to set the error output stream.

Signature.

voi d ndb_ngm set _error_stream

NdbMgnHandl e handl e,
FI LE* file

)

Parameters. Thisfunction requires two parameters:

 AnNdbMyrmHandl e

» A pointer to the file to which errors are to be sent.

Return Value. None.
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5.2.3. Management Server Handle Functions

This section contains information about the MGM API functions used to create and destroy management
server handles.

5.2.3.1. ndb_ngm cr eat e_handl e()
Description. Thisfunction isused to create a handle to a management server.

Signature.

NdbMgnHandl e ndb_ngm cr eat e_handl e
(

voi d

Parameters. None.

Return Value. An NdbMgnHandl e.

5.2.3.2. ndb_nmgm set _nane()

Description. Thisfunction can be used to set a name for the management server handle, which isthen
reported in the Cluster log.

Signature.

voi d ndb_ngm set _nane

NdbMgnHandl e handl e,
const char* nane

)

Parameters. Thisfunction takes two arguments:

* A management server handl e.

* Thedesired nane for the handl e.

Return Value. None.

5.2.3.3. ndb_ngm destroy_handl e()
Description. Thisfunction destroys a management server handle

Signature.

voi d ndb_nmgm destroy_handl e
NdbMgnHandl e* handl e

Parameters. A pointer to the NdbMgnHandl e to be destroyed.

Return Value. None.

5.2.4. Management Server Connection Functions
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This section discusses MGM API functions that are used to initiate, configure, and terminate connec-
tions to an NDB management server.

5.2.4.1. ndb_ngm get connectstring()
Description. Thisfunction retrieves the connectstring used for a connection.
Note
This function returns the default connectstring if no call to
ndb_nmgm set _connect string() hasbeen performed. In addition, the returned con-
nectstring may be formatted slightly differently than the original in that it may contain spe-
cifiers not present in the original.

The connectstring format is the same as that discussed for Section 5.2.4.6,
“ndb_nmgm set _connectstring()”.

Signature.

const char* ndb_ngm get _connectstring

NdbMgnHandl e handl e,
char * buf f er,
i nt si ze

Parameters. Thisfunction takes three arguments:

 AnNdbMgnHandl e.
e A pointer toabuf f er inwhich to place the resuilt.

* Thesi ze of the buffer.

Return Value. The connectstring — thisisthe same value that is pushed to the buf f er .

5.2.4.2. ndb_ngm get _configurati on_nodei d()
Description. Thisfunction getsthe ID of the node to which the connection is being (or was) made.

Signature.

int ndb_ngm get_configurati on_nodeid

NdbMgnHandl e handl e

Parameters. A management server handle.

Return Value. A nodelD.
5.2.4.3. ndb_ngm get connected port ()

Description. Thisfunction retrieves the number of the port used by the connection.

Signature.

i nt ndb_ngm get _connect ed_port
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(
NdbMgnHandl e handl e

Parameters. An NdbMgnHandl e.

Return Value. A port number.

5.2.4.4. ndb_ngm get _connected_host ()
Description. Thisfunction is used to obtain the name of the host to which the connection is made.

Signature.

const char* ndb_ngm get _connect ed_host

NdbMgnHandl e handl e

Parameters. A management server handl e.

Return Value. A hostname.

5.2.4.5.ndb_nmgm.is_connect ed()
Description. Used to determine whether a connection has been established.

Signature.

int ndb_ngm.is_connected

(
NdbMgnHandl e handl e

Parameters. A management server handl e.

Return Value. Thisfunction returns an integer, whose value is interpreted as follows:

» 0: Not connected to the management node.

« Any non-zero value: A connection has been established with the management node.

5.2.4.6. ndb_ngm set _connectstring()

Description. Thisfunction isused to set the connectstring for a management server connection to a
node.

Signature.

int ndb_ngm set_connectstring

NdbMgnHandl e handl e,
const char* connectstring

)

Parameters. ndb_ngm set _connect string() takestwo parameters:
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* A management server handl e.

« Aconnect string whoseformat is shown here:

connectstring : =
[ nodei d- speci fi cation,] host-specification[, host-specification]

(It is possible to establish connections with multiple management servers using a single connect-
string.)

nodei d- speci fication := nodeid=id
host - speci fication := host[:port]

i d,port,andhost aredefined asfollows:
e i d: Aninteger greater than O identifying anodeinconfi g. i ni.
e port:Aninteger referring to a standard Unix port.
* host : A string containing avalid network host address.
Section 5.2.4.1, “ndb_ngm get _connect stri ng()” aso usesthisformat for connectstrings.

Return Value. Thisfunction returns - 1 in the event of failure.

ndb_ngm set _configurati on_nodei d()
Description. Thisfunction sets the connection node ID.
Signature.

int ndb_ngm set_configurati on_nodeid

NdbMgnHandl e handl e,
i nt id

)

Parameters. Thisfunction requires two parameters:

« AnNdbMgnHandl e.

* Thei d of the node to connect to.

Return Value. Thisfunction returns - 1 in the event of failure.

ndb_ngm connect ()

Description. This function establishes a connection to a management server specified by the connect-
string set by Section 5.2.4.6, “ndb_ngm set _connectstring()”.

Signature.

i nt ndb_ngm connect

(
NdbMgnHandl e handl e,

i nt retries,
i nt del ay,
i nt ver bose
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Parameters. Thisfunction takes 4 arguments:

* A management server handl e.

»  Thenumber of r et ri es to make when attempting to connect. O for this value means that one con-
nection attempt is made.

»  The number of secondsto del ay between connection attempts.

» |If verboseis 1, then amessage is printed for each connection attempt.

Return Value. Thisfunction returns - 1 in the event of failure.

5.2.4.9. ndb_ngm di sconnect ()
Description. Thisfunction terminates a management server connection.

Signature.

int ndb_nmgm di sconnect

NdbMgnHandl e handl e

Parameters. AnNdbMgnHandl e.

Return Value. Returns- 1 if unable to disconnect.

5.2.5. Cluster Status Functions
This section discusses how to obtain the status of NDB Cluster nodes.

5.2.5.1. ndb_ngm get st atus()

Description. Thisfunction isused to obtain the status of the nodesin an NDB Cluster.

Note
The caller must free the pointer returned by this function.

Signature.

struct ndb_mgm cl uster_state* ndb_ngm get _status

NdbMgnHandl e handl e

Parameters. Thisfunction takes a single parameter — a management server handl e.

Return Value. A pointertoanndb_ngm cl ust er _st at e data structure. See Section 5.4.3, “The
ndb_nmgm cl ust er _st at e Structure”, for more information.

5.2.6. Functions for Starting & Stopping Nodes

The MGM API provides several functions which can be used to start, stop, and restart one or more
Cluster data nodes. These functions are discussed in this section.
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Starting, Stopping, and Restarting Nodes. Y ou can start, stop, and restart Cluster nodes using the fol-
lowing functions:

e StartingNodes. Usendb_nmgm start ().

» Stopping Nodes. Usendb_ngm st op(),ndb_ngm st op2(),orndb_ngm st op3() .

* Restarting Nodes. Usendb_nmgm restart(),ndb_mgm restart2(),or
ndb_ngmrestart3().

These functions are detailed in the next few sections.

5.2.6.1. ndb_ngm start ()
Description. This function can be used to start one or more Cluster nodes. The nodes to be started must
have been started with the no-start option (- n), meaning that the data node binary was started and is
waiting for a START management command which actually enables the node.

Signature.

int ndb_ngm start

NdbMgnHandl e handl e,
int nunber,
const int* list

Parameters. ndb_mgm_start() takes 3 parameters:

« AnNdbMgnHandl e.
« A nunber of nodesto be started. Use O to start all of the data nodes in the cluster.

e A i st of thenode|Ds of the nodes to be started.

Return Value. The number of nodes actualy started; in the event of failure, - 1 isreturned.

5.2.6.2. ndb_ngm st op()

Description. This function stops one or more data hodes.

Signature.

i nt ndb_nmgm st op

NdbMgnHandl e handl e,
i nt nunber ,
const int* list

Parameters. ndb_mgm_stop() takes 3 parameters:

« AnNdbMgmHandl e.
» Thenunber of nodesto be stopped. Use 0 to stop al of the data hodes in the cluster.

« Al i st of thenodeIDs of the nodes to be stopped.
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Calling thisfunction is equivalent to callingndb_ngm st op2( handl e, nunber, list, 0).
See Section 5.2.6.3, “ndb_nmgm st op2() ".

Return Value. The number of nodes actually stopped; in the event of failure, - 1 isreturned.

5.2.6.3. ndb_ngm st op2()

Description. Likendb_ngm st op() , thisfunction stops one or more data nodes. However, it offers
the ability to specify whether or not the nodes shut down gracefully.

Signature.
int ndb_nmgm st op2
NdbMgnHandl e handl e,

i nt nunber ,
const int* list,
i nt abort

)

Parameters. ndb_mgm_stop2() takes 4 parameters:

« AnNdbMgmHandl e.

» Thenunber of nodesto be stopped. Use 0 to stop al of the data nodes in the cluster.

* Ali st of thenodeDs of the nodesto be stopped.

* Thevaueof abort determines how the nodeswill be shut down. 1 indicates the nodes will shut

down immediately; O indicates that the nodes will stop gracefully.

Return Value. The number of nodes actually stopped; in the event of failure, - 1 is returned.

5.2.6.4. ndb_ngm st op3()

Description. Likendb_nmgm st op() andndb_ngm st op2() , thisfunction stops one or more data
nodes. Likendb_ngm st op2() , it offersthe ability to specify whether the nodes should shut down
gracefully. In addition, it provides for away to check to see whether disconnection is required prior to
stopping a node.

Signature.

i nt ndb_nmgm st op3
NdbMgnmHandl e handl e,

i nt nunber ,
const int* list,

i nt abort,
int* di sconnect

Parameters. ndb_mgm_stop3() takes 5 parameters:

« AnNdbMgmHandl e.
» Thenunber of nodesto be stopped. Use O to stop al of the data nodes in the cluster.

e Al i st of thenodeDs of the nodesto be stopped.

223



THE MGM API

 Thevaueof abort determines how the nodes will be shut down. 1 indicates the nodes will shut
down immediately; O indicates that the nodes will stop gracefully.

e If di sconnect returnsl (t r ue), this meansthe you must disconnect before you can apply the

command to stop. For example, disconnecting is required when stopping the management server to
which the handle is connected.

Return Value. The number of nodes actually stopped; in the event of failure, - 1 isreturned.

5.2.6.5.ndb_nmgm restart ()

Description. This function can be used to restart one or more Cluster data nodes.

Signature.

int ndb_nmgm restart

NdbMgnHandl e handl e,
i nt nunber ,
const int* list

Parameters. ndo_mgm_restart() takes 3 parameters:

« AnNdbMgmHandl e.
* Thenunber of nodesto be stopped. Use O to stop all of the data nodesin the cluster.
e Al i st of thenodeIDs of the nodesto be stopped.

Calling thisfunction is equivalent to calling
ndb_nmgm restart 2(handl e, nunber, list, 0, 0, 0);

See Section 5.2.6.6, “ndb_ngm rest art 2() ", for more information.

Return Value. The number of nodes actually restarted; - 1 on failure.

5.2.6.6. ndb_ngm restart 2()

Description. Likendb_ngm restart (), thisfunction can be used to restart one or more Cluster
data nodes. However, ndb_ngm r est art 2() provides additional restart options, including initial re-
start, waiting start, and immediate (forced) restart.

Signature.

int ndb_nmmrestart2
NdbMgnHandl e handl e,

int nunber,
const int* list,

i nt initial

i nt nostart,
i nt abort

Parameters. ndb_mgm _restart2() takes 6 parameters:

« AnNdbMymHandl e.
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» Thenunber of nodesto be stopped. Use O to stop al of the data hodes in the cluster.
* Al st of thenodeDs of the nodesto be stopped.

o Ifinitial istrue(1), then each node undergoes an initial restart — that is, itsfilesystem isre-
moved.

e If nost art istrue, then the nodes are not actually started, but instead are left ready for a start com-
mand.

» If abort istrue, then the nodes are restarted immediately, bypassing any graceful restart.

Return Value. The number of nodes actually restarted; - 1 on failure.

5.2.6.7.ndb_nmgm restart 3()

Description. Likendb_nmgm restart 2( ), thisfunction can be used to cause an initial restart, wait-
ing restart, and immediate (forced) restart on one or more Cluster data nodes. However,

ndb_nmgm restart 3() providesadditional the additional options of checking whether disconnection
isrequired prior to the restart.

Signature.

int ndb_mmrestart3
NdbMgnHandl e handl e,

int nunber,
const int* list,

i nt initial

i nt nostart,
int abort,
int* di sconnect

Parameters. ndo_mgm_restart() takes 7 parameters:

* AnNdbMgnHandl e.
e Thenunber of nodesto be stopped. Use O to stop all of the data nodes in the cluster.
 Ali st of thenode|Ds of the nodesto be stopped.

e Ifinitial istrue (1), then each node undergoesaninitia restart — that is, itsfilesystemisre-
moved.

» If nost art istrue, then the nodes are not actually started, but instead are left ready for a start com-
mand.

» If abort istrue, then the nodes are forced to restart immediately without performing a graceful re-
Start.

e Ifdi sconnect returns1 (t r ue), thismeansthe you must disconnect before you can apply the

command to restart. For example, disconnecting is regquired when stopping the management server to
which the handle is connected.

Return Value. The number of nodes actualy restarted; - 1 on failure.
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5.2.7. Cluster Log Functions

This section covers the functions available in the MGM API for controlling the output of the cluster log.

5.2.7.1.ndb_ngm get clusterl og_severity filter()
Description. Thisfunction isused to retrieve the cluster log severity filter currently in force.

Signature.

const unsigned int* ndb_ngm get_clusterl og_severity filter

NdbMgnHandl e handl e

Parameters. An NdbMgnHandl e.

Return Value. A severity filter, which is avector containing 7 elements. Each element equals 1 if the
corresponding severity indicator is enabled, and O if it isnot. A severity level is stored at position
ndb_nmgm cl usterl og_| evel — for example, the “error” level is stored at position
NDB_MGM_EVENT_SEVERI TY_ERROR. Thefirst element in the vector
(NDB_MGM_EVENT_SEVERI TY_ON) signals whether the cluster log is enabled or disabled.

5.2.7.2.ndb_nmgm set _clusterl og_severity filter()

Description. Thisfunction isused to set a cluster log severity filter.

Signature.
int ndb_ngm set_clusterlog_severity filter
(
NdbMgnHandl e handl e,
enum ndb_ngm event _severity severity,
int enabl e,
struct ndb_nmgm repl y* reply

Parameters. Thisfunction takes 4 parameters:

* A management server handl e.

 Aclusterlogseveri ty tofilter.

» Aflagtoenabl e or disablethefilter; 1 enablesand O disablesthefilter.

* A pointertoanndb_ngm r epl y structure for areply message. See Section 5.4.4, “The
ndb_ngm repl y Structure’.

Return Value. Thefunction returns- 1 in the event of failure.

5.2.7.3.ndb_ngm set _cl usterl og_| ogl evel ()
Description. Thisfunction is used to set the log category and levels for the cluster log.

Signature.

int ndb_rmgm set _cl usterl og_| ogl evel

NdbMgmHandl e handl e,
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i nt id,

enum ndb_ngm event _cat egory cat egory,
int | evel ,
struct ndb_nmgm repl y* reply)

Parameters. Thisfunction takes 5 parameters:

 AnNdbMgnHandl e.
» Thei d of the node affected.

 Anevent cat egory — thisisone of thevalueslisted in Section 5.3.7, “The
ndb_ngm event cat egory Type'.

