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e can use files to store data for small applications, but as the amount of data
that we need to save gets larger, the services of a database system become in-
weme valuable. A database system allows us to model the information we need while
it handles the details of inserting, removing, and retrieving data from individual files
in response to our requests.

Of course, each database vendor provides its own procedures for performing data-
base operations. The .NET Framework hides the details of different databases; our pro-
grams can work with many different databases on many different platforms. They can
be used as part of large-scale enterprise applications. In this chapter we cover the con-
cepts using a small example that allows many extensions, some of which we pursue in

the exercises.

The example programs illustrate database access using console applications to avoid
obscuring the programs with the details involved in building a GUL. In the last section,
our extended case study develops a graphical user interface to a database.

i Introduce relational database tables
Introduce SQL (Structured Query Language)
Connect to a database from C#

Build a database using SQL
Use C# to query a database
Obtain the properties of a database




SIGURE 15 The
Customer table

Introduce selected aggregate functions

Use stored procedures for efficiency

Process database transactions

Provide a GUI for the user to query a database

Database design is best left to other texts and courses. We introduce a few database
concepts here to provide an example with which to illustrate the techniques for
working with databases using C#. Relational databases provide an implementation-
independent way for users to view data. The Structured Query Language (SQL)
lets us create, update, and query a database using standard commands that hide the
details of any particular vendor’s database system.

When designing a database we need to identify the entities in our system. For ex-
ample. a company might use a database to keep track of its sales and associated in-
formation. In our example company, an order includes one customer who can order
several items. A salesperson may take several orders from the same customer. but
each order is taken by exactly one salesperson.

Using a relational database, we keep our data in tables. In our example, we
omer table with fields for the customer id, name, address, and

might have a C
halance due, as shown in Figure [5.1.

Each row of the table represents the information needed for one customer. We as-
sign each customer a unique customer 1D number. Customer names are not unique:
moreover. they may change. CustomerIDis akey that identifies the data in the row.
Knowing the Customer D, we can retrieve the other information about that customer.

1D rather than Customer

Do not embed spaces in field names. Use Cust

Figures 15.2 and 15.3 show the Salesperson and Iten tables, which we de-
fine in a similar manner. A more realistic example would have additional fields.

Balance

1234 Fred Flynn 22 First St. 1667.00 ;
5678 Darnell Davis 33 Second St. 130.95 :
4321 Marla Martinez 44 Third St. 0 ‘
8765 Carla Kahn 55 Fourth St. 0 |

Using a Database
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Salespersontable | CYEPerSan e ’ o . .,m
! 12 Peter Patterson 66 Fifth St.
| 98 Donna Dubarian 77 Sixth St.
IGURE 153 The . ’ . ”_ 7T [ _ ’ o
Item table | di¢ '.’.!.‘- FA08¢ -'fgu{;’);:_ i Sl
|
| 222222 radio 32
333333 television 14
: 444444 computer 9
B 1234 12 4/3/99
2) 5678 12 3/22/99
3 8765 983 2/19/99
| 4 1234 12 4/5/99
|5 8765 98 2/28/99
I _— S
ersonlD serves as the key for the s on table, and we use

[he T er to identify an item in the Iren {abic \\L ha\ to be more care-
ful in dulﬂmnn rhe Orders table, because an (szu can have multiple items. We
use a second table, the Order Ttem table, to list the items in eaah order. FIGUIC 15.4
shows the orders table with the fle}ds ] &

ID, and Ord ‘ =1 ]
>rsonlID are lmuon ]\C‘,S that al oW us to av 01d chunddnw bv leru
ring to data in other tables. For example, including the ¢ e 1D lets us find the
customer’s name and address from the cus+omer [ablc‘: Jarhu than repeating it in
the Orders table.

When choosing field names, avoid names like T, Value, Order, Name. or
Date that might conflict with reserved names in the ({Ll[ﬂhdﬁt‘ Sy stem.

