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Outline

1. Introductionto JDBC
2. Accessin@ databaseqiracticalsteps
3. Preparedstatements

4. Designpatterns(DAQO)

5. ObjectRelationaMapping

6. Connectionpooling

http://dilbert.com/strips/comic/199%1-17/
HE. UNDERST 2 FHAT COLOR DOYOU
()

I THINK WE SHOULD DOES HE UNDERSTAND

BUILD AN SQL WHAT HE SATD OR ANT THAT DATABASET
DATABASE . 15 IT SOMETHING
HE SAW IN A TRADE] [§| T THINK \
MAGAZINE AD? 3| MAUVE HAS
E THE MOST
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Goals

} Enable Java applications to access data stored in
Relational Data Bases

Query existing data
Modify existing data
Insert new data
} Data can be used by
The algorithms running in the application
The user, through the user interface

4 Tecniche di programmazioneA.A. 2019/2020



Goals (for GUI Applications)

b Access SQL DBavdg-AgplicaAtiono m t h e
JDBC technology
rLoad Omassived data direct

tQuerydedommann d 6 I nformati on f
} Store computation results
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JDBC

} Standard library for accessing relational databases
1 Compatible with most/all different databases

1 JDBC : Java Database Connectivity

} Defined in packageava.sqgl andjavax.sql

1 Documentation:
Doc Index:

JDBC Overview:

Tutorial

6 Tecniche di programmazioneA.A. 2019/2020


http://docs.oracle.com/javase/8/docs/technotes/guides/jdbc/index.html
https://www.oracle.com/technetwork/java/javase/tech/index-jsp-136101.html
http://www.oracle.com/technetwork/java/overview-141217.html
http://docs.oracle.com/javase/tutorial/jdbc/basics/index.html

JDBC scope

1 Standardizes
Mechanism for connecting to DBMSs
Syntax for sending queries
Structure representing the results
1 Does not standardize
SQL syntax: dialects, variants, extensions, ...

b http://troels.arvin.dk/db/rdbms/
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http://troels.arvin.dk/db/rdbms/

Architecture

JDBC API

J

DBC Driver

1

+ Java application (in our
case, JavaFX)

1 JDBC Driver Managen(
Data Sourcé later o

For loading the JDBC
Driver

1 JDBC Driver

l JDBC Driver V;

.

JD

JDBC Driver

From DBMS vendor

E

28

} DBMS

In our case, MySQL or
MariaDB
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Basic ste

Define t

0S

ne connection URL

Establis

o g~ W N RE

10

N the connection

Create a statement object
Execute a query or update
Process the results

Close the connection
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JDBC Driver

1 A Driver is a DMBSrendor provided class, that must be
avallable to the Java application

Shoul d resi de 1 n the project
Shoul d be accessible I n the
}y The application uswually di

name until ruatime (to ease the migration to other
DMBSS)

} Needs to find and load the class at rtime

11 Tecniche di programmazioneA.A. 2019/2020



MySQL JDBC driver MySQOL.

} MySQLConnector/J
http://dev.mysql.com/downloads/connector/j/
Provides mysgtonnectorjavalversion}bin.jar
Copy or link into project libraries

} The driver is In class
com.mysql.jdbc.Driver
ébut we don't need (want) to

+ Documentationhitps://dev.mysgl.com/doc/connecior
1/8.0/en/

12 Tecniche di programmazioneA.A. 2019/2020


http://dev.mysql.com/downloads/connector/j/
https://dev.mysql.com/doc/connector-j/8.0/en/

MariaDB JDBC driver
1 MariaDB Connector/J

Provides mariadijvaclient2.6.0.jar
} Provides the classrg.mariadb.jdbc.Driver
} Responds to JDBC URLs

jdbc:mariadb / / e .
jdbc:mysqgl / | é .

