NET Programming

ADO.NET

S. Malik, Pro ADO.NET 2.0, Apress, 2005
W. B. McClure et al., Professional ADO.NET 2, Wiley Publishing, 2006
B. Hamilton, ADO.NET 3.5 Cookbook, 2nd Ed., O'Reilly, 2008
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Contents

A General information
A Connecting to a data source

Using a database in a connected scenario
A Commands

A DataReaders

p>>

A Using a database in a disconnected scenario
A DataSets

A DataAdapters
A DataViews

A Transactions

A Data binding
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Universal Data Access on Windows

A ODBCI Open Database Connectivity

A ODBC driver typically acts as a wrapper around the API exposed
by the database server

A OLEDBT Object Linking and Embedding Database
A much cleaner and more efficient than ODBC

A DAOT Data Access Objects
A the first attempt to create a data consumer API
A based on the JET engine

A RDOT Remote Data Objects

A more efficient for ODBC data sources (JET engine was no longer
needed)

A ADOT ActiveX Data Objects
A replacement for both DAO and RDO
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ADO.NET

A A part of the .NET Framework

A A set of tools and layers that allows an application to manage

easily and communicate with its file-based or server-based
data store

A The System.Data namespace

A Connecting to data sources
A Executing commands

A Storing, manipulating and retrieving data
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ADO.NET Versions

A
A

NET Framework 1.x
.NET Framework 2.0

A Improved performance
A Database discovery API for browsing the schema of a database
A Option of writing provider -independent database access code

.NET Framework 3.5

A LINQ
A Sync Services for occasionally connected applications

NET Framework 3.5SP 1

A ADO.NET Entity Framework
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ADO.NET Main Objects

~

A

The Connection T responsible for establishing and
maintaining the connection to the data source, along with any
connection-specific information

The Command1 stores the query that is to be sent to the
data source, and any applicable parameters

The DataReader 1 provides fast, forward-only reading
capability to quickly loop through the records

The DataSet 1 provides a storage mechanism for
disconnected data

The DataAdapter T responsible for retrieving the data from
the Command object and populating the DataSet with the
data returned
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ADO.NET Connection Options

Application

ADO.NET

NET Framework:

AData Provider for SQL Server
AData Provider for SQL Server CE oLEDB NET| [oDBC NET
AData Provider for Oracle

Data Provider Data Provider

l l

Database Vendors:
AOracle Data Provider (ODP.NET)

A .NET Data Provider for PostgreSQL
AMySQL Connector/Net
AADO.NET 2.0 Provider for SQLite
... and others

Data Store
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.NET Data Providers

A .NET data providers are specific implementations of the
connected objects for the underlying database

A A provider for a particular data source can be defined as a set
of classes within a namespace that are designed specifically to
work with that particular data source

A Namespaces:

A SQL Server:System.Data.SqlClient,
System.Data.Sql, System.Data.SqlTypes

A Oracle: System.Data.OracleClient
A OLE DB:System.Data.OleDb
A ODBC.:System.Data.Odbc
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Generic vs. Specific Data Providers

A OLE DB and ODBC data providers can be used to access most
of databases (including SQL Server and Oracle)
A Advantages of specific data providers:
A Much better performance
A Support for database-specific functionality
A Ability to work with database -specific data types
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The Generic Factory Model

A The Generic Factory Model is an architecture that enables
access to any database, from one set of code

A It was introduced in ADO.NET 2.0

A Factory implementations are defined in the
machine.config file

C:\ WINDOWMIicrosoft. NET \ Framework \ v2.0.50727 \ CONFIG machine.config I

A Odbc Data Provider

A OleDb Data Provider

A OracleClient Data Provider
A SqglClient Data Provider

A SQL Server CE Data Provider for Microsoft SQL Server 2005
Mobile Edition
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The Generic Factory Architecture

Application

IDbConnection

DbConnection

Provider Factory

SqlConnection OleDbConnection OdbcConnection OracleConnection
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Generic Factory vs. Specific Providers

A Generi c factoryodos advantages
A A code can be moved to another provider without any effort
A It is more flexible for customers 1 they can use any database
A Only one API to learn

A Generi c factoryodos disadvant a

A Not all parts are really generic, e.g. any exception thrown from
a database server will still be specific to the provider from which
It has been thrown
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Data Access Layer

A A data access layer is a set of classes that every portion of an

application needs to go through in order to talk to the
database

A Advantages of using a data access layer:
A Consistent management of connections
A Possibility to create performance metrics