The Ttem table uses a compound key consisting of both the
0 e md the Trer r to Idum /a specmn item [I at s part of an
order. Figure 15.5 shows that e Llch pair ( erl T, ItemNumber) occurs only

Database Tables and SQL Queries




GURE 1 The
OrderItem table

1 222222 4 27.00
1 333333 2 210.50
1 444444 1 569.00
2 333333 2 23095
3 222222 3 27.00
3 333333 l 230.95
4 444444 l 569.00
3 222222 2 27.00
5 444444 1 725.00

units were 01dered at a pnce of f3>27 each.
Now that we have defined our Sales database, we want to see how to get in-
formation from it and how to make changes as needed.

{5 :

The Structured Query Language (SQL) is a standard language with which to get in-

formation from or make changes to a database. We can execute SQL statements
from within C#, The SQL statements we will use are CREATE, SELECT, INSER'
DELETE, and UPDATE. We illustrate these statements using the Sales database de-
fined in the previous section. The names for the data types may depend on the ac-
tual database system used. Our examples work with Microsoft Access.

We could use the CREATE statement

1

tem table. We use character fields for CustomerID,
; lesx 11D, and T er, even though they use nu-
merical Lhdld(.[us because we have no need 10 do arithmetic using these values. By
contrast, we use the type INTEGER for the Quant ity field because we may wish
to compute with it.

Using a Database
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FIGURE 15.6

data types

sqQL

Lype Standard SOI. Des

CHAR (N) Fixed size string of length N
| VARCHAR (N) Variable size string up to length N
| INTEGER 32-bit integer

iDATE Year, month, and day
DECIMAL Used for dollars and cents

Standard SQL uses various types, which are not all supported in every data-
base system. Figure 15.6 shows the SQL types we use in this text.

The type DECIMAL (M, ), where M is the maximum number of digits and N is
the maximum number of digits after the decimal point, is standard SQL, but is not
supported in Access.

To insert the first row in the Customer table, we could use the TNSERT statement

NTO Customer
-

5 1 | e et 9 0l e O | 1667 N0
lé.f!'—_', Fred Flvnn '22 First St.', 1667.00)

Use the single quote, ', to enclose strings within an SQL statement.

The statement
INSERT INTO Orders VALUES (1,1234,12, 'Apr 3, 1999')
inserts the first row into the Order table. We write dates in the form
Month Day, Year
to avoid confusion among date formats used in various locales and to indicate the
century explicitly. The database system translates this form to its internal repre-

sentation and can present dates in various formats in its tables.
The DELETE statement

DELETE FROM OrderItem WHERE OrderNumber = '1

will delete the first three rows of the Order Tt em table in Figure 15.5. These rows con-
tain the data for the three items comprising the order with an OrderNumber of 1.

Use the single equality sign, =, in the equality test. OrderNumber = 1, instead of the
C# equality symbol, ==.

To delete just the televisions from that order and leave the order for radios and
a computer, we could use the statement

i5.1 ® Database Tables and SQL Queries 6059




To update an existing row we use the UPDATE statement. For example. to re-
duce the number of radios in order number 1 to 3, we can use the statement

i
h_l
Iu

When we Change an order we will also want to change the balance due in the
Customer table, which we can do using

ber, ItemNumber)

to identify a row, we need to specify values for both in the wHERE clause. In upddtm0
the Customer table we only need to specify the value of the single ¢t
key to identify a row.

The CREATE statement creates a table. and the T 'E, and UPDA
statements mal\e changes in a table. In many apphca(mns we retrieve mfommuon
from the database more frequently than we create a table or make changes to a table.
To retrieve information we use the SELECT statement.

The simplest query we can make is to retrieve the entire table. For example
the statement

119

r table. We use the star symbol, *, which matches every
and addresses of the customers we use the statement

retrieves the entire Cus
row. To retrieve the names

—omer

ELECT

If we do not want data from the entire table, we can use a WHERE clause to specify

a condition that the data of interest satisfy. For example, to retrieve all orders for ra-
dios we could use the statement

The power of database systems becomes evident when we use SQL to get in-
formation combined from several tables. For example, suppose we would like to
know the names of all customers who placed orders on March 22, 1999, We can find
that information using the statement

# 1s the Microsoft Access format for a date.
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to re- When a field such as 2ddress occurs in more than one table. prefix the field name
Ny with the table name, as in Customer ss. to state precisely which address
Vo field you desire. Similarly, use the prefixes Customer and Orders to refer to the

