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Lecture 1
Part A

Elementary Programming -
Development Process



junit_tests

Separation of Concerns

- (Expected vs. Actual Values

- Methods
* calling methods from model
a con’raining{—n'p print statements
* assertions

console_apps

- Classes & Methods
- Methods
* containing no print statements

- main method
*talling methods from model

*{return statements . = ;
containi rint statements
* contain eturn statements
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Error at Compile Time: Syntax Errors (1)

&J| CompileTimeSyntaxError1.java £3

public class CompileTimeSyntaxErrorl {
: public static void main(String[] args) {

// Syntax Error:diissing)semicolon
System.out.println("Hetlo")

}




Error at Compile Time: Syntax Errors (2)

@ CompileTimeSyntaxError2.java &3

public class CompileTimeSyntaxError2 {
: public static void main(String[] args) {

// Syntax Error: missing ending double guote
System.out.print1n(®Hello));

u 1

—




B D

Error at Compile Time: Syntax Errors (3) 3

@ CompileTimeSyntaxError3.java 23

public class CompileTimeSyntaxError3(Z)
: public static void main(String[] args) {
System.out.println("Hello");

/* Error 3: missing ending curly bracket x/




Error at Compile Time: Syntax Errors (4)

@ CompileTimeSyntaxError4.java &3

public class CompileTimeSyntaxError4 {
: public static void main(Stringl[] args) {
System.out.println("Hello");

/* Error 3: extra ending curly bracket x/




Error at Compile Time: Type Errors (1)

@ CompileTimeTypeError1.java £3

public class CompileTimeTypeErrorl {
© public static void main(String[] args) {
/* Type error: Apply gperator to the wrong values x/




Error at Compile Time: Type Errors (2)

@ CompileTimeTypeError2.java £

public class CompileTimeTypeError2 {
© public static void main(String[] args) {
* Type error: Refer to undeclared variable */

=z_.1;

ystem.out.printin(3i)/ 3);
} }Qﬂfj=t*2§




Error at Run Time: Exception V'OP/ ~ls

@ RunTimeException.java £

public class RunTimeException {
= public static void main(String[] args) {
/* Runtime exception: code compiles but crashes at runtime x/

System.out.print1n(10 );
) ystem.out.println ‘Z Ei\_;, wv&h: uuaéﬁmz/
} deaset  pog - puph.




Error at Run Time: Logical Error

RunTimeLogicalError.java £3

import java.util.Scanner;

public class RunTimeLogicalError {
: public static void main(String[] args) {
/* Runtime logical error: code compiles, does not crash at runtime,
* but does not behave as expected.
*/
Scanner input = new Scanner(System.in);

System.out.println("Enter the integer radius of a circle:");
int |radius| = input.nextInt();

System.out.println("Area of circle is: " +[(2 * 3.14 * radiu;;b;

input.close();
radlrd % m(mf ;

l. Lo mfzbj‘
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Document Your Code

Single-Lined Comments: [Eclipse: Ctxl + /]

//)This 1is Comment 1.
. // Some code
// This 1is Comment 2.

[Eclipse:cctrl+ /]

Multiple-Lined Comments:

W This is Line 1 of Comment 1.

o

. // Some code
A This is Line of Comment 2.
® 'his is Line of Comment 2.

® 'his is Line of Comment 2.

@/




Lecture 1
Part B

Elementary Programming -
Literals, Operations
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Lecture 1
Part C
Elementary Programming -

Data Types
Assignments, Constants vs. Variables



Data Type Declarations WUF

7w

int I =(7

i CZ) Z
double d =0 _ 0, 0"7 A

fe ™ R got!
boolean b =(?) )
char ¢=0) /oZZ
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Constant: Initialization vs. Re-Assignments

@ ConstantCannotBeReassigned.java £

public class ConstantCannotBeReassigned {
8 public static void main(String[] args) {
/* A constant n Q be initialized once. x/

[final double (pi)=(3.1
/* Reassignment of a constant 1is illegal. *x/
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Lecture 1
Part D
Elementary Programming -

Variable Re-Assignments
Expressions, Type Correctness



Variable: Initialization vs. Re-Assignments

VariableCanBeReassigned.java £3

public class VariableCanBeReassigned {
S public static void main(String[] args) {

/* A variable ca initialized.
double[radius|= 5.4;
System.out.printtn(*Radius is: "

/* A variable may be re-assigned for as 41any times as necessary x/

’/?radius =)3.9; 3.
2 System.out.println("Radius is: radius);

System.out.println("Radius is: radius);

/7radius(=7 9.6; 54

System.out.println("Radius is: radius);
}




Combining_Constants and Variables

e.g., Print statements involvingliterals or named constants only:

{3 [/
3.4y

final double PI @ /* a nap€d double constant x*/
System.out.println @@i is\_gpj_-_ ; + str. lit. and num. const.

System.out.println PI); E A} 9“

A

e.g., Print statements involving variables:

String=E'£ounter value iséa /% a string variable */
int (counter Cl) /* an 1ntrlable */
System.out.printlH (@s r

/System.out.printl (@s ) )N [ty

L.,counter 2; /* re—assignment variable’s stored value */

ey wle D 2




Common Mistake: Declaring fh@wriable More Than Once

y A
-int counter = 1; K
.int counter = 2;
— S

Fix 1: Only Keep ’rhe(}sj)Declara’rion

Z
™t budter = |5 \_}E_}

buttv (D2 5 ot

Fix 2: Declare (@Varlable

Wt funter = u u

A€t/ V4
Mt funts?2 = Z 5 - Bt




Common Mistake: Using_a Variable Before Declaring It

N
N 7

System/;ut.println("Counter value is " +rhognté ) ;
%ﬁnt counterk= 1;

counter = 2;

System.out.println("Counter value is " + (counter) ;
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Expressions (1)

3. 3 /_’,A‘ooa(’
@ +2) *(23 % 5) ["Hello." & "world"
Type Correct? | . hq R AN ol?
||H>~ "®"WO}‘:ICIH (9:4=6@ @_@
Type Correct? Ko, /Ammt. o. =
—_— L : 7
"Hello " @GR BQ) "Hello " @3+ 2)
Type Correct? [ \o  “Mefo32" s “llo &
Osnot QNW
SACHello D@3 @2 * 2] ["Hello " &'3"®2
Type Correct? e Hello>2L” “Hellop,2" % 2 Ao




Expressions (2)
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Lecture 1
Part E

Elementary Programming -
Coercion vs. Casting



Automatic Coel;:ﬂign int to double

A?.g ;.O‘_ nt ;’ a’o«ﬁb’t

double %aluel X 4 5 /* 3 coerced to 3.0 x/
double valuel2 7 + /% result of + coerced to 9.0 */

A .
*V”{Zf‘f? ¢ G o

(bt
Yg aelael

However, ing work? b
valuuel @* 5s'> X "/’/
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Manual Casting: double tfo int
Case 1:@@0@

0 int valuel = 3.1415926; X

@ int value4 =|(int)|3.1415926; / { = (
= | 1 >

@ double value2 =3.1415926; ) "4

@é nt%alueB = V?_J_.L’J.GZ'T X
® int value5 =((int)%alue2; Vv
> ry PR AT

= Vale2




0 /
Manual Casting: int to double O oow“"

iy 1/ 294" iy

Case 1: int to doubleao{vuj,/e) ) / /7 /70 P’&(’ﬂ/‘@ > 0.¢

System.out.println('1 /2 )s 1% @*/ @Mﬂ
O — = mt 2= |;
System.out.println( (((double) 1 / 2 d: A B.5 %
2 =X — fméw/ 2)
@ System.out.println( 1 ) /((Cdouble) 2) ); /* 0.5 */ 1B 0
- /-0 b XYe] 2 :
@ System.out.println( ((Cdouble) 1) /((double) 2) ); /* 0.5 */
© System. out.println(\ (double) 1’/ 2 ); /* 0.5 */
@ System.out.printﬁ( (double}@); /* 0.0 */
g
%—Zo VRN AN NE
X ’ ' )
3‘}{20)7 efe‘l” - '_@(————°> It
‘/’sz/w/ s /D.



Exercise: Tracing Program

oONOO OGP, WN =

Consider the following Java code:

double dI = 3.1415926;
System.out.printIn("dl is " + dI);
double (@2 ) (@D
System.out.println("d2 is " + d2);
int(il1/)=]| (int) (d1;

Syst rintla ("Ll is +\11)

@) 00 = @"\)ma)('bo fro

Systém.out.prl 'd2 is " + d2)

Y 30 goaruo/\
Write the exact output to the console.

dl = 2.1uidzb
dy 7 3 g2l

o B 150




Exercise: Type Correctness

Consider the following Java code, is each line type-correct?

Why and Why Not? | 5.0 |30)

_71 | double (d1)- =70 '
2 |int il -|23.6 X ooy
33 Str:l.ng sl = _’,_;, )(

/)4 char ci —" "X




Lecture 1
Part F
Elementary Programming -

Augmented Assignments
Escape Sequences



v 50
. go
Augmented Assignments ‘/ ‘ EZQ_\ ‘ \

r decrgrtnent the value of a

e You very often want to increment o

‘balance4=

balance (= balance (- withdraw;

balance @F deposit; / balene ) ae ¥=
-7 balance Q= withdraw; /b %Adfe /=




Exercise: Preceeding_vs Following ++

int i = 0, int(j = 0; int k = 0;
kK = 1 J /% k 1s assigned to 1i’s old value *x/
k = ++ |/ k is assigned to j’s new value */

-\ | \ea ﬁ@

@ WY
Lol %Y = 1=
=% )43 L>®use Lsfva/deq(:v
J

g A«a«mé o k
k
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S, P~ ““ﬂ%’, deact?S "y psl ! [INVALID; need to escape ]

oy v -WQ‘;’A' o [VALID]
AULA - @ [VALID; no need to escape "]
/."@ " [INVALID; need to escape "]
,@\0n [VALID]
P2l [VALID; no need to escape ']
lr@\-@ " [VAL|D]
’Vﬁ‘hA




Lecture 1
Part G

Elementary Programming -
Sources for Variable Assignments



Console Application: With User Inputs vs Without

public class ComputeArea {
public static void main (String]|]
double radius;) /* Declare radius */
double area; /x Declare area */

/* Assign radius */

radius — /% assign value to radi
/* Compute area */

area = radius x radius x 3.14159;

/* Display results #*/
System.out.print ("The area of circle
System.out.println(radius + " is " +

args)

(With®q User Input

{

Without User Input

*/

us

with radius
area) ;

)

puk AP

import java.util.Scanner;
public class ComputeAreaWithConsoleInput {
public static void main (String(]

args) A
*/

new Scanner (System.in);
/+ Prompt the user to enter a radius #*/

/+ Create a Scanner object
Scanner input =

System.out.print ("Enter a number for radius:

double radius = input.nextDouble() ;

")

et

sl ool okl

/* Compute area #*/
,final double PI = 3.14169; /+ a named constant for m *
double area = PI x radius * radius; /+* area=mr? «/
/* Display result =/
System.out.println/(
"Area for circle of radius " + radius + " is " + area)



Example: Convert Seconds to Minutes

—
import java.util.Scanner;
public class DisplayTime { T€S'|'I(§$)S€COI’IC|S
public static void main(String[] args) {
Scanner input = new Scanner(System.1in);
/* Prompt the user for input =*/ fﬂo
System.out.print ("Enter an integer for seconds: ");

int [Seconds| = input.nextInt();<eo fJatfaf il
int inutes'=ﬂ@g§%gds i QQ???* minu€es *//(Z7

int ;emainingSeconds = seggnds B c0; /+ segg s */
System.out.print (seconds + " seconds 1is ">i§g7_

System.out.print (" minutes and ");
System.out.println(remainingSeconds + " seconds");

Exercise: Modify the program so that it will display hours if necessary.
e.g., 7945 seconds -> 2 hours, X minutes, ¥ seconds

17 %



Where Can An Assignment Source (RHS) Come From?

