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Lecture 1

Part A

Elementary Programming -
Development Process



console_apps

model

junit_tests

use

use

Separation of Concerns

- Classes & Methods
- Methods 
  * containing no print statements
  * return statements

- Expected vs. Actual Values
- Methods
  * calling methods from model
  * containing no print statements
  * assertions

- main method
  * calling methods from model
  * containing print statements
  * containg no return statements
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Development Process
f

Gupte -time

'Xingreg%¥±¥
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error state

( something wrong). I.6¥02
.
terminates

3. output expected



Error at Compile Time: Syntax Errors (1)

I
.

§



Error at Compile Time: Syntax Errors (2)

D
l l l l

-



Error at Compile Time: Syntax Errors (3) { get

D
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Error at Compile Time: Syntax Errors (4)

-

opening! need



Error at Compile Time: Type Errors (1)

00

Is
.
? I

I. Fix : 46

¥
: multiplication

2. Fix : Tnt I = 46 ;



Error at Compile Time: Type Errors (2)

# -

O
-fines -

- i 't " ¥¥eg,qq.fm .



Error at Run Time: Exception
/

no compile-time
error⇒

runnableemtab# .

I!n¥→ math : undefined

prog : crash .



Error at Run Time: Logical Error

I
.

↳ad error

\ wrong
- formula

.

radius* radius * 3. 14I.

↳
I. compiles
2. terminates without crashing
3 . output is wrongs .



Document Your Code



Lecture 1

Part B

Elementary Programming -
Literals, Operations
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Operator, Operands, Operation

- An operation consists of an operator and one or more operands.
- An operator has one or more applicable operands.
- An operation produces a values of certain type.

3 * 7

- (24 / 4)

x < y

! (x >= y)

[
numerical operation >

* a.ws
⇐ gain

44 ee and÷:÷÷..¥oii÷÷
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'
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=
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Derision
→ boeha.EE#f:sy23Qt4moedm'Ender .

Case I ④④ → quotient.
kziyytwojntegersxsy T⑤mthqzgd?
I - yx-sxhsytcxg.ge#egged.gnefloaeag-P-mt

Case 2 precise result

2314¥

2.EE/E#is-.75I
.



Lecture 1

Part C

Elementary Programming -
Data Types
Assignments, Constants vs. Variables



Data Type Declarations

int          i = ?

double   d = ?

boolean b = ?

char       c = ?

String    s = ?

+
varianbkmes .

→ consequence
of

⇒ €0 declaring .io?fbhqYe4at :

=D
"

II:*.me . only
integer

=D value,
can

be

t .

=D
O

y
= once declared , cannot change the

data type type of a variable .



once yenta:&.net:4#....ti..en%daaseaf
dp①= 3.µ ,

(
mandatory)

double radios.t⇒→
' EYE

1-Tame of Ya#attach
variable

of variable
( optional



Constant: Initialization vs. Re-Assignments

II
-
D

O .
→

assignment

double¥t not
allowed

pie



Assignment: Change of Stored Value

yay . utfseogeeassdgmei Fats
.

int 0€÷÷i÷÷:÷÷÷÷÷÷÷:c:÷÷÷÷÷÷÷÷u÷.
= = =D

'

'
n
.
.

I

③
K



"IEEE .
- assignment

equal ( value comparisons

retkeioual
openIFT or F
-



Lecture 1

Part D

Elementary Programming -
Variable Re-Assignments
Expressions, Type Correctness



Variable: Initialization vs. Re-Assignments

EO

→ O 3.9
→ -

→ a
→ O
-

7.6

9.6

3.94s radius



Combining Constants and Variables

I →
' '

3.14"

I
-ET TE is 3.14

-26 I
②2G±eiEa

* Counter value is 2



Common Mistake: Declaring the Same Variable More Than Once

Fix 1: Only Keep the 1st Declaration

Fix 2: Declare a New Variable

O
.

x

=

O
Z

TI Gunter = Is ⑦
Gunter 2 ;

Ginter

a.io?::h.oQiehEn



Common Mistake: Using a Variable Before Declaring It

µ
declaration

× P
f -

f -

i

E.×



(‘‘YORK ’’ + ‘‘University’’) * (46 % 4)

coucal .

I3
string .

-

↳ Overall not type correct
even though sub - expressions

D ② are type-correct.



Expressions (1)

Type Correct?

(1 + 2) * (23 % 5) "Hello " + "world"

"Hello " * "world"

"Hello " + 3 + 2 "Hello " + (3 + 2)

"Hello " + 3 + 2 * 2

"46" % "4"

"Hello " +"3" * 2

Type Correct?

Type Correct?

Type Correct?

-
- 3 paooatGO
-
o-

YES
.
£9 YES

"

" Hello-World"

No , Amat . No
,

⑤

,÷*¥s¥¥ - o
'Es

.

"AeHow5 "

Ebo
"

tell
"

# 2 do
.



Expressions (2)

"LaLa " + "land" * (46 % 4)

"LaLa " + "land" + (46 % 4)

TC . 2

t.IE#IN%ee.c .

- i
"Lala land

" §- '

feast . c .

-

Incat
"Lala land 2

"



Lecture 1

Part E

Elementary Programming -
Coercion vs. Casting



Automatic Coercion: int to double
yes
-5 3-0

,-494¥ → double

#
-

D
.

T
-

¥
'

fine
9¥¥;÷:'m

. -

xnotomp.ie .

4¥
tianya.riden.ME# ¥¥

,

¥:eE
* .

/ extracts
the integral part .



Manual Casting: double to int

Case 1: double to int

int value1 = 3.1415926;
int value4 = (int) 3.1415926;

double value2 = 3.1415926;
int value3 = value2;
int value5 = (int) value2;

I .

.

-

,

D
- mum

×

✓② -
-3

'

I-D
z K¥4

③

¥⇐←¥. i÷÷
.

Us
values



Manual Casting: int to double

Case 1: int to double

0.50.

qgiedYoydde3iffpeowden-d@e.E.a,
1%2

→①
print#12) → 0.5

vz .- libation
- -

a.o print (NZ)
③ . ↳ O

.

④
to 2.o

⑤ I
-

⑥
-

s¥÷:* o.



Exercise: Tracing Program

T i

-
DO

D 3 '

D
D → coerced to 15.0

.

I
no coercion

15.0

dat 's. Iii: EEa*ih
It is 3

di
=

dz TS 15-0



Exercise: Type Correctness

→ ① ①→
coerced to 23.0

I = -
'¥79

.

-

- X
→

strong.

- -
HII
"

473 6900
→
-① K€769→ coerced -669¥I
:*
.

.. "

III. c . 23:O



Lecture 1

Part F

Elementary Programming -
Augmented Assignments
Escape Sequences



Augmented Assignments Fino so
.