Customer1D fields in each of these (ables.

mer ., A e

B | In finding the names of customers who placed orders on March 22, 1999, the
database joins two tables. Customer names occur in the Customer table, but we find
order dates in the Orders table, so we list both the Cust omer and the Orders ta-
bles in the FROM part of the query. We want to find which orders each customer
! placed. Customer1D, the primary key of the Customer table, is also a foreign key
} of the Orders table. For each Customer 1D in the Customer table we want to in-
“ spect only the rows of the Orders table that have the same CustomerTD, so we in-

clude the condition

Customer.CustomerID = Orders.Cust

dating

12t

; in our query.

The first row of the Customer table has a Cust omer1D of 1234. The first and
‘ fourth rows of the Orders table have the same CustomerTD of 12 34, but neither
DATE of the OrderDate fields equals 3/22/99. The second row of the Customer table
nation has CustomerID 5678, as does the second row of the Orders table, and the
table. OrderDatels 3/22/99, so the system adds ‘Darnell Davis’to the result set of
customers placing orders on March 22, 1999, Continuing the search turns up no
further matches. A three-line SQL statement can cause many steps to occur in the
process of retrieving the requested information. The database handles all the de-
tails. We will use other interesting examples of SELECT statements when we develop
, our C# programs later in this chapter.
every Figure 15.7 shows the general pattern for the SOL statements we have intro-
ent ; duced so far.

1 O

umple,

pec.., | CREATE TABLE tablename
Borame (fieldnamel TYPEl, fieldname2 TYPE2, ... , fieldnameN TYPEn)
; |  INSERT INTO tablename

E VALUES (fieldlvalue,field2value, ..., fieldNvalue)

2et in- | DELETE FROM tablename

ike to - WHERE fieldnamel = valuel ... AND fieldnameN = valueN
n find
UPDATE tablename SET fieldnameToSet = newValue
WHERE fieldnamelToCheck = valuelToCheck

SELECT fieldnamel, ..., fieldnameN FROM tablel, ..., tableM
WHERE conditionl ... AND conditionN

Some patterns for SQL statements

()]
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In a relational database we keep our data in tables, making sure not to enter information
redundantly. Using SQL. we can write statements to create a table, insert, delete, and
update elements, and query the database. Generally, SQL is standardized so queries
do not reflect implementation details of specific database systems.

1. Why is ita good idea to use SalespersonID as the key in the Salesperson table
rather than the salesperson’s name?

i

Write an SQL statement to create the Salesperson table with the fields shown in
Figure 15.2,

Write SQL statements to insert the data shown in Figure 15.2 into the salesperson
table.

e

4. Write an SQL statement to add a new salesman, Paul Sanchez, who lives at 88
Seventh St., and has an ID of 54, to the salesperson table of Figure 15.2.

5. Write an SQL statement to delete Carla Kahn’s order of a computer from the sales
database.

6. Write an SQL statement to find the names of all salespersons in the Sales data-
base.

7. Write an SQL statement to find the order numbers of all orders taken by Peter
Patterson.

After an overview contrasting two-tiered with three-tiered architectures for soft-
ware systems, we show how to connect to a database using C#.

[n building large systems, a database server may reside on one machine to which
various clients connect when they need to access the stored data (Figure 15.8).

In a three-tiered design, business logic resides in a middle machine, sometimes
called an application server, which acts as a server to various application clients
(Figure 15.9). These clients provide user interfaces to the business applications on
the middle machine, which is itself a client of the database server.

FIGURE 15 8

Client—server
database access

Clientl
= Database

Server

Client2 >
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For example, a business may have an accounting department that runs a pay-
roll client providing a user interface to the payroll application on the middle machine
which itself is a client of the database server. The marketing department might have
several client programs running in their sales offices enabling salespersons to get
necessary information. Rather than configuring each salesperson’s machine to
process all the details of the application, the company simply allows the sales staff
to interact with the sales application on the middle machine. This sales program
gets data from the database server as needed.

The .NET Framework allows us to write C# programs that will work no mat-
ter which database system we use. We can work entirely on one machine or use
a two-tier, three-tier, or even more complex architecture for our system. Microsofi
Access is suitable for work on a single machine, but we can stjll illustrate a
three-tiered architecture because the tiers are logical. not necessarily physical,
separations.