In tar = src, the assignment source src may come from:
e A literal

AN Input from the user

Scanner input = n Scanner (System. in) ; a55¢ ”é’c 77?'6
rint !i S)= \input .EextIntZ )
int j

=1 2}




Comparison of Values

\Al
Q&
it use(== :
ol §
0 e.g., char cl =(a)
/,Clw printin (c1)=="b');
cedd | Leban
o <=
ﬂ/ aourt” X
@ ?J 1(?0(‘”‘11 1
l use equals /,I,qrm‘ -
o e.g., String@ £ n xtLife();
et printin (s1f{eguals("quit"));

-

[



Printing to Console

.print (s1);
print (s2);

String s1 = "A";
String s2 = "BY;

. println (s1);
.println (s2);

_pPrint (sl £ 23n%);
“ printin (s2);

wE(sD
,ﬁzag@
AB "éa
A
B
A
> B




Lecture 2
Part A

Selections -
Motivation of Conditionals



Why Selective Actions Test Inputs:

. . . radius =@)
1 import java.util.Scanner;
g publ:l.c_ class ComputeArea { _ rad|us =®
public static void main(String[] args) {
4 Scanner input = new Scanner (System.in);
5 System.out pri_z_a;ln("Enter the radius of a circle:");
@ double radfiusFrimUser = input.nextDouble();
7 final double PI = 3.14; 2 -3
8 double area = radiusFromUser x radiusFromUser x PI;
9 System.out.print ("Circle with radius " + radiusFromUser) ;
10 System.out.println(" has an area of " + area);
11 /| input.close();
12 }

13 e

If the user enters a positive radius value as expected:

@\ W AL
gnter the radius of a circle: L [Jf&!ﬂd’fﬁe A&é ﬁé
Circle with radius 3.0 has an area of 28.26 M ‘/k,{// @ ?Zmlfm/

However, if the user enters a negative radius value:

Enter the radius of a circle:

Circle with radius —-3.0 has an area o0f\(28.2606



Lecture 2
Part B

Selections -
Boolean Data Type






Lecture 2
Part C

Selections -
If-Statement: Syntax and Semantics
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start of if-statement

Semantics/
Meaning

A Single If-Statement

Syntax

if ( BooleanExpression; ) { /% Mandatory x/
Statement, 1; Statement, 1 ;

}

else if ( BooleanExpression, ) { /* Optional #*/
Statement, 1; Statements o ;

}

. /* as many else-if branches as you like #*/

else if ( BooleanExpression, ) { /* Optional */
Statement, 1; Statement, o ;

}

else { /# Optional */
/* when all previous branching conditions ardg
Statement,; Statements;

ooleanExpres@ evaluares to true | soenens |
-~

end of if-statement




If-Statement Case 1: Example

Only first satisfying branch executed; later branches ignored.

FE (i < 0) f

- -
System.out.print 1 is negative"
} AAAAN Qg

; } is eq al to 10");

tin("i is greater than 10");




start of if-statement

Semantics/
Meaning

A Single If-Statement
Syntax

if ( BooleanExpression; ) { /% Mandatory x/
Statement, 1; Statement, 1 ;

}

else if ( BooleanExpression, ) { /% Optional
Statement, 1; Statements o ;

}

. /* as many else-1if branches as you like #*/

BooleanEzpression;

BooleanEzpressions

else if ( BooleanExpression, ) { /* Optional */
Statement, 1; Statement, o ;

}

else { /# Optional */
/* when all previous branching conditions ardg
Statement,; Statements;

}

Statement,, 2

Case 2
BooleanExpressioni) evaluares to false [ sttt
BooleanExpressiornz)evaluares to frue

end of if-statement




If-Statement Case 2: Example

Only first satisfying branch executed; later branches ignored.

';‘:‘(1'<_O) §40 @

ystem.out.println("i is negative");

}
else if(i < 10) { {4 lo @

System.out. prlntln(f )15 less than Ebé@ 1o");

== 1) |
\yspfem. out. prlJLU]"l is equal to 10");

\7 2459
e
ex.out.println("i is greater than 10");

Console

1 B lss than (o



start of if-statement

Semantics/
Meaning

A Single If-Statement
Syntax

if ( BooleanExpression; ) { /% Mandatory x/
Statement, 1; Statement, 1 ;

}

else if ( BooleanExpression, ) { /% Optional
Statement, 1; Statements o ;

}

. /* as many else-1if branches as you like #*/

BooleanEzpression;

else if ( BooleanExpression, ) { /* Optional */
Statement, 1; Statement, o ;

}

else { /# Optional */
/* when all previous branching conditions ardg
Statement,; Statements;

}

True
Boo\eanExpressiogh Statement,, 1 Statement,, 2

Fals
L gceeof
tatemeNt, %
BooleanExpressiornii)evaluares to false =

Boo/eanExpressiog evaluares to false
Boo/eanExpressio@evaIuares to true

end of if-statement




If-Statement Case 3: Example

Only first satisfying branch executed; later branches ignored.

pif (i < 0) { (0<0 ©’

)QSystem.out.println("i is negative");

} @
else if (i < 10) { [0 £ [0
Y System.out.println("i is less than than 10");

}
else if (i —— 10) ( fo==10 @

System.out.println("i is equal to 10");

bypesed.

t.println("i is greater than 10");

Console

T_mé{?daf—bo [0



start of if-statement

. Semantics/
A Single I1f-Statement Mot
J eaning
Stat: "

s y n f a x BooleanEzxpression; Statement; | 12

if ( BooleanExpression; ) { /% Mandatory x/
Statement, 1; Statement, 1 ;

}

else if ( BooleanExpression, ) { /* Optional #*/
Statement, 1; Statements o ;

}

. /* as many else-1if branches as you like #*/

BooleanEzxpressiony Statements 1 Statements o

else if ( BooleanExpression, ) { /* Optional */
Statement, 1; Statement, o ;

}

else { /# Optional */
/* when all DIGV7OUS branch _znq cond
Statement,; Statements;

}

BooleanExpression, Statement,, 1 Statement,, 2

An else statement is present Dle '4“/(,

BooleanExpressiorp)evaluares to false ﬂl\%
BooleanExpressior) evaluares to false [ statenens | 7&/ €/J‘€

BooleanExpressiomiyevaluares to false end of - statement




If-Statement Case 4: Example

No satisfying branches, and an else part is present,
then the default action is executed.

?(System out.println("i is negative");

}
jelse if (i < 10) { [2 <10 @

)QS‘ystem out. prlntln("l is less than than 10");

else if(i == 10) {‘Z 5[0@

——~

KSystem.out.prlntln("l is equal to 10");

System.out.println("i is greater than 10");

Console

'Z (_{5 yEfg/ ﬂa"( /O_




. Semanll-ics/ start of if-statement
A Single If-Statement . .
- eaning .

) ~
s y n fa x BooleanEzpression; P> Statement, 5 Statement; »

if ( BooleanExpression; ) { /% Mandatory x/
Statement, 1; Statement, 1 ;

}

else if ( BooleanExpression, ) { /* Optional #*/
Statement, 1; Statements o ;

}

. /* as many else-if branches as you like #*/

o

else if ( BooleanExpression, ) { /* Optional */
Statement, 1; Statement, o ;

/% Optional =/
n all previous branching conditions ar
Statement,; Statements;

An else statement is

BooleanExpression: evaluares to false

BooleanEzxpressi @) Statement,, /

BooleanExpressionz evaluares to false

BooleanExpressionn evaluares to false

end of if-statement




If-Statement Case 5: Example

No satisfying branches, and an else part is absent,
then nothing is executed.

dmie i =(12>
if(i < 0) { 1249
7(§ystem.out.println("i s negative¥):

}
else if (i < 10) (|2 €O @

)(System.out.println("i is less than than 10");

} ®.
pelse if (i == 10) {{2:—40 -

z?ystem.out.println("i is equal to 10");

Console



Lecture 2
Part D

Selections -
Logical Operators



Defining Logical Operators: Truth Tables
1 A

Vv
Negation (- , not) Conjunction (_A ,_ and) Disjunction (v , or)
P |l!'P PlQl Pa&a&Q PlQfl PllaQ
false false |false false |[false
false | true false | true
frue true |false true |false
true | true true | true
s K




Example of Logical Operation: Negation
l(md(q;lfO) % Cratiee Tes.’r Inputs:

a ,
g
The result is the “negated” value of its operand. @

Operand op !op
,F true false
) é’) false true
double radius$= 01nput nextDouble () ;

final do@fcj@ 3.14; T-F F
boolean = radius > 0}

%rnot the case that isPositive 1s true */
P ntln( Error: radius value must be positive.");

XSysStem. out.pr.

) =
Boico) i L itheame o e alste g T %/
XSystem.out.println("Area is " + radius * radius x PI);

}




Example of Logical Operation: Conjunction
e

LS 35 Ot 22 7§5E065 ole . age = 30
age = 50

Test Inputs:

éyecéf'
If one of the operands is false, their conjunction is false. age = 70
Left Operand opl Right Operand op2 opl && op2
frue frue true
frue false false
false frue false
false false false

int age = input.nextInt();
boolean isOldEnough = age >= 45;
boolean isNotTooOld = (age < 65;

if @EESOlaERough) { /+ young x/ }
else if (isOldEnough && isNotTooOld) { /+ middle-aged #*/ }
else { /x senior =/ }




Example of Logical Operation: Conjunction

3 o\ff"‘”'ﬁl( Test Inputs:

5 45 50E 22 WI085 ke age

Age < 65T age

If one of the operands is false, their conjunction is false. age 2 /0
Left Operand op1 Right Operand op2 opl && op2

Crue true rue L
fa se true false T P
T @ o false ' false false ;

intggqe 1NPUL; nextInt() @ A V ;% .

booleanVZsOldEnough = —age >= 45
r@im rooOld ge 7

| 50 TErough) x&&m_‘ 122 T @
.f- 1mnough‘ 1sNotTooOld {x‘/* middle—-aged =/ }
%

{ [+ sepnigQr *Z }




Example of Logical O_perafion: Dis junction Test Inputs:

age = 70
st\\ (X _O_O_ age = 15
dﬁ one of the operands is true, their disjunction is true.§ age = 40
Left Operand opl Right Operand op2 opl || op2

false false false

true false true

false true true

true frue frue

int age = input.nextInt();
boolean isSenior = age >= 65;

boolean isChild = (age < 18;
if (isSenior || GBESEEENe) { /+ discount */ }
else { /* no discount =*/ }




Example of Logical Operation: Disjunction Test Inputs:
18 65

75&““’\4'8 T

f one of the operands is frue, their disjunction is frue.