13 Tecniche di programmazioneA.A. 2019/2020


https://mariadb.com/kb/en/mariadb-connector-j/

TdP Maven Archetype

} The Maven Archetype fofrdP already includes the
il aDB JDBC Driver é

Mar

Install nor configure anything

14

w B\ Maven Dependencies
fo javafx-controls-11jar - C\Users\Fulvic’
g javafx-controls-11-winjar - C:\Users\Fu
e javafx-graphics-11.jar - C0Uzers\ Fulvio’

ma\repositonyorghopenjfiljavafx-controlsi 11
vioh.m2'repositonydorghopenjfxjavafx-controlsh 11
mdirepositonyorghopenfxjavafx-graphicsi 11

B javafx-graphics-11-win.jar - Ch\Users\Fulvio\.m2\repositonorghopenjfic javafi-graphicsi 11

G javafk-base-11jar - ChUsers\Fulvic'.m2

‘repositondorghopenjfxtjavafc-base\11

oo javafx-base-11-winijar - C\Users\Fulvich.m2\repositonyorglopenjfx’javafu-base' 11

G javafx-feml-11.jar - C\Users\Fulvic'.m2
@ javafx-fml-11-win.jar - C:\Users\Fulvio

gy HikariCP-3.4.2 jar - T\ Users\ Fulvio',.m2

=
&

‘repositondorghopenjfxjavate-fomlh1
mvrepositondorghopenjfxjavafc-femi
repositon/comizaxyer HikariCPY3.4.2

fu jgrapht-core-1.4.0jar - Ch\Users\Fulvio\.m2\repositon®orgjgrapht'jgrapht-coreh1.4.0
4 jheaps-0.11.jar - ShUsers\Fulvich.m2repositonorgjheapsjheapsi0.11

= |

g mariadb-java-client-2.5.4jar - T\ Users’

Fulvictum2'repositenyorgimariadk’jdbcimariadb-java-clientt.2,5.4

B sifdj-api-1.7.30ar - C\Uzers\Fulvioh.m2
&8 sifdj-simple-1.7.30,jar - C\Users\Fulvic’

a0

repositonyorghsifdfsifdj-apin1.7.30
ma\repositonyorghsifdisifd-simpled1.7.30
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1. Define the connection URL

} The Driver Manager needs some information to connect

to the DBMS

The database type (to call the proper Driver, that we already
loaded in the first step)

The server address
Authentication information (user/pass)
Database / schema to connect to
1 All these parameters are encoded into a string
The exact format depends on the Driver vendor

15 Tecniche di programmazioneA.A. 2019/2020



MySQL Connection URL format

}

jdbc: mysql:/l[[ host :port ],[ host:port ].../

 database ][?propertyNamel][=propertyValuel

16

[[&propertyName?2][=propertyValue?2]...

jdbc:mysql ://

host:port  (usuallytocalhost )
/database

?user=username

&password=ppppppp (omit for XxAMPP)

Tecniche di programmazioneA.A. 2019/2020


https://dev.mysql.com/doc/connector-j/8.0/en/connector-j-reference-configuration-properties.html

2. Establish the connection

} UseDriverManager.getConnection
Uses the appropriate driver according to the connection URL
Returns a Connection object

1 Connection connection =
DriverManager.getConnection  ( URLString )

1 Contacts DBMS, validates user and selects the database

} On the Connection object subsequent commands will
execute queries

17 Tecniche di programmazioneA.A. 2019/2020



Example

import java.sgl.Connection :
Import java.sgl.DriverManager ;
import java.sgl.SQLException

try {
Connection conn = DriverManager.getConnection  (

"jdbc:mysqgl :// localhost /test?user =monty&password=secret" );

// Do something with the Connection

}catch (  SQLException ex){
/l handle any errors
System.out.printin (" SQLException: "+ ex.getMessage ());
System.out.printin (" SQLState: "+  ex.getSQLState ());
System.out.printin (" VendorError : "+ ex.getErrorCode ());

18 Tecniche di programmazioneA.A. 2019/2020



Example

import java.sgl.Connection
import java.sgl.DriverManager :
import java.sgl.SQLException

May also use a trwith-

try { resources statement
Connection e

"jdbc:mysqgl :// localhost /test?uset

I/ Do something with the Connection

}catch (  SQLException ex){
// handle any errors
System.out.printin (" SQLException: "+ ex.getMessage ());
System.out.printin (" SQLState: "+ ex.getSQLState ());
System.out.printin (" VendorError : "+ ex.getErrorCode ());

» 19 Tecniche di programmazioneA.A. 2019/2020



Class diagram

20

Driver Manager 1 k Driver
d oads
1
get 1 creges
connedion n
n get
] . st ement : has1 [
!_ Anplication ; = Connection : w| DatabaseMetaData
|1 1 fet
||-. gsult =2t
ResultSet o hasn " Staternent
hias-1 ?