Server

We open Microsoft Access and create a blank database, give it a file name. and
save it. We will refer to the database in our program by the file name we use to cre-
ate it. In this chapter we use the name Sales and the file 5 db to hold our
database of five tables.

57 B
alc

We want our sales database to contain the five tables with the data shown in
Figures 15.1 through 15.5. We could create these tables and populate them within
Access, but prefer to show how to do this using C#,

The .NET Framework provides an SglConnection class in the
tem.Data. Lent namespace to connect to the Microsoft SqlServer data-
base and an 0lepn tion classin the System.1 1. OleDb namespace (o
connect to Microsoft Access and other database systems, Example 15.1 will con-
nect to the ¢ database. The code we use will occur at the beginning of all of

0y
]

our examples in this chapter.

# Connecting to a Database




We use an OLE DB connection string that includes the provider and
the data source, which is the file containing the database we created.
The @ character in front of the string signifies that every character is
a literal and not a special character such as an escape character. C#
calls such a string a verbatim string. Normally the backslash is an es-
cape character that combines with the next character to form a special
character. For example, \b" represents a backspace. Had we omitted
the @ character we would have to escape the backslashes by writing
the string as

Note 2:

We pass the connection string to the 01leDbConnect ion constructor (o
connect to the sales database.

Note 8: con.oven();

Note 4: cor.Close();

Using a Database




We close the database to release any resources used and do any neces-
sary cleanup.

Building the Database

o)

Once we have a connection to (he database we can execute SQI statements to cre-
S % ate our database. The Creacare- o method returns an ¢ Commana object
2 3 that we use to send r\QI stdleLnrs to rhe database.
Some SQL statements. such as those used to create tables and insert values

: in a table. Lhanuc the database but do not return any values to the pmomm To
1 ' execute SQL Cxr: 5 and T I statements we use the Zxecy
method. We sel [he ext property of an «
statement and then i n\ol\L ExecuteNonQue

U]
I

Fm xample,

would insert a fourth row into the T+ em table,
Example 15.2 uses C# to create and poy )U]dlt the saie
five tables shown in Figures 15.1 through 15 . using a Cr

] \ldlemuli to cre-

0" | ate each table and TNSERT statements to add the rows. I*mum 15.10 shows the re-
b sulting Access sa database and Figure 15.11 shows the ¢ table that
results from executing Example 15.2.

and
led.
T is
C# : FIGURE 15,10 The
L es- Access Sales data- e &
cial ! base created by ] .
tted Example 15.2 )
tin, s
B o
]
=i
idb
) ; i 3} Fa:-.-tes
Lo {
i FIGURE 15.11 The

Customer table
created by Example
15.2

15.2 & Connecting to a Database




After running this program, the database contains the five tables. Running the program
3 again will cause an error unless the tables are first deleted from the database.

¢ Using a Database




ygram

cmd . Execut eNonQue

1. CommandText

uteNonQuery ()

I~
l'exC
DA SRl 160G n
| e, G094 3
{ : 'Feb 28, FH=g )

(Orde r N
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Note 1:

Just

as with any string, we need to split the SQL statement over multi-
ple lines using the concatenation operator so that each string constant
fits on one line.

Note 2: cn "
La V130 . a5,
When splitting the SQL statement over multiple lines we must be sure
to add spaces to \epdm e I(ientmels Without the spaces en[hm aftel
Customer or before ° S, the juxtaposition of Customervar
would cause an error.

Note 3: cra.cc d1 -

2 OrderT table
1s cumbersome and would be more so if the table were larger. A bettel

Using a Database
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Try It Yourself »

Try It Yourself »

Try It Yourself »

method is to read the data to enter from a file. We leave this i improvement
to the exercises.

The .2 Picture

We use a connection string that s pecifies the provider and the data source to connect
to a database. Once connected to the database. we can create tables and i msert data into
them from a C# program. Optionall y. we could have created the tables outside of C#,

v Test Your Understanding

$:

8. Rewrite Example 15.1 to omit the @ character in the connection string. What other
changes to that string do you need to make?