* Alogging!l evel .

e Apointertoanndb_nmgm r epl y structurefor ther epl y message. (See Section 5.4.4, “The
ndb_ngm r epl y Structure’.)

Return Value. Inthe event of an error, this function returns- 1.

5.2.8. Backup Functions

This section covers the functions provided in the MGM API for starting and stopping backups.

5.2.8.1.ndb_nmgm st art backup()
Description. Thisfunction isused to initiate a backup of aMySQL Cluster.

Signature.

int ndb_mgm start_backup

NdbMgnHandl e handl e,
int wai t,
unsi gned int* id,

struct ndb_mgmreply* reply

Parameters. Thisfunction requires 4 parameters:

* A management server handl e (an NdbMgnHandl e).
 Await flag, with the following possible values:

e 0: Do not wait for confirmation of the backup.

e 1:Wait for the backup to be started.

e 2:Wait for the backup to be completed.

* A backupi d to bereturned by the function.

Note
No backup i d isreturned if wai t is set equal to 0.

e Apointertoanndb_ngm r epl y structure to accommodate ar epl y. See Section 5.4.4, “The
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ndb_ngm r epl y Structure”

Return Value. Inthe event of failure, the function returns- 1.

5.2.8.2. ndb_ngm abort backup()

Description. Thisfunction is used to stop a Cluster backup.

Signature.

int ndb_nmgm abort _backup

NdbMgnHand| e handl e,
unsi gned i nt id,
struct ndb_ngm repl y* repl y)

Parameters. Thisfunction takes 3 parameters:

« AnNdbMgmHandl e.
» Thei d of the backup to be aborted.

e Apointertoanndb_ngm repl y structure.

Return Value. In case an error, this function returns - 1.

5.2.9. Single-User Mode Functions

The MGM API alows the programmer to put the cluster into single-user mode — and to return it to nor-
mal mode again — from within an application. This section covers the functions that are used for these
operations.

5.2.9.1. ndb_ngm ent er _si ngl e_user ()
Description. Thisfunction isused to enter single-user mode on a given node.

Signature.

int ndb_rmgm ent er _si ngl e_user

NdbMgnHandl e handl e,
unsi gned i nt id,
struct ndb_nmgm repl y* repI y

Parameters. Thisfunction takes 3 parameters:

« AnNdbMymHandl e.
» Thei d of the node to be used in single-user mode.

* A pointertoanndb_ngm r epl y structure, used for ar epl y message.

Return Value. Returns- 1 in the event of failure.
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5.2.9.2.ndb_ngm exit _si ngl e _user ()

Description. Thisfunction isused to exit single-user mode and to return to normal operation.
Signature.

int ndb_ngm exit_singl e_user

NdbMgnHandl e handl e,
struct ndb_mgmreply* reply
)

Parameters. Thisfunction requires 2 arguments:

*  AnNdbMgnHandl e.

e Anpointertoanndb_nmgm reply.

Return Value. Returns- 1 in case of an error.

5.3. MGM Datatypes

This section discusses the datatypes defined by the MGM API.
Note
The types described in this section are all defined in thefile/ st or -
age/ ndb/ i ncl ude/ mgmapi / ngmapi . h, with the exception of
Ndb_| ogevent _type,ndb_ngm event _severity,

ndb_nmgm | ogevent handl e_error,andndb_ngm event _cat egory, which
aredefinedin/ st or age/ ndb/ i ncl ude/ ngmapi / ndb_| ogevent . h.

5.3.1. The ndb_ngm node_type Type

Description. Thisisused to classify the different types of nodesin aMySQL Cluster.

Enumeration Values.

Value Description
NDB_MGM NODE_TYPE_UNKNOWN  |Unknown

NDB_MGM NODE_TYPE_API APl Node (SQL node)
NDB_MGM NODE_TYPE_NDB Data node
NDB_MGM NCDE_TYPE_MaM Management node

5.3.2. The ndb_ngm node_st at us Type

Description. Thistype describes a Cluster node's status.

Enumeration Values.

Value Description

NDB_MGM NODE_STATUS_UNKNOWN The node's status is not known
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Value

Description

NDB_MGM NODE_STATUS_NO_CONTACT

The node cannot be contacted

NDB_MGM _NODE_STATUS_NOT_STARTED

The node has not yet executed the startup protocol

NDB_MGM NODE_STATUS_STARTI NG

The node is executing the startup protocol

NDB_MGM_NODE_STATUS_STARTED

The node isrunning

NDB_MGM_NODE_STATUS_SHUTTI NG_DOAN

The node is shutting down

NDB_MGM NODE_STATUS_RESTARTI NG

The node isrestarting

NDB_MGM _NODE_STATUS_SI NGLEUSER

mode

The node is running in single-user (maintenance)

NDB_MGM NODE_STATUS_RESUNE

The node isin resume mode

5.3.3. The ndb_ngm error Type

Description. The values for thistype are the error codes that may be generated by MGM API functions.

Enumeration Values.

rors

Type Value Description
Service Re-
quest Errors
NDB_MGM | LLEGAL_CONNECT_STRI NG Invalid connectstring
NDB_MGM | LLEGAL_SERVER HANDLE Invalid management server
handle
NDB_MGM | LLEGAL_SERVER REPLY Invalid response from man-
agement server
NDB_MGM | LLEGAL _NUMBER OF NODES Invalid number of nodes
NDB_MGM | LLEGAL_NODE_STATUS Invalid node status
NDB_MGM OUT _OF MEMORY Memory allocation error
NDB_MSM _SERVER _NOT_CONNECTED Management server not con-
nected
NDB_MGM COULD_NOT_CONNECT _TO_SOCKET Not able to connect to socket
Node ID Al-
location Er-

NDB_MGM ALLOCI D_ERROR

Generic error; may be pos-
sibleto retry and recover

NDB_MGM ALLOCI D_CONFI G_M SMATCH

Non-recoverable generic error

Service Errors

(Failure of anode or cluster to start, shut down, or re-
Start

NDB_MGM_START_FAI LED

Startup failure

NDB_MGM_STOP_FAI LED

Shutdown failure

NDB_MGM RESTART_FAI LED

Restart failure

Backup Ser-
vice Errors

NDB_MGM_COULD_NOT_START_BACKUP

Unable to initiate backup
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Type Value Description
NDB_MGM_COULD_NOT_ABORT_BACKUP Unable to abort backup
Sngle-User
Mode Service
Errors
NDB_MGM COULD NOT_ENTER_SI NGLE USER M |Unableto enter single-user
ODE mode
NDB_MGM COULD_NOT_EXI T_SI NGLE_USER_MO |Unable to exit single-user
DE mode
Usage Errors
NDB_MGM USAGE_ERROR General usage error

See Section 5.2.2.1, “ndb_nmgm get _| atest _error ().

5.3.4. The Ndb_| ogevent type Type

Description. These are the types of log event events available in the MGM API, grouped by event cat-
egory. (See Section 5.3.7, “Thendb_ngm event cat egory Type'.)

Enumeration Values.

Category Type

NDB_MGM _EVENT _CATEGORY_CONNECTI ON

NDB_LE_ Connect ed

NDB_LE_Di sconnect ed

NDB_LE Commruni cati onCl osed

NDB_LE_Conmuni cat i onOpened

NDB_LE Connect edApi Ver si on

NDB_MGM_EVENT_CATEGORY_CHECKPO NT

NDB LE d obal Checkpoi nt Start ed

NDB _LE d obal Checkpoi nt Conpl et ed

NDB LE Local Checkpoi nt Started

NDB_LE Local Checkpoi nt Conpl et ed

NDB _LE LCPSt oppedl nCal cKeepCei

NDB_LE_LCPFragmnent Conpl et ed

NDB_MGM EVENT_CATEGORY_STARTUP

NDB_LE NDBStartStarted

NDB_LE _NDBSt art Conpl et ed

NDB LE STTORRYReci eved

NDB_LE_St art PhaseConpl et ed

NDB_LE_CM REGCONF

NDB_LE_CM REGREF

NDB_LE_FI ND_NEI GHBOURS

NDB _LE NDBSt opSt art ed

NDB_LE_NDBSt opConpl et ed
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Category

Type

NDB_LE_NDBSt opFor ced

NDB_LE NDBSt opAbort ed

NDB_LE_St art REDOLog

NDB _LE StartlLog

NDB_LE UNDORecor dsExecut ed

NDB _LE St art Report

NDB_MGM _EVENT_CATEGORY_NODE_RESTAR
T

NDB LE NR CopyDi ct

NDB LE NR CopyDi str

NDB_LE _NR CopyFragsStarted

NDB_LE NR_CopyFr agDone

NDB LE NR CopyFragsConpl et ed

NDB_MGM_EVENT_CATEGORY_NCODE_RESTAR
a

NDB LE NodeFai | Conpl et ed

NDB_LE_NODE_FAI LREP

NDB_LE ArbitState

NDB_LE_Ar bi t Resul t

NDB_LE GCP_Takeover Started

NDB_LE GCP_Takeover Conpl et ed

NDB_LE LCP_Takeover Started

NDB LE LCP_Takeover Conpl et ed

NDB_MGM EVENT_CATEGORY_STATI STI C

NDB_LE TransReport Counters

NDB LE Operati onReport Counters

NDB _LE Tabl eCr eat ed

NDB_LE_UndoLogBl ocked

NDB_LE_JobStatistic

NDB LE SendBytesStatistic

NDB_LE Recei veBytesStatistic

NDB_LE MenoryUsage

NDB_MGM EVENT_CATEGORY_ERROR

NDB_LE TransporterError

NDB_LE_Transporter Warni ng

NDB LE M ssedHeart beat

NDB_LE DeadDueToHeart beat

NDB_LE War ni ngEvent

NDB_MGM _EVENT_CATEGORY_| NFO

NDB LE Sent Heart beat

NDB_LE Creat eLogBytes
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Category

Type

NDB_LE | nf oEvent

[Sngle-User Mode]

NDB_LE Si ngl eUser

NDB_LE Event Buf f er St at us

NDB_MGM EVENT_CATEGORY_BACKUP

NDB LE BackupStarted

NDB LE BackupFai |l edToSt art

NDB_LE BackupConpl et ed

NDB LE BackupAborted

5.3.5. The ndb_ngm event severity Type

Description. These are the log event severities used to filter the cluster log by
ndb_ngm set _clusterl og_severity_filter(),andtofilter listening to events by

ndb_mgm | isten_event ().

Enumeration Values.

Value

Description

NDB_MGM | LLEGAL_EVENT_SEVERI TY

Invalid event severity specified

NDB_MGM_EVENT_SEVERI TY_ON

Cluster logging is enabled

NDB_MGM EVENT_SEVERI TY_DEBUG

Used for MySQL Cluster development only

NDB_MGM_EVENT_SEVERI TY_I NFO

Informational messages

NDB_MGM EVENT_SEVERI TY_WARNI NG

Conditions that are not errors as such, but that
might require specia handling

NDB_MGM_EVENT_SEVERI TY_ERROR

Non-fatal error conditions that should be corrected

NDB_MGM EVENT_SEVERI TY_CRI TI CAL

Critical conditions such as device errors or out of
memory errors

NDB_MGM_EVENT_SEVERI TY_ALERT

Conditions that require immediate attention, such
as corruption of the cluster

NDB_MGM _EVENT_SEVERI TY_ALL

All severity levels

See Section 5.2.7.2,“ndb_ngm set _clusterl og_severity filter()”,and Section5.2.1.1,
“ndb_ngm |isten_event ()", forinformation on how thistype is used by those functions.

5.3.6. The ndb_| ogevent handl e error Type

Description. Thistypeisused to describe log event errors.

Enumeration Values.

Value Description
NDB_LEH NO ERROR No error
NDB_LEH READ ERROR Read error

NDB_LEH M SSI NG_EVENT_SPECI FI ER

Invalid, incomplete, or missing log event specifica-
tion
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Value

Description

NDB_LEH_UNKNOWN_EVENT_TYPE

Unknown log event type

NDB_LEH_UNKNOWN_EVENT_VARI ABLE

Unknown log event variable

NDB_LEH_I NTERNAL_ERROR

Internal error

5.3.7. The ndb_ngm event cat egory Type

Description. These are the log event categories referenced in Section 5.3.4, “The
Ndb_| ogevent type Type'. They are aso used by the MGM API functions
ndb_nmgm set clusterl og | ogl evel () andndb_ngm |isten_event().

Enumeration Values.

Value

Description

NDB_MGM | LLEGAL_EVENT_CATEGORY

Invalid log event category

NDB_MGM _EVENT_CATEGORY_STARTUP

Log events occurring during startup

NDB_MGM _EVENT_CATEGORY_SHUTDOWN

Log events occurring during shutdown

NDB_MGM EVENT_CATEGORY_STATI STI C

Statistics log events

NDB_MGM_EVENT_CATEGORY_CHECKPOl NT

Log events related to checkpoints

NDB_MGM EVENT_CATEGORY_NODE_RESTART

Log events occurring during node restart

NDB_MGM_EVENT_CATEGORY_CONNECTI ON

Log events relating to connections between
cluster nodes

NDB_MGM _EVENT _CATEGORY BACKUP

Log events relating to backups

NDB_MGM_EVENT_CATEGORY_CONGESTI ON

Log events relating to congestion

NDB_MGM EVENT_CATEGORY_| NFO

Uncategorised log events (severity level
| NFO)

NDB_MGM _EVENT_CATEGORY_ERRCR

Uncategorised log events (severity level
WARNI NG, ERROR, CRI Tl CAL, or ALERT)

See Section 5.2.7.3, “ndb_ngm set _cl usterl og_I ogl evel ()", and Section 5.2.1.1,
“ndb_ngm | i sten_event ()", for more information.

5.4. MGM Structures

This section covers the programming structures available in the MGM API.

5.4.1. The ndb_| ogevent Structure

Description. This structure models a Cluster log event, and is used for storing and retrieving log event

information.

