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e, Temal

A Introduccion

A Problemas, Algoritmos y Programas

A Paradigmas y Lenguajes de Programacion
A Ingenieria del Software
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e Objetivo u

A Exponer los conceptos clave para la resolucion de problemas
medio de sistemas computacionales
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"le, Maqguinas Programables U

A Maquina
¢ Dispositivo o instrumento capaz de realizar un cierto trabajo u operacic

¢ Un proceso de funcionamiento por el cual diferentes operaciones se Vi
sucediendo a lo largo del tiempo sucesiva o simultaneamente

¢ Atendiendo a su control

AManuales (p.e.: maquina de escribir)
niOperador o0 agente externo invoca operaciones

A Automaticas (p.e: ascensor)
TIACtUan por si solas, pudiendo responder a estimulos externos

www.ise.edu.es @URJC | @ISE_URJC |j@vara



"le, Maqguinas Programables U
A Maguinasautomaticas

¢ Fijas

¢ Programables = M::
A Ejemplo o

¢ Piano: raguinamanual para reproducir musica
¢ Caja de musica: maguina automatica para producir musica
¢ Reproductor MP3: maquina automatica para producir musica

www.ise.edu.es @URJC | @ISE_URJC |j@vara



"le, Maqguinas Programables U

A Dependiendo del programa suministrado, laeuina se comporta
como diferentes maguinas

Programa A Programa B
Programa A Programa B
Magquina Base | <= |Magquina Base| ™= |Maquina Base

Mdquina A Maquina B

www.ise.edu.es @URJC | @ISE_URJC |j@vara



a@ Maquinas Programables U

A La maquina programable por excelencia es el ordenador (antes
Computador):

¢ Maquina programable

: Programa

para el tratamiento

de la 4 R

Informacion
Datos de MENMORIA Datos de
entrada salida

PROCESADO

l l4

- /
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e, Computadores U

A Para realizar un determinado tratamiento de la inforndaci
necesitamos
¢ Construir la magquina baseHardware

C ldear y desarrollar el progratgaSoftware
¢ Ejecutar dicho programa en el ordenador (dispositivo)

www.ise.edu.es @URJC | @ISE_URJC |j@vara



e Computadores u

A Para realizar un determinado tratamiento daddormacbn
necesitamos
¢ Construir la magquina baseHardware

¢ Idear y desarrollar el prografpaSoftware |
¢ Ejecutar dicho programa en el ordenador (dispositivo)

La labor de desarrollar programas recibe habitualmente
el nombre de programaci 6n

12 www.ise.edu.es @URJC | @ISE_URJC |j@vara



e Introduccion U

A ¢Qué es la programacion?

¢ Es un proceso mediante el cual se codifican una saestrutrionesn un
lenguajeleterminado para ser decodificados y ejecutados por un sisten
computacional, con el fin de resolver un problema o llevar a cabo una-
especifica.

¢ Definir lo que debe hacer el ordenador para resolver un problema conc
utiizando un lenguaje de programacion.

www.ise.edu.es @URJC | @ISE_URJC |j@vara



Introduccion U
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Introduccion

15

A Ejemplo

cuando se ejecuta
répetir hasta

haz [ sihay

haz avanzar
L S—

Incluso las mejore
bloques (por ejemplo, Berkeley, Harvard). Pero, por debajo, los
bloques gue has programado también se pueden mostrar en

<o)
ofe

STUDIO

iversidades ensefian programacidn basada en ~

JavaScript, el lenguaje de programacién mas utilizado en el mundo:

while (notFinished()) {

3

sino | si (=0 camino a la derecha U v

haz girarala
b

sino girarala
b

www.ise.edu.es

if (isPathForward(})) {

moveForward();

else {

if (isPathRight()) {
turnRight();

} else {
turnLeft();

@URJC | @ISE_URJC |j@vara
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Lenguajes de programaci

C

88 94 50 FF 76 OA FF 76 08 9A BA CD 3A 16 B8 01
00 EB E8 B8 88 94 50 2B CO 50 9A FA C5 3A 16 EB CédlgO
ED B8 88 94 50 B8 01 00 EB EF B8 88 94 50 9A 48 ,
D1 3A 16 EB D9 5D CA OA 00 55 8B EC 83 EC 08 57 Maquina
56 B8 01 00 50 9A 97 41 9B 34 8B D8 8B 47 14 89
void PintarPlazas(const TipoPlazas P) {
printf("\n\n");
printf(" A B C D E F\n\n");
for (int i = 0; i < NumFilas; i++) {
printf("%3d",i+1);
for (int j = 0; j < AsientosFila; j++) {
if ( j == Pasillo ) {
rintf(" L)
y e Fragmento de programa
if igﬁ:g&ﬁsiifgg§9cupa[j] == ocupado) {
} ZISe if (P[i].AéientosOcupa[j] == reservado) { en C++

printf(" (R)");
} else if (P[i].AsientosOcupalj] == vacio) {
printf(" ( )");
}
}
printf("\n");
}
printf("\n");
}

www.ise.edu.es
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e Problemas, Algoritmos y Programas u

A Definicién: Problema

¢ Proposicion encaminada a averiguar el modo de obtener un resultado,
cuando se conocen ciertos datos de partida

www.ise.edu.es @URJC | @ISE_URJC |j@vara



e Problemas, Algoritmos y Programas u

A Tipos de Problemas
¢ Sin Solucion
¢ Determinados: con una unica solucion
¢ Indeterminados: con un numero indefinido de soluciones

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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Problemas, Algoritmos y Programas

A Fases para resolver un problema con un
programa informatico:
¢ Estudio del problema (ALISIS)

¢ Descripcion de un meétodo (algoritmo) que lo resuelva
(DISENO)

¢ Escritura del algoritmo en un lenguaje de programacion
(CODIFICAGDN)

¢ Comprobacion del correcto funcionamiento (PRUEBA)

www.ise.edu.es @URJIC | @ISE_URJC |j
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"le, La definicion del problema u

A Analisis del problema

¢ Consiste en establecer con precisidon qué se necesita
A Especificacion

¢ Descripgion precisaldel problema:

C - datos de partida

C -rt;uhado

lenguaje natural ==) puede resultar impreciso
lenguajes formales == |dgica, matematicas

www.ise.edu.es @URJC | @ISE_URJC |j@vara



Un ejemplo

> U
Ejemplo de Especificacion
Problema de divisioauclidea
¢ Datos
A2 enteros, dividendo y divisDrd)
Ad no nulo
¢ Resultado

A2 enteros, cociente y resto (C,R)
AOC¢R<d,talque D=d*C +R

www.ise.edu.es
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e Problemas, Algoritmos y Programas u

A Algoritmo- Etimologia

¢ Alhuarizmisobrenombre del arabduhamedbnMusa (allwariznj
matematico persa. Escribio un tratado sobre la manipulacion de numel
ecuacKimabalpbrwl 3| mdgalk®kasuena?

A Definicion de Algoritmo (1):
¢ Descripcion precisa de los pasos que nos llevan a la solucidon de un pr

www.ise.edu.es @URJC | @ISE_URJC |j@vara



Problemas, Algoritmos y Programas u

LBUSCA EL STRING "PELOTA"
l. MIRA LA PELOTA 2.METODO TIRAR: ALEJAR PELOTA "X PIXELES"

2. CUANDO LA TIRE VETE A BUSCARLA 3. NETODO RECOGER: IR POR PELOTA
3. REGOGELA CON TU BOCA 4. NETODO TRAER: DEVOLVER PELOTA
4. TRAEMELA DE NUEVO AQUI 5. METODO SOLTAR:

\

5. SUELTALA FRENTE A MI.

BIP, BIP.
PROCESANDO

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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o],

Problemas, Algoritmos y Programas

A Algoritmoc¢ Ejemplo

Cambiar una rueda de coche pinchada

Inicio

Fin

PASO 1.

PASO 2.
PASO 3.

PASO 4.
PASO 5.
PASO 6.
PASO 7.
PASO 8.

Aflojar los tornillos de la rueda pinchada con
la llave inglesa.

Ubicar el gato mecanico en su sitio.

Levantar el gato hasta que la rueda pinchada
pueda girar libremente.

Quitar los tornillos y la rueda pinchada.
Poner rueda de repuesto y los tornillos.

Bajar el gato hasta que se pueda liberar.
Sacar el gato de su sitio.

Apretar los tornillos con la llave inglesa.

www.ise.edu.es
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e, Algoritmo u

A Definicion (2):

¢ Metodo tal gue partiendo de datos apropiados, conduce sistematicame
los resultados requeridos en la especificacion del problema

www.ise.edu.es @URJC | @ISE_URJC |j@vara



e Caracterizacion U

A La descripcidn de un algoritmo afecta a:

¢ Entrada (Datos) |
: Es constructivo: hay
¢ Proceso (Instrucciones) que precisar también

¢ Salida (Resultado) el proceso de célculo

A Se puede decir:
¢ Algoritmo@funcion matematica
¢ Algoritmo: Entrada Salida (proceso)

A Ejemplo: Suma Lenta: N x NN
ca+b- ¢, c=a+h

www.ise.edu.es @URJC | @ISE_URJC |j@vara



e, Caracteristicas de los algoritmos

A Precision (sin ambigiiedad) en cuanto a:
¢ Orden: secuencia de pasos que han de llevarse a cabo
¢ Contenido: gué se realiza en cada paso

A Determinismo:
¢ Debe responder del mismo modo ante las mismas condiciones

A Finitud:
¢ Debe tener fin

www.ise.edu.es @URJC ISE_URJC



.le, Aspectos de un algoritmo u

A Obligatorios
¢ Correccion: respecto a las especificaciones

¢ Complejidad: recursos que un algoritmo necesita. En maquinas secuel
(tliempo y memoria)

A Deseables

¢ Generalidad: sirva para una clase de problemas lo mas amplia posible
¢ Eficiencia: sera mas eficiente en la medida que necesita de menos pa:

www.ise.edu.es @URJC | @ISE_URJC |j@vara



.le, Lenguajes Algoritmicos u

A Sirven para describir un algoritmo

A Son mas precisos que el lenguaje natural, pero menos rigidos |

formales) que un lenguaje de programacion
ASe les considera un lenguaje intermedio
ATienen cierta independencia de los lenguajes de programacion

29 www.ise.edu.es @URJC | @ISE_URJC |j@vara
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Problemas, Algoritmos y Programas

A Algoritmoc Ejemplo (pseudocédigo)

Un estudiante se encuentra en su casa (durmiendo placenteramente)
y debe ir a la URJC (a clase de programacion!!!), ¢;qué debe hacer?

Inicio
Dormir
hacer
Dormir
hasta que suene el despertador.
Mirar la hora.
¢, Hay tiempo suficiente?
Si hay, entonces
Ducharse.
Vestirse.
Desayunar.
Si no,
Vestirse.
Cepillarse los dientes.
Despedirse de la familia.

¢, Hay tiempo suficiente?
Si hay, entonces
Caminar a la estacion de metro.
Sino ,
Correr hacia la estacion de metro.
Hacer
Esperar el metro
Ver a las demas personas que esperan el metro y ver
continuamente cuénto falta para que llegue el metro.
Hasta que pase un metro hacia Manuel Becerra
Subirse al metro.
Mientras  no llegue a Manuel Becerra
hacer
Segquir en el metro.

Hacer cualquier cosa con el mévil como todos los demas.

