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Neden Java?

Ozellikleri
®Yaygin kullanim é) Java
® 1990’lardan bugiine gelistiriimeye devam ediyor “<——
® Giincel teknolojilere yiksek oranda adaptasyon.

® Program hatalarina karsi hata denetim gicd.

James Gosling

Milyonlarca gelitirici

Java ekonomisi . i
Milyarlarca cihaz.

® Mars kesif araci.
® Cep Telefonlari.
® Blu-ray Disk.

® Web Sunucular.
® Medikal cihazlar.

® Supercomputing.



Java dilinin alt kiimeleri

Temel
Tipler

int

Tong
doubTle

char
String

boolean

noktalama

~ N

Sayisal ifade
operasyonlari

+

karsilastirma

String
operasyonlari

+

Tength()
charAt(Q
compareTo()

matches ()

boolean
operasyonlar

true
false
!
&&
N

atama

flow control

if
else
for

while

diziler
al]
Tength

new

Nesne
Tabanli

static
class
public
private
new

final

toString()

main()

Math
methodlari

Math.sin()
Math.cos()
Math.Tog()
Math.exp()
Math.pow()

Math.sqrt()

Math.min(Q)

Math.max()

Math.abs()
Math.PI

type déniisiim metodlari

Integer.parseInt()

Double.parseDouble()

é > Java

—

System
methodlari

System.print()
System.printin()
System.printf()

our Std methods
StdIn.read*()
StdOut.print*()
StdDraw.*()
StdAudio.*()
StdRandom.*()

Your programs will primarily consist of these plus identifiers (names) that you make up.



ilk programinizin anatomisi

program ismi

. l main() method
e et e > public class HelloWorld ////

isimli text dosya { o

public static void main(String[] args)

{

System.out.printlin("Hello, World");
} .~

main() blogu
(basit bir ifade)



Diger programlarinizin anatomisi

MyProgram.java
isimli text dosya

program ismi

l

public class MyProgram

{

public static void main(String[] args)

{

e

main() bTogu
(komutlar dizisi)

main() method



Ayni programin {i¢ versiyonu

public class HelloWorld
{

public static void main(String[] args)

{

System.out.printin("Hello, World");

1

1
/*************************************************************************

* Compilation: javac HelloWorld. java
Execution: java HelloWorld

Prints "Hello, World". By tradition, this is everyone's first program.

% java HelloWorld
Hello, World

¥ F X % X % *

*************************************************************************/

public class HelloWorld ({

public static void main (String[] args) {
System.out.println("Hello, World");
}

pubTlic class HelloWorld { public static void main(String[] args) { System.out.println("Hello, World"); } 1}

JAVA

Sonug: Fontlar, renk, yorumlar, ve extra bosluklar Java diliyle alakal degildir..



Java da program gelistirme

Uc adimli bir islemdir, feedback icerir.

P
"

1. Programini YAZ

®Bilgisayar klavyesi ile kodlari gir.
®Sonuc: HelloWorld. java benzeri bir dosya olusur.

2. Calistirilabilir bir dosya elde etmek icin programini DERLE
®Java Compiler kullan
®*Sonuc: Bir Java bytecode dosyasi HelloWorld.class
®Hata? 1. Adima don duzelt ve tekrar derle.

3. Programini CALISTIR
® Java runtime kullan.
®Sonuc: Programinin ciktisi.
®Hata? 1.Adima git duzelt, yeniden derle ve calistir



Temel veri tipleri



Temel Veri tipleri

Bir veri tipi birtakim degerler ve bu degerler Uzerindeki operasyonlardir.

Tip Alabildigi degerler Ornek islem 6rnekleri
IAI
char Karakterler a karsilastirma
_ o "Hello World" _ _
String Karakter Dizisi "CS is fun" birlestirme
_ 17 .
int Tam Sayilar 12345 Topla, cikar, carp, bol
3.1415 ..
double Ondalikli sayilar 6 02223 Topla, ¢ikar, garp, bol
true
booTean D, Y false and, or, not

Java’nin Temel Veri Tipleri



Temel Tanimlamalar

Degisken (variable) bir degere karsilik gelen referanstir.

Literal bir degerin programlama dili gosterimidir.
Degisken Tanimlama bir tip ile degeri iliskilendirmedir.

Deger atama bir deger ile degiskeni iliskilendirmedir.

degiskenler
int a%
Degisken tanimlama .
Bl < int b;
. a = 1234;
Deger atama — ’
b = 99;
int c a + b;
Degisken tanimlama ve /

deger atama kombinasyonu \/

literaller



Degiskenler, literaller, atama ve tanimlama. Ornek: degerler arasi yer degistirme

public class Exchange
A trace is a table of variable values after each statement.

{
public static void main(String[] args) ) . .
{
int a = 1234;
int b = 99; int a = 1234; 1234
int t = a; int b = 99; 99
a = b; Bukod ave b _ _
b = t- degerlerini yer degistirir int t = a; 1234
| a = b; 99

= - 12 4
} b =t; 3




Metinlerle islem yapmak icin veri tipi: String

String veri tipi

Degerler Karakter dizileri
Tipik literaller "Hello, ™ "1 " " =" Onemli Not:
i,slem birlestirme Karakterlerin yorumlanmasi icerige bagldir.
operator + karakter
I
. : . Or 1: arti isareti "1234" + " 4+ " 4+ M99
String islemleri (concatenation) T T
expression value operator operator
llH_i , n + IIBObII IIH_i , Bobll .
white white
nln + n 2 n + nln ||1 2 1ll space Space
"1234" + " + " + "99" "1234 + 99" Or 2: bosluklar "1234"/+\" + "4\"99"
"1234" + "99" "123499" v
Bosluk
karakteri 12

Tipik Kullanlimi: Giris/Cikis islemleri



String islemleri Ornegi: Cetvelin alt bélimleri

public class Ruler

{

public static void

main(String[] args)

{ all + ops are concatenation
String rulerl = "1";
String ruler2 = rulerl + " 2 " + rulerl;
String ruler3 = ruler2 + " 3 " + ruler2;
String ruler4 = ruler3 + " 4 " + ruler3;
System.out.printin(ruler4);
}
}
rulerl ruler?
rulerl = "1"; 1
ruler2 = rulerl + " 2 " + rulerl; 1 121
ruler3 = ruler2 + " 3 " + ruler2; 1 121
rulerd = ruler3 + " 4 " + ruler3;

ruler3

121312141213121

% java Ruler
121312141213121

ruler4

1213121

121312141213121



Giris / Cikis

Programimiza islenmek tizere veri sunmamiz ve islenen verilerin sonuclarini alabilmemizi saglarlar

command-line

Kullanicilar metinlerle ¢alismayi tercih ederler. o~ rguments

Programlar sayilarla daha etkili calisirlar.

