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Introduction
• We will use SQL Server, which is a Database 

System from Microsoft.
• We will create Applications in Visual Studio 

and C# that communicates with the SQL Server 
Database.

• We will create  Windows Forms Desktop 
Applications.
– Applications that Writes Data to the SQL Server.
– Applications that Reads Data from the SQL Server.



What is a Database?
• A Database is a structured way to store lots of information.  
• The information inside the database is stored in different 

tables.
• - “Everything” today is stored in databases!
Examples:
• Bank/Account systems 
• Information in Web pages such as Facebook, Wikipedia, 

YouTube, etc.
• Online Web Shops
• … lots of other examples!



Database Systems

DatabaseSQL

SQL – Structured Query Language

Database 
Management 

System 
(DBMS) 

We communicate with the Database using a Database 
Management System (DBMS). We use the Structured Query 
Language (SQL) to communicate with the Database, i.e., Insert 
Data, Retrieve Data, Update Data and Delete Data from the 
Database.
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Install SQL Server Express

Mixed Mode is recommended



Install SQL Server Management Studio



Login to SQL Server Management Studio

Choose between:
• SQL Server Authentication
• Windows Authentication (the current 

Windows account credentials are used for 
authentication)

Here the “sa” user is used. If you select “Mixed mode” during 
installation of SQL Server Express, you need to specify the Password 
for the “sa” user. In general, better to create additional SQL users in 
the SQL Server Management  Studio and use that instead of “sa”.



SQL Server Management Studio

Server Name

Databases

Here you can write SQL queries for 
inserting, retrieving, updating and delete 
data from the database.

Here you see the results 
from the SQL query.



Structured Query Language (SQL)
• Structured Query Language (SQL) is used to 

write, read and update data from the 
Database System

• You can use SQL inside the “SQL Server 
Management Studio” or inside your Visual 
Studio C# App. 

• SQL Example: “select * from SCHOOL” 



SQL Examples
• insert into STUDENT (Name , Number, SchoolId)

values ('John Smith', '100005', 1)

• select SchoolId, Name from SCHOOL

• select * from SCHOOL where SchoolId > 100

• update STUDENT set Name='John Wayne' where StudentId=2

• delete from STUDENT where SchoolId=3

Query Examples:

We have 4 different  Query Types: INSERT, SELECT, UPDATE and DELETE
CRUD: C – Create or Insert Data, R – Retrieve (Select) Data, U – Update Data, D – Delete Data



Database

CREATE TABLE SENSOR

( 

SensorId int  NOT NULL  IDENTITY (1,1),

SensorName varchar(50)  NOT NULL,

SensorType varchar(50)  NOT NULL

)

We will create a Database called “SENSORSYSTEM” and create the following Table:

Note! This is a very simplified example, typically we create multiple tables.
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Windows Forms Application



Microsoft.Data.SqlClient
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“Write Sensor Data” App

When clicking “Save”, data 
entered in the TextBoxes will be 
saved in the SQL Server Database.

INSERT INTO SENSOR (SensorName, SensorType) VALUES ('Sensor1', 'Temperature') 

The following SQL query will be executed in the C# code:



Database

CREATE TABLE SENSOR

( 

SensorId int  NOT NULL  IDENTITY (1,1),

SensorName varchar(50)  NOT NULL,

SensorType varchar(50)  NOT NULL

)



Visual Studio



Connection String

string connectionString = "Server=Hans-Petter\\SQLEXPRESS; 

Database=SENSORSYSTEM;

Integrated Security=True;

TrustServerCertificate=True";

The Connection String to connect to the Database can be written in 
many ways. Here is some examples (There are many other ways also):

string connectionString = "Server=Hans-Petter\\SQLEXPRESS; 

Database=SENSORSYSTEM;

Uid=sa;

Pwd=YourPassword;

TrustServerCertificate=True";

Windows Authentication (the current Windows account credentials are used for authentication):

SQL Server Authentication:

Here the “sa” user is used. If you select “Mixed mode” during 
installation of SQL Server Express, you need to specify the Password 
for the “sa” user. In general, better to create additional SQL users in 
the SQL Server Management  Studio and use that instead of “sa”.