A Example of a data access layer: Data Access Application Block
from Microsoft Enterprise Library
http://msdn.microsoft.com/en -us/library/cc511547.aspx
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Connecting to a Data Source
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Connection Strings

A A connection string tokenizes the minimum information
needed to establish a connection in the form of string key -
value pairs

"Data Source=Aronl;lnitial Catalog=pubs;
Integrated Security=SSPI;"

"Data Source=190.190.200.100,1433;
Network Library=DBMSSOCN;Initial Catalog=pubs;
User ID=myUsername;Password=myPassword;"

"Provider=Microsoft.Jet. OLEDB.4.0;
Data Source= \ somepath \ mydb.mdb;
Jet OLEDB:Database Password=MyDbPassword;"

"Data Source=MyOracleDB;User Id=myUsername,;
Password=passwd;Integrated Security=no;"
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Using ConnectionStringBuilder Classes

A Specific XxxConnectionStringBuilder classes can be used
when a database provider is fixed

SqlConnectionStringBuilder sqlBuilder = new
SqglConnectionStringBuilder 0;

sqlBuilder.DataSource = "(local)" ;

sqlBuilder.IntegratedSecurity = true ;

sqlBuilder.InitialCatalog = "AdventureWorks;NewValue=Bad" :

Console .WriteLine(sqlBuilder.ConnectionString);

A All specific connection string builders are derived from the
DbConnectionStringBuilder class (that allows to create

provider independent code)

DbConnectionStringBuilder builder = new
DbConnectionStringBuilder 0;

builder[ "Data Source” ]= "(local)" ;

builder[ "integrated Security" ]= true ;

builder[  "Initial Catalog" ]= "AdventureWorks;NewValue=Bad" ;

Console .WriteLine(builder.ConnectionString);
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Hard Coded Connection Strings

A Disadvantages of hard coding connection strings

A Source code must be recompiled when any parameter of a
connection to a database has been changed

A All strings (including passwords) are perfectly visible in the
disassembled code

A Storing a connection string in a common place allows to use the
connection pooling mechanism efficiently
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Using a Connection String Collection

A Add <connectionStrings> section to application's
configuration file
<connectionStrings >

<add name=" MyDatabase "
providerName =" System.Data.SqlClient
connectionString =" server=localhost;
uid=myUser; pwd=myPwd " />

</ connectionStrings >
A Use ConfigurationManager.ConnectionStrings to
read settings from this section
ConnectionStringSettings CSS =
ConfigurationManager .ConnectionStrings| "MyDatabase" ];

Console .WriteLine(  string .Format(
"Name: {0}, Provider: {1}, ConnectionString: {2}" :
css.Name, css.ProviderName, css.ConnectionString));
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Provider -Specific Connection Strings

Odbc OleDb SqlClient OracleClient
Database Server Data Source Server or Server or
Server Data Source Data Source
Username UID User ID UID or User ID
User ID
Password PWD Password PWDor Password
Password
Using Trusted Con Integrated Trusted Con Integrated
Windows login | nection Security nection or Security
Integrated
Security
Database Database Initial Database or
Catalog Initial
Catalog
Connection OLE DB Pooling Pooling
Pooling Services
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Connection Objects

A ADO.NET wraps the functionality of establishing connections
with a given database in a typical connection class

A DbConnection Is an abstract class that implements
IDbConnection Interface

System.Data.Common.DbConnection
System.Data.Odbc.OdbcConnection
System.Data.OleDb.OleDbConnection
System.Data.OracleClient.OracleConnection
System.Data.SqlClient.SqlConnection
System.Data.SqlServerCe.SglCeConnection
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IDbConnection Methods

A BeginTransaction()
A ChangeDatabase() 1 allows to change databases within
the same server

A SQL Server uses a twastep connection process, so this method
IS more efficient than reconnecting

A Open() T opens a connection and makes it ready to use
A Close() 1 closes an open connection
A Dispose() method calls Close() internally

A CreateCommand() 71 creates a Command object that will
be executed on the connection object it was created from
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IDbConnection Properties

A ConnectionString

A ConnectionTimeout I allows to specify a number of
seconds before the connection object gives up and throws an
error

A O indicates a limitless timeout (should be avoided)
Database 1 gets the name of the database

State T gets the current state of the connection

A ConnectionState enumeration;
currently available: Closed, Open
reserved for future use: Broken, Connecting,
Executing, Fetching