Cikis

e System.out.printin() verilen metni yazdiran metot.

| standard output

.. . .. Bird's eye view of a Java program
* Java sayilari ¢cikti vermek icin otomatik olarak metne cevirir.

Komut satiri Girdisi

 Calistirma sirasinda programa verilen args[0], args[1], ... seklindeki string girdilerdir.
- S. integer bir degeri komut satiri girdisi olarak nasil alabiliriz?

- C. String ifadeleri tam sayiya ¢cevirmek icin kullanilan Integer.parseInt() sistem metodunu
cagiririz.



Giris / ¢ikis alistirma: degerleri yer degistirme

public class Exchange

{
public static void main(String[] args)
{
int a = Integer.parselInt(args[0]);
int b = Integer.parselInt(args[1]);
int t = a;
a =b;
b = t;
System.out.println(a);
System.out.printin(b);
’ I
} Java ciktiislemiicin integer degeri otomatik olarak String e cevirir.

S. Bu program ne yapar?

% java Exchange 5 2
2
5

% java Exchange 1234 99
99
1234

A. Komut satirindan iki degeri okur,daha sonra iceriklerini birbiri arasinda degistirir.



Tam sayi islemleri icin veri tipi: int

int veri tipi
Degerler integers between -231and 231-1

Tipik literaller 1234 99 0 1000000 Onemli Not:

Operasyonlar topla ckar carp bél mod Yalnizca 232 farkli int deger.
operatér + - * / %

int operasyon ornekleri

ifade deger Aciklama Oncelik

5+ 3 8 ifade deger Aciklama

5 -3 2 3 %5 -2 13 * dncelik sahibi
5 % 3 15 3+5 /2 5 / oncelik sahibi
5/ 3 1 Tam kismini alir 3 -5-2 -4 Soldan sirali
5% 3 Mod alir (3-5) -2 -4 Tercih edilen
1 /0 runtime error

Tipik kullanim: Matematik hesaplamalari



Int ve String ifadeler arasinda tip donusumu ile islemler

public class IntOps

{

public static void main(String[] args)

{

int a = Integer.parselInt(args[0]);
int b = Integer.parselInt(args[1]);
int sum = a + b;

int prod = a * b;

int quot = a / b;

int rem = a % b;

System.out.println(a + + + b + = + sum);
System.out.println(a + " * " + b + " =" + prod);
System.out.println(Ca + " / " + b + " =" + quot);
System.out.printlnCa + " % " + b + " =" + rem);

T

Java String birlestirme islemiicin integer degeri otomatik olarak String e cevirir.

% java IntOps 5 2
2 =7
2 =10
2 =2
2 =1

% java IntOps 1234 99
1234 + 99 = 1333

1234 * 99 = 122166
1234 / 99 = 12
1234 % 99 = 46




Ondalikli sayilarla islem yapabilmek i¢in: double

double veri tipi
real numbers 6022 1023

3.14159 2.0 1.4142135623730951 6.022e23 */////
Tipik double degerler yaklasik degerlerdir

degerler

tipik literaller

operasyonlar topla citkar carp bol mod
operatorler + - * / % Ornek:
Tt icin double deger yoktur.
) _ 212jcin double deger yoktur.
doubTe operasyon ornekleri - y
1/3 icin double deger yoktur.
ifade deger
3.141 + .03 3.171 Ozel degerler
3.141 - .03 3.111 )
ifade deger
6.02e23/2 3.01le23
5.0 / 3.0 1.6666666666666667 1.0 /0.0 Infinity
10.0 % 3.141 0.577 Math.sqrt(-1.0) NaN
Math.sqrt(2.0) 1.4142135623730951 T 18
"not a number"



Diger sayisal veri tipleri

short veri tipi Tong veri tipi
degerler integers between -215and 215-1 degerler
operasyonlar [ same as int ] operasyonlar

float veri tipi
degerler real sayilar

operasyonlar [double ile ayni]

Why different numeric types?
®*Bellek kullanimi ve tam sayi araligl arasindaki tercihler.
®*Real sayilardaki bellek kullanimi ve hassasiyet tercihleri.

_Short LITTTTTTTTTTITTITT]
int, float LTI T T T T I I T T I I I T T I T I I T T1
LITTTTTI

-263and 263-1 arasindaki tam say.

[int ile ayni]

Tong, double




Java’'nin Math kutuphanesinden ornekler

public class Math

double abs(double a) Mutlak deger
double max(double a, double b) Maxaveb
double min(double a, double b) Minaveb

1nt,19ng,ve'F1oat
icinde
tanimlanabilir

—
—

double sin(double theta) Sin fonksiyonu
doubTle cos(double theta) cos fonksiyonu asin(), acos(), and atan()
ters fonksiyonlari da
double tan(double theta) tan fonksiyonu mevcuttur.
Radian olarak alir. toDegrees() ve toRadians() dénisiim de kullanilabilir
double exp(double a) (ea)
double Tog(double a) dogal log (loge a, or Ina)

double pow(double a, double b) (ab)

Tong round(double a) En yakin tamsayiya yuvarla
double random() [0. 1) arasi random sayi
double sqgrt(double a) karekok a
double E e (constant)

Artik hesap makinesini
double PI 1 (constant) birakabilirsin. (lutfen!).



Ondalikli sayilar 6rnegi: ikinci derece denklemler

—b+Vb2—-4ac

2a

Cebir 6rnegi: x% + bx + cicin kékler

pubTlic class Quadratic

{

public static void main(String[] args)

{

// Parse coefficients from command-Tine.
double b = Double.parseDouble(args[0]);
double c Double.parseDouble(args[1]);

// Calculate roots of x*x + b*x + c.
doubTle discriminant = b*b - 4.0%c;
double d = Math.sqrt(discriminant);
double rootl = (-b + d) / 2.0;
double root2 (-b - d) / 2.0;

// Print them out.
System.out.println(rootl);
System.out.println(root2);

% java Quadratic -3.0 2.0
2.0 x2— 3x +2
1.0

% java Quadratic -1.0 -1.0
1.618033988749895 x2— x -1
-0.6180339887498949

% java Quadratic 1.0 1.0

NaN x>+ x+1
NaN

% java Quadratic 1.0 hello
java.lang.NumberFormatException: hello

% java Quadratic 1.0
java.lang.ArrayIndexOutOfBoundsException

/

Hda@UmangemHK/

(Hayatin gercekleri: Tum hatalar anlasilir degildir.)