9. What happens when you try to run Example 15.2 twice in succession?

10. Modify Example 15.2, as described in Note 2. to omit the spaces after Custor
and before VALUES, What is the effect of this change?

=TRIEVING INFORMATION

Now that we have created the Sales database we can extract mlonmnon from it.
When executing an SQL \mtemuuthdl returns results, we use the = der
method, which returns an ¢ =v that allows us lmmd a summ of (Illm
from a data source (.Oﬂl'dll]m“ Lhe (l(lid that sans[iu. the query. Executing

pro\ ldc\ a reader to obtain the ¢
omer table

Viewing Query Results

To view the results, the 01« v has getx:x methods where #:0x
the C# type corresponding to the SQL. type of hL da[a hle we are retrieving.
Bemuse Cust e and Address both have the - R SQL type, we use
the Getr St ¢ method to retrieve these fields. We retrieve fields by field number.
starting w ith zero, as with arrays indexing. The loop

15.3 ® Retrieving Information 619




C# method SQL type

1'%

C# methods for SQL

types GetInt32 INTEGER
GetString VARCHAR
GetDecimal DECIMAL
GetDate DATE

will list the rows of names and addresses from the Customer table. We retrieve the
CustomerName field using its column number O and the Address field using its
column number [. The Read () method returns £t rue when another row is available
and false otherwise. It advances the 0leDbreader to the next record. Figure
15.12 shows the C# methods corresponding to the SQL types we use.

The SELECT statement has additional options. The OrRDER clause allows us to dis-
play the results sorted with respect to one or more columns. The query

to achieve the same result using the column number in the ORDER clause.
Sometimes a query may return duplicate rows. For example, in selecting cus-
tomers who ordered computers we would get the result

TINCT variant of rhe

joins rows from four tables to produce the result.

i Using a Database




; The UPDATE and DELETE statements change the database. but do not return re-
} sults, so we use the & LtellonQuery method to execute them.

i
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We omitted field 1, per, from the display because we selected

all results to have Tte mber equal to 222222, We use the Get Int 3?2

Note 4:

We add a new row to illustrate the UPDATE and DELETE statements which
change the database. We update the new row and then delete it, leaving
the database unchanged when we exit the program. This is nice while
learning because we can try various SELECT statements repeatedly, run-
ning the same program without changing the data.

When querying the database. a result of the query contains the selected rows. We use
methods such as Get St ring to display a value from a resulting row. The SQL types
have corresponding C# methods, so the C# Get T 2 method retrieves TNTEGER
values, for example. We can write our SQL queries to order the results or to eliminate
duplicate rows. A query may have to join several tables on common fields to obtain

the desired information.

)

i

2 =4 =4 SEsaree -_— —

11. Write an SQL statement to find names of salespersons and the customers that have
placed orders with them. Be sure to eliminate duplicates.

Using a Datahase
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12. Modity Example 15.3 to list CustomerID in addition to CustomeriName and
Address. Arrange the output rows so the CustomerTD numbers appear in nu-
merical order.

13. Write a SELECT statement to find the names and addresses of customers who placed
orders with Peter Patterson. Be sure to eliminate duplicates.

jR

NET allows us to get information about the database with which we are working and
about the results of queries. We can use SQL functions to compute with the data.

The G > method returns information about the data set. This

meth()d ha 0 parameters

1id is a 128-bit identifier 1hat 1s unique across all computers and networks.
For this method we use 0iceDbSchemaGuid values. The two we illustrate are
Tables and Colu .Using T =s will return a table that describes each table
in the data set. Using Columns \\111 return a table that describes each column.

The second argument places restrictions on the source data set. Each
OleDbSchemaGuid has four available restrictions. For Tables and Col these
restrictions are:

mns

Tables Columns

COLT
Microsoft Access does not use a catalog or a schema, so we pass nul1l for these re-
strictions. Example 15.4 shows how to set the last two restrictions.

In this chapter we present a simple introduction to databases using C#. Our exam-
ples connect to the Sales data, do some processing, and close the connection. More
generally, we can create a Da = and proccs“; the data offline. We illustrate that
in the next example by creating a DataSet to represent the results of a query. We
can then get information about the data set of query results.

