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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
e Connection-oriented
e Connectionless



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



Application & data source: Relationship

’| MySql

>| Oracle

Application

>

ODBC

Provider
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Data providers: Enabling data access for app

* Microsoft’s layered architecture for data access

ADONET
SQL Server
Oracle ODBC OLEDB
MySQL

SQL-data Non-SQL-data
MS SQL Server, Oracle, Directory Services, Mail,
Jet, Foxpro, ... Text, Video, ...
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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)
s* ADO.NET



ADO vs ADO.NET: Comparison

ADO ADO.NET

* Connection-oriented * Connection-oriented +
connectionless

* Sequential access * Main-memory representation
with direct access

* Only one table supported * More than one table supported

* COM-marshalling  XML-marshalling



ADO.NET: Architecture

e 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.



ADO.NET: Components

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



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.



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.



NET Framework data providers & DataSet

— DataRelationCollection
— ExtendedProperties
— DataTableCollection
| e
DataRowCollection
— ChildRelations
— ParentRelations
— Constraints
DataColumnCollection
— ExtendedProperties _
DataColumn
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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
qguery, the DataReader is the better choice.

e 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 thse DataSet, and avoid the processing that is required to create and fill the contents of the
DataSet.

05.12.2023 2023/2024(1) — Web Programming | MM Irfan Subakti 13



ADO.NET: Connection architecture

connectionless connection-oriented
ADQ NET Content Companents ADO.NET Managed Providers
D *
I ReadXml
éwme)(ml
XML file ﬁo‘“’“”
Connectionless cata flow Cannection-ariented data flow
——————————————————— > -
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Connection-oriented vs Connectionless

e Connection-oriented
* Keeps the connection to the data base alive

* Intended for application with
e Short running transactions
* Only a few parallel accesses
* Up-to-date data

* Connectionless
* No permanent connection to the data source
e 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



ADO.NET: Assembly & Namespaces

e ADO.NET access involved two kind of libraries
* Assembly

System.Data.dll

* Namespaces

System.Data
System.Data.Common
System.Data.OleDb
System.Data.SqlClient
System.Data.SqlTypes
System.Data.Odbc
System.Data.OracleClient
System.Data.SqlServerCe

General data types

Classes for implementing providers
OLE DB provider

Microsoft SQL Server provider
Data types for SQL Server

ODBC provider (since .NET 1.1)
Oracle provider (since .NET 1.1)
Compact Framework



Connection-oriented



Connection-oriented: Architecture

* DbConnection NET Application
* Represents connection to the data source 1
i DbCommand . ADO.NCT Connected Mode!
* Represents a SQL command DataReader
. I
o DbTra nsaction DbCommand H DbTransaction
e Represents a transaction ' |
e Commands can be executed within a transaction DbConnection
: i

* DataReader —
* Results of a database query g

* Allows sequential reading of rows o
Database
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Class hierarchy

e General interface definitions

* IDbconneCtiOn ‘!DbConnection
* IDbCommand 1DbCommand
° |DbTra nsaction ":Db?’ransacuon
* IDataReader M——
* Special implementations s e— I
* OleDb: implementation for OLEDB oot SoiConnection | | OrecleConnection|
° Sql |mp|ementat|on for SQL Server OchbCommard] 8qlCemmand '_OraclcCommand‘

OleDbTransaction SqlTransacliovl QracleTransaction

* Oracle: implementation for Oracle
e Odbc: implementation for ODBC
e SglCe: implementation for SQL Server CE database

QOleDbDataReader SglDataReader " Cracle DataReader’
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Microsoft SQL Server: Download & install

Software X SQL Server 2019
Education

Developer Edition
B Downloading install package...

|
SQL Server 2019 Developer

Build, test, and demonstrate applications in a non-production
environment with this full-featured edition of SQL Server 2019

Build, test, and demo apps in non-production environments. Alll Getting Started with SQL S DeVe|Oper Ed IJEIOﬂ

Running rules...

SQL Server 2019

Eﬂterprise Edition features available. ¥ =] i SOLS you are connecting to SOL Server from a remate machine, the

Operating System siered e focsted urees foldes Installation has completed successfully!

Windows INSTANCE NAME CONMNECTION STRING
MSSQLSERVER = terTrus

Product language

English SQL ADMINISTRATORS SOL SERVER INSTALL LOG FOLDER
IRFANLAPTOR\Irfan

System

64 bit FEATURES INSTALLED

SQLENGINE NU

VERSION N RESOURCES FOLDER

15.0.2000.5, RTM

A computer restart is required to complete your installation.

e
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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.



SSMS: Download & install

RELEASE 18.10
Microsoft SQL Server Management Studio
with Azure Data Studio

Welcome. Click “Install” to begin.

Location:

DA\Program\SQL Server Management Studic 18

By clicking the "Install” button, | acknowledge that | accept the Pri
the License Terms for SQL Server Management Studio and /

SQL Server Management Studio transmits information about your installation experience, as well as other

usage and performance data, to Microsoft to help improve the product. To learn more about data processing

Install Close

05.12.2023

RELEASE 18.10
Microsoft SQL Server Management Studio
with Azure Data Studio

Cancel
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Setup Completed

Alll specified components have been installed successfully.
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Example: Northwind database

* Microsoft SQL Server example: Northwind DB
 Download & restore Northwind DB, e.g., via SSMS

05.12.2023

Restoring: NORTHWND-Full Database Backup

| 1007 Stop

Select a page Script ~ | @ Hel
# General
& Files s
# Options ouree
D:northwind bak
Datab: 4
nnnnnnnnn
aaaaaaa
Restore to: The last backup taken (10 August 2011 19:46:56)
Restore pl
Backu
— icrosof ft SOL Server Management Studio x ddbase __ Toson TR ot
kkkkkkkkkk
(| YT ——

Connection
¥ IRFANLAPTOP
[IRFANLAPTOPIfan]

View connection properties

Progress
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23



Northwind database

% SQLQuery1.sql - IRFANLAPTOP.Northwind (sa (55))* - Microsoft SQL Server Managemen... QUick Launch (Ctrl+Q) Al - O X
File Edit View Project Tools Window Help

° Readlng the table 0v| B-a-2 I-'lu“|£%|Neruery ARRRE || Wl || - '||| '||p §|

Execute

E m p I OyeES, t h e n p ri nt O u t Object Explorer M.l SQlLQuerylsgl - IRF...Northwind (sa (55))* ® X

BT i. xi. G W SELECT EmployeeID, LastName, FirstName FROM Employees

d | | t h e rows b ase d on = @ IRFANLAPTOP (SQL Server 15.0.2095.3 - sa)

[= ¥ Databases
System Databases
EmployeelID, LastName
. @ MylaundryDB
and FirstName = @ Nortwins
Database Diagrams
= Tables
System Tables
FileTables
External Tables
Graph Tables B2 Results g Messages
B dbo.Categories LastName  FirstName
fA dbo.CustomerCustomerDemo Davolio Nancy
B dbo.CustomerDemographics Fuller Andrew
fA dbo.Customers
Bl dbo Employees|
= = Columns
= EmplayeelD (PK, int, not null)
B LastName (nvarchar(20), not nu

B FirstName (nvarchar(10), not nu
B Titla fonrmrchaed 300 o0l A%

1l

100% ~ 4

Leverling Janet
Peacock Margaret
Buchanan Steven
Suyama Michael
King Robert
Callahan Laura