Bajarse.
Salir de la estacion y entrar a la universidad.
Fin

www.ise.edu.es
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Ejemplo: Algoritmo Sumalenta

Cl

Partimosde doscantidadesay b. EImétodo de sumalenta consiste
en ir pasandode a a b una unidad cadavez,de forma que cuando
a=0, el resultadoserael valordeb

Algoritmo Suma lenta (Pseudocodigo)

Seana,b I N
LeerayDb

a« a-1
Mientras a, O, hacer

b« b+l

Escribir b

www.ise.edu.es @URJC | @ISE_URJC |j@vara



Cl

5@ Lenguajes Algoritmicos

A Ejemplo
¢ Pseudocaodigo, diagramas de flujo

Un Informatico con insomnio

OVEJAS=0

1
1

2ME DORMI?
1

OVEJAS=0D| | OVEJAS=DVEJAS +1

[Fin] ~E:—jlﬁi‘
:_WJ —F”— -' . ‘\'.’\{— >

=
SRoe) .
g
LS
L=

www.ise.edu.es @URJC | @ISE_URJC |j@vara



"le, Algoritmo: definicion formal U

A Es una cuadrupla que contiene los siguientes elementos:
¢ Conjunto de los estados que pueden presentarse en todo momento
¢ ldentificacion de estados iniciales
¢ Identificacion de estados finales
¢ Funcion de transicidn entre estados

www.ise.edu.es @URJC | @ISE_URJC |j@vara



.le, Algoritmo: definicion formal U

A Un estado se define por una tupla de cuatro elementos
¢ Marca de la posicion del algoritmo en la que se define el estado
¢ Datos de entrada

¢ Resultados emitidos
¢ Valores de las variables gque entran en juego

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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o],

Ejemplo: Algoritmo Sumalenta

Datos de entrada

Ejemplo
Estados de cOmputo (Suma lenta)

Resultados emitidos

} —
Posicion E S a b
1 234 ] e é
2 [] [] 2 3
3 [] [] 13
4 [] [] 14
S [] [] 0 4
6 [] [] 0 5
7 [ [5%4 0 5

Seana,b | N
Leerayb
Mientras a, O, hacer

Escribir b

a« a-1

b «

b+1

Valores de los datos

Y

www.ise.edu.es

@URJC | @ISE_URJC |j@vara



36

e, Algoritmo

A Ejercicio
¢ Escribir un algoritmo gue realice la suma
de todos los numeros pares entre 2 y 1000.

www.ise.edu.es

URJC |j@vara
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le, Problemas y Algoritmos u

A Algunos problemas tienen distintas soluciones algoritmicas
¢ Ejemplo
A Méximo comun divisor (MCD)
TtPor descomposicion en factores primos

ntUsando el algoritmo de Euclides
ntUsando el minimo comun multiplo

A Algunos problemas NO tienen solucion algoritmica
¢ Ejemplo

A Problema de la parada (encontrar un algoritmo que determine si otro algoritmo finaliza o no cor
determinados datos de entrada)

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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Problemas, Algoritmos y Programas eoo
[ > 6wSadzYASyR2 XU U

A Definicién de Bbgrama
¢ Conjunto de instrucciones precisas, en un lenguaje entendible por la computadora

A Programacion
¢ Proceso de construccion de programas

A Fases:

¢ Analisislel problema

¢ Solucion conceptual del probleniiseiio

¢ Escritura del algoritmo en un lenguaje de prograniaCadificacion
¢ Comprobacion de resultadoBRrueba

www.ise.edu.es @URJC | @ISE_URJC |j@vara



.le, Lenguajes de Programacion G

A Definicion de Lenguaje de Programacion:

¢ Un lenguaje artificial, disenado para representar algoritmos de forma
Inteligible para las computadoras

A LPsvs lenguaje natural
¢ LPsson mas formales y rigurosos
¢ LPsson mas simples en su sintaxis y semantica

if ( gthis ,1)°

if ( gac balic
// R ove the rule as ther
Probl Disefio : Programa $ght ils['a coss ] = 1gace
roblema del algoritmo de computadora } el:"{ _Sql->delete( ‘acl_ ruln sdetails )

// Upd te the rule with the

; $thls->_sql->updato( 'ocl_ruln'. j;;on ‘acoem’ = |

foreach( $this-s>rules as skeymgrule ) {
if ( gdetails('role_id'] == grule(‘role_id'] & ¢
if ( $access mm false ) {
unset( $this-srules[ they | i3
} else {

ey J['access'] @ s ’

40 www.ise.edu.es @URJC | @ISE_URJC |j@vara



.le, Lenguajes de Programacion

A Algunas caracteristicas relevantes:

C Sintaxis

¢ Semantica

¢ Traduccidon y Ejecucion

¢ Errores y cOmo subsanarlos

www.ise.edu.es
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e, Sintaxis

A Especifica inequivocamente como estan construidos los

programas de un LP

A Especificacion de la sintaxis
¢ Gramaticas (BNF)
¢ Diagramas Sintacticos

_______________________________________________________________________________________________________________________________________

<direccidn postal> = <nombre> <direccidén> <apartado postal> Sentence
.......................................................................................................................................
<persona 1> = <primer nombre> | <inicia 1>
S noun phrase verb
i <nombreX> ::= <personal> <apellido> [<trato>] <EOL>
' | <persona 1> <nombre> \ phrase
....................................................................................................................................... noun noun noun
<direccién> :: = [<dpto>] <nfmero de la > <nombre de la calle> <EOL> phrase phrase hrase
--------------------------------------------------------------------------------------------------------------------------------------- /\ 'j/‘\\

det noun  conj

www.ise.edu.es

the boy and the girl

verb det noun

ate their tea

noun
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Semantica U

o],

A Asigna un significado a cada tipo de construccion de un LP

A Formas de especificacion:
¢ ejemplos (y contraejemplos) en los manuales

¢ definicion formal
A Ejemplo

holahola hola
hola x

ISE_URJC |j@vara
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Traduccion y Ejecucion U

A El lenguaje de alto nivel ha de traducirse al lenguaje de la magq
A Formas de traduccion:

¢ Compilacion:

ATodo el codigo fuente (en un archivo) se traduce a cédigo ejecutable (en otro ai
ASe ejecuta dicho codigo ejecutable

Programa
fuente

—

Caodigo fuente

Compilador

www.ise.edu.es

Programa
objeto

Codigo ejecutable
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o

Traduccion y Ejecucion

C

C Interpretacion:

1. Se traduce
una instruccion
del codigo
fuente

2. Se ejecuta
dicha
instruccion

3. Se repiten 1
2 con todas las
Instrucciones
del codigo

www.ise.edu.es
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e Errores

A Errores de compilacion

c2rgen a | a hora de traducir

¢ Hrores sintacticos, de tipo, etc.

A Errores de ejecucion
¢ Surgen al ejecutar el codigo ejecutable
¢ Operaciones ilegales (division por cero), errores logicos etc.

www.ise.edu.es

URJC |j@vara



le, Evolucion de los LP U

A Motores que impulsan la evolucion de los lenguajes de
programacion:
¢ Abstraccion
¢ Encapsulacion
¢ Modularidad
¢ Jerarguia

www.ise.edu.es @URJC | @ISE_URJC |j@vara



le, Evolucion de los LP U

A Abstraccion:
¢ Proceso mental por el gue el ser humano extrae las caracteristicas est
de algo, e ignora los detalles superfluos

A Encapsulacion:
¢ Proceso por el que se ocultan los detalles de las caracteristicas de un:
abstraccion

Objeto Bus

tEncapsulation
Entidad Bus

-
i

Placa

Abstraccion
Color

n_llantas, etc.

Abstraction

48 www.ise.edu.es @URJC | @ISE_URJC |j@vara



u@ Evolucion de los LP U

A Modularizacion:

¢ Proceso de descomposicion de un sistema en un conjunto de element
poco acoplados (independientes) y cohesivos (con significado propio)

www.ise.edu.es @URJC | @ISE_URJC |j@vara



le, Evolucion de los LP U

A Jerarquia:

¢ Proceso de estructuracion por el que se organizan un conjunto de eler
en distintos niveles, atendiendo a determinados criterios (responsabilic
composicion, etc.)




51

Evolucion de los LP

Lenguaje
Cadigo
Maquina

Progr
Estructurada

Lenguaje Lenguaje de
Ensamblador Alto Nivel

tiempo

Prog Modular

www.ise.edu.es

Programacion

Orientada a
Objetos

@URJC | @ISE_URJC |j@vara



e Paradigmas de programacion u

A Definicion:
¢ Una coleccion de patrones conceptuales gue moldean la forma de raz
sobre problemas, de formular algoritmos y, a la larga, de estructurar

programas
A Paradigmas:
¢ Programacion imperativa
¢ Programacion funcional
¢ Programacion logica

www.ise.edu.es @URJC | @ISE_URJC |j@vara



e Programacion funcional

A Basada en la nocién dencionmatematica
¢ f. Dominio- Rango
A Programar:

¢ Definir funciones basicas (con parametros)
(p.e por enumeracion)

¢ Disenar funciones complejas
(p.e por comprension)

¢ Bvaluar las funciones sobre |los datos de entrada

www.ise.edu.es
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e Programacion logica u

A Basada en la inferencia automatica en
(un subconjunto de) logica de ler orden

A Programar:

¢ Definir hechos (predicados basicos)

¢ Disenar implicaciones para definir predicados complejos

¢ Determinar la verdad de los predicados para individuos concretos

www.ise.edu.es @URJC | @ISE_URJC |j@vara



[\ < Programacion imperativa U

A Basada en el modelo von Neumann
¢ Un conjunto de operaciones primitivas
¢ Hecucion secuencial

A Abstraccion
¢ Variables, expresiones, instrucciones

A Programar:
¢ Declarar variables necesarias
¢ Disenar una secuencia adecuada de instrucciones (asignaciones)
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Paradigmas y lenguajes

Cl

/~ Prog (,\ Prog. orientada

Concurrent a objetos
-
Prog. LISP CLOS
Funcional Hope Haskel
\(P.Declaratlva)
>
Prog.
Logica Prolog | CiaoProlog Prolog++
P.Declarativa)

>( N

c Ada oy Smaltalk
epni

Prog. PASCAL " pascal F(‘Adach P

> C++
Imperativa
Fortran \ \ / Java Eiffel/
N—
J

\_ COBOL
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.le, Ingenieria del Software u

A Definicion (Bauer, 1969):

¢ H establecimiento y uso de principios robustos de la ingenieria a fin de
obtener econoOmicamente software que sea fiable y que funcione
eficientemente sobre maquinas reales

A Definicion (IEEE, 1993):

¢ La aplicacion de un enfogue sistematico, disciplinado y cuantificable he
desarrollo, operacion y mantenimiento de software
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o

Fases de un desarrollo sistematico

U

Planificacion

Especificacion

Mantenimiento

www.ise.edu.es



e Planificacion u

A Determinar las necesidades de programacion

A Estimacion de recursos de desarrollo

A Prediccion aproximada de coste y tiempo

A Determinar si el desarrollo del software es viable econdmicame
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.le, Analisis de requerimientos u

A Definir detalladamente las funciones de cada médulo, de acuer
con los deseos del cliente

A Definir detalladamente el trabajo conjunto de los distintos
modulos

A Definir criterios y sistema de validacion

A Redactar especificaciones detalladas del funcionamiento gener
del software
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e, Diseno u

A Disefiar el conjunto de bloques o médulos
A Se dividen en partes o tareas

A Se asignan tareas a equipos de trabajo, que las desarrollan y
prueban
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e, Codificacion U

A Escribir los algoritmos en el lenguaje de programacion elegido
A Integrar las partes para que formen un programa completo
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e Validacion G

A Aplicar el sistema de pruebas descrito en la fase de analisis de
requerimientos

A Métodos de validacion
¢ Pruebastéstg, inspecciones ...
¢ Verificacion formal

A Obijetos de validacion:
¢ Los mddulos de programa

¢ Las conexiones entre ellos (integracion)
¢ La aplicacion entera
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e, Mantenimiento u

A Redactar la documentacion actualizada

A Iniciar la explotacion

A Detectar y subsanar errores cometidos en etapas anteriores
A Adaptar la aplicacion a requisitos cambiados
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e Wrap-up u

A Los ordenadores son capaces de desempefiar tareas porque
alguien les ha dicho como hacerlas

¢ Alguien ha recogido las instrucciones @nagrama

if (columnMNumber > 60)
If the column number is greater than 60, wrapToNextLine();
then go to the next line. }
Otherwise (1f the column number isn't greater than 60),  |else |
then stay on the same line. i continuedameline();

}

¢ Alguien gque es capaz de:

ADescomponer problemas grandes en problemas mas pequefios que se resuelv
soluciones paso a paso

AExpresar esos pasos en un lenguaje muy particular y preciso (un lenguaje de
programacion)
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e Wrap-up u

A De nuestra mente al procesador
¢ Compilador: codigo a codigo objeto (huifngmdlya computerfriendly
¢ Maquina Virtual: recorre las instrucciccmaguterfriendly

¢ API ApplicatiorProgrammingnterface): montones de codigo disponible
para ser utilizado
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WrapUp

Compi |l ador

Cdédigo Fuente

for (int i =

}

for (int j = 2;
if (i % § ==
continue outer:

2: i < 1000: i++) {

Jt+) |

System.out.println (i);

—

118681618
ElElEEIEIEIE L]
anAnA1 el

o

A1iBiiig
AnArAE1 1
AnABA1 A
5010 GGG
A1A611168
#1061 681 004
5B [EEIE]EIETE]
A118311680
A11HA1688
A81 6816881
1118614
A1i168161
A11881681
A1141118
a1818611

11111118
BA1A111M
aaaAnAAR
Eﬂglﬂ??l
Hgﬂagﬂﬂ

@1 16818681
#A1 41846
A1 8AAA11
BBea1111
11168181
#1 180881
HAaA1A11
A1 1AAAa1
AaAAAAAL
A1A168118
A1 180881
@A1111888
AARARAAL
A111818@
g1 188881