C#



C#
using System;
using System.Windows.Forms;
using Microsoft.Data.SqlClient;

namespace SensorSystem
{

public partial class Form1 : Form
{

public Form1()
{

InitializeComponent();
}

private void btnSave_Click(object sender, EventArgs e)
{

string sensorName = txtSensorName.Text;
string sensorType = txtSensorType.Text;

string connectionString = "Data Source=Hans-Petter\\SQLEXPRESS;Initial Catalog=SENSORSYSTEM;Integrated
Security=True;TrustServerCertificate=True";

string sqlQuery = "INSERT INTO SENSOR (SensorName, SensorType) " +
"VALUES (" + "'" + sensorName + "'" + "," + "'" + sensorType + "'" + ")";

SqlConnection con = new SqlConnection(connectionString);

con.Open();
SqlCommand sc = new SqlCommand(sqlQuery, con);
sc.ExecuteNonQuery();
con.Close();

}
}

}

Form1.cs



Step 2: Create Method
private void btnSave_Click(object sender, EventArgs e)

{

SaveData();

}

private void SaveData()

{
string sensorName = txtSensorName.Text;

string sensorType = txtSensorType.Text;

string connectionString = "Data Source=Hans-Petter\\SQLEXPRESS;Initial
Catalog=SENSORSYSTEM;Integrated Security=True;TrustServerCertificate=True";

string sqlQuery = "INSERT INTO SENSOR (SensorName, SensorType) " +
"VALUES (" + "'" + sensorName + "'" + "," + "'" + sensorType + "'" + ")";

SqlConnection con = new SqlConnection(connectionString);
con.Open();
SqlCommand sc = new SqlCommand(sqlQuery, con);
sc.ExecuteNonQuery();
con.Close();

}

Form1.cs: Here is a separate 
Method “SaveData()” is made 

to improve Code Quality



Step 3a: Create a Class
using Microsoft.Data.SqlClient;

namespace SensorSystem.Classes

{

class Sensor

{

public void SaveSensorData(string sensorName, string sensorType)

{

string connectionString = "Data Source=Hans-Petter\\SQLEXPRESS;Initial Catalog=SENSORSYSTEM;Integrated

Security=True;TrustServerCertificate=True";

string sqlQuery = "INSERT INTO SENSOR (SensorName, SensorType) " +

"VALUES (" + "'" + sensorName + "'" + "," + "'" + sensorType + "'" + ")";

SqlConnection con = new SqlConnection(connectionString);

con.Open();

SqlCommand sc = new SqlCommand(sqlQuery, con);

sc.ExecuteNonQuery();

con.Close();

}

}

}

Here is a separate Class “Sensor” 
and a Method “SaveSensorData()” 

made to improve Code Quality



Step 3b: Use the Class
private void btnSave_Click(object sender, EventArgs e)

{

SaveData();

}

private void SaveData()

{

string sensorName = txtSensorName.Text;

string sensorType = txtSensorType.Text;

Sensor sensor = new Sensor();

sensor.SaveSensorData(sensorName, sensorType);

}

Then we use the Class and 
Method in “Form1.cs”



Step 4a: Create Stored Procedure

IF EXISTS (SELECT name 
   FROM   sysobjects 
   WHERE  name = 'SaveSensor' 
   AND   type = 'P')
DROP PROCEDURE SaveSensor
GO

CREATE PROCEDURE SaveSensor
@SensorName varchar(50),
@SensorType varchar(50)
AS

INSERT INTO SENSOR (SensorName, SensorType) VALUES (@SensorName, @SensorType)
GO

Create Stored Procedure “SaveSensor” in SQL Server Management Studio:



Step 4a: Create Stored Procedure



Step 4b: Use Stored Procedure
using System.Data;
using Microsoft.Data.SqlClient;

namespace SensorSystem.Classes
{

class Sensor
{

public void SaveSensorData(string sensorName, string sensorType)
{

string connectionString = "Data Source=Hans-Petter\\SQLEXPRESS;Initial
Catalog=SENSORSYSTEM;Integrated Security=True;TrustServerCertificate=True";

SqlConnection con = new SqlConnection(connectionString);
con.Open();

SqlCommand cmd = new SqlCommand("SaveSensor", con);
cmd.CommandType = CommandType.StoredProcedure;

cmd.Parameters.Add(new SqlParameter("@SensorName", sensorName));
cmd.Parameters.Add(new SqlParameter("@SensorType", sensorType));

cmd.ExecuteNonQuery();
con.Close();

}
}

}

Sensor.cs



Step 5a: Create App.config

We will create an “App.config” for and put 
the Connection String inside that file.



