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Introduction to ADO.NET

This article is an introduction to ADO.NET.  It introduces primary 
ADO.NET concepts and objects that you will learn about in later 
articles.

Introduction
ADO.NET is an object-oriented managed set of libraries that allows you 
to interact with data sources.  Commonly, the data source is a 
database, but it could also be a text file, an Excel spread sheet, or an 
XML file.  For the purposes of this tutorial, we will look at ADO.NET as 
a way to interact with a database. 

As you are probably aware, there are many different types of 
databases available.  For example, there is Microsoft SQL Server, 
Microsoft Access, Oracle, Sybase, and IBM DB2.  We would use MS 
SQL Server in our article as database.

ADO.NET Architecture:

Data Providers:
ADO.NET allows .net applications to interact with different types of 
data sources and different types of databases. Since different data 
sources expose different protocols, we need a way to communicate 
with the right data source using the right protocol. Hence different 
data providers are available.
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The following table outlines the four core objects that make up a .NET 
Framework data provider.

Object Description

Connection Establishes a connection to a 
specific data source.

Command Executes a command against a 
data source. Exposes Parameters 
and can execute within the scope 
of a Transaction from a 
Connection.

DataReader Reads a forward-only, read-only 
stream of data from a data 
source.

DataAdapter Populates a DataSet and resolves 
updates with the data source.

Some older data sources use the ODBC protocol, many newer data 
sources use the OLE DB protocol, and there are more data sources 
every day that allow you to communicate with them directly through 
.NET ADO.NET class libraries.

ADO.NET provides a relatively common way to interact with data 
sources, but comes in different sets of libraries for each way you can 
talk to a data source.  These libraries are called Data Providers and are 
usually named for the protocol or data source type they allow you to 
interact with.  Below table lists some well-known data providers, the 
API prefix they use, and the type of data source they allow you to 
interact with.

ADO.NET Data Providers are class libraries that allow a common way 
to interact with specific data sources or protocols.  The library APIs has 
prefixes that indicate which provider they support.

Provider 
Name

API 
prefix

Data Source Description

ODBC Data 
Provider

ODBC Data Sources with an ODBC interface.  Normally 
older databases such as Sybase.

OleDb Data 
Provider

OLE 
DB

Data Sources that expose an OLE DB interface, i.e. 
Access or Excel. Its called universal data provider 
also because we can connect almost all kind of 
data source with it.

Oracle Data Oracle For Oracle Database. It is optimized to connect 
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Provider with oracle only, so it is the best way if we have to 
use oracle database in .NET application.

Borland 
Data 
Provider

Bdp Generic access to many databases such as SQL 
Server, IBM DB2, and Oracle.

SQL Data 
Provider

Sql

For interacting with Microsoft SQL Server. It is 
optimized to connect with MS SQL Server only, so 
it is the best way if we have to use MS SQL Server 
database in .NET application.

Comparison of the .NET Framework Data Provider for SQL Server and 
the .NET Framework Data Provider for OLE DB

The Connection Object:
The connection object provides to make physical connection with the 
database. It is similar to the network connection in client 
server. Connection object is used by Command object and Adapter 
object.

The Command Object
Command object is used to send SQL statement to the data source.
There are four type of action can be taken Select, Delete, Update, and 
insert.   A command object uses a connection object to figure out 
which database is connected.

The DataReader Object
The data reader object allows you to obtain the results of a SELECT 
statement from a command object.  It is read only and forward only. 
For performance reasons, the data returned from a data reader is a 
fast forward-only stream of data.  This means that you can only pull 
the data from the stream in a sequential manner.  This is good for 
speed, but if you need to manipulate data, then a DataSet is a better 
object to work with.

The DataSet Object
DataSet objects are disconnected in-memory representations of data 
source.  They contain multiple Data table objects, which contain 
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columns and rows, just like normal data base tables.  We can even 
define relations between tables to create parent-child 
relationships. The DataSet is an object that is used by all of the Data 
Providers, which is why it does not have a Data Provider specific 
prefix.

The DataAdapter Object
The DataAdapter serves as a bridge between a DataSet and a data 
source for retrieving and saving data. It can be send to retrieve. 
Manipulate and update the data source. 

