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ADO.NET: What is that?

• Technology used .NET for accessing data structured, where this 
technology handling different data source into a single interface

• Uniform object oriented interface for different data sources
• Relational database
• XML data
• Any other data sources: text, CSV, etc.

• ADO.NET technology designed for web-based distributed applications

• Two kind of accessing data models
• Connection-oriented
• Connectionless
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Universal data access: Data uniformity

• Object-Oriented Programming concept extended to data
• Data can be seen as an object→ its source doesn’t matter anymore

• Need a bridge (like an Application Programming Interface – API, in 
programming) to access data source via a provider
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Application & data source: Relationship
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Data providers: Enabling data access for app

• Microsoft’s layered architecture for data access

05.12.2023 2023/2024(1) – Web Programming | MM Irfan Subakti 5



Universal data access (Microsoft): History of

• Prior to ADO.NET, there was ADO (ActiveX Data Objects) technology

• It’s Microsoft’s technology for accessing data source

❖ ODBC

❖ OLE DB

❖ ADO (ActiveX Data Objects)

❖ ADO.NET
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ADO vs ADO.NET: Comparison

ADO

• Connection-oriented

• Sequential access

• Only one table supported
• COM-marshalling

ADO.NET

• Connection-oriented + 
connectionless

• Main-memory representation 
with direct access

• More than one table supported
• XML-marshalling
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ADO.NET: Architecture

• Data processing has traditionally relied primarily on a connection-
based, two-tier model.

• As data processing increasingly uses multi-tier architectures, 
programmers are switching to a disconnected approach to provide 
better scalability for their applications.
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ADO.NET: Components

• The two main components of ADO.NET for accessing and 
manipulating data are
• .NET Framework data providers, and

• DataSet.
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.NET Framework data providers

• The .NET Framework Data Providers are components that have been explicitly 
designed for data manipulation and fast, forward-only, read-only access to data.

• The Connection object provides connectivity to a data source.

• The Command object enables access to database commands to return data, 
modify data, run stored procedures, and send or retrieve parameter information.

• The DataReader provides a high-performance stream of data from the data 
source.

• Finally, the DataAdapter provides the bridge between the DataSet object and the 
data source.
• The DataAdapter uses Command objects to execute SQL commands at the data source to 

both load the DataSet with data and reconcile changes that were made to the data in the 
DataSet back to the data source.
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DataSet

• The ADO.NET DataSet is explicitly designed for data access 
independent of any data source.

• As a result, it can be used with multiple and differing data sources, 
used with XML data, or used to manage data local to the application.

• The DataSet contains a collection of one or more DataTable objects 
consisting of rows and columns of data, and also primary key, foreign 
key, constraint, and relation information about the data in the 
DataTable objects.
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.NET Framework data providers & DataSet
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DataReader or DataSet?

• When you decide whether your application should use a DataReader or a DataSet, consider the 
type of functionality that your application requires. Use a DataSet to do the following:
• Cache data locally in your application so that you can manipulate it. If you only need to read the results of a 

query, the DataReader is the better choice.
• Remote data between tiers or from an XML Web service.
• Interact with data dynamically such as binding to a Windows Forms control or combining and relating data 

from multiple sources.
• Perform extensive processing on data without requiring an open connection to the data source, which frees 

the connection to be used by other clients.

• If you do not require the functionality provided by the DataSet, you can improve the performance 
of your application by using the DataReader to return your data in a forward-only, read-only 
manner.

• Although the DataAdapter uses the DataReader to fill the contents of a DataSet, by using the 
DataReader, you can boost performance because you will save memory that would be consumed 
by the DataSet, and avoid the processing that is required to create and fill the contents of the 
DataSet.
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ADO.NET: Connection architecture
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Connection-oriented vs Connectionless

• Connection-oriented
• Keeps the connection to the data base alive
• Intended for application with

• Short running transactions
• Only a few parallel accesses
• Up-to-date data

• Connectionless
• No permanent connection to the data source
• Data cached in main memory
• Changes in main memory  changes in data source
• Intended for application with

• Many parallel and long lasting accesses, e.g., web applications
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ADO.NET: Assembly & Namespaces

• ADO.NET access involved two kind of libraries
• Assembly

• System.Data.dll

• Namespaces
• System.Data General data types

• System.Data.Common Classes for implementing providers

• System.Data.OleDb OLE DB provider

• System.Data.SqlClient Microsoft SQL Server provider

• System.Data.SqlTypes Data types for SQL Server

• System.Data.Odbc ODBC provider (since .NET 1.1)

• System.Data.OracleClient Oracle provider (since .NET 1.1)

• System.Data.SqlServerCe Compact Framework
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Connection-oriented
ADO.NET
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Connection-oriented: Architecture

• DbConnection
• Represents connection to the data source

• DbCommand
• Represents a SQL command

• DbTransaction
• Represents a transaction
• Commands can be executed within a transaction

• DataReader
• Results of a database query
• Allows sequential reading of rows
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Class hierarchy

• General interface definitions
• IDbConnection
• IDbCommand
• IDbTransaction
• IDataReader

• Special implementations
• OleDb: implementation for OLEDB
• Sql: implementation for SQL Server
• Oracle: implementation for Oracle
• Odbc: implementation for ODBC
• SqlCe: implementation for SQL Server CE database
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Microsoft SQL Server: Download & install
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SQL Server Management Studio (SSMS)

• SQL Server Management Studio (SSMS) is an integrated environment 
for managing any SQL infrastructure, from SQL Server to Azure SQL 
Database. SSMS provides tools to configure, monitor, and administer 
instances of SQL Server and databases. Use SSMS to deploy, monitor, 
and upgrade the data-tier components used by your applications, and 
build queries and scripts.