Fesult=ZetMetalata

Frepar edStatement

1

Call ableStatement
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0. glose the connection

+ When no additional queries are needed, close the
connection to the database:

connection.close () ;

21 Tecniche di programmazioneA.A. 2019/2020



3. Create a Statement object

} Statement statement =
connection.createStatement 0;

} Creates a Statement object for sending SQL statements
to the database.

1 SQL statements without parameters are normally
executed using Statement objects.

} For efficiency and security reasons, we will always use a
PreparedStatement obj| ect (see | ate

22 Tecniche di programmazioneA.A. 2019/2020



4. Execute a query

} Use theexecuteQuery method of the Statement class
ResultSet executeQuery (String  sql )
sgl contains a SELECT statement

} Returns aResultSet object, that will be used to
retrieve the query results

23 Tecniche di programmazioneA.A. 2019/2020



Class diagram

Driver Manager 1 k Driver
d loads
1
get 1 credes
connedion n
n get
] . st ement : has-1
Anplication ; = Connection +—m| DatabaseMetaData
K 1 get
|n W
ResultSet o hasn " Staternent

hias-1 ?

Frepar edStatement |

Fesult=ZetMetalata T

Call ableStatement
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Other execute methods

1 Int  executeUpdate (String  sql )
For INSERT, UPDATE, or DELETE statements
For ot her SQL st at emstlizdi(s.g.,t ha
CREATE TABLE)

returns either the row count for INSERT, UPDATE or DELETE
statements, or 0 for SQL statements that return nothing

} boolean execute(String sql )
For general SQL statements

25 Tecniche di programmazioneA.A. 2019/2020



Example

String query = "SELECT id, name FROM user" ;

ResultSet resultSet =
statement.executeQuery (query) ;

26 Tecniche di programmazioneA.A. 2019/2020



Parametric queries

+ SQLgueriesmaydependon user input data
} Examplefind item whosecodeis specifiedoy the user

} Method 1:Stringinterpolation(with concatenatioror
String.forma
String query =
"SELECT * FROM items
WHERE code="+ userCode+"" " ;

27 Tecniche di programmazioneA.A. 2019/2020



Parametric queries

+ SQLgueriesmaydependon user input data
} Examplefind item whosecodeis specifiedoy the user

} Method 1:Stringinterpolation(with concatenatioror
String.forma

String query =
"SELECT * FROM items
WHERE code="+ userCode+""' " ;

} Method 2: use Prepared Statements
Always preferable
Always

28 Tecniche di programmazioneA.A. 2019/2020



5. Process the result

} The ResultSebbjecti mp | e me n toser the goeryu r
results

Data are available a row at a time

Method ResultSet.nex} goes to the next row
The column values (for the selected row) are available through
getXXX methods

getint getStringgetBooleaygetDate getDouble ...

Data types are converted from SQL types to Java types

Full listat

29 Tecniche di programmazioneA.A. 2019/2020


https://docs.oracle.com/javase/7/docs/api/java/sql/ResultSet.html

cursor

Cursor default position {before first record)

»
100 | SN Rao | 5500.50 1*Record

101 | Jyostna | 6500.50 27 Record
102 | Jyothi 7550.50 3" Record

Cursor on first record

100 | SMRac | 5500.50 1% Record
101 | Jyostna 6500.50 2™ Record
102 | Jyothi 7550.50 3™ Record

100 | SNRao | 5500.50 1% Record
101 | Jyostna | 6500.50 2™ Record
Cursor position after lastrecord 102 | Jyothi 7550.50 3% Record

30 Tecniche di programmazioneA.A. 2019/2020



ResultSet.getXXX methods

1 XXX Is the desireddatatype
Must be compatible with the column type
String Is almost always acceptable

+ Two versions
getXXX(int columnindex )
number of column to retrieve (starting frorh 0 bewar§

getXXX(String  columnName
name of column to retrieve
Always preferred

31 Tecniche di programmazioneA.A. 2019/2020



ResultSet navigation methods

} boolean next()
Moves the cursor down one row from its current position.