I = I I - & TN - %

-

> Query execute...  IRFANLAPTOP (15.0 RTM) | sa (55) Northwind = 00:00:01
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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 }



B CAWINDOWSh\system32hcmd.exe — O >

Example: EmployeesReader

program.cs -+ | —

%] EmployeesReader - | %, EmployeesReader.Program ~ | ¥4 Main(
1 =using System;
2 using System.Data;
3 using System.Data.0OleDb; 25 // 3. Process result
2 26 while (reader.Read()) {
5 =namespace EmployeesReader { 27 int cols = reader.GetValues(dataRow);
6 o class Program { 28 E for (int i = 0% i f cols;"i++) { .
- // Establish connection 2; } Console.Write("| {@} ", dataRow[i]);
8 static void Main(string[] ) o{ 31 Console.WriteLine();
9 string connStr = "provider=SQLOLEDB;data source=IrfanLaptop;" 32 }
10 + "initial catalog=Northwind;user id=sa;password=123;" 33 // 4. Release resources
11 + "Trusted_Connection=true;"; 34 // --- Close reader
12 IDbConnection con = null; // Declare connection object 35 reader.Close();
13 ¢ try { 36 } catch (Exception e) {
14 // 1. Create connection object 37 Console.WritelLine(e.Message);
15 con = new OleDbConnection(connStr); 38 } finally {
16 con.Open(); // Open connection 39 ¢ try {
17 // 2. Execute command 40 ||F if (con != null) {
18 // --- Create SQL command 41 // 5. Close connection
19 IDbCommand cmd = con.CreateCommand()}; 42 // --- Close con: the connection object
20 cmd.CommandText = "SELECT EmployeeID, LastName, " + 43 con.Close();
21 "FirstName FROM Employees"; 44 }
22 // --- Execute SQL Command; result is an OleDbDataReader 45 } catch (Exception ex) {
23 IDataReader reader = cmd.ExecuteReader(); 46 Console.WritelLine(ex.Message);
24 object[] dataRow = new object[reader.FieldCount]; a7 }
43 }
49 }
50 }
51 }
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Interface IDbConnection

« ConnectionString defines data base connection <<interface>>

IDbConnection
string ConnectionString {oet; set;} P Properties
string ConnectionString
. , {get; set;}
* Open and close connection string Database {get;}
int ConnectionTimeout {get;}
void Close(), ConnectionState State {get;}
void Open(), []===— Methods
IDbTransaction 0
B i i 1 BeginTransaction();
Propertics of connection object IDbTransaction BeginTransaction
string Database {get;} (xsolationLevel 1v1);
int ConnectionTim eout {get} IDbCommand CreateCommand();

ConnectionState State {get,}
void Close();
void open();

+ Creates Command-Object
IDbCommand CreateCommand();

public enum ConnectionState {

+ Creates Transaction-Object Broken, Closed,
, Connecting, Executing,
IDbTransaction BeginTransaction(); } Fetching, Open

IDbTransaction BeginTransaction(lsolationLevel ),
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IDbConnection: Property ConnectionString

05.12.2023

Key-value-pairs separated by semicolon (;)
Configuration of the connection

— name of the provider

— 1identification of data source

— authentication of user

— other database-specific settings

e.g.: OLEDB:

"provider=SQLOLEDE, data source=127.0.0.1\WNetSDK;
initial catalog=Northwind, user id=sa, password-=, "

"provider=Microsoft Jet OLEDE 4 0,data source=c:\bin\LocalAccess40.mdb;"
"provider=-MSDAORA, data source=0ORACLERSI7, userid=0OLEDB, password=-0LEDE;"
e.g.: MS-SQL-Server:

"data source=(local)ZWetSDK; inttial catalog=Northwind, user id=53,
pooling=false; Integrated Security=SSP|; connection timout=20;"

2023/2024(1) — Web Programming | MM Irfan Subakti
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Command objects

0.1 . 1 .

iDbTransaction iDbCommand {DataParameter

1

IDbConnection

« Command objects define SQL statements or stored procedures
* Executed for a connection

* May have parameters

* May belong to a transaction
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Interface IDbCommand

05.12.2023

CommandText defines SQL statement or
stored procedure

string CommandText {Qet; set;}

Connection object
IDbConnection Connection {get; set;}

Type and timeout properties

CommandType {get; set}
int CommandTimeout {get; set;}

Creating and accessing parameters

|IDbDataParameter CreateP arametery);
|DataParameterCollection Parameters {get;)

Execution of command

IDataReader ExecuteReader(),

IDataReader ExecuteReader(CommandBehavior b),

object ExecuteS calan);
int ExecuteNonQuery();

<<interface>>
IDbCommand

[ === Properties

string CommandText {get; set;}

CommandType CommandType
{get; set;}
int CommandTimeout
{get; set;}
I0bConnection Connection
{get; set;}
IDataParametercCollection
Parameters {get;}
IDbTransaction Transaction

{get; set};
J[====- Methods
IDbDataParameter
CreateParameter();

IDataReader ExecuteReader();

IDataReader ExecuteReader
(CommandBehavior b);

object ExecuteScalar();

int ExecuteNonQuery();

public enum CommandType {
Text,
StoredProcedure,
TableDirect }

2023/2024(1) — Web Programming | MM Irfan Subakti
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ExecuteReader method

|DataReader ExecuteReader()
|DataReader ExecuteReader( ),

public enum CommandBehavior {
CloseConnection, Default, Keylnfo, SchemaOnly,
SequentialAccess, SingleResult, SingleRow

» Executes the data base query specified in CommandText
» Resultis an IDataReader object

Example:

cmd.CommandText =

"SELECT Employeel D, LastName, FirstName FROM Employees ",

|DataReader reader = cmd.ExecuteReader();
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ExecuteNonQuery method

int ExecuteNonQuery();

» Executes the non-query operation specified in CommandText
- UPDATE
— INSERT
— DELETE
- CREATE TABLE

* Result is number of affected rows

Example:

cmd.CommandText = "UPDATE Empls SET City = 'Seattle’ WHERE 1D=8",
int affectedRows = cmd.ExecuteNonQuery();
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ExecuteScalar method

object ExecuteScalar();

* Returns the value of the 1 column of the 1% row delivered by the database
query
« CommandText typically is an aggregate function

Example:

cmd.CommandText =" SELECT count(®) FROM Employees ",
int count = (int) cmd.ExecuteScalar{);
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Parameter

<<interface>>
« Command objects allow for input and 1DbCommand

output parameters , A
|DataParameterCollection

|DataParameterCollection Parameters {get;} bl

. ! Parameters
» Parameter objects specify <<interfaces>
— Name: name of the parameter S R
{i---— Properties
- Value: value of the parameter DbType S.,Ty,,e (get: set;}
- ; ParameterDirection Direction {get; set;}
DbDataType: data type of the parameter S ing Bareniieriiama fock net
— Direction: direction of the parameter object Value {get; set;}
* Input
» Qutput ér
3 <<interface>>
I i pUtOUtDUt IDbDataParameter
+ ReturnValue : .
{i---— Properties
int Size {get; set;}
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Working with parameters

1. Define SQL command with place holders
OLEDB: Identification of parameters by position (notation: "?")

OleDbCommand c¢cmd = new OleDbCommand();
cmd.CommandText = "DELETE FROM Empls WHERE EmployeelD = ?*