App.config

<?xml version="1.0" encoding="utf-8" ?>
<configuration>

<connectionStrings>
<add name="DatabaseConnectionString" connectionString="Server=Hans-Petter\SQLEXPRESS;
Database=SENSORSYSTEM;Integrated Security=True;TrustServerCertificate=True"
providerName="System.Data.SqlClient" />

</connectionStrings>

</configuration>



Step 5b: Use App.config
using System.Data;
using Microsoft.Data.SqlClient;
using System.Configuration;

namespace SensorSystem.Classes
{

class Sensor
{

public void SaveSensorData(string sensorName, string sensorType)
{

string connectionString = ConfigurationManager.ConnectionStrings["DatabaseConnectionString"].ConnectionString;

SqlConnection con = new SqlConnection(connectionString);
con.Open();

SqlCommand cmd = new SqlCommand("SaveSensor", con);
cmd.CommandType = CommandType.StoredProcedure;

cmd.Parameters.Add(new SqlParameter("@SensorName", sensorName));
cmd.Parameters.Add(new SqlParameter("@SensorType", sensorType));

cmd.ExecuteNonQuery();
con.Close();

}
}

}

Sensor.cs
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Get Data from Database
We will create different Applications:
a) Get Data into TextBoxes
b) Get Data into into a ListBox and a 

ComboBox
c) Get Data into into a DataGridView



“Read Sensor Data” App

When clicking “Read”, data from 
the SQL Server Database will be 
shown in the TextBoxes.

SELECT SensorName, SensorType FROM SENSOR WHERE SensorId = 1 

The following SQL query will be executed in the C# code:



Database

CREATE TABLE SENSOR

( 

SensorId int  NOT NULL  IDENTITY (1,1),

SensorName varchar(50)  NOT NULL,

SensorType varchar(50)  NOT NULL

)



Windows Forms Application



Connection String

string connectionString = "Server=Hans-Petter\\SQLEXPRESS; 

Database=SENSORSYSTEM;

Integrated Security=True;

TrustServerCertificate=True";

The Connection String to connect to the Database can be written in 
many ways. Here is some examples (There are many other ways also):

string connectionString = "Server=Hans-Petter\\SQLEXPRESS; 

Database=SENSORSYSTEM;

Uid=sa;

Pwd=YourPassword;

TrustServerCertificate=True";

Windows Authentication (the current Windows account credentials are used for authentication):

SQL Server Authentication:

Here the “sa” user is used. If you select “Mixed mode” during 
installation of SQL Server Express, you need to specify the Password 
for the “sa” user. In general, better to create additional SQL users in 
the SQL Server Management  Studio and use that instead of “sa”.



Code
using System;
using System.Windows.Forms;
using Microsoft.Data.SqlClient;

namespace SensorSystem
{

public partial class Form1 : Form
{

public Form1()
{

InitializeComponent();
}

private void btnRead_Click(object sender, EventArgs e)
{

string connectionString = ”Server=Hans-Petter\\SQLEXPRESS;Initial Catalog=SENSORSYSTEM;Integrated
Security=True;TrustServerCertificate=True";

string sqlQuery = "select SensorName, SensorType from SENSOR WHERE SensorId=1";

SqlConnection con = new SqlConnection(connectionString);
con.Open();

SqlCommand cmd = new SqlCommand(sqlQuery, con);
SqlDataReader dr = cmd.ExecuteReader();

if (dr.Read()) {
txtSensorName.Text = dr["SensorName"].ToString();
txtSensorType.Text = dr["SensorType"].ToString();

}
con.Close();

}
}

}



“Read Sensors” App

When clicking “Read”, data from 
the SQL Server Database will be 
shown in the ListBox.

ListBox

Here we use a ListBox



C
od

e
using System;
using System.Windows.Forms;
using Microsoft.Data.SqlClient;

namespace SensorSystem
{

public partial class Form1 : Form
{

public Form1()
{

InitializeComponent();
}

private void btnRead_Click(object sender, EventArgs e)
{

string connectionString = "Data Source=Hans-Petter\\SQLEXPRESS;Initial Catalog=SENSORSYSTEM;Integrated Security=True;TrustServerCertificate=True";

string sqlQuery = "select SensorName from SENSOR";
SqlConnection con = new SqlConnection(connectionString);
con.Open();

SqlCommand cmd = new SqlCommand(sqlQuery, con);
SqlDataReader dr = cmd.ExecuteReader();

lstSensors.Items.Clear();
if (dr != null)
{

while (dr.Read())
{

string sensor = dr["SensorName"].ToString();
lstSensors.Items.Add(sensor);

}
}
con.Close();

}
}

}



“Read Sensors” App 2

• The “SensorType” ComboBox are filled 
with Data from the SQL Server Database. 