A ResultSetursor is initially positione@efore the first row
the first call to the method next makes the first row the current row
t he second call makes the secon

32 Tecniche di programmazioneA.A. 2019/2020



Other navigation methods (1/2)

} Query cursor position
boolean isFirst ()
boolean isLast ()
boolean isBeforeFirst ()
boolean IisAfterLast ()

33 Tecniche di programmazioneA.A. 2019/2020



Other navigation methods (2/2)

} Move cursor
void beforeFirst ()
void afterLast ()
boolean first()
boolean last()
boolean absolute( int row)

boolean relative( int rows) // positive or
negative offset

boolean previous()

34 Tecniche di programmazioneA.A. 2019/2020



Example

while( resultSet.next () )

{
out.printin (
resultSet.getint ("ID") + " - "4+
resultSet.getString ("name") ) ;
}

35 Tecniche di programmazioneA.A. 2019/2020



Datatype conversions (MySQL)

These MySOL Data Types Can always be converted to these
Java types

java.lang.String :
CHAR,VARCHAR, BLOB, TEXT, ENUM, java.io.InputStream :
and SET java.io.Reader , java.sql.Blob
java.sqgl.Clob

java.lang.String :
FLOAT, REAL, DOUBLE PRECISION, java.lang.Short

NUMERIC, DECIMAL, TINYINT, java.lang.Integer :
SMALLINT, MEDIUMINT, INTEGER, java.lang.Long
BIGINT java.lang.Double

java.math.BigDecimal

java.lang.String :
DATE, TIME, DATETIME, TIMESTAMP  java.sql.Date
java.sqgl.Timestamp

36 Tecniche di programmazioneA.A. 2019/2020



Datatype conversions

LiJH[HO TAVI

Lio1dLE

EEL

ATV

g07Td

0T

dINF LEHNIL

HAIL

Xl=

-4

H1¥d

AATNIHETADNOT

AAVMNIHETA

X

KAV NIL

X|X|=z

HYHOEFADNOT

H7HOUVA

=z

X

X

2|z|X[z|2|x

z|z|X|z|x|x

2|z X]z|x|x

d¥HD

L1d

STIHMWON

TYHIDET

47dnod

L¥0Td

THHL

LNIDIE

HHOHLNI

LNITTYIME

LNIAMIL

Xz|z|z|x|x|x|x|2|2|2|2|x

| Xz|z|z|2x|2|2|2|2|2|2|=

Z|z(Xlz|lzlx|x|x||2|2|x|x

zlz|z|Xlz|z|z|z|2|2|2|2|=

x|x|x|X|x|x|x|2|2|2|2|=

z|z|z|z|z|X|X|z|2|2|2|2|=

|||z (x| |X X222

zlz|z|z|z|z|z|z|2|Xz2|2|=

|||z |||z ||| XXz (2|2 |x|x|x|x

I|xlx|x|zlx|x|x |||zl |x |22l 2|2 | X X]

getByte

getShert

getint

getLong

gerFloat

getDouble

gerBighecimal
getBoolean
gersring

getBytes

gerDate

getTime

gerTimestamp

getAsciiSream

getUnicodeStream

getBinarySoream

gerClob
getBlob

gETATTAY

getRef

gerCharacterStream

getOhject

Table 5.1: Use of ResultSet. getdXXX Methods to Retrieve JDBC Types
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6. Close the connection

} Additional queries may be done on the same connection.
Each returns a differerResultSebbject, unless you reise it

When no longer neededResultSetesources can be freed by
0 c | o srasult§ebicloset : ()

1 'When no additional queries are needed, close the
connection to the database:

connection.close () ;

38 Tecniche di programmazioneA.A. 2019/2020
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Whato s w rwdhn glatements ?

} String  user =
txtUserName.getText () ;// JavaFX

} String  sgl =" select *from users where
username=""+ user +"";

} Problems
Security
Performance
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Security risk

} SQLinjectiond syntaxerrors or privilegeescalation

1 Example
Username % delete * from users ; --

select *from users where
username=": delete * from
users ; --

} Must detector escapall dangerousharacters
Will never be perfece

} Never trust userentereddataNever. Not once.Really

41 Tecniche di programmazioneA.A. 2019/2020



SQL |nject|on attempt J

42 Tecniche di programmazioneA.A. 2019/2020



SQL Iinjection attempt J

HI, THIS 15

YOUR SON'S SCHOOL.

WE'RE HAVING SOME
(OMPUTER TROUBLE.

\%W

43

OH, DEAR — DID HE
BREAK SOMETHING?

IN H‘I.-.n’ﬁ‘r‘ /

St

DID YOU REALLY
NAME YOUR SON
Robert'); DROP
TABLE Students;-~ 7

~ OH.YES. LITTLE
RBOBBY TABLES,
WE CALL HIM.