Aggregate functions compute values from the table data, using all the rows to pro-
duce the result. For example. the query

* Database Information and Aggregate Functions




returns the sum. average. and maximum of all the balances due in the customer
dhlL Ihua, Iumtmm opemle on the 2al column for all rows in the

222

e

will limit the computation to the rows of the OrderItem table that correspond to
orders for radios. The 1unut10n CcounT (*) will return the total number of rows sat-
isfying this condition, ¥MI1¢ it returns the minimum quantity of radios
ordered in one of the llnu, rows of the OrderItem table that represent orders for
radios (item number 222222).

]
5
cr

Using a Database




1stomer
s in the

ponu 10
WS sat-
“radios
lers for

15

1

i

@ Database Information and Aggregate Functions




nga
&

-

+
T

5]

5]

Using a Database



Note 2:

-]

nuitiis, null,

The Getole b Le method, with Tables as the first argu-
ment. returns a Dat=Table containing a row duunbm g each table. We
pass null as the third element of the second argument to place no re-
striction on the names of the tables returned. We restrict the table type
to "T2BLE" in the fourth element so we get only the user-defined ta-
bles. Th(, dounncnidtmn shows others choices of restrictions for spe-
cialized uses. The DataTable returned has five rows, one for each of

the five table

S property returns a ¢ |
DataColumn tm each column of the table. T hL ol .
gives us the name of the column and the Dat. roperty gives us the
type. This is a table with five rows, one for each S = table. The nine
column names in the output show the nine pieces of information we can
get about cach sales table if we look at the data in each row.

“ollection with one
lame property

owes property returns a DataRowCollect Lon containing the data
for each row of the table. From the plu ious output we see that the third
column, with index 2, gives the table name. so we output the third col-

v
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CHAPTER 15 m Using a Database

The Ger pochemaTanle method, with Colurne as the first argu-
ment. returns a De-atable containing a row describing each column,
Passing Cuzcomer as [!'Ic third element of the second argument restricts
the tables to the o table. so we will get columns of only the
sustoner tables By passing rzl o as the fourth element. we place no re-

strictions on the column names to be returned.

£ col ., e aiy¥ypel ;

We use the Columnie calype properties to display the name
and type of each wlumn of this L b]L lh:ll has a row for each column of
the Tustomer table.

~

From the previous output, we know that the column with index 3 con-
tains the column name, and the column with index | I contains the ml
umn type. The type is an integer which we cast (o CleDbT o
v lype lgpluuu\ a stream of Unicode characters. It maps to the

g type. The Humeric type represents an exact numeric value with

II\L(_] precision. It maps to I“.pt. Dec

NOTT BT

z1=¢ tables and 1116 names and
-r columns. We connected to the ¢ s data-

types of the four Cus
base to process l} 1¢ 5: : data set. We use this query to 1Hustrute how
to build our own Dataset and get information about it. The Dat aset

will contain the IL\Li“\ of lhe query.

OleDkDatazdapter

The DleDbhataa: v serves as a bridge between Lhc I
dd[d\()til(t_‘ \\e use its 71171 method to )opulatn, the & et from the data
source and the e method to send changes b ad\ lo he data source.

We use the 527 ectCormand property Lo set the SQL statement used (o
retrieve data from the data source. The first argument to the
ncconstructor is a String representing the text of the

quu\ lhu second argument is an ¢

= (L ] i

i1l mn[h()d adds the data resulting from the SELECT query to the
The second argument is the table name.

item = ds.Tables[0

7

This data set has only one table. We assign it to a Dat 2 Talk1e variable
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Note 12: Console.WriceLine

177 ; COL.COLUlNaie, I CA LY pe) ;

We output the name and type of each column of this table. which be-
cause of our query is the same as the 5aes Item table. By using a

=taSet we can process data offline and update the data source with
lhu results. Processing offline reduces the load on the connection to the
data source.

Note 13: SELECT SUM (

[hL rest of h]\ ])mwmm illustrates aggregate functions including s

¥

L

Note 14: Corscle.Write

method to return a single v: 11uc It is eas-
- der. The return type is ¢ . which
hLLdLl\t currency represents exact \Llluu

We use the ExecuteScalar
ier than using an ¢
we castto ¢

The .. .. Picture

Table method to obtain properties of the database

We use the GetO ¢
such as the names of its hlhle\ and lhg names and t\pu of the columns in a table.
Aggregate functions compute values from the rows of a table.