• When Selecting a specific “SensorType”, 
we get available  “Sensors” from the SQL 
Server Database

Here we use a ComboBox and a ListBox



Form1.cs
using System;
using System.Windows.Forms;
using Microsoft.Data.SqlClient;

namespace SensorSystem
{

public partial class Form1 : Form
{

string connectionString = “server=Hans-Petter\\SQLEXPRESS;Initial Catalog=SENSORSYSTEM;Integrated
Security=True;TrustServerCertificate=True";

public Form1()
{

InitializeComponent();
GetSensorTypes();

}

private void cboSensorTypes_SelectedIndexChanged(object sender, EventArgs e)
{

string sensorTypeSelected = cboSensorTypes.SelectedItem.ToString();
GetSensors(sensorTypeSelected);

}

… (see next page)



GetSensorTypes()
private void GetSensorTypes()
{

string sqlQuery = "select distinct SensorType from SENSOR order by SensorType";

SqlConnection con = new SqlConnection(connectionString);
con.Open();

SqlCommand cmd = new SqlCommand(sqlQuery, con);
SqlDataReader dr = cmd.ExecuteReader();

cboSensorTypes.Items.Clear();
if (dr != null)
{

while (dr.Read())
{

string sensorType = dr["SensorType"].ToString();
cboSensorTypes.Items.Add(sensorType);

}
}
con.Close();

}



GetSensors()
private void GetSensors(string sensorTypeSelected)
{

string sqlQuery = "select SensorName from SENSOR where SensorType = '" + sensorTypeSelected +  
"' order by SensorName";

SqlConnection con = new SqlConnection(connectionString);
con.Open();

SqlCommand cmd = new SqlCommand(sqlQuery, con);
SqlDataReader dr = cmd.ExecuteReader();

lstSensors.Items.Clear();
if (dr != null)
{

while (dr.Read())
{

string sensor = dr["SensorName"].ToString();
lstSensors.Items.Add(sensor);

}
}

con.Close();
}



“Read Sensors” App 2b - Class

We will improve code structure by 
creating a separate Class called 
“Sensor” and move most of the 
code into that class.



using Microsoft .Data.SqlClient;

using Sy stem.Collect ions.Generic;

namespace SensorSy stem.Classes

{

public class Sensor

{
string connec tionString = "Data Source=Hans-Petter\\SQLEXPRESS ;Init ial Catalog=SENSORSYSTEM;Integrated Security=True;TrustServ erCertificate=True";

public List<string> GetSensorTy pes()

{

string sqlQuery = "select  distinct SensorType from SENSOR order by  SensorType";

SqlConnection con = new SqlConnection(connec tionString);

con.Open();

SqlCommand cmd = new SqlCommand(sqlQuery, con) ;
SqlDataReader dr = cmd.ExecuteReader();

List<string> itemsSensorTypes = new List<string>();

if (dr != null)
{

while (dr.Read())

{

string sensorType = dr["SensorType"].ToString();

itemsSensorTypes.Add(sensorType);
}

}

con.Close();

return itemsSensorTypes;

}

public List<string> GetSensors(string sensorTypeSelected)

{

string sqlQuery = "select  SensorName from SENSOR w here SensorType = '" + sensorTypeSelected + "' order by  SensorName";

SqlConnection con = new SqlConnection(connec tionString);

con.Open();

SqlCommand cmd = new SqlCommand(sqlQuery, con) ;

SqlDataReader dr = cmd.ExecuteReader();

List<string> itemsSensors = new List<string>();

if (dr != null)

{
while (dr.Read())

{

string sensor = dr["SensorName"].ToString();

itemsSensors.Add(sensor);

}
}

con.Close();

return itemsSensors;

}

}
}

Sensor.cs



using System;
using System.Collections.Generic;
using System.Windows.Forms;
using SensorSystem.Classes;

namespace SensorSystem
{

public partial class Form1 : Form
{

public Form1()
{

InitializeComponent();
GetSensorTypes();