WELL WEVE LOST THIS

YEAR'S STUDENT RECORDS.
T HOPE YOURE HAPRY.

{

AND I HOPE
~~ YOUVE LEARNED
TO SANMIZE YOUR
DATABASE INPUTS.

http://xkcd.com/327/
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Performance limitations

1 Performancdimit
Query must be reparsedand reoptimizedeverytime
Complexqueriesrequire significansetup overhead

} When the samequeryis repeated(evenwith different

data) parsingandoptimizationwastesCPU time in the
DBMS server

Increasedesponsetime latency
Decreasedscalablilityof the system
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Prepared statements

} Separate statemenmtreation from statementexecution

At creationtime: defineSQLsyntax(template ), with
placeholderdor variableguantities(parameters )

At executiontime: defineactualguantitiesfor placeholders
(parameter values), andrun the statement

} Preparedstatementscanbe re-run manytimes
} Parametewaluesare automatically
Convertedaccordingto their Javaype

Escapedf they containdangerousharacters
Handlenon-characterdata Gerializatioh
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Example

Connection connection =
DriverManager.getConnection  (url, username, password);

String template =
"UPDATEmusic SET price= ? WHERHE = ?";

d

PreparedStatement statement
connection.prepareStatement (template );
float [] newPrices = getNewPrices ();

int [] recordinglDs = getIDs ();

for (int i=0; i< recordinglDsfength ;1)
statement.setFloat (1, newPrices [i]); // Price
statement.setint (2, recordinglDs [i]);// ID

statement.execute  ();

46 Tecniche di programmazioneA.A. 2019/2020



Prepared statements

1 Easier to write
Data type conversion done by JDBC library

1 Secure (no SQL injection possible)
Quoting is done by JDBC library

1 More efficient

Query re-use
Parameter values sent in binary form

+ The bottom lineAlways use prepared statements

47 Tecniche di programmazioneA.A. 2019/2020



Callable statements

1 ManyDBMSsllow definingostored procedure® directly
definedat the DBlevel

} Storedproceduresare SQLgueries(with parameter$, or
sequencesf queries

Languagéor definingstored proceduresis DBMSdependernt
not portablé

} MySql
(chapterl8)
} Callingstored proceduresuseCallableStatemenh JDBC
Example
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http://dev.mysql.com/doc/refman/5.5/en/stored-programs-views.html
http://dev.mysql.com/doc/refman/5.5/en/connector-j-usagenotes-basic.html
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Problems

} Database code involves a lot of «specific» knowledge
Connection parameters
SQL commands
The structure of the database
1 Bad practice to «mix» this losevel information with
main application code
Reduces portability and maintainability
Creates more complex code
Breaks the «onelass ondask» assumption

1 What it a better code organization?
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Goals

} Encapsulate DataBase access into separate classes, disl
from application ones
All other classes should be shielded from DB details
} DataBase access should be indepentent from application
needs
Potentially reusable in different parts of the application

} Develop a reusable development patterns that can be
easily applied to different situations

51 Tecniche di programmazioneA.A. 2019/2020



Data Access Object (DAO) 01/2

1 «Client» classes:

Application code that needs to access the database

Ignorant of database detalls (connection, queries, schema, ...)
1 «DAO» classes:

Encapsulate all database access code (JDBC)

The only ones that will ever contact the database

Ignorant of the goal of the Client

52 Tecniche di programmazioneA.A. 2019/2020



Data Access Object (DAO) 0 2/2

} Low-level database classes: DriverManager, DataSource,
ResultSet, etc

Used by DAO (only!) but invisible to Client
1 «Transfer Object» (TO) or «Data Transfer Object»
(DTO) classes

Contain data sent from Client to Dao and/or returned by
DAO to Client

Represent the data model, as seen by the application
Usually POJO or JavaBean

Ignorant of DAQO, ignhorant of database, ignorant of Client
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DAO class diagram

Client

Hses

54

0

Data

DataAccessObject |  ...occes Datasource
—
* 1
+createvoid I
+reqad:Chject 1 |
+updatevoid Uses I
+deletevoid | rreates
|
: creates :
'y T
= ==TransferCbject== ResultSet
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DAO Sequence diagram