SQL Server: Identification of parameters by name (notation: "@naime")
SqglCommand cmd = new SglCommand(),

cmd.CommandText = "DELETE FROM Empls WHERE EmployeelD = @ID",

2. Create and add parameter
cmd Parameters. Add{ new OleDbParameter("@iD", OleDbType Bigint));

3. Assign values and execute command

cmd.Parameters["@ID"] Value = 1234,
cmd. ExecuteNonQueny();

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

35



Transactions

» ADO.NET supports transactions
» Commands are assigned to transactions

» Execution of commands are
— commuitted with Commit
— aborted with Rollback

<<interface>>
IDbCommand

IDbTransaction Transaction {get; set;}

Transaction 1

<<interface>>
IDbTransaction

//---- Properties

IDbConnection Connection {get;}
IsolationLevel IsolationLevel {get;}
/I Methods

void Commit();

void Rollback();

Connection 1

<<interface>>
|DbConnection

ibbTransaction BeginTransaction();
IDbTransaction BeginTransaction
(IsolationLevel Ivl);
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Working with transactions

1. Define connection and create Transaction object

SalConnection con = new SglConnection{connStr);
IDbTranaction trans = null;

try {
con.Open();
trans = con.BeginTransaction{lsolationLevel. ReadCommitted);

2. Create Command object, assign it to Transaction object, and execute it

IDbCommand cmd1 = con . CreateCommand();

cmd1.CommandText = "DELETE [OrderDetails] WHERE Orderld = 10258";
cmd1.Transaction = trans;

cmd1 ExecuteNonQuery();

IDbCommand cmd?2 = con . CreateCommand();

cmd2.CommandText = "DELETE Orders WHERE Orderld = 10258",
cmd2. Transaction = trans;

cmd2 ExecuteNonQuery();
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Working with transactions (continued)

3. Commit or abort transaction

trans.Commit();
catch (Exception e) {
If (trans 1= null)
trans.Rollback();

}Hfinally {
try {
con.Close();
t
}
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Isolation levels for transactions

05.12.2023

Define usage of read and write locks in transaction
ADO.NET transactions allow different isolation levels

public enum IsolationLevel {

ReadUncommitted, ReadCommitted, RepeatableRead, Serializable, . .

}

ReadUncommitted

+ Allows reading of locked data
» Dirty reads possible

ReadCommitted
(Standard)

+ Reading of locked data prohibited
* No dirty reads but phantom rows can occur
+ Non-repealabie reads

RepeatableRead

+ Same as ReadCommitled but repeatable reads

Seriazable

» Serialized access
» Phantom rows cannot occur
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DataReader

« ExecuteReader() returns DataReader object

|DataReader ExecuteReader()
|DataReader ExecuteReader{ X

« DataReader allows sequential reading of result (row by row)

ool reacy T

L

Result table of a SELECT statement

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

40



Interface |IDataReader

* Read reads next row
bool Read(),

» Access to column values using indexers

object this[int] {get;}
object this[string] {get;}

* Typed access to column values using
access methods

bool GetBoolean(int idx);
byte GetByte(int icx),

* Getting meta information

string GetDataTypeName(int i),
string GetName(int idx);
int GetOrdinal(string name);

<<interface>>
IDataRecord

/[----- Properties

int FieldCount {get;}
object this[int] {get;}
object this[string] {get;}

1 Access Methods

bool GetBoolean(int idx);

byte GetByte(int idx);

string GetDataTypeName(int i);
string GetName(int idx);

int GetOrdinal(string name);

int GetValues(object[] values);
bool IsDBNull(int idx);

<<interface>>
IDataReader

[[==== Properties
bool IsClosed {get;}
//----- Methoden
void Close();

bool Read();
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Working with [DataReader

« Create DataReader object and read rows

IDataReader reader = cmd.ExecuteReader();
while (reader.Read()) {
* Read column values into an array

object[ ] dataRow = new object[reader.FieldCount];
Int cols = reader.GetValues(dataR ow),

* Read column values using indexers

object val0 = reader[0];
object nameVal = reader["LastName"];

* Read column value using typed access method getString
string firstName = reader.getString(2),

« (Close DataReader
}

reader.Close();
05.12.2023 2023/2024(1) — Web Programming | MM Irfan Subakti
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Connectionless-oriented



Motivation & idea

* Motivation
* Many parallel, long lasting access operations
* Connection-oriented data access too costly

* |dea
e 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



Microsoft 3-tier: Architecture

05.12.2023

!
!
|
|
|
I
|
I
|

Presentation Tiel

Windows “orm

Yol
Dateset
ey
Web Form
Browser
- ~Aarass;
28
11

Business Tier (IIS or Web Service) s  Deta Tier

Catasat

Daza Data | A
dddple connection
B -~
:::; otz Daza Data i |
adapter connection ; ;
—e ] e— — |

Business t¢ Susiness ; |

—~ B |

B ZTalk, for 2xample) ,
; | 45




Connectionless data access: Architecture

connectionless connection-oriented

ADO.NET Content Components ADO.NET Managed
Providers

| ReadXml
WriteXml

XML file

Connectonless data fiow Connection-ariented data flow
-------------- - -
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DataSet

05.12.2023

Main memory data base

— relational structure

— object oriented interface
DataSet consists of

— collection of DataTables

— collection of DataRelations
DataTables consists of

— collection of DataTableColumns (= schema definition)

— collection of DataTableRows (= data)

— DefaultView (DataTableView, see later)
DataRelations

— associate two objects

— define ParentTable and ParentColumns
and ChildTable and ChildColumns
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DataSet: Structure

05.12.2023

DataSet

.Tables[.. }—»

DataTable

.Columns...

.Rows]...

.DefaultView—» DataView

schema
o S
& 2N

.Relationg]... '
[ -]_T DataRelation

dafta
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DataSet: Class diagram

05.12.2023

DataSet

Relazione | Sling Re

DataRelation

-.'--—- Fropers
:adonName {ael; selyy

[f=-— Propeites
string DatasSetName {nel; i}
Daa=ulalionsCo eclion Realations <ucl; |
DataTzbeCollection Tables g.o.}
PropetyCollechen Extend perties - _get; -
string NameSpace [ get; -

ool HasE-rors (eel;

* |Tables

DataTable

{yf=-— Properes

slring TableName (<1 }

DataRelationsCol ection ChildRelations {gel; )
DataRelztionsCo ection Pamntﬂelahons {gct_.}
CanshaintCallezbon Gonmmts <get;}
LaraCalumnlollechos Columns {get;>
NalaView DefaultView { < ;}

bocl HasErrors Jgel; }

Da':aColumn} Prlmatylt {get; cet;>
DamaRowlcllecion Rows {0}

PaeniRelalions | DztzTzoke C
ChildRelations

-1 Dal2T20le ParcntTable (o=l }

D'*taColuan ParentColumns (o=}
nildTable {cct;}

lJataCalumn[ ChlldColumns {qet;}

DataColumn

{fe=e= Prapaihes

boc! AllowDBNU {el; <=1;}

bucl AutoIncrement {yel; sel; )

int AutoIncrementSeed {o=7; 9:')

Columng  Int AutoIncrementStep -[get; set;’-

« sbrnz ColumnName {gel; <}
Type DataType [cel; 5el; |
sbrno Expression (oot sel; )
bocl ReadOnly {get; s=t:}
honl Unique {g=; s==:}