Summary
ADO.NET is the .NET technology for interacting with data sources.
Several Data Providers are available to communication with different 
data sources. Regardless, of which Data Provider used, you'll use a 
similar set of objects to interact with a data source.  The Connection 
object lets you manage a connection to a data source.  Command 
object used sending SQL statements to data source.  To have fast 
forward only, read access to data, use the DataReader.  To work with 
disconnected data source, use a DataSet and implement reading and 
writing to/from the data source with a DataAdapter.

The SqlConnection Object:

In this article we would see the how to use SqlConnection object to 
create a physical connection in between .NET application and SQL 
Server database.

Introduction:
An SqlConnection object represents a unique session to a SQL 

Server data source. It is responsible to make the physical connection 
with the data source. It is very much optimize to use SQL Server. 
Connection object keeps information about the server, database 
security, and protocol etc. Each connection represents overhead and is 
very expensive resource so we should make a connection to retrieve, 
manipulate, and change the data and close the connection after using. 
Lets consider a Web site that is being hit with hundreds of 
thousands of hits a day.  Applications that grab connections and don't 
close connection can have seriously negative impacts on performance 
and scalability. The purpose of creating an SqlConnection object is to 
enable other ADO.NET code to work with a database.  Other ADO.NET 
objects, such as an SqlCommand and an SqlDataAdapter take a 
connection object as a parameter.
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Creating a SqlConnection Object:
To connect to database we have to provide connection string to the 
SqlConnection object. Connection string contains Data Source (server 
name), Initial Catalog (database name), and security information. To 
create connection string one can use SqlConnectionStringBuilder 
object.

Connection String parameters:
Connection String 
Parameter Name

Description

Data Source Identifies the server.  Could be local machine, 
machine domain name, or IP Address.

Initial Catalog Data base name.

Integrated Security Set to SSPI to make connection with user's 
Windows login

User ID Name of user configured in SQL Server.
Password Password matching SQL Server User ID.

Integrated Security: It windows based authentication and is secure 
when you are on a single machine doing development.
e.g.
SqlConnection conn = new SqlConnection("Data Source=(local);Initial 
Catalog= Northwind; Integrated Security=SSPI;");
SQL Authentication: However, we use SQL server based authentication 
in which we have to provide user ID and password with permissions 
set specifically for the application you are using.
The following shows a connection string, using the User ID and 
Password parameters:
e.g.
SqlConnection conn = new SqlConnection("Data 
Source=DatabaseServer; Initial Catalog=Northwind; User 
ID=YourUserID; Password=YourPassword");

Notice how the Data Source is set to Database Server to indicate that 
you can identify a database located on a different machine, over a 
LAN, or over the Internet.  Additionally, User ID and Password replace 
the Integrated Security parameter.

The sequence flow of operations occurring in the lifetime of an 
SqlConnection is as follows:

Create object of SqlConnection 
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SqlConnection conn = new SqlConnection("Data 
Source=DatabaseServer; Initial Catalog=Northwind; User 
ID=YourUserID; Password=YourPassword");

Open the connection. 
conn.Open();

Pass the connection object to other ADO.NET objects. 
SqlCommand cmd = new SqlCommand("select * from Orders", conn);

Perform database operations with the other ADO.NET objects. 
SqlDataReader reader = cmd.ExecuteReader();

Close the connection. 
reader.Close();

Summary:
SqlConnection objects let. NET code knows what database to 

connect to and how to make the physical connection.  They are 
instantiated by passing a connection string with a set of key/value 
pairs that define the connection.  The steps you use to manage the 
lifetime of a connection are create, open, pass, use, and close.  Be 
sure to close your connection properly when you are done with it to 
ensure you don't have a connection resource leak.

The SqlCommand Object

We execute SELECT, INSERT, UPDATE, and DELETE using the 
command object to the database. SqlCommand object represents a 
Transact-SQL statement or stored procedure to execute against a SQL 
Server database. In this article we would see the connected 
SqlCommand object. But later when we would discus the 
SqlDataAdapter, we would talk about disconnected way.