2



true / false verilerde islemler: boolean

boolean veri tipi

degerler
literaller
operasyonlar

operatorler

S. a XOR b?
C. (la & b)

true false

true false

and or not
&& | !

ispat
(a && !'b)

Dogruluk tablosu tanimlari

a la a
true false false
false true false

true
true

a b la && b
false false false

false true true

true false false
true true false

false
true
false

true

a & b
false
false
true

false

a &b allb

false false
false true
false true
true true

(ta && b) || (a && !b)

false
true
true

false

22



Karsilastirma Operatorleri

Temel veri tipleri arasinda karsilastirma yapmak icin kullanilir,
® Operand: Ayni veri tipindeki iki deger.

® Sonug: Boolean bir deger.

operatér Anlami true false
== Esit 2== 2==
= Esit degil 31=2 21=2
< Kiguk 2<13 2<2
<= Biiyiik esit 2<=2 3<=2
> Blyuk 13>2 2<13
>= Biiyiik esit 3>=2 2>=3
) Tipik double degerler
Ornekler non-negative discriminant? ( b*b - 4.0*a*c ) >= 0.0 «——— yaklasik deger
oldugundan ==
Yiizyilin baslangici? ( year % 100 ) == 23

karsilastirmalarinda

Dogru ay degeri?  ( month >= 1 ) & ( month <= 12 ) dikkatli olun



Boolean ile hesaplama ornegi: artik yil kontroli

Q. Girilen yil artik yil midir?

A. Eger (i) 400 e bolinebilen veya (ii) 4 e bolinebilen fakat 100 e boélinmeyen

public class LeapYear

{
public static void main(String[] args)
{
int year = Integer.parseInt(args[0]);
boolean islLeapYear;
// divisible by 4 but not 100
isLeapYear = (year % 4 == 0) && (year % 100 != 0);
// or divisible by 400
isLeapYear = isLeapYear || (year % 400 == 0);
System.out.println(isLeapYear);
}
}

% java
true

% java
false

% java
false

% java
true

LeapYear 2016

LeapYear 1993

LeapYear 1900

LeapYear 2000

24



Tip kontrol

Degisken tipleri daima operasyonlardaki tanimlarla eslesmelidir.

Java compiler sizin dostunuzdur: kodunuzdaki tip hatalarini kontrol eder.

public class BadCode
{
public static void main(String[] args)
{
String s = "123" * 2;
}
}

% javac BadCode.java
BadCode.java:5: operator * cannot be applied to java.lang.String,int
String s = "123" * 2;
A

1 error

P

Uygun oldugunda, sik sik bir tipteki degeri baska bir tipe, tip uyumunu saglamak icin donusturtriz



Temel veri tiplerinde tip donlisimu

Tip donldsimleri programlamanin dogasinda olan islemlerdir.

Otomatik
®"+" icin sayilari stringe donistiirme.

®Hassasiyet kaybi yok ise sayisal tiplerin dontisimd.

Fonksiyon parametrelerinde acik¢ca tanimli
durumlar

& Verinizin tipine dikkat edin!

ifade tip deger

"x: "+ 99 String "x: 99"

11 * 0.25 double 2.75
Integer.parseInt("123") int 123
Math.round(2.71828) Tong 3
(int) 2.71828 int 2
(int) Math.round(2.71828) int 3
11 * (int) 0.25 int 0

26

Tip donustmleri mantiksiz gelebilir ancak
uygulamada oldukca pratik coziimler sunar



Tip donusumu Quiz

S. Asagidaki ifadelerin her birinin tip ve sonuclarini belirtiniz.

fu

c7/2) *2.0

b. (7 /2.0) *2

c. "2" + 2

d. 2.0 + "2"

27



Tip donusumu Quiz

S. Asagidaki ifadelerin her birinin tip ve sonuclarini belirtiniz.

f

c7/2)*2.0

(7 /2.0) * 2

Il2ll +

2

.0 +

2

"2"

6.0, double (7/2 is 3, an int)

7.0, double

22, String

2.02, String

28



Tip donusimlerinin hikayesi

Neden farkli niimerik tipler?
®*Bellek kullanimi ve ihtiyac duyulan sayi araligi konusundaki tercihler.

*Bellek kullanimi ve hassasiyet ihtiyaci konusundaki tercihler.

short LITTTTTTTTTTITTITT]
int, float LTI T T T T T T T I I I I T T I T I I I I I T
LITTTTTI

long, double EEEEEESSSESEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Bir donltstimin imkansiz oldugu durumlar..
®Or: (short) 70000.

* Short degerler-215and 215-1=32767.

29



Tip donlisimiiniin kullanish oldugu durumlar: Random integer lar

Math.Random() sistem metodu [0,1) araliginda rastgele sayilar Uretir.

Problem: N sayisi girilsin, O ile N-1 arasinda bir random tam sayi Gretin.

pubTlic class RandomInt
{
public static void main(String[] args)

{
int N = Integer.parseInt(args[0]); «—
double r = Math.random();

int t = (int) (r * N);

doub]etoint(casw’/; ‘\\

System.out.printin(t);

int to double (automatic)

}

— String to int (system method)

% java RandomInt 6
3

% java RandomInt 6
0

% java RandomInt 10000
3184

30



Ozet

Bir veri tipi birtakim degerler ve bu degerler tGzerindeki
operasyonlardir.

Java’da sik kullanilan temel veri tipleri
*String, giris cikista kullanilan karakterler dizisidir.

«int, tam sayilarla hesaplama ve programlardaki matematik
hesaplamalar icin kullanilir.

«double, ondalikli sayilarda hesaplamalar islemler icin kullanilr.

*boolean, Iki durumlu isler icin kullanilir, programlardaki karar verme
yvapilariicin kullanilir.

31



Kosul ifadeleri ve donguler



Context: basic building blocks for programming

any program you might want towrite

objects
functions and modules
graphics, sound, and image I/O

arrays

B [
Preious lecture:

equivalent to a calculator

This lecture:
to infinity and beyond!

33



Conditionals and Loops

Control flow
®*The sequence of statements that are actually executed in a program.
® Conditionals and loops enable us to choreograph control flow.

true boolean 1

‘ statement 1 ‘

v / false
‘ statement 2 ‘ ‘ statement 1 ‘ l
‘ v ‘ boolean 2 true —>| statement 2

statement 3
false

A J

‘ statement 4 ‘ ‘l'

‘ statement 3 ‘

straight-line control flow control flow with conditionals and a loop
[ previous lecture ] [this lecture]

34



The i f statement

Execute certain statements depending on the values of certain variables.
® Evaluate a booTlean expression.

®|f true, execute a statement.

®*The else option: If false, execute a different statement.