\
.

-

i balance deposit
!

-

to
"

. syntactic sugar .

→ . go .

11 balance -_ balance + deposit balance * deposit
→ balance f- deposit

D

↳
② I -_ It 1 I ** X

③ I -1=1



Exercise: Preceeding vs Following ++

1-
IT
-

1-
②

±③ 0*140 E- t.IE#Is
Ox Fox * ↳ Duse

-

is value for
= →= -

assignment -61I J K
→① perform

K -- TEJ 's

→
③ perform assign.EE

→④ Usejscnarsvaluefor



Escape Sequence
parses .

→

D 2nd
i denotes

end of
char
teal

D?

denotes
"content

" of char
literal

→
ESE*→ ambiguity

⇒ -Ik - .

•* -
. ② 2nd

'

→ -
od

→ -AO -

→ -
O -

1*0-8
valid

⇒#'t



Lecture 1

Part G

Elementary Programming -
Sources for Variable Assignments



Console Application: With User Inputs vs Without

Without User Input

Without User Input

ansoteapps.

*

a;¥¥s¥



Example: Convert Seconds to Minutes

Test: 500 seconds

Exercise: Modify the program so that it will display hours if necessary.
            e.g., 7945 seconds -> 2 hours, 2 minutes, 9 seconds

%
IT 500

mm

Tnt
-

in.e 810*467 seconds

ummm
- - ET

.

12 25



Where Can An Assignment Source (RHS) Come From?

-0
D-- D

.

O
.

.

Thijs 't!Ie%J) type otmeusxfemssaEI.se
declared type of

' assignment target



Comparison of Values

use ==
e.g., char c1 = 'a';
       println (c1 == 'b');

use equals
e.g., String s1 = input.nextLine();
       println (s1.equals("quit")); 

'
a
'

int D il÷÷ -¥
.

in:i FtSl
"guk

" X

s±⑦ PEE''t:#''hetaera .
← D nmnimnmn

refute mm

type . q



Printing to Console String s1 = "A";
String s2 = "B";

print (s1);
print (s2);

println (s1);
println (s2);

print (s1 + "\n");
println (s2);

€

€

printGD
print#E)

-

:
AB Fg

"

.

-
a

-

. B

→
→
-

A
-

→

'

-

-

→ B



Lecture 2

Part A

Selections -
Motivation of Conditionals



Why Selective Actions Test Inputs:
radius = 3
radius = -3

D

3. -3

3 -3

branching-.

↳ executed despite that input
radius co

.

↳
in this case

,

an alternative block of
code should be executed.

O
D



Lecture 2

Part B

Selections -
Boolean Data Type



Not Equal To

int x = 3;

int y = 4;

int z = 4; x != y !(x == y)

y != z !(y == z)

Relationsbetween
o
.
.
.

..
x:o¥*'¥!¥÷:: :

O Te !Bme state
,
we

[
ene

case

false
"
not

⇒ tee x
the

case



Lecture 2

Part C

Selections -
If-Statement: Syntax and Semantics 



y

'

D smallest -f- statement -2¥ 5=3

Tfc Jb.IE?ess-onelses .⇒④ =fCm3{ - - -3 default
action

dseifcmjs . . .}
else -flush - -

-3g
>bdff.steaeemmtdseh.is

top.ee?aiar
branch

③ larger f-statement
if Cam > I - - - 3
Else# Cm > E - - - 3

else # Can> E - -3



A Single If-Statement
Syntax

Semantics/
Meaning

Case 1: 
BooleanExpression1 evaluares to true

body of 1st branch

ignored after BEI

the botfd Otg executed .

-



If-Statement Case 1: Example

Console

A
⇒ I'm -4 . ⑦

mmmmmN

#noredIbypassed .

T is negative



A Single If-Statement
Syntax

Semantics/
Meaning

Case 2: 
BooleanExpression1 evaluares to false
BooleanExpression2 evaluares to true

ignored .
X

bypassed

D
-

O
-



If-Statement Case 2: Example

Console

⇒
x

O
5<0 ⑦

5210 TO.
⇒ n x

Xbypassed .

I TS less than to



A Single If-Statement
Syntax

Semantics/
Meaning

Case 3 
BooleanExpression1 evaluares to false
BooleanExpression2 evaluares to false
BooleanExpression3 evaluares to true

X
bypassed
X

LEE he→he→

I =
#passed

O -



If-Statement Case 3: Example

Console

→

①
loco

FO
.

× Exercise .

→
×
-

1040 ↳debugger
-

10=-10 TO on
Eclipse

→
→ to
X bypassed .

T Ts equal to 10



A Single If-Statement
Syntax

Semantics/
Meaning

Case 4  An else statement is present
BooleanExpression1 evaluares to false
BooleanExpression2 evaluares to false
...
BooleanExpressionn evaluares to false

o - redefines
O
- for

else .

O
-



If-Statement Case 4: Example

Console

→
×
I 12<0 ⑤

→
×
-

1240 ⑦

→
×
-

12=-10 ⑦

→
→

I ④ grete
than 10

.



A Single If-Statement
Syntax

Semantics/
Meaning

Case 5  An else statement is absent
BooleanExpression1 evaluares to false
BooleanExpression2 evaluares to false
...
BooleanExpressionn evaluares to false

-X

- x

FX
D ""

k¥441!¥¥.



If-Statement Case 5: Example

Console

→
Or co ⑦

×

→
×

1240 ⑦

→
X
-

12=-40 FO.

→



Lecture 2

Part D

Selections -
Logical Operators



Defining Logical Operators: Truth Tables

Negation ( ¬ , not) Conjunction ( ∧ , and) Disjunction ( ∨ , or)

P ! P

true

false

P Q P && Q
false false

false

false

true

true

true true

P Q P || Q
false false

false

false

true

true

true true

T - A '
.

✓

Ls R

g- logicalop g-
Ts F Ts F



Example of Logical Operation: Negation
0

Test Inputs:
radius = 5
radius = 0
radius = -3

'trad .ms#fsZ=0 radius so Exercise- Run M

Debugger
'

(
xBsH .

D

(
dae:p it tf¥Y¥¥ef¥Tme
50

T.tt/rekeEfa9tseon-hadY3%9eatfva4eCTsF)
→×0-F
-

→I httispostttve is False Hottie is True */
xx



Example of Logical Operation: Conjunction

45 65
Test Inputs:
 age = 30
 age = 50
 age = 70

I
.

OldEnough

ages
•
THE &&isNTO else . age >Is



Example of Logical Operation: Conjunction

45 65
Test Inputs:
 age = 30
 age = 50
 age = 70

ii.sold
"⑨
* ⇒Nyo else . age >¥5 D

age< 65
•

Of
O O o

E
O Exercise :

IF
"
⑦
. Try 30,70
= ⑧

on Debugger .