181116818
EEEIELEIELELE]
HaE1 BEeA
HABEA1A1A
gggﬁ A
aua
Bi1161 64
AR1d1e01
H1181111
gi88118a
Hi181181
H118801QA
@11H461 64
@i1i111881
HARAEEAA
HBABABAE A1
H1110808@A
B11161 64
HHBEARERA
A1181881
81181181

18111118
A8A1 [E101
AanAd1a16

%EEEEEE
186011
AR118

Afiiiii@
A1d1E118
A118H188
a118108061
Ai1 886814
Ai1611606
#1191601
A1AiMi11
AnAAE1LEA
5 15]51510]5]5]5)
A101681680
41808110608
AdA1 HEBA
A1181118
a1188181

5la]a]E]a 15 ]% ]
[ELElETER
guarAaan
AnABEA1AA
ABAAA111
81111868
ARERAARL
duaAEA1
A118A181
g1141118
A1188181
A1180181
Bi1118011
A1i1@1111
A1 81 8an
ABAA11168
A11P1111
G111 81 AA1
A118@d11
A1118a1@81
8184114808

ABBEEBEE
ulElEEIEIEIEL]
AnAnA1 9n
AnHBAREA
ARABAEOA
A116816881
ABRBEABEG
AnArEEEN
ARHBARAL
a11v8161
111868148
ARAEAEA1
@111 86040
A11186810
A18A11 861
A1118111
A1AE11106
A1i@iiig
A1i1B81111
Al11yAi181
81191861

} A11681114 ABAA1 A18 A168180611

MyFIIeJaVa Aid1R4i4441

#11806181
@111 61 A4

HABABA A1
rEEE

AAAREEA

01 teomet_2 Caodigo Objeto
1 istore_1
2 iload 1
=15 sipush 1000
:E: if_ icmpge 44

iconst_2

Bytecode

: istore 2

11: iload_2

12: iload_1

13: if icmpge 31
16: iload_1

17: iload_2

. 18: irem
omoilador [|&& =
22: goto 38
25: iinec 2,1

28: goto 11
ava 31: getstatic #84;

34: iload 1

// Field java/lang/System.out:Lijava/io/PrintStream;

35: invokevirtual
38: iinec 1, 1
41: goto 2

44: return

#85; // Method java/io/PrintStream.println:(I)V

MyFile.class
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e, WrapUp u

A Bytecode

¢ El @digofuente (.java) de nuestro programa describe las operaciones ¢
debe hacer el ordenador

¢ El compilador traduce el codigo fuenBy@code(.classqueexplotacada
Instruccion en un conjunto de diminutos pasos que el procesador puec
llevar a cabo
ATrasiego de datos a memoria
AOperaciones con esos datos (h)
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2,

Cl

A EjemploBytecode

it (

}
glse

j

columnNumber > 60) |
wrapToNextLine();

{

continueSameline():

columnNumber 60

N/

Subtract 60 from columnNumber.
Store the following info:
Is the result negative?
Is the result zero?

result not
negative

MMHEMHHHHH

result is
negative

result
result
" . S
nDt iy U Zeruhﬂhanmmmxammi
wrap continue

www.ise.edu.es
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WrapUp

Cl

Ejecuadn de un programa con
la mayoriade Lenguajes de
Programacion

Get columnNumber from memory.
Get 60 from memory.
Subtract 60 from columnNumber.
Store the following info:

Is the result negative?

Is the result zero?
If the resultis negative, then continue.
If the resultis not negative, then

check to see if the resultis zero.
If the result is zero, then continue.
I the result is not zero, then wrap.

01001110 01110101 01101101 01100010 01100101 01110010
01010100 01100001 01100010 01101100 01100101 00000001
00000000 00001011 01100100 01101001 01110011 01110000
01101100 01100001 01111001 01010111 01101111 01110010

v

it (columnNumber > 60) |
wrapToNextLine();
}

else |
continueSameline():

¥

Caddigo Objeto

Get columnNumber from memory.
Get 60 from memory.
Subtract 60 from columnNumber.
Store the following info:
Is the result negative?
Is the result zero?
If the result is negative, then continue.
If the result is not negative, then
check to see if the resultis zero.
If the resultis zero, then continue.
If the resultis not zero, then wrap.

Carry out the first instruction in Figure 1-3.
Carry out the second instruction in Figure 1-3.
Carry out the third instruction in Figure 1-3.
Keep going until you encounter an "If."
When you encounter an “If," then decide which of
the two alternative paths you should follow.
Carry out the instructions in the path that you choose.

Cadigo Fuente

01001110 01110101 01101101 01100010 01100101 01110010
01010100 01100001 01100010 01101100 01100101 00000001

> 00000000 00001011 01100100 01101001 01110011 01110000

01101100 01100001 01111001 01010111 01101111 01110010

Ejecucion de
Bytecode
un programa Java Codigo Objeto
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a@ WrapUp

C

A Ejecucién de un programa en Java

,a\!a byte COG’

\1\,_{1".1 E.I Mé‘

QB
Your
computer

gtic
PR Cogy,
Your
computer

(a) (b)

Write Once, Run Anywhere
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Ingenieria de Servicios

Introducciona la programacion

Fundamentosie laprogramacion



S5 oBIS 3
Universidad
/k Toele e
F\Se\SEaZTGI’OUp Ingenieria de Servicios Re)’ Juan Carlos

wwwwwwwww

1: Types VariablesQperators




oo Goal

LearnenoughJava to desomethinguseful

Examples
¢ Automatemathematicalperations
C Processlata
¢ Createandplayaroundwith objects
¢ Draw somegraphics

www.ise.edu.es
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Olifode Assignments U
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I
U

A
(\) k}J[b ele

TheComputer

Memory

Central
Processing Unit
(CPU)

Input/Output
(I0) Devices

i

www.ise.edu.es
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Ukybele

CPUnstructions

Z=X+y Read location x

Read location y
Add

Write to location z

www.ise.edu.es
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ok Programmind_anguages

«» Easier taunderstandthan CPUnstructions

» Needsto be translated for the CPU to
understandit

www.ise.edu.es



Ohfoile Java U

» 0 a 2123 Lidzirdgrid@minganguage

owdzyd 2y | adIVNLidzl £ YI OKA Y !
» More complex than somethers(eg.Python)

» Simpler thamothers(eqg.C++)
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Oklbeke Java U

Whatis Java
¢ ObjectOrientedprogrammindanguage
from the 90s

¢ A programmingool developdiy 13
peoplemangedy Jamesoslingor
the*7 project

¢ Syntacticalkimilar to C/C+but muchmore simple
¢ Platformindependentwrile once, ruranywherg

¢ OakA GreenA Java (S

AJustinotherVagueAcronym
AJames&oslingArthur VarHoff, AndyBechtolsteim
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2 Java

Javahistory

Java 1.€1995

Java 1.41997

Java 1.21998 Playgroundd Java 2
Java 1.32000 Kestrel

Java 1.42002 (Merlin)

Java 1.62004, (TigerpA Java 5
Java 1.6:2006, (Mustan@ Java 6
Java SE/2011, Dolphin A Java 7

Java SE&014, (Spide), Java 8

www.ise.edu.es




o V0O

ik Compilinglava U

Java Virtual Machine

SourceCode ByteCode
(.java) (.class)

¢ A JVMsneededo run a Javprogram

_— »l @ > 0100101. . . -
— Compiler @
MyProgram. java MyProgram.class _

My Program

i)
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P
LU

P Y
(\) k}J[b ele

Compilinglava U
s
L. — Compilador Java

> Traduce codigo fuente a codigo
iIntermedio.

Cnon Interprete de Java

ByteCodes interpretados
Insruccion > (ejecutados)
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Ol Compilingdava U

Bytecode
¢ Nativelanguagtor anyJVM.

¢ A Jav@rogramrunsin any R eitin SIatls vall mati (etig ) wxon)
System.out.printin(”Hello World!”);
platform -

HelloWorldApp.java +

g Compiler
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FirstProgram

class Hello {

public
{
//

static

void main ( String

Program execution  begins
System . out . printin (" Hello
world ." );

www.ise.edu.es
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@kybele

ProgramStructure

class CLASSNAME

public  static
arguments ) {

STATEMENTS

void main ( String

]



U

Qkybele

Output

System.out.printliisome Stringjoutputsto the
console

Example:
¢ System.out.printhd & 2 dzd LJdzi € O T

www.ise.edu.es
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TR

Ofode SecondProgram u

class Hello2 {
public  static void main (String [] arguments ){
System . out . printin (" Hello world ."); // Print once
System . out . printin  ("Line  number 2"); /[ Again !
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O Types U

Kinds of values that can be stored and manipulated.
¢ boolean Truth value (true or false).
C Int Integer (0, 147).
¢ double Real number (3.14, :2]1).
¢String Text (shelloT, sexampl eT).

www.ise.edu.es @URJC | @ISE_URJC |j@var



Variabledeclaration U

Namedlocationthat storesa valueof one particulartype.

¢ Form

ATYPBRIAME
¢ Example

Startwith

String  foo ;

ower case and usanuppercasefor everyy' S gvordé

¢ Useintuitiveandsignificativieamedor variables
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Ukybele

Assignment

Use = tagivevariables avalue.

¢ Computes right part of the assignment and assigns the result to the
variable on the left

Example:

/

foo

String foo ; —
foo = "IAP 6.092"

o~

\

www.ise.edu.es

foo

ni AP

6 .
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Ckybéle

Assignment

Can be combinedinth avariable declaration.

Example

double
boolean

badPi = 3.14;
isJanuary

= true,

www.ise.edu.es
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@kybele

class Hello3 {

public static  void main (String []

{

String  foo = "IAP 6.092" ;
System . out . printin ( foo );
foo = "Something else ";

System . out . printin  ( foo );

arguments )

www.ise.edu.es
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P 000

Olgook Operators u

Symbolghat perform simplecomputations
¢ Simplearithmetic

Operador Descripcion Ejgmp{u’r]e RESl:llt‘d[]u ael
expresion ejemplo
- operador unario de cambio de signo —4 -4
+ Suma 2.5 + 7.1 9.6
- Resta 235.6 - 103.5[|132.1
* Producto 1.2 * 1.1 1.32
/ Division (tanto entera como real) 0.050 / 0.2 0.25
7T/ 2 3
% Resto de la division entera 20 % 7 6

¢ Combineadarithmetic

Ejemplo de

Operador Descripcion Y Resultado del ejemplo
expresion
+= Suma combinada a+=b a=a+b
-= Resta combinada a-=b a=a-b
w= Producto combinado a*=p a=a*b
/= Division combinada a/=b a=a/b
= Resto combinado a%=b a=a%b
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= StringConcatenatior(+) U

The+ operatorisoverriden
¢ Conventionahddoperatorwhenuseadwith numbers
¢ Stringconcatenatiowhenusedwith Strings

int a=3;

int b=2;

int c=a+Db;

[[c=5

String text =a+"000" + b;
/[ text = A30002n
System.out.printin (C);
System.out.printin (text );
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Fs

Operators

Relational

Logical

96

Operador Descripcion Ejemplo de expresion Resultado del ejemplo
== igual que 7 == 38 false
1= distinto que 'a' = k! true
< menor que 'G' < 'B! false
> mayor que 'b' > 'a' true
<= Mmenor o igua] que 7.5 <= T.38 false
>= mayor o igual que |38 >= 7 true

Descripcion

Ejemplo de

Resultado

expresion del ejemplo
. . false true
1 '‘n -
! Negacion - NOT (unario) | (5==5) fFalse
.. . true | false true
| Suma logica — OR (binario) (5==5) | (5<4) Frue
. . N true © false true
Fa 4 ey
Suma logica exclusiva — XOR (binario) (5==5) | (5<4) Frue
- L true & false false
& Producto logico — AND (binario) (5==5) & (5<4) false
Suma logica con cortocircuito: si el primer | true || false
|l - S el s e | (5==5)11(5<4) |true
operando es t rue entonces el segundo se Frue
salta y el resultado es true
Producto logico con cortocircuito: si el false && true |false
&& primer operando es false entonces el (9==35) && (5<4) false
segundo se salta y el resultado es false

www.ise.edu.es
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Ckybéle

Truthtables

A ORiB

A | B| AAND:B
F|F F
FlV F
V| F F
V|V Vv

www.ise.edu.es
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o Order of Operations

Follows standard (math) rules:
1. Parentheses

2. Arithmethicoperators
1. Multiplication and division
2. Addition and subtraction

3. Relational operators
4. Logic operators

www.ise.edu.es



Ok Operators

Whichis the resutof the following expressiof?