Left Operand opl Right Operand op2 opl ||

false. @SE) _
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Logical Law: Negation of Relational Operation

Test Inputs:
Relation Negation Equivalence ' '

1

i <= 3

/ 1 [ T { ]

=7 e o=

~ A&ction 1 A/ r{/* Action 2 x/ J

: C’E>"Z§.

/+ Action 2 #*/ /+(&ction D */
} —

g—

Z<=J L>]



Two-Way If-Stmt: Handling Errors

Test Inputs:

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

'radius

Scanner input = new Scanner(System.1in); r dius
System.out.println("Enter a radius value:"); a
double radius = input.nextDouble();

final double PI = 3.14159;
Iaif ) { /% condition of invalid inputs =/

p———————
nystem. out .printlin (ghEeaens

Negative radius value!");

¢ /* implicit: ! (radius < 0), or radius >= 0 #*/
doUble area = radius » radius x PI;
System.out.println("Area is " + area);

public class ComputeAreal {
public static void main(String[] args) {
input.close(); Scanner input = new Scanner (System.in);
} System.out.println("Enter a radius value:");
double radius = input.nextDouble();
final double PI = 3.14159;

~>ir \GEEEERF /« condition of valid inputs +/
>=O) X double area = radius x radius x PI;
System.out.println("Area is " + area);

! (VM/KU‘
/ (YM(MS <0) '

Vﬁdf‘d‘< O > { /% implicit: !(radius >= 0), or radius < 0 */
- YM—VI\(\ 7, 0 ﬂ}[System.out.println("Error: Negative radius value!");

g

input.close();

}



Logical Laws: DeMorgan @

DeMorgan for
Conjunction

DeMorgan for
Disjunction




DeMorgan Law of Conjunction: Example (1)

if (U= 2G)@=20) { /+ Action 1 +/ )

else { /+ Action 2 +/ }

e When is Action 2 executed?

i = @ [ @ = 4

1(0<=1 8= [<=l> = l(0<=p) Il I(t<=120=(0>T |

1210 £2 T7 O L>10

yi
/L\O ¢ ‘
- e

0 10
il > [0
L



DeMorgan Law of Conjunction: Exam le (0%)
CLD,

e When is Action 1 executed’? false
e When is Action2executed?. true (i.e., 1 >= 0 || true)

(

| ({¢o 2% Jz\:[se) ‘f(@ Z%?é/AfD

0\ .
e 1l () 7
I\ =
tz0 Il T O

1T @ T

—



DeMorgan Law of Conjunction: Example (3)

=, rales el
'<O&&i>10) { /% Actioh 1 x/ }

else { /x Action 2 x4/ } A/MJ’ EX -
 When is Action 1 executed? false
e When is Action 2 executed? frue (i.e.,i >= 0 || i <= 10)

I (T<0 22 > 19 @)

T 1 | 1T

= s || Gop =(E2=0{] t<=0)
—
#
0] 10

' l ’



DeMorgan Law of Disjunction: Example (1)

i SN0 { /+ Action 1 +/ )

e When is Action 2 executed? 0 <=1 && i <= 10

:’.('if_o@ (>0 = (f<d) 2& I(T>0)
= L>0 XX T< 1O

0 1oi

REY | Aresn 7 Leten 7




DeMorgan Law of D|$Junchor) Example (2)
(T) A

{ /+x Action 1 %/ }

ievey Etates]

J Wen is Action 1 ecuted? true”
« When is Action 2 executed? ' false (i.e.,i >= 0 && false)

@

IR GIEA AN IR ) IR R AL i) N
l@”qja-/l

7 Lxend®

<




DeMorgan Law of Disjunction: Example (3)

* Actfon 1 x/ }

7'3'/3/4’2'@‘4#’0/

 When is Action 1 executed? true
* When is Action 2 executed? false (i.e., i >= 10 && i < 10)
Ve ogant
L(tcio Il T2 @) ! (T<lo) &g G >/
= M Govorgp




@F Logical Operators

boolean p ﬁ/\\/

boolean g = 22 P
boolean r = fEI'SE;__ i Jalt

W/Z}g% F 922 v = ())

10D ol @ mey mibie D(c/fe/&e

u{

S -
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Two-Way IfS’ra’remen’r without else Part
5 1]

Test Inputs:

radius =

area = radius * radius % PI;
System.out.println("Area for the circle of is " + area);

radius =

Console Console

System.out.println("Area for the circle of is " + area);

[frea S T=dTos « radius « PI;

;lse ) Z (Yﬁb(f"‘«r 7 O>.

» /* Do nothing. */

Console Console

YT supsasmsesny



ONO O~ WN =

1NE 2

}

If-Statement: Implicit Conditions

input.nextInt () ;

17032 X> o e

——

M
0] 10

System.out.println("x is negative"),;

1E (% € =5}

{y

X >/0C£)_ éZ /( T>/€f£

0] 10
>0 1S90
<o b

X >/0 </o

20




ONO O R WN =

If-Statement: Tracing

int )= input.nextInt();

1nty—0@

if (x >= 0)

s prlntln(" i1s positive");

O@{y—x
(x X 10)

System.out.println("x is negative");

if(x < -5) { y

Lecop.
Trate oo



Multi-Way If-Statement with_else Part
Test Inputs:

score =(@3)

Score
B (score >= 80.0) { score =59

YSystem.out.println("A");
}

else if (%{ 7/ @
X . 2 l " " ; i
?System out.println("B (,{_\,(goo’e >= . 02‘(\

EE8S® AL (score >= 60.0) { - “Bf/
— ——
System.out.println ("C\") 2

3

}

else { em):g LO
“System.out.println("F"); [T (gM>: O)?
} - 3 \IC(/

2lfe { W%




Multi-Way If-Statement without else Part

\(-FI/
‘ ' String letterGrade = "F";
seess seevre- scoFe- if(score >= 80.0) {
[C{’t&&lﬁ‘le lek{'&[imdl IEtfe’éde I letterGrade = "A";
¥

Test Inputs:
score = 83

score = 71

score é@

String letterGrade

if (score >= 8OJDGQ 7 else {
KletterGrade = "A";

}
else if (score >= 7;.0) {

' if (score >= 70.0) {
I letterGrade = "B";

;

else {
if (score >= 60.0) {
letterGrade = "C";
b
else {
>/* do nothing */

X LECCErGrade = "BY;

}
else if (score >= 60.0) {

KletterGrade = "Cc",;
}
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Single If-Stmt vs. Multiple If-Stmts



A csomt .
Overlapping vs. Non-Overlapping_Intervals

i >=3 ©.
i S: 8
3 ouefl&ﬂﬂg, 8
i <=3
| not-pueloprd,
i >= 8 2 (:7 ‘]
. S —————

3 8



— Y0 \5.
Single If-Stmt vs. Multiple If-Stmts: Overlapping Conditions il

— wa/hgw#‘ ,
int i =@)

if G, svstem. out.println("i is >= 3") ;)

else if (i <= 8) {System.out.println("i is <= 8");}

Console

f-fg D) (System.out.println("i is >= 3");}
U (System.out.println("i is <= 8");}




Single If-Stmt vs. Multiple If-Stmts: Non-Overlapping Conditions

int i =Q/

bif GEEE) {System.out.println("i is <= 3");}
else if (i >= 8) {System.out.println("i is >= 8");}

Console

C & <=2

int i =@

HTEE) | System.out.println("i is <
if (i >= 8)@[System.out.println("i s

Console



Common Error: Multiple If-Statements with Overlapping_Conditions

P

if (marks >= ) i (ma5£5 >= 80) { —
System.out.printIn{"E"); System.out .prin_tln; ﬁ)yl&[é

L S ) -

if (marks >= 70)™{ else if (D) <Zq>

Systen,. out .. pEigtIn("B") ; Systen.out .println("B") 7

} ped’ (1)

i1 £ (marké P _6Q)‘dl

}
else if (marks >= 60) {

SYsten: ot s 1 (MC™) 5

{
Stpsrem @t st nE LR ("E" )

———

} «
else {
System.out.println("F") ;

A,

Test Inputs:

marks (84)




Overlapping_Conditions: Exercise (1)

Does this program always print exactly one line?

(D) println("0 <= x < 10"); }
10 <= x && x < 20 {)(println("lo = = = 20"
("x >= 20"); )




}

{ println("O = 5 @ 1y =
{ printle(®ll <=2 = 20"
| prioblal%s 5= 20035 1

{ priptin (TE <

else 1T (x < T0) { println

glse if(x < 20) { println
else { println("x >= 20");

> [(X<o) Z& X< o

frl

t20 XX A <o

)("734‘9 &K 1<) L I,

-—
S

{2 0 & T2 /0

A 2/
L& Q>
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Scope of Variables: Method

public static void main(String[] args) {

int (i))- input.nextInt(); L

SysteggOut.printin("i 1is "-+CD;

i @D > 0) |

}CD==(?*-3; /* both use and re-assignment, why? */

}

elsg, {

-£E£Z(ijz -3; /# both use and re-assignment, why? */
} c/’ v

System.out.println("3 x* |@)| is " +-GQ;




Scope of Variables: Branches

public static void main(String[] args) {

int = input.nextInt () ;
if (; > 0) {

iﬂE;i==Q)* 3; /* a new variable j */
if( (7)> 10) {-.. }

else {
lint j:=<>* -3y /* a new variable also called |j #*
if (7)< 10) { ... }

}




Scope of Variables: Use of Variables from Other Branches

public static void main(String[] args) {
intgi)= input.nextInt () ;

ki > 0 4

int —@* 3; /* a new variable j */
if (G)> 10) { ... )

}
else {
; /* @& new variable also called j

X




Scope of Variables: Use of Variables Outside If-Stmt

public_static void main(String[] args) {
int ()= input.nextInt();

3; /+ a new variable j *
{

-}

/* a new Variable also called—f

-}

System.out.println(()-* ] dis T % é?* iy) ;




Scope of Variables: Method Parameters & Return Values

public class SumApp {
sf lic static void main(String[] args) {
T%%3canner input = new Scanner (System.1in);

int = input.nextInt(); 65W0¢7éu”ﬁ2£3

Lt (J) = input.nextInt();
ERAR .1es.ge (€7 ] ) ; -—9 (./\t L Yef»{,{’
G shat Touz vt tie B

ONOO O PR~ WN —

public class Utilities { J i€ You (40 71of
%

public static int getSum(int X, int
ant resuld =X + ¥
return 3 ;7

bl

{ wyite It
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'7}“1% G X > 80
#xzm
@ @
70 80

X 2 70 is more general
x > 80 is more specific

%D(.t(a’\
¢t ‘P ﬁja;{ﬁ




Overlapping_Conditions in a Single If-Statement

D X
X

v Iv
o

X 2 0 is more general
X 2 5 is more specific

\ if(x >= 5T{ System.out.printlIn|("x >= 5"); } x>=§

e if(x >= 0) { System.out.println("x >= 0"); 1}

System. out. prlntld (M = O";I,

@ {( System.out.println("x >



Single If-Stmt with General to Specific Branching_Conditions

i .5 ,i Test Inputs:
graduateWith = ({(Pass" -
vNCh"‘y gpa -
ellse if (G { AMA[W
graduateWith = "Credit"; d
P
J: ye/&l (/7
W“ﬂf 47ﬂ%’ )
lse if (gpa >= 4.5) {
graduateWith = "High Distinction" ; iD

- U ¢é
42

lse if (gpa >= 4)

2.5 3.5 4.0 4.5
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Short-Circuit Evaluation: &8&) .