DataRow

fi==-== Properhes
<lr n DataSetName {nel; <el; .
CuluRddalicrsCulledicn Ralations |gcl;)
Cata"ableCo kection Tables {227}
* PreqeryCo lection ExtendedProperties {o=t;}
Rowe 50'N2 NameSpace %9:" '
bocl HasEr- ;e {qel;

‘ChildColumns

el
FarentZalumna
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Example: Person contacts

Concept Realisation as data set
Eeen | Conactt DataTable .Person” | ~ DataTable .Contact"
. o | | s DataColumn /D" — DataColumn /D"
| FirstName FirstName DataColumn FirstName® | *g| DataColumn _FirstName"*
} i ®
e J ,N&'L, DataColumn Name”® § g DataColumn _Name"*
| s é % DataColumn _NickName"
EMail Oly | |
. : S % DataColumn _EMail*
Phone &)= |
g. DataColumn _Phone”
P PersoniD 1
- .’ DataColumn _PersonlD*

DataSet

Implementation steps:

* Define schema
* Define data
 Access data
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Person Contacts: Define schema

» Create DataSet and DataTable "Person”

DataSet ds = new DataSet("PersonContacts");
DataTable personTable = new DataT able("Person"),

* Define column "ID" and set properties

DataColumn col = new DataColumn();
col DataType = typeof{ System Int64);
col ColumnName = "ID",

col ReadOnly =true;

col Unique = true; {f values must be unique

col Autolncrement = true; /f keys are assigned automatically
col AutolncrementSeed = -1, ff first key starts with -1

col AutolncrementStep = -1, f next key = prev. key - 1

* Add column to table and set as primary key

personTable Columns. Add(col),
personTable PrimaryKey = new DataColumn[ ] { col };
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Person Contacts: Define schema (continued)

* Define and add column "FirstName"

col = new DataColumn();

col DataType = typeof(string);
col.ColumnName = "FirstName",
personTable. Columns. Addicol);

* Define and add column "Name"

col = new DataColumn();

col DataType = typeof(string);
col . ColumnName = "Name",
personTable Columns. Add(col);

» Addtable to DataSet
ds.Tables Add{personTable);

« Create table ""Contact" in similar way
DataTable contactTable = new DataTable("Contact”);

dé.TabIes.Add(contactTabIe);
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Person Contacts: Define relation

05.12.2023

° Cl‘eate re lat ion DakzTahe Parman’ DatzTaake Covzct
DwlaSe v 0 DAl 0
P erson H aSC onta Cts DatxZoumne FrsiNare " Datalourr FisiName
. aIld add it to tlle Dataset Yataloumn Name' g ; Natalaurr Mare
i § Datalurer Nk MNan o
3 3 Uatalourr EMaIr
é: DataZourr Fhone'
-’ Datalourr Fewonil”

DataColumn parentCol = ds.Tables['Person"].Columns["1D"];
DataColumn childCol = ds.Tables["Contact"].Columns["PersonlD"];

DataRelation rel = new DataRelation{"PersonHasContacts", parentCol, childCol);
ds.Relations.Add(rel);
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Person Contacts: Define DataRow

» Create new row and assign column values

DataRow personRow = personTable NewRow(),
personRow[ 1] = "Wolfgang",
personRow['Name"] = "Beer",

* Add row to table "Person”

personTable Rows Add{row),

* Create and add row to table "Contact"

DataRow contactRow = contactTable NewR ow ();
contactRow([0] = "Wolfgang",

EbntactRow[“PersonlD"] = (long)personRow("ID"]; // defines relation
contactTable Rows.Add (row);

* Commit changes

ds.AcceptChanges();
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Person Contacts: Access data

 Iterate over all persons of personTable and put out the names

foreach (DataRow person in personTable.Rows) {
Console WriteLine{"Contacts of {0}.", person[*'Name"]);

» Access contacts through relation "PersonHasContacts"
and print out contacts

foreach (DataRow contact in person.GetChildRows{"'PersonHasContacts")) {

Console WriteLine("{0}, {1} {2}", contact[0], contact['Name'], contact["Phone"] );

}
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DataSet: Change management

e DataSets maintain all changes
* Changes are accepted with acceptChanges
e Or discarded with rejectChanges

i.f”(ds.HasErrors) {
ds.RejectChanges();

} else {
ds.AcceptChangesi()

}
}



State diagram of a DataRow object

public RowsState {get }
° : public enum DataRowState |
Data RC?W ObJeCtS Added, Deleted, Detached, Modified, Unchanged
have different states }
row =table.NewRaw —9®
ﬁ-f
table. Rows. —
Remove(row)
table. Row Reject- — row[..] = ..
row. Ao Changes |
Delete Reject-
Changes
Added Accept- — Unchanged Modified
Changes Accept-
Accept- Changes
Changes
Re|ectChanges
Deleted T
? row.Delete
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DataRowVersion

DataSets store different versions of data row values:

public enum DataRowVersion {
Current, Original, Proposed, Default

}
Current: current values
Original: original values
Proposed: proposed values (values which are cumrently processed)
Default: standard, based on DataRowState
DataRowState Default
Added, Modified, Unchanged Current
Deleted Original
Detached Proposed
Example:
bool hasOriginal = personRow.HasVersion{DataRowVersion.Original);
if (hasOriginal) {
string originalName = personRow{"Name", DataRowVersion.Original];
}
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Exception handling

 ADO.NET checks validity of operations on DataSets
* And throws DataException$s



DataView

» DataViews support views of tables

RowFilter: Filtering based on filter
expression

RowStateFilter: Filtering based on row
states

Son: Sorting based on columns

« DataView supports
— changing data rows

— fast search (based on sorted columns)

» DataView objects can be displayed by
GUI elememts
- e.g. DataGrd

DataViaw

N Proparhies

bool AllowDelete {nes; set;

bool AllowEdit {gct; sot; 3

honl AllowNew <ger: s=1 ¢

int Count juel; b

DataTable Table {3et>

strng RowFiiter <qet; }

DutuVicwRowStute RowStateFilter {oct, sct:}
str'ng Sort {ger.:?

DataRowView this|int| {get;}

H-=-— Methots

DalaRowVicw AddNcw()

vod Delete( int index )

Int Finel object key )

DutaRuwVizw|] FindRows( cojuct key )

e *
DatrRowVicw

#{---— Fropariies

abject this|int] (el el }
ohjact this[m'ingj {o=t; =et;}
st 00 DataSetName {ne; ety
DutaVicw View {uct; }

DaraRnw Row {get:}
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DataView: Working with

» Create DataView object and set filter and sorting criteria

DataView a_kView = new DataView(personTable),
dataView RowFilter = "FirstName <= "K'
dataView RowStateFilter =
DataViewR owState Added | DataViewR owState ModifiedCurrent;
dataView Sort = "Name ASC", {f sort by Name in ascending order

« Display data in DataGrid
DataGrid grid = new DataGrid();
Qﬁd.DataSource = dataView,
» Fast search for row based on "Name" column

inti = a_kView Find{"Beer"),
grid. Select(i);
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Database access with DataAdapter