BusinessObject | DAO DataSource
I, | I
| 1:Create oL :
T 2 GetData T :
21.GetData |
"I:] TransferObje
2.2: Create
t =
|
|
R.3: Return Object |
|
| |
, 3:SetProperty T ! |
_l 4: SetProperty ! !
L |
__|5: Set Data | |
5.1.Gel Prope
perty | -
§.2. Get Property I
I
5.3.SetDala
' T
|
1 T | :
| | | -
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DAO design criteria

1 DAO has no state
No Instance variables (except Connectiomaybe)

} DAO manages one Okindo of

Uses a small number of DTO classes and interacts with a sma
number of DB tables

If you need more, create many DAO classes

1 DAO offers CRUD methods
Create, Read, Update, Delete

1 DAO may offer search methods
Returning collections of DTO
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public interface / class UserDAO

} public User find (Long id)
public boolean find (Long id, User u)
public boolean find (User u)// uses u.id

} public User find(String email, String
password)

1 public List<User> list()

} List<User> searchUserByNameg String  namg

List<User> searchByNamdUser u) ; // only
u.name matters
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public interface / class UserDAO

} public void create(User user)

public Long create(User user)// returns new
ID

} public void update(User wuser)// modify
all except ID

} public void delete(User wuser)
} public boolean existtmail (String emalil)
} public void changePassword(User user)
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Mapping Tables to Objects

} Goal: guidelines for creating a set of Java Beans (DTO) ¢
represent information stored in a relational database

} Goal: guidelines for designing the set of methods for
DAOQO objects
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Tables A Beans ORM rules

1. Createone Java Bean p@achmaindatabasentity
Excepttablesusedto store n:mrelationships

2. Beannamesshouldmatchtablenames
In the singularform (Utente; User)

3. Thebeanshouldhaveone privateproperty for each
columnin the table with matchingnames

Accordingto JavanamingconventiongNUMERQO _DATI->
numeroDat)

Match the datdype
Exceptcolumnsusesasforeignkeys
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Tables A Beans ORM rules

4.

62

The mainconstructor mustacceptall the fieldsin the
bean(one full dataow)

Fieldscorrespondingo foreignkeysmaynot be presentin the
constructor (lazyobject creation

Add get()/set() methodsfor all properties

DefineequalsandhashCodeusingthe exact set of
fieldsthat compose theprimarykey of the table
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Relationships, Foreign keys A Beans

1 Defineadditionalattributesin the Java Bean classes, for
everyrelationshipthat we wantto easilynavigate irour
application

Not necessarilyallr relationships
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Cardinality -1 relationship

1 A relationshipwith cardinalityl mapsto an attribute
referringto the correspondinglavabbject

not the PKvalue
} Usesingulamouns
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1:1 relationship

STUDENTE PERSONA
matricola (PK) codice_fiscale (PK)
fk_persona fk_studente
class Studente { private Persona persona ;}
o : lice_fiseal g
class Persona { private Studente studente ;}
o . ol g
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Cardinality -N relationship

1 A relationshipwith cardinalityN mapsto an attribute
containinga collection

The elementsof the collectionare correspondinglavabbjects
(not PKvalues.

Usepluralnouns
The collectionmaybe Set or List.

} The beanshouldhavemethodsfor reading(get, ¢é ) a |
modifyingladd €& ) colledtian
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1:N relationship

STUDENTE CITTA
matricola (PK) cod citta (PK)
fk_citta_residenza nome_citta

class Studente {
private Citta cittaResidenza  ;}

class Citta {
private  Collection <Studente> studentiResidenti  }
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1:N relationship

matricola (PK) cod citta (PK) In SQLthere is no «explicit»

fk_citta_residenza nome_citta Citta->Studenteforeignkey.
The sameFK is usedto

navigate theelationshipin
both directions

class Studente {

private Citta cittaResidenza ;} In Javayoth directions(if
needed must berepresented

explicitly

class Citta {
private  Collection <Studente> studentiResidenti  }
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N:M relationship

ARTICLE AUTHORSHIP CREATOR

id_article (PK) id_article (FK,PK™) id_creator (PK)
I OOEAT A AAOAdkeator (FK,PK*% # OAAOI O A
id_authorship  (PK#)

class Article

{ private Collection<Creator> creators ;}
class Creator
{ private Collection<Article> articles  ;}
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In SQLthere is an extratable

N:M relationshi P just for the N:Mrelationship.