Left Operand opl Right Operand op2 opl && op2

true true true
frue false

false frue

false

System.out.println("Enter X: "J;
it x = 1nput nextInt(),
System out LA

else { /* X 1=08&8& Yy / x>2) = (X==01ly/ x<=2) */
if(x ==0) {

System.out.printl("Error: Division by Zero"D;

#lse
System.out.println("y / x is not greater than 2");

}

_%

$/=0 K€ [ofs 5 J«

&

U1 vIelpss 4, y



Q* U/x>2 | x== Laoesp Jwseer] ther

Short-Circuit Evaluation: ||

Left Operand op1 Right Operand op2 opl || op2

false false false
true false true
false true true

System.out.println("Enter x:");
int x = input.nextInt(); ©O

System out. prlntln( Enter ¥.%);
A ; (0

)

ystem.out.println("Error: Division by Zero");

else {
System.out.println("y / x is greater than 2");

}

b

else{/* !(X::@IIV/X)?\E(X IEM&&¥4x<=2
System.out.println("y / x is not greater than 2");




Short-Circuit Evaluation: Common Errors

if GEED<- 2 ) &0 |
/% pript error—/

b 1%~ tuph

else {
/* do something */ }
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Common Errors: Missing Braces

Confusingly, braces can be omitted if the block contains a
single statement.

final double PI = 3.141592¢6;
Scanner input = new Scanner(System.1in);
double radius = .dinput.nextDouble();

(radius >= 0)
System.out.println("Area is " + radius x radius * PI);

Your program will misbehave when a block is supposed to
execute multiple statements , but you forget to enclose them

within braces. , = 7 o] "R j 19/

final double PI = 3.1415926; Z°' f

Scanner inpu;_; new Scanner L1 . {} ‘i: E;
[ P Rouble

double radlus £ inpet.

double 2
e dl us >ﬁ§ weérp WI?'457’

Xtarea = radius * radius x PI;
System.out println("Area is




Common Errors: Misplaced Semicolon

Semicolon (; ) in Java marks the end of a statement (e.g.,
assignment,_i £ statement). it v cF the #-(ﬁnﬁ

Test Inputs:

radius = @

This program will calculate and output the area even when the
input radius is negative, why? Fix?

\W
=
S
&
<
(o
V
&
~



Common Errors: Variable Not Properly Re-Assigned

String graduateWith @ Test Inputs:

if X( (gpa >= 4.5) { gpa =<9

x[graduate%hth = "High Distinction" ; }
Blse if G

J graduateWith = "Distinction"; }
2lse 1f (gpa >= 3.5)

A graduatewith = "Credit"; }
€lse if (gpal>=m2md)
[graduateWith = "Pass"; 1}

©CoLONOOOTPA~,WN —




4
. w w Lo @ (4
Common Errors: Ambiguous “else d“'d 8 £

System.out.println("x is negative");

Test Inputs:

(x> 100)¥{
System.ont.priatin("x is larxger tham 100");

System.out.println("x is negative"




Common Pitfall: Simplifiable Boolean Expressions

boolean isEven;
if (number % ==
i1sEven = true;

}

else {
isEven = falsej;

if (isEven == false) {
System.out.println("0Odd Number");
}

else |
SYE Cell, DL . DEIDELD ("Even Noniber™ ) ;

}
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for-Loop: Syntax and Semantics

for (int i = 0; i < 100; i ++) {

System.out.println("Welcome to Java!");

| T T

initial-action | i= 0|

loop- s o le
Sontniationt false G < 100)? false
condition?
true true
Statement(s) System.out.printin(
(loop body) "Welcome to Java");
—— action-after-each-iteration I i++ |

: !
Q. How many times is the stsy condition (i < 100) checked?
Q. How many times is the loop body (println) executed?



U2 bz Thxl 12> oo 9| oo
for-Loop: Tracing Lda,o),j‘l T F

j i<100 | Enter/Stay Loop? | lteration | Actions 2023 +l
@ || 0<100 [ True @ print, i ++ é
() || 1<100 True (2 | print, i 4+ '

2 2<100 True |}~ 3 print, i ++

R % )

99 || 99<100 True 100 print, 1 ++
(100/]| 100 < 100 |'False | [ = =
7

L o 73’74?4(‘:‘»? /oo}z
Q. How many times is the stsy condi’rio@checked? Aol
Q. How many times is the loop body (println) executed? |,



for-Loop: Alternative Syntax

System.out.println("Welcome to Javal!");

[or (int@= 0; I < 100; 1 ++) {

Fﬂ V@R
o The “initial-action” is executed only once, so it may be moved right

before the for loop.
o The “action-after-each-iteration” is executed repetitively to make
progress, so it may be moved to the end of the for loop body.

So the above for-loop may be re-written as:




for-Loop: Exercises (1)

for

(int

count =(0;/ count < 100; count ++)

Q. Are the outputs same or different?

count

count < 201 |I

©

teration

count coﬁi’r < 100 |Iteration
[l NG NN
EOAR'S]T., | § 7l
(
g 91 % Joo..
/0O ]:

T

2ol

- "4rﬂ1-4‘_4




for-Loop: Exercises (2) [p 44| ~ &2

int count —

for (; count—< 100; ) {

System.out.println("Welcome to Java " + count + "!");
count ++; /* count = count + 1; x/

(; <= 100; ) {
System.out.printIn("Welcome to Java " + count + "!");
count ++; /* count = count + 1; */

Q. Are the outputs same or different?




for-Loop: Exercises (3)

Compare the behaviour of the following three programs:

Output: 12345

EoF { i.c:zji i) A
System.out.print (1) ;

Output: 12345 2234sé

System.out-priptii)y 1}

Output: 23456 [ -—l-r &
F



while-Loop: Syntax and Semantics

int count = 0;
while (count < 100) {
System.out.println("Welcome to Javal!");

4

countw++; /* count = count + 1; */

A count = 0;|

y
loop-
continuation-
condition?

false

(count < 100)? Bl

true

Statement(s)
(loop body) | System.out.printin("Welcome to Java!"); |

count++;

: 2

Q. How many times is the stsy condition (i < 100) checked?
Q. How many times is the loop body (println) executed?




T=(t+<
while-Loop: Tracing m

int (7)=233
while” (7 < 103) {

System.out.println("Welcome to Java!");
gmme-; /+ j = j+ 1; */ }

i j<103 | Enter/Stay Loop? | lteration Actions
3 || 3<103 True @) @©]J print, 3 ++
4 4 <103 True 2 print, 3 ++
5 o< 103 True & print, 3 ++
x —
(102J] 102<103 True @002 [ print, 3 ++
T03 || 103 < 103 False - -

Q. How many times is the stsy condition (i < 100) checked? 5/
Q. How many times is the loop body (println) executed? /&0



while-Loop: Exercises (1)

int count =_0; EQ, qa:] _—> {OD

while (count < 100) {
System.out.println("Welcome to Javal!");

count ++; /* count = count + 1; */
}

int count = 1;

while (count-_‘<= 100) { U? [00] /\> [00

System.out.println("Welcome to Java!");
count ++; /x count = count + 1; %/

—
!

Q. Are the outputs same or different?

count | count < 100 |Iteration count |count <= 100|Iteration




while-Loop: Exercises (2)

int count = EO 5 4‘4]

while (count
System.out.println("Welcome to Java " + count + "!");
count ++; /% count = count + 1; =*/

}

int count /” Z] S kz{]

while (count’|
System.out.pfﬁntln("Welcome te Jdava " + caugnt + "lv%);
count ++; /* count = count + 1; */

}

Q. Are the outputs same or different?
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Compound Loop: Exercises (1)

System.o%f.pr' ln("Entaﬁ.a radius value:");
double radius >' ut.nexXtDouble() ;
,while (radl_ —.OfT {

double area = radius_* radius x 3.14;

Test Inputs:
radius = -3

System.out.println("gkea is + _area);
System.out.println("Enter a radius value:");

radiug = input.nextDouble(); }

System.out.println("Error: negative radius value.");

Test Inputs:
radius = 2

radius = 3

kodih] < O



Compound Loop: Exercises (2.1)

System.out. ?intln("Enter a radius value:"
double rad1 input.n ouhle
us >—

/ boolean sPo 1ve =

) i

Test Inputs:
radius = -3

)

B while \(réPositive 4
double area = radius_x radius_* 3. 14;
System.out.println( "grea is "<&t area) ;
Systeg.out.pr intln("Enter a radius value:"); T@S"' InPUfs:
radiué = iz&g—u .nextBouble() ; .
TIsPositiveysKradiugd >= 0; } rad|us

ISys;m out -;rintln (“Error' negative radius value."); . (

% radius {3

System.ou prlntln ("Enter a radius value:");

double ra @nput n tDouble(),

boolean isNega < 0

[V 4
while ’.”sNegative@{z
double area = radius x radius * 3.14;
System.out.println("Area is " + area)
System. gut .println("Enter a radius value ne
radlusf—‘nput nextDouble () ;

Test Inputs:
radius = 2

radius = 3

isNegatIe =(radius) < o B

System.out.println("Error: negative radius value.");




Compound Loop: Exercises (2.2)

Test Inputs:

Q. What if we delete the update at Line 9?

System.out.println("Enter a radius value:");
double radids == put.nexﬁ)ouble();
boolean isPosi e = radius >= 0;

w while (isPositivel)l/{
e

double area = radius x radius * 3.14;
System.out.println("Area is " + area);
Syst_e_ .oyut.println("Enter a radius value:");
radiu? = Input.nextDouble() ;

. o ” = K

System.out.printIn("Error: negative radius value.");

O W ONOOND W=

—_




for-Loop vs. while-Loop

and update parts of the for loop empty.

To convert a while loop to a for loop, leave the initialization

while (B) {
/% Actions */

}

i

is equivalent to:

875}7’ s lent

7/

for( ; B i ) {
/% Actions #*/

}

where B is any valid Boolean expression.

To convert a for loop to a while loop, move the initialization
part immediately before the while loop and place the update
part at the end of the while loop body.

for(int i = 0 ;' B ; i ++ ) {
/% Actions %/

}

is equivalent to:

int i = 0;
while(B) {
/% Actions x*/
AR

}

where B is any valid Boolean expression.
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Stay Condition vs. Exit Condition

When does the loog exijfi.e., stop repeating Action 1)?

while (p&& q) { /+ Action 1 =/}

> vepest betont 1 & IMJ Ay F&z 2 evaluatrs Qtwe':
La exct %A [oof= !(Fzzg) = ‘/f (l ‘/32

When does the loop exit (i.e., stop repeating Action 2)?