Definition. ndb_| ogevent has 8 members, thefirst 7 of which are shown in the following list:

 voi d* handl e: AnNdbLogEvent Handl e,
handle is used only for purposes of comparison.

set by ndb_| ogevent _get _next (). This

See Section 5.2.1.5,“ndb_| ogevent get next()".
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« enum Ndb_| ogevent _type type: Telswhichtype of event thisis.
See Section 5.3.4, “TheNdb_| ogevent _t ype Type’, for possible values.
* unsigned tine: Thetime at which the log event was registered with the management server.
« enum ndb_ngm event category cat egory: Thelog event category.
See Section 5.3.7, “Thendb_ngm event cat egory Type’, for possible values.
« enum ndb_ngm event severity severity: Thelog event severity.
See Section 5.3.5, “Thendb_ngm event _severity Type’, for possible values.
 unsigned | evel : Thelogevent level. Thisisavaluein therange of 0 to 15, inclusive.
* unsi gned source_nodei d: Thenode ID of the node that reported this event.
The 8" member of this structure contains data specific to the log event, and is dependent on itstype. It is

defined as the union of a number of data structures, each corresponding to alog event type. Which struc-
ture to use is determined by the value of t ype, and is shown in the following table:

Ndb_| ogevent _t ype Value Structure
NDB _LE Connect ed Connect ed:

unsi gned node

NDB_LE_Di sconnect ed Di sconnect ed:

unsi gned node

NDB _LE Conmuni cati onCl osed Communi cat i onCl osed:

unsi gned node

NDB_LE_Conmuni cat i onOpened Comuni cat i onQpened:

unsi gned node

NDB_LE Connect edApi Ver si on Connect edApi Ver si on:

unsi gned node
unsi gned version

NDB LE d obal Checkpoi nt Start ed d obal Checkpoi nt St art ed:

unsi gned gc

NDB_LE_d obal Checkpoi nt Conpl et ed d obal Checkpoi nt Conpl et ed:

unsi gned gc

NDB _LE Local Checkpoi nt Started Local Checkpoi nt St art ed:

unsi gned | ci
unsi gned keep_gc
unsi gned restore_gc

NDB LE Local Checkpoi nt Conpl et ed Local Checkpoi nt Conpl et ed:

unsi gned | ci
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Ndb_| ogevent type Value

Structure

NDB_LE_LCPSt oppedl nCal cKeepCci

LCPSt oppedl nCal cKeepCei :

unsi gned dat a

NDB_LE_ LCPFragnent Conpl et ed

LCPFr agnent Conpl et ed:

unsi gned node
unsi gned table_ id
unsi gned fragnent _id

NDB_LE UndolLogBl ocked

UndolLogBl ocked:

unsi gned acc_count
unsi gned tup_count

NDB_LE NDBStart Started

NDBSt art St art ed:

unsi gned versi on

NDB_LE _NDBSt art Conpl et ed

NDBSt ar t Conpl et ed:

unsi gned ver si on

NDB LE STTORRYReci eved

STTORRYReci eved:

[ NONE]

NDB_LE_St art PhaseConpl et ed

St art PhaseConpl et ed:

unsi gned phase
unsi gned starttype

NDB_LE_CM REGCONF

CM_REGCONF:

unsi gned own_i d
unsi gned president_id
unsi gned dynami c_i d

NDB_LE_CM REGREF

CM_REGREF:

unsi gned own_i d
unsi gned ot her _id
unsi gned cause

NDB_LE_FI ND_NEI GHBOURS

FI ND_NEI GHBOURS:

unsi gned own_i d
unsigned left_id
unsi gned right _id
unsi gned dynam c_i d

NDB LE NDBSt opSt art ed

NDBSt opSt art ed:

unsi gned st opt ype

NDB_LE_NDBSt opConpl et ed

NDBSt opConpl et ed:

unsi gned action
unsi gned si gnum

NDB_LE_NDBSt opFor ced

NDBSt opFor ced:

unsi gned action
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Ndb_| ogevent type Value

Structure

unsi gned si gnum
unsi gned error
unsi gned sphase
unsi gned extra

NDB_LE_NDBSt opAbort ed

NDBSt opAbort ed:

[ NONE]

NDB_LE St art REDOLog

St art REDOLog:

unsi gned node

unsi gned keep_gc

unsi gned conpl et ed_gc
unsi gned restorabl e_gc

NDB _LE StartLog

StartLog:

unsi gned | og_part
unsi gned start_nb
unsi gned stop_nb
unsi gned gc

NDB_LE_UNDORecor dsExecut ed

UNDORecor dsExecut ed:

unsi gned bl ock
unsi gned dat al
unsi gned dat a2
unsi gned dat a3
unsi gned dat a4
unsi gned dat a5
unsi gned dat a6
unsi gned dat a7
unsi gned dat a8
unsi gned dat a9
unsi gned dat al0

NDB_LE_NR_CopyDi ct NR_CopyDi ct :
[ NONE]

NDB_LE _NR CopyDi str NR_CopyDi str:
[ NONE]

NDB LE NR CopyFragsStarted

NR_CopyFragsStart ed:

unsi gned dest_node

NDB_LE NR_ CopyFr agDone

NR_CopyFr agDone:

unsi gned dest_node
unsi gned table_id
unsi gned fragnent _id

NDB LE NR CopyFragsConpl et ed

NR_CopyFr agsConpl et ed:

unsi gned dest_node

NDB LE NodeFai | Conpl et ed

NodeFai | Conpl et ed:

unsi gned bl ock
unsi gned fail ed_node
unsi gned conpl eti ng_node

(For bl ock and conpl et i ng_node, O isinter-
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Ndb_| ogevent type Value Structure
preted as“all”.)
NDB_LE_ NODE_FAI LREP NODE_FAI LREP:

unsi gned fail ed_node
unsigned failure_state

NDB_LE_ArbitState

Arbit State:

unsi gned code

unsi gned arbit_node
unsi gned ticket_0
unsi gned ticket 1

NDB_LE_Arbit Resul t

Arbi t Resul t:

unsi gned code

unsi gned arbit_node
unsi gned ticket_0
unsi gned ticket 1

NDB_LE GCP_Takeover Started

CGCP_Takeover St art ed:

[ NONE]

NDB_LE _GCP_Takeover Conpl et ed

GCP_Takeover Conpl et ed:

[ NONE]

NDB LE LCP Takeover Started

LCP_Takeover Start ed:

[ NONE]

NDB_LE_TransReport Counters

TransReport Count ers:

unsi gned trans_count

unsi gned conmi t _count

unsi gned read_count

unsi gned si npl e_r ead_count
unsi gned write_count

unsi gned attrinfo_count
unsi gned conc_op_count
unsi gned abort_count

unsi gned scan_count

unsi gned range_scan_count

NDB _LE Oper ati onReport Counters

Oper at i onReport Count er s:

unsi gned ops

NDB LE Tabl eCreat ed

Tabl eCr eat ed:

unsigned table id

NDB_LE JobStatistic

JobStatistic:

unsi gned nean_| oop_count

NDB LE SendBytesStatistic

SendBytesStatistic:

unsi gned to_node
unsi gned nean_sent _bytes

NDB LE Recei veBytesStatistic

Recei veBytesStati stic:
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Ndb_| ogevent type Value

Structure

unsi gned from node
unsi gned nean_r ecei ved_byt es

NDB_LE MenoryUsage

Menor yUsage:

int gth

unsi gned page_si ze_kb
unsi gned pages_used
unsi gned pages_tota
unsi gned bl ock

NDB _LE TransporterError

TransporterError:

unsi gned to_node
unsi gned code

NDB _LE TransporterWarni ng

Transport er Vr ni ng:

unsi gned to_node
unsi gned code

NDB_LE M ssedHeart beat

M ssedHeart beat :

unsi gned node
unsi gned count

NDB LE DeadDueToHeart beat

DeadDueToHear t beat :

unsi gned node

NDB_LE War ni ngEvent

War ni ngEvent :

[NOT YET | MPLENENTED]

NDB_LE_Sent Hear t beat

Sent Hear t beat :

unsi gned node

NDB _LE Creat eLogBytes

Cr eat eLogByt es:

unsi gned node

NDB LE | nf oEvent

| nf oEvent :

[ NOT YET | MPLEMENTED]

NDB_LE Event Buf f er St at us

Event Buf f er St at us:

unsi gned usage

unsi gned al | oc

unsi gned nax

unsi gned apply_gci _|
unsi gned apply_gci_h
unsi gned | atest _gci _|
unsi gned | atest_gci _h

NDB LE BackupStarted

BackupSt art ed:

unsi gned starting _node
unsi gned backup_i d

NDB_LE BackupFai | edToSt art

BackupFai | edToStart:
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Ndb_| ogevent type Value

Structure

unsi gned starting_node
unsi gned error

NDB_LE BackupConpl et ed

BackupConpl et ed:

unsi gned starting_node
unsi gned backup_i d
unsi gned start_gc

unsi gned stop_gc

unsi gned n_records
unsi gned n_| og_records
unsi gned n_bytes

unsi gned n_| og_bytes

NDB_LE BackupAbort ed

BackupAbort ed:

unsi gned starting node
unsi gned backup_id
unsi gned error

NDB_LE_Si ngl eUser

Si ngl eUser:

unsi gned type
unsi gned node_id

NDB _LE Start Report

Start Report:

unsi gned report_type
unsi gned remai ning_tine
unsi gned bi t mask_si ze
unsi gned bi t mask_dat a[ 1]

5.4.2. The ndb_ngm node_st at e Structure

Description. Providesinformation on the status of a Cluster node.

Definition. This structure contains the following members:

 int node_id: Thecluster node's node ID.

e enum ndb_ngm node_type node_t ype: The nodetype.

See Section 5.3.1, “Thendb_ngm node_t ype Type’, for permitted values.

e enum ndb_ngm node_st at us node_st at us: The node's status.

See Section 5.3.2, “Thendb_ngm node_st at us Type”, for permitted values.

e int start_phase: The start phase.

Thisisvalid only if thenode_t ype isNDB_MGVI NODE_TYPE_NDB and the node_st at us is

NDB_MGM NODE_STATUS_STARTI NG

e int dynam c_id: ThelD for heartbeats and master takeover.

Valid only for data (ndbd) nodes.

 int node_group: The node group to which the node belongs.
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Valid only for data (ndbd) nodes.
e int version:Interna version number.

« int connect _count: The number of timesthisnode has connected to or disconnected from the
management server.

* char connect _address[]: ThelP address of the node when it connected to the management
server.

This value will be empty if the management server has been restarted since the node last connected.

5.4.3. The ndb_ngm cl ust er _st at e Structure

Description. Providesinformation on the status of all Cluster nodes. This structure is returned by
ndb_mgm get _status().

Definition. This structure has the following two members;

* int no_of_nodes: The number of elementsinthenode_st at es array.

« struct ndb_ngm node_ state node_stat es[]: Anarray containing the states of the
nodes.

Each element of thisarray isanndb_ngm node_st at e structure. For more information, see Sec-
tion5.4.2,“Thendb_ngm node_st at e Structure”.

See Section 5.2.5.1, “ndb_ngm get _stat us()”.

5.4.4. The ndb_ngm r epl y Structure

Description. Contains response information, consisting of a response code and a corresponding mes-
sage, from the management server.

Definition. This structure contains two members, as shown here:

e int return_code: Forasuccessful operation, thisvalueis0; otherwise, it contains an error
code.
For error codes, see Section 5.3.3, “Thendb_ngm er r or Type”.

» char nessage[ 256] : containsthe text of the response or error message.

See Section 5.2.2.1, “ndb_ngm get | atest error ()", and Section5.2.2.2,
“ndb_nmgm get | atest _error_nsg()”.
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Chapter 6. PRACTICAL EXAMPLES

This section provides code examples illustrating how to accomplish some basic tasks using the NDB
API.

All of these examples can be compiled and run as provided, and produce sample output to demonstrate
their effects.

6.1. Using Synchronous Transactions

This example illustrates the use of synchronous transactionsin the NDB API.

The source code for this example can be found in st or age/
ndb/ ndbapi - exanpl es/ ndbapi _si npl e/ ndbapi _si npl e inthe MySQL 5.1 tree.

The correct output from this program is as follows:

ATTRL ATTR2
0 10

1 1

2 12
Detected that del eted tuple doesn't exist!
4

5 5

6 16

7 7

8 18

9 9

#i ncl ude <nysql . h>

#i ncl ude <NdbApi . hpp>
/'l Used for cout

#i ncl ude <stdi o. h>

#i ncl ude <i ostreanw

static void run_applicati on(MYSQL & Ndb_cl uster_connection &);

#defi ne PRI NT_ERROR(code, nsg) \

std::cout << "Error in" << _FILE << ", line: " << __LINE__\
<< ", code: " << code \
<< ", mBQ: " << mBQ << "." << std::endl

#define MYSQLERROR(nysql) { \
PRI N;I‘_E;?RC)}?(rrysql _errno(&ysql ), nysql _error (&ysql)); \
exit(-1);
#define APl ERROR(error) { \
PRI NT_ERROR( error. code, error. message); \
exit(-1); }

int main(int argc, char** argv)
if (argc != 3)

std::cout << "Argunents are <socket nysql d> <connect_string cluster>.\n";
exit(-1);

/1 ndb_init nust be called first
ndb_init();

/] connect to nysql server and cluster and run application

char * nysqgld_sock = argv[1];

const char *connectstring = argv[2];

/] Qoject representing the cluster

Ndb_cl ust er _connecti on cl uster_connecti on(connectstring);

/1 Connect to cluster managenent server (ndb_ngnd)

if (cluster_connection.connect(4 /* retries */,
5 /* delay between retries */,
1 /* verbose *1))
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std::cout << "Cluster nanagenent server was not ready within 30 secs.\n";
exit(-1);
}
/] Optionally connect and wait for the storage nodes (ndbd's)
if (cluster_connection.wait_until_ready(30,0) < 0)
{

std::cout << "Cluster was not ready within 30 secs.\n";
exit(-1);

/'l connect to nysqgl server
MYSQL nysql ;

if ( !'nysql _init(&ysql) ) {
std::cout << "nysqgl _init failed\n";
exit(-1);
if ( !'nysql _real connect(&ysql, "local host", "root", "", "",
0, nysqgld_sock, 0) )

MYSQLERROR( nysql ) ;

/1 run the application code
run_appl i cation(mysqgl, cluster_connection);

}

ndb_end(0);

return O;
static void create_tabl e(MYSQL &);
static void drop_tabl e(MYSQL &);
static void do_insert(Ndb &);
static void do_update(Ndb &);
static void do_del ete(Ndb &);
static void do_read(Ndb &);

static void run_application( MYSQL &nysql,
Ndb_cl ust er _connecti on &cl ust er_connecti on)
{

/********************************************

* Connect to database via nmysqgl-c *
~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k**********************/

nmysql _query(&rysql, "CREATE DATABASE TEST DB 1");

if (nysqgl _query(&nysqgl, "USE TEST DB 1") !'= 0) MYSQLERROR(nysql);
create_tabl e(nmysql);

[ KR K Kk ks kK ok ok ok Kk K ok ok ok ok kK K ok ok kK K ok ok ok kR ok ok kK

* Connect to database via NdbApi *
********************************************/
/] Onbject representing the database

Ndb myNdb( &cl uster_connection, "TEST_DB 1" );
if (nyNdb.init()) API ERROR(myNdb. get NdbError());

/*
*/ Do different operations on database
*
do_i nsert (nyNdb) ;
do_updat e( nyNdb) ;
do_del et e( nyNdb) ;
do_read( nmyNdb) ;
drop_t abl e(nmysql ) ;
) nysql _query(&nysql, "DROP DATABASE TEST DB 1");

/*********************************************************

* Create a table naned MYTABLENAME if it does not exist *

LR EEEEE R EEEE R EEE R R R R R Ry

static void create_tabl e(MYSQL &mrysql)

if (nysqgl _query(&nmysql,
" CREATE TABLE"
" MYTABLENAME"
" (ATTRL | NT UNSI GNED NOT NULL PRI MARY KEY, "
ATTR2 | NT UNSI GNED NOT NULL)"
ENG NE=NDB") )
MYSQLERROR( nysql ) ;

/***********************************
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* Drop a table named MYTABLENAME

LR AR EE R EEEEEEEEEEEEEEEEE LY

static void drop_tabl e(MYSQL &nysql)
if (nysql _query(&nnysql,
" DROP TABLE"

" MYTABLENAME'))
MYSQLERROR( nmysql ) ;

/**************************************************************************

* Using 5 transactions, insert 10 tuples in table: (0,0),(1,1),...,(9,9) *

**************************************************************************/

static void do_insert(Ndb &myNdb)
{

const NdbDi cti onary: : Dictionary* nyDi ct= nyNdb. getDi ctionary();
const NdbDi ctionary:: Tabl e *myTabl e= nmyDi ct - >get Tabl e( " MYTABLENAME") ;

if (myTabl e == NULL)
APl ERROR( nyDi ct - >get NdbError());

for (int i =0; i <5; i++)
NdbTr ansacti on *myTransacti on= nyNdb. start Transacti on();
if (nyTransaction == NULL) API ERROR(nyNdb. get NdbError());