¥, T.EE#=xximn-T&eT TO

FIX me -0- Kwun



Example of Logical Operation: Disjunction
18 65

Test Inputs:
 age = 70
 age = 15
 age = 40

Senior

age
>
= 65

⇒
Child •

age
48



Example of Logical Operation: Disjunction
18 65

Test Inputs:
 age = 70
 age = 15
 age = 40

Senior

age
>
' 65 →

D .

isahjeddcis • D .

D .

O O est
I @ Exercise :

O O Dagan.ie#ggu .
-70 ⑦ F H F FD .

'

⑦ 11 TO
.

→
.-

⑦ In 'T

x¥p=mE×mn-mmnn



Lecture 2

Part E

Selections -
Laws of Logical Operators,
Precedence of Logical Operators



Logical Law: Negation of Relational Operation Test Inputs:
i = 17, j = 3
i = -4, j = 13
oooo

MEI

⑦
.

?
"" -J p

tf = csj

Is
.

-7¥- ji
it

y
⇒*

- Tej Fay



Two-Way If-Stmt: Handling Errors Test Inputs:
radius = 9
radius = -5

~
Trace on
both sides →

⇒
E -

T
-s⑦.

¥

→
F↳

radius . .>
"id"E⇒.lradiusso →

I radiate
- ¥



Logical Laws: DeMorgan

DeMorgan for 
Conjunction

DeMorgan for 
Disjunction

•

-

I

④to



DeMorgan Law of Conjunction: Example (1)

0 10

O

(
( IEEE HIELO E I 11 It 107=0 >I 11

p
TE IO IE T Z O

I > 10

TEA I

4 " . s
✓

✓ I > 10
TO



DeMorgan Law of Conjunction: Example (2)
Y

-

p
never executed

⇒⑧E-

E -
. =

i. ( Tco a false ) Tco && fade
ly

- -

- I

LED 11 !Cf I
111 If

.

I > O H T
= =

Ill ④



DeMorgan Law of Conjunction: Example (3)

0 10

p
never executed

.

✓ always executed.

(
¥,

ee

'

_-LEI II of = I >
-

- O l l

3 3

µ
At µ



DeMorgan Law of Disjunction: Example (1)

0 10

-(
it ④ '' "

¥7.
3 3

steal s¥
.

Atone



DeMorgan Law of Disjunction: Example (2)
p p always executed

.

I
. ↳

neverexecuted
.

D(
t ( Tco it true ) Tco 11 true

=

I Detlogan
? Exercise
④



DeMorgan Law of Disjunction: Example (3)

0 10

p
p ways executed

O↳narerexeaxed#
-(i.ee#E-eeos---Fi%E4oseet9g?e?e...e

•
.

9
lo . - 15 ⑦

3 3



Precedence of Logical Operators

boolean p = true;
boolean q = true;
boolean r = false;

p || (q && r) (p || q) && r p || q && r

\
,

⑧ has higher
- preqqdexe

then

I & evaluated
- I 11 first

✓
-

r ur

-
- I

t T

EITI CIIII #It " geer .

" 0=-20 #③ FOO ¥11 g) RED

÷:B:*:&:&.:.÷%i¥a¥e¥.:D



Lecture 2

Part F

Selections -
Two-Way vs. Multi-Ways If-Statements,
Nested If-Statements



Two-Way If-Statement without else Part

Console

Console

Console

Console

Test Inputs:
radius = 10
radius = -23

-Yo ⑦ ④.

→O D
* O
⇒

Area for circle is . - f)
→
-

15
"
⑦

→
2-

it

⇒
-

→ ! ( radius x o).

Area for circle is - - D



Compound If-Statement: Implicit Conditions

0 10

0 10

0 10

my

X> O@ X> to xyio.

3 3

⇒
.

x.

o¥¥%%÷
.

YO ,

770 7=010kinglet. -statement &⑧÷% ⇒
Tao

3 3



Compound If-Statement: Tracing
Test Inputs:
  x = 5
  x = 10
  x = -2

0 10

5
o O

.

⑦
→

I ⑦ I
→

④ × f
I
-

Exercise :
Trace onµ paper and

Debugger .

3 3



Multi-Way If-Statement with else Part
Test Inputs:
score = 83
score = 71
score = 59

≡

'71
D

71 ⑦ →ifcsaore >=D.os{
¥7 X "A " D
X

⑦ 3

→ --
→ else 's

p, ⑦
→ I →f- ( score >= 70.0K
- - →

"

B
"

- 3
else 's

= If ( score >= 60.0){
-

g
' '

C
' '

else { " F'' 3
}
}



Test Inputs:
score = 83
score = 71
score = 59

≡

Multi-Way If-Statement without else Part

score score score
String letterGrade = "F";
if (score >= 80.0) {
   letterGrade = "A"; 
}
else {
   if (score >= 70.0) {
     letterGrade = "B"; 
   }
   else {

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

   }
}

"F!
' ' '

f
"
t

Teetetwade letterGrade TeeterGrade→
× ⑧

→ ④
@

→ ⑦
x →

④ X

→
×

→ ⑦
⑦ →

×
.

× →

→ I
→

→

→



Lecture 2

Part G

Selections -
Overlapping vs. Disjoint Conditions,
Single If-Stmt vs. Multiple If-Stmts



Overlapping vs. Non-Overlapping Intervals

3 8

3 8

i >= 3
i <= 8

i <= 3
i >= 8

A disjoint .

⑤ .

=
3 3

overlapping

non-overlapping .

2.
.

9
. .

3 3



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

Console

Console

-Single
multiple

-

overlapping.

→
¥

*

I TS >=3

¥§jd??Idf
et -stars.

I TS 7=3

I I ⇐8



Console

Console

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

O
→

*

I I ⇐3

→

→ ⑦
x

I I ⇐ 3



Common Error: Multiple If-Statements with Overlapping Conditions

Test Inputs:
marks = 8460 70 80

84 I

→ ④ Thoria 84 Thornett
S4 ⑦ -

-

AA
.

→
a

→

. I n
..µ Tf-statement

.

3 if - Statements .

# DO



Overlapping Conditions: Exercise (1)

0 10 20

→ -
④x

x

t
disjoint -

no
value can

satisfy
more

than
one of

them

⇒ only
one
tf- strut

's body
of code

is
executed .

G ⑧ a
X

•

⑤.