> ve?eat detan 2 A‘J‘/7AS 7//f ﬁw/«@w

L,) e gCyL/OOV: /(F[[g'Di 377 44 ~/f




Stay Condition vs. Exit Condition: Exercise AL (

Consider the following loop:

int x = input.nextInt();

while (

/* body of while loop %/

10 <= x( 1) x <=20)

}

- —_— = 1 (=TIl
P ~
/ \

P
{ Laﬂ/um oucer bo tme

>  yover Gt ;

e It compiles, but has a logical error. Why?

Stay Condition i 1 = I O

Exit Condition 0

L

>

P 655 - ()

1@ Il 7@ go

L .
20 > Never ¥+
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Initializing an Array of Integers (1)

o 1 2 3 4 5 6 7 8 (9
l
940 @isso 790|750]660| 650|590| 510 440

ia

Approach 1:|Initializer

mt[:l Id = {440:,&?95&’305 T s ML‘O,Z;

o (|

Approach 2:|Discrete Assignments

- &l @
L&/\.; !

oM

) @ = v @[l; =



Initializing an Array of Integers (2)

aof L
0123456789A,ﬁ1\%§é

: /\’\ 7 10|13 |16 |1 22 125 |2 31 | 34
Ia’ ? . MMLD/ Mdlﬂ

: o i |i<seqg.length|i- 1] seq[i . 1]
Approach 3: Patternizing Stored Values o S PPy
: o |&T7
? z (J
| e
b
¥{
{83
",q/o (E)

A



Initializing_an Array of Strings

1 D)

0]
§o~—"}Blar?| “Mark’| “Tom’

Approach 1:

Initializer

Smmg[] S = 2 A, ok ", ;Zm"g

Approach 2:

Discrete Assignmen’rs

3
[ 2
\Q&ML‘E{’C’!'[ / } ya

viul] viqtl alf

Sg«%_t] 8 = M&«%E&b



for-Loops vs. while-Loops: Iterating through Arrays

int[] a = new int[100];
for(int i =(0) [ < a.lengtl; i ++) {

/* Actions/to repeat. */

mil @ulex opawa Sfé‘{t/ &awo/?ﬁﬁ/’ Eﬁ'& { (E< &'-/é’/jféﬂ

ef
int[] = new int[100]; —
int (1 G5 :—E?aﬂ
while (i < a.length) {
/* Actions to repeat. x/
i ++; M7
(d

e
o et




Lecture 3
Part E

Loops and Arrays -
Computational Problems



Compufa’rional Problem: Averagg

Test Inputs:

int[] numbers = {1, 2, 6, 8};
JO'Q'Q' 8 | int[] numbers &

@umbers

Problem: Given an array numbers of integers, how do you
print its average?

e.g., Given array {1,2,6,8}, print 4. 25.

(int 1 =(0) |2 < numbers. lenqth; 1 ++) |

{s_wp 1= nunbersTAT; 00/0 - dese b e cxtptit

pdouble average = |(double) qum]/ numbers.length;
System.out.println("Average"fs " T average);

| \® TR

]



Computational Problem: Conditional Printing

i | i<alength| ali] | ali]> O

BB




System.out.print ("Names:") 3

o
for (int am= O, i < names. length, 1 ++ { JM d 70:2?%2?
1 £2)

Computational Problem: Printing Comma-Separated Lists
System.out.
1:}E/ (;1__ names. length =) | @ O

s
Ia@(*st 2wl
S A
x[System QUELPETLIE (Y ) 7 N)l \\Alanu “Mark" “Tom"
names

} s 5 o Yiawbs
’aystem opdseitchanlialou i (RPTL 8 __,

(Z2) , Console
| < names.length | names{i}|[i <|names.length - 1! anes: Bl /\/ﬂr@,&
: >

M4lan” T
—_— “Wk” | T

®

0.8 6/
3



0

T2l 2 3 4  —

z S QLI
Computational Problem Prm’rmq Bickwards2d —[m‘_’saﬁ{—l -7

$=1—T
Problem: Given an array numbers of integers, how do you & - Z?m””m,
print its contents backwards? 320 i
oy

e.g., Given array {1,2,3,4}, print4 3 2 1.

— c—

for(int 1 = mbers. length = l
System. oﬁ P 1ntln(number )

}




Computational Problem: Finding Maximum

int max = a[0];
for GEEEEY; GEENgED; @ |
& 3 ﬂ [i]) > ma;<|) { [max ="aTlil) 2

@wm{'e/mfvmw(foav

System.out.println("Maximum js " +(maxi);

==

T Ra DNl > max | update max? Jmax |

of-35 - 1 - 1@ |
CON Q) §2-2/alse | l@‘
RS

true
- [(DJ y>ifalse

G 40 Yosgfruel J  Y) [@]




Computational Problem: Finding Maximum

OO WON—

a [ 1]

> max

)

max

{

{ max = al[i]; }
X X ¥

("Maximum is " + max);

I < a.Ieng’rh

e




OO WON—




20
Computational Problem: Checking a Universa@

1,0 O 1 2 3 4 @

ﬁﬁw&z«»/\jzh?”ﬂ
ns

A7

boolean@ Wt |
4 v

ns[0]|> 0
% ns[1]]> oo qé ke

ns21> 00> ® gl gz b= Lo
&& | ns[3]|> — e
&8&/ ns[ > Toleste] of 2%

e 2 [bl= b

+

o OO0

11O N
e ] [

-
OF



&
\\/

Computational Problem: Checking an ExistentialCProperty

/\J 0 { 2>03 N

P

—
—

boolean atlLeastOnePositive

ns
ns
ns
ns
ns

&\

1/> 0

(IO O

>0
> 0.
>0

2|-3 4| 5|




w%«F@x

Computational Problem: Are All Numbers Positive? 5

int[] ns = {2, 3, -1, 4, ; -
- : vifle] >0

boolean (soFarOnlyPosNums ='|

ini-: ik ='O; ched_ (js

while (i < ns.length) {
soFarOnlyPosNums = soFarOnlyPosNums(&&’ (mgi] > Q)¢ MPAw /ésf

(T’ 28)

NoO oarh~hwhN =

Vs l@l [@,

true YES

true YES ‘@i

false true YES true
false false No - —




Computational Problem: At Least One Number Positive?

int[] ns = {=2; =3; 1, =4; =5};
boolean seenSomePosNum @/\’7 (
1|
{

int (i = 0;
while (i < ns.length)

seenSomePosNum = seenSomePosNum(l | >m

i=1+1;

1
2
3
4
5

0 -ﬁ true YEs JC 2 0 Cfalse) |
(P, TR, true Yes § C3) | Cfalsed |
)  dalse) YES K1 | [

UC | A\ 22 IRNCLE
4 true YES [(C5)
false NO




Computational Problem: Are All Numbers Positive?

1 int([] ns = {2, 3, -1, 4, 5};
2 fboolean soFarOnlyPosNums = true; Version 2
3 fint (1 = 0;
4 Bwhile (i < ns.length)
5 soFarOnlyPosNumsf=}ns[i] > Of /+ wrong */
s - e Joal ol o B
0 1 2 4'7 WHVES J.
experted : UMK, pa ,
A2 |3|-1]s AREaNL f fg =

soFarOnlyPosNums | i < ns.length w

true
3 true
|| false] |

true

YES l@J nzz.r@‘




Computational Problem: At Least One Number Positive?

int[] ms = {=2; =3; 1; =4; =5};

boolean seenSomePosNum = false; Vel"Sion 2

int (i = 0;

while (i < ns.length) {
seenSomePosNum = ns[i] > 0;
i=1+1;

NooaabhbhownD =

}




Computational Problem: Are@Numbers Positive?

int[] ns = {2, 3, -1, 4, 5};

boolean soFarOnlyPosums = frue; Version 3
int i =0; g:;% f?)
while (soFarOnlyPoS$Num && ) 1 < ns.leng‘th
soFarOnlyPosNums = .soFarOnlyPosNums && [ ;
1 4

Az]s]a]+]5] . (/eée [ (

S#O Y| K&K [<vis.61.)
’&+om ) [Dz nttq)




Computational Problem: At Least One Number Positive?

int[] ns = {-2, -3, 1, -4, -5}; &ZT

boolean seenSomePosNym = false; = F Version 3
int i = 0; T ZZ 545 - =

while |!lseenSomePosNum && 1 < ns.lengfH) {
seenSomePosNum = keenSomePosNum ns[i] > 0;
i=1+1;

NOoO ON\NA~ NN =

mwem«avi et / <’ $3]7Vl K &5l
;,, = S Y/ ” f_ 7‘4\‘\/3/’

[
- i <ns. /ength

YES -2 fa/se
YES -3 fa/se
YES




Computational Problem: Ar@Numbers Positive?

No o~ oD =

~

int[] ns = {2, 3, -1, 4, 5};

boolean soFarOnlyPosNums = true; Version 4

int i = 0;

while (soFarOnlyPosNums && 1 < ns.length) {
soFarOnlyPosNums = ns[i] > 0;

-
YES

YES 1 K
NO —



Computational Problemz#At Least One/Number Positive?

NOoO ok o=

int[{] ns = {-2, -3, 1, -4, -5};

boolean seenSomePo = false; Vel”Sion 4

int i =0; [T =

while G)seenS.'BTn'ePos B && i < ns.length) {
seenSomePosNum =¥ns[i]‘TO;

i=4+1;

YES

-2
YES -3

YES 1




Computational Problem: Are All Numbers Positive?

Four possible solutions (soFarOnlyPosNums initialized frue): summary
1. Scan the entire array and accumulate the result.

for (int i = 0; G | ++) {

soFarOnlyPosNums = ns[i] > 0; } /% Not working.

for (int i = 0; SoFarOnlyPosNums && 1 < ns.length; 1 ++) {
soFarOnlyPosNums = ns[i] > O;




Computational Problem: At Least One Number Positive?

Four possible solutions (seenSomePosNum initialized false): summary
1. Scan the entire array and accumulate the result.

for (int i = 0; (1 < ns.length; 1 ++) {

seenSomePosNum = seenSomePosNum [ |

for (int i = 0; (i < ns.length; 1 ++) {
seen§6;ePosNUm ] : /* Not working. Why? =/

3. The result is accumulative until the early exit point.

for (int 1 = 0; (!seenSomePosNum && 1 < ns.length; 1 ++) {

seenSomePosNum = (seenSomePosNum [[ ns[i] > 0; }

4. The result is not accumulative until the early exit point.

for (int 1 = 0; (!seenSomePosNum ' && 1 < ns.length; 1 ++) {

seenSomePosNum = ns[i]. > 0; }



Sorting Orders_of Arrays

0 C,)@ a.length - 1
A TSI T IT ]

a

S
o‘eo«easrvg Al > 4]
MCW((?% ali] < atd
yzo/l_a(ps(‘mdr/g ! (d[‘t:( >£f3:(

=l 4[] < ard

decreasing/descending

increasing/ascending

ali] (value)/A\

alz]
\KCIJ
>

i (index)

a[i] (value)
az]

7
(index)

23 4
2|#

3




Computational Problem: Is an Array Sorted?