NdbQper ati on *nyQperati on= nyTransacti on- >get NdbQper ati on(nyTabl e) ;
if (nmyOperation == NULL) API ERROR(myTransacti on->get NdbError());

myQper at i on->i nsert Tupl e() ;
myQper at i on- >equal ("ATTRL", i);
myQper at i on- >set Val ue( " ATTR2", i);

nmyOper ati on= nyTransacti on- >get NdbOper ati on( nyTabl e) ;
if (nmyOperation == NULL) API ERROR(myTransacti on->get NdbError());

myQper at i on->i nsert Tupl e() ;
myQper at i on- >equal ("ATTRL", i +5);
myQper at i on- >set Val ue( " ATTR2", | +5);

if (nmyTransaction->execute( NdbTransaction::Commit ) == -1)
APl ERROR( nyTr ansact i on- >get NdbError ());

nmyNdb. cl oseTr ansacti on(nyTransacti on);

}

[ KRR K Kk kK K ok ok K K K K ok kK R K K ok ok kR K K ok ok Kk Kk ok ko kK kR ok R kK Rk R kR ok ok ok kK

* Update the second attribute in half of the tuples (adding 10) *

*****************************************************************/

ft atic void do_updat e( Ndb &myNdb)

const NdbDi cti onary:: Dictionary* nmyDi ct= nyNdb. getDi ctionary();
const NdbDi cti onary: : Tabl e *nyTabl e= nmyDi ct - >get Tabl e(" MYTABLENAME") ;

if (myTabl e == NULL)
APl ERROR( nyDi ct - >get NdbError());

for (int i =0; i < 10; i+=2) {
NdbTr ansacti on *myTransacti on= nyNdb. start Transacti on();
if (nyTransaction == NULL) APl ERROR(nyNdb. get NdbError ());

NdbOper at i on *nyOper at i on= nyTr ansact i on- >get NdbOper at i on( nyTabl e) ;
if (myOperation == NULL) API ERROR(nyTransacti on->get NdbError());

myQper at i on- >updat eTupl e() ;
myQper ati on->equal ( "ATTRL", i );
myQper at i on- >set Val ue( "ATTR2", i +10);

i f( nyTransaction->execute( NdbTransaction::Commt ) == -1 )
APl ERROR( ny Tr ansact i on- >get NdbError());

nmyNdb. cl oseTr ansacti on(nyTransacti on);

}
}

IR R R R R R R EEE R EEEEEEEEEEEE LR

* Delete one tuple (the one with primary key 3) *

LR RS R R EEEEE R R R EEEEEEEEEEEEEEEEEREEEEEEE LY

ft atic void do_del et e( Ndb &myNdb)
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const NdbDi cti onary: : Dictionary* nyDi ct= nyNdb. getDi ctionary();
const NdbDi ctionary:: Tabl e *myTabl e= nmyDi ct - >get Tabl e( " MYTABLENAME") ;

if (myTabl e == NULL)
APl ERROR( nyDi ct - >get NdbError ()) ;

NdbTr ansacti on *myTransacti on= nyNdb. start Transacti on();
if (nyTransaction == NULL) API ERROR(nyNdb. get NdbError());

NdbOper at i on *nyOper ati on= nyTr ansact i on- >get NdbOper at i on( nyTabl e) ;
if (myOperation == NULL) API ERROR(myTransacti on->get NdbError());

myQper at i on- >del et eTupl e() ;
myQper at i on->equal ( "ATTR1", 3 );

if (nyTransaction->execut e(NdbTransaction:: Comrit) == -1)
API ERROR( ny Tr ansact i on- >get NdbError());

nmyNdb. cl oseTr ansacti on(nyTransacti on);
}
/*****************************

* Read and print all tuples *

LEEE R EEEEEEEEEEEEEEEEE LY

{st atic void do_read(Ndb &ryNdb)

const NdbDi ctionary::Dictionary* nyDi ct= nyNdb. getDi ctionary();
const NdbDi cti onary: : Tabl e *nyTabl e= nyDi ct - >get Tabl e(" MYTABLENAMVE") ;

if (nyTabl e == NULL)
APl ERROR( nmyDi ct - >get NdbError());

std::cout << "ATTR1 ATTR2" << std::endl;

for (int i =0; i < 10; i++) {
NdbTr ansacti on *nyTransacti on= nyNdb. start Transacti on();
if (nyTransaction == NULL) API ERROR(nyNdb. get NdbError());

NdbQper ati on *nmyQper ati on= nyTransacti on- >get NdbQper at i on( nyTabl e) ;
if (myOperation == NULL) API ERROR(nyTransacti on->get NdbError());

myQper at i on- >r eadTupl e( NdbOper ati on: : LM Read) ;
myQper at i on- >equal ("ATTRL", i);

NdbRecAttr *nyRecAttr= myQperati on->get Val ue("ATTR2", NULL);
if (nyRecAttr == NULL) API ERROR(nyTransacti on->get NdbError());

i f (nmyTransacti on- >execut e( NdbTransaction:: Commit ) == -1)
if (i ==
std::cout << "Detected that deleted tuple doesn't exist!" << std::endl;
} else {

APl ERROR( my Tr ansact i on- >get NdbError ());
}

if (i '=3) {
printf(" %d oR2d\n", i, nmyRecAttr->u_32 value());

nmyNdb. cl oseTr ansacti on(nyTransacti on);

6.2. Using Synchronous Transactions and Multiple
Clusters

This example demonstrates synchronous transactions and connecting to multiple clustersin asingle
NDB API application.

The source code for this program may be found in the MySQL 5.1 source tree, in thefile st or age/
ndb/ ndbapi - exanpl es/ ndbapi _si npl e_dual / ndbapi _si npl e_dual . cpp.

/
ndbapi _si npl e_dual . cpp: Usi ng synchronous transactions in NDB API

EE

Correct output fromthis programis:
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*

* ATTRL ATTR2
* 0 10

* 1 1

* 2 12

* Detected that del eted tuple doesn't exist!
* 4 14

* 5 5

* 6 16

* 7 7

* 8 18

* 9 9

* ATTR1L ATTR2
* 0 10

* 1 1

* 2 12

* Detected that del eted tuple doesn't exist!
& 4

* 5 5

* 6 16

* 7 7

* 8 18

* 9 9

*

*

/

#i ncl ude <nysql . h>

#i ncl ude <NdbApi . hpp>
/1 Used for cout

#i ncl ude <stdi o. h>

#i ncl ude <i ostrean»

static void run_applicati on(MYSQL & Ndb_cluster_connection & const char* table, const char* db)

#defi ne PRI NT_ERROR(code, nsg) \

std::cout << "Error in" << __FILE << ", line: " << __LINE__\
<< ", code: " << code \
<< ", mBQ@: " << mBg << "." << std::end

#defi ne MYSQLERROR(nysql) { \
PRI NT_ERROR( nysql _errno(&ysql), nysql _error(&ysqgl)); \
exit(-1);
#define APl ERROR(error) { \
PRI NT_ERROR(error. code, error. nessage); \
exit(-1); }

int main(int argc, char** argv)
if (argc != 5)

std::cout << "Argunents are <socket nysql dl> <connect_string cluster 1> <socket nysql d2> <connect _s
exit(-1)

/1 ndb_init nust be called first
ndb_init();
{

char * nysqgldl_sock = argv[1];
const char *connectstringl = argv[2];
char * nysql d2_sock = argv[3];
const char *connectstring2 = argv[4];

/] Qbject representing the cluster 1

Ndb_cl ust er _connection cl uster1_connecti on(connectstringl)
MYSQL nysql 1

/'l oject representing the cluster 2

Ndb_cl ust er _connecti on cl uster2_connecti on(connect stri ng2)

MYSQL nysql 2
/'l connect to nysqgl server and cluster 1 and run application
/1 Connect to cluster 1 nanagenent server (ndb_ngnd)
if (clusterl_connection.connect(4 /* retries */,
5 /* delay between retries */,
1 /* verbose *1))

std::cout << "Cluster 1 managenent server was not ready within 30 secs.\n"
exit(-1);
}
/] Optionally connect and wait for the storage nodes (ndbd's)
if (clusterl connection.wait_until_ready(30,0) < 0)

-~

std::cout << "Cluster 1 was not ready within 30 secs.\n"
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exit(-1);

/ connect to nysql server in cluster 1
f ( !'nysql _init(&mwysqll) )
std::cout << "nysql _init failed\n";
exit(-1);

}
/
|

if ( !'nysqgl _real _connect(&mwysql1l, "local host", "root", "", "",
0, nysqgl dl_sock, 0)
MYSQLERROR( mysql 1) ;
/'l connect to nysql server and cluster 2 and run application

/'l Connect to cluster managenent server (ndb_ngnd)

if (cluster2_connection.connect(4 /* retries */,
5 /* delay between retries */,
1 /* verbose *1))

std::cout << "Cluster 2 managenent server was not ready within 30 secs.\n";
exit(-1);

/| Optionally connect and wait for the storage nodes (ndbd's)
f (cluster2_connection.wait_until _ready(30,0) < 0)

}
/
i

~

std::cout << "Cluster 2 was not ready within 30 secs.\n";
exit(-1);

/| connect to nysqgl server in cluster 2
f ( !'nmysql _init(&mysql2) )
std::cout << "nysqgl_init failed\n";
exit(-1);

}
/
i

if ( !'nysql _real _connect(&ysql2, "local host", "root", "", "",
0, nysql d2_sock, 0) )
MYSQLERROR( nysql 2) ;

/1 run the application code
run_application(nysgl 1, clusterl connection, "MYTABLENAMEL", "TEST DB 1");
run_appl i cation(nysql 2, cluster2_connection, "MTABLENAVE2", "TEST DB 2");

/1 Note: all connections nust have been destroyed before calling ndb_end()
ndb_end(0);

return O;
}
static void create_tabl e(MYSQL & const char* table);
static void drop_tabl e(MYSQL & const char* table);
static void do_insert(Ndb & const char* table);
static void do_update(Ndb & const char* table);
static void do_del ete(Ndb & const char* table);
static void do_read(Ndb & const char* table);

static void run_applicati on(MYSQL &mysql,
Ndb_cl ust er _connecti on &cl uster_connecti on,
const char* table,
const char* db)

{

IR AR R E R R R R R R

* Connect to database via nmysql-c */
char db_stnt[256];
sprintf(db_stnt, "CREATE DATABASE %\ n", db);
nysql _query(&rysql, db_stnt);
sprintf(db_stnt, "USE %", db);
1 f (nysqgl _query(&nysqgl, db_stnt) != 0) MYSQLERROR(nysql);
create_tabl e(nmysqgl, table);

[ R K Kk kK ok ok ok ko kK K ok ok ok kK K ok ok kK K ok ok ok kR kR ok ok ok kK

* Connect to database via NdbApi *
********************************************/
/] Onbject representing the database

Ndb myNdb( &cl ust er _connection, db );

if (nyNdb.init()) API ERROR(nmyNdb. get NdbError());

/*

* Do different operations on database
*/

do_i nsert (nyNdb, table);
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do_updat e(nmyNdb, tabl e);
do_del et e(myNdb, table);
do_read(nyNdb, table);
/*

* Drop the table

*/

drop_tabl e(nysql, table);
sprintf(db_stmt, "DROP DATABASE %\n", db);

nmysql _query(&rysql, db_stnt);

/*********************************************************

* Create a table nanmed by table if it does not exist *

*********************************************************/

static void create_tabl e(MYSQL &mysqgl, const char* table)
char create_stnt[256];

sprintf(create_stnt, "CREATE TABLE % \
(ATTRL | NT UNSI GNED NOT NULL PRI MARY KEY, \
ATTR2 | NT UNSI GNED NOT NULL)\
ENG NE=NDB", table);
i f (rrysql _query(&mysql, create_stnt))
) MYSQLERROR( nmysql ) ;

/*******************************

* Drop a table named by table

*******************************/

static void drop_tabl e(MYSQL &rysql, const char* table)
char drop_stnt[256];

sprintf(drop_stnt, "DROP TABLE |F EXI STS %", table);

if (nysql _query(&nysql, drop_stnt))
. MYSQLERROR( nysql ) ;

IR R E R R R E R R EEEEEEREREEEREEEEEEEEREREE R EEEE R R R R

* Using 5 transactions, insert 10 tuples in table: (0,0),(21,1),...,(9,9) *

**************************************************************************/

static void do_insert(Ndb &myNdb, const char* table)

const NdbDi ctionary:: Dictionary* nyDi ct= nyNdb. getDi ctionary();
const NdbDi cti onary:: Tabl e *nyTabl e= nyDi ct - >get Tabl e(t abl e) ;

if (nmyTabl e == NULL)
API ERROR( nyDi ct - >get NdbError());

for (int i =0; i <5; i++) {
NdbTr ansacti on *nyTransacti on= nyNdb. start Transacti on();
if (nyTransaction == NULL) API ERROR(nyNdb. get NdbError());

NdbQper ati on *nmyQper ati on= nyTransacti on- >get NdbQper at i on( nyTabl e) ;
if (nmyOperation == NULL) API ERROR(nyTransacti on->get NdbError());

nyQOper at i on->i nsert Tupl e();
myQper at i on- >equal ("ATTRL", i);
myQper at i on- >set Val ue(" ATTR2", i);

nmyQper ati on= nyTransacti on- >get NdbQper at i on(nmyTabl e) ;
if (myOperation == NULL) API ERROR(nyTransacti on- >get NdbEr ror());

nyQOper at i on->i nsert Tupl e();
myQper at i on- >equal ("ATTRL", i +5);
myQper at i on- >set Val ue(" ATTR2", | +5);

if (nyTransaction->execute( NdbTransaction::Commit ) == -1)
APl ERROR( my Tr ansact i on- >get NdbError ());

nmyNdb. cl oseTr ansacti on(nyTransacti on);

}
}

IR R R R R R R R R RS R R R R R LR

Update the second attribute in half of the tuples (adding 10) *

LEEEA R EEEEEEEEREE SRR EEEEEREEEEE SRR EEREEE SRR EEEEEE Y

static voi d do_update(Ndb &ryNdb, const char* table)
const NdbDi ctionary::Dictionary* nyDi ct= nyNdb. getDi ctionary();
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const NdbDi cti onary: : Tabl e *nyTabl e= nyDi ct - >get Tabl e(t abl e) ;

if (myTable == NULL)
APl ERROR( nyDi ct - >get NdbError());

for (int i =0; i < 10; i+=2) {
NdbTr ansacti on *myTransacti on= nyNdb. start Transacti on();
if (nyTransaction == NULL) APl ERROR(nyNdb. get NdbError());

NdbOper at i on *nyOper ati on= nyTr ansact i on- >get NdbOper at i on( nyTabl e) ;
if (myOperation == NULL) API ERROR(myTransacti on->get NdbError());

myQper at i on- >updat eTupl e() ;
myQper ati on->equal ( "ATTRL", i );
myQper at i on- >set Val ue( "ATTR2", i +10);

i f( nyTransaction->execute( NdbTransaction::Commit ) == -1 )
API ERROR( ny Tr ansact i on- >get NdbError());

nmyNdb. cl oseTr ansacti on(nyTransacti on);
}
}

IR R E R AR SRR R R R EEEEEEREEEEEEEEEEEEE LR

* Delete one tuple (the one with primary key 3) *
*************************************************/

static void do_del et e(Ndb &myNdb, const char* table)
{

const NdbDi cti onary:: Dictionary* nyDi ct= nyNdb. getDi ctionary();
const NdbDi cti onary:: Tabl e *nyTabl e= nyDi ct - >get Tabl e(t abl e) ;

if (myTabl e == NULL)
API ERROR( nyDi ct - >get NdbError());

NdbTr ansacti on *nyTransacti on= nyNdb. start Transacti on();
if (myTransaction == NULL) API ERROR(nmyNdb. get NdbError());

NdbQper ati on *nmyQperati on= nyTransacti on- >get NdbQper at i on( nyTabl e) ;
if (nmyOperation == NULL) API ERROR(nmyTransacti on->get NdbError());

myQper at i on- >del et eTupl e() ;
myQper at i on->equal ( "ATTR1", 3 );

if (nyTransacti on->execut e(NdbTransaction:: Commit) == -1)
APl ERROR( my Tr ansact i on- >get NdbError ());

nyNdb. cl oseTransacti on(nyTransacti on);
/*****************************

* Read and print all tuples *

*****************************/

static void do_read(Ndb &ryNdb, const char* table)
{

const NdbDictionary::Dictionary* myDi ct= nmyNdb. get Di cti onary();
const NdbDi cti onary:: Tabl e *nyTabl e= nyDi ct - >get Tabl e(t abl e) ;

if (myTable == NULL)
APl ERROR( nmyDi ct - >get NdbError());

std::cout << "ATTRL ATTR2" << std::endl;

for (int i =0; i < 10; i++) {
NdbTr ansacti on *nyTransacti on= nyNdb. start Transacti on();
if (myTransaction == NULL) API ERROR(nyNdb. get NdbError());

NdbQper ati on *nmyQperati on= nyTransacti on- >get NdbQper at i on( nyTabl e) ;
if (nyOperation == NULL) API ERROR(nmyTransacti on->get NdbError());

nmyQOper at i on- >r eadTupl e( NdbOper ati on: : LM Read) ;
nmyQper at i on- >equal ("ATTRL", i);

NdbRecAttr *nyRecAttr= nyOperation->get Val ue("ATTR2", NULL);
if (nyRecAttr == NULL) API ERROR(nyTransacti on->get NdbError());

i f (nmyTransacti on->execut e( NdbTransaction::Conmit ) == -1)
if (i == 3)
std::cout << "Detected that deleted tuple doesn't exist!" << std::endl;
} else {

APl ERROR( nmy Tr ansact i on- >get NdbError ());
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}

if (i '=3) {
printf(" %d %2d\n", i, nmyRecAttr->u_32 value());

myNdb. cl oseTr ansacti on(nyTransacti on);

6.3. Handling Errors and Retrying Transactions

This program demonstrates handling errors and retrying failed transactions using the NDB API.