SqlCommand implements the IDbCommand interface. IDbCommand 
Interface, which has methods like ExecuteReader(), 
ExecuteNonQuery(), ExecuteScalar(), CreateParameter(), Cancel() and 
Prepare(). The interface also has properties like Connection, 
CommandTimeout, CommandType, CommandText, Parameters and 
Transaction. We shall be discussing all these properties and methods, 
so don't worry about that.
SqlCommand: Features the following methods for executing 
commands at a SQL Server database:
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Item Description 
BeginExecuteNonQuery Initiates the asynchronous execution of the 

Transact-SQL statement or stored procedure 
that is described by this SqlCommand, 
generally executing commands such as 
INSERT, DELETE, UPDATE, and SET 
statements. Each call to 
BeginExecuteNonQuery must be paired with a 
call to EndExecuteNonQuery, which finishes 
the operation, typically on a separate thread.

BeginExecuteReader Initiates the asynchronous execution of the 
Transact-SQL statement or stored procedure 
that is described by this SqlCommand and 
retrieves one or more results sets from the 
server. Each call to BeginExecuteReader must 
be paired with a call to EndExecuteReader 
which finishes the operation, typically on a 
separate thread.

BeginExecuteXmlReader Initiates the asynchronous execution of the 
Transact-SQL statement or stored procedure 
that is described by this SqlCommand. Each 
call to BeginExecuteXmlReader must be paired 
with a call to EndExecuteXmlReader, which
finishes the operation, typically on a separate 
thread, and returns an XmlReader object.

ExecuteReader Executes commands that return rows. For 
increased performance, ExecuteReader invokes 
commands using the Transact-SQL 
sp_executesql system stored procedure. 
Therefore, ExecuteReader might not have the 
effect that you want if used to execute 
commands such as Transact-SQL SET 
statements. 

ExecuteNonQuery Executes commands such as Transact-SQL 
INSERT, DELETE, UPDATE, and SET 
statements. 

ExecuteScalar Retrieves a single value (for example, an 
aggregate value) from a database. 

ExecuteXmlReader Sends the CommandText to the Connection 
and builds an XmlReader object.
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Creating SqlCommand Object:
There are various ways to create the object of SqlCommand object. 
We would be explaining most common ways to create it.

1. Create to use Select T-SQL.
SqlCommand cmd = new SqlCommand(“Select * from Customers, 
conn);

2. We can create without any argument, but set the properties later.
SqlCommand cmd = new SqlCommand();
cmd.CommandText = "SELECT * FROM Categories ORDER BY 
CategoryID";
cmd.CommandTimeout = 15;
cmd.CommandType = CommandType.Text;
cmd.Connection = conn;

Properties:

CommandText: 
It takes the transact-SQL statement or stored procedure to execute.
CommandTimeout: 
The time in seconds is to wait for the command to execute. If SQL 
statement cannot be completed within the specified time, it would 
raise the timed out exception.
CommandType: 
Set the CommandType property to StoredProcedure, you should set 
the CommandText property to the name of the stored procedure. The 
command executes this stored procedure when you call one of the 
Execute methods.
Set CommandType property to Text, when we want to run the SQL 
statement.
The Microsoft .NET Framework Data Provider for SQL Server does not 
support the question mark (?) placeholder for passing parameters to a 
SQL Statement or a stored procedure called with a CommandType of 
Text. In this case, named parameters must be used. We would talk 
about named parameter in another article.

How to use Command Object in Connected connection environment

1.       Using ExecuteReader(): 

SqlConnection myConnection = new 
SqlConnection(myConnectionString);



A2Z Dotnet – Gain & Share Dotnet Knowledge.

SqlCommand myCommand = new SqlCommand(mySelectQuery, 
myConnection);
myConnection.Open();
SqlDataReader myReader = 
myCommand.ExecuteReader(CommandBehavior.CloseConnection);
while(myReader.Read()) 
   {
      Console.WriteLine(myReader.GetString(0));
   }
myReader.Close();

//Implicitly closes the connection because 
CommandBehavior.CloseConnection was specified.
2.       Using ExecuteNonQuery(): This method is used to insert, 
update or delete the records into database. It does return the number 
of records affected.
SqlCommand myCommand = new SqlCommand(myExecuteQuery, 
myConnection);
myCommand.Connection.Open();
myCommand.ExecuteNonQuery();
myConnection.Close();
3.       Using ExecuteScalar(): When database query requires to return 
a single value(e.g. an aggregate value). 
SqlCommand myCommand = new SqlCommand(myScalarQuery, 
myConnection);
myCommand.Connection.Open();
string svalue = Convert.ToString(myCommand.ExecuteScalar());
//if value is of string type we can get it directly. It is very fast.
myConnection.Close();

Summary
An SqlCommand object allows querying and sending commands to a 
database. It has methods that are specialized for different 
commands. The ExecuteReader method returns an SqlDataReader 
object for viewing the results of a select query. For insert, update, and 
delete SQL commands, uses the ExecuteNonQuery method. For a 
single aggregated value from a query, the ExecuteScalar is the best 
choice.