1 Bboolean isSorted = true;
2 B for (int 1 =
3 isSorted = al[i]

O 1 2

ns

isSorted

0; isSorted && 1 <
<= ali + 17;

=

a.length - 1

i < a.lengfh

ali] <= a[i + 1]

=W

2£ 7



Computational Problem: Is an Array Sorted?

boolean isSorted =_true; (F
or (int 1 = 0; issgéte && Ji <\a.length — 1) 1i ++) {

igSorted = a[i] <= ali + 17;

@ i]i<a.length ali] <= a[i + 1]

ns

’ =150
|
u ¥ o1

isSorted I



Lecture 3
Part F

Loops and Arrays -
Short Circuit Evaluation and Indexing



Unguarded Array Indexing

Scanner input = new Scanner (System.1in);

tnt howMany = input.nextInt();
int[] ns = new int[howMany];
for(int i = 0; i < howMany; 1 ++) {

ns[1i] = input.nextInt(); }
System. ?%f .printin("Enter an index:");

9 fint @ =" input.nextInt () ; AIOBE
10 Bif(ns(3)] % 2 == 0) { ‘GIO
11 Systent. out. prlntln("Element at 1ndex n

12 Belse { /x Error *: ns[i] is odd =/ }

ONOO TR~ WD —

System.out.println("How many integers?");

Tes’r Inputs:

System.out.println("Enter an integer");

+ i + " is even."); }

vorluten  to ATOBE

St

@v«/a(-j MA/B(V



Use of Conjunction (&&)
Guarding Array Indexing using_Short Circuit

Scanner input = new Scanner (System.1in);
System.out.println("How many integers?");
int howMany = input.nextInt();

int[] ns = new int[howMany];

for(int i = 0; i < howMany; i ++) {

System out.printl "Enter an integer");
= input.n Int(
System ?%5 Enter an index:");

ONOOOThA~,WN =

9 ﬁ/u
10 gif o <= i < ns.lengt)) && |ns(i]) ¢ 2 == () {
11 print at ifndex " + i + " is even."); } n

12 felse { /* Errord invalid index or odd ns[i] =/ }

0O 1 2 = :
Q @ v L Fesseok
S © ),W P sl »st/%!e evlaro

0 <="-| g% 1«3 2& Ql)¥ -




Use of Disjunction (II)
Guarding Array Indexing using_Short Circuit

1 Scanner input = new Scanner (System.in);

2 B System.out.println("How many integers?"); Test Inplﬂ's:
3 Bint howMany = input.nextInt(); . -
4 Bint[] ns = new int[howMany]; | =@
5 Bfor(int i = 0; i < howMany; 1 ++) {

6 System OUL «PIE "Enter an integer");

¥ ns| = 1np‘z.ht AzotInt

8 Systewut Fintin "Enter an index:");

9 i A

10 i 1 1 = . nsfi] % 2 == 1 {

11 : invalid indexfor odd ns[i] */ }

12 felse { println(ns[i] + " at index " + i + " is even.

0 1 2 220 || 35 3 Il|[CuBV%2z==]
A T >—® et eolutd.

K20 |-l > 3 |l Gwlll)%2-==|




Guarding Array Indexing using_Short Circuit

Scanner input = new Scanner (System.1in);
System.out.println("How many integers?"); Test IﬂprS:
int howMany = input.nextInt(); .

int[] ns = new int[howMany]; | = —1

for(int i = 0; i < howMany; i ++) {
System.out.println("Enter an integer"); =3
ns[i] = input.nextInt(); }

System.out.println("Enter an index:");

ONOOOThA~,WN =

9 §int |3 = input.nextInt();

10 Qif( 0 <= 1 && i < ns.length && ns[i] %

11 println(ns[i] + " at index " + i + " is even."); }
12 Belse { /* Error: invalid index or odd ns[i] %/ }

I Use of Conjunction (&&)
ns Exercise




Guarding Array Indexing using_Short Circuit

1 § Scanner input = new Scanner(System.in);

2 B System.out.println("How many integers?"); Test InPUfS:
3 Bint howMany = input.nextInt(); . )
4 §int[] ns = new int[howMany]; = -1
5 Bfor(int i = 0; i < howMany; 1 ++) {

6 System.out.println("Enter an integer"); =3
7 ns[i] = input.nextInt(); }

8 § System.out.println("Enter an index:");

9 Bint i = input.nextInt();

10 Qif (i < 0@ [/ i >= ns.length || ns[i] 2 == 1) {

11 /+ Error: invalid index or odd ns[i] #*/ }

12 else { println(ns[i] + " at index " + i + " is even.");

I Use of Disjunction (|l

ns Exercise




Lecture 3
Part G

Loops and Arrays -
Common Errors



Common Errors: Improper Initialization of Loop Counter

- e — O
while (userWantsloContinue) {
/* some computations here #*/

String answer = input.nextLine();
userWantsToContinue = answer.equals("Y");

vottag wil| be expomted

,f-fq(: bobon  Uredblpatt lontiase = 5



Common Errors: Improper Stay Condition

for (int 1 = p| £ =C a.lengt@# 1 ++) {
Syctem. out ;printig(alil] ) ;

}




Common Errors: Improper Update to Loop Counter

13

ol 111 12l (3 - -
23| 479 5 | x! & AL
Jae S0 i ey vy
- L | 4]
‘ 45t
> @



Common Errors: Improper Update to Stay Condition

i [N / ; ;
Strlng' 1npg§;£extLlne();
boolean userWantsTo inue = answer.equals ("Y");

hile (TUserWantsToContinue)){ /* stay condition (SC) =«

s("‘(”)_,;

Z°(TMI b mftaate /@ o L st
slloerf

C Weddgblontaase ot ﬁy?aé%’.



Common Errors: Improper Initial Value of Loop Counter

int 1 = a.length - 1;

hile (i >=0) {
System.out.println(a

_'hlle (L < &, iength(p{
.9System out. prlntln((727»;




Common Errors: Misplaced Semicolon

inel] 3a = [14 2; 3 4%;
for (int i = 0; 1 <€ 103 4 +fﬁ; {

SySeLell.0ut .prapc Lo "THeL Lot ™ )|;

}

Console

{ Lello.

-

ertie [3?9



Lecture 4
Part A

Classes and Objects -
Object Orientation



Observe-Model-Execute Process

Real World: Entities — - . Ob’e"ts
(instantiations of templates)

ey Person Person
Entities: Strin name; ° name | “Jim” ( name | “Jonathan”
i doublp weight; N

jim, jonathan, ...
L l* _

weight | 80 jonathan’ | weight 80
1.80 —_— height 1.80

doublp height;
} Execute

(— Entities: class Potint {
double x;
1(2,(3), p2(-1, -2 4
i b2t s —— doublely;
}




Modelling: from Entities to Classes ;[Ae«ttz% L] A}oéms 4 'l/eé@
cless et o'?".“%\:l,)’ tleses dlteson
Example Z . atedueS  mstAts

Points pn a two-dimensional plane are identified by theirsigned

distances from the X- and Y-axises. A point may move attrdute
arbitrarily towards any direction on the plane. Given two points, Cﬁ/)
we are often interested in knowing the distance betweenthem:

Example 2

A person is a being, such as a human, that has certain

attributes and behaviour constituting personhood: a person
ages and grows on their heights and weights.




OO Thinking: Templafes VS. InSfanCeS public class Point {

2 Tt private double x;

P ’

p\ 1 47(?@;_ < X | -4 private double y;
*1 o S }

A template (e.g., class point) defines what's shared by a set
of related entities (i.e., 2-D points).
o Common attributes (x, y)
o Common behaviour (move left, move up)

e Each template may be instantiated as multiple instances,
each with instance-specific values for attributes x and y:

o (Point instance plis located at (3,4)
o (Point instance p2 is located at (-4,-3)

 Instances of the same template may exhibit distinct behaviour.
o When p1 moves up for 1 unit, it will end up being at (3, 5)
o When p2 moves up for 1 unit, it will end up being at (-4, -2)
o Then, pl’s distance from origin: [V/32 + 52]
o Then, p2’s distance from origin: [/ (-4)2 + (-2)2]




m
—

{

/* implementation of method m */

}

e The Header of a method consists of:
o Return type [ RT (which can be void) ]
o Name of method [m]
o Zero or more parameter names [ p1, P2, ..., Pn ]
o The corresponding parameter types [ Ty, To, ..., Th]
e A call to method m has the form: m(ay, ao, ..., an)
Types of argument values ay, ao, ..., a, must match the the
corresponding parameter types T4, To, ..., Th.




Parameters vs. Arguments

_—

double y) {...

class Point {
Point(double X,

double getDistanceFrom(Pg

void move(char direction, double units) {...}

¥

class PointTester {

174.\%'#(’{% ’

Template Definition

static void main(String[] args) {

© Keshod oleclcveol 2 tbe7 Vi
porert d,e e’r d Usages

bo M’He weth [wm

Point p1 = new Point(2.5, -3.6);

Point p2 = new Point(-4.8, 5.9),
double distl = pl.getDistanceFrom(p2);
double dist2 = p2.getDistanceFrom{p1);
pl.move('R’, 7.6);

?:t%mmlwm( 2) !
Aﬁdm&t

¥
bs

W Wct



Kinds of Methods

1. Constructor
o Same name as the class. No return type. Initializes attributes.
o Called with the new keyword.
o e.g., Person jim = new Person (50, "British");

2. Mutator
o Changes (re-assigns) attributes
o void return type
o Cannot be used when a value is expected
o e.g.,double h = jim.setHeight (78.5) isillegal!

3. Accessor
o [ses attributes for computations (without changing their values)
o Any return type other than void
o An explicit ret urn statement (typically at the end of the method)
returns the computation result to where the method is being used.
e.g., double bmi = jim.getBMI() ;
e.g., println(pl.getDistanceFromOrigin () ) ;




public class Point {
private double x;
private double y;

\3'4' -2

public Point(double X, doublel£3 {

Hhis = x; R =\
%-&5\

this.y = vy;
'yl VZ

public void moveUp(double units) {
this.y += UNTTS; 1\

by

public double getX() {
return thiswx,

}

Plo2

public double getY() {

return this.y;

| K
4

}

public double getDistanceFromOrigin() {
double dist—=——m—mm™m™m™mm™ —~
Math.sgrt(this.x * this.x
— + fiis.y * fhis.y);
return dist; '_‘— —
P

public class PointTester {

public static

System
System
System
System

args) {

)

etXQ + ",

.out.println("pl " + "(" HpY.g
(p2)getX() +_)

.out.printlnCp2 " + "("
.out.println
.out.printl

getDistanceFromOrigin());

ovel 3
ovel

System
System
System
System

.out.println("pl " + "(" + pl.getx() + ",

.out.printlna? " + "(" + p2.getX() + ",
.out.printl .getDistanceFromOrigin());
.out.printl .getDistan agin());

etDistance romvr1g1n()§?