• Use SSMS to query, design, and manage your databases and data 
warehouses, wherever they are - on your local computer, or in the 
cloud.
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SSMS: Download & install
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Example: Northwind database

• Microsoft SQL Server example: Northwind DB

• Download & restore Northwind DB, e.g., via SSMS
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Northwind database

• Reading the table 
Employees, then print out 
all the rows based on 
EmployeeID, LastName
and FirstName
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Connection-oriented data access: Pattern

1. Declare the connection

try {

1. Request connection to database

2. Execute SQL statements

3. Process result

4. Release Resources

} catch (Exception) {

Handle exception

} finally {

try {

5. Close connection

} catch (Exception) {

{ Handle exception }

}

}
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Example: EmployeesReader
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Interface IDbConnection
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IDbConnection: Property ConnectionString
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Command objects
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• Command objects define SQL statements or stored procedures

• Executed for a connection

• May have parameters

• May belong to a transaction



Interface IDbCommand
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ExecuteReader method
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ExecuteNonQuery method
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ExecuteScalar method
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Parameter
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Working with parameters
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Transactions
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Working with transactions
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Working with transactions (continued)
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Isolation levels for transactions
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DataReader
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Interface IDataReader
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Working with IDataReader
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Connectionless-oriented
ADO.NET
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Motivation & idea

• Motivation
• Many parallel, long lasting access operations

• Connection-oriented data access too costly

• Idea
• Caching data in main memory

• “main memory database”

• Only short connections for reading & updates
• DataAdapter

• Main memory database independent from data source
• Conflicting changes are possible
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Microsoft 3-tier: Architecture
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Connectionless data access: Architecture
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DataSet
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DataSet: Structure
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DataSet: Class diagram
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Example: Person contacts
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Person Contacts: Define schema
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Person Contacts: Define schema (continued)
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Person Contacts: Define relation
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Person Contacts: Define DataRow
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Person Contacts: Access data
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DataSet: Change management

• DataSets maintain all changes

• Changes are accepted with acceptChanges

• Or discarded with rejectChanges
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State diagram of a DataRow object

• DataRow objects 
have different states
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DataRowVersion
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Exception handling

• ADO.NET checks validity of operations on DataSets

• And throws DataExceptions
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DataView
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DataView: Working with
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Database access with DataAdapter
ADO.NET
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Architecture
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DataAdapter: Class diagram
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DataAdapter: Loading data
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DataAdapter: Loading schema & data
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DataAdapter: Writing back changes
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DataAdapter: Writing back changes (cont’d)
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DataAdapter: Event handling
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DataAdapter: Event handling example
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Integration with XML
ADO.NET
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Integration DataSets & XML
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Writing & reading XML data
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Writing & reading XML data: Example
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DataSet & XML schema
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Typed DataSets
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Typed DataSets: Example
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Access to DataSets using XML-DOM

05.12.2023 2023/2024(1) – Web Programming | MM Irfan Subakti 78



Preview of ADO.NET 2.0
ADO.NET
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ADO.NET 2.0
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Bulk copy operation
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Multiple Active Result Sets (MARS)
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Asynchronous operations
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Asynchronous operations: Example
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Batch processing of database updates
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Paging
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ObjectSpaces
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ObjectSpaces: Example
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MyADO (1)
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MyADO (2)
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MyADO (3)
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MyADO (4)
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MyADO (5)
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MyADO (6)
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MyADO: Output

05.12.2023 2023/2024(1) – Web Programming | MM Irfan Subakti 95



MyADO2 (1)
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MyADO2 (2)
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MyADO2 (3)

05.12.2023 2023/2024(1) – Web Programming | MM Irfan Subakti 98



MyADO2 (4)
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MyADO2 (5)
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MyADO2 (6)

05.12.2023 2023/2024(1) – Web Programming | MM Irfan Subakti 101



MyADO2 (7)
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MyADO2: Output

05.12.2023 2023/2024(1) – Web Programming | MM Irfan Subakti 103



Summary
ADO.NET
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Summary

• Connection-oriented data access model
• For applications with only a few parallel, short running transactions

• Object-oriented interface abstracts from data source

• Access to database by SQL commands

• Connectionless data access model
• For applications with many parallel, long running transactions

• DataSet as main memory database

• DataAdapter is used as connector to the data source

• Tight integration with XML

• Well integrated in the .NET Framework, e.g., WebForms, WinForms
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