> >
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The DbConnection Class

A An abstract class introduced in ADO.NET 2.0
A It implements the IDbConnection Interface
AAAL . NET data providerodos conne

DbConnection class and receives all the logic implemented
In the base classes

23
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Connection Events

A All of the .NET Framework data providers have the
Connection class with two events

A InfoMessage 1 occurs when an informational message (i.e. a

message which does not result in an exception being thrown) is
returned from a data source

A StateChange 1 occurs when a state of the Connection
changes
ConnectionStringSettings CSS =
ConfigurationManager .ConnectionStrings| "MyDatabase" |;
DbProviderFactory factory =
DbProviderFactories .GetFactory(css.ProviderName);

DbConnection  conn = factory.CreateConnection();
conn.ConnectionString = css.ConnectionString;
conn.StateChange += new StateChangeEventHandler (conn_StateChange);

static void conn_StateChange( object sender, StateChangeEventArgs e) {
Console .WriteLine(  string .Format( "Changed from {0} to {1}." :
e.OriginalState, e.CurrentState));
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Connection Pooling

A Connection pooling is a mechanism of keeping a few ready-
to-use open physical network connections, implemented at
the client's side

A Itis turned on by default and is used automatically

A It can be turned off by using an appropriate parameter in the
connection string

A A connection pool is created for each unique connection
string

A ADO.NET keeps several pools concurrently, one for each
configuration

A When a pool is created, multiple connection objects are created
and added to the pool so that the minimum pool size
requirement is satisfied
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Closing Connections

A Differences between Close() and Dispose() n methods:

A CallingClose()  on a connection object enables the underlying
connection to be pooled
A Calling Dispose()  on a connection object alleviates the need
for you to call Close() on it explicitly.
A It ensures that the underlying connection can be pooled
A It also makes sure that allocated resources can now be
garbage collected

A One of these methods should be called as soon as possible
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The Connected Scenario
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The Connected Scenario

1. Connect to a data source over an ADO.NET connection
2. Send SQL commands and retrieve results
3. Close the connection
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Retrieving a Scalar Value 1 Example

<connectionStrings >
<add name=" NorthwindDb "
providerName =" System.Data.SqlClient

connectionString =" server=KMOSSAKOWSKI1 SQLEXPRESS;
uid=nu; pwd=nu; initial catalog=Northwind ">
</ connectionStrings >
ConnectionStringSettings CSS =
ConfigurationManager .ConnectionStrings| "NorthwindDb" ;
DbProviderFactory factory =
DbProviderFactories .GetFactory(css.ProviderName);

DbConnection  conn = factory.CreateConnection();
conn.ConnectionString = css.ConnectionString;

conn.Open();
DbCommandcmd = conn.CreateCommand();

cmd.CommandText = "SELECT COUNT(*) FROM Employees" ;
int  numberEmployees = (  int )cmd.ExecuteScalar();

conn.Close();
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Retrieving a Result Set 1 Example

conn.Open();

DbCommandcmd = conn.CreateCommand();
cmd.CommandText= "SELECT * FROM Employees" ;
DbDataReader reader = cmd.ExecuteReader();
if (reader.HasRows) {
while  (reader.Read()) {
Console .WriteLine(  "{0} {1} {2}" :

reader[0], /[ ?!
reader[ "FirstName" ], reader] "LastName" ]);
}
} else {
Console .WriteLine(  "No rows returned." );

}

reader.Close();

conn.Close();
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Retrieving a Result Set

A ExecuteReader() returns an object of |IDataReader
data type

A |IDataReader allows to iterate through the various rows and
columns in a result set in a read-only/forward -only fashion

A The object implementing the [DataReader interface is not
a disconnected cache of IDataRecords

A lts default behaviour 1 s t o read a | i1 tt]l e
requesting yet still remain connected to the database

A It supports a sequential access that allows you to read that
particular row/column into a stream on demand
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|IDataReader

A DataReader implements the IDataRecord interface:
A Get<<type>>, e.g. GetString(), GetInt32(),

GetBoolean() I gets record's value for a specified field
A GetName() T geta name of the field specified by a number
A GetOrdinal() I get a number of the field specified by a
name
A 1sDbNull() I check if a value is null

A it is faster than comparing to System.DBNull.Value

A Numbers vs. names of columns:
A Names are more readable, numbers are more efficient
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Command Behaviours

DbDataReader reader =
cmd.ExecuteReader( CommandBehavior .CloseConnection);