"+ pl.getYQ + ")");
"+ p2.getYQ + "");




Use of Accessors vs. Mutators

class Person {

(voidAetWeight(double weight) { ...
double/getBMI() { ... }
¥

e Calls to mutator methods cannot be used as values. / ._Zd

o e.g., System.out.println (jim.setWeight (78.5)
o e.g., double W= gl SetWelght(78  ;

o e.g., jim.setWeight (78.5) g@m(;% d‘fd

e Calls to accessor methods sLh/ou/d be used ag, values.
o e.g., jim.getBMI () yotum ol Vﬁf"m”/ﬁo }7;/1:['44/
o e.g., System.out. p‘l/tln (jim.getBMI () ytof VJ/}&
o e.g., double w(= gimugetBMI () ;




Method Parameters

e Principle 1: A constructor needs an input parameter for
every attribute that you wish to initialize.

e.d., Person (double w, double h) VS.
Person (String fName, String 1Name)

Principle 2: A mutator method needs an input parameter for
every attribute that you wish to modify.

e.g., In Point, void moveToXAxis () VS.
void moveUpBy (double unit)

Principle 3: An accessor method needs input parameters if
the attributes alone are not sufficient for the intended
computation to complete.

e.g., In Point, double getDistFromOrigin () VS.
double getDistFrom (Point other)




Lecture 4
Part B

Classes and Objects -
Reference Aliasing



Copying_Primitive vs. Reference Values

Primitive
System.out.println(if=3) J);/+truex*/
System.out.println && k == 7); /+truex/
‘ 2 \ ‘ 3 \ 3 nuplaey c{b Fm/lc{'(u@'
= 3 e Nﬁl\l@f OF Adﬁ(vessp\f

Point (pI) = new Point( ; Reference
p3

Point SsE Cprintlalpl p2) ; /+true*/
Point ne Poaﬁﬁ b

Systme.but.pfintln(p3 == () 2);/*xfalsex/
Systme.out.println(p3.x == pl.x && p3 y == pl.y);/*truex/
Systme.out.println(p3.x == p2.x && p3.y == p2.y);/*truex/




Copying_Primitive Values

int i1 = 1; | @I@I

ImE 22 = 2% - L
int i3 = 3; / l tz >
int[] numbersl = ;

int[] numbers?Z = new int [numbersl.length];
for(int 1 = 0, 1 < numbersl.length; 1 ++%)

numbers2[_1;] = numbersl[i];

} = 3
numbersl1[0] = 4;
System.out.println(numbersl[0]);
System.out.println(numbers2[0]) ;1

kY ws?B0= o) s yudad

'Z,.A: vunt? K] = el 5 Vikabed 2 Nloé C‘Z %
oilz Viaws? [2] = rmgliz] 5 — AN

S—
—




Copying Reference Values: Aliasing peonsl
\

new Person("Alan"); R _l

Person alan

Person mark = new Person("Mark");
Person tom = new Person("Tom") ;

Person jim = new Person("Jim")l.
qF=mson|) personsl = (G1a) Gapk)(Foryik o
Person|[] persons? = new Personfpersonsl.length];

7,

or(int i = 0; 1 < personsl.length; i ++) { Person perso"ﬂJ

persondlli] = persondili]; } name name |*

ST oCNS IO . SeCAge L /0) 7 — age age 0
System.out.println(jim.getAge()); O _b”,\ Person
System.out.println(alan.getAge()); /O - \7 name “E’_
System.out.println(persons2[0].getAge()) ,70 J 7: age 0
Ee_rsonleO] = jim; ®
LersonslOl . setage (/o) ;

WS, ©UIE o [z L imiE ILim jlm.getAge());7§ x X x

System.out.println(alan.getAge());

System.out.println(persons2[0].getAge()) ;’b ‘. > O

* Pagows‘l @ M aned o StEe D ?emsllb% cAs T4: ps2lol=pdlo)
whee  path wdex~ SRS Hhe poom ITZ = mort 5 lod: 201 - psili]
auphess of  sore [Tt ] Apetl perwTle] = Bowms|, | 5o —pely




Lecture 4
Part C
Classes and Objects -

Java Data Types,
Anonymous Objects
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Reference-Typed Return Values

AY ’;Zéz $,10.5)

{
);(2.3, §¢2)

F1azliob

Point ‘movedUpBy (int tgb% ¥
J,Point np)= new Point (—X’ﬁ; 7(‘#' % 42

moveU%i) H F‘M

+ return np;

public class PointTester {
public static void main(String[] args) {
- Point pl = new Point(2.5, -3.6);

Point p2
System.out.

¥

!
X}Z?.s,- 2b)



Programming Pattern: Mutator

f Towtlollopol

public class PointCollector {
private Point|[] points; private int nop; /+ number of points #*/
public PointCollector() { this.points = new Point[100]; }
public void addPoint (double _x, double_y) {

this.points[this.nop] = new Point(x, ); this.nop++; }

public class PointCollectorTester {
public static void main(String[] args) {
PointCollector = new PointCollector();
System.out.println (pc.getNumberOfPoints ());
pc.addPoint(:) 4));
System.out.pringln(pc.getNumberOfPoints());

pc.addPoint cz»;
System.out. prlntln(pc getNumberOfPoints () );

.getNumberOfPoints());

.getNumberOfPoints () );

|

1A




Programming Pattern: Accessor/;

public Point[] getPointsInQuadrantI() {
Point[] @= new Point [thd@s.nop];

int count = 0; /* number
or (int i = 0; op; i++) {

P01nt(;)— ghf/ p01ntE%1 1;0

sLiE (2o 2% > 0 &
Point[]

* ntain

nuyll Jf < n *

= [i)s < n ++ =

return glPoints ;

Point/[] s )=
b}

)F&-(ﬂiil

f points in Quddrant I «/ D,
0
.y > 0) @s[count] = p; ount++; } }
glPoints = fiew nt [count] ;
——— —_——

c.getPointsInQuadrantI()
System.out.prlntln(ps.length),

Pleds
g Poio] 4810
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Lecture 4
Part D

Classes and Objects -
More Advanced Use of this



Example: Reference to this  jw.gewe = ndll(]l ekz. qouse 1= wdl/

public class Person {
private String name;
private Person spouse;
public Person(String name)

this.name = name;

publ';l.c void marr (Person (o r) {ekA
s epamse(l=)nul(N)etkErsspousel=rnully) |
/* Error: both”must be single %/
pﬂ

} A
ﬁ t/hd.’s spouse = e_ih(r, oﬁgﬁr spouse = % }
th:&-cymce == wull 48 OMW.SM == wdll

,Person jim = new Person("Jim");
Person elsa = new Person("Elsa");

marry(elsa);




Lecture 4
Part E

Classes and Objects -
Navigating Classes via the Dot Notation



Object Structure: Student, Course, Faculty

Student Course Faculty

N V'
~
class Student { IVC clas ourse 4 } |class Faculty {
String id; > M B tring title; String name;ﬂef,ddue(/

Course ¢S C)( Faculty prof; Course Le;
! ﬂetts }_< pik } fﬂfo

"Ll; Faculty | “Jackie” ficl;urse “Advanced 0OP”
name | title |
te eecs2030 _&f
f2 Faculty “Jona"'han” Course “S .« n
oftware Desiqgn
\>[hame | ¥ fitle | T~ J
eecs3311
te prof




Dot Notation for Navigating Classes (1)

cs te

Course N Faculty
%

[

Student

class Student_{ class Course { class Faculty {
String @ String title; String name;
Coursel[] cs; raculty pror; Coursel[] te;

} } }

/* Name of
* ith course’s instructor
x/

String getName(int(i) {

Yetuel thif: (S[) ﬁ?tkoﬂ .
;

/* Get the student’s id. / * Title of ith course
*/ v */
String getiD() { String getTitle(int\i) {

et trer. s yetued  thef. As[tlaet
)

FLI; Faculty :;ackie" »;l Course | “Advanced OOP”
name{ -7 cecs2030H eI\ A

Student |&Tim®
te ] PI‘O‘F W id __J

f2 Faculty “Jonafhan” Course \\S ) j
oftware Design cs —~
\>[neme 7 o secs3iT e [ ~—" 9
te = g prof




). Lol |l ﬂetymﬁ (). ﬁet)\kwec)
Gt

lowuse :\

Y
Fepalty S



Dot Notation

for Navigating_Classes (2)

[

Ccs

Student

class Student {
String id;
Coursel]

}

cs;

te

<

Course

X

v

class Course {
String title;

}Facultz EIOfi

Faculty

Coursel]

}

tef

class Faculty
String name;—

{

/ * Title of instructor’s

/* Get course’s title. .
* ith teaching course

*/
String getTitle() {

weton ﬂnmﬂeﬂédeo;

/* Name of instructor
*/
String getName() {

¥

f1 Faculfy “Jackie”
S mame
te -

o Faculty B’W
name| — 3( A title |
te = g eecs331 prof




Dot Notation for Navigating_Classes (3)

cs te
Student [ " Course < Faculty
*
class Student { class Course { class Faculty
String id; String title; String name;
———
Coursel[] cs; Faculty prof; Coursel[] te;
} } }

/* Title of instructor’s
* ith teaching course
*7

String getTitIe(int@ {

el His telz]. ot te0) 5

be
namej
oy mo= eecs2030 prof

W [/

/* Name of instructor
*/
String getName() {

vetava S viem 5
Y

2 W |

Faculty Course | “Software Design”
name[ —7 ¢ secs331 Hitle L 7 :
te = g prof




Lecture 4
Part F

Classes and Objects -
Static Variables



Managing Account IDs: Manual

public class Account {
private int id; -
private String owner; -
public int getID() { return this.id; }
public (Account (int id, String owner) {
this.id = id;
this.owner = owner;

class AccountTester { v

v
" Jim") ;
"Jeremy") ;
System.out.println(accl.getID() != a@cc2.getID());

Account accl = new Account (

i
AccountaccZ2 = new Account(Qf

} 1

2
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@II T X
Declaring Global Variables among Objects ) 3

public Count ) {
this.1 i ¥
¥ L mc\: o

public int getLocal() {
return this.1;

publ'c class

va’ o

}

public.void incrementLocal() {
thlS 1 ++;

} L, ) 4Yel.‘(f7£ it b

publlc void 1ncrementGlobal() {

7 B G+
[

public

« Counter

gt ¢
adﬂ%n#ZT

quebi/\a

class CounterTester {

public static_void main(String[] args) {
4 Counte@ new Counter();

new Counter();

out.println("cl's local: " + cl.getLocalgg);£7
out.println("c2's local: " + c2. getLocalgg) C7

out.println("Global accessed via cl: " + ¢c1.9);0

System.
System.
System.
System.
System.

out.println("Global accessed via c2: (€2nl2D) D
out.println("Global accessed via Countgr: " + Counter.g);

Azl

ey
l:tP‘9 Miz
ﬁ’ ’ meay

cl.incrementLocal();

c2.incrementLocal();

(EilincrementGlobalszi

c2.incrementGlobal();

Counter.g = Counter.g + 1; // Counter.global ++;




Managing Account IDs: Automatic

class Account {
private static int globalCounter =@;

private int id; String owner,
publl&zAccount(Strlng oo )

= .1d = ReEEEEREECEEeE ; “J

} globalCounter ++ ; “MMJ,

.owner = owner; } }

class AccountTester {
Account @€¢éb = new Account ("Jim");
Account = new Account ("Jeremy") ;

System.out.println @E8H.getID() = @€€2\ getID());

