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Lab 0 & 1.1

Lab session today .

Study Advice : check noodle announcement
.



Visualizing Person objects at Runtime
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↳ objects
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↳ method call
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liter ° ' 2

Person [ ] persons
7- ={a@@,ma@@E# ;

↳ Person [

]p@sD=
had Person [3)

s(
persons I[ of = akn

.sn#mavks-E=ton

,



ftp.fheftgrcatl#slTTesIfDgheso(pasons2EI=pasans1EEIlpdgth

] ,

0 I 3

3 bz

Z}
X Y integers_ht%31871331@D AEFHTI#tP

|g7% 3�1�@ x�2�
0

4874*3+487,31=14



17€fwPes°nC"Jai)=
sohu.gs#ddaiy*%addd8rdPIEehHEaTDobject

#

add0rdaCnaeQdeln.p.qttaddFIjEknodoeefenPFKEad@qg.d
's:o¥← .

•ftp.#ahaiearaEu9Eue
any nomad object .



m9gPYnaePaaEnifaIEfp@YEprintCpl.getBHICDs1GtHnaPInEFAl7fgeIaIDprntCpl.ge

EBHIC ) ) ;

✓

÷#⇒€÷if:ee⇒÷÷¥;aie¥I÷iIy⇒*⇒
QI

.

L and R produce same

ansdeeqeouepdt
?

az .
< and R have the same

meeangaugfaa
, }



aettInte@itEoIg5oIate.z
,

Wrapper
# equals # y

at J
= 35

3

Integer
to = net Integer#Integer go = nee Integer# s

infants.IE#e



O
.

m ( -  .  - ) ,

µ!Mo¥euonymus
nil .

DE?!¥I¥FY



D �2� �3�

.gg#0(eEiaa@gh)at@3@&&@&&D-
A null

02
.

@@&&D && �3�

x.t.de#ayi*nEIyYdgn



Caller vs
.

ldke caller
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Lab 1 pave
2

217 arrays

nested loops



Error Handling with Gnsde Messages : fades
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Grde Class with Exceptions
C Example 1)

-
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: :D ;

exception object

accessor
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' Example "

catch ( IRE

@
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Bank Example with Exceptions
NAE : NqattetmouneException :

- throws NAE
,
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To Handle or Not To Handle : VI
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To Handle or Not To Handle : VZ
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To Handle or Not To Handle : V3
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↳ 256

Integer . pause
Int ( "
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Lab Test 1 : Oct
. 1

Slides :

Classes & Objects
Exceptions

JUNE

Monday Sep. 24
( a >

arrays ,

nested 60ps )

Programming
:

Yahata Problem



Testing from Gnsde CVD : test I

✓
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£
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Testing from Console GR )

⇒⇐§%Tr⇐



a

#Tkagramfoibunterobjece

chajgotsed

inchedtaunts XP Ey Ey that
tease "o " Y tvz ag

c. dea,
U € -

⇐ c. deq , c. decc , c. dea ,

NTSE



June Test Case I
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Question
: Is this alternative version appropriate ?
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- Mandatory Lab session today
( submission within Z minutes )

- Lab Test 1 Guide

~ BirthdayBook

~ Encapsulation

~ Expectation & Strategy
~ equals method



June Test Case 4

- c.gr c) = - 0
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equals method in Object class
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: equals overridden
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equals method case I : calling default version

pfonobjeddass



equals method case 2 :

overrating
default version

Step I : X . equals ( x ) = True



equals method case 2 :

overrating
default version

¥.
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Cna " ) ;

s * a x. eeidscm " ' ⇐ We
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equals method case 2 :

overrating
default

version
,yP#¥step 3 : apple . equals ( banana ) = - False

plj9enYPg@ydYnatYF.ys.geeClass "mnJ=-be
oh H÷



equals method case 2 :

overnddag
default Version

go.at#e
Step 4 : apple . equals ( apple ) depends on your def .704 "

0 declaration state type
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-

o
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Type Casting a Step 4 of Case 2

#gD#FF.