3+45<5*2|[|3>8&&7>6-2

www.ise.edu.es



Q Operators

Whichis the resutof the following expressiof?

MATHFPY g0fF N HYHTOS JOF HFI NF H TV
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Operators

101

Whichisthe resutof the following expressiond

Datos Expresion Resultado
it x = 3 I(3<5)&& 1(6 >= 7)
- 9, _ I(TRUE) && !(FALSE)
int y = 6 ! (X<5) & & 6/>_7) FALSE && TRUE
’ FALSE
int 1 =22 ((TRUB) I|(TRUE)
- - I( (TRUE TRUE
int j = 3; (2 24)] |(3<=6) ) | (TRUE)
FALSE
I( atb==c)||(c!=0)&&(b - c>=19)
: _ | (34 + 12 == 8) || (8 != 0) && (12 i 8>=19)
!nt a =34 | (FALSE) || (TRUE) && (FALSE)
int b =12 I @tb==)| |(c! ®)& &b-c>=1 9 |FALSE
int ¢ = 8;

www.ise.edu.es
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Operators

102

Whichisthe resutof the following expressiond

int I = 7;
float f = 5.5F;
char ¢ = 6 w6

Expresion Resultado
(i >= 6) && (c == o0wod)

(i >=6)] (c==119)

(f<1l) && ( i >100)

(c !'= 6pod) || ((i + f) <= 10)

|+ f<=10

i >= 6 && ¢ == 0wO

c !'= o6po6 || | + f <= 10

www.ise.edu.es
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Thodle U

class DoMath {
public  static void main (String [] arguments ) {
double score = 1.0 + 20 * 3.0;
System . out . printin  ( score );
score = score [/ 2.0;
System . out . printl  n(scor e);
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Thodle U

class DoMath2 {

public  static void main(String [| arguments ) {

double score = 10 + 20 * 3.0;
System . out . printin  ( score );
double copy = score ;

copy = copy / 2.0;

System . out . printin  ( copy );

System . out . printl  n(scor e);
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o Handson U

EveryJavagorogrammust containsat leastone Class
¢ Javanethodscontainer

A Java fileouldcontainseveralclassesbut just one of them being
Public

¢ Filenamemustbe thatof the PubliaclasgClassName.jgva

public class PayrollApp  {

public static void main(String[] args) {
int hours = 40;
double payRate = 25.0, grossPay ;

grossPay = hours * payRate;
System.out.print( nNGr oss Pay: $nj);
System.out.printin(grossPay);

}

}
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Definingclasses
¢ Clasglefinitionstartswith the Claskeyword

¢ Everydeclaratiomndinstructionslocatedoetweenthe startandend
bracket®f the class

¢ Theyarereferredto asthe bodyof the class

public class PayrollApp  {

public static void main(String[] args) {
(" int hours = 40; )
double payRate = 25.0, grossPay ; Body

grossPay = hours * payRate; Class
System.out.print( nGross Pay:| $nj);
_ System.out.printin(grossPay);

P
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Themainmethod
¢ Everyprogramneedsa mainmethod
C It isthe startingooint of the program
¢ Alwaysghe sameheading
¢ Alwayanvokedvhenthe programisrun

public class PayrollApp {

public static void main (String[] args) {
int hours = 40;
double payRate = 25.0, grossPay ;

grossPay = hours * payRate;
System.out.print( nGross Pay: $nj);
System.out.printin(grossPay);
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Punctuation| Indentation

108

Eachpair of bracketsidentifiesa codeblock

}

class DomatnZ

1

public  static

double
System .
double
copy =
System .
System .

void main ( String []

arguments ) {

score =10 + 20 * 30;:

out . printin

( score );

copy = score ;
copy / 2.0;

out . printin
out . printl

( copy );
n( scor e);

Codeinsideeachblockis indentedto easeidentificaction

www.ise.edu.es
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Q Comments U

Humanreadableinformation in the code

¢ Commentsareintendedo introduceinformatiorthatwill be ignoredby the
compilennsidethe code

C EndllneCOmment(//) int usu =0;/ el nimero de usuarios

* A program to list the good things in life

* Author: Barry Burd, BeginProg2@BurdBrain.com
* February 13, 2005

*®/f

¢ Blockcomment(/*h * /)

public static void main(String args[]) f{
System.out.printin("Chocolate, royalties, sleep");
}
}

¢ Javadoc comment (/** ...*/) ovint o seing ard then terniret he 1
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Punctuationsymbolshavewell-definedpurposes
C ;A endof instruction
¢ s A Stringsrelocatedetween
C {} A blocksdelimitation
C¢ () A methodsarguments
¢ [] A arraysndexing

Theyalsoguideindentationand easethe identification of the
different blocks

www.ise.edu.es
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= Types

(@

-

Kinds of values thatan bestoredand
manipulated.

boolean Truth valugtrue or false).

Int: Integer (0, 1547).

double: Real number (3.14, 1.2.1).

String¢ SE{ OGOKEBSIHYL2ESE O P



R

Olkybale Variables

-

Namedlocation that storesavalue

Example

String a= N ao;
String b= il et tedo,;
a= Nl ettad;

String ¢ = a + N almd n +

www.ise.edu.es @URJC | @ISE_URJCj@vara
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Oifbale Operators

-

Symbolghat perform simplecomputations
¢ Assignhment=

¢ Addition: +
C Subtraction -
¢ Multiplication: *

¢ Division/

www.ise.edu.es
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b Exercisdl U
class GravityCalculator {
public static void main(String[] args) {
double gravity = -9.81 ;
double initialVelocity = 0.0 ;
double fallingTime = 10.0 :
double initialPosition = 0.0;
double finalPosition = .5 *gravity * fallingTime
fallingTime;
finalPosition = finalPosition +
initialVelocity * fallingTime;
finalPosition = finalPosition + initialPosition;
System .out.printin( "An object's position after "
fallingTime + " secondsis ™ +
finalPosition + 0 m");
}
}

117 www.ise.edu.es
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www.ise.edu.es

b Exercisel U
double finalPosition = .5 * gravity * fallingTime *
fallingTime :
finalPosition = finalPosition + initialVelocity
* fallingTime;
finalPosition = finalPosition + initialPosition;
OR
double finalPosition = .5 *gravity * fallingTime *
fallingTime :
finalPosition = finalPosition + initialVelocity
* fallingTime;
finalPosition +=initialPosition;

@URJC | @ISE_URJCj@vara
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Questions from ladecture?

-
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A Moretypes
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Division

ﬁ

Divisiond a eperates differentlyon integers andn
doubles!

Example:

doublea =5.0/2.0;:// a =2.5
iNntb =4/2;: [/ b =2

ntc=5/2; /| ¢ =2
doubled =5/2: // d= 2.0



%ﬁ&b‘a‘e Orderof Operations

-

Precedence like math, left to right
Right hand side of evaluatedirst
Parenthesis Iincreaggecedence

double x=3/2+1; /[ x= 2.0
double y=3/ 2 + 1); /I 'y =10

www.ise.edu.es
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O

O MismatchedTypes

-

Java verifies that types alwagsatch
String five = 5;

./Root/Main.java:B: error: incompatible types: int cannot be converted to String
S5tring five = 5;

1 error

123 www.ise.edu.es @URJC | @ISE_URJCj@vara



(@

Conversiorby casting

ﬁ

Whatis a casting?

¢ TakinganObjectof one particulatypea n turnigagit intolT anotherObject

type

Int a = 2;
double a=2;

I nt a=18.7;
Int a = (int)18,7:

double a=2/3;
double a=( double )2/3;

double d = 5.25:
int 1 =( int )d;

int d=05;
double 1 =d:

www.ise.edu.es
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Oefbii Methods Cl

126

JavaMethods

¢ A collectionof statementghat are groupedtogetherto perform an
operation

A System.out.printl)A

TiThe systemactuallyexecutesseveralstatementsan order to displaya messagen the console

¢ Theonlyrequiredelementsof amethoddeclarationare the method's
return type, name apair of parenthesesy), and abody betweenbraces{}.
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Parts

class _Main { -
ubllc static X v0|d
I | ________ -
\\ /
o= System.out.println
I } 1
v\l

—_—_————-_~
— ﬁ\

.~ -
— - =
e s s o -

( iHello World 0 )

www.ise.edu.es
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Methods

-

128

Method declarationshavesixcomponents

¢ Modifiers

¢ Thereturntype(or void.
¢ Themethodname

¢ Theparametetistin parenthesis
¢ An exceptionist
¢ Themethodbody, enclosedbetweenbraces

class

{
}

Main {

System.out.printin

( fHello

public  static void main( String[] arguments

World 0 ) ;

www.ise.edu.es
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AddingMethods

-

public static void
STATEMENTS

}

To call a method:

NAME():

www.ise.edu.es

NAME) {
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R

Tkybéle

Methods

-

class NewLine {
public  static void newLine() {

System.out.printin ");
}
public static void threeLines() {
newLine (); T
newLine ();
newLine ();
}

public  static void main(String[] arguments) {
System.out.println\ ("Line 1");
threeLines ();
System.out.printin ("Line 2");

www.ise.edu.es
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b Parameters L
public static void NAMETYPE NAME {
STATEMENTS
}
To call:
NAMEEXPRESSION
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Parameters

-

132

class Square {
public static void printSquare(int x) {
System.out.printin(x*x);

}

public static void main(String[] arguments) {
int value = 2;
printSquare(value);
printSquare(3);

printSquare(value*2);

www.ise.edu.es
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Parameters

-

133

2 K | w@righere?

class Square {
public static void printSquare(int x) {
System.out.printin(x*x);

}

public static void main(String[] arguments) {
printSquare(  ohello 0);
printSquare( 5.5);

www.ise.edu.es
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-

2 K | w@righere?

class Square {
public static void printSquare( double Xx){
System.out.printin(x*x);

}

public static void main(String[] arguments) {
printSquare(  5);
}

134 www.ise.edu.es @URJC | @ISE_URJCj@vara
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Multiple Parameters

Tkybéle

-

[ € INAMETYPE NAME TYPE NAME {
STATEMENTS

}

To call:

NAME@rgl, arg2);

135 . _
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Multiple Parameters

-
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class Multiply {
public static void times (double a, double b) {
System.out.printin(a * b);

}

public static void main(String[] arguments) {
times (2, 2);
times (3, 4);

www.ise.edu.es
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ReturnValues

-

public static TYPE NAM
STATEMENTS
return EXPRESSION:

N’
~—

void mean® nreturnedvalue
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ReturnValues

-

138

class Square3 {
public static void printSquare(double x) {
System.out.printin(x*x);

}

public static void main(String[] arguments) {
printSquare(5);

}

}

class Square4 {
public static double square(double x) {
return x*x;
}
public static void main(String[] arguments){
System.out.printin(square(5));
System.out.printin(square(2));

www.ise.edu.es
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VariableScope u

Variabledive in the block ({})wherethey are
defined(scopg

C Scopestartswherethe variableis declared
¢cX YR SYRa ¢6KAGK GKS o0f 207
C (the variable lives within the block)

Method parametersare like defininga new variable
In the method

www.ise.edu.es @URJC | @ISE_URJCj@vara
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class SquareChange {
public static void printSquare(int x) {
System.out.printin("printSquare x =" + Xx);
X=X*X;
System.out.printin("printSquare x =" + x);

}

public static void main(String[] arguments) {
Int X = 5;
System.out.printin("main x =" + X);
printSquare(x);
System.out.printin("main x =" + X);

}

www.ise.edu.es
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VariablesScope

-

141

class Scope {
public static void main(String[] arguments) {

Int X = 5;
If (x ==5) {
It X = 6;
Inty =72,
System.out.printin("*x ="+ x +"
y="+y)
}

}

System.out.printin("x ="+ x + "y =" +Yy);

}

www.ise.edu.es
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~ Methods: BuildindBlocks

(\gl’

-

Methodsasthe way of encapsulatingunctionality
¢ Bigprogramsarebuiltout of smalimethods
¢ Methodscan bandividuallgevelopedestedand reused

¢ Userof methoddoesnot needto know how it works
ABlack boxperations

¢ In ComputerSciencghisiscalledsabstraction
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-
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Overview Package

Encapsulated
functionalitythat we
can usewithout
havingto master
iInner details

Java™ Platiorm
Use Tree Deprecated Index Help Standard Ed. 7

Prev Class Next Class Frames No Frames All Classes
Summary: Nested | Fisld | Constr | Method Detail: Field | Constr | Mathod

java.lang

Class Math

Java.lang.Object
java.lang Math

public final class Math
extends Object

The class Math contains methods for performing basic numeric operations such as the elementary exponential, logarithm, square root, and trigpnometric functions.