}

private void cboSensorTypes_SelectedIndexChanged(object sender, EventArgs e)
{

string sensorTypeSelected = cboSensorTypes.SelectedItem.ToString();
GetSensors(sensorTypeSelected);

}

private void GetSensorTypes()
{

//See Next Pages
}

private void GetSensors(string sensorTypeSelected)
{

//See Next Pages
}

}
}

Form1.cs



private void GetSensorTypes()
{

cboSensorTypes.Items.Clear();

Sensor sensor = new Sensor();

List<string> itemsSensorTypes = new List<string>();
itemsSensorTypes = sensor.GetSensorTypes();

foreach (string sensorType in itemsSensorTypes)
{

cboSensorTypes.Items.Add(sensorType);
}

}

GetSensorTypes()



private void GetSensors(string sensorTypeSelected)
{

lstSensors.Items.Clear();

Sensor sensor = new Sensor();

List<string> itemsSensors = new List<string>();
itemsSensors = sensor.GetSensors(sensorTypeSelected);

foreach (string sensorName in itemsSensors)
{

lstSensors.Items.Add(sensorName);
}

}

GetSensors()



“Read Sensors” App 2c – App.config

We will improve the App by putting the 
Connection String into a Configuration 
File called “App.config”. 

That’s because it makes it easier to 
change the Connection string without 
changing the C# code.

Then we can make an Executable 
Application and distribute the Application 
to others that do not have Visual Studio.



App.config

<?xml version="1.0" encoding="utf-8" ?>
<configuration>

<connectionStrings>
<add name="DatabaseConnectionString" connectionString="Server=Hans-Petter\SQLEXPRESS;Database=SENSORSYSTEM;Integrated

Security=True;TrustServerCertificate=True"
providerName="System.Data.SqlClient" />

</connectionStrings>

</configuration>



Updated “Sensor.cs”



“Read Sensors” App3 - DataGridView

When clicking “Read”, data 
from the SQL Server 
Database will be shown in 
the DataGridView.

DataGridView

Here we will use 
a DataGridView



Create Class and Method
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using Microsoft.Data.SqlClient;
using System;
using System.Collections.Generic;

namespace SensorSystem.Classes
{

class Sensor
{

public int SensorId { get; set; }
public string SensorName { get; set; }
public string SensorType { get; set; }

public List<Sensor> GetSensors()
{

string connectionString = "Data Source=Hans-Petter\\SQLEXPRESS;Initial Catalog=SENSORSYSTEM;Integrated
Security=True;TrustServerCertificate=True";

string sqlQuery = "select SensorId, SensorName, SensorType from SENSOR";

SqlConnection con = new SqlConnection(connectionString);
con.Open();

SqlCommand cmd = new SqlCommand(sqlQuery, con);
SqlDataReader dr = cmd.ExecuteReader();

List<Sensor> sensorList = new List<Sensor>();
if (dr != null)
{

while (dr.Read())
{

Sensor sensor = new Sensor();

sensor.SensorId = Convert.ToInt32(dr["SensorId"]);
sensor.SensorName = dr["SensorName"].ToString();
sensor.SensorType = dr["SensorType"].ToString();

sensorList.Add(sensor);
}

}
con.Close();
return sensorList;

}
}

}

Class “Sensor.cs”



using System;
using System.Collections.Generic;
using System.Windows.Forms;
using SensorSystem.Classes;

namespace SensorSystem
{

public partial class Form1 : Form
{

public Form1()
{

InitializeComponent();
}

private void btnRead_Click(object sender, EventArgs e)
{

GetData();
}

private void GetData()
{

Sensor sensor = new Sensor();
List<Sensor> sensorList = new List<Sensor>();

sensorList = sensor.GetSensors();

dgwSensors.DataSource = sensorList;
FormatDataGridView();

}

private void FormatDataGridView()
{

dgwSensors.Columns[0].HeaderText = "Sensor ID";
dgwSensors.Columns[1].HeaderText = "Sensor Name";
dgwSensors.Columns[2].HeaderText = "Sensor Type";

dgwSensors.Columns[0].Width = 100;
dgwSensors.Columns[1].Width = 300;
dgwSensors.Columns[2].Width = 300;

}
}

}

Form1.cs
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