The source code for this example can befoundin st or age/
ndb/ ndbapi - exanpl es/ ndbapi _retries/ ndbapi _retries.cppinthe MySQL 5.1 tree.

There are many ways to program using the NDB API. In this example, we perform two insertsin the
same transaction using NdbConnect i on: : execut e( NoCommi t) .

In NDB API applications, there are two types of failures to be taken into account:

1. Transaction failures: If non-permanent, these can be handled by re-executing the transaction.

2. Application errors: These are indicated by APl ERROR; they must be handled by the application
programmer.

/*
* ndbapi _retries.cpp: Error handling and retrying transactions
*/

#i ncl ude <nysql . h>
#i ncl ude <NdbApi . hpp>

/'l Used for cout
#i ncl ude <i ostreanr

/] Used for sleep (use your own version of sleep)
#i ncl ude <uni std. h>
#define TI ME_TO SLEEP BETWEEN TRANSACTI ON_RETRI ES 1

#defi ne PRI NT_ERROR(code, nsg) \

std::cout << "Error in" << _FILE << ", line: " << _LINE__\
<< ", code: " << code \
<< ", mBQ: " << nBg << "." << std::endl

#defi ne MYSQLERROR(nysql) { \
PRI NT_ERROR( nysql _errno( &ysql ), nysql _error(&nysql)); \

exit(-1); }
I
/1 API ERROR prints an NdbError object
I
#define API ERROR(error) \
{ std::cout << "API ERROR. " << error.code << " " << error.nessage \
<< std::endl \
<< " " << "Status: " << error.status \
<< ", Classification: " << error.classification << std::endl\
<< " " << "File: " << __FILE _\
<< " (Line: " << __LINE__ << ")" << std::endl \
;o\
}
I
/1l TRANSERROR prints all error info regarding an NdbTransacti on
I
#def i ne TRANSERROR( ndbTr ansacti on) \
{ NdbError error = ndbTransacti on->get NdbError(); \
std::cout << "TRANS ERROR " << error.code << " " << error.nessage \
<< std::endl \
<< " " << "Status: " << error.status \
<< ", Classification: " << error.classification << std::endl \
<< " " << "File: " << __FILE _\

250



PRACTICAL EXAMPLES

<< " (Line: " << __LINE_ _ << ")" << std::endl \

printTr ansact i onEr r or (ndbTransaction); \

voi d printTransacti onError(NdbTransacti on *ndbTransacti on) {
const NdbOperation *ndbOp = NULL;
int i=0;

[ KR K Kk kK K ok ok ok kK K ok ok kK K ok ok kR K ok ok ok kR K ok ok kR ok ok ok ok kR ok ok ok kR ok ok ok kK

* Print NdbError object of every operations in the transaction *
****************************************************************/

while ((ndbOp = ndbTransacti on- >get Next Conpl et edOper ati on(ndbOp)) !'= NULL) {
NdbError error = ndbOp->get NdbError () ;

std::cout << " OPERATION " << i+l << ": "
<< error.code << " " << error.nessage << std::endl
<< " Status: " << error.status
) << ", Classification: " << error.classification << std::endl;
i ++;
}
}
I/
/'l Exanpl e insert
/1 @aram myNdb Ndb obj ect representing NDB Cl uster
/1 @aram nmyTransaction NdbTransacti on used for transaction
/] @aram nmyTabl e Table to insert into
/'l @aram error NdbError object returned in case of errors
//  @eturn -1 in case of failures, 0 otherw se
I/
int insert(int transactionld, NdbTransacti on* nyTransacti on,

const NdbDictionary:: Table *nyTabl e) {
NdbQper ati on *myOper ati on; /'l For other operations

myQperati on = myTransacti on- >get NdbOper ati on( myTabl e) ;
if (nyOperation == NULL) return -1;

if (nyOperation->insertTuple() ||
nmyQOper at i on- >equal ("ATTRL", transactionld) ||
nmyQper at i on- >set Val ue("ATTR2", transactionld)) {
API E?RO)Q( myQper at i on- >get NdbError());
exit(-1);

return nmyTransacti on- >execut e( NdbTransacti on: : NoConmi t) ;

/

/|  Execute function which re-executes (tries 10 tines) the transaction
/| if there are tenporary errors (e.g. the NDB Cluster is overl oaded).
/| @eturn -1 failure, 1 success
/
n

t executelnsertTransaction(int transactionld, Ndb* nmyNdb,
const NdbDi cti onary:: Tabl e *nyTabl e) {

int result = 0; /1l No result yet
int noOXRetriesLeft = 10;
NdbTr ansacti on *myTr ansacti on; /'l For other transactions

NdbEr r or ndberror;
while (noOf RetriesLeft >0 & !result) {

/*********************************

* Start and execute transaction *
*********************************/
nmyTransacti on = nyNdb- >start Transacti on();
if (nyTransacti on == NULL)
API ERROR( myNdb- >get NdbError ());
ndberror = nyNdb- >get NdbError ();
result = -1; // Failure
} else if (insert(transactionld, nyTransaction, nyTable) ||
i nsert (10000+t ransacti onld, nyTransaction, nyTable) ||
myTr ansact i on- >execut e( NdbTransacti on:: Commit)) {
TRANSERROR( my Tr ansact i on) ;
ndberror = nyTransacti on->get NdbError();

result =-1; // Failure
} else {
result = 1; /] Success
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AR R E R R R R R EEEEEEEEEEEE

* |f failure, then analyze error *
**********************************/
if (result == -1)
switch (ndberror.status) {
case NdbError:: Success:
br eak;
case NdbError:: TenporaryError:
std::cout << "Retrying transaction..." << std::endl;
sl eep(TI ME_TO_SLEEP_BETWEEN TRANSACTI ON_RETRI ES) ;
--noOf RetrieslLeft;
result = 0; /1 No conpl eted transaction yet
br eak;

case NdbError:: UnknownResul t:
case NdbError:: Permanent Error:

std::cout << "No retry of transaction..." << std::endl;
result = -1; // Permanent failure
br eak;

}

[ KKK K Kk ok kR kK ok ok ok ok K R Kk ok

* Close transaction *
*********************/
if (myTransaction != NULL)
myNdb- >cl oseTransacti on( nyTransacti on) ;
}
}

if (result !'=1) exit(-1);
return result;

}

/*********************************************************

* Create a table naned MYTABLENAME if it does not exist *

LR EEEEE R EEEE R EEE R R R R R Ry

static void create_tabl e(MYSQL &mrysql)

if (nysql _query(&nmysql,
" CREATE TABLE"
" MYTABLENAME"
" (ATTRL | NT UNSI GNED NOT NULL PRI MARY KEY, "
" ATTR2 | NT UNSI GNED NOT NULL)"
" ENG NE=NDB"))
MYSQLERROR( nysql ) ;

/***********************************

* Drop a table named MYTABLENAME

***********************************/

static void drop_tabl e(MYSQL &nmrysql)
if (nysql _query(&nysql,
"DROP TABLE"
" MYTABLENAME"))
MYSQLERROR( nysql ) ;
int main(int argc, char** argv)
if (argc != 3)

std::cout << "Argunents are <socket nysql d> <connect_string cluster>.\n";
exit(-1);

char * nysqgl d_sock = argv[1];
const char *connectstring = argv[2];
ndb_init();

Ndb_cl ust er _connection *cl uster_connection= ; i
new Ndb_cl ust er _connection(connectstring); // Object representing the cluster

int r= cluster_connection->connect(5 /* retries */,
3 /* delay between retries */,
1 /* verbose *1);
if (r >0)
std: : cout
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<< "Cluster connect failed, possibly resolved with nore retries.\n";
exit(-1);

else if (r <0)

std:: cout
<< "Cluster connect failed.\n";
exit(-1);

if (cluster_connection->wait_until_ready(30, 30))

std::cout << "Cluster was not ready within 30 secs." << std::endl;
exit(-1);

/'l connect to nysqgl server
MYSQL nysql ;
if ( !'nysqgl_init(&mysql) ) ]i

std::cout << "nysqgl _ini ail ed\ n";
exit(-1);
if ( !'nysqgl _real connect(&wysql, "local host", "root", "", "",
0, nysqgld_sock, 0) )

’ —
MYSQLERROR( mysql ) ;
khkkhkkhkkhkkhkkhkhkhkhkhhkhkhkhhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkkkkkk*x*x*%
/

* Connect to database via nmysqgl-c *

********************************************/

nmysql _query(&rysql, "CREATE DATABASE TEST DB 1");
if (nysqgl _query(&nysqgl, "USE TEST DB 1") !'= 0) MYSQLERROR(nysql);
create_tabl e(nmysql);

Ndb* nmyNdb= new Ndb( cl uster_connecti on,
"TEST_DB 1" ); [// Onject representing the database

if (nyNdb->init() == -1) {
APl ERROR( myNdb- >get NdbError ());
exit(-1);

const NdbDi ctionary::Dictionary* nmyDi ct= nyNdb->getDi ctionary();
const NdbDi cti onary: : Tabl e *nyTabl e= nyDi ct - >get Tabl e(" MY TABLENAMVE") ;
if (myTabl e == NULL)

APl ERROR( nmyDi ct - >get NdbError());
return -1,

[ KR K Kk kK ok ok ok ok ok kK K ok ok ok kK K ok ok kK kK K ok ok kK K

* Execute sone insert transactions *
*k*kkkk*k*k*kk*******k*k******k*k***/

for (int i = 10000; i < 20000; i++) {
execut el nsert Transaction(i, nyNdb, nyTable);

del et e myNdb;
del ete cl uster_connecti on;
drop_tabl e(nysql);

ndb_end(0);
return O;

6.4. Basic Scanning Example

This example illustrates how to use the NDB scanning API. It shows how to perform a scan, how to scan
for an update, and how to scan for a delete, making use of the NdbScanFi | t er and NdbScanCper -
at i on classes.

(See Section 3.8, “The NdbScanFi | t er Class’, and Section 3.6.4, “The NdbScanQOper at i on
Class’.)

The source code for this example may found in MySQL 5.1 tree, inthefile st or age/
ndb/ ndbapi - exanpl es/ ndbapi _scan/ ndbapi _scan. cpp.
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This example makes use of the following classes and methods:

e Ndb_cl uster_connecti on:

e connect ()

e wait_until _ready()

See Section 3.2, “TheNdb_cl ust er _connect i on Class’.
* Ndb:

e init()

e getDictionary()

e« startTransaction()

e closeTransaction()

See Section 3.1, “The Ndb Class’.
* NdbTransacti on:

e get NdbScanQOperati on()

e execute()

See Section 3.9, “The NdbTr ansact i on Class’.
 NdbQperation:

* insertTuple()

e equal ()

e setVal ue()

See Section 3.6, “The NdbOper at i on Class’.
* NdbScanOper ati on:

e getVal ue()

* readTupl es()

e nextResult ()

e del eteCurrent Tupl e()

e updat eCurrent Tupl e()

See Section 3.6.4, “The NdbScanOper at i on Class’.
 NdbDi ctionary:

« Dictionary::getTabl e()

See Section 3.4.1, “The Di cti onary Class’.
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e Tabl e:: get Col um()

See Section 3.4.3.7, “The Tabl e Class’.
e Col unm:: get Lengt h()

See Section 3.4.2, “The Col umm Class’.

e NdbScanFil ter:

e begin()
* eq()
e end()

See Section 3.8, “The NdbScanFi | t er Class'.