Unlike some of the numeric methods of class strictMath, all implementations of the equivalent functions of class Math are not defined to retumn the bit-for-bit same results. This relaxation permits better-performing implementations where strict reproducibility is
not required

By default many of the Math methods simply call the equivalent method in strictMath for their implementation. Code generators are encouraged to use platform-specific native libraries or microprocessor instructions, where available, to provide higher-
performance implementations of Math methods. Such higher-performance implementations still must conform to the specification for Math.

The quality of implementation specifications concern two properties, accuracy of the returned result and monotonicity of the method. Accuracy of the floating-point Math methods is measured in terms of wips, units in the last place. For a given floating-point
format, an ulp of a specific real number value is the distance between the two floating-point values bracketing that numerical value. When discussing the accuracy of a method as a whole rather than at a specific argument, the number of ulps cited is for the
worst-case error at any argument. If a method always has an error less than 0.5 ulps, the method always returns the floating-point number nearest the exact result; such a method is correctly rounded. A correctly rounded method is generally the best a floating-
point approximation can be; however, it is impractical for many floating-point methods to be correctly rounded. Instead, for the Math class, a larger error bound of 1 or 2 ulps is allowed for certain methods. Informally, with a 1 ulp error bound, when the exact
result is a representable number, the exact result should be returned as the computed result; otherwise, either of the two floating-point values which bracket the exact result may be returned. For exact results large in magnitude, one of the endpoints of the
bracket may be infinite. Besides accuracy at individual arguments, maintaining proper relations between the method at different arguments is also important. Therefore, most methods with more than 0.5 ulp errors are required to be semi-monotonic: whenever
the mathematical function is non-decreasing, so is the floating-point approximation, likewise, whenever the mathematical function is non-increasing, so is the floating-point approximation. Not all approximations that have 1 ulp accuracy will automatically meet
the monatonicity requirements.

public class
public  static

Math.sin

Int x=90;

Main {
void main(String [] arguments ) {

(X);

Math.cos ( Math.Pl [ 2);
Math.pow (2, 3);
System.out.printin o),

www.ise.edu.es
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A Conditionals

144 : .
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Oefbii If statement CI

if (CONDITION {
STATEMENTS
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If statement

-

public static void test (int Xx)
if (x >5) {

System . out . printin  (x +

}

public static void main ( String
test (6);
test (5);

test (4);

{

"Is

1

> 5");

arguments ) {

www.ise.edu.es
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) Comparisoroperators

X > y. X Isgreater than Yy

X< Y. X Islessthan Yy

X>= Y. X Isgreaterthan or equal to

X<= VY. X Islessthan or equal to vy
X== Y. X equals Yy

( equality: ==, assignment: =)

www.ise.edu.es
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Sl Booleanoperators L

&&: logical AND
||: logical OR

it (x > 6) { if (X >6 & x < 9) {

if (x<9) { \ ©

é
}
}

www.ise.edu.es @URJC | @ISE_URJCj@vara
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-

if (CONDITION {
STATEMENTS

}else  {
STATEMENTS

www.ise.edu.es
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Oy else u
public static void test (int x) {
if (x > 5) {
System . out . printin  (x + "is > 5");
} else {
System.out . printin (x + "is not > 5");
}
}
public static void main ( String [] arguments ) {
test (6);
test (5);
test (4);

www.ise.edu.es
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elself
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If

}
}
}

( CONDITION {
STATEMENTS

else if (CONDITION {
STATEMENTS

else If (CONDITION {
STATEMENTS

else {

STATEMENTS

www.ise.edu.es
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equals 5");

IS <

[

else
public static void test (int x) {
if (x >5) {
System . out . printin (x + "
} elseif (x == 5) {
System . out . printin (x + "
} else {
System . out . printin (x + "
}
}
public static void main ( String
test (6);
test (5);
test (4);

5"

arguments ) {

www.ise.edu.es
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Assignmeng

FooCorporatiomeeds gorogramto calculate
how muchto paytheiremployees.

1. Pay=hoursworkedx basepay

2. Hoursover40 getpaidl.5the basepay

3. Thebasepaymustbe nolessthan $8.00

4. Thenumberof hoursmustbe no morethan 60

www.ise.edu.es
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Frequentlssuegl)

156

Thesignatureof the main methodcannotbe
modified.

public static void main( String [ arguments)

www.ise.edu.es
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Frequentlssuegll)

157

Returnvaluesif you declarethat the methodisnot void, then

It hasto return something!

public  static int pay(double basePay, int
If (  basePay < 8.0)

return - 1;
else if (hours > 60)
return -1;

else {
int salary = 0;
é
return  salary;

hours ){

www.ise.edu.es
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Don'tcreateduplicatevariableswith the same
name

public  static int pay(double basePay, int hours ){

int salary =0;// OK

int salary =0;// salary already defined!!
int salary =0;// salary already defined!!
}

158 www.ise.edu.es
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class WeeklyPay ({

public  static  void pay(double basePay, int hours ) {
if (basePay < 8.0) {

System.out.printin
} else if (hours> 60) {

System.out.printin ("You can't

int  overtimeHours = 0;

if (hours> 40) {
overtimeHours = hours - 40;
hours = 40;

}

double pay = basePay * hours;
pay += overtimeHours * pasePay * 1.5

System.out.printin ( "Pay this employee

public  static  void main( String [] arguments) {

} else {
}
}
pay(7.5,
pay(8.2, 47);

pay(10.0, 73);
}

35);

("You must be paid at

least  $8.00/hour"

work
more than 60 hours a week");

$I|

+ pay),

www.ise.edu.es
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Whatwe havelearned sdar

Variables &ypes
Operators
Typeconversions& casting

Methods &parameters
If statement

www.ise.edu.es
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s Good programmingptyle
s LOOPS
s Arrays
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GoodProgrammingstyle

www.ise.edu.es
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Goodprogramminggtyle
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Thegoalof goodstyleisto makeyour
codemorereadable.

Byyouand byothers.

www.ise.edu.es
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ST Rule#1: usegood(meaningful) names

String al;
Int a2;
double b;

String  firstName
String  lastName
Int temperature

/I BAD!!

[l GOOD
[l GOOD
[l GOOD

URJC |j@vara



\ﬁ\\%

N
(;)kYbQE

Rule#2: Useindentation

165

public class test {

public static void main (S5tring[] arguments) { int x = 5;

X o= % * x;

if (x > 28) {
System.out.printlnx +
1
double v = 3.4; }
1

i1s greater than 28.");

public class test {

public static void main{5tring[] arguments) {

int x = 53
X o= X * x;
if (x > 28) {

System.out.printlnx +

}
double v = 3.4;

1s greater than 28.");

www.ise.edu.es
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Putwhitespacesn complexexpressions

/[ BAD!

double cel =fahr*42.0/(13.0 - 7.0);

/[ GOOD

double cel =fahr*42.0/(13.0 - 7.0);
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Putblanklinesto improve readability:

public static void main (String[] arguments) {

Nt X=5;X=X*X;
if (x> 20){
System.out.printin (x + n is > 20.0);

}

double y = 3.4;

167 www.ise.edu.es @URJC | @ISE_URJC |j@vara



VA “ ) -
A
(\)kf/be

)

!
h

le

Rule#5: Donot duplicate tests

168

if :--({basePay <8.0)]

b

else
o f [(hours\> 60) { ]
)

else

}

i (—[basePay\ >=8.0 8& hdurs <= 60) { |

www.ise.edu.es
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Rule#5: Donot duplicate tests
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if (basePay <8.0){

}

else

If

(hours > 60) {

www.ise.edu.es
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Ckybele

Usegoodnamesfor variables ananethods
Useindentation

Addwhitespaces

Don'tduplicatetests
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Loops

Whatif youwantto doit for200Rules?

System.out.
System.out.
System.out.

orint
orint

orint

static void main ( String

n
n

n

(
(
(

D) S ! S

1

arguments ) {

R U
R U

R U

e )#1o0
e )#20
e )#30

URJC |j@vara



ok Loops U

Loopoperatorsallowto loop throughablock
of code

Thereare severaloop operatorsin Java.
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i Thewhileoperator U

Allowsa programmerto statethat anaction(or a block ofthem) will
be executedaslongascertainconditionis met

while  ( condition )

STATEMENTS;
}

Mustbe abooleanexpression

www.ise.edu.es @URJC | @ISE_URJC |j@vara



i Thewhileoperator U
int 1=0;
while  (1<3){
System.out.printin (AN Rul e +#)N
| = 1+1;
}

Countcarefully
Makesurethat yourloop hasachanceto finish

¢ Meetingthe conditionhas to becloserasthe numberof iterationsgrows
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il Thefor operator U

Executean statement(or block ofthem) agivennumberof times

for ( Initializa tion ; condition ; update ){
STATEMENTS;

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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il Thefor operator U

for (int =1 +1X

o i
Sﬁtem out. prlnﬁﬂ\ \ +710);
}

Condltlon isaboolean
expressionwhichis computedat
the endof eachiteration.

i =i+1 may be replaced hiy-+

If it yieldstrue, anotheriteration

comes
The initializationexpression The updateexpressions
marksthe start of the loop. executedat the end of each
iteration.
In generalit consistsof declaring
andinitializinga variable sealled In generalit consistsof increasing
control variable the control variable
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Ok For
¢ Printallthe integerdetweenl and 20
for( int 1 =1; 1 <=10; 1++)
{
System.out.printin (1);
}

¢ Printallthe evennumberdetween20 and 2)

for( int 1 =20; 1 >=0; 1 -=2)
{
System.out.printin (1);
}
178 www.ise.edu.es
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Onemightwant to leavethe loop, eventhoughthe conditionhasnot
beenmet yet

¢ breakterminatesforor whileloop

for( int 1=0; 1<100; i ++){
if( 1 ==50)
break;
System.out.printin (i o +H);

}

www.ise.edu.es @URJC | @ISE_URJC ara
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Onemightwant to leavethe current statementandgodirectlyto the
nextone

¢ continueskipghe currentiterationof aloop andproceedslirectlyto the
nextiteration

for (int i=0; i<100; i++){
if( 1 ==50)
continue;
System.out.printin (i o +H);

}

180 www.ise.edu.es @URJC | @ISE_URJC |j@vara



Ckybele

Embeddedoops

Scopeof the variabledefinedin the initialization (control variable):
respectiveforblock

for

}

for

}

(int 1=0;1<3;i++){
(int  j=2,)<4;j++){

System.out.printin

(+

+ ),

www.ise.edu.es

URJC |j@vara



il do - while U

Regarding while loops, the statements alesaysexecuted at least
once

¢ Since condition is not computed until the end of the first iteration

do {
STATEMENTS;
while(  condicion );
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Example
¢ Write downnumberdetweenl and 10;

int = 1;

do {
System.out.println (1);
i++:

} while (i <=10);
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Tips

184

Wdza

GKATS

f 22L) SYRA

for( int i=0; i<10;
{

}

System.out.printin

while ( i <10);

{

System.out.printin
| ++;

}

int i =0;

do {
System.out.printin
| ++;

} while ( | <10);

| ++);
"1 ois"+ v}
> BAD

i st i)

it i)

www.ise.edu.es
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Alrays
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O Arrays U

Anarrayisanindexedlist of values
¢ Youcanmakeanarrayof anytype (int, double, String etc.)
¢ Allelementsof anarraymusthavethe sametype
¢ We canreferto the wholelist of values(the arrayvariable)X
C ...or to one specific value

¢ We can, as well, modify the list of values by adding, deleting of modifyi
each specific value

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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Thefirst elementof the arrayislocatedat index 0, while the lastoneislocated
atindexn-1
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Thefirst elementof the arrayislocatedat index 0, while the lastoneislocated

atindexncl
¢ Exampledouble

1

5.0

2.44

9.01

1.0

-9.9
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Onfole Arrays U

Arraydefinition TG
¢ TYPH] VNARRNNN
Arraysarejust anothertype = HHAEAAEE

¢ Arraysof arraytypecan bedefined

int [] wvalues ; // array of int values
int  [][l values ;
/[ array of array of int values

int [] Is adata type
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Oloce Arrays U

Tocreateanarrayof a givensize usethe new operator
¢ Oryoumayuseavariableto specifythe size

int [] values = new int [5];

[/ using a variable
Int size =12;
int [] values = new int [size |,

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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il Arraylnitialization

Curlybracescanbe usedto Initializeanarray.
¢ It canONLYoe usedwhenyoudeclareghe variable

int [] wvalues ={12 ,24, -23,

47},

values 12

24

23 47

www.ise.edu.es
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The size of the array is implicitly setto 4
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Thefirst elementof the arrayislocatedat index 0, while the lastoneislocated

atindexn-1

int [] values = new int [10];

values [0] = 10; /| CORRECT

values [1] =11, /| CORRECT

values [2] =12; /| CORRECT

values [3] =13; /| CORRECT

values [9] =19; Il CORRECT

values [10] = 20; I/ WRONG!!