SqlDataReader Object: Used to retrieve a read-only, forward-only 
stream of data from a database. Results are returned as the query 
executes, and are stored in the network buffer on the client until you 
request them using the Read method of the DataReader. Using the 
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DataReader can increase application performance both by retrieving 
data as soon as it is available, and (by default) storing only one row at 
a time in memory, reducing system overhead.

How to Use SqlDataReader:
To create a SqlDataReader, we must call the ExecuteReader method 
of the SqlCommand object, instead of directly using a constructor.

While the SqlDataReader is being used, the associated SqlConnection 
is busy serving the SqlDataReader, and no other operations can be 
performed on the SqlConnection other than closing it. This is the case 
until the Close method of the SqlDataReader is called. For example, 
you cannot retrieve output parameters until after you call Close.

Changes made to a result set by another process or thread while data 
is being read may be visible to the user of the SqlDataReader. 
However, the precise behavior is timing dependent.
IsClose and RecordAffected are the only properties that you can call 
after the SqlDataReader is closed. Although the RecordAffected 
property may be accessed while the SqlDataReader exists, always 
call Close before returning the value of RecordAffected to guarantee an 
accurate return value.

Tip:
For optimal performance, SqlDataReader avoids creating 
unnecessary objects or making unnecessary copies of data. Therefore, 
multiple calls to methods such as GetValue return a reference to the 
same object. Use caution if you are modifying the underlying value of 
the objects returned by methods such as GetValue.

e.g.
string queryString = "SELECT OrderID, CustomerID FROM Orders";

    using (SqlConnection connection = new 
SqlConnection(connectionString))
    {
        SqlCommand command = new SqlCommand(queryString, 
connection);
        connection.Open();

        SqlDataReader reader = command.ExecuteReader();

        // Call Read before accessing data.
        while (reader.Read())
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        {
            Console.WriteLine(String.Format("{0}, {1}",
                reader[0], reader[1]));
            //or we can use we have to cast into proper type. 
IsDBNull(ordinal position of the column) is used to check whether the 
column is null.
            If(reader.IsDBNull(0))
long orderID = Convert.ToInt64(reader[“OrderID”]);

long customerID = Convert.ToInt64(reader[“CustomerID”]);

        }

        // Call Close when done reading.
       reader.Close();
    }

Summary:
SqlDataReader is read-only forward only way to access the database in 
the connected way. It is the fasted way to access the database. It is 
GetValue method for each .NET provided basic types (such as int, 
long, string etc). IsDBNull is used to check in any column value is 
System.DBNull.

DataSet and its Components:
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1. DataTable Object: A DataTable represents one table of in-memory 
relational data. DataTable is local to the .NET-based application in 
which it resides, but can be populated from a data source such as 
Microsoft SQL Server using a DataAdapter. DataTable can reside alone 
or can be part of the DataSet.
Columns and constraints represent the schema, or structure of a table. 
You define the schema of a DataTable using DataColumn objects as 
well as ForeignKeyConstraint and UniqueConstraint objects. The 
columns in a table can map to columns in a data source, contain 
calculated values from expressions, automatically increment their 
values, or contain primary key values.
In addition to a schema, a DataTable must also have rows to contain 
and order data. The DataRow class represents the actual data 
contained in a table. You use the DataRow and its properties and 
methods to retrieve, evaluate, and manipulate the data in a table. As 
you access and change the data within a row, the DataRow object 
maintains both its current and original state.

2. DataColumn Object: DataColumn represent the column in the 
table we can specify the different behavior of the column such as auto 
increment, not null and default value of the column etc.