Example: if (x < 0) x

— &

false —

Example:

— e

max

Replaces x with the absolute value of x

l

if (x > y) max = x;
max = y;

false \’

L max = y;

Computes the maximum of x and y

35



Example of if statement use: simulate a coin flip

public class Flip
{
public static void main(String[] args)
{ if (Math.random() < 0.5)
System.out.println("Heads");
else
System.out.println("Tails");
}
}

% java Flip
Heads

% java Flip
Heads

% java Flip
Tails

% java Flip
Heads

36



Example of if statement use:2-sort

Q. What does this program do?

public class TwoSort
{
public static void main(String[] args)
{
int a = Integer.parselInt(args[0]);
int b = Integer.parselInt(args[1]);
if (b < a)
{ % java TwoSort 1234 99
int t = a; alternatives for if and else 99
a=b; <«—— can be a sequence of 1234
b = t; statements, enclosed in braces
} % java TwoSort 99 1234
System.out.println(a); 99
System.out.printin(b); 1234
ks
ks

A. Reads two integers from the command line, then prints them out in numerical order.

37



Pop quiz on 1if statements

Q. Add code to this program that puts a, b, and ¢ in numerical

order.

public class ThreeSort

{
public static void main(String[] args)

{

int a Integer.parseInt(args[0]);
int b Integer.parselInt(args[1]);
int ¢ = Integer.parselnt(args[2]);

System.out.printlin(a);
System.out.printin(b);
System.out.println(c);

% java ThreeSort 1234 99 1
1

99

1234

% java ThreeSort 99 1 1234
1

99

1234

38



Pop quiz on 1if statements

Q. Add code to this program that puts a, b, and ¢ in numerical

order.

public class ThreeSort

{

public static void main(String[] args)

{

int a = Integer.parselInt(args[0]);

int b = Integer.parselInt(args[1]);

int ¢ = Integer.parselnt(args[2]);

if (b < a)

{ int t=a;a=b;b=t;} *—. makes a smaller
1f.(c < a) than b

{ intt=a;a=¢ c=1t;} “-_ makes a smaller
Tf_(C < b) than both b and ¢
{ int t = b; p =C =11} *~ makes b smaller
System.out.printin(a); than ¢

System.out.printin(b);
System.out.printin(c);

% java ThreeSort 1234 99 1
1

99

1234

% java ThreeSort 99 1 1234
1

99

1234

39



Example of if statement use: error checks

public class IntOps

{

public static void main(String[] args)

{

}
}

int a Integer.parselInt(args[0]);

int b = Integer.parselInt(args[1]);

int sum = a + b;

int prod = a * b;

System.out.printin(a + " + " + b + " =" + sum);
System.out.println(a + " "

n e n
w

+ b + = + prod);

if (b == 0) System.out.printin("Division by zero");
else System.out.printlnCa + " % "

+ b + =

"+ a%b);

% java IntOps 5 2

5 + =7
5 %2 =10
5/ 2 =2
5%2 =1

% java IntOps 5 0
5+0=5
5**0=0
Division by zero
Division by zero

Good programming practice. Use conditionals to check for and avoid runtime errors.

40



The while loop

Execute certain statements repeatedly until certain conditions are met.
® Evaluate a boolean expression.

i=0;
®If true, execute a sequence of statements. |
® Repeat. v = 1;
Example: KN
int 1 = 0;
int v = 1; true
while (i <= n) y
( ‘ System.out.println(v);
System.out.println(v);
i= o 1 + 15
V =2 * v;
} Vi
Prints the powers of two from 20to 2.
[stay tuned for a trace] 1

41



Example of while loop use: print powers of two

A trace is a table of variable values after each statement.

public class PowersOfTwo
{
public static void main(String[] args)
{
int n = Integer.parseInt(args[0]);
int 1 = 0;
int v = 1;
while (i <= n)
{
System.out.println(v);
=1+ 1;
V=2 % vV;
}
}
}

Prints the powers of two from 20to 27.

16

32

64

128

i <=n

true

true

true

true

true

true

true

false

[ 4
32 m 2
2 4

4

% java PowersOfTwo 6
1
2
4
8
16
32

64
R

42



Pop quiz on while loops

Q. Anything wrong with the following code?

public class PQwhile
{
public static void main(String[] args)
{
int n = Integer.parselnt(args[0]);
int i = 0;
int v = 1;
while (i <= n)
System.out.println(v);
i=1+ 1;
V=2 %v;
}
}
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Pop quiz on while loops

Q. Anything wrong with the following code?

public class PQwhile

{
public static void main(String[] args)
{
int n = Integer.parselnt(args[0]);
int i = 0;
int v = 1;
while (i <= n)
{ System.out.println(v);
i =1+ 1;
V=2 *v; }
}
}

A. Yes! Needs braces.

Q. What does it do (without the braces)?

A. Goes into an infinite loop.

% java PQwhile 6

challenge: figure out
«<—— how to stop it
on your computer

¥ -

it

RRRPRRPRRPRRRRR

44



Example of while loop use: implementMath.sqrt()

% java Sqrt 60481729.0
7777 .0

% java Sqrt 2.0
1.4142136

Goal. Implement square root function.

Newton-Raphson method to compute ¥ ¢

® |nitialize to = c. if t=c/tthen 2 =¢

® Repeat until ti= ¢/ti(up to desired precision):

The square root ot 9 is 2. L

>

Set ti+1 to be the average of tiand ¢/ t. ‘;;3:;
) Who cdres?
i ti 2/t average 45
0 2 ] 1.5 lom
] 1.5 1.3333333 1.4166667
2 1.4166667 1.4117647 1.4142157 o
3 1.4142157  1.4142114  1.4142136 g = o
4 1.4142136 1.4142136

computing the square root of 2 to seven places



Example of while loop use: implementMath.sqrt()

Newton-Raphson method to compute 4 ¢
®|nitialize to=rc.
® Repeat until ti= ¢/ti(up to desired precision):
Set tir1 to be the average of tiand c/ t.

public class Sqrt

{

public static void main(String[] args)

{
double EPS = 1E-15; «— error tolerance (15 places)
double ¢ = Double.parseDouble(args[0]);
double t = c;
while (Math.abs(t - c/t) > t*EPS)

t = (c/t + t) / 2.0;

System.out.println(t);

ks

% java Sqrt 60481729.0
7777 .0

% java Sqrt 2.0
1.414213562373095
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Newton-Raphson method

Explanation (some math omitted)
® Goal: find root of function f(x) (value of x for which f(x) = 0). <—use f(x) = x2-cfor/c
» Start with estimate t,.
* Draw line tangent to curve at x = t;.
* Set t;;1 to be x-coordinate where line hits x-axis. « y=1fXx
® Repeat until desired precision.

root: f(x) =0

i

— ti+3 ti+2 Li+1 ti
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The for loop

An alternative repetition structure. <«—— Why? Can provide code that is more compact and understandable.
®Evaluate an initialization statement.

®Evaluate a boolean expression.

®|f true, execute a sequence of statements,
then execute an increment statement.