14. Modify anmpi [54 to pass null as the fourth restriction to the
GEEOl(:DbbChedeablG method with the TABLES as first argument, instead of
ABLE" array. This will list all tables in the database, including the system tables.

15. Modn‘y Example 15.4 to find the names of the columns of the Orders tables in the
Sales database. )

A stored procedure lets us translate a statement to low-level database commands
once and execute it many times. thus avoiding the inefficient repetition of the trans-
lation process. Using Microsoft Access we illustrate a simple form of stored pro-
cedure without named parameters.

When making changes to a database we must be very careful that we complete
all steps of the transaction. It would not do to withdraw funds from one account
but not have them deposited in another. Transaction processing allows us to explicitly
control when changes become final. so we commit changes only when all those de-
sired have completed correctly.

w
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Using Stored Procedures

EXAMPLE 15,5

Often we may wish to execute a query repeatedly. using different conditions each
time. The query

selects all order items with number 222222, The sales database has three types of
items. We could repeat the query to find orders for other items. For example. executing
the query

produces the order items for televisions.

We have only three products in our database. but we might have had many more.
For eachproduct. the database system must process the SQL query. analyzing how
to find the requested data from the database in the most efficient way possible. Our
query is quite simple, but it could have been much more complex. Each time we ex-
ccute the query with a different item number we have (o process it, spending the time
over and over again to find the best way to find the results that satisfy it.

The stored procedure allows the database system to process an SQL query once.
determining the best way to get the results. We can then use this stored procedure over
and over again with different data but without the overhead of translating it again.

We use the question mark. ?. to denote the arguments to query that we wish to
change from one execution to the next. To make a stored procedure from our pre-
vious query, we write it as

1L S

where the question mark stands for the item number that we will pass in. Example
15.5 illustrates how to call this stored procedure with different values. To pass mul-
tiple parameters we use additional question marks in the query. In the query
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Note 2:
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Note 3: ryaram.val

634  CHAPTER 15 @ Using a Database

meters property keeps an 0ieDF
wameters. We add the object we

I

ceters

just created.




We set the value of the parameter to "+ adio" and execute the query.
Note 4: Console.WriteLine("{0}", reader.GetInt32(0));
We use the Get 1nt 32 method to find an integer value.

Note 5: param.value = "cor puter";
{ Now we get the benefit of having already processed the query. We do not
ote 3 need to process it again. We just set the parameter to “computer’™ and
execute the stored procedure,

Note 6: Parameters.add (p2);
‘ When the stored pmuduu has two pammuux we create a second
nd " | 3 - and add it to the Paramerer= collection.
\
|
; Note 7:
Note 8: .
e m . v
| We use a relational operator in the condition.
Note 9: p3.value = rew Dec (0 ;
| " "
We pass Decimal to represent a currency value.
—¥ Transaction Processing
: Often when using a database we need to exccute several statements Lo perform the
desired transaction. For example, if a customer pldw\ a new order we will update
the Ordere table with another order. the ¢ ~em table with the items ordered,
and thL C r table with a new Bals . We would be unhappy if an
error occurred after some but not all of [hk,\l._ lenﬂu were made. C# allows us to
7 manage transactions so we commit the changes to the database only when they
. ' complete without error.
The default is to commit the change as soon as we execute the update. The
statement
changes from the default behavior to require that we explicitly commit changes using
query. If we have already executed some updates and decide we do not want to commit

them. we can roll back to the point at which we executed the last commit, undoing
these changes using

For example. if we have begun a transaction. after executing the queries

un
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19. Run Example 15.7 to execute the query that returns the names of customers who
placed orders on March 22, 1999, but this time add the condition that the
OrderDate is March 22, 1999, before the join condition that
Customer.CustomerlD = Orders.CustomerID. Thisshows we can enter
conditions in any order,