3. Constrained Object: A constraint is a rule used to maintain the 
integrity of the data in the DataTable. e.g. when you delete a value 
that is used in one or more related tables, a ForeignConstrained 
determines whether the values in the related tables are also deleted, 
set to null values, set to default values, or whether no action occurs. A 
UniqueConstraint on the other hand, just makes sure that all values 
within a particular table are unique.
A base Constraint constructor is not used. Using the UniqueConstraint 
constructor creates primary or unique key constraints, and using the 
ForeignKeyConstraint constructor creates foreign key constraints.

4, DataRow Object: DataRow represent the actual data as a record 
of the DataTable. You use the DataRow and its properties and methods 
to retrieve, evaluate, and manipulate the data in a table. As you 
access and change the data within a row, the DataRow object 
maintains both its current and original state.

5. DataRelation Object: DataRelation is used to relate two DataTable 
objects to each other through DataColumn objects. For example, in a 
Customer/Orders relationship, the Customers table is the parent and 
the Orders table is the child of the relationship. This is similar to a 
primary key/foreign key relationship.
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Relationships are created between matching columns in the parent and 
child tables. That is, the DataType value for both columns must be 
identical.
When a DataRelation is created, it first verifies that the relationship 
can be established. After it is added to the DataRelationCollection, the 
relationship is maintained by disallowing any changes that would 
invalidate it. Between the period when a DataRelation is created and 
added to the DataRelationCollection, it is possible for additional 
changes to be made to the parent or child rows. An exception is 
generated if this causes a relationship that is no longer valid.

6. DataSet Object:
The DataSet is an in-memory representation of data retrieved from a 
database, is a major component of the ADO.NET architecture. The 
DataSet consists of a collection of DataTable objects that you can 
relate to each other with DataRelation objects.
You can create parent-child relationships between tables using one or 
more related columns in the tables. You create a relationship between 
DataTable objects using a DataRelation. DataRelation objects can then 
be used to return the related child or parent rows of a particular row.
A DataSet can read and write data and schema as XML documents. 
The data and schema can then be transported across HTTP and used 
by any application, on any platform that is XML-enabled.

SqlDataAdapter Object:

The SqlDataAdapter serves as a bridge between a DataSet and SQL 
Server for retrieving and manipulating data. SqlDataAdapter is an 
intermediary object that populates an ADO.NET DataSet object with 
data that is retrieved from a SQL Server database and then updates 
the database to reflect the changes (such as inserts, updates, and 
deletes) that are made to the data by using the DataSet object.

The InsertCommand, the UpdateCommand, and the DeleteCommand 
properties of the SqlDataAdapter object update the database with the 
data modifications that are run on a DataSet object. These properties 
are SqlCommand objects that specify the INSERT, the UPDATE, and 
the DELETE Transact-SQL commands that are used to post the dataset 
modifications to the target database. The SqlCommand objects that 
are assigned to these properties can be created manually in code or 
automatically generated by using the SqlCommandBuilder object.

The SqlDataAdapter provides this bridge by mapping Fill method, 
which changes the data in the DataSet to match the data in the data 
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source, and Update method, which changes the data in the data 
source to match the data in the DataSet, using the appropriate 
Transact-SQL statements against the data source. The update is 
performed on a by-row basis. For every inserted, modified, and 
deleted row, the Update method determines the type of change that 
has been performed on it (Insert, Update, or Delete). Depending on 
the type of change, the Insert, Update, or Delete command template 
executes to propagate the modified row to the data source. When the 
SqlDataAdapter fills a DataSet, it creates the necessary tables and 
columns for the returned data if they do not already exist.

You may have the SqlDataAdapter create the schema of the DataSet, 
including primary key information, before filling it with data using 
FillSchema method.
We have seen SqlDataReader to retrieve/change the records in the 
connected environment in the previous articles. Now we would see 
how to retrieve/change data in the disconnected environment using 
the SqlDataApdapter. 

SqlDataAdapter opens the connection and fills the DataTable or 
DataSet and closes the connection. Similarly while updating the SQL 
Server SqlDataAdapter opens the connection, update the data source 
and disconnect the connection.

e.g.