I/l compiles but throws an Exception

/[ at run - time (demo)

valuees

10 11 12 13 19
I 1 ] 1 ]
0 1 2 3 é n-1

www.ise.edu.es
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Quiztime!
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Isthere an error in thiscode?

int ]

values

={1, 2.5, 3, 3.5, 4}

www.ise.edu.es
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ol AccesingArrays U

Toaccesshe elementsof anarray.
¢ Usethe|[] operatorandstatethe positionneeded

int [|] values ={12 ,24, -23, 47},
values [3 ]=18; {12 ,24, -23, 18}
nt  x= values [1]+3; {12 , 24, -23,18 }

Array starts at position 0 and ends at position length -1
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il Thelengthvariable U

Eacharrayhas aengthvariablebuilt-in that containsthe length of
the array.

int [] wvalues = new int [12],
Int size = values.length . I/ size =12

int [] wvalues2= {1,2,3,4,5}
Int  size2 = values2.length; /| size =5
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ol Stringarrays U

A sidenote

public  static void main (String [| arguments){
System.out.printin(arguments.length);
System.out.printin(arguments|0]);

System.out.printin(arguments[1));
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il Stringarrays U

A sidenote

public class Geet {
public static void main(String [] args ) {
System.out.printin ( @5ood morning 0 + args [0]);

}
}

>javaGreetaName

Forexample
> javaGreetJohn

GoodmorningJohn

198 www.ise.edu.es @URJC | @ISE_URJC |j@vara



Using Arrays

199 www.ise.edu.es @URJC | @ISE_URJC |j@vara



200

1§

O Arrays U
Arraysasarguments
/[ method to print an Array
public static void printArray  (int [Jarray ){
for( int 1 =0; 1 < array.length ;1 ++)
System.out.print (array[ i] + "" );
}
b
(e)

/[ method call
printArray  (list) :

// method call (another shape of)

int [] list ={3, 1, 2, 6, 4, 2},

printArray  (new int [] {3, 1, 2, 6, 4, 2});

www.ise.edu.es
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Arraysasmethod output
I/ Array inversion method
public static int [] reverse( int []list ) {
int [] result = new int [ list.length I;

// declaring the array to be returned

for( int i =0,j= result.length - 1; i < list.length
result[j] = list] I ];
}
return result; // devolvemos el array
} 7
(e)
/[ method call
int [] listl = new int [K1, 2, 3, 4, 5, 6}; /[ array to
int [] list2 = reverse(listl); // inverted array

| ++, ]

- )

www.ise.edu.es
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ArrayUtils

¢ ArrayscopyA System.arrayCopy ( € )

public static void arraycopy (Object
Object dest, int

src , int srcPos |,
destPos , int length)

class ArrayCopyDemo {

“i','n''al 't e, 'd' )
char[] copyTo = new char[7];

public static void main(String[] args ) {

char[] copyFrom ={'d,'e','c,'a,'f,'f,'e’,

System. arraycopy (copyFrom ,h2, copyTo, O, 7);
System.out.printin ( Arrays.toString ( copyTo));
/[ output: [c, a, f, f, e, I, Nn]
System.out.printin (new String( copyTo));

/[ output: caffein

www.ise.edu.es
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ArrayUtils (1)
C java.util.Arrays

A method for each primitive type
public static char[]  copyOfRange ( char original,

int from, int to)

class ArrayCopyDemo {
public static void main(String[] args ){
char[] copyFrom ={'d,'e','c','a','f,'f,'e
1 i I’ |nl’ Ial’ ltl’ Iel’ Idl };
char[] copyTo = java.util.Arrays.copyOfRange (
copyFrom , 2, 9);
/no  necesitamos crear el Array

System.out.printin ( Arrays.toString ( copyTo));
/[ salida :][c, a,ff, e, ]

www.ise.edu.es @URJC | @ISE_URJC |j@vara
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ArrayUtils (111)
C java.util.Arrays

int binarySearch (tipo [] a, ti
/[ returns the posi ti on

boolean equals (tipo [] a, tipo
/| yelds true if 6ad an

void fill  (tipo []a, tipo val)

void sort (tipo [] a)
/| orders 0 a darray (ASC)

po key)
kepd ion Gagay

[l a2)
d dtdind the same values

/] set every position of array O0adf@o 6val o

204
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Loopingthrough anarray

206

Examplel: iterating overanarray (for)

int [] valores=  new int [5];

for (int 1=0;1< valores.length L 1++) {
valores][i] = i;
int y = valores]i] * valores]il;
System.out.printin v);

www.ise.edu.es
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Loopingthroughanarray

Example2: iterating overanarray

Int []
Int
while

valores=  new int [5];
1= 0;
(i< valores.length )4
valoresJi] =1;
iInt y = valores]i] * valoresi];
System.out.printin v);
i++:

Provided we are going to iterate over an array,
a for loop seems more appropiate

www.ise.edu.es
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Loopingthroughanarray
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lterating an array (improvedfor )

for (tipo  variable iteracion
Instrucciones;

array )

int []
Int

for

valores = {1,2,3,4,5}
suma = 0O;
(int  x: valores) {

suma += Xx; /| suma =

System.out.printin

suma + valoresi]
(suma);

Avoiding control variables, and

www.ise.edu.es

array limits issues
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lterating an array (improvedfor )
¢ Canleaveheloop usinghe breakstatement

int [] valores = {1,2,3,4,5}
int  suma = 0;

for (int x:valores) {
suma +=x; // suma =suma + valores]]
System.out.printin (suma);
If (suma>5)
break;

}

¢ Butcannotmodifythe array
Ax=4¢

209 www.ise.edu.es
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Summaryfor today

210

1. ProgrammindStyle

2. Loops

3. Arrays

www.ise.edu.es
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O Assignment

Agroupof friendsparticipatein the Boston Marathon.

Findthe bestperformer.

Findthe secondbest performer.
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o ClaseString U

Allowsthe creationof objectswhichchainsof chars

String X, Y, Z;
String  myName= i Pa u;l|o

BasicOperators

X= AM- stol eso lengﬁH);¥,a o
x= A Manuel B e;c/éMostaes desaparece y= AMundood
y=Xx; /lycontendra Manuel Becerra System.out.printin (X+y):
Xx= f 0 //xahoraes una cadena vacia p x.co-nca{t ) ’

suma t ot aH25€30); O

System.out.printin (AL a
(Aila suma t ot aH(@5&80); o [

System.out.printin
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Clasestring

Whatif we wantto usequotation marksin the text chairf?

System.out.print (n EI At |l ®t i1 co
// obtendriamos un ERROR de compilacion

e

S

un equi po

Al Nt er);s

DO donde

Scapecharacten marksthe beginningof asequencehat needsa special
Interpretation from the compiler

\t Insertsatabulator \f Insertsa new page

\b Insertsa Backspace \' Insertsananglebracket

\n Insertsanew line \" Insertsinvertedcommas
\r Insertsa carriagereturn \\ Insertsthe scapecharacter

215
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Int length()
¢ Lengthof the string
Int indexO{Stringcad)
¢ Thismethodreturnsthe indexwithinthisstringof the firstoccurrencef the
specifieadharacteor -1, if the charactedoesnot occur.

charcharA(int ind)

¢ Thismethodreturnsthe charactetocatedat the String'specifieandex The
stringindexestartfrom zera



o ClaseString Métodos u

BooleanequalgStringcad)

¢ Thismethodcompareshisstringto the specifieabject Theresultistrue if andonlyif
the argumentsnot nullandisa Stringobjectthatrepresentshe samesequencef
characterasthisobject

Int compareT¢Stringcadg
¢ Thismethodcompareswo stringdexicographically
A 0 if the arguments a stringlexicographicalgualto thisstring

A < 0if the arguments a stringlexicographicallyreaterthanthisstring
A > 0if the argumentsastringlexicographicallgssthanthisstring
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o ClaseString Métodos u

StringreplaceAlStringoldCad
StringnewCad

¢ Thismethodreplacegachsubstringf thisstringthat matcheghe given
regularexpressionvith the giverreplacement

StringtoLowerCasg

StringtoUpperCase:

¢ Convertsallof the characterm thisStringo uppercaseusingrespectively
to lower case).



o ClaseString Métodos u

Stringsubstrindint indexlInicia)
int indexFinal)

¢ Thismethodhastwo variantandreturnsa newstringthat isa substringf
thisstring

¢ Thesubstrindpeginswith the characteat the specifieandexandextenddo
Athe endof thisstringor
Aupto endindex 1,if the secondargumentsgiven

| URJC |j@vara
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E4- FooCorporation

public  static int getMinindex (int []
values ) {

int  minValue = Integer.MAX VALUE
Nt minindex = -1;
for (int 1=0;i< values.length ; 1++)
if  (values [i] < minValue ) {
minValue = values [i;
minindex =1;

}

return minindex :

222
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E4- FooCorporation

Introduccién a la Programacion

public static int getSecondMinIndex (int[] wvalues)

int secondlIdx = -1;
int minIdx= getMinlIndex (values) ;

for(int i1=0; i<values.length; i++) {

1f (1 == minIdx)
continue;
1f (secondIdx == -1 ||
values[i] < wvalues|[secondIdx])
secondIdx = 1i;

}

return secondIdx; .
What happens if

values = {0}? —
values = {0, 0}?
values = {0,1}?

223
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il Populaissued U
AArray Indexvs Array Value
int [] valores ={99, 100, 101},
System.out.printin (valores [0]); /799
Values 99 100 101
] f ]
Indexes 0 1 2

224
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ACurly braces{ ...} afterif/else for/while

for (int 1=0;1<5;I++)
System.out.printin (A HI)0
System.out.printin ( MByeo ) ;

A: after for/while

public  static void main(String [] args){
for (int I =0; 1 <55 |++)
System. out .printin (0l ndex #1i);"

Introduccién a la Programacion 225
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Populaissues

AVariablelnitialization

Introduccién a la Programacion

public  static int getMinValue (int [] wvals ){
int min =0;
for (int 1 =0; 1 < vals .length ; i ++){
if (vals [1]< min){
min = vals [1];

}
}
return  min;
}
/[ What if vals={1,2,3}? a Problem
[/ Set min = Integer.MAX_VALUE or vals [O]

226
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Populaidssued

ADeclareauxvariableinsidethe loop

Introduccién a la Programacion

public  static int getMinValue (int [] wvals ){
for (int 1 =0; 1 < vals .length ; |++){
iInt min =0; //PROBLEM
if (vals [1]< min){
min = vals [1];
}
}

return min ;

227
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Debuggindjotes 1

AUse system.out.printif) throughoutyour codeto seewhati tddirs

Introduccién a la Programacion

public
int
for

}

static int getMinValueDebugging (int [] wvals ){
min = vals [0];

(int 1 =0; 1 < vals .length ; 1++){
if (vals [i]< min){
System. out .printn (0 Cu r r emntmun value:" + min);

System. out .printin (0 New mi ni mum wavalu[e]));
min = vals [i];
}

return min ;

228
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AFormat/ Indentcode appropiately

for (int 1=0;i< vals.length ; 1++)
{ it (vals[i] <vals| minldx ]) {

minldx =i;}

return  minldx ;}

Isthereanyerror?Hardto findthisway

Introduccién a la Programacion 229 @URJC | @ISE_URJGrh@ra
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A Sofar é
Variables and datges
Operators
Typeconversiorand castings
Methodsandparameters
If sentence
LoopsandArrays

A En este tema veremos
Objectorientedprogramming
DefiningClasses
UsingClasses
ReferencegsValues
Statiaypesandmethods

Introduccién a la Programacion 230 @URJC | @ISE_URJGrh@ra
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Programming
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O/bie OOP U

ntroduccién a la Programacion 232

AEmulatereal world

Theldeaisto definemouldsrepresentintghe differenttypesof entitiesound
In realworld (Clasy

Thesearelaterusedto createentitiesandput themto work by askinghem
to performactions

Baby public class Baby {
Name Il Properties

String  name;
Sex boolean male;
Weight int  weight ; |

int decibels ;
Decibels int  numPoops;

#poopsSoFar }

@URJC | @ISE_URJQm@ra



I
—
A )

Ckybele

OOP

U

AWhy creatingmouldsif the only needis to handledifferentvalue®

Introduccién a la Programacion

/[ little baby alex
String  nameAlex ;
double weightAlex ;

233
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OOP

U

AWhy creatingmouldsif the only needis to handledifferentvalue®

Il little
String
double
Il little
String
double

baby alex
nameAlex ;
weightAlex

baby david
nameDavid ;
weightDavid

234
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OOP U

AWhy creatingmouldsif the only needis to handledifferentvalue®

/[ little baby alex
String  nameAlex ;
double weightAlex ;
Il little baby david 7

String nameDavid ; DaVIqu_
double weightDavid ;
Il little baby david

String  nameDavid2 ;
double weightDavid2 ;

Introduccién a la Programacion 235 @URJC | @ISE_URJGrh@ra
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OOP

U

AWhy creatingmouldsif the only needis to handledifferentvalue®

Introduccién a la Programacion

Il little baby alex
String  nameAlex ;
double weightAlex ;

Il little baby david

String nameDavid ;
double weightDavid ;

Il little baby david

String  nameDavid2 ;

double weightDavid2 ;

L

David27L

Whatif 500babiesare
to be created?!!!