id_article (PK) id_article (FK,PK™)
Il OOEAT A AAOAdeator (FK,PK'S :
id_authorship (PK# The PKmaybe an extra

field (#) or a combination
of the FKs(*)

class Article

{ private Collection<Creator> creators ;}
class Creator

{ private Collection<Article>

The extratableis not
represented
The PKis not used
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Storing Keys vs Objects

—

1 Store thevalueof the Store afullyinitializeabject

_ correspondingo the
foreignkey matchingforeignrow

} Easy taretrieve } Harderto retrieve (must use

} Must call a Join or multiplefested
CittaDao.readCitt#id) to querieg
havethe real data } Getsalldataat the same

time (eagerloading
} All datais readilyavailable

} Maybesuchdatais not
needed

} Tendsto perform more
gueries
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Storing Keys vs Objects (3rd way)

72

Store apartiallyinitialized
objectwithonlyt he 061 d o
field set

Easy taretrieve

Must call
CittaDao.readCittd@id) to
havethe real data (azy
loading

Loadingdetailsmaybe
hiddenbehindgetters
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ldentity problem

It mayhappenthat a singleobjectgetsretrieved many
times indifferentqueries
Especiallyn the case of N:Melationships

List< Article > articles = dao.listArticle 0;

for( Article a: articles ){
List<Creator>  authors = dao. getCreatorsFor (a);

a.setCreators (authors ) ;

}
while (rs.next ()) {
Creator c = new Creator ( rs.getint ("id"), ... ) ;
result.add (c);

}

return result
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ldentity problem

1 It mayhappenhat a singleobjectgets _
: : : : If the sameCreator is
times in differentqueries I E————

1 Especiallyn the case of N:MelationshiuEieldCu(TIyRElT]
information)will be created

List< Article > articles = dao.listArticle 0; one pereacharticle.

for( Article a: articles ){ A new,distinctobject They
List<Creator>  authors = dao. getCreator will allbe equalg) to each
a.setCreators (authors ) ; other.

}

while (rs.next ()) {
Creatorc= new Creator ( rs.getint ("id"), ...);
result.add (c);

}

return result
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ldentity problem

It mayhappenthat a singleobjectgetsretrieved many
times in differentqueries

Especiallyn the case of N:Melationships
} Different «identicab objectswill be created(new)

Theycan beusedinterchangeablyequal$é) and hashCodé
match

Theywastememoryspace
Theyc a maecomparedfor identity (== or !=)
} Solutionavoidcreatingpseudaoidenticalobjects
Storeall retrieved objectsin asharedMap<>
D o ncoetite anobjectif i taldeadyin the map
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ldentity Map pattern

} Ensureghat eachobjectgetsloadedonly once, by
keepingeveryloadedobjectin amap

} Looksup objectsusingthe mapwhenreferringto them

finder an identity map dalabase
N | I
find (1) | | |
—3r— found = get (1) | |
I
I
« = == |
[found not null] found [found is null] found = sclprt where id = 1 |

o
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Creating an Identity Map

} One IdMapper databasé¢able

+ TheldMapstores a privatanap
Key = fields) of theTablethat constitutethe PrimaryKey
Value = Java Beagpresentinghe table

class TableNamddMap {
private  MapKey, TableName> map ; }
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Using the Identity Map

} Create and store thddMapin the Model
} Pass aeferenceto the IdMapto the DAO methods

+ In the DAO,whenloadinganobjectfrom the database,
first check themap

If there Is a correspondingobject return it (andd o rci@dte a
new one)

If there iIs no correspondingobject, create a newbjectand
put it into the map for future reference

} If possiblecheck themapbeforedoingthe query
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Connection pooling

1 Opening and&losingDB connectionis expensive

Requiressettingup TCP/IP connectiolcheckingauthorization
é

After just 1-2 queriesthe connections droppedandall partial
resultsare lost in the DBMS

} Connection pool
A setofcalreadyo p e n 0 dcanhextloress e

DAO methodsdendd a ¢ onnect peoodrudnog
gueries

The connectionsthenreturnedto the pool (hot closed) and
IS ready for thenext DAO needingt

80 Tecniche di programmazioneA.A. 2019/2020



JDBC 3.0 Connection pooling architecture

<<greate>>

*
ventSource
- <<|nterface>>
+eventListener | ConpnectionEventListener
r<<create>> P 2<ysess
t-----.2z| ConnectionEvent | _ ..