0¥•-¥EmmeE¥tB÷@#⇒ ↳

"knot:b?
Y which means H cannot

call attlmet defined in

its 17T CTEATVY



Equality on Person
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-

TODAY
:p More equals method examples

( will be covered in Lab Test 1)

�2� Gm parable and compact

( will not be covered a Lab Test 1)
-

Tnt hashbdec )

~

integer accessor ( a
get

Butts ) based on

attribute values and a formula
~ complete story next Monday !



equals method in Object class

Case 1 : equals not overridden Case ? equals overridden

BTHVIPK . . .

object

B#B.=
'

. .

object

BatVZµpZ=
.

.
. BtntV2p4= . .

.

plequdscpz) ;

lfdds

p@
equals # ,

equals

odd odd

Penal

BTHVZeqds@



f) ( Case 1)

.

( Case 2)

•
- →



assert Same vs . assert Equals (1)

,
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assert Same vs . assert Equals (3)
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Employees :

name ed salary

.
. ÷.

. . . .

→ p
Sorting based on ed 's :

Greig based on
smaller FEE

alan tom mark
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Employees

:①①s④g⇒
EERIE:*- alan
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aka em
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matter YEE
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Comparable Employee : Version I
✓

gaeipavametwakn.com/aueToCmaDk

,
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-2--3
→
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y
ton .am/xieToCaIn)

→
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-
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"

→
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. . . .
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⇒⇒
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Comparable Employee : Versa Double

.com/7aeCaglan.salay

,

-
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.
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-

- ①
EegFtDouble w.eh.ae#s,
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µ
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Q
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Comparable Employee : Version 22 alan

.com/saueToCmaek

) i - I

→
-

-

→"dansma
D X alan . compare -6C -6in ) ;

¥3¥5D=
r > s →

I

* ← 

O
-

s > p

GeGCE¥*⇒⇒ r > PX umarks-a.in#⇒KEEFE↳

larger salary
's I

↳ occur earlier in =
the sorted test -

@⑨
↳ considered as

" Smaller "

→

I D



Stig
] names = { ' '

Ian
"

"m3
;

map
→arrestE.¥⇐ of

any
at

⑥→ beginning
address of away

offset
, go daecety

a

g
→ go to address meh I unit offset

.



Implementing a Map using an Array W%y='④#
of

→ O O en

.mg#qdjaeions5wedr

I
→ D key

marries

-11275

]value
. Tu

m .
entries

=
a key
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m.ge ; .⑦• Othe1¥:*

:¥÷:¥i.¥⑧
a Waaf

' value
.

' 'D "
value

.
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D
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,
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Inefficient Implementation of Map : Array

Running Time of Searching

= # of  iterations for search



Etta

::÷q¥iY÷¥hngEE
at⇒ at

.ptcaseshee-⑥④"oohI:9g¥f÷¥→④%n-⇒

25307IT
Running Time

,

.im#Eohiii9iixis-
③
88BIT

2. indexing At

hc*⑦I



Bucket Array

:1¥searching
here

en-uykoysharesamehasha.de?-



Implementing hashGdecs for
Integer key

Ik ik -25 -

- he Ik Gfs ;

→ Aso

→

II,
I ⇒ T:¥÷¥÷÷¥¥

✓
°t.ES#@==oe.deII-m:sgeIfYsB
thishissed?I

B.

other
.

hashCode ?

00880



→

Testing Overridden Hash

Finnian Hd → µz
→

- -

O c-kl.KY.lt

⇒8-8⇐¥¥a¥. EII-o.iaa.ua#I
D O

O O



i#

in
Using hashGolec , for Hash Table

If→¥¥I' '

IBEIkkT-nIIkC@0shc6I5tT_MqyYtable.pu
-K€3,

"

E " ) ;ask.p.ec?iieoF?k2.hash6de
" b④-Titta→ 0 O

tabkgetckb¥3②
→

end



Using Default Hash Function for Hankable

I o
I O

B B
⇒ -→ •o

@
pContract for

hashing
:

→
heck Dthcckz ) ⇒ a Kl

. equals Ckd

say :

Yaga
a



-

aberelksb
-4

b. appended)t¥↳
Contrapositive

o za¥÷¥- in
III. seek

Koehn't
'¥

S t
-

- c

s #
"

At, ,S-Ast.cc?→Along
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- Lab Test I marks
by Friday

- Lab 3

Tutorial on Java Collections
.