236
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OOP

AWhy botheringwith Classdefinitior?

Introduccién a la Programacion

Name
Sex
Weight
Decibels

#poopsSoFar

Babyl

237
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AWhy botheringwith Classdefinitior?

Name Name Name
Sex
Weight

Decibels

Sex
Weight
Decibels

Sex
Weight
Decibels

#poopsSoFar #poopsSoFar #poopsSoFar

Babyl Baby?2 Baby3

X nnjoee babys

Introduccién a la Programacion 238
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OOP

AWhy botheringwith Classdefinitior?

Introduccién a la Programacion

-
Babyl Baby?2 Baby3 Baby4
X . ndc
more
l l l babys
NG

Kindergarden

239
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AWhy botheringwith Classdefinitior?

o
=]

Kindergarden

Introduccién a la Programacion 240

@URJC | @ISE_URJQm@ra



Fs
— ‘\\

ILWES) ~—
A~
kybele

OOP

AWhy botheringwith Classdefinitior?

Introduccién a la Programacion

P
- N
@[ ]
\_
.[ ] EMERGENCY
x Y,
5 Kindergarden
HOSPITAL
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CLASS DEFINITION
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AClassDefinition

Introduccién a la Programacion

public class Baby {

PROPERTIE3ELDS

ACTIONSMETHODS
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AClassDefinition

public classBaby{

/I Properties
Stringname
booleanisMale;
double weight;
double decibelis
int numPoops

void poop() {
numPoops- numPoopst 1;

Systemout.printin(éDearmother, "
+¢ havepooped Readythe diaper”);

Introduccion a la Programacion 244
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AClassnamesare Capitalized

Al Class= 1 file
AHavinga mainmethod meanshe classcan be run

Introduccién a la Programacion 245
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ClasDefinition- FIELDS

AClassDefinition

Introduccién a la Programacion

public classBaby{

TYPHeld _name

TYPHeld _name=init valug

METHODS

246
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ClasDefinition- FIELDS

AClassDefinition

Introduccién a la Programacion

public classBaby{

/I Properties
Stringname
booleanisMale;
double weight;
double decibels
int numPoops= G,

METHODS

247
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ClasDefinition- FIELDS

AClassDefinition

Introduccién a la Programacion

public classBaby{

/I Properties

Stringname _
booleanmale; What if the baby
double weight; -
double decibelis hassomesibling®
iInt numPoops= G
XXXXYYYY

METHODS

248
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ClasDefinition- FIELDS

AClassDefinition

Introduccién a la Programacion

public classBaby{

/[ Propiedades
Stringname
booleanmale;
double weight;
double decibelis
iInt numPoops= 0
Babyf] siblings

METHODS

249
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ClasDefinition- METHODS

AClassDefinition

Introduccién a la Programacion

public classBaby{

I/l Propierties
Stringname
booleanmale;
double weight;
double decibels
iInt numPoops= 0
Babyf] siblings

void poop() {
numPoops=- numPoopst 1;

Systemout.printin(€Dearmother | have pooped!!);

250
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UsingClasses

AL e tméksababy

Introduccién a la Programacion

public class

public

PlayingWithBabies {

static void main(String [] args){
/[ L et onsake a baby!!

Baby miBaby = new Baby();

miBaby .poop ();

miBaby .poop ();

OurbabyhasmonameXno yx2. B4 SE X

251
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A (Clas3 Methodswith particularfeatures
Constructomame==the classqame
No returntypef neverreturnsanything
All classereedat leastone constructor
Ifyoud o rwiité one defaults td

public  class CLASSNAME{ _
CLASSNAME () { Default constructoif no other

<
«

} is invoked/ provided

CLASSNAME (ARGUMENTS){
}

CLASSNAMEobjl = new CLASSNAME():
CLASSNAMEObj2 = new CLASSNAMERARGUMENTS)

Introduccién a la Programacion 252 @URJC | @ISE_URJGrh@ra
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Constructores

Introduccién a la Programacion

public

class Baby {

/I Fields

String  name;
boolean male;
double weight ;
double decibels ;
int  numPoops,;

Eaby 1

Baby (String baby name) {
name = baby name;
}

Baby (String baby name, Boolean baby male ){
name = baby name;
iIs Male = baby male ;

253
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METHODS

Introduccién a la Programacion

public

class Baby {

/[ Fields

String  name;
boolean is Male;
double weight ;
double decibels ;
int  numPoops;

void poop () {
numPoops = numPoops + 1;

System. out .printin (oDear mother

}

void sayHi ()
System. out .printin
}

void eat (double
weight = weight
}

("Gu Gu TaTa,

foodWeight ) {
+ foodWeight ;

have pooped !!!"

| 6 M + name);

);

254
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Using Classes
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UsingClasses

A Classinstantiationd Object creation

public class Baby {
class

public

public
static

Baby bart

é

}

PlayingWithBabies {

void main ( String ]
/I L et dnsake a baby!
Baby miBaby =

args ) {

new Baby("lker"

/I L et Oonsake the Simpson
Baby maggie =

= new Baby( "Bart Simpson"

new Baby("Maggie Simpson"

true , 2.400);

, false );
true );

Introduccién a la Programacion
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Ohfoce Accessinfields

AObject FIELDNAME

public class Baby { €& }

public class PlayingWithBabies {
public  static void main(String [] args ){
Il Let 6nsake a baby!!
Baby miBaby = new Baby("lker" , true ,2.400);

/I L et O6nsake the Simpson
Baby maggie = new Baby("Maggie Simpson" , false );
Baby bart = new Baby("Bart Simpson" , true );

/[ Let dask them about their names

System. out .printin  ( maggie . name);
System. out .printin (bart . name);
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AObject METHODNAME

public class Baby { €& }

public class PlayingWithBabies {
public  static void main(String [] args ){
/I Let onsake a baby!!

Baby miBaby = new Baby("lker" , true , 2.400);

/I L et Oonsake the Simpson

Baby maggie = new Baby("Maggie Simpson" , false );
Baby bart = new Baby("Bart Simpson" , true );

/I Let O0ask them about their names
System. out .printin ( maggie . name);
System. out .printin ( bart . name);

/[ L et onsake them do something
maggie.sayHi ();

bart.eat (1);

Introduccién a la Programacion
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Introduccién a la Programacion

References vs Values
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APrimitivetypesare basigjavatypes
Int, long double booleanchar short, byte]oat
Theactualvaluesrestoredinthe variable

AReferencdaypesare arraysandobjects

A referencevariabl@loesnot storeanyvaluebut a pointer to avalueor set
of values

Access tdhe valuerequiresdrom someoperator
ACT1)
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How javastoresprimitives

Introduccién a la Programacion

AVariables ardike fixed sizecups
Primitivesresmalkenoughihattheyjustfit into the cup

int double char boolean

N
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How javastoresobjects

Introduccién a la Programacion

AObjectsaretoo bigto fit in avariable
Storedsomewhereelse(in memoryA heayp
Variablegtack storesa numberthatlocateshe object

J
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Ofbile How javastoresobjects

AObjectsaretoo bigto fit in a variable
Storedsomewhereelse(in memoryA heayp
Variablegtack storesa numberthatlocateshe object

Stack _ Baby Heap

[ name = Bart

[X 2 /EiisMaIe = true ]
bart [ ' =30

 weight

é
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How javastoresobjects

Introduccién a la Programacion

AObjectsaretoo bigto fit in a variable
Storedsomewhereelse(in memoryA heayp
Variablegtack storesa numberthatlocateshe object

Obj ect}bs
location \\
\
\\

_
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References

ATheo b j dorétidnis calledareference

Operator==compareshereference
AThatisto sayif both variablepointto the sameobjecth

BabymyBaby=new Baby¢ Wdzlfalsd);
BabyyourBaby=new Baby¢ Wdzltrye)

myBaby==yourBabyg,?// NO

\\\\ Baby Baby
“|[ name =Juan | [ name = Juan
) ERREIN
male = true male = true
é \ ( é
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NS

ATheo b j docdtidnis calledareference
Operator= updateghereference

BabymyBaby=new Baby¢ Wdzlfalsd);
BabyyourBaby=new Baby¢ Wdzltrye)

myBaby=yourBaby¢,?// NO

3 [ name =Juan | [ name = Juan
AN [ male =true | [ male =true
\ (. J (.
N & é
~
\\ .
\\ f,

—-—
— -
— i
bl . — s s s
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Reference¥SValuegsummary U
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A=
Copythe contentfrom the variablen the rightto the oneon the left

A Primitivetypes actuaValues copied

A Referencéypes objectlocationis copied
Theobjectisnot duplicatedbut a new alias taccess iscreated

Compareghe contentof both variables

o Imagine
A Primitievaluesactuavaluesarecompared F Followingjrection® ahouse
A Referenceéypeslocationsirecompared rAr':g?(‘)’g;gl:‘:f“r”'t”ram“”d
Objectsistateisnot compared P Followintipereference® anobject
A [] | f Changinfieldsntheobject

Navigatethe referenceuntilthe referencedbject
Canupdatethe objectstate(FIELD@valuesbut not the reference
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METHODSNndReferences

A Parametersassing

Formalparameter. the one specifiedincludingts type inthe methodsignature

Actualparameterthe one usedwhenthe methodis calledvariable)
When the methodis calledthe contentof the actualparameteiscopiedto the formalparameter(pass

by-value

Introduccién a la Programacion

static void doSomething (int x, int [] list
X =99;
lista [0] =99;
b. weight =99;

int v =0;
int [] values ={0, 0}

Baby miBaby = new Baby( "Juan" , true , 3.25);

doSomething (v, values , miBaby);

268
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O/ METHODSandReferences U
A Parametersassingl!)
Primitivetypesvalue static  void doSomething (int x, int [ list ,Baby b){
Iscopied X =99;
lista [0] =99;
Referenceypes b. weight = 99;
locationiscopied }
A Theobjectisnot
copied(a new aliars int v =0;
createdl int [] values ={0, 0}
) ) Baby miBaby = new Baby( "Juan" , true , 3.25);
A |mpllcat|OnS doSomething (v, values , miBaby);

Primitivaypes modificationsverthe formalparametedoesnot affectthe actuabne

Referencéypes modificationsverthe locationof the formalparametedoesnot affectthe
actuabnebuth al terying the object referenced by t
does affect the one referenced by the actual one (since there both the same)

Introduccién a la Programacion 269 @URJC | @ISE_URJGrh@ra



F
TUN

Ckybele
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Static Methods
and Types
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Olk/bele Static U

AApliesto FIELDS and METHODS

Meanghe fieldmethod
Alsdefinedor the classleclaration

Alsnot uniquefor eachinstance
Commonlyusedfor

ACarryingout COMMON operationsandbr datastoragehatapplyto everyobjectof
the class

We referto them
Alnthe classn whichtheyaredeclaredusingheirname
Aln anotherclassprecedingheir namewith that of the classn whichtheywere declared
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A StaticMethods

Behavehe samedespitehe particularclassnstancécurrentstateof the objec)
A E.gmethodto generateamdonnumbers

A StaticFields
Filedvaluedoesnot dependon anyparticulaobjectsthe samevaluefor EVERYbjectof
the class

Thereisnot a copyof the valuefor eachobjectbut a solecopywhichissharedy allthe
objectsf the class
A E.gcountingclassnstances

X alsoknownl aClaasmemberg
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AlIf we wantto control the numberof births é

We couldincreaséhe valueof the fieldat everyconstructor €verymethodthatcan
createnewbabiep

public class Baby{

static int  numBirths =0;
/[ initialized first time the Class is instantiated
Baby () {
numBirths  +=1;
e
}

Baby (String name) {
numBirths  +=1;
e
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Ol Statid~ields u

AIf we wantto control the numberof births é
Or doingsoexplicithyeverytimethe Classsinstantiatethy creatinga newBaby

public class Baby{

static int  numBirths =0;
/[ initialized first time the Class is instantiated
Baby () {
numBirths  +=1;
e
}

e

)

e

Baby myBaby =new Baby();
Baby.numBirths +=1;
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AlnstanceVs ClassMethods
An instancenethodisalway<alledveraninstancef the Clasganobjec)
A classnethodcan becalledevenwithout havingnstantiatethe Classnce

public class Baby {
static void cry (Baby aBaby) {

System.out.printin (aBaby.name + i cries 0);
}
}
public class Baby {
void cry (){
System.out.printin (name + i cries 0);
}
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Ol Statidviethods U

AClassMethodslimitations
Cannot accesmstancdields
Cannot callinstanceanethods

public class Baby {

String name = N1 J u a;n o Thenameof whichof the
static void WhOAml(){ dlfferentbabyobjectS(_:reated
. sofar would be printed??