Overlapping Conditions: Exercises (2, 3) 7¥30

single -of statement ⇒ exactly one branch executed

→ u

#

↳
taco) & X - lo

'
- Eko) & Keio) 8%7%20

I 770 && X CIO IX> OETXZIO IfXczo



Lecture 2

Part H

Selections -
Scope of Variables



Scope of Variables: Method

→ a
✓ O

- Iv
:O O

I
✓ v

D O



Scope of Variables: Branches

:&. : :
cos



Scope of Variables: Use of Variables from Other Branches

-0 t

Tf O
• o
• 0
*



Scope of Variables: Use of Variables Outside If-Stmt

B O
-
to

⑨ O
scopes of@@T
outside

D 0 It and
a



Scope of Variables: Method Parameters & Return Values

#conceptually :
"

¥¥j#⑧⑧ →

time does

g
E E but HE:*:*..



Lecture 2

Part I

Selections -
Single If-Stmts
Conditions: General vs Specific



x ≥ 70
x ≥ 80

x ≥ 70 is more general
x ≥ 80 is more specific

70 80

Overlapping Conditions: General vs. Specific

no - IE .
I mospeecifec

=
= ( fever

- satisfying
values)

"

more general (
more satisfying

values,

no ,
'lls 72 s

- i -

s 79

As 81,82 - - - th

Boolean
condition
↳

set of
satisfying
values



x ≥ 0
x ≥ 5

0 5 x ≥ 0 is more general
x ≥ 5 is more specific

Overlapping Conditions in a Single If-Statement

Test Inputs:
  x = 5

X'5

#¥i÷
more specific

"
[*

"T X >=5

ur
#

more general .

Ex
-

- X >=D



Single If-Stmt with General to Specific Branching Conditions

Test Inputs:
  gpa = 4.8

2.5 3.5 4.0 4.5

→ v

I branching O
-

pass conditions

f ?:÷:c. :÷÷.
to

most specific
✓

¢
.?
Is

tenge A-stunt . 037
C) 2.6

De D D D



Lecture 2

Part J

Selections -
Short-Circuit Effect of && and ||



Fenians
neaaiduaeebz .

-

Tble.eb2E
.
=

.

#

T ↳ as long as one operand
Emei:{dnooeuaigg? ⇒ false , result

bl Il b2T⑦.

= ⇐ .

F
'

↳ as long
'

one operand
.

-

is Eme
,
result -d⑦

.



Short-Circuit Evaluation: && Test Inputs:
x = 0, y = 10
x = 5, y = 10

d.* fix >2 Xt't
O .

a#
not

help.

=os opad¥¥→Y/X I}

±←*'€¥ta¥o⇒o¥.gs#
→

=

unnecessary
→

s
.

axe
.

⑦



Short-Circuit Evaluation: || Test Inputs:
x = 0, y = 10
x = 5, y = 10

a.* ylx>2117=-0 Exercise
. Justify this

version

using H O D
TS equivalent O
to the

previous
version using RR.

→
Nx > 2

°
= EZ

=←¥*8%Ea.' o==o④¥o%
¥

=

note
necessaryI gifted.ae.

=

5-=-D 11 10/5>2
F F



Short-Circuit Evaluation: Common Errors Test Inputs:
x = 0, y = 10

qd
'am

crash
. meaqateageans-a.ae.

=

w/o → crash
.



Lecture 2

Part K

Selections -
More Common Errors and Pitfalls



Test Inputs:
radius = -3

Common Errors: Missing Braces

O {

3

T
→⇒

interpretation byjgy.ge
{ {\

if { 3
→
*

④
g O

.

were missing.
③→ Fix



Test Inputs:
radius = -4

Common Errors: Misplaced Semicolon

→⑧
i

④
-⇐***,

¥ Part of the f- sent.

I •

r

;d%s÷÷??
S



Test Inputs:
gpa = 1.5

Common Errors: Variable Not Properly Re-Assigned

2.5 3.5 4 4.5

→ -

x
O

.

*

→ -
I

→

E
-

→

I
-

↳ single f--stunt without an
''else"

no
t#
.

=



Test Inputs:
  x = 20

Test Inputs:
  x = 20

Common Errors: Ambiguous “else”
" dangling

"

else .

→
→ ⑨Nl
→ 33

I

→ ⑦
NZ -7¥
⇒ →

-

X is negative.



Common Pitfall: Simplifiable Boolean Expressions

→ boolean TsEren=
→

number % 2=-0 ,
atheist False Event
⑦ T==F FE listen

F- F-= ⑦
=

-



Lecture 3

Part A

Loops -
for-Loop vs. while-Loop
Syntax and Semantics



for-Loop: Syntax and Semantics

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



for-Loop: Tracing

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

[Is 3) → 152 Is 3] 1.233

Yaa'7o¥←? T
④ 99

⇒
⇐

Tach
, m⑦5E%n 83,243- tower tupper -

su
24-23+1

O O
-- KO

.

Q O
-
-

O Taz
, #
Fears - -

→ I
↳ no iafutte loop.

lot
100



for-Loop: Alternative Syntax

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

o
-

printh sx

Tnt F-05

for ( s Kloos ) {
Erath C - - S ,
Lt t }

I printht) ; V



count count < 100 Iteration count count < 201 Iteration

Q. Are the outputs same or different?

for-Loop: Exercises (1)

O
H
- x6# .

wz
D

↳ x soo

Count -_ 2E - I

99
-

l T '
I T I = = 199 -.am#-.fE :
9-9 T too → 69 T
too I 201 F



Q. Are the outputs same or different?

for-Loop: Exercises (2) seat → ios

⇐ O

€= [ Is Ed →EEZ



for-Loop: Exercises (3)

O

⇒I I ¥
23456

3 T 3 4

HEHE



while-Loop: Syntax and Semantics

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

Tnk .



while-Loop: Tracing

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

= eez ⇒e
O

- D④
- I

'
e

OO- G.

lol
100



count count < 100 Iteration count count <= 100 Iteration

Q. Are the outputs same or different?

while-Loop: Exercises (1)
- Eo, 99]→ 100

-

- El , too]→ 100

IT- IT



Q. Are the outputs same or different?

while-Loop: Exercises (2)

C) [0,99]
O o

-

LT s too] ,

-



Lecture 3

Part B

Loops -
Compound Loops,
for-Loops vs. and while-Loops



Test Inputs:
radius = -3

Test Inputs:
radius = 2
radius = -3

Test Inputs:
radius = 2
radius = 3

Compound Loop: Exercises (1)

-

→

breaching this line , we already exit from loop.
↳ ! ( radius 7=0)

I radiusc o



Test Inputs:
radius = -3

Test Inputs:
radius = 2
radius = -3

Test Inputs:
radius = 2
radius = 3

Compound Loop: Exercises (2.1)

→
- 2⑦ z D

y
Boo

Z

⑦ 2

D



Q. What if we delete the update at Line 9?
Test Inputs:
radius = 2
radius = -3

Console

Compound Loop: Exercises (2.2)

•



for-Loop vs. while-Loop

expressive
power

equivalent



Lecture 3

Part C

Loops -
Stay Condition vs. Exit Condition



Stay Condition vs. Exit Condition

O
✓

↳ repeat Action I as long as p ee q evaluates-aue
↳ exit fan loop : I

. ( p ee q ) =
t
p 11 too

o_0

↳ repeat Action 2 as long as p Hq evaluates tired
↳ exit from loop : l. C p Il q ) E tp ee tf



Stay Condition vs. Exit Condition: Exercise

Stay Condition

Exit Condition

10 20

10 20

-

-
-
-
-
-Fatted

.