Architecture

connectionless connection-oriented
« DataAdapter for connection to
date source ADO.NET Content ADO.NET Managed
: Ay Components Providers
Fill: Filling the DataSet
- DataSet | DataAdapter
Update: Wnting back changes LA prer—
UpdateCommand
« DataAdapters use Command
; InsertCommand
objects Update
Se|eCtC0m m and 1 DeleteCommand
l
InsetCommand e
DeleteCommand +

| ReadXml

UpdateCommand WriteXm 0

) Verbindungsloser Datenfluss Verbindungsornientierter Datenfluss
05.12.202: i i - 63

XML file



DataAdapter: Class diagram

==interface>>
IDstsAdspter

{i—-— Properlies

MissingSchemaAction MissingSchemaAction {oet; set;’
MissingMappingaclion MissingMappingAction {yel; sel;}
ITableMappingCollection TableMappings {o=t; ]}

f—-— Melhoce

1t Fill (DatzSet s);

il Update (Da.aScl ds);

DataAdapter

DbDataAdapter

.’j"—'— r"E'ILhOdS zzinterfaces>s>

it Fill (DataSet dt);
it Flll {DataTable dt); IDbDataAdapter

int Fill [DataSet ds, string tahle);

- S i ; {f-=-— Proparhes

D ock (o W Siaet ML, SRNG Seae) IDECommand SelectCommand (get; set;}

it umm DataTable Ht'l; IDECammand InsertCammand {get; =t -

int Update (DataSat ds, string table); IDECommand DeleteCommand {get; set; }
il Update (DalaRow|] rows); IDECommand UpdateCommand {get; set;?

—-t

05.12.2023 QleDbDataAdapler SqyIDatandapler QracleDatandapter




DataAdapter: Loading data

05.12.2023

« Create DataAdapter object and set SelectCommand

|DbDataAdapter adapter = new OleDbDataAdapter(),
OleDbCommand cmd = new OleDbCommand();

cmd.Connection = new OleDbConnection ("provider=SQLOLEDB,; ..");

cmd.CommandText = "SELECT * FROM Person";
adapter. SelectCommand = cmd;

* Read data from data source and fill DataTable “"Person”

adapter Fill{ds, "Person"};

» Accept or discard changes
» Delete DataAdapter object

If (ds.HasErrors) ds RejectChanges();
else ds. AcceptChanges(),
If (adapter is IDisposable) ((IDisposable)adapter).Dispose();
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DataAdapter: Loading schema & data

05.12.2023

« Create DataAdapter object and set SelectCommand

|DbDataAdapter adapter = new OleDbDataAdapter();
OleDbCommand cmd = new OleDbCommand();
cmd.Connection = new OleDbConnection ("provider=SQLOLEDB; ..");

cmd.CommandText = "SELECT * FROM Person; SELECT * FROM Contact™

adapter. SelectCommand = cmd;

« Define action for missing schema and mapping to tables

adapter MissingSchemaAction = MissingSchemaAction AddWithiKey;
adapter. TableMappings. Add('Table", "Person"),
adapter. TableMappings. Add('Table1", "Contact");

+ Read data from data source and fill DataTable "Person"
adapter Fill{ds),

» Accept or discard changes; delete DataAdapter object

If {ds.HasErrors) ds.RejectChanges(),
else ds. AcceptChangesi),
If (adapter is IDisposable) ((IDisposable)adapter).Dispose();
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DataAdapter: Writing back changes

» Changes are written back with Update method

+ Update-, Insert- and DeleteCommand define how changes are
written

« CommandBuilder can create Update-, Insert- und DeleteCommand
from SelectCommand automatically (in simple cases )

» Conflict management for updates:

— comparison of data in DataTable and data source

— 1n case of conflict DBConcurrencyException is thrown
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DataAdapter: Writing back changes (cont’d)

» Create DataAdapter with SELECT expression

OleDbConnection con = new OleDbConnection {("provider=SQLOLEDB; ...");
adapter = new OleDbDataAdapter("SELECT * FROM Person”, con);

» Create update commands using CommandBuilder

OleDbCommandBuilder cmdBuilder = new OleDbCommandBuilder(adapter);

» Call Update and handle conflicts

try {
adapter Update(ds, tableName);

} catch (DBConcurrencyException) {
{f Handle the error, e.g. by reloading the DataSet

t
adapter.Dispose();
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DataAdapter: Event handling

» Two events signaled on updates for each data row
- OnRowUpdating: just before updating the data source
- OnRowlUpdated: just after updating the data source

public sealed class OleDbDataAdapter | DbDataAdapter, IDbDataAdapter

{
public event RowUpdating,

public event 7 Rowlpdated;

}
public delegate void OleDbRowUpdatedEventHandler( object

OleDbRowUpdatedEventArgs )

¥
public sealed class OleDbRowlUpdatedEventArgs . RowlUpdatedEventArgs {

public Row {get;}
public StatementType {get;}

public Status {get; set;}

}
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DataAdapter: Event handling example

» Define handler methods

private void onRowUpdating(object sender, OleDbRowlUpdatedEventArgs args) {
Console WriteLn{"Updating row for {0}", args. Row[1]);

1
private void onRowlUpdated{object sender, OleDbRowlpdatedEventArgs args) {

h

» Add delegates to events of DataAdapter
OleDbDataAdapter adapter = new OleDbDataAdapter();

da RowUpdating += new OleDbRowUpdatingEventHandler(this. OnRowUpdating):
da Rowlpdated += new OleDbRowUpdatingEventHandler(this. OnRowlUpdated),
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Integration with XML



Integration DataSets & XML

« DataSets and XML are highly integrated

— senalizing DataSets as XML data

— XML documents as data sources for DataSets

— schemas for DataSets defined as XML schemas

— strongly typed DataSets generated from XML schemas

— access to DataSets using XML-DOM interface

» Integration of DataSets and XML used in distributed systems, e.g., web
services

— (see Microsaoft 3-Tier Architecture)
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Writing & reading XML data

» Methods for writing and reading XML data

public class DataSet : MarshalByValueComponent, IListSource,
ISupportinitialize, ISerializable {

public WriteXml( i
public WriteXml( string fileName );
public WriteXml{ TextVWriter writer),
public WriteXml{ Xml\Writer writer ),
public WriteXml( , AmiWriteMode m );
public ReadXml ( 1]
public ReadXml { string fileName ),
public ReadXml { Text\Writer writer);
public ReadXml { Xmvriter writer ),
public ReadXml { . AmIReadMode m J;

}

public enum XmIWriteMode {DiffGram, IgnoreSchema, WriteSchemat

public enum XmIReadMode {
Auto, DiffGram, lgnoreSchema, ReadSchema, InferSchema, Fragment }
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Writing & reading XML data: Example

<?xml version="1.0" standalone="yes" 2>
. <PersonContacts>
» Write data to XML file iy
<ID>1</ID>

ds.writeXML("personcontact.xml"); <FirstNane>Wolfgang</FirstNanme>
<Namne>Beer< /Namne>

</Person>
<Person>

» Read data from XML SIDaRe/ T

<FirstName>Dietrich</FirstName>
— with XmIReadMode .Auto a N e

= 2 </Person>
schema is generated automatically <Contact>

<ID>1</ID>
DataSet ds = new DataSet(); <FirstName>Dietrich</FirstName>

" " <Nane>Bir uber < /Nane>
ds.readXML{"personcontact.xml", PR S el

XmIReadMode.Auto); <EMail>didi@dotnet.jku.at</EMail>
<Phone>1133</Phone>
<PersonlID>2</PersonlD>