® Repeat.
Example: initialization statement Every for loop has an equivalent while loop:

int v = 1; / int v = 1;

for ((int 1 = )i <= M)

{ boolean expression )
System.out.printlnC i +\" " + v ); { A
V = 2%V; System.out.printinC i + " " + v );

} increment statement vV = 2%y:

Prints the powers of two from 20to2» }
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Examples of for loopuse

sum i
int sum = 0; 1 1
for (int i = 1; 1 <= N; i++) 3 2
sum += 1i; <«——— trace at end of loop for N=4
System.out.printTn(sum); 6 3
10 4
Compute sum (1 +2+3+...+N)
product i
Tong product = 1; 1 1
for (int i =1; i <= N; i++) 2 2
product *= 1; 6 3
System.out.println(product);
24 4 AW onk
Compute Nl=1 %2 *3* _ *N k U
0 0
. 1 1.57079632. ..
for (int k = 0; k <= Nj; k++)
System.out.printin(k + " " + 2*Math.PI*k/N); 2 3.14159265....
3 4.71238898...
Print a table of function values 4 6.28318530. . .
\
int v = 1; 2
while (v <= N/2) 4 <«——— trace at end of loop for N =23
Vv = 2%V; 8
System.out.println(v); 16

Print largest power of 2 less than or equal to N



Example of for loop use: subdivisions of a ruler

Create subdivisions of a ruler to 1/N inches.
®Initialize ruler to onespace.

®For each value i from 1 to N:
sandwich i between two copies of ruler.

public class Ruler

{
public static void main(String[] args)
{
int N = Integer.parselnt(args[0]);
String ruler = " ";
for (int i = 1; i <= Nj 1++4)
ruler = ruler + i + ruler;
System.out.printin(ruler);
}
}

Note: Small program can produce huge amount of output.

1 2 3
e

SR o mmmEme
1213121 1213121
i ruler

1 N
2 "121"
3 "1213121"
4 "121312141213121"

End-of-loop trace

java Ruler 4
121312141213121

% java Ruler 100
Exception in thread "main"
java.Tlang.OutOfMemoryError

f

2100 -1 integers in output (!
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Pop quiz on for loops

Q. What does the following program print?

public class PQfor

{
public static void main(String[] args)
{
int f =0, g=1;
for (int i = 0; i <= 10; i++)
{
System.out.println(f);
f=1+g9;
g="*%-g;
3
}
}
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Pop quiz on for loops

Q. What does the following program print?

public class PQfor

{
public static void main(String[] args)
{

1;

int f=0, g=
= 0; 1 <= 10; i++)

for (int i

{
System.out.printin(f);
f=1+g9;

g="~-g9;

Beginning-of-loop trace

i f g
0 0 1
1 1 0
2 1 1
3 2 1
4 3 2
5 5 3
52
6 8 5
7 13 8
8 21 13
9 34 21
10 55 34
1

values printed



Nesting conditionals and loops

Nesting

® Any “statement” within a conditional or loop
may itself be a conditional or a loop statement.

®*Enables complex control flows.

®* Adds to challenge of debugging.

SIS for (int t = 0; t < trials; t++)

{
int cash = stake;

while (cash > 0 && cash < goal)
if (Math.random() < 0.5) cash++;

else cash--;

if (cash == goal) wins++;

}

[ Stay tuned for an explanation of this code. ]

53

if-else statement
«———— within awhileloop
within a for loop



Example of nesting conditionals: Tax rate calculation

Goal. Given income, calculate proper tax rate.

income
0 - %47,450
$47,450 - $114,649
$114,650 - $174,699
$174,700 - $311,949
$311,950 +

if (income < 47450) rate = 0.22;

else

{

rate
22%
25%
28%
33%
35%

if (income < 114650) rate = 0.25; X
else
{
if (income < 174700) rate = 0.28; <
else
{
if (income < 311950) rate = 0.33;|_
else rate = 0.35;|
}
}

if statement
within an if statement

if statement

within an if statement
within an if statement

if statement

within an if statement
within an if statement
within an if statement
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Pop quiz on nested 1f statements

Q. Anything wrong with the following code?

public class PQif

{
public static void main(String[] args)
{
double income = Double.parseDouble(args[0]);
double rate = 0.35;
if (income < 47450) rate = 0.22;
if (income < 114650) rate = 0.25;
if (income < 174700) rate = 0.28;
if (income < 311950) rate = 0.33;
System.out.println(rate);
}
}
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Pop quiz on nested 1f statements

Q. Anything wrong with the following code?

public class PQif
{

public static void main(String[] args)
{
double income = Double.parseDouble(args[0]);
double rate = 0.35;
if (income < 47450) rate = 0.22;
else if (income < 114650) rate =0.25;
else if (income < 174700) rate =0.28;
else if (income < 311950) rate =0.33;
System.out.printin(rate);
}
}

A. Yes! Need else clauses. Without them, code is equivalent to:

Note. Braces are not needed in this
case, but BE CAREFUL when nesting
if-else statements because of
potential ambiguity (see Q&A p. 75).

if (income < 311950) rate
else rate

0.33;
0.35;
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Debugging

is 99% of program development in any programming language, even for experts.

Bug: A mistake in a program. Debugging: The process of eliminating bugs.

S
PR

“As soon as we started programming, we found out to our surprise that it wasn't as easy to get
programs right as we had thought. | can remember the exact instant when | realized that a large
part of my life from then on was going to be spent in finding mistakes in my own programs. ”

You will make many mistakes as
you write programs. It's normal.

- Maurice Wilkes

Impossible ideal: "Please compile, execute, and debug my program."«—why is this impossible? Stay tuned.

Bottom line: Programming is primarily a process of finding and fixing mistakes.
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Debugging

is challenging because conditionals and loops dramatically increase the number of possible outcomes.

program structure no loops n conditionals 1 loop

number of possible execution o
sequences 1 2n no limit

Most programs contain numerous conditionals and loops, with nesting.

Good news. Conditionals and loops provide structure that helps us understand our programs. >8

Old and low-level languages have a goto

statement that provides arbitrary structure. “ The quality of programmers is a decreasing
Eliminating gotos was controversial until —» function of the number of goto statements in
Edsgar Dijkstra published the famous note the programs they produce. ”

"Goto considered harmful " in1968.

— Edsgar Dijkstra * N



Debugging your program: summary

Program development is a four-step process, with feedback.

EDIT your program.

l « syntax error 4 ;
. runtime error
COMPILE your program to create an executable file. \ Telling a computer what to do

. when you know what you're doing
l semantic error

RUN your program to test that it works as you imagined.

l performance error

TEST your program on realistic and real input data.