.

D
→TEE

, always evaluates to true
'

⇒ never
. !

÷

a : i
.

.

.

A
:

# ,

'

'

me..



Lecture 3

Part D

Loops -
Arrays: Declaration and Initialization



Initializing an Array of Integers (1)

Approach 1: Initializer

Approach 2: Discrete Assignments

0 1 2 3 4 5 6 7 8 9 

940 880 830 790 750 660 650 590 510 440iaTHE
=
-

TALE ] Ta - { 94988,830 , - : - s 44035
O

ate ,oy ,

→ 84¥ . - fo
THET Ta = view

940 Do

Tato] -

- 9405 Ta[11=88 , - . - -



Initializing an Array of Integers (2)

int[] seq = new int[10];
seq[0] = 7;
for(int i = 0; i < seq.length; i++) {
   seq[i] = seq[i - 1] + 3;
}

Approach 3: Patternizing Stored Values i i < seq.length i - 1 seq[i - 1]

0 1 2 3 4 5 6 7 8 9 

7 10 13 16 19 22 25 28 31 34ia
ArraiftndyfstoytndsException

=
#tnvakdndex

10

Ist
E¥

→ a *. ⇒µi⇒I ¥ True .
2 I

8×1*980 . . .

G
seq → r④④④

. h¥hfo ⑤



Initializing an Array of Strings

Approach 1: Initializer

Approach 2: Discrete Assignments

0 1 2
“Alan” “Mark” “Tom”sa -

. T
-

String
-

L ] sa = { "Aki's
"

Mark 's
"

Tom
"} ,

⑥ I 2

Sa
→

"date I
n*¥ , Kui Eun

SgE ] sa -

- nee
. String[335

Sato] =
"Alan " s



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

0

M¥
index of arrafttStay condition Exit : t CK

. . g. length)

E it
.

first



Lecture 3

Part E

Loops and Arrays -
Computational Problems



Computational Problem: Average
0 1 2 3
1 2 6 8

numbers

Test Inputs:
int[] numbers = {1, 2, 6, 8};
int[] numbers = {};④

00. -00. I
42501.

I sum

E ±
→ O 0<0 4 ' I 3
→ -

D
. F ⇐

×⇐==_= 0.0/0 → direst by Zero exception . I g
→ -0-4 j¥④0

exit .



Computational Problem: Conditional Printing

2 1 3 4 -4 10
a

0 1 2 3 4 5

i i < a.length a[i] a[i] > 0 Console

6

C)
✓

.

I → 00000

O ② T

E D T 3
2 ③ T 3

3 True . ④ T 4
4 -40 F
f

lo

%E¥:⑥ ⑦.

T



Computational Problem: Printing Comma-Separated Lists

0 1 2
“Alan” “Mark” “Tom”names

i i < names.length names[i]
Console

i < names.length - 1

3

⇒
-
o r-Tanratbdge@EjSEaereEIEE7agestuat.d

"K
- →Q@ grader

→
s s

names .length
,

⑧
C)

Names : Alan
,
Mark
, Tom④ "Alan " T •

Time . "Mark" T
- =

② " Tom
" II

⑧ ⑤



Computational Problem: Printing Backwards

0 1 2 3
1 2 3 4

numbers

0 1 2 3
1 2 3 4

numbers

-
•

iii. it

Infinite
. .

. .

. .
. >
I > O

loop.

✓ 4

la
.

↳ names.bg#-I- XX . ? T

JO
.

' l T

¥÷±⇐⇒⇐t⇒sIF
→Oo ⇐ ¥55 ¥. I

,

→
'⇒

?? ? ?} → lns.bg#
.



Computational Problem: Finding Maximum

2 1 3 4 -4 10
a

0 1 2 3 4 5

Console

→

⇒
current element > maxsofar.tt?D0Bfa??#0$
→

O
.

@ Max -4¥
.

. Dd 2>2

⑦ 172

⑨ 3>20 D
② 4331J @ @
⑨ -4>411 D

→@ 010>411 D
fr 6



Computational Problem: Finding Maximum
Exercise 1

i i < a.length a[i] Console

max

-3 -4 -1
a

0 1 2

-

+⑥
→ 000

I -xxx
TO

→ -

op

.. . .

I T -40 -4>0 ⑤

Z T ① - I >o ⑤



Computational Problem: Finding Maximum
Exercise 2

i i < a.length a[i] Console

max

23 -2 46
a

0 1 2

I > I I
= =

= €7 OOD
→

x

-

at >max

④ 23 ato] >at]

7- True
I
1st Iteration

Z E

3 TD. always compare
ELOI with THEA ⇒⑦



Computational Problem: Checking a Universal Property
0 1 2 3 4
2

ns
3 -1 4 5

boolean allPositive

       ns[0] > 0
&&   ns[1] > 0
&&   ns[2] > 0 
&&   ns[3] > 0 
&&   ns[4] > 0

ooo
w s

.

gyu's:S
'

9
.

→

I wit:{
''
relation

→Zero of &&

⑤ t.ae#b-=Fdse
→ Identity of A

↳ ⑦. Tee # IbI=b.



boolean atLeastOnePositive

||   ns[1] > 0
||   ns[2] > 0 
||   ns[3] > 0 
||   ns[4] > 0

Computational Problem: Checking an Existential Property

 

      ns[0] > 0

0 1 2 3 4
-2

ns
-3 1 -4 -5

✓ 70

gene!
.

.
.

.

=

t.n.es.s.i.tw.
Zero of It

=

f) I →⑦
True H b = True

= Identity of 11

↳
False " b E b



Computational Problem: Are All Numbers Positive?

Version 1

0 1 2 3 4
2

ns
3 -1 4 5

⇒
what if

×

s

# identity USED >0
check -4

- TILT T meaningless
T H T T ( tho of&&?
T ee F

→ @ Fee - =⑦

⑨ '⇒ 08
-0 00 0000A



0 1 2 3 4
-2

ns
-3 1 -4 -5

Computational Problem: At Least One Number Positive?

Version 1Tqfentitifot Ill II

± ⑤

D F H F E F

→ @ Fll I =-D
True " - ⇒④

s

• a Boo

@@ @@@ooET



Computational Problem: Are All Numbers Positive?