</Contact>

<Contact>
<ID>2<£/1ID>
<FirstNane>Wolfgang</FirstName>
<Nane>Beer< /Name>

<PersonlID>1</PexrsonlID>
</Contact>
< /PersonContacts>
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DataSet & XML schema

» DataSets allow reading and writing XML schemas
— WriteXmlSchema: Writes XML schema
— ReadXmlSchema: Reads XML schema and constructs DataSet
— InferXmlSchema: Reads XML data and infers schema from the data

oublic  WriteXmiSchema ( )

public WriteXmlISchema ( string fileName J;

public WriteXmiISchema ( TextVriter writer),
(

public WriteXmISchema { XmlVWriter writer ),

public ReadXmiSchema | |
public ReadXmiSchema ( string fileName );
public ReadXmlISchema ( Text\Writer writer);
public ReadXmiSchema ( XmlVWriter writer ),

public InferXmiSchema ( , string[] namespaces },
public InferXmISchema ( string fileName, string[] namespaces ),
public InferXmliSchema { TextVWriter writer, string[] namespaces ),
public InferXmlSchema { XmlWriter writer, string[] namespaces ),
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Typed DataSets

05.12.2023

Typed DataSets provide typed data

dCCCSS

Tool Xsd.exe generates classes
from XML schema

xsd.exe personcontact. xsd

idataset

Classes define properties for typed

access to rows, columns, and
relations

2023/2024(1)

DataSet

Tables

DataTable

Rows|”

DataRow

PersonContacts

FersonDataTable Person {g2t)
ContactDataTable Contact {gel;)

Contact | 1
ContactDataTable

Person 1
PersonDataTable

PersonDataRow this[int] {get;}
PerconDalaRav NewPersonRow (B>

AddPersonRow [ PereanDataRaw raw);

-

ContactRow
PersonRow GEtCDn-'ﬂ.F'f )
Rowsi)
[{=-= Proparties
long Id {gel; sel;}
strirg FirstName - fget: *-.F','-}
strirg Name {gg set;}
ContactRow([] ContactRows()
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Typed DataSets: Example

05.12.2023

» Data access in conventional DataSet

DataSet ds = new DataSet("PersonContacts");
DataTable personTable = new DataTable{"Person);

ds.Tables Add(personTable);

DataRow person = personTable NewRow();
personTable Rows. Add{person),
person[‘'Name'] = "Beer";

ﬁérson GetChildRows("PersonHasContacts")[0]['Name"] = "Beer”,

» Data access in typed DataSet

PersonContacts typedDS = new PersonContacts();
PersonTable personTable = typedDS Person;
Person person = personTable NewPersonR owi );
personTable AddPersonRow{person);

person Name = "Beer"”,

person.GetContactRows()[0] Name = "Beer",
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Access to DataSets using XML-DOM

« XmilDataDocument allows access over XML-DOM interface
* Synchronisation of changes in XmlDataDocument and DataSet

Example:
« Create XmlDataDocument object for DataSet objekt
« Change data in DataSet

XmiDataDocument xmlDoc = new XmlDataDocument(ds);

DataTable table = ds Tables["Person’].
table Rows Find(3)["Name"] = "Changed Namel";

+ Access changed data from XmlDataDocument object

XmiElement root = xmIDoc DocumentElement;

XmiNode person = root. SelectSingleNode( "descendant .Person[ID="37");
Console WriteLine("Access via XML \n" + person OuterXml);
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Preview of ADO.NET 2.0



ADO.NET 2.0

» Extended interfaces
» Tight coupling with MS SQL Server 9.0 {,,Yukon*)

New features are {(many only available for MS SQL Server 9.0):

05.12.2023

bulk copy operation

Midtiple Active Resuit Sets (MARXS)
asynchronous execution of database operations
batch processing of database updates

paging through the result of a query
ObjectSpaces
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Bulk copy operation

» Inserting a large amount of data in one operation {only for MS SQL Server)
» Provided by class SqlBulkCopyOperation

Example

1. Define data source
SqlConnection sourceCon = new SglConnection{conString); sourceCon.Open();

SqlCommand sourceCmd = new SglCommand{"SELECT * FROM Customers” sourceCon);

IDataReader sourceReader = sourceCmd ExecuteReader();

2. Define target
SqlConnection targetCon = new SglConnection{conString); targetCon Open();

3. Copy datafrom source to target in one operation

SqlBulkCopyOperation bulkCmd = new SqlBulkCopyOperation{targetCon);
bulkCmd.DestinationTableName = "Copy Customers”,
bulkCmd WriteDataReaderToServer{sourceReader);
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Multiple Active Result Sets (MARS)

05.12.2023

» So far only one DataReader for one connection allowed
« ADO.NET 2.0 allows several DataReaders in parallel

SglConnection con = new SglConnection{conStr);

con . Opent);

SgCommand custCmd = new SqlCommand("SELECT Customerld, CompanyName " +
"FROM Customers ORDER BY Customerld", con);

SgCommand ordCmd = new SqlCommand({"SELECT Customerld, Orderld, OrderDate " +
"FROM Orders ORDER BY Customerld, OrderDate", con);

SqlDataReader custRdr = custCmd.ExecuteReader({);

SqglDataReader ordRdr = ordCmd.ExecuteReader();

string custID = null;

while {custRdr.Read()) {// use the first reader
custlD = custRdr .GetString(0);
while {(ordRdr.Read{) && ordRdr GetString(0) == custlD ) { // use the second reader

}
}
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Asynchronous operations

» So far only synchronous execution of commands

« ADO.NET 2.0 supports asynchronous execution mode
(similar to asynchronous IO operations)

|AsyncResult BeginExecuteReader { AsyncCallback callback)
IDataReader EndExecuteReader (AsyncResult result)

|AsyncResult BeginExecuteNonQuery (AsyncCallback callback)
int EndExecuteNonQuery (|AsyncResult result)

|AsyncResult BeginExecuteXmlReader (AsyncCallback callback)
|IDataReader EndExecuteXmlReader {|AsyncResult result)
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Asynchronous operations: Example

bﬁblic class Async {
SgCommand cmd; /f command to be executed asynchronously
public void CallCmdAsync() {

SgConnection con = new SglConnection("Data Source={local \WNetSDK . ");

cmd = new SqlCommand("MyLongRunningStoredProc”, con);
cmd.CommandType = CommandType StoredProcedure;
con.Opent);

ff execute the command asynchronously

cmd.BeginExecuteNonQueryinew AsyncCallback{AsyncCmdEnded), null);

}

{f this callback method is executed when the SQL command is finished
public void AsyncCmdEnded(lAsyncResult result) {

cmd EndExecuteNonQuery(result);

{f optionally do some work based on results
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Batch processing of database updates

* So far rows are updated individually

 With ADO.NET 2.0 several rows can be updated in one batch {only
available for MS SQL Server)

» UpdateBatchSize can be specified for DataAdapter

void UpdateCategories(DataSet ds, SglConnection con) {
/f create an adapter with select and update commands
SqDataAdapter da = new SqlDataAdapter("SELECT * FROM Categories”, con);
ff the command builder creates the missing UPDATE, INSERT and DELETE commands
SgCommandBuilder cb = new SqlCommandBuilder(da);
{f set the batch size I= 1

da UpdateBatchSize = 50,

f execute the update in batch mode
da.Update(ds Tables["Categories'] )
t
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Paging