Counting # of Primitive Operations

Z*=4aEe%z
]

°£5¥ne*oaE
DO -

2 . G - D z*=aEc%a⇒ ]
O

Mummery ⑤

* . ④④ ÷ . :*
"

s Ca*a%u ¥mpI4 ae -

i # AED ⇒.?④⇒
"

I④a
⇒

z
⑦⇒

3

TO
4

⇒④Thrace



O

1€
net

DO 2. Cn - D

I

-⇒
C 7nF-2) *③

2 .

'

;① ,

'
-

⑥*Dms

9 T

10 I



MethodMeth
.

Asymptotically , same



He#

①



RT of Y " "
'

Example :

fcn=8nO⑨
pappose.gg:& prove

?%ifeocg④
B.o.B

choose :c=⑨No ?

afar
this Point

:
9.ng①¥iQs⇒h'

hi? .App
ang

05



O ( n ) a set of functions

÷÷÷¥÷÷÷÷÷÷,m¥
④



doItaint
. - - +

AdhdProve isOcn⑨choose
② IsfnseanD IsfE⑧①? It⑨it. . . eadid It④ He .  -

Hadad



↳ =3by n t 2 is Ochgn )

C -

- 5

3 hgn +2 5 . lyn
n :t¥
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- Lab Test

②
:

October£¥ideavailabe next Monday



0000nsvs
.Iczn )

an
is

I

O a
' Is082k) x

2-n t

'Iaslog
Ocu , o

is

Ocd
C = 2 t too -

- 62



Determining Asymptotic UpperRound a )

→ O
-0

⇒
-

O

⇐
Oja ,

→ 001

OCD

y
.

.

OCR )

* I
I

x I possible .

a
Oct in :"!:S to⑦Is

"off of c⑦
loop J teach T

i

①



Determining Asymptotic UpperRound (2)

0¥
OH

oafs

OCH

O C ④IR ) = Oc rig



Determining Asymptote UpperRound

→ OCD

*e

°

→

I
°

"

in 3 "

it÷:}: '

.

"
"

; i
⇒

[
'

J
-
-



m ( THE ] a
,

are n ) {

test it

tore { ] any

,
3 b

n
,

X

HIT

0,4N
¥H



input -717*41

Inserting into an array
on 17¥

s
"

⑦
x x x

IFoa , case n

OG )

②_worse case :-c -

. O

OFF"

: " " "

'④
-  .

-

.

RT ?

result
i

real

.it#sEaaEEz3



Selection Sore : Idea v How
manynaloxone?

a→5po¥pI
e¥0

,

I

'

:
'

a- 17-0¥4



Insertion Sore : Idea 0

##
. - it )

a- ⑤i::
* .!:& .

.ie:*,
as

f
Thet Te tonthe area spot

IFE
¥0 I113141-2 i

I u

A
.  :ttake *¥#7
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100 marks ? 18.98%

HAT ? 33.47% feedbacks
EH

%LabTeseImcpogrammeng@-Lab
postponed :

Mondaywov.SI



Soft
.mg n

Selection
Insertion Sort

:*i::÷÷
.

Ad
.

our
a"



aI -=D
SS IS 047

I

Merge sore
ocn-bgnki.qo.az#u:hgai9:oEEka



Selection Sore : Code

BB⑧O#$
payees

area
4

42

→

OOI sscasalegth,E3z⑦I#a-⇒HEI¥¥÷÷¥
.

I Tnnerbopjfon ? -6 ? maitndexatlb after Lb - Lfa becomes ?

O 0 I 2 3 I AET I I

{ maiden

⑦
I 23 3RD 2



Insertion Sore : Code
.