0 1 2 3 4
2

ns
3 -1 4 5

Version 2

0€ the final value of GI%%d'setched
→ T@% expected : una . property : c

-
O

×

& •

'⇒F•)



Computational Problem: At Least One Number Positive?

0 1 2 3 4
-2

ns
-3 1 -4 -5

Version 2

→ final ref!Iesponds nsE4 .

→
witness ⇒ expected exist . check

^

O @ x

o 8N



Computational Problem: Are All Numbers Positive?

0 1 2 3 4
2

ns
3 -1 4 5

Version 3

£
exec

↳ unnecessary
+ phased"In¥g→
. 96

.

° @ • o 00



Computational Problem: At Least One Number Positive?

0 1 2 3 4
-2

ns
-3 1 -4 -5

Version 3

@
a
"Teases

F H T =-D
.↳

necessary . Exit : tctsspnee
-

cans .la)
→

¥pIdya¥.

-

Espn II > ns.len.

o 0080 BO



Computational Problem: Are All Numbers Positive?

0 1 2 3 4
2

ns
3 -1 4 5

Version 4

O

TE

→

O



Computational Problem: At Least One Number Positive?

0 1 2 3 4
-2

ns
-3 1 -4 -5

Version 4

o

g
IT
=

*

→

O



Computational Problem: Are All Numbers Positive?
summary



Computational Problem: At Least One Number Positive?
summary

-

s



Sorting Orders of Arrays

non-descending

i (index)

a[i] (value)

0 1 2 3 4

a

decreasing/descending

i (index)

a[i] (value)

0 1 2 3 4

a

0 a.length - 1i j

a

i (index)

a[i] (value)

0 1 2 3 4

a

increasing/ascending

i (index)

a[i] (value)

0 1 2 3 4

a

non-ascending

- -

•
at]
• a Fief'D

DO
→

. . . .

f)
non-descending

\ →43 2 I 0 TO 1 2 34
↳ non-ascendingdecreasing IEKER.IT#.a

ascending aticatjn
non -descending !Caesar,] 9¥ ¥¥;¥'

= at]E a fstncreasiug ?× fsdeorggseig
non -ascending ! (att ]chFg]

TO 1 1 23 →32210

I ATE] 7 AES]



Computational Problem: Is an Array Sorted?

i i < a.length a[i] <= a[i + 1]
0 1 2 3
1

ns
2 2 4

isSorted

Test Case 1

3

④

→off,
④ K2 ⑦

⑦ 2E 2 ⑦

⑦ 2E 4 TO
.

3
.
⑦



Computational Problem: Is an Array Sorted?

i i < a.length a[i] <= a[i + 1]
0 1 2 3
2

ns
4 3 3

isSorted

Test Case 2

⑦

t I

④
09

→
. - .

.

O Z E 4 TO
.

7-
4 E3 ⑤

t
?X exit

.
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Part F

Loops and Arrays -
Short Circuit Evaluation and Indexing



Unguarded Array Indexing

ns

0 1 2

Test Inputs:
  i = -1
  i = 3O

-13
- I- AIOBE .
③ AIOBE .

- I 3
x x

↳
resolution to AIOBE

→ mm

SCI
.

qffggidrayadex.mg?
-



Guarding Array Indexing using Short Circuit

ns

0 1 2

Use of Conjunction (&&)

Test Inputs:
  i = -1
  i = 3

①3151¥ y indexing -6 guard

pnotaduaeed.o
+Exercise . 0<=3 443<3 &&r%==O .

→
⑦
-

⑦
+
bypassed

bypassed . will not be evaluated.

0<=-1 eh -1<3 &&nsED%2==o



Guarding Array Indexing using Short Circuit

ns

0 1 2

Use of Disjunction (||)

Test Inputs:
  i = -1
  i = 3O

invalid .
③/ L yo guard .
IT

bypassed
3<0 113×3 " n%n¥ fated

.→ F TO

p
not evaluated.invalid bypassed

-10¥
.

H - I > 311 WED 062=-1



Guarding Array Indexing using Short Circuit

ns

0 1 2 Use of Conjunction (&&)
Exercise

Test Inputs:
  i = -1
  i = 3

Q. L10: 0 <= i && ns[i] % 2 == 0 && i < ns.length?

①
work

[②crash ?

→



Guarding Array Indexing using Short Circuit

ns

0 1 2 Use of Disjunction (||)
Exercise

Test Inputs:
  i = -1
  i = 3

Q. L10: i < 0 || ns[i] % 2 == 0 || i >= ns.length?

→

D. crash ?
② work ?

→



Lecture 3

Part G

Loops and Arrays -
Common Errors



Common Errors: Improper Initialization of Loop Counter

→
T→H④I

,

×

nothing will be executed

fix : boolean userWantsToGatame = tide ;



Common Errors: Improper Stay Condition
X

f a.bg#
• AIOLI. flag.tt?-=--a.lergeh.-
/

t ki
. ↳

Heaton.
a



Common Errors: Improper Update to Loop Counter

0 1 2 3
23 -4 79 5

a

4

fix q
> Tet 's

=-D
I AET

→ It !
¥ AET

=

I am
I GT3] AIOBF

Z a④F
.



Common Errors: Improper Update to Stay Condition
' ' 'C"

→

-

D
.

C
.
. userWantsContinue -- answer -equals ( ' 'Y");

]
Logical Error : infinite loop if 1st iteration

allowed
'i userWantsTohonttnaue net updated.



Common Errors: Improper Initial Value of Loop Counter

,

⑦

ta⇒AIo
a-

01 . . . 19

alugth=-



Common Errors: Misplaced Semicolon

Console

✓
entire loop

•
→

↳
¥ body of the loop.

H
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Part A

Classes and Objects -
Object Orientation



Observe-Model-Execute Process

✓ ✓

✓

oui : -

-

ME
- -¥

s
.

b s
.

observe model execute



Modelling: from Entities to Classes

Example 1

Example 2

Identify Critical Nouns & Verbs
" ca#

yda.to
"

¥÷ chateau a¥nE'Eats
↳ attribute

-

Gif)



OO Thinking: Templates vs. InstancesHey
'

pl→ Point PLS Point
- "

g 3*5 'g
-

¥ -z

- -



What Is a Method?
Header ( def. ) .→ pyrometers .

RT m④s④p③ . - -

s €3- -

E
--

-

oink
.
.
.
.

- -

- OOO
-
-

- 41
- - arguments



class Point {
   Point(double x, double y) {…}

   double getDistanceFrom(Point other) {…}
   
   void move(char direction, double units) {…}
}

class PointTester {
   static void main(String[] args) {
      Point p1 = new Point(2.5, -3.6);
      Point p2 = new Point(-4.8, 5.9);
      double dist1 = p1.getDistanceFrom(p2);
      double dist2 = p2.getDistanceFrom(p1);
      p1.move(‘R’, 7.6);
   }
}

Parameters vs. Arguments

Template Definition

Method Usages

=
parameters .