JDECDrivervendorPooledConnection

<<createx>
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Benchmarks

The firsttime, Secondime,

. Negligible
the connections reuse glig
: overhead
mustbe created connections
100 Iterations 100 [terations | 1000 lterations 3000 lterations
Pooling 547 ms <10 ms 47 ms 31 ms'
Non-Pooling 4859 ms 4453 ms 43625 ms 134375 ms
No Linear
10x slower . .
Improvement INcrease
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Connection Pooling libraries

= «Light», «Ray»

HikariCP

A hiah—Perf—ormance JDBC connection pool

c3p0 - JDBC3 Connection and Statement Pooli‘ng

version 0.9.5.4

https://brettwooldridge.github.io/HikariCP/ https://www.mchange.com/projects/c3p0/

https://translate.google.com/?client=firedmx
d&um=1&ie=UTR&hl=en&client=twob#ja/en/%E5%85%89
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https://brettwooldridge.github.io/HikariCP/
https://www.mchange.com/projects/c3p0/
https://translate.google.com/?client=firefox-b-d&um=1&ie=UTF-8&hl=en&client=tw-ob#ja/en/%E5%85%89

HikariCP library for CP %x

} Open source library for adding connection pooling
capabilities to JDBC drivers

} Connection Pooling

1 PreparedStatement cache
Better at Driver level

} RequirementSLF4J (Simpleggind-acaddor Java )

Detour: Logging
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https://brettwooldridge.github.io/HikariCP/
https://github.com/brettwooldridge/HikariCP
https://github.com/brettwooldridge/HikariCP/issues/488
https://www.slf4j.org/
https://www.slf4j.org/manual.html

TdP Maven Archetype

} The Maven Archetype fordPalready includes the
HikariCPl | brary (and Sydu Jd areq
need to download, install nor configure anything

w B\ Maven Dependencies

fu javafx-controls-11jar - C\Users\Fulvic'.m2\repositorylorglopenjfxjavafx-contralsi 11

fm javafx-controls-11-winjar - C:\Users\Fulvie'.m2\repositon/\orgl.openjfxjavafx-controlsi 11
fm javafx-graphics-11.jar - ChUsers\Fulvio\.m2\repositon/\orgtopenjfxjavafx-graphicsi11

B javafx-graphics-11-win.jar - Ch\Users\Fulvio\.m2\repositonorghopenjfic javafi-graphicsi 11
B javafi-base-11.jar - Ch\Uszers\Fulvict.m2\repositonorghopenjficl javafy-bazel 11

oo javafx-base-11-winijar - C\Users\Fulvich.m2\repositonyorglopenjfx’javafu-base' 11

fm javafx-feml-11jar - ChUsers\Fulvict.m2\repositondorgtopenjfxtjavafc-fuml 11

@ javafx-fuml-11-winjar - C\Users\Fulvio'.m2'\repositor/orgtopenifx’javafc-fumli1

gy HikariCP-3.4.2 jar - Ch\UsersiFulviol. m2yrepositon com’zaxxer HikariCPY3.4.2

Gm jgrapht-core-1.4.0jar - Ch\Users\Fulvio\.m2\repositon®org'jgrapht'jgrapht-coreh1.4.0
fm jheaps-0.11jar - ChUsers\Fulvic\.m2\repositony\orgijheapsijheapsi0.11

g mariadb-java-client-2.54.jar - Ch\Users\Fulvio'.m2\repositonorgimariadbtjdbcmariadb-java-client 2,54

B sifdj-api-1.7.30jar - C\Users\Fulvict.m2\repositonorghsifdfsifdj-apit1.7.30
A sifdj-simple-1.7.30,jar - C:\Users\Fulvio\.m2\repositony\org\sifdj\sifdj-simple\1.7.30
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Using HikariCP

import com.zaxxer.hikari ~ .*;

HikariDataSource ds = new HikariDataSource ();

ds.setJdbcUrl

(" Jdbc:mysqgl ://localhost:3306/ simpsons "),

ds.setUsername (" bart ");
ds.setPassword ("51mp50n");

ds.getConnection ();

86
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https://github.com/brettwooldridge/HikariCP#initialization

Closing up %

} To release a connection to the pool:
connection.close ();

éot herwise the pool will run
} To destroy the connection pool and clean up resources:
ds.close ();

Also disconnectdrom database.
Maybe placedin astop() methodin the mainJavaFXlass

} Alternatively
DataSources.destroy (ds);
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