⑨
→

39%4
32

→ •
*

, ¥%jpIfeee
.

→ Under what condition does while loop exit ?

i

,

ansaysa at "::¥;II÷y
* J

'
J



while ( J > 0 & ay - B s arrest )
↳

exit : I( J so eea CJ - I ] > current )

" '

Ha④arra€



Asymptotic Upper Rounds to

→

to ft Meath
Heath



Call by Value

- s
- #

-

↳ EE
T being Primitive

c→If¥tpor ay
class Cadet class Griebelintrados

; per
=

ay -5
⇒

Circle c-  - new CircleHeid
seeRadius int par 39Dnt

avg
-

- IO ;

f this
.

radius -

-

pard
; set Radius

Carty
;

} to 3
3



Call by Value G)

Is
pink obj going

to be changed ?

Ppa
nee Ideas No

② far.se#adasED, .

Ffs

i being

class I class CircleUsed
int

radiop⑤Circle Cine radius )

lthis.ro#radus3-sG@ec--

new CardItd,s¥¥¥¥fqk↳
→

Grete
avg

-

- new Circle

§this
.

radius =

p④
radius

,

g→④setR¥arg
> ;



Call by Value : Primitive Type

U④u⇒J

⇒¥O⑨##o



Call by Value : Reference Type C D

ATEFI
9% ⇒⑨we

[ o un
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Insertion Sore : Code at I23
⇐

FO

Eq%dhmmey⇒€¥tacg
. 4⇐¥¥¥→" "

a;i÷I current Jat 68 a at 28

→ I

ADD137¥12

⇒2 he ]

④
I

3 HD2
, y¥¥e



Call by Value : Primitive Type

11

A ¥
'

Ii '

⑧.⇒ooo
•

gut



Call by Value : Reference Type CD §

→ refofpBefore I

netp ↳ftp.ehfii-P
"

-

• I 00¥90
do

¥IoI¥fj



Call by Value : Reference Type CD

" refofp Before

p
and q are →

at

:b:#
the .

→

a-
¥

E:¥¥:*
..¥÷.

i:P:p#
×

• →

I→ *mango
⇒⇒

-992



⑦assaeTmeCtom.csED-Jim.csEzDH7Eaeoee@e.net*:÷::&:÷÷c÷
.



Aggregation CD

¥

' ⇒

aggregation Forty

⇒%⇐
A

Fhytg÷g's
" sett "EF-③ -

a→←E•gz
→ O

-

→a¥0- pot ¥n .



Aggregation →
o

-
o -E¥¥¥e

Apot
attained trainee

→
-

•
-⇒→[¥30 ? p.te.ge

-40
)⇐¥o⇒-

e :*E¥⇐¥ege¥%
,

-

④
*of-

i¥÷ni
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~ Lab Test I Marks C Written )

~ Lab Test 2 Guide

↳ Programming 4006

↳ Written 60%



Therien : Aggregation Java Implementation

Singlehotaineenhm class

GergesFaultyinstructors.§asaaeMultiple fontaines classS-ud④{
murmur

Course

-④owse④
}

- . -E④
glass.

.G



⑧
GursenqurseThe Notation for Navigation Aggregations

fI7#gp④%fa.gethourset.tt#nsDAod

"

•

String
g¥ns¥kmeGnt④SteggetInsEameclfw-ngge.name#

this
.

cs.getc-D.pof.name
this .pro

the
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Composition

✓

✓ vamp

.*⇒q→✓

diathesis⇒⇒o-
o ⇒§ notits⇒iE?;

s

' 'ftttxe"
' ' fztxt

" #txt
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.
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owner

Thereof C Directory {

}
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spy

:

] taehrbuees : name
.

files , not GPY

Ist Kel

an .
. is 't ÷÷÷÷÷÷

tsetses



Composition : Copy Anstruther C shallow
Copy )

di .