\ — SUBMIT your program for independent testing and approval.
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Diziler



Basic building blocks for programming

any program you might want towrite

functions and modules

graphics, sound, and image I/O

arrays

Math

primitive data types

objects

Ability to store and process
conditionals and loops huge amounts of data

text 1/0

assignment statements
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Your first data structure

A data structure is an arrangement of data that enables efficient processing by a program.

An array is an indexed sequence of values of the same type.

Examples. index  value

®52 playing cards in a deck. 0 2v

® 100 thousand students in an online class. 1 64 =

* 1 billion pixels in a digital image. 5 Ao \41_3‘25‘2“7;;;:"’:‘:f7

® 4 billion nucleotides in a DNA strand. 3 Av f:% oy ,'%

®73 billion Google queries per year. ». s, *
® 86 billion neurons in the brain. 49 3a

®50 trillion cells in the human body. 50 K

®6.02 x 1023 particles in amole. 51 La

Main purpose. Facilitate storage and manipulation of data.



Processing many values of the same type

10 values, without arrays

double a0 = 0.0;
double al = 0.0;
double a2 = 0.0; 10 values, with an array 1 million values, with an array
double a3 = 0.0;
double a4 = 0.03 double[] a: double[] a;
double a5 = 0.0; a = new double[10]; a = new doub1e[1000000];
double a6 = 0.0;
double a7 = 0.0; o 5
’ = 3.0 234567] = 3.0;
double a8 = 0.0; al4l 3-0; 2l :
double a9 = 0.0; a[8] = 8.0; a[876543] = 8.0;
a4 = 3.0; : ;
double x = a[4] + a[8]; double x = a[234567] + a[876543];
a8 = 8.0; T T
double x = a4 + a8; an easy alternative scales to handle huge amounts of data

T

tedious and error-prone code



Memory representation of an array

An array is an indexed sequence of values of the same type.

A computer's memory is also an indexed sequence of memory locations. <«—stay tuned for many details
® Each primitive type value occupies a fixed number of locations.
® Array values are stored in contiguous locations.

a . for simplicity in this lecture, think of a as the memory address of the first location

\ the actual implementation in Java is just slightly more complicated.

a[o0] a[1] a[2] a[3] al4] a[5] a[6] al7] a[8] a[9]

64

Critical concepts

®Indices start at O.

®Given 1, the operation of accessing the value a[i] is extremely efficient.

®The assignment b = a makes the names b and a refer to the same array. it does not copy the array,

as with primitive types
(stay tuned for details)



Java language support for arrays

Basic support operation typical code
Declare an array double[] a;
Create an array of a given length a = new double[1000];
Refer to an array entry by index alil = b[j] + c[k];
Refer to the length of an array a.length;

Initialization options

no need to use a loop like
for (int i = 0; i < 1000; i++7

operation typical code alil = 0.03
Default initialization to O for numeric types a = new double[1000]; BUT cost of creating an
t) array is proportional to
Declare, create and initialize in one statement double[] a = new double[1000]; Its length.

Initialize to literal values double[] x = { 0.3, 0.6, 0.1 };



Copying an array

To copy an array, create a new array , then copy all the values.

double[] b = new double[a.length];
for (int i = 0; i < a.length; i++)
b[i] = al[i];

0.3 0.6 0.99 0.01 0.5 0.3 0.6 0.99 0.01 0.5

Important note: The code b = a does not copy an array (it makes b and a refer to the same array). ¢¢

double[] b = new double[a.length];
b = a;

0.3 0.6 0.99 0.01 0.5




Programming with arrays: typical examples

Access command-line args in system array
int stake = Integer.parselInt(args[0]);
int goal = Integer.parselInt(args[1l]);
int trials = Integer.parselnt(args[2]);

Create an array with N random values
double[] a = new double[N];
for (int i =0; i < N; i++)

a[i] = Math.random();

Compute the average of array values

double sum = 0.0;

for (int i = 0; i < N; i++)
sum += al[i];

double average = sum / N;

For brevity, N is a.Tength and b.Tength in all this code.

Copy to another array

double[] b = new double[N];

for (int i = 0; i < N; i++)
bli] = a[i];

Print array values, one per line
for (int i = 0; i < N; i++)
System.out.println(alil);

Find the maximum of array values
double max = a[0];
for (int i = 1; i < N; i++)

if (a[i] > max) max = a[i];
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Pop quiz 1 on arrays

Q. What does the following code print?

public class PQarrayl

{
public static void main(String[] args)
{
int[] a = new int[6];
int[] b = new int[a.length];
b = a;
for (int i = 1; i < b.length; i++)
b[i] = 1;
for (int i = 0; i < a.length; i++)
System.out.print(a[i] + " ");
System.out.printin(Q);
for (int i = 0; i < b.length; i++)
System.out.print(b[i] + " ");
System.out.println();
}
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Pop quiz 1 on arrays

Q. What does the following code print?

public class PQarrayl

{
public static void main(String[] args)
{
int[] a = new int[6];
int[] b = new int[a.length];
b = a; — After this, b and a refer to the same array
for (int i = 1; i < b.length; i++)
b[i] = 1i;
for (int i = 0; i < a.length; i++)
System.out.print(a[i]l + " ");
System.out.println();
for (int i = 0; i < b.length; i++)
System.out.print(b[i] + " "); A. % java PQ4_1
System.out.printinQ); 012345
}

} 012345




Programming with arrays: typical bugs

Array index out of bounds double[] a
for (int 1

a[i] = Math.random();

No a[10]

new double[10];
1; i <= 10; i++)

(and a[0] unused)

Uninitialized array double[] a;

for (int i = 0; i < 9; i++)
a[i] = Math.random();

5 ’
Never created the array /ﬂ =

Undeclared variable a = new double[10];
for (int i = 0; i < 10; i++)
al[i] = Math.random(Q);

What type of data does a refer to?
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Two-dimensional arrays

A two-dimensional array is a doubly-indexed sequence of values of the same type.

Examples
® Matrices in math calculations.

® Grades for students in an online class.

student ID

® Qutcomes of scientific experiments.
®* Transactions for bank customers.
®Pixels in a digital image.