05.12.2023

« Operation ExecutePageReader allows accessing a subset of rows

ExecutePageReader{CommandBehavior b, int startRow, int pageSize)

=>» Very useful in combination with user interface controls (e.g. DataGrid)
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ObjectSpaces

* ObjectSpaces allow mapping of objects and relational data
» Mapping defined in language O Path which (based on X FPath)

Classes of ObjectSpaces

ObjectSpace: for communication with the data source

ObjectSources: list of connections to the data source

ObjectQuery: for reading objects with OPath

ObjectSet: stores the objets (similar to DataSet)

ObjectList and ObjectHolder: collections for delayed reading of objects
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ObjectSpaces: Example

public class Customer { // mapped class
public string Id; // primary key
public string Name;
public string Company,
public string Phone;
}
public class ObjectSpaceSample |
public static void Main() {
/f 1oad the mapping and data source information and create the ObjectSpace.
SgiConnection con = new SqlConnection("Data Source={local)WNetSDK, .."),
ObjectSpace os = new ObjectSpace("map.xml”, con);
/f query for objects
ObjectQuery oQuery = new ObjectQuery(typeof{Customer),”ld >= T™, "");
ObjectReader reader = 0s.GetObjectReadenoQuery);
# print result
foreach (Customer c in reader) {
Console WriteLine(c.GetType() + "),
ConsoleWriteLine("ld: " + c.Id),
Console WriteLine("Name: " + c.Name),
Console WriteLine("Fhone: " + c.Phone);
}
reader.Close(),
con.Close(),

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

88



MyADO (1

[ MyADO vI‘%M}rADO.ngram 'IE’a Main(string[] args)
1 ©using System;

2 using System.Data;

3

4 Enamespace MyADO {

5 é class Program {

6 é static void Main(string[] args) {

7 // Create DataSet ds & DataTable "Person”

8 DataSet ds = new DataSet("PersonContacts");

9 DataTable personTable = new DataTable("Person™);
10 // Define the column "ID" and its properties
11 DataColumn col = new DataColumn();
12 col.DataType = typeof(System. )
13 col.ColumnName = "ID";
14 col.ReadOnly = true;
15 col.Unique = true;
16 col.AutoIncrement = true;
17 col.AutoIncrementSeed = 1;
18 col.AutoIncrementStep = 1;
19 // Add the column to the table and set the PK (Primary Key)
20 personTable.Columns.Add(col);

21 personTable.PrimaryKey = new DataColumn[] { col };
22 // Define the other column and add it to the table
23 col = new DataColumn();

24 col.DataType = typeof(string);

25 col.ColumnName = "FirstName";

26 personTable.Columns.Add(col);
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MyADO (2)

05.12.2023

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "LastName";
personTable.Columns.Add(col);

// Add the table to the DataSet
ds.Tables.Add(personTable);

// Create DataTable "Contact”

DataTable contactTable = new DataTable("Contact™);
// Define the column "ID" and its properties

col = new DataColumn();

col.DataType = typeof(System. )

col.ColumnName = "ID";

col.ReadOnly = true;

col.Unique = true;

col.AutoIncrement = true;

col.AutoIncrementSeed = 1;

col.AutoIncrementStep = 1;

// Add the column to the table and set the PK (Primary Key)
contactTable.Columns.Add{col);
contactTable.PrimaryKey = new DataColumn[] { col };
// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "FirstName";
contactTable.Columns.Add{col);
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MyADO (3)

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
30
81
32

05.12.2023

// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "LastName";
contactTable.Columns.Add(col);

// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "NickName";
contactTable.Columns.Add(col);

// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "Email";
contactTable.Columns.Add(col);

// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "Phone";
contactTable.Columns.Add(col);

// Define the column "PersonID"” and add it to the table
col = new DataColumn();

col.DataType = typeof(System. )
col.ColumnName = "PersonID";
contactTable.Columns.Add(col);

// Add the table to the DataSet
ds.Tables.Add(contactTable);
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83 // Define the relationship

84 DataColumn parentCol = ds.Tables["Person”].Columns["ID"];

85 DataColumn childCol = ds.Tables["Contact"].Columns["PersonID"];
86 DataRelation rel = new DataRelation("PersonHasContacts™,

87 parentCol, childCol);

88 ds.Relations.Add(rel);

89

99 // Data operation: add a data to the table "Person”

91 // Define a new row & its values

92 DataRow personRow = personTable.NewRow();

93 //personRow[ "FirstName"] = "Wolfgang";

94 personRow[1] = "Wolfgang";

95 personRow[ "LastName"] = "Beer";

96 // Add the row to the table

97 personTable.Rows.Add(personRow);

98

99 // Data operation: add a data to the table "Contact”

100 // Define a new row & its values

101 DataRow contactRow = contactTable.NewRow();

102 contactRow["FirstName"] = "Wolfgang";

103 contactRow["LastName"] = "Beer";

104 contactRow[ "Phone”] = "88123456783";

105 contactRow[ "PersonID"] = (long)personRow["ID"]; // Defines a relation
106 // Add the row to the table
1687 contactTable.Rows.Add(contactRow);
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// Accept the changes permanently, if there's no errors
if (ds.HasErrors) {

ds.RejectChanges();
} else {

ds.AcceptChanges();

h

// Access the DataSet
Console.Writeline("Table: Person");
Console.WriteLine(™ ID FirstName LastName");
foreach (DataRow person in personTable.Rows) {
Console.WritelLine("{®@,3} {1,10} {2,10}",
person["ID"], person["FirstName"], person["LastName"]);
¥
// Other method
Console.WritelLine("\nTable: Contact™);
Console.Writeline(" FirstName LastName Phone  PersonID");
foreach (DataRow contact in personRow.GetChildRows("PersonHasContacts™)) {
Console.Writeline("{0,10} {1,108} {2,180} {3,10}",
contact["FirstName"], contact["LastName"],
contact["Phone"], contact["PersonID"]);
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// DataRowVersion example

Console.Writeline("\nDataRowVersion example");

bool hasOriginal =
personRow.HasVersion(DataRowVersion.Original);

if (hasOriginal) {
string originalName = (string) personRow["LastName", DataRowVersion.Original];
Console.WritelLine("LastName: " + originalName);
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BN CAWINDOWS\system32iemd.exe — O %

FerzonlD
|




myanoz.ase -+ > [

1 <%@ Page Language="C#" AutoEventWireup="true"” CodeFile="MyADO2.aspx.cs"” Inherits="MyADO2" %>

2
3 <IDOCTYPE html>
MyADO?2 (1)
\y/ 5 <html xmlns="http://www.w3.0rg/1999/xhtml">
6 <head runat="server">
7 <title>My ADO2</title>
8 </head>
9 <body>
10 <form id="forml"™ runat="server">
11 <div>
12 <asp:GridView ID="GridViewl" runat="server"
13 CellPadding="3"
14 AutoGenerateColumns="False">
15 <Columns>
16 <asp:BoundField DataField="ID" HeaderText="ID" />
17 <asp:BoundField DataField="FirstName" HeaderText="First Name" />
18 <asp:BoundField DataField="LastName" HeaderText="Last Name" />
19 </Columns>
20 <fasp:GridView>
21 <br />
22 <asp:Button ID="Buttonl" runat="server" OnClick="Buttonl Click™ Text="Button" />
23 <fdiv>
24 </form>
25  </body>
26 </html>
1M00% - @ Mo issues found 1 L4 Lm: 27 Ch: 1
ID First Name Last Name