C# allows us to create database tables: insert, update. and delete data: and query a database
from a C# program. Relational databases store data in tables. and each table has a key
== database with five

that uniquely identifies cach row, As our example, we use the =
tables. The Customer table has Custormer1D as its key. The
as its Key. but also includes the foreign keys ¢

~r= table has

rmerIil and

s . ol 0. which refer to entries in the ~and = o tables Lo
L]lmll'ldk’ dnp]lmlm" the information in the 0rder= table. The o r table has a
compound key (0 ‘Numpber, Itemidunber): we need both \aluu to identify an

order item.
Structured Query Language (SQL) provides an interface to database systems from dif-
ferent vendors. Users can write statements that cach database will translate to process the
TE, II TE,and SELEQCT

desired request. In this text we use the Crz : ] z
= statement dcilnu dataina mhlc. This statement may use data

statements. The cr:

types that are valid in a particular database system. In this text we use N). &
variable size character string of maximum size 1. 1t 'R, DATE, and DEC
Once connected to the database, we use the CreateCommand method to create a com-

mand with an = method we can use to execute SQL statements to cre

ate a new mbk or to insert values into a table. We could also create and populate tables

using the database system. outside of C#,

To retrieve information from the database we use the = ; wer method, which
to execute SQL sELECT statements. To get the fields in a row we

returns a . e

use the - method, where =22 is the type of the data. We use cer Trnr 32 for an
i tora = field.

The =zL.zCT statement has various options, including a w=E== clause to add conditions,

SELECT DISTINCT to remove duplicates. and orr E¥ Lo sort the result, A ZELEC

statement may refer to one table or may join information from several tables.

The connection class provides a method that gives information about the database. We
can find the names of its tables and the names and types of the columns of each table.
=t and use these technigues to find information about 1t.

We can create a

Aggregate functions compute values using all the rows of the table. We use =, 1wz,
=V and CcounT in our examples. Stored procedures allow us to pass arguments o

a statement to reuse it without having to repeat its translation to an efficient implemen-
tation in the database system. Transactions permit us to rollback SQL commands in the
event the whole sequence did not complete successfully.
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Our case study builds a graphical user interface for the = c = database. allowing users

10 specify various parts of a statement and execute it

PROGRAM MODIFICATION EXERCISES : - : R

1. Modify Example 15.2 to read the data from a file to insert into the tables.
2. Modity Example 15.7 to use the most appropriate ger 2 method rather than the
“icomethod referred to in Note 15,

3. Modify Example 15.7 to allow .. = . and - operators in addition to -

4. Modify Example 15.7 to check that exactly two columns. from different tables. have been
selected when the user presses the 707 = button,

5. Modify Example 15.7 to add a Crieclnox to require that the query removes duplicates
from the result,

6. Modify Example 15.7 to check that exactly one column has been selected when the user
presses the Ercear 27 we button.

7. Modify Example 15.7 to add column headings in the output.

8. Modity Example 15.7 to allow the user to keep execuling queries,

9. Modity Example 15.2 to create a 257 =1 database that is like 2z e except that it has
LastHame and Pz zcilare fields. instead of Customeriizme, in the fuz-crer table.

PROGRAM DESIGN EXERCISES S —————

10. Write a graphical user interface for the =7 == database that lists all customer names in
one Corloses and all products in another. When the user selects a customer name and
a product and presses the =02+ button, display a list with the customer name. prod-
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15.

uct. quantity. and date of orders by customers with that name for that product. Use stored
procedures wherever possible.

Write a graphical user interface for a salesperson using the 5= == database. The sales-
person should be able to enter new orders. Rollback the order if. after part of an order

has been entered. a part of the order cannot be filled because of insufficient quantity of

a product.

Develop an 2coounn database 1o use with an electronic banking system. Provide a user
interface for a client to transfer funds from one account to another. The user should be
able to select the source and target accounts and enter an amount to transfer.

Design and populate a database for a car rental system. Allow the client to check avail-
ability of a category of car and to make reservations,

Design and populate a database for a record collection. Provide a screen for the collec-
tion’s owner to add and remove items. 1o change entries. and to search.

Design and populate a database for sports records. Use an almanac or search the Web
for sample data. Provide a screen for the user to add and remove items. 1o change en-

tries. and to scarch.
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