DHethoddedareda.ae [
drfumax

context object's tape ?
V

-

③ Arguments compatible with pavan.
-

D

pl.ge#stanceFwmLpYtypes
? §

Katee argument argument
object



Kinds of Methods



OOP: Creating and Manipulating Objects pl.X=3 p2 .x= -1
play - 4 P2.Y=-31

-3 p/m Point P2→ Point54 4 x③ x 471.97494.LI
,

→
= payee , y *⑤ y # -2 343 ¥5
pTpz

- PIT# cp2.xftcp.gs'
- I

pTp2 ⑨ OD
pl -X OO OO

①
3

PTI P2 -X 0--4

-

⑦ B

-I =

= = C-

Plpz
C-



Use of Accessors vs. Mutators

class Person {
   void setWeight(double weight) { … }
   double getBMI() { … }
}

^

P.G.ci,
P-

movetoxaxrc,
.

os.EE
"
: p.ge#otFYqs .

B s

I can.
y p.getpisth.nl's

→ Ed

=

↳
stands at¥IhEgdused .

↳
return value #

"Efq¥et¥T



Method Parameters



Lecture 4

Part B

Classes and Objects -
Reference Aliasing



Primitive

Copying Primitive vs. Reference Values

Reference

I 0

A
③ 3
3) values of primitives

T J k finales of addresses
Bo 00

o
09 00 - F

pl→ Point p3→ point
x 2 X 2

172 Y 3 Y 3



Copying Primitive Values

① ②③

⑦ ① ⑦
Tl a 23

I
=

-=

4
I ⑥ i ③

V
number#

④120131st : nums-2-lof-numsI.to] '
-

2nd : namely - nuns#T 's numbers2M¥ # 1¥
3rd :ndJ=nuns s

= ⑦ 2 3



Copying Reference Values: Aliasing

Person
name

age

Person
name

age

Person
name

age

Person
name

age

object :Daka

psI"
"

⑧ z-opszz.ES③ Paco]
↳ l l

- aliasing
⇒ - ¥4.33O ' "Mark"

-

n
- *⑧ 0

→- -

o *
a L

70 JIRI "Jai,
b'll ' '

Tom
"

-

is

"

two
70

go personify it ③
* persons

't is an array of size 3 persons't -63
-

- aka ; 1st : ps2[oI=pslEIg
where each index stoves the persons IFA

-

- marks and :ps2If --PSII]
address of some Person object personsIET = -6ms and :pszTD=pslE#
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Part C

Classes and Objects -
Java Data Types, 
Anonymous Objects



Variable Declaration ( afloat:b'Eoed
boolean § at runtime

Type double name of var depends on

primitive ← Tnt
aw
x xeneed.ge/avedtipefap-Ewing s

✓allowable
gaoakb Member alan }

? addressee value
v b b

null of an objectrefer:p: intend a!¥rr.net#7tInemdt::i:d.hIype .garaging
't
k

u

×NullPointe
Exception

.X .-



Reference-Typed Return Values

public class PointTester {
   public static void main(String[] args) {
      Point p1 = new Point(2.5, -3.6);
      p1.moveUp(7.8);
      Point p2 = p1.movedUpBy(6.4);
      System.out.println(p1 == p2);
   }
}

x

yn 1%(25,10-6)

P2 Pool 4.2)

is

pace:¥%%:ii÷÷÷÷I
"'m.- gas:*.. *:*..

→ - 7×8 .in#.nPthFP ' pl -779¥,
→

xb-4 pl Y -3*4.2
BY pfh# this

.pl
i
t
,

I →

'
→

- -

"

np.xepl.is Dnp
-

s
-

npif-pl.gs -false .



Programming Pattern: Mutator

-

-

OO

→ 00

per * ** 4 ⇒ If
-

-in.
↳ b b s
' s

4 4
.

-4 I



Programming Pattern: Accessor

x

y

(-3, -4) (3, -4)

(-3, 4) (3, 4)

> ftp.ats-E-ps-oT ; .

o
. Pasig? .geexes④

→ ¥ - ④
. .

→
-0 Io ③ #

→ ⇒__¥:e÷÷n÷÷÷a÷÷÷÷
.

→ ⑥• C)

a:÷*i÷÷¥¥¥→**
'** ii.⇐sF
LEE'IEo x¥I¥U*⑦ .

Gipon.at#&psa...4O I cent
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Part D

Classes and Objects -
More Advanced Use of this



Example: Reference to this

Person jim = new Person("Jim");
Person elsa = new Person("Elsa");
jim.marry(elsa);

F

Jin - spouse null④ else

.spe
f- null

Jim .spared. spouses
.name )

Jim . spouse = elsa;
elsa . spouse

-

- Jin ;
I elsa

= elsa
elsa-7L? "Elsa"

×

jan s. → null

→
Esa Esa - a

↳ this spouse == null && other. spouse == null

¥ =
* II. spouse..spouse
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Part E

Classes and Objects -
Navigating Classes via the Dot Notation



“Advanced OOP”

“Software Design”

Course
title
prof

Course
title
prof

Faculty
name
te
Faculty
name
te

“Jackie”

“Jonathan”

Student
id
cs

“Jim”
f1

f2

eecs2030

eecs3311

s

Object Structure: Student, Course, Faculty

t¥¥÷÷⇒¥¥:
'
'

¥¥Th⇒



Dot Notation for Navigating Classes (1)

“Advanced OOP”

“Software Design”

Course
title
prof

Course
title
prof

Faculty
name
te
Faculty

name
te

“Jackie”

“Jonathan”

Student
id
cs

“Jim”
f1

f2

eecs2030

eecs3311

s

/* Get the student’s id.
  */
String getID() {

}

/* Title of ith course
  */
String getTitle(int i) {

}

/* Name of 
  * ith course’s instructor
  */
String getName(int i) {

}

T

- --

reIth.is#th%EDgeTtreurnth5LTgeePnH,jgaete
,

E.OF.TL



ehis.CSED.getthofo.ge-Wand,
Student

Course 't ] context
object .fourteenth
String



Dot Notation for Navigating Classes (2)

“Advanced OOP”

“Software Design”

Course
title
prof

Course
title
prof

Faculty
name
te
Faculty

name
te

“Jackie”

“Jonathan”

Student
id
cs

“Jim”
f1

f2

eecs2030

eecs3311

s

/* Get course’s title.
  */
String getTitle() {

}

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

}

/* Title of instructor’s
  * ith teaching course
  */
String getTitle(int i) {

}

± ⇐

return this.ge#tlecs-z return this. Prof.ge/Vamel) return this.ge#fcP.getTE4ED .
gettin

'

i
.¥r



Dot Notation for Navigating Classes (3)

“Advanced OOP”

“Software Design”

Course
title
prof

Course
title
prof

Faculty
name
te
Faculty

name
te

“Jackie”

“Jonathan”

Student
id
cs

“Jim”
f1

f2

eecs2030

eecs3311

s

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

}

/* Title of instructor’s
  * ith teaching course
  */
String getTitle(int i) {

}

=

return this .name -s
re getchell -3

TEN



Lecture 4

Part F

Classes and Objects -
Static Variables



Managing Account IDs: Manual

-

-

ace→ Account
- Td I

0 .