® Geographic data

Main purpose. Facilitate storage and manipulation of data.

uvi D W N — O

> N > N @™ > O

> N >» O @™ »>» —

grade

2
C
B
D
A
B
A

y-coordinate

3
B
B
B
A
C
B

> wm > O > > b

> w > > > N w

x-coordinate
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Java language support for two-dimensional arrays (basic support)

operation typical code
Declare a two-dimensional array double[][] a;
Create a two-dimensional array of a given length a = new doub1e[1000][1000];
Refer to an array entry by index alil1[j] = b[i1[j] * c[j1[k];
Refer to the number of rows a.length;
Refer to the number of columns a[i].length; <—Cf}2rb:a‘ii}fffgjv”t
Refer to row i ali] <« NOWay to refer

to column j
72

allll ~__
a[0][0] al[0][1] a[0][2] a[01[3] a[01[4] a[01[5] a[01[6] a[01[7] a[0][8] a[0][9]

a[l] — a[1][0] a[1][1] a[1][2] a[1][3] af1]l[4] al[1][5] af[1l]ll6] a[1l][7] a[1][8] a[1][9]
af2][0] af[2][1] af[2][2] al[2][3] a[2][4] a[2][5] al2][6] a[2][7] a[2][8] al[2][9]

a 3-by-10 array



Java language support for two-dimensional arrays (initialization)

operation

Default initialization to 0
for numeric types

Declare, create and initialize
in a single statement

Initialize to literal values

typical code

a = new double[1000][1000];

no need to use nested loops like
for (Gint i = 0; i < 1000; i++)
for (int j = 0; j < 1000; j++)

/ ali1[j] = 0.0;

BUT cost of creating an
array is proportional to
its size.

double[][] a = new double[1000][1000];

double[][] p =

{

.92, .02, .02, .02,
.02, .92, .32, .32,
.02, .02, .02, .92,
.92, .02, .02, .02,
.47, .02, .47, .02,

N e e )

.02
.32
.02
.02
.02
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Application of arrays: vector and matrix

calculations

Mathematical abstraction: vector
Java implementation: 1D array

Vector addition

double[] c¢ = new double[N];

i < N; i++)

cli] = al[i]l + b[i];

for (int i = 0;

30 .60 .10 + .50 .10 .40

Mathematical abstraction: matrix
Java implementation: 2D array

Matrix addition

double[][] ¢ = new double[N][N];
for (int i = 0; i < N; i++)
for (int j =

= 0; J < N; Jj++)
alil[j] + b[i][j];

clil][j] =

.70 .20 .10 .80 .30 .50 1.5 .50 .60
30 60 .10 4+ .10 40 .10 = .40 1.0 .20
S50 .10 .40

.10 .30 .40 .60 .40 .80
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Application of arrays: vector and matrix calculations

Mathematical abstraction: vector Mathematical abstraction: matrix
Java implementation: 1D array Java implementation: 2D array
Vector dot product Matrix multiplication

double sum = 0.0; double[][] ¢ = new double[N][N];

for (int 1 = 0; i < N; i++4) for (int i = 0; i < N; i++)

sum += a[i]*b[i]; for (int j = 0; j < N; j++4)

for (int k = 0; k < N; k++)
c[il[j] += alillk] * b[k][j];

30 .60 .10 . S50 .10 40 = .25 75

i x[i] y[il x[i]l*y[i]  sum

0 0.3 0.5 0.15 0.15

70 .20 .10 .80 .30 | .50 59 .32 .41
1 0.6 0.1 0.06 0.21

30 .60 .10| * .0 .40/|.10| = 31 36| .25
2 0.1 0.4 0.04 0.25 50 .10 .40 10 .30 | .40 45 31 .42

end-of-loop trace



Pop quiz 4 on arrays

Q. How many multiplications to multiply two N-by-N matrices?

double[][] ¢ = new double[N][N];
for (int i = 0; i < N; i++)
for (int j = 0; j < N; j++)
for (int k = 0; k < N; k++)
c[i][j] += alillk] * b[k][]j];

I.N -
2. N2
3. N3

4. N4



Pop quiz 4 on arrays

Q. How many multiplications to multiply two N-by-N matrices?

double[][] ¢ = new double[N][N];
for (int i = 0; i < N; i++)
for (int j = 0; j < N; j++)
for (int k = 0; k < N; k++)
c[i][j] += alillk] * b[k][]j];

I.N

77

2. N2

3. N3 « Nested for loops: Nx Nx N

4. N4
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Context: basic building blocks for programming

any program you might want to write

objects

functions and libraries |PEEE

graphics, sound, and image I/0O

This lecture:
arrays Reuse code to build big
programs from small pieces

conditionals and loops
Math text 1/0

primitive data types assignment statements



Functions, libraries, and modules

Modular programming
®Organize programs as independent modules that do a job together.
*Why? Easier to share and reuse code to build bigger programs.

Facts of life
®Support of modular programming has been a holy grail for decades.

®|deas can conflict and get highly technical in the real world.

Def. A library is a set of functions. Def. A module is a . java file.
for purposes of this lecture for purposes of this course

For now. Libraries and modules are the same thing: .java files containing sets of functions.

Later. Modules implement data types (stay tuned).



Functions (static methods)

Java function ("aka static method")

_ input x
®Takes zero or more input arguments. *
®Returns zero or one output value. J {
function f
Applications
®Scientists use mathematical functions to calculate formulas. J r
®* Programmers use functions to build modular programs. J,
® You use functions for both. output f(x)

Examples seen so far
®Built-in functions: Math.random(), Math.abs(), Integer.parselnt().
®Qur I/0 libraries: StdIn.readInt(), StdDraw.line(), StdAudio.play().
®*User-defined functions: main().



Anatomy of a Java static method

To implement a function (static method)
®*Create a name.
®*Declare type and name of argument(s).
*Specify type for return value.

return
[ J
Implement body of method. type argument declarations

®Finish with return statement. method
nalme

the method’s signature ——— public static double |sqgrt{(double c, double eps)

{

if (c < 0) return Double.NaN;

double t = c;

while (Math.abs(t - c/t) > eps *
t = (c/t +t) / 2.0;

return t;

) P body of sqrt()

y

return statement




Anatomy of a Java library

A Iibrary is a set of functions. public class Newton <«——— library/module name
{
public static double sqrt(double c, double eps)
{
if (c < 0) return Double.NaN;
double t = c;
Note: We are using our sqrt() sqrt() method —— | while (Math.abs(t - c/t) > eps * t)
from Lecture 2 here to illustrate the t = (c/t +t) / 2.0;
basics with a familiar function. ! return t;
] module named
Cbr ifeieris s o Genirel o L. Newton.java public static void main(String[] args)
See Lecture 2 for technical details. {
double[] a = new double[args.length];
You can use Math.sqrt(). : thod for (int i = 0; i < args.length; i++)
main() metho > a[i] = Double.parseDouble(args[i]);
for (int i = 0; i < a.length; i++)
StdOut.printin(sqrt(alil, 1le-3));
}

Key point. Functions provide a new way to control the flow of execution.