#i ncl ude <nysql . h>

#i ncl ude <nysql d_error. h>
#i ncl ude <NdbApi . hpp>

/] Used for cout

#i ncl ude <i ostrean

#i ncl ude <stdio. h>

| **

* Hel per sleep function
*/

static void
mlliSleep(int mlliseconds){
struct tineval sleeptine;
sleeptime.tv_sec = mlliseconds / 1000;
sleeptinme.tv_usec = (mlliseconds - (sleeptinme.tv_sec * 1000)) * 1000000;
select(0, 0, 0, O, &sleeptine);

/**

* Hel per sleep function
*

/

#defi ne PRI NT ERRO?(code nmsg) \

std::cout << "Error in " << FILE << ", line: " << __LINE__\
<< ", code: " << code \
<< ", mBQg: " << rrsg << "." << std::endl

#def i ne WSQ_ERRO?( nysqgl) { \
PRI NT_ERROR( nysql _errno( &ysql ), nysqgl _error(&nysql)); \
exit(-1);

#def i ne API ERROR(error) { \
PRI NT_ERROR( error . code, error. nessage); \

exit(-1); }
struct Car
/**

* Note nmenset, so that entire char-fields are cleared
* as all 20 bytes are significant (as type is char)
*/
Car () { nenset(this, 0, sizeof(* this)); }
unsi gned int reg_no;
char brand[ 20] ;
char col or[ 20];
}
/**

* Function to drop table
*
voi d drop_t abl e( MYSQL &mysql)

if (nysqgl _query(&mysqgl, "DROP TABLE GARAGE"))
MYSQLERROR( nysql ) ;
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| **

* Function to create table
*/
voi d create_tabl e(MYSQL &nmysql)

whi | e (nysql _query(&nysql,
" CREATE TABLE"
" (REG_NO I NT UNSI GNED NOT NULL, "
" BRAND CHAR(20) NOT NULL, "
! COLOR CHAR(20) NOT NULL, "
" PRI MARY KEY USI NG HASH (REG NO)) "
ENG NE=NDB") )

if (nysqgl_errno(&mysqgl) != ER TABLE EXI STS ERROR)
MYSQLERROR( nysql ) ;
std::cout << "MySQ. Custer already has exanpl e tabl e: GARAGE. "
<< "Dropping it..." << std::endl;

/******************
* Recreate table *

******************/
drop_tabl e(nmysql);
create_tabl e(nmysql);

}
}

int popul ate(Ndb * myNdb)
{

int i;

Car cars[15];

const NdbDi cti onary:: Dictionary* myDi ct= nyNdb->getDi ctionary();
const NdbDi cti onary: : Tabl e *nyTabl e= nyDi ct - >get Tabl e( " GARAGE" ) ;

if (nyTabl e == NULL)
APl ERROR( nmyDi ct - >get NdbError());

| **

* Five blue mercedes
*/

for (i =0; i <5; i++)
cars[i].reg_no = i;

sprintf(cars[i]. brénd, " Mer cedes");
sprintf(cars[i].color, "Blue");

/**

* Five black bmwv

*/
for (i =5; i < 10; i++)
{

cars[i].reg_no = i;
sprintf(cars[i].brand, "BMN);
sprintf(cars[i].color, "Black");

| **

* Five pink toyotas
*/
for (i = 10; i < 15; i++)

cars[i].reg_no = i;
sprintf(cars[i].brand, "Toyota");
sprintf(cars[i].color, "Pink");

NdbTr ansacti on* nyTrans = nyNdb->start Transaction();
if (nyTrans == NULL)
APl ERROR( myNdb- >get NdbError ());

for (i =0; i < 15; i++)

NdbQper at i on* nmyNdbOper ati on = nyTrans->get NdbOper ati on(myTabl e) ;
if (myNdbOperation == NULL)
API ERROR( ny Tr ans- >get NdbError ());
nyNdbOper at i on- >i nsert Tupl e() ;
myNdbOper at i on- >equal ("REG NO', cars[i].reg_no);
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myNdbOper at i on- >set Val ue( " BRAND', cars[i].brand);
nyNdbOper at i on- >set Val ue("COLOR', cars[i].color);
}

int check = nyTrans- >execut e( NdbTransacti on:: Commi t);
myTr ans- >cl ose() ;

return check !'= -1;

}

int scan_del et e( Ndb* myNdb,
int colum,
const char * color)

/1 Scan all records exclusive and del ete
/1 them one by one

i nt retryAttenpt = O;
const int retryMax = 10;
int del et edRows = O0;

i nt check;

NdbEr r or err;

NdbTr ansacti on *nyTrans;
NdbScanOper ati on *nyScanOp;

const NdbDi cti onary:: Dictionary* nmyDi ct= nyNdb->getDi ctionary();
const NdbDi cti onary: : Tabl e *nyTabl e= nyDi ct - >get Tabl e(" GARAGE" ) ;

if (nyTable == NULL)
API ERROR( nyDi ct - >get NdbError());

*

Loop as long as :
retryMax not reached
failed operations due to TEMPORARY erros

Exit | oop;
retyrMax reached
Permanent error (return -1)

% ok ok ok Ok Ok F ¥ *
~

while (true)
if (retryAttenpt >= retryMax)

std::cout << "ERROR has retried this operation " << retryAttenpt
<< " times, failing!" << std::endl;
return -1;

myTrans = nyNdb- >st art Transacti on();
if (nyTrans == NULL)

const NdbError err = myNdb->get NdbError();
if (err.status == NdbError:: TenporaryError)

{
mlliSleep(50);
retryAttenpt ++;
cont i nue;

std::cout << err.nmessage << std::endl;
return -1;

/**
* Get a scan operation.
*/
nyScanCp = nyTrans- >get NdbScanOper at i on( nyTabl e) ;
if (nmyScanOp == NULL)

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans) ;

return -1;
/**

* Define a result set for the scan.
*/
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i f (myScanQOp- >r eadTupl es(NdbCper ati on: : LM Excl usi ve) != 0)

std::cout << myTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTransacti on(nyTrans) ;

return -1;
/**

* Use NdbScanFilter to define a search critera
*/

NdbScanFi I ter filter(nyScanO) ;

if(filter.begi n(NdbScanFilter:: AND) < 0 ||
filter.cnp(NdbScanFilter:: COND_EQ colum, color) < 0 ||
filter.end() < 0)

std::cout << nyTrans->get NdbError().message << std::endl;
nyNdb- >cl oseTr ansacti on( nyTr ans) ;

return -1;
/**

* Start scan (NoConmit since we are only reading at this stage);
*/

i f (myTrans->execut e(NdbTransaction: : NoCommit) != 0){
err = myTrans->get NdbError();
if(err.status == NdbError:: TenporaryError){
std::cout << nmyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans) ;
mlliSleep(50);
conti nue;

std::cout << err.code << std::endl;

std::cout << nmyTrans->get NdbError().code << std::endl;
myNdb- >cl oseTransacti on(nyTrans) ;

return -1,

/**

* start of |oop: nextResult(true) neans that "parallelisn nunber of
* rows are fetched from NDB and cached i n NDBAPI

*

whi | e((check = nmyScanOp->next Result(true)) == 0){
do

{
if (nyScanOp->del eteCurrent Tuple() != 0)

std::cout << nmyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTransacti on(nyTrans) ;
return -1,

}
del et edRows++;
/**

* next Resul t(fal se) nmeans that the records
* cached in the NDBAPI are nodified before
* fetching nmore rows from NDB.

*/

} whil e((check = myScanQOp->next Result(fal se)) == 0);

/**
* Commt when all cached tuple have been marked for del etion
if(check !'= -1)

check = nyTrans->execut e(NdbTransacti on:: Conmi t);

if(check == -1)
/**
* Create a new transaction, while keeping scan open
*/

check = nyTrans->restart();

/**

* Check for errors

*/

err = myTrans->get NdbError();
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if(check == -1)
if(err.status == NdbError:: TenporaryError)
{

std::cout << nmyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTransacti on(nyTrans) ;

mlliSleep(50);

conti nue;

}

/**

* End of |oop
*/

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);
return O;

}
i f (myTrans! =0)

std::cout << nmyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);

return -1;

i nt scan_updat e( Ndb* myNdb,
i nt update_col um,
const char * before_col or,
const char * after_col or)

/] Scan all records exclusive and update
/] them one by one

i nt retryAttenpt = 0;
const int retryMax = 10;

i nt updat edRows = 0;

i nt check;

NdbEr r or err;

NdbTr ansacti on *nyTrans;
NdbScanOper ati on *nyScanOp;

const NdbDi cti onary: : Dicti onary* myDi ct= nyNdb->get Di ctionary();
const NdbDi ctionary:: Tabl e *myTabl e= nmyDi ct - >get Tabl e( " GARAGE") ;

if (myTabl e == NULL)
APl ERROR( nyDi ct - >get NdbError());

*

-~
*

Loop as long as :
retryMax not reached
failed operations due to TEMPORARY erros

Exit | oop;
retyrMax reached
Permanent error (return -1)

—~

le (true)

~
* ok K ok ok kK ok

if (retryAttenpt >= retryMax)
std::cout << "ERROR has retried this operation " << retryAttenpt

<< " times, failing!" << std::endl
return -1,

nmyTrans = nyNdb- >start Transacti on();
if (myTrans == NULL)
const NdbError err = nyNdb->get NdbError();
if (err.status == NdbError:: TenporaryError)
mll i{SI eep(50);

retryAttenpt ++;
cont i nue;
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std::cout << err.nmessage << std::endl;

return -1;
/**
* Get a scan operation.
*/

myScanOp = nyTrans->get NdbScanOper ati on(myTabl e) ;
if (myScanOp == NULL)
{

std::cout << nmyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTransacti on(nyTrans) ;

return -1;
/**

* Define a result set for the scan.
*/

i f( nyScanOp- >r eadTupl es(NdbQper ati on: : LM Excl usi ve) )

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);

return -1;
/**

* Use NdbScanFilter to define a search critera
S

NdbScanFi I ter filter(nyScanQ) ;

if(filter.begi n(NdbScanFilter::AND) < 0 ||
filter.cnp(NdbScanFilter:: COND_EQ update_col umm, before_color) <0||
filter.end() <O0)

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTransacti on(nyTrans) ;

return -1;
/**

* Start scan (NoCommit since we are only reading at this stage);
*/

i f (myTrans->execut e(NdbTr ansaction: : NoCommit) != 0)
{

err = myTrans->get NdbError ()
if(err.status == NdbError:: TenporaryError)
std::cout << myTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans) ;
mlliSleep(50);
conti nue;

std::cout << nyTrans->get NdbError().code << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);
return -1;

}
/**
* start of |oop: nextResult(true) neans that "parallelisn nunber of
* rows are fetched from NDB and cached i n NDBAPI
*/
whi | e((check = myScanOp->next Result(true)) == 0){
do {
/**
* Get update operation
*/

NdbOper ati on * rryUpdat e = nmyScanQp- >updat eCurrent Tupl e() ;
if (nyUpdate == 0)
std::cout << nyTrans->get NdbError().nmessage << std::endl;
nyNdb- >cl oseTr ansacti on( nyTr ans) ;
return -1;

}
updat edRows ++;
/**

* do the update

*/

nmyUpdat eOp- >set Val ue(updat e_col umm, after_col or);
/**

* nextResult(fal se) means that the records
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* cached in the NDBAPI are nodified before
* fetching nore rows from NDB.

*/
} while((check = myScanQp->next Result(false)) == 0);
/**
* NoCommit when all cached tupl e have been updated
*/
if(check !'= -1)

{
check = nyTrans->execut e(NdbTransacti on: : NoCommi t) ;

/**

* Check for errors

S

err = nyTrans->get NdbError();
i f(check == -1)

if(err.status == NdbError:: TenporaryError){
std::cout << nyTrans->get NdbError().nmessage << std::endl;
Ndb- >cl oseTransacti on( myTr ans) ;
mlliSleep(50);

conti nue;
}
}
/**
* End of |oop
*/
}
/**
* Commt all prepared operations
*/
i f (nmyTrans->execut e(NdbTransaction:: Commit) == -1)

if(err.status == NdbError:: TenporaryError){
std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);
mlliSleep(50);
conti nue;

}

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);
return O;

i{f (nmyTrans! =0)

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);

}
return -1,

int scan_print(Ndb * myNdb)

/] Scan all records exclusive and update
/1 them one by one

int retryAttenpt = O;
const int retryMax = 10;
int fetchedRows = O0;

i nt check;

NdbEr r or err;

NdbTr ansacti on *nyTrans;

NdbScanOper ati on *nyScanOp;

/* Result of reading attribute value, three col ums:
REG NO, BRAND, and COLOR

*/

NdbRecAttr * myRecAttr[3];

const NdbDictionary:: D ctionary* nmyDi ct= nmyNdb- >get Di cti onary();
const NdbDi ctionary:: Tabl e *myTabl e= nmyDi ct - >get Tabl e( " GARAGE") ;

if (myTable == NULL)
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APl ERROR( nmyDi ct - >get NdbError());

*

Loop as long as :
retryMax not reached
failed operations due to TEMPORARY erros

Exit | oop;

retyrMax reached

Per manent error (return -1)
/
while (true)
{

EE U

if (retryAttenpt >= retryMax)

std::cout << "ERROR has retried this operation " << retryAttenpt
<< " tlrres failing!" << std::endl;
return -1;

myTrans = nyNdb- >st art Transacti on();
if (nyTrans == NULL)

const NdbError err = myNdb->get NdbError();
if (err.status == NdbError:: TenporaryError)
{

mlliSleep(50);

retryAttenpt ++;

conti nue;

std::cout << err.nmessage << std::endl;
return -1;

}

/

Define a scan operation.

NDBAPI .

EE

*/
nmyScanCp = rryTr ans >get NdbScanOper at i on( nyTabl e) ;
if (nyScanQp = LL)

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans) ;
return -1,

/**

* Read without |ocks, without being placed in | ock queue

*/

i f( nyScanOp- >r eadTupl es(NdbQperati on: : LM Conmi tt edRead) == -1)
{

std::cout << nyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans);
return -1;

/**

* Define storage for fetched attri butes.

* E.g., the resulting attributes of executing

* nyOp- >get Val ue("REG NO') is placed in nyRecAttr[O0].

*/No data exists in myRecAttr until transaction has comm ted!
myRecAttr[ 0] = myScanQp->get Val ue(" REG_NO') ;

nyRecAttr[1] = nyScanOp- >get Val ue(“ BRAND") ;

nmyRecAttr[2] = ScanQo >get Val ue(" COLOR") ;

if(myRecAttr[0] ==NULL || rTyRecAttr[l] ==" NULL || myRecAttr[2] ==NULL)

std::cout << nyTrans->get NdbError().nmessage << std::endl;
nyNdb- >cl oseTr ansacti on( nyTr ans) ;
return -1;

/**
* Start scan (NoConmit since we are only reading at this stage);
*
/
i f (myTrans->execut e(NdbTransacti on: : NoCommit) != 0){
err = myTrans->get NdbError();
if(err.status == NdbError:: TenporaryError){
std::cout << nmyTrans->get NdbError().nmessage << std::endl;
myNdb- >cl oseTr ansacti on(nyTrans) ;
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mlliSleep(50);
conti nue;

std::cout << err.code << std::endl;

std::cout << nmyTrans->get NdbError().code << std::endl;
myNdb- >cl oseTransacti on(nyTrans) ;

return -1;

}
/**
* start of |oop: nextResult(true) neans that "parallelisn nunber of
* rows are fetched from NDB and cached i n NDBAPI
*/
whi | e((check = myScanOp->next Result(true)) == 0){
do {

f et chedRows ++;
* %

* print REG NO unsigned int

*/
std::cout << nyRecAttr[O0]->u_32_value() << "\t"
/**

* print BRAND character string

*/
std::cout << nyRecAttr[1]->aRef() << "\t";
/**

* print COLOR character string

*/
std::cout << nyRecAttr[2]->aRef() << std::endl;
/**

* next Result(fal se) means that the records

* cached in the NDBAPI are nodified before
* fetching nore rows from NDB.
S

} whil e((check = myScanQp->next Result(fal se)) == 0);
} .
myNdb- >cl oseTr ansacti on(nyTrans) ;
return 1;

return -1;

int main(int argc, char** argv)
if (argc != 3)

std::cout << "Argunents are <socket nysql d> <connect_string cluster>.\n";
exit(-1);

char * nysqgld_sock = argv[1];

const char *connectstring = argv[2];
ndb_init();

MYSQL nysql ;

AR R R R AR EE R R EE AR R R R R EEE R

* Connect to mysqgl server and create table

LR AR EREEEEEERE SRR EREEEEEEEEE SRR EEEEEEEEEEEEEEEEEREEEY]

*

if ( !'nysqgl_init(&ysqgl) ) {
std::cout << "nysqgl_init failed\n";
exit(-1);
i1f ( !'nysql _real _connect(&mysql, "local host", "root", "", "",
0, nysql d_sock, 0) )

MYSQLERROR( nysql ) ;
nysql _query(&nysql, "CREATE DATABASE TEST_DB");
if (nysqgl _query(&nysqgl, "USE TEST _DB") != 0) MYSQLERROR(nysql);

create_tabl e(nmysql);
}

/**************************************************************

* Connect to ndb cluster *
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LEE AR EEEEEEEEEEEEEEEEREE R EEEEE R EEEEEE SRR EEEEEY]

Ndb_cl ust er _connection cl uster_connection(connectstring);
if (cluster_connection.connect(4, 5, 1))

std::cout << "Unable to connect to cluster within 30 secs." << std::endl;
exit(-1);

}
/] Optionally connect and wait for the storage nodes (ndbd's)
if (cluster_connection.wait_until_ready(30,0) < 0)