System.out.printin ( name);

}
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public  static void main(String [] arguments ){}

A Applicationlauncher

Alwaysa staticmethod
A When calledhereis no objectsinceprogramexecutiorhasnot startedyet
Main methodrol is not to

ltsdutyisto startexecutiomrd void
containprogramlogicbut

Stringarraypasse@sargumentsvhencalled ereateobjectsand calltheir

. e hod
A Startthe programwith additionahrguments meiocs
E.ggamefor 1 or 2 playerg Colorspectrumh

e CAWINDOWS\system32\cmd.exe

C:\Documents and Settings‘Administrator= java Juego 2 Rojo
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AObjectshavestate
~lelds

AObjectsperform actions
Methods

AObijectsare build upon eachother
Inheritancénextchapterh ) | e

Attributes

Attributes

Behaw
Behav
\ sssssssss
Attributes Attribute
Behaviors Behaviors

An object-oriented program consists of many well-encapsulated
objects and interacting with each other by sending messages
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AModela computersoccergameaccordinglyto the "realthings that
appearnn the soccergames

Playerattributeancludenamenumberlocationin the field andetc
operationsncluderun,jump kickthe-bal] and etc.

B a.l I Player Ball Field Referee
Referee

ASomeof theseclassegsuchasBalland
Audience can bereusedin anotherapplication

Classes (Entities) in a Computer Soccer Game
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ResearclGroup

S eso
I e Universidad
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VI. Access contr@assScopePackagedava API
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R Overview

Tkybéle

-

A Access control

Introduccion a la Programacion 282 www.ise.ep @ise_urjd @mvara



Y\ \. :\\

=~ /. ﬂ:ﬁ'
Ckybele

Access Control

-

Introduccidn a la Programacion

public classPerson{
Stringname;
int age= 0;

}

/**

A Main classof the Javaprogram
A *
public classMain {
public static void main(Strind] args {
Personbart =new Person);
bart.name="Bart Simpson’

bart.age=-56; <\
}

283
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Access Control

-

Introduccidn a la Programacion

public classPerson{
private Stringname;
private int age= 0;

public void setAgdint new_age {
if (age>= 0 &&age<= 120)
age=new_age
else
System.out.printi"Wrong Age");

}

publicint getAgd) {
return age

}

public void setName(Stringnew_name {
name=new_name

}

public StringgetNam€) {
return name

}
}

284
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b Access Control U
AEncapsulation
/**

A Main classof the Javaprogram
A
public classMain {
public static void main(String] arg9 {
Personbart =new Person);
bart.setNaméh . | NI {:AYLAZ2Y £ 0
bart.setAgg-56);
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AccesdModifiers
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-

A Public otherscan usehis

A Private onlythe classcan usehis
publiéprivateapplieso anyfieldor method

A WhyAccess Control
A Protectprivateinformation(sortg
A Clarifyhow othersshoulduseyour class
A Keepimplementatioseparatdrom interface
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_urjd @mvara



Overview

RS ~—~—
PEScual G ¥
Ckybele

-

A Classcope
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public class ScopeReview {

void scoPeMethod(lnt yarl) {
String var2 _—

e

if (var1f> &) {

var2 = "above o":
} else { \

var2 = "less thgn or equal to 0";
} L
System.out.println(var2);
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-

public class ScopeReview {
private int var3;
void scopeMethod(int varl) {
var3 = varl;
String var2;
if (varl > 0) {

var2 = "above 0";
} else {

var2 = "less than or equal to 0";
}
System.out.println(var2);
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-

public class ScopeReview {
private int yar3;
void scopeMethod(int varl) {
var3 = varl;
String var2;
if (varl > 0) {

var2 = "above 0";
} else {

var2 = "less than or equal to 0";
}
System.out.println(var2);
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Scope

-

A Justlike methods variables are accesibileside{}
Previousessonanethodlevelscope

void

method (int argl) {
int arg2=argl + 1,

Thislessonclasdevelscope

class

Example {

int  memberVariable ;

void setVariable (int
memberVariable

}

newVal ) {
+= newVal ;

Introduccidn a la Programacion
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Scope

-

public class Baby { Only methodlevel

int servings; "ervingls updateo

void feed(int servings) {
servings = servings + servings;

}

void poop() {
System.out.println("All better!");
servings = 0;

292
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thiskeyword

Tkybéle

-

A Clarifiesscope
A MeansYhy objectQ

class Example {
Int  memberVariable
void setVariable (int newVal) {
this.  memberVariable += newVal ;

}
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-

public class Baby ({ Only methodlevel

int servings; Yervingisupdateo

void feed(int servings) {
servings = servings + servings;

}

void poop() {
System.out.println("All better!");
servings = 0;
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Scopd UsIngTHIS

-

Introduccidn a la Programacion

int servings; Yervinglis updateg

void feed(int servings) {
this.servings =
this.servings + servings;
}
void poop() {
System.out.println("All better!");
servings = 0;

}
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A Packages
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Packages

@ky béle

-

A Eachclassbelongsto apackage

A Classe the samepackageservea similampurpose
A Packagesrejust directories

A Classe other packagesieedto beimported

import java.util. Scanner

(e)
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DefiningPackages

-

Introduccidn a la Programacion

ADefiningpackages

package path.to.package.foo;
class Foo {

-

AUsingpackages

import path.to.package.foo.”;

import path.to.package.foo.Foo;

www.ise.ef @se_u
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Declaringlassemsidepackages

-

Introduccidn a la Programacion

package parenttols ;

public class BabyFood {

}

package parenttols ;

public class Baby {

}
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-

package adult;

import parenttools.Baby;
import parenttools.BabyFood;

public class Parent {

public static void main(String[] args) {
Baby baby = new Baby();
baby.feed(new BabyFood());
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Why Packag@s

@ky béle

-

A Combine similafunctionality
A org.boston.libraries.Library
A org.boston.libraries.Book

A Separatesimilarnames
A shopping.List
A packing.List
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@ky béle

-

AAll classesse€ classesn the samepackage
(no Import needell

AAll classesse€ classesn java.lang

Example
Ajava.lang.String
Ajava.lang.System
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Overview

-

A Access control
A Classcope

A Packages

A Java API

ntroduccién a la Programacion
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Java API

@ky béle

-

AJdavancludeslots of packagekclasses
AReuseclassedo avoidextrawork

AJdava API version 8;
http:/docs.oracle.cdjavas&/docsapi/
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ASetof classeshat sharemethods
ADeclarean interfacewith the common methods

A Canusethe interface,without knowingan 2 0 2 SIQ.US GgheU O
AOnlyhavemethods(mostlytrue)

ADonot providecode onlythe R S U y Xcdll&dBighature3

A A classcanimplementanynumberof interfaces

Introduccidn a la Programacion
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Interfaces

-

Introduccidn a la Programacion

Shape

Rectangle

-length:double
-width:double

+getArea() :double
+toString():String

Interface defines the expected

behaviors (public interface) of all

Triangle

-base:double
-height:double

Subclasses provide the actual

+getArea():double »---

- . Implementations.
+toString():String s

306

Movable
<<interface>>

+movelp () :void
+moveDown (') :void ®7----
+movel eft():void
+moveRight():void

A\

E implements

Abstract method has
definition only

MovablePoint

-x:int

-y:int
+MovablePoint(x:int,y:int)
+toString():String
+moveUp() :void
+moveDown () :void
+moveleft():void
+moveRight () :void

Subclasses provide
actual implementation

http://www.ntu.edu.sg/home/ehchua/programming/java/j3b_oopinheritancepolymorphism.html#zz-5.
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Implementinginterfaces ﬁ

Almplementationsprovidecompletemethods

Introduccidn a la Programacion

interface Shape {
i nt area ();
int perimetre ();
void setColor (Color color );
}
class Square implements Shape({
private  side =0;
public int area () {
return side * side ;
}
public int perimetre () {
return  side *4;
}
}
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AAn objectthat groupsmultiple itemsinto a singleunit.

AAggregatadataitemsthat are normallyconsideredogetheras a
whole

A pokerhand(collectiorof card$
A folder collectiorof files)
A team(collectiorof playery
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51w Collections

AJavaCollectionramework

[ CoIIection]

N

[ List ] [ Set ] [SortedSeﬂ

A T /

[ Map ] [Sort/edMapﬂ

[ Iteti\ator ]

[ HashMap] [HashTabIeﬂ [ TreeMap]
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AGrouptogethercommonmethodsto handlegroupsof objects
add(Objectx)
remove(Objectx)
containgObjectx)
size(Objectx)
toArray (Objectx)
Iterator(Objectx)
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-

ARedimensionablerderedlist
of elements

ARepateadraluesare allowed
ArrayList

LinkedList

AKeepinsertorder
AHampergerformance

Introduccidn a la Programacion 311

addObjecto)

addint indice Objecto)
ge(intindice
removéint indicg
cleaf)
indexO{Objecto)
lastindex(©bjecto)
siz€)

containfObjecto)

www.ise.ef @i

se_urjd @mvara



Collections

-

Introduccidn a la Programacion

import  java.util.ArrayList ;
class ArrayListExample {

public

static void main (String [] arguments ){
ArrayList <String > cadenas = new ArrayList
cadenas .add ("Ignacio" );
cadenas .add ("Jose");
cadenas .add ("Clara" );
System. out .printin (cadenas .size ());
System. out .printin (cadenas .get (0));
System. out .printin  ( cadenas .get (1));
cadenas .set (0, "Adio0s");
cadenas .remove (1);
for (int 1=0; i < cadenas .size(); I ++){
System. out .printin ( cadenas .get(
}
for  (String s : cadenas ) {
System. out .printin (s);

}

<String

1));

>();
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Arrayswith ltems

Tkybéle

-

AAddingbooksto the Booksarray

Book[] books = {}

Createthe arraybiggerthanneeded

Book[] books =new Book[100]

Createanauxiliancopy, etc.
UseanArrayList

ArrayLiskBook> books = newrrayLiskBook>();
. 221 0 I yQuigote): 2271 04 9 f
books.addb);
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O Sets U
. - addObjecto)
ALikean ArrayList but emovdObjecto)
Only onecopyof eachobject I‘;";";?pt@
Aequal§ | hashcod@ iterator)
sizg)

No arrayindex

AFeatures
Add objectdo the set
Removebjectdrom the set
Isanobjectin the set?
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Sets
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-

AHashSet
Bestperformance

ALinkedInHashSet

PerformancevorsethanHashSet
Keepinsertionorder

ATreeSet

Sorted(lowestto higest set of Comparabléems
Worst performance
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-

Import  java.util. TreeSet :
class TreeSetExample {
public  static void main ( String ]

cadenas .add ( "Cristian" );
cadenas .add (" Andres");

cadenas .add ("Tania" );

System. out .printin ( cadenas .first
System. out .printin ( cadenas .last

cadenas .remove ("Tania" );
for (String s : cadenas ) {
System. out .printin ~ (s);

}
}

}

arguments ) {
TreeSet <String > cadenas = new TreeSet <String >();

System. out .printin  ( cadenas .size ());
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O Maps

-

AStoresa (key, value) pair of objects
AKA 2colstable

Look upthe key, getbackthe value
No duplicat&keys
Onevalueper key

AExamplesAddressBook
Mapfrom namego emailaddresses
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cleaf)
containsKe®bjecto)
containsValg®bjecto)
get(Objectkey)
ISEmpt()
remové€Objectkey)
siz€)
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-

AAwayto speedup searching
Insteadf traversindghe entirelist
Use amagidunctionwhichyieldghe elemenindex

AHashfunction

Givenakey generatethe addressn
the table
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