}




4800. oS Ste. YL = 00025
Misuse of Static Variables T Mol J (RBUZ) 2

public class Client {
. private Account|[] accounts; u/

s private | static int numberOfAccounts|= 03
- === [am—

public void ad Account (Account a-ecM{mZ

/‘( accounts[t umberOfAccounts] = a/
(ﬂ“ t numberOfﬁghgunts ++; * l
,' ) 5 " 7wk ﬁcc‘L

public class ClientTester {
Client bill = new Client("Bill");

Client steve = new Client ("Steve"); ,,. 4
B zeAt L
Account (@cel) = new Account|(); m 0
p ce
Account acc2 = new Account () ; I& ey
bill.addAccount (accl) ;

/ * bill.getAccounts () [0] */
~Stevd. addAccount (acg2) ;
£ mistakenly added to steve.getAccounts()[1]! Y/
}
’)‘('”AMO\M&Y[LT‘I WOQ]:. Ml 5
0 T |




wkwffw/#sv

", Vs -
Use of Static Varjéles: Common E¥ror M(@G” [ﬁ;k ‘é]m‘ ot

OO NO O~ WDND —

5 SHC ( Good SN 7).

public clags [ v M;&‘ffc e 2o WA MMP(?
private\étring branchName; @&[‘h b&ﬂk o% )M;
public String getBrachName() { return thisTbranchName; Y}
private static int nextAccountNumber = 0; ™ own ELnp -
public static String getInfo() 5};9[(/}{ LVM[‘\
nextAccountNumber++; YMWI'

return EhISVBranchName® + nextAccountNumber;

) S ,4ﬁﬁ§£1£den? ‘%Fﬂf
{

avot P ettty Vaviolle -[owl A St Lottt



Lecture 5
Part A

Two-Dimensional Arrays -
Nested Loops



Nested Loops: Semantics and Tracing L
i =0

A i j 3%3

a 0 0
0 |
4 2
L o
1 |1 — '
1 2 j++ I
2 | o | :
Z ( i i++ d J
2 2



No Duplicates,

Computational Problem: Finding Duplicates

Redundant Scan

/* Version 1 with redundant scan =*/
int[] a = {1, 2, 3}; /* no duplicates */
boolean hasDup = false;
for(int(i )= 0; i < a.length; i ++) {

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

hasDup = hasDup || (i '= j && ali]l == aljl);

} /+ end inner for x/ } /x end outer for x/

System.out.println(hasDup) ;

ONO TR~ WN —

W W W NDN—= —
WN =W =D



Computational Problem: Finding Duplicates ~sundentScan

ONOO O~ WN =

No Early Exit

/* Version 1 with redundant scan and no early exit */
int[] a = {4, 2, 4}; /+ duplicates: a[0] and a[2] *{AZ

boolean hasDup = false; JZ
for(int i = 0; i < a.length; i ++) @

Eor(int. 0 7 =_@g.length;
hasDup asDup@(l = _7
} /+ end inner for */ mn outer for */
System.out.println(hasDup);

false
false
c@
-




Computational Problem: Finding Duplicates

No Duplicates,

ONO O A WON—

Redundant Scan

/* Version 2 with redundant scan */

int([] a = {1, 2, 3}; /* no duplicates =/
boolean hasDup = false;

for(int i = 0; i < a.length && | !'hasDup | A ++) |

for(int j = 0; j < a.length &&| !hasDupl; j ++) |

hasDup = 1 != j && al[i] == al[j] ;
} /+ end inner for */ } /#* end outer for */’a
System.out.println (hasDup) ;




Computational Problem: Finding Duplicates  Duplicates Early Exit

/* Version 2 with redundant scan and early exit #*/
int[] a = {4, 2, 4}; /* duplicates: a[0] and al[Z2]
boolean hasDup = false;

for(int i = 0; 1 < a.length && !hasDuE; i ++) {

for(int j 3 0; j < a.length && JhasDup.; j ++) {

hasDup = {9= j && a[i] == a[j]l; F
} /* end inner for x/ } /% end outer for x/ a
System.out.println(hasDup) ;

O~NOoO O W=




Computational Problem: Finding Duplicates s e
. @ 0.0 Non-Redundant Scan

® 051
1,0K

/*(Version 3 with no re
int[] a = {1, 2, 3, 4}
boolean hasDup = fal

/% no duplicates =/

for(int i = 0; 1 < 4.length &&( !'hasDup ; 1 ++) {

j =i + 1l

!hasDup ; 7 ++)

for (int j < a.length &&

-t

hasDup = afi] == alj] ;

ONOo O A WN—

} /* end inner for

System.out.println(hasDup) ;

x/ '} /% end outer for */ 4 1

=

."Q?~‘°°
AJC’

1
1

1‘
2
3
2
3
8




Computational Problem: Finding Duplicates Duplicates,
Non-Redundant Scan,

/+(Version 3 with no redundant scan:
* array with duplicates causes early exit Early EX”’
*/

int([] a = {1, 2, 3, 2}; /#* duplicates: a[l] and a[3] #*/

boolean hasDup = false;

for(int i = 0; i < a.length &&| !hasDup ; i ++) {

for(int j =1 + 1; j < a.length && <?hasDup b 7 ++)

hasDup = afi] == alj] ; T:
} /* end inner for =/ } /% end outer for */ 1
System.out.println (hasDup) ;

QW oo N OO =

—




Lecture 6
Part A

API of Java Library -
Method Headers,
Static vs. Non-Static Methods
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Lecture 6
Part B

API of Java Library -
Case Study: Math Class



g Method and Description
mefhco( a/ef/m()é’
static ouble double a)

Returns the absolute value of a double value. - 4A"f }an HOWP f

static||float abs (float a) — %Mf /%,/)“/‘ q/

Returns the absolute value of a float value.

staticllint abs(int a) W»’Pfﬂ/ 6 /(Of
Returns the absolute value of an int value. !
v/lef/m{ heaoky

staticf{long abs(long a)

Returns the absolute value of a Long value. r Jéé(\ lﬁ. JJ\ /'/a 1(_/'{

static double random () kvl ‘qum {fA{ﬂ\ liﬂt
/? Returns a double value with a positive sign, greater than or equal to ALS ( :T/,‘t &) {3

0.0 and less than 1.0. 5 6

v0.0l* 2. 01234 owrrtef

4

Y e
, 7 [00 > IO) 17.‘/ La%/ao——w




Lecture 6
Part C

API of Java Library -
Case Study: ArraylList Class



v A deﬂéﬁc NAmp e Awoal&(:< > bg_t-
_ Jpe Gementf ternton” 000 B dmt‘ o

Returns the number of elements in this list.

/]

boolean ad (

Appends the spec1ﬁPd element to the end of this list. E / ,
void add(lnt index, E element) ‘ l‘ E=
Inserts the spec1ﬁed element at the specified position in this list. mfw

boolean contains(Object o)

Returns true if this list contains the_speciﬁed elegent.

& TS
aYmA remove(int index)

7 Vv
Removes the element at the specified position in this list.

boolean remove (Object o)

Removes the first occurrence of the specified element from this list, if it
is present.

v
— index0f (Object o)

Returns the index of the first occurrence of the specified element in this
list, or -1 if this list does not contain the element.

6?&454 get(int index) ™= a[r‘déz] o

Returns the element at the specified position in this list.




Use of ArrayList<String> 1

| import java.util.

2 @ public class Arrg

3 public static yoid main(String[] args) {

4 ArrayList<String> = new ArrayList<String>Q

5} println(list.size()); Q M‘e

6 println(list.contains ("A")) ;

7 prlntln (list.indexOf ("A")); «

8 LSt add("A") )

9 lists ac‘ld!"B"Z‘ T

10 println( llst contains("A")): println(list.coentains("B")); priatln(list.contains("C")):;
11 printin(list.indexOf ("A")) M printin(list.indexOf("B")) ;’Lprintln (list.indexOf(™C")Y) ;./
12 list.ad DG ¢ "r

13 println(I¥st. Ccontains ("A")); println(list.contains("B")),; println(list.contains("€™))s
14 println(list 'exOf("A")); printin(list.indexOf("B")); printin(list.indexOf("C"));
15 NASE remov T 2

16 printin(listyeohtains("A")); println(list.contains("B")); println(list.fontains("C"));
) |72 println(list.indexOf("A")); println(list.indexOf("B")); println(list.indexO0f("C"));
18 0 —

19 for(int i = 0; 1 < list.size(); 1 ++) {

20 println(list.get(1));

21 }

22 | ) 4[(]




Lecture 6
Part D

API of Java Library -
Case Study: Hashtable Class



Hash Table

- 2-column table

- Column of keys contain no duplicates.
- Column of values may contain duplicates.
- Each key uniquely identifies an|entry|T




Returns the number of keys in this hashtable:

boolean containsKey(Object key)
Tests if the specified object is a key in this hashtable.

boolean containsValue(Object value)

Returns true if this hashtable maps one or more keys to this value.

) 4 w gget(Object key)
t( /) Returns the value to which the specified key is mapped, on@f this
‘t. ﬁt h 1&‘3" map contains no mapping for the key.
P 4

putg¥ key, zvalue) 'tP‘t ( " l", @7&‘0‘(’“));

Maps the specified key to the specified vaQue in this hashtable.

j i: > a
' remove (Object key) l‘d b W FJ n £
Removes the key (anld its corresponding value) from this hashtable.




A/ -

Use of HashTa,b/e<Si' ing, String>

1
2
5
6
%
8

import java.utif.Hashtablg;
public class HaphTableTegter ({

ﬂ«m’(’s T

Howe

public stati tring[] args) { £ :’
Hashtable{Strin Strin rades = new Hashtable<String, String>();
System.out.println( e of table: " + grades.sizef!);{? T:
System.out.println("Key Alan exists: " + grades.containsKey ( "Alan")
System.out.println("Value B+ exists: " + grades.containsValue("B+") F:
grades.put ("Alan", "A");
grades .(CllENNEE S
grades(put ("Tom", ZEEI? 53
System.out.println("Size of table: " + grades.size()); -r
System.out.println("Key Alan exists: " + grades.containsKey("Alan"));
System.out.println("Key Mark exists: " + grades. contalnsKey("Mark")),
System.out.println("Key Tom exists: " + grades.containsKey("Tom"
System.out.println("Key Simon exists: " + grades.containsKey("Slmon"))’:
System.out.println("Value A exists: " + grades.containsValue("A"));
System.out.println("Value B+ exists: " + grades.containsValue("B+"));7'
System.out.println("Value C exists: " + grades.containsValue("C"));
System.out.println("Value A+ exists: " + grades.containsValue ("A+"
System.out.println("Value of existing key Alan: " + grades.oetﬂmﬂgﬂlh);‘q
System.out.println("Value of existing key Mark: " + grades.getg"Mark"));l;f
System.out.println("Value of existing key Tom: " + grades.get("Tom")); ﬁ
System.out.priptln of non-existing kay Sgmon: " + grades.getsgsfﬁon";a;
grades.put }7- )F ‘4’/
May@f: " + grades.get ("Mark"));

System.
grades.
System.
System.

out.println("Value of
remove ("Alan") ;

out.println("Key Alan
out.println("Value of

existing k

exists: " + grades.containsKey("Alan") }: V%l//

non-existing key Alan:

" + grades.get( "Alan"

| %
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