Scope

Def. The scope of a variable is the code that can refer to it by name.

public class Newton

{
public static double sqrt(double c, double eps)

{
scope of candeps ———————| 5f (¢ < 0) return Double.NaN;

scope of t double t = c;
while (Math.abs(t - c/t) > eps * t)

t=(c/t +1t) /2.0;
return t; R\\Canpotrehrto
a or i in this code

}

public static void main(String[] args)

{
double[] a = new doubl -tength];
scope of a for (int(1)=6: < args.length; i++)
a[i] = Double.parseDouble(args([i]);
for (int ;1 < a.length; i++)
StdOut.printin(sq i le-3));
J \ cannot refer to

ks
c, eps, or tin this code

In a Java library, a variable’s
scope is the code following its

two different variables named i
each with scope limited to a

/ single for loop

Best practice. Declare variables so as to /imit their scope.

declaration, in the same block.
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Flow of control

public class Newton

{ ¥
public static double sqgrt(double c, double eps)
{ I

if (c < 0) return Double.NaN;

double't = c;

while (Math.abs(t - c/t) > eps * t)
t ='(c/t +t) / 2.0;

return’ t;
3
public static void main(String[] args)
{
double[] a = new double[args.length];

for (int i = 0; i < args.length; i++)
a[i] = Double.parseDouble(args[i]);
for (int i = 0; i < a.length; i++)

{

double x =<§qrt(a[1], 1e—3);:>
ey STAOU L . print TN (X))

}

}

Summary of flow control for a function call
e Control transfers to the function code.

* Argument variables are declared and
initialized with the given values.

* Function code is executed.

» Control transfers back to the calling code
(with return value assigned in place of
the function name in the calling code).

T 85

“pass by value”
(other methods used in other systems)

Note. OS calls main() on java command



Function call flow of control trace

public class Newton

{

public static double sqrt(double c, double eps)

{

}

if (c < 0) return Double.NaN;

double t = c;

while (Math.abs(t - c/t) > eps * t)
t = (c/t +t) / 2.0;

return t;

public static void main(String[] args)

{

double[] a new double[args.length];

for (int 1 0; 1 < args.length; i++)

a[i] = Double.parseDouble(args[i]);

for (int i = 0; i < a.length; i++)

{

double x = sqrt(ali], le-3);
Stdout.printin(x);

% java Newton 1 2 3
1.000
1.414
1.732

-

w N B O

3.0

3.0
2.0
1.75

1.732

ali]
1.0
2.0
3.0

1.000
1.414
1.732
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Pop quiz 1a on functions

Q. What happens when you compile and run the following code?

public class PQfunctionsla
{
public static int cube(int i)
{ . . . . .
int J =1 %1 % 1;
return j;
}
public static void main(String[] args)
{
int N = Integer.parseInt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
}
}
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Pop quiz 1a on functions

Q. What happens when you compile and run the following code?

public class PQfunctionsla
{
public static int cube(int i)
{ . . . . .
int J =1 %1 % 1;
return j;
}
public static void main(String[] args)
{
int N = Integer.parseInt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
}
}

A. Takes N from the command line, then
prints cubes of integers from 1 to N

% javac PQfunctionsla.java
% java PQfunctionsla 6

11

2 8

3 27
4 04
5 125
6 216
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Pop quiz 1b on functions

Q. What happens when you compile and run the following code?

public class PQfunctionslb

{
public static int cube(int i)
{ . - .
int i =1 *1 * 9;
return 1i;
}
public static void main(String[] args)
{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
}
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Pop quiz 1b on functions

Q. What happens when you compile and run the following code?

public class PQfunctionslb
{
public static int cube()

{
eTurn i;
}
public static void main(String[] args)
{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.printin(i + " " + cube(i));
}

A. Won't compile. Argument variable i is
declared and initialized for function block,
so the name cannot be reused.

% javac PQfunctionsilb.java
PQfunctionslb.java:5: i is already defined in cube(int)
inti=1 %1 *9; 9%
A

1 error



Pop quiz 1c on functions

Q. What happens when you compile and run the following code?

public class PQfunctionslc

{

public static int cube(int i)
i=1 %1% 9;

public static void main(String[] args)

{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
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Pop quiz 1c on functions

Q. What happens when you compile and run the following code?

public class PQ6_1c

{
public static int cube(int i)
{
i=1 %13 * q;
}
public static void main(String[] args)
{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
}
}

A. Won't compile. Need return statement.

% javac PQfunctionslc.java

PQfunctionslc.java:6: missing return statement

}

A

1 error
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Pop quiz 1d on functions

Q. What happens when you compile and run the following code?

public class PQfunctionsld

{
public static int cube(int i)
{ . -
i=1 %1 * q;
return i;
}
public static void main(String[] args)
{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
}
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Pop quiz 1d on functions

Q. What happens when you compile and run the following code?

public class PQfunctionsld

{
public static int cube(int i)
{ . .
i=1 %1 * q;
return i;
}
public static void main(String[] args)
{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.printin(i + " " + cube(i));
}
}

A. Works. The i in cube() is

» Declared and initialized as an argument.

 Different from the i in main().

BUT changing values of function arguments is
sufficiently confusing to be deemed bad style

for this course.

% javac PQfunctionsld.java

% java PQfunctionsld 6
11

2 8

3 27

4 64

5 125

6 216
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Pop quiz 1e on functions

Q. What happens when you compile and run the following code?

public class PQfunctionsle

{

public static int cube(int i)

{

e

return i * i * 1;

public static void main(String[] args)

{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
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Pop quiz 1e on functions

Q. What happens when you compile and run the following code?

public class PQfunctionsle

{
public static int cube(int i)
{
return i * i * 1;
}
public static void main(String[] args)
{
int N = Integer.parselnt(args([0]);
for (int i = 1; i <= N; i++)
StdOut.println(i + " " + cube(i));
}
}

A. Works fine. Preferred (compact) code.

% javac PQfunctionsle.java
% java PQfunctionsle 6

1

8

27

64

125

216

S vl AW N
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Javaile Yaz, Derle, Calistir

Source code (developed by the programmer)

Create/Modily Source Code |-

pubTlic class Welcome {

}

3

¥y
public static void main(String[] args) {

System.out.printin("Welcome to Java!");-4———————{if§§§§§555§;ij

Saved on the disk

Bytecode (generated by the compiler for JVM
to read and interpret)

i

Compile Source Code
e.g., javac Welcome.java

Method WeTlcome()
0 aload 0

Method void main(java.lang.String[])
0 getstatic #2 ..
3 1dc #3 <String "Welcome to Java!">
5 invokevirtual #4 ..
8 return

If compile errors occur
Stored on the disk [ >

r

“Welcome to Java™ is displayed on the console

Run Bytecode
e.g., Java Welcome

i

Welcome to Java!

D

If runtime errors or incorrect result
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Welcome.java
(Java source-
code file)

compiled

by

 J

Java
Compiler

generates

-
,.

Welcome.class
(Java bytecode
executable file)

executed
by

Library Code

\ BB J

JVM
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