-tI¥¥#as
.*÷÷*÷÷÷÷¥÷÷÷¥. .

pane
# ogee

I⇒
o

¥¥Is⇐dmn⑤
-



Composition : Copy Anstruther C Deep spy )
dates == ok Ales F

.

iatg.co#e.:i:iesE%Eaees*-
se →

214
-

I¥¥*¥⇒¥¥÷÷÷:*¥⇒
a

d.t7E÷¥¥.

de;¥¥⇒o•••E¥C#**
up

. for
Filemind⇒→ -⇒0*-02*v#

O
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Gmposition : Copy Anstruther A : fmposetton ? I
.

. . .

.ae#tnecdhzt:YIes7oI5

'

a

pain.
S

"
as :i:b

aft""fztITTon¥¥¥¥€"

files
-
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Inheritance : Motivating Problem
→classes,attributes,accessory
→mutates

a

&S



t

i:::: " "



Testing Student Classes art hare inheritance )

As Es

→
I

.÷i¥¥¥
.

is
→ o O O v

% -

7%1
Tiff ←iE%



Student Classes C without inheritance ) : Maintenance Problem

DEHAENE:

I
. Change on registration policy .

2
. Change on tuition calculation

.



A Collection of Students C without inheritance )

→
€00

Is 8 =

F-
°

8 -Oo

:÷::÷ .



Pg;;H Student Cfaig names

-0 double
get

Tuition

Iextends

childId
.si#*Residas*edYnaEe;qneex-

double

getTuetioncsEje-hnnsup@getTu-itionhyz.s



TAI " "

÷£¥⇒a÷÷÷÷÷÷÷÷÷÷÷÷÷
.

.

→

rupee
.
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CO



Student Classes C with inheritance)

To
i⇒is at¥Doa,Bax€A

* •
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Visualizing Parent and Child Objects

÷÷⇐⇒÷÷÷⇐÷÷÷¥¥¥
.

" " " "

s

sits
" s →



Student classes c with inheritance ) : Expectations

O

•
BPs A

⇒
o

=D ⑤④
nrs
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Therew : Student Classes C with inheritance)

,⇒I⇐
I

To
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Therein : Visualizing Parent and Child objects

-

& Ihertance

I
Hierarchy

tkd%8a.ie

t o

State
Thane 've③

type
object

Structure

•
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Static Types and

Expectation¥ ⇒•
• Too
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-
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*
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Inheritance Forms a Type Hierarchy not

B extends A

I

bnB.,

§⑤o⑧
v

dm D em E F Hh①a⇒agan I gun j
A

of
Aoa

descendants
loa.az①ancestors

exp s

ayda.es
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Ca A
④

, am Is Fs A. HI

GOD
fisc , A Jst



Inheritance Forms a Type Hierarchy

I ←

¥Eo¥⇒-000000ancestors expectations descendants

smaePho@spAndroid9AsSPfSbEPfhSbEPsS.A



Substitutions = Re -
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'
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StaticvsDy Type

Ieadee? state type

How does the compelable
codebehaveaerume

?

dynamic type



Thales

offishness

qdedhlddaangetessy of
A am

✓
state'fpe of C

bur B

¥÷÷÷÷i÷:⇒.=¥,tg
,

safe to substitute oc with :

2

Unsafe to substitute 0C with

:c?
X



5¥Saida⑤9 RS rs ,
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Polymorphism CD



Polymorphism (2)

5749¥
t

✓
- si .

⑤
.

" one



Dynamic Binding G)

Student RS NRS

pv 1.5 dr 0.5
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Binding us

¥€III of Tp is Ipbsptes

¥@¥€#
DT of  my Phone : IPhone bspkes

-
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-

⇒⇒②

#fmy
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PST of  myPhone
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Type
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Motivation
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'

Jin
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£
Rs rs -

-
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temporary lRD@
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Keeping Track of Dynamic Types :

Undecidableiaseainanggeeofiam@e.g
.

Students ,

Students
; while Ctm {

wR④µwrsc



¥t: Named or Anonymous

###case

↳
change
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Compatible Cast : Upward us .
Downward

q

.