Databound | Databound | Databound
Databound Databound  Databound
Databound | Databound | Databound
Databound Databound  Databound
Databound | Databound | Databound

Button I
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myanozasprcs = |

) 2_MyADOZ.aspx -| %3 MyADO2 -| &, Profile
I\/I A D O 2 2 1 ©using System;
y 2 [using System.Data;
3
4 =public partial class MyADO2 : System.Web.UI.Page {
5 B protected void Buttonl Click(object sender, EventArgs e) {
6 // Create DataSet ds & DataTable "Person”
7 DataSet ds = new DataSet("PersonContacts");
8 DataTable personTable = new DataTable("Person™);
9 // Define the column "ID" and its properties
1@ DataColumn col = new DataColumn();
11 col.DataType = typeof(System. )
12 col.ColumnName = "ID";
13 col.ReadOnly = true;
14 col.Unique = true;
15 col.AutoIncrement = true;
16 col.AutoIncrementSeed = 1;
17 col.AutoIncrementStep = 1;
18 // Add the column to the table and set the PK (Primary Key)
19 personTable.Columns.Add(col);
20 personTable.PrimaryKey = new DataColumn[] { col };
21 // Define the other column and add it to the table
22 col = new DataColumn();
23 col.DataType = typeof(string);
24 col.ColumnName = "FirstName";
25 personTable.Columns.Add(col);
26 // Define the other column and add it to the table
27 col = new DataColumn();
28 col.DataType = typeof(string);
29 col.ColumnName = "LastName";
30 personTable.Columns.Add(col);
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31 // Add the table to the DataSet

32 ds.Tables.Add(personTable);

33

34 // Create DataTable "Contact™

35 DataTable contactTable = new DataTable("Contact");
36 // Define the column "ID" and its properties

37 col = new DataColumn();

38 col.DataType = typeof(System. )

39 col.ColumnName = "ID";

49 col.ReadOnly = true;

41 col.Unique = true;

42 col.AutoIncrement = true;

43 col.AutoIncrementSeed = -1;

44 col.AutoIncrementStep = -1;

45 // Add the column to the table and set the PK (Primary Key)
46 contactTable.Columns.Add(col);

47 contactTable.PrimaryKey = new DataColumn[] { col };
48 // Define the other column and add it to the table
49 col = new DataColumn();

50 col.DataType = typeof(string);

51 col.ColumnName = "FirstName";

52 contactTable.Columns.Add(col);

53 // Define the other column and add it to the table
54 col = new DataColumn();

55 col.DataType = typeof(string);

56 col.ColumnName = "LastName";

57 contactTable.Columns.Add(col);
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// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "NickName";
contactTable.Columns.Add(col);

// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "Email";
contactTable.Columns.Add(col);

// Define the other column and add it to the table
col = new DataColumn();

col.DataType = typeof(string);

col.ColumnName = "Phone";
contactTable.Columns.Add(col);

// Define the column "PersonID" and add it to the table
col = new DataColumn();

col.DataType = typeof(System. )
col.ColumnName = "PersonID";
contactTable.Columns.Add(col);

// Add the table to the DataSet
ds.Tables.Add(contactTable);

// Define the relationship

DataColumn parentCol = ds.Tables["Person”].Columns["ID"];

DataColumn childCol = ds.Tables["Contact"].Columns["PersonID"];

DataRelation rel = new DataRelation("PersonHasContacts™,
parentCol, childCol);

ds.Relations.Add(rel);
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114
115
116
117
118
119
120
121
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// Data operation: add a data to the table
// Define a new row & its values

DataRow personRow = personTable.NewRow();
personRow[1] = "Wolfgang";

personRow[ "LastName"] = "Beer";

// Add the row to the table
personTable.Rows.Add(personRow);

// Data operation: add a data to the table "Contact”

// Define a new row & its values

DataRow contactRow = contactTable.NewRow();
contactRow["FirstName"] = "Wolfgang";
contactRow[ "LastName"] = "Beer”;
contactRow[ "Phone"] = "08123456789";

contactRow[ "PersonID"] = (long)personRow["ID"]; // Defines a relation

// Add the row to the table
contactTable.Rows.Add(contactRow);
/2

// Add a data to the table "Person”
// Define a new row & its values
personRow = personTable.NewRow();
personRow[1] = "Maria";
personRow["LastName"] = "Sharapova”;
// Add the row to the table
personTable.Rows.Add(personRow);

// Add a data to the table "Contact”
// Define a new row & its values
contactRow = contactTable.NewRow();
contactRow[ "FirstName"] = "Maria”;
contactRow["LastName"] = "Sharapova";
contactRow[ "Phone”] = "B8555555555";

"Person”

contactRow[ "PersonID"] = (long)personRow["ID"];

contactTable.Rows.Add(contactRow);
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// Add a data to the table "Person”

// Define a new row & its values
personRow = personTable.NewRow();
personRow[ "FirstName"] = "Anna";
personRow[ "LastName"] = "Kournikova";
// Add the row to the table
personTable.Rows.Add(personRow);

// Add a data to the table "Contact”
// Define a new row & its values
contactRow = contactTable.NewRow();
contactRow["FirstName"] = "Anna";
contactRow[ "LastName"] = "Kournikova";
contactRow[ "Phone"] = "88333333333";
contactRow[ "PersonID"] = (long)personRow["ID"];
contactTable.Rows.Add(contactRow);

// Accept the changes permanently, if there's no
if (ds.HasErrors) {

ds.RejectChanges();
} else {

ds.AcceptChanges();

h

2023/2024(1) — Web Programming | MM Irfan Subakti

errars

101



MyADO?2 (7

146
147
148
145
156
151
152
153
154
155
156
157
158
159
1606
161
162
163
164
165
166

05.12.2023

// DataView

DataView dataView = new DataView(personTable);

//dataView.RowFilter = "FirstName < 'N'";

//dataView.RowStateFilter = DataViewRowState.Added | DataViewRowState.ModifiedCurrent;
dataView.Sort = "LastName ASC™;

// GridView

GridvViewl.DataSource = dataView;

GridViewl.DataBind();

GridViewl.HeaderStyle.BackColor = System.Drawing.Color.LightBlue;
GridViewl.AlternatingRowStyle.BackColor = System.Drawing.Color.LightYellow;

//int 1 = dataView.Find("Sharapova");
//int i = dataView.Find("Kournikova");
int i = dataView.Find("Beer");
if (1 »>=0) {
GridViewl.Rows[i].BackColor = System.Drawing.Color.Yellow;
¥

2023/2024(1) — Web Programming | MM Irfan Subakti

102



MyADOZ2: Output

& My ADO? x 4+

C @ localhost54973/MyADO2.aspx ® & @ & % @ :

@ MyADO2 x  +

<« C @ localhost54973/MyADO2.aspx ® &% © ¢ % @ :

Wolfgang |Beer

Anna Kournikova

ID |First Name| Last Name
1
3
2

Maria Sharapova
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summary

ADO.NET

05.12.2023 2023/2024(1) — Web Programming | MM Irfan Subakti 104



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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