-~

std::cout << "Cluster was not ready within 30 secs.\n";
exit(-1);

Ndb myNdb( &cl ust er _connecti on, " TEST_DB") ;

if (nyNdb.init(1024) == -1) { T/ Set max 1024 paral |l el transactions
APl ERROR( nyNdb. get NdbError());
exit(-1);

/*******************************************
* Check table definition *

LEER R ERE R EERE R EEEEEEEEEEEEEEEEEEE LY

int colum_col or;

const NdbDi ctionary::Dictionary* nyDi ct= nyNdb. getDi ctionary();
const NdbDi cti onary:: Tabl e *t= nyDi ct - >get Tabl e(" GARAGE") ;

Car car;
if (t->getColum("COLOR")->getLength() != sizeof(car.color) ||
t - >get Col unm( " BRAND") - >get Lengt h() != si zeof (car. brand))

std::cout << "Wong table definition" << std::endl;
exit(-1);

col um_col or = t->get Col um(" COLOR") - >get Col utmNo() ;

|f(popu| at e(&ryNdb) > 0)
std::cout << "popul ate: Success!" << std::endl;

i f(scan_print (&ryNdb) > 0)
std::cout << "scan_print: Success!" << std::endl << std::endl;

std::cout << "CGoing to delete all pink cars!" << std::endl;

{ /**
* Note! color needs to be of exact the same size as col um defined
*/
Car tnp;
sprintf(tnp.color, "Pink");
i f (scan_del et e( &ryNdb, col um_col or, tnp.color) > 0)
std::cout << "scan_del ete: Success!" << std::endl << std::endl;
}

i f(scan_print (&ryNdb) > 0)
std::cout << "scan_print: Success!" << std::endl << std::endl;

/**

*/Note! colorl & 2 need to be of exact the sane size as col urm defined
*

Car tnpl, tnp2;

sprintf(tnpl.color, "Blue")

sprintf(tnp2.color, "Black")

std::cout << "CGoing to update all " << tnpl.col or

<< " cars to " << tnmp2.color << " cars!" << std::endl;

i f (scan_updat e( &ryNdb, col umm_col or, tnpl.color, tnp2.color) > 0)

std::cout << "scan_update: Success!" << std::endl << std::endl;

f(scan pri nt(&rTyNdb) > 0)
std::cout << "scan_print: Success!" << std::endl << std::endl;

}
i

| **

* Drop table
*/
drop_tabl e(nysql);
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return O;

6.5. Using Secondary Indexes in Scans

This program illustrates how to use secondary indexesin the NDB API.

The source code for this example may be found in the MySQL 5.1 source tree, in st or age/
ndb/ ndbapi - exanpl es/ ndbapi _si npl e_i ndex/ ndbapi _si npl e_i ndex. cpp.

The correct output from this program is shown here:

ATTRL ATTR2
0 10

1 1

2 12
Detected that deleted tuple doesn't exist!
4 14
5 5

6 16

7 7

8 18

9 9

#i ncl ude <nysql . h>
#i ncl ude <NdbApi . hpp>

/1 Used for cout
#i ncl ude <stdi o. h>
#i ncl ude <i ostreanr

#defi ne PRI NT_ERROR(code, nsg) \

std::cout << "Error in" << _FILE << ", line: " << __LINE__\
<< ", code: " << code \
<< ", mBQ: " << nmBg << "." << std::endl

#defi ne MYSQLERROR(nysql) { \
PRI NT_ERROR( nysql _errno( &ysql ), nysqgl _error(&ysqgl)); \
exit(-1); }
#defi ne API ERROR(error) { \
PRI NT_ERROR(error. code, error. nessage); \
exit(-1); }

int main(int argc, char** argv)
if (argc = 3)

std::cout << "Argunents are <socket nysqgl d> <connect_string cluster>.\n";
exit(-1);

char * nysqgld_sock = argv[1];

const char *connectstring = argv[2];
ndb_init();

MYSQL nysql ;

/**************************************************************

* Connect to mysqgl server and create table *

**************************************************************/
if ( !'nysql_init(&nysql) ) {

std::cout << "nysql_init f
exit(-1);

ai |l ed\ n";

if ( !'nysql _real _connect(&mwysql, "local host", "root", "", "",
0, nysqld_sock, 0) )
MYSQLERROR( nmysql ) ;

nmysql _query(&rysql, " CREATE DATABASE TEST DB 1");
if (nysqgl _query(&nysqgl, "USE TEST DB 1") != 0) MYSQ.ERROR(nysql);
if (nysql _query(&nnysql,
" CREATE TABLE'
" MYTABLENAME'
(ATTRL | NT UNSI GNED, "
ATTR2 | NT UNSI GNED NOT NULL, "
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" PRI MARY KEY USI NG HASH ( ATTR1), "
" UNI QUE MYl NDEXNAME USI NG HASH (ATTR2)) "
" ENG NE=NDB"))

MYSQLERROR( nysql ) ;

/**************************************************************
* Connect to ndb cluster *

LEE AR EEREEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEREEEEEEEEEREEY]

Ndb_cl ust er _connection *cl uster_connecti on= ) )
new Ndb_cl ust er _connecti on(connectstring); // Object representing the cluster

if (cluster_connection->connect (5, 3,1))
std::cout << "Connect to cluster managenment server failed.\n";
exit(-1);

if (cluster_connection->wait_until_ready(30, 30))
std::cout << "Cluster was not ready within 30 secs.\n";

exit(-1);

Ndb* nmyNdb = new Ndb( cl uster_connecti on,
"TEST DB 1" ); [// nject representing the database

if (myNdb->init() == -1) {
APl ERROR( myNdb- >get NdbError ());
exit(-1);

const NdbDi ctionary:: D ctionary* nmyD ct= nmyNdb- >get Di cti onary();
const NdbDi cti onary: : Tabl e *nyTabl e= nyDi ct - >get Tabl e(" MYTABLENAME") ;
if (myTabl e == NULL)
APl ERROR( nyDi ct - >get NdbError());
const NdbDi ctionary:: | ndex *myl ndex= nmyDi ct - >get | ndex(" MYl NDEXNAMESuni que”, " MYTABLENANME") ;
if (nylndex == NULL)
APl ERROR( nmyDi ct - >get NdbError());

/**************************************************************************

* Using 5 transactions, insert 10 tuples in table: (0,0),(1,1),...,(9,9) *
~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k**********************/
for (int i =0; i <5; i++)

NdbTr ansacti on *myTransacti on= nmyNdb- >st art Transacti on() ;
if (nyTransacti on == NULL) API ERROR( nmyNdb->get NdbError());

NdbOper ati on *nyOper ati on= nyTransact i on- >get NdbOper at i on( nyTabl e) ;
if (nmyOperation == NULL) API ERROR(myTransacti on->get NdbError());

myQper at i on->i nsert Tupl e() ;
myQper at i on- >equal ("ATTRL", i);
myQper at i on- >set Val ue( " ATTR2", i);

nyOper ati on = nyTransacti on- >get NdbOper ati on(nyTabl e) ;
if (nmyOperation == NULL) API ERROR(myTransacti on->get NdbError());

myQper at i on->i nsert Tupl e() ;
myQper at i on- >equal ("ATTRL", i +5);
myQper at i on- >set Val ue( " ATTR2", | +5);

if (nmyTransaction->execute( NdbTransaction::Commit ) == -1)
API ERROR( ny Tr ansact i on- >get NdbError());

myNdb- >cl oseTransact i on(nyTransacti on) ;

}

IR R R R R R R R R R

* Read and print all tuples using index *

LR R EEEE SRR EEE SRR EREEEEEEEEEEEEEEEEY]

std::cout << "ATTRL ATTR2" << std::endl;

for (int i =0; i < 10; i++) {
NdbTr ansacti on *nmyTransacti on= nyNdb- >st art Transacti on() ;
if (nyTransacti on == NULL) API ERROR( myNdb->get NdbError());

Ndbl ndexOper at i on *nyl ndexOper at i on=
nmyTr ansact i on- >get Ndbl ndexCper at i on( nyl ndex) ;
if (nylndexOperation == NULL) API ERROR(nyTransacti on->get NdbError());
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my| ndexQOper at i on- >r eadTupl e( NdbOper ati on: : LM Read) ;
nyl ndexOper at i on- >equal ("ATTR2", i);

NdbRecAttr *nyRecAttr= nyl ndexOper at i on- >get Val ue(" ATTRL", NULL);

if (nmyRecAttr == NULL) API ERROR(nyTransacti on->get NdbError());

i f (nmyTransacti on->execut e( NdbTransaction::Conmit ) != -1)
printf(" %d 92d\ n", nyRecAttr->u_32_value(), i);

nyNdb- >cl oseTr ansacti on(nyTransacti on);

/*****************************************************************

* Update the second attribute in half of the tuples (adding 10) *

*****************************************************************I
for (int i =0; i < 10; i+=2) {

NdbTr ansacti on *nyTransacti on= nyNdb->st art Tr ansacti on();

if (nyTransaction == NULL) APl ERROR( nyNdb- >get NdbError());

Ndbl ndexOper ati on *nyl ndexOper ati on=
nmyTr ansact i on- >get Ndbl ndexCper at i on( iyl ndex) ;
if (nylndexOperation == NULL) API ERROR(nyTransacti on->get NdbError());

nmy| ndexQper at i on- >updat eTupl e() ;
nyl ndexOper at i on- >equal ( "ATTR2", i );
ny| ndexQper ati on- >set Val ue( "ATTR2", i +10);

i f( nyTransaction->execute( NdbTransaction::Commt ) == -1 )
APl ERROR( my Tr ansact i on- >get NdbError ());

myNdb- >cl oseTr ansacti on(nyTransacti on);

/*************************************************

* Delete one tuple (the one with primary key 3) *

*************************************************/

NdbTr ansacti on *nmyTransacti on= nyNdb- >st art Transacti on() ;
if (nyTransacti on == NULL) API ERROR( myNdb- >get NdbError());

Ndbl ndexOper ati on *nyl ndexOper ati on=
nmyTransact i on- >get Ndbl ndexOper at i on( nyl ndex) ;
if (nmylndexOperation == NULL) API ERROR(nyTransacti on->get NdbError());

nmyl ndexQOper at i on- >del et eTupl e() ;
nmyl ndexQper at i on- >equal ( "ATTR2", 3 );

if (nyTransacti on->execut e(NdbTransaction:: Commt) == -1)
APl ERROR( nyTr ansact i on- >get NdbError ());

nmyNdb- >cl oseTr ansact i on( myTransacti on);

[ KR K Kk kK K K ok kK K Kk ok ok R Rk K ok ok kK

* Read and print all tuples *

*****************************/

std::cout << "ATTRL ATTR2" << std::endl;

for (int i =0; i < 10; i++) {
NdbTr ansacti on *myTransacti on= nmyNdb- >st art Transacti on() ;
if (nyTransaction == NULL) API ERROR(nyNdb- >get NdbError());

NdbQper ati on *nyQper ati on= nyTransacti on- >get NdbQper ati on(nyTabl e) ;
if (nmyOperation == NULL) API ERROR(myTransacti on->get NdbError());

myQper at i on- >r eadTupl e( NdbOper ati on: : LM Read) ;
myQper at i on- >equal ("ATTRL", i);

NdbRecAttr *nyRecAttr= nyOper ati on->get Val ue("ATTR2", NULL);
if (nyRecAttr == NULL) API ERROR(nyTransacti on->get NdbError());

i f (myTransacti on->execut e( NdbTransaction::Conmt ) == -1)
if (i ==3)
std::cout << "Detected that del eted tuple doesn't exist!\n";
} else {

API ERROR( ny Tr ansact i on- >get NdbError());

if (i 1=3) {

267



PRACTICAL EXAMPLES

printf(" %d o2d\n", i, myRecAttr->u_32_value());
nyNdb- >cl oseTr ansacti on( nyTransacti on)

/**************

* Drop table *

KX KKk KKK KKKk Kk [

if (nysql _query(&nmysqgl, "DROP TABLE MYTABLENANE"))
MYSQLERROR( mysql ) ;

del et e nyNdb;
del ete cl uster_connection

ndb_end(0);
return O

6.6. NDB API Event Handling Example

This example demonstrates NDB APl event handling.

The source code for this program may be found in the MySQL 5.1 source tree, in thefile st or age/
ndb/ ndbapi - exanpl es/ ndbapi _event/ ndbapi _event. cpp.

/*
* ndbapi _event.cpp: Illustrates event handling in the NDB API
*/

#i ncl ude <NdbApi . hpp>

/'l Used for cout

#i ncl ude <stdio. h>

#i ncl ude <i ostreanr

#i ncl ude <uni std. h>

#i fdef VM TRACE

#i ncl ude <my_gl obal . h>
#endi f

#i f ndef assert

#i ncl ude <assert. h>

#endi f
/**
* Assume that there is a table which is being updated by
* anot her process (e.g. flexBench -1 0 -stdtables)
* W& want to nonitor what happens with col um val ues
*
* O using the nysqgl client:
*
* shell > nysqgl -u root
* nysqgl > create database TEST_DB
* nysqgl > use TEST_DB
* mysql > create table t0
* (cO int, cl1 int, c2 char(4), c3 char(4), c4 text,
* primary key(cO, c2)) engine ndb charset latinl
*
*

In anot her wi ndow start ndbapi _event, wait until properly started

insert into t0O values (1, 2, 'a', 'b', null)

insert into tO values (3, 4, 'c', 'd, null)

update t0 set ¢c3 = 'e' where cO =1 and c2 = 'a'; -- use pk

update t0 set ¢c3 = 'f'; -- use scan

update t0 set ¢3 = 'F; -- use scan update to 'sane

update t0 set ¢c2 = 'g' where cO = 1; -- update pk part

update t0 set ¢c2 ='G where cO = 1; -- update pk part to 'sane
update t0 set cO =5, ¢c2 ="'H where cO = 3; -- update full PK
delete fromtO

insert ...; update ...; -- see events w sane pk nerged (if -moption)
delete ...; insert ...; -- there are 5 conbinations IDIU D UD W
update ...; update ...

-- text requires -mflag

set @ = repeat('a',256); -- inline size

set @ = repeat('b',2000); -- part size

268



PRACTICAL EXAMPLES

set @ = repeat('c',2000*30); -- 30 parts
-- update the text field using conbinations of @, @, @ ...