// 1. create the connection object
SqlConnection conn = new SqlConnection("Server=(local); 
DataBase=Northwind; Integrated Security=SSPI");

// 2. create new DataSet
DataSet dsCustomers = new DataSet();

// 3. create SqlDataAdapter with select command and connection
SqlDataAdapter daCustomers = new SqlDataAdapter("select * from 
Customers", conn);

// 4. create the command builder to generate the update, insert, 
delete command to update the changes to database
SqlCommandBuilder cmdBldr = new
SqlCommandBuilder(daCustomers);

// 4. fill the dataset
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daCustomers.Fill(dsCustomers, "Customers");

//5. Make the changes(edit, delete, and addtion) into the DataSet 
records.

//5a. to edit the existing row values
DataTable dtCustomer = dsCustomers.Tables["Customers"];
DataRow dr = dtCustomer.Rows[0];

dr.BeginEdit();
dr["CompanyName"] = " ABC Inc";
dr.EndEdit();

//5b. to delete the existing row 
dr = dtCustomer.Rows[1];
dr.Delete();

//5a. to add new row
dr = dtCustomer.NewRow();
dr["CompanyName"] = " ABC Inc";
//add other fields value.

dtCustomer.Rows.Add(dr);

//6. push the changes ToolBar database
daCustomers.Update(dsCustomers, "Customers");

Summary:
SqlDataAdapter create a bridge to fill a DataSet and Update changes 
back to the database.  You dont open and close the SqlConnection 
because the SqlDataAdapter does it automatically.  An 
SqlCommandBuilder creates insert, update, and delete commands 
based on the changes in the DataSet. Fill method is used to populate a 
DataSet with data.  Update method is used to push changes from 
DataSet back to a database.

How to Call Stored Procedure:

In this article we would explain how to call stored procedure to get the 
data from the SQL Server database.
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Stored procedure is the pre compiled set of SQL instructions. When we 
call the stored procedure we only pass the stored procedure name 
along with the argument required by the stored procedure. So it takes 
less number of information to be sending over the network. So pre 
compilation of the stored procedure and very less information to send 
over the network makes application fast. Its always a good idea to 
have to stored procedures in the applications. Second benefit to using 
stored procedure in the application is that we can fix the bugs in 
stored procedure without affecting the application.

Execute the stored procedure:

//1. Create the SqlCommand
SqlCommand cmd = new SqlCommand(“sp name “, SqlConnection 
object);

2// set property commandType as StoredProcedure
cmd.CommandType = CommandType.StoredProcedure;

1. Execute stored procedure-using ExecuteReader to get records:

SqlConnection conn = new SqlConnection("Connection String");
SqlCommand cmd = new SqlCommand();
SqlDataReader reader;

cmd.CommandText = "StoredProcedureName";
cmd.CommandType = CommandType.StoredProcedure;
cmd.Connection = conn;

conn.Open();
reader = cmd.ExecuteReader();
// Data is accessible through the DataReader object here.
while(reader.Read())
{
     //read data
}

conn.Close();

2. Execute stored procedure-using ExecuteScalar to get only one 
value:
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SqlConnection conn = new SqlConnection("Your Connection String");
SqlCommand cmd = new SqlCommand();
cmd.CommandText = "StoredProcedureName";
cmd.CommandType = CommandType. StoredProcedure;
cmd.Connection = conn;
conn.Open();
Object returnValue = cmd.ExecuteScalar();
conn.Close();

3. Execute stored procedure-using ExecuteNonQuery to update, 
delete, or insert records:
SqlConnection conn = new SqlConnection("Your Connection String");
SqlCommand cmd = new SqlCommand();
cmd.CommandText = "StoredProcedureName";
cmd.CommandType = CommandType.StoredProcedure;
cmd.Connection = conn;
conn.Open();
Int32 rowsAffected = cmd.ExecuteNonQuery();
conn.Close();
  

4. Execute stored procedure-using DataAdapter to retrieve records:

SqlConnection conn = new SqlConnection("Your Connection String");
SqlCommand cmd = new.SqlCommand("sp_name", conn);
cmd.CommandType = CommandType.StoredProcedure;
cmd.CommandTimeout = 300; // 5 minutes
DataTable dt = new DataTable();

SqlDataAdapter adp = new SqlDataAdapter(cmd);
adp.Fill(dt);

Summary: We have seen how to call the stored procedure using 
command object. Key is to set the CommandType to 
CommandType.StoredProcedure.