A The CommandBehavior enumeration:
Default 1 does nothing

CloseConnection I when the command is done executing, both
the DataReader and the connection are closed

Keylnfo T instructs the data reader to retrieve only column and
primary key information

SchemaOnly 1 returns only column information

SequentialAccess I useful for large amounts of data like blobs or
big XML chunks as varchars

SingleResult I returns only the first result set from multiple
results being retrieved using a batched query

SingleRow 1 fetches only one row per result set

> >

>

> >

>

>

Krzysztof Mossakowski http://  www.mini.pw.edu.pl  /~ mossakow



ADO.NET 34

Multiple Result Sets

conn.Open();

DbCommandcmd = conn.CreateCommandy();

cmd.CommandText =
"SELECT EmployeelD, LastName FROM Employees;" +
"SELECT CategorylD, CategoryName FROM Categories"

DbDataReader reader = cmd.ExecuteReader();
do {
Console WriteLine( "\ t{0} \t{1}"
reader.GetName(0), reader.GetName(1));
while  (reader.Read()) {
Console .WriteLine( "\ t{0} \t{1}"
reader.GetInt32(0), reader.GetString(1));

}
} while (reader.NextResult());

reader.Close();

conn.Close();
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Executing Non Query 1 Example

using (conn) {
try {
conn.Open();
DbCommandcmd = conn.CreateCommand();
cmd.CommandText = "INSERT INTO Categories " +
"(CategoryName) VALUES (‘test’)"
int  rows = cmd.ExecuteNonQuery();
Console .WriteLine(rows);
}
catch ( DbException  exDb){
Console .WriteLine(  "{0}, {1}, {2}, {3}"
exDb.GetType(), exDb.Source,
exDb.ErrorCode, exDb.Message);

}

catch ( Exception  ex){
Console .WriteLine(ex.Message);

}
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Using Stored Procedures 1T Example

using (conn) {
conn.Open();

DbCommandcmd = conn.CreateCommand();
cmd.CommandText = "Sales by Year" ;
cmd.CommandType = CommandTypeStoredProcedure;

DbParameter param = factory.CreateParameter();
param.ParameterName = "Beginning_Date" ;
param.Value = new DateTime (1997, 1, 1);
cmd.Parameters.Add(param);

param = factory.CreateParameter();
param.ParameterName = "Ending_Date" ;
param.Value = new DateTime (1997, 12, 31);
cmd.Parameters.Add(param);

DbDataReader reader = cmd.ExecuteReader();
while  (reader.Read()) {
Console .WriteLine(  "{0} {1} {2}" :
reader[0], reader[1], reader[2]);

}

reader.Close();
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Getting Schema Information

ColumnName = CustomerID

DataTable schemaTable = gg:“mg_rde‘”a' 5=0
u ize =
reader.GetSchemaTable(); NumericPrecision = 255
NumericScale =255
foreach (DataRow row in :222‘;*“6: - False
schemaTable.Rows) BaseServerName
{ BaseCatalogName =
) BaseColumnName = CustomerlD
fOI'eaCh ( DataCO|Umn CO|Umn In BaseSchemaName =
schemaTable.Columns) BaseTableName = =
DataType = System.String
{ _ _ AllowDBNull = False
Console .WriteLine(  "{0} = {1}" B ProviderType =10
column.ColumnName, oAlased T _
SExpression =
row[column]); Isidentity = False
} IsAutoincrement = False
. . IsRowVersion = False
Console .WriteLine(); IsHidden =
} IsLong = False

IsReadOnly = False
ProviderSpecificDataType =
System.Data.SqlTypes.SqlString
DataTypeName = nchar
XmlSchemaCollectionDatabase =
XmISchemacCaollectionOwningSchema
XmlSchemaCollectionName =
UdtAssemblyQualifiedName
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Asynchronous Executing a Reader

A Only in SQL Server

A Needs a parameter in a connection string:
"Asynchronous Processing=true"

A Methods of the SglConnection class:
A BeginExecuteNonQuery(), EndExecuteNonQuery()
A BeginExecuteReader(), EndExecuteReader()
A BeginExecuteXmlReader(), EndExecuteXmlReader()

A For databases other than SQL Server, a new thread must be
created manually
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The Disconnected Scenario
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The Disconnected Scenario

Connect to the data

Prepare an application to receive the data
Fetch the data

Display the data

Edit the data

Validate the data

Save the data

N o o kWD RE
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DataSets
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