* you shoul d see the data popping up in the exanpl e wi ndow
*

*/
#define APl ERROR(error) \
{ std::cout << "Error in" << _FILE << ", line:" << _ LINE__ << ", code:" \
<< error.code << ", nBg: " << error.nessage << "." << std::endl; \
exit(-1); }

i nt nyCreat eEvent (Ndb* nyNdb,
const char *event Nane,
const char *event Tabl eNane,
const char **event Col uimNane,
const int noEvent Col utmmNane,
bool nerge_events);

int main(int argc, char** argv)
if (argc < 3)

std::cout << "Argunments are <connect_string cluster> <tinmeout> [m(nmerge events)|d(debug)].\n";
exit(-1);

const char *connectstring = argv[1];

int timeout = atoi(argv[2]);

ndb_init();

bool nerge_events = argc > 3 && strchr(argv[3], 'm) != 0;
#i f def VM TRACE

bool dbug = argc > 3 && strchr(argv[3], 'd") != 0;

if (dbug) DBUG PUSH("d:t:");

if (dbug) putenv("API_SIGNAL_LOG=-");
#endi f

Ndb_cl ust er _connecti on *cl uster_connecti on=
new Ndb_cl ust er _connecti on(connectstring); // Object representing the cluster

int r= cluster_connection->connect(5 /* retries */,
3 /* delay between retries */,
1 /* verbose *1);
if (r >0)
std: : cout
<<(“C1)uster connect failed, possibly resolved with nore retries.\n";
exit(-1);

else if (r <0)

std: : cout
<< "Cluster connect failed.\n";
exit(-1);

if (cluster_connection->wait_until_ready(30, 30))

std::cout << "Cluster was not ready within 30 secs." << std::endl;
exit(-1);

Ndb* myNdb= new Ndb(cl uster_connecti on,
"TEST _DB"); [// Object representing the database

if (myNdb->init() == -1) API ERROR(nyNdb->get NdbError());

const char *event Name= "CHNG_ I N t0";
const char *event Tabl eNanme= "t 0";
const int noEvent Col utmNane= 5;
const char *event Col utmNane[ noEvent Col urmNane] =
{"co",
"e1t
"c2",
"c3",
" oan
IE

/] Create events
my Cr eat eEvent ( myNdb,
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event Nane,
event Tabl eNane,
event Col uimmNane,
noEvent Col uimNane,
mer ge_events);

/1 Normal values and bl obs are unfortunately handl ed differently..
typedef union { NdbRecAttr* ra; NdbBl ob* bh; } RA BH;

N I O
(j < timeout) {

// Start "transaction" for handling events

NdbEvent Oper at i on* op;

printf("create Event Operation\n");

i1f ((op = nyNdb- >creat eEvent Oper ati on(event Nane)) == NULL)
APl ERROR( nyNdb- >get NdbError());

op- >ner geEvent s(nerge_events) ;

printf("get values\n");
RA BH recAttr[noEvent Col umNane] ;
RA_BH recAttr Pre[ noEvent Col unnNane]
[l primary keys shoul d al ways be a part of the result
for (i = 0; i < noEventCol umNane; 1 ++) {
if (i <4) {
recAttr[i].ra op- >get Val ue( event Col umNane[i]);
recAttrPre[i].ra = op->getPreVal ue(event Col umNane[i]);
} else if (merge_events) {
recAttr[i].bh = op- >get Bl obHandl e( event Col umNane[i]);
recAttrPre[i].bh op- >get Pr eBl obHandl e( event Col ummNane[i]);

}
}

/] set up the call backs
printf("execute\n");
/] This starts changes to "start flow ng"
if (op->execute()

APl ERROR( op- >get NdbError());

NdbEvent Oper ati on* the_op = op;

i= 0;
while (i < tlrreout)
/1 prlntf( now waiting for event...\n");
|][1t(r rrglNdb >pol | Event s(1000) ; /1 wait for event or 1000 ns
r >0
intf("got data! %\n", r);
((op= nyNdb->next Event())) {
assert(the_op == op);

i
r
e
i ++;
switch (op- >get Event Type()) {
case NdbDi ctionary:: Event:: TE | NSERT:
printf("% I NSERT i);
br eak;
case NdbDictionary:: Event:: TE DELETE:
printf ("% DELETE', i);
br eak;
case NdbDi ctionary:: Event:: TE_UPDATE:
printf ("% UPDATE"', i);
br eak;
defaul t:
abort(); // should not happen

pr|ntf(“ gm—%!\n“ (int)op->getGCl());
1; k++) {

for (k k <=
prlntf(k ——0’?“post: " "pre : ;
for (I = 0; | < noEventCol umNane; |++) {
if (1 < 4)

NdbRecAttr* ra = k == 0 ? recAttr[l].ra : recAttrPre[l].ra

if (ra->isNULL() >= 0) { // we have a val ue

if gr?l->isN)ULL() == 0) { // we have a non-null value
i <2
printf("%5u", ra->u_32_value());
el se
printf("%5.4s", ra->aRef());
} else
printf("%5s", "NULL");
} else
printf("%5s", "-"); // no value
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} else if (merge_events) {
int isNull;
NdbBI ob* bh = k == 0 ? recAttr[I].bh : recAttrPre[l]. bh;
bh- >get Def i ned(i sNul |);
if (isNull >=0) { // we have a val ue
if (! isNull) { // we have a non-null val ue
Ui nt64 |length = O;
bh- >get Lengt h(| engt h) ;
/1 read into buffer
unsi gned char* buf = new unsigned char [I|ength];
menset (buf, 'X , length);
Uint32 n = length;
bh- >readDat a(buf, n); // n is in/out
assert(n == |l ength);
/] pretty-print
bool first = true;
unt32i = 0;
while (i <n) {
unsi gned char ¢ = buf[i ++];
Uint32 m= 1;
while (i < n & buf[i] == c)
i ++, m+;
if (! first)
printf("+");
printf("%% ", m c);
first = fal se;

E:Jrintf(“[o/m]", n;
delete [] buf;

} else
printf("%5s", "NULL");
} else
printf("%5s", "-"); // no value

o
printf("\n");

}
} else
printf("timed out (% )\n", tineout);
}
/] don't want to listen to events anynore
i f (nmyNdb->dropEvent Operati on(the_op)) API ERROR( myNdb->get NdbError());
the_op = 0;

j ++;

{
NdbDi ctionary::Dictionary *nyDi ct = myNdb->get Di ctionary();
i I'nyDi ct) API ERROR( nyNdb->get NdbError());
nmove event from database
nmyDi ct - >dr opEvent (event Nane) ) API ERROR(nyDi ct - >get NdbError());

del et e nyNdb;

del ete cl uster_connecti on;
ndb_end(0);

return O;

}

int nyCreat eEvent (Ndb* nyNdb,
const char *event Nane,
const char *event Tabl eNane,
const char **event Col uimNanes,
const int noEvent Col uimNanes,
bool nerge_events)

NdbDi ctionary: : Dictionary *nyDi ct= nmyNdb->get Di cti onary();
if (!nyDict) API ERROR(nyNdb->get NdbError());

const NdbDi cti onary:: Tabl e *t abl e= nyDi ct - >get Tabl e( event Tabl eNane) ;
if (!table) API ERROR(myDict->get NdbError());

NdbDi cti onary: : Event myEvent (event Name, *tabl e);

myEvent . addTabl eEvent (NdbDi cti onary: : Event:: TE ALL);

/1 nyEvent. addTabl eEvent (NdbDi cti onary: : Event : : TE_| NSERT) ;
/1l nmyEvent . addTabl eEvent (NdbDi cti onary: : Event:: TE_UPDATE) ;
/1 nyEvent.addTabl eEvent (NdbDi cti onary: : Event : : TE_DELETE) ;
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nmyEvent . addEvent Col uims( noEvent Col utmNanes, event Col urmNanes) ;
nyEvent . mer geEvent s(ner ge_events);

/] Add event to database
if (nyDict->createEvent(nyEvent) == 0)
nmyEvent . print();
else if (nyDict->get NdbError().classification ==
NdbEr r or : : SchemaCbj ect Exi sts) {
printf("Event creation failed, event exists\n");
printf("dropping Event...\n");
i1f (nyDict- >dropEvent(event Nama)) APl ERROR( nyDi ct - >get NdbError());
/] try again
/] Add event to database
if ( nyDict->createEvent (nmyEvent)) API ERROR(nyDi ct->get NdbError());
} else
APl ERROR( nmyDi ct - >get NdbError());

return O;

6.7. Event Handling with Multiple Clusters

This example illustrates the handling log events using the MGM API on multiple clustersin asingle ap-
plication.

The source code for this program may be found in the MySQL 5.1 source tree, in thefile st or age/
ndb/ ndbapi - exanpl es/ ngmapi _| ogevent dual / ngmapi _| ogevent dual . cpp.

#i ncl ude <nysql . h>
#i ncl ude <ndbapi / NdbApi . hpp>
#i ncl ude <ngmapi . h>
#i ncl ude <stdi 0. h>

/*
* export LD _LIBRARY_PATH=../../../libnysqgl _r/.libs:../../../ndb/src/.libs
=

#def i ne MAGVERROR(h) \
{\
fprintf(stderr, "code: %l nsg: %\n", \
ndb_ngm get | atest_error(h), \
ndb_ngm get _| atest _error_msg(h)); \
exit(-1); \

#def i ne LOGEVENTERROR(h) \
\

fprintf(stderr, "code: % nsg: %\n", \
ndb_| ogevent get latest_error(h), \
ndb_| ogevent _get | atest _error_msg(h)); \
exit(-1); \

int main(int argc, char** argv)

NdbMgnHandl e h1, h2;
NdbLogEvent Handl e lel, le2;
int filter[] = { 15, NDB NGM EVENT_CATEGORY_BACKUP,
1 NDB_MGM_ EVENT CATEGORY_CONNECTI QON,
15, NDB NGM EVENT (ATEG(RY NCDE_RESTART,
15, NDB_MGM EVENT_CATEGORY_STARTUP,
15,} NDB_MGM_EVENT_CATEGORY_ERROR,
0 };
struct ndb_| ogevent eventl, event?2;

if (argc < 3)

printf("Argunents are <connect_string cluster 1> <connect_string cluster 2> [<iterations>].\n");
exit(-1);

const char *connectstring
const char *connectstring
int iterations = -1,
if (argc > 3)

iterations = atoi(argv[3]);

N
1
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ndb_init();

hl= ndb_ngm create_handl e();
h2= ndb_ngm creat e_handl e()
if (h1 ==0]|] h2 ==0)

printf("Unable to create handl e\n");
exit(-1);

if (ndb_ngm set_connectstring(hl, connectstringl) == -1 ||
ndb_ngm set _connectstring(h2, connectstringl))

printf("Unable to set connectstring\n");
exit(-1);

f (ndb_ngm connect (h1, 0, 0,0)) MAVERROR(h1);
f (ndb_ngm connect (h2, 0, 0, 0)) M3IVERROR(h2);
(

(

(1 el= ndb_ngm create_| ogevent _handl e(hl, filter)) == 0) M3AVERROR(h1l);
filt

(1 e2= ndb_ngm creat e_| ogevent _handl e( h1l, er)) == 0) MAVERROR( h2);

ile (iterations-- != 0)

=

int timeout= 1000;
i ?t ( r1= ndb_| ogevent _get_next (| el, &vent1,tinmeout);
i rli ==
printf("No event within % mlliseconds\n", tineout);
else if (rl1 < 0)
LOGEVENTERROR( | e1)
el se

switch (eventl.type) {

case NDB_LE BackupStarted:
printf("Node %l: BackupStarted\n", eventl.source_nodeid);
printf(" Starting node ID: %\ n", eventl.BackupStarted.starting_node);
printf(" Backup ID: %l\n", eventl. BackupStarted. backup_id);
br eak;

case NDB_LE BackupConpl et ed:
printf(" Node™ 9%: BackupOorrpI eted\n", eventl.source_nodeid);
printf(" Backup ID: %\ n", eventl.BackupStarted. backup_id);
br eak;

case NDB_LE BackupAbort ed:
printf("Node %l: BackupAborted\n", eventl.source_nodeid);
br eak;

case NDB_LE BackupFail edToStart:
printf("Node %: BackupFail edToStart\n", event1.source_nodeid);
br eak;

case NDB _LE NodeFai | Conpl et ed:
E“ nlt(f ("Node %l: NodeFai | Conpl et ed\ n", event 1. sour ce_nodei d);
rea
case NDB_LE ArbitResult:
printf("“Node %l: ArbitResult\n", eventl.source_nodeid);
printf(" code %, arbit_node %\ n",
event 1. Arbi t Resul t.code & Oxffff,
event 1. Arbi t Resul t. arbit_node);
br eak;
case NDB_LE DeadDueToHeart beat :
printf(" Node %a: DeadDueToHeart beat\n", event1.source_nodeid);
printf(" node %l\n", eventl. DeadDueToHear t beat . node) ;
br eak;

case NDB_LE Connect ed:
printf("Node %l: Connected\n", eventl.source_nodeid);
printf(" node %\ n", eventl. Connect ed. node) ;
br eak;
case NDB_LE Di sconnect ed:
printf("Node %l: Di sconnected\n", eventl.source_nodeid);
printf(" node %\ n", eventl.Di sconnected. node);
br eak;
case NDB LE NDBSt art Conpl et ed:
printf(" Node %d: Start Conpl eted\n", event1.source_nodeid);
printf(" version % . %. %\ n",
event 1. NDBSt ar t Conpl et ed. version >> 16 & Ooxf f,
event 1. NDBSt art Conpl et ed. version >> 8 & Oxff,
event 1. NDBSt art Conpl et ed. version >> 0 & Oxff);
br eak;
case NDB_LE ArbitState:
printf("Node %l: ArbitState\n", eventl.source_nodeid);
printf(" code %, arbit_node %\ n",
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eventl. ArbitState.code & Oxffff,
event 1. Arbi t Resul t. arbi t _node);

br eak;
defaul t:
br eak;
}
: ?t ( |E 2= ndg_l ogevent _get _next (| el, &vent 2, ti meout ) ;

printf("No event within % mlliseconds\n", tineout);
else if (r2 < 0)

LOGEVENTERROR( | e2)
el se

switch (event2.type) {

case NDB_LE BackupStarted:
printf(" Node %d: BackupStarted\n", event2.source_nodeid);
printf(" Starting node ID: %\ n", event?2.BackupStarted.starting_node);
printf(" Backup ID: %\ n", event 2. BackupSt art ed. backup_i d) ;
br eak;

case NDB_LE BackupConpl et ed:
printf(" Node™ 9%: BackupOorrpI eted\n", event2.source_nodeid),
printf(" Backup ID: %l\n", event2.BackupStarted. backup_i d)
br eak;

case NDB _LE BackupAbort ed:
printf("Node %l: BackupAborted\n", event2.source_nodeid);
br eak;

case NDB_LE BackupFail edToStart:
printf("Node %: BackupFail edToStart\n", event2.source_nodeid);
br eak;

case NDB _LE NodeFai | Conpl et ed:
E“ nlt(f ("Node %l: NodeFai | Conpl et ed\ n", event 2. sour ce_nodei d) ;
rea
case NDB_LE ArbitResult:
printf(" Node %l: ArbitResult\n", event2.source_nodeid);
printf(" code %, arbit_node o\ n",
event 2. Arbi t Resul T. code & Oxffff ,
event 2. Arbi t Resul t. arbit_node) ;
br eak;
case NDB _LE DeadDueToHeart beat :
printf("Node %l: DeadDueToHeartbeat\n", event2.source_nodeid);
printf(" node %\ n", event2. DeadDueToHeart beat. node);
br eak;

case NDB _LE Connect ed:
printf("Node %: Connected\n", event2.source_nodeid);
printf(" node %\ n", event2. Connected. node);
br eak;
case NDB_LE Di sconnect ed:
printf("“Node %l: Di sconnected\n", event2.source_nodeid);
printf(" node %\ n", event2.Di sconnected. node);
br eak;
case NDB LE NDBSt art Conpl et ed:
printf("Node %: StartConpleted\n", event2.source_nodeid);
printf(" version % . %. %\ n",
event 2. NDBSt art Conpl et ed. versi on >> 16 & Oxff,
event 2. NDBSt art Conpl et ed. version >> 8 & Oxff,
event 2. NDBSt art Conpl et ed. version >> 0 & Oxff);
br eak;
case NDB LE ArbitState:
printf("Node %l: ArbitState\n", event2.source_nodeid);
printf(" code %, arbit_node %\ n",
event 2. Arbi t St at e. code & Oxffff
event 2. Arbi t Resul t. arbi t _node) ;
br eak;

def aul t:
br eak;

}
}

ndb_ngm destroy_| ogevent _handl e( & el);
ndb_ngm destroy_| ogevent _handl e( & e2);
ndb_ngm dest roy_handl e( &h1l);

ndb_ngm destroy_handl e( &2);
ndb_end(0);
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return O;
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