↳
✓
,
v

"Jim"

.

v r

AIT Account

I 2 Td 2
O.

↳
"

Jeremy
"



→ g o

non-static variables Gunter .g .

Tnt l ;
d→ quite a→ quite

- attribute .

D
-

→
instance - specific : each object of the class

- initialized in has its own copy .

Static variables Constructors
-

② To access it
,
a context object

Static int g
-

- Os is necessary . e.g. d. l .=
.

- instance- independent :D AI objects of the class
- initialized upon

share the same copy .
declaration

.

② To access its class name suffices .



Declaring Global Variables among Objects g * *E3
=

Cl→ Gunter → Counter

fast:{Ida.fi#e--eexz-- e # I

X to static

- Ionia: B "ii¥e8 ace.
↳ hit -nofnseatjdarable . 8

⇒ cilsespeetgn.ee#ag.n.uase.eofsfa9IaeIicotIIr
⇒
unnecessary.

CZ

this
" ↳gohaedtyall Gunter

instances .



Managing Account IDs: Automatic

of * * 3
'

-

acct acid -

→y
' '

Jan
"

acct→ Account

If
-

"

Jeremy
"

-

Td I

%¥au 0
.

↳
→

"

Jim"
→

accts Account
Td 2
O
.

↳
"

Jeremy
"



Misuse of Static Variablespax.acaouneststeez.no =

Is

÷
.

✓

¥7 but =adaEL
THY Estee F belts Chek 01.4'

Eid'eF *
* 9¥ aces →

⇒
→

= aee⇒¥n!& "

Full→

Pommies aces
,

same}
bill . accounts[bill . noa]=aa1 ; ace→ Account

O



Use of Static Variables: Common Errorq
work but poor design - stay

up
static copodsdueon7qf@tt7YFanFobjectssha.e

static
the same branch name?

M"

⑧ Each bank object has

its own Tnstance -

specific branch
'

name .

> requires a
context objects

¥.ie#nf4nYsem-s*.:::::.y:as.t.axexI.
↳ cannot

serve
as

a
context

object .



Lecture 5

Part A

Two-Dimensional Arrays -
Nested Loops



Nested Loops: Semantics and Tracing
i = 0

i < a.length

j = 0

j < a.length

j ++

i ++

println(i + “ “ + j)

a

0 1 2
i j÷÷÷÷÷÷i÷÷¥

.{



Computational Problem: Finding Duplicates No Duplicates, 
Redundant Scan

a

0 1 2
1 2 3
D

→

redundant
a. leg a

¥
ifunnecessary
to check



Computational Problem: Finding Duplicates Redundant Scan,
No Early Exit

a

0 1 2
4 2 4

"

,

T
T

④

redundant00 TO D T tweak
to ← have stopped
check here

further



Computational Problem: Finding Duplicates No Duplicates, 
Redundant Scan

a

0 1 2
1 2 3

÷
→



Computational Problem: Finding Duplicates Duplicates, Early Exit

a

0 1 2
4 2 4

I

✓ o

P F →

}
cause Early exitas soonas a satisfaction witness

Tc found.



Computational Problem: Finding Duplicates No Duplicates, 
Non-Redundant Scan

0 1 2 3
1

a
2 3 4

qgtrcdof.gg;: no
7-SOX =

Vl
, v2

→
- -

- E 't
→ o_0

,

in)n- I
7- O

Ulsh .

.

n*n
" Y'n-I

→
BE Jap

0 I . .nl

→
-

I 2- in-I

→ CHITIN-2> t - - - t IB
! ④
n- I nx



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

0 1 2 3
1

a
2 3 2

T-

T-
→

↳ exit from both loops.



Lecture 6

Part A

API of Java Library -
Method Headers, 
Static vs. Non-Static Methods



class A {

public static Tnt ml ( Tnt is Strings) f
- - - -

÷.. .. s.gs#iiiii
"

ie.. .

y
- - -

Tnt j
-

- A
.
ml ( 23 ,

" Alan");

} A obj -- nee Acs ;
cat k = obj . m2(

"Toni's 46);



Lecture 6

Part B

API of Java Library -
Case Study: Math Class



Java API: Math Hath .

absf . - ).

#
modifier

-
method overloading
- same method names

- distinct tests of

✓ parameter types .#
method header :

↳ return public class Maths
types

inclusive public static ant
→

g.
absent a)Ef

f excuse

go.o.i.ogeg.ro.oizj÷o¥÷"d.Math . random→
↳ [ o.O

, too.oJ-*E5H iz ↳ "¥9



Lecture 6

Part C

API of Java Library -
Case Study: ArrayList Class



API: ArrayList<E>
declaration -

✓

IEIEEjfeeien.ae?k.:!:::::sEsoEh'¥:p.se#sons
of E by Person IIs

← Person .
not 0

,

static
.

person → overloaded
.

methods
.

Person 2
o-

lily ,# 3

→
✓

→

Person →
afindex]

.



Use of ArrayList<String>

fast.ge
"nEeafiye-%E9.e.g.no-daddf.u.ge

'

-Do I 21 .

.

:

o

'

tape
-

''7M¥77.
.

"EX
"
"

B
"

Tue Tue ¥ False
'

O I
-1

T T T
O

T T Z
F l

° I -1

CED
=



Lecture 6

Part D

API of Java Library -
Case Study: Hashtable Class



- 2-column table
- Column of keys contain no duplicates.
- Column of values may contain duplicates.
- Each key uniquely identifies an entry (k, v)

Hash Table

keys values

“Alan”

“Mark”

“Tom”

“A”

“B+”

“C”

grades .

mum

f
s
.

Ike't no duplicates .value



API: HashTable<K, V>
.

.qaericparametey> type of values.
- 'diet!:L.la#-uingiaIaFaatsn.iiaecsEs

-Perry →

D

t.ge?eidqreg-e.putcnkegi'snewPesonl-- 'D'r -

I ✓ used to uniquely identify an entry.



Use of HashTable<String, String>(
"

(
"

± grades
-igysanvaige.su
EEF

⇒ I

°

It
the

3
T

T
T
f

TT
TF
T A

- -134✓ Is existing key . .

-

F null

F null



I hope you enjoyed the journey .

All the Best F-
JACKIE