0€post
of

myth*a⇒⇒±, new

,,aµ÷,,,¥⇒,,€SnaetPhone@5-CSmartPhone3myPhone.s

my Phone : Skype

Eidaxysbtdgelus
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casting surf Web

Downed
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,
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Skype
,
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Upward casting ( narrow expectation)

o
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Anatomy of a Type Cast

→fw⇒
 -
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Typecasts
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Named Cast
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Compatible Cast : Upward us .
Downward

EXPECTATIONS

More sp ga⇒

Indeedmyth
=

neaxysbEdgeM5
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Smartphone
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GalaxySbEdgePlus
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-
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Compelable Cast May Fail at Thane
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Compelable Cast May Fail at Runtime

•

.÷⇒•¥Smartphone my Phone
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Gmpilable Cast us . Exception - Free Cast

⇒10851
•

-
-
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-
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Typecasts

.
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Compelable Cast us . Exception - Free Cast : Exercise
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Checking Dynamic Types at Runtime



Use of  the instance of
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€
my

Phone tnseaxeof SonarPhone

→

p
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Safe Cast via Use of  instance of

'

T
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polymorphic Augments 4)

say

8092890€FE.#Th.
Statictypeofy@sD.ssEQs.i.

ssstss.IT
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In add RS : does ssk ] = rs compile ?
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a
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Polymorphic Arguments (2)
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A Polymorphic Collection of Students
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Polymorphic ArgumentsIl
)

←
A

.
Static type of s. .  -sss⇒ ?

A .
In add RS : does ss ECT = rs compete ?



Polymorphic Arguments (2)
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A Polymorphic Collection of Students if
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polymorphic Return Values t EEE
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Overridden Method & Dynamic Binding
C I )

⑧g -

-

.

-

-

-

.

→
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Q2 :
version?



Overridden Method & Dynamic Binding (2)
A

✓

Point pl -

-
- -

;

④
equals i

equals
if ( this .ge#assb!--otae.geeayc

j F
IBE



Point pl = hee Point ( 3,4 ) ;

print
In ( pl ) ; iegudscoss,

=
equals Co2 ) ,

me

printing
0k¥

ends

- A

object ol -

- ne Bcs s
T

Object o2 -

- new CC , ;Beq' I
Object 03 = he Dc ) ;CE

④equals Coz ) ; ④. equals (d) s

Teg
DT :B disc D
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o
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Abstract vs
.

Concrete Implementations

THQ
p

=neeXB4gon#
→po.ge#aQI

:÷÷:Triangle
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getArea c ) double
get

AreaEEu
3

a

3 ! TE -

. 6
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Polymorphic Collection of Polygons is
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Polymorphic Collection of Polygons

→
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Polymorphic Return Values of Polygons

⇐
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Pdygo¥µ 00000
- Ii:C .;→57

==
= -

I

-00¥



Two Representations of
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Cartesian Exam

p§
•
⑧& - o#



..¥÷÷÷÷÷.
↳

If
-mpsMBimplemented

I#7#--8=D= = > 8Q=¥cp0

• o

¥8800

PP



Wednesday Nov
.

21

Lecture 21



Solving a Problem

Recursively
Given asmallproblem Solve it directly

Given a degproblem

#e into smaller problem

÷::::

Fa
summer

-

s "



Factorial
smaller problem
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×

✓ face ,

I
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tE¥¥
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t
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flop
Fibonacci

Numbfish

, kxe¥*
Z I

③
-

f¥eT×zfLI@@@=-Dftp.ret
;⇒z**E¥¥'fbc⇒#HTht⇒④2f.be#regaf

Runtime Stack
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Use of String

o

D

a
2



:*::÷i¥¥"⇐
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)
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abc ca isCathay



Palindrome



Monday Nov
.

26

Lecture 22



'

÷÷÷÷÷*.
hgfedcb-I.in#detgh0ouepae-shteegTtgaJfeddeT



reverse
,

, cb€
Therese of a String

tap*I
'

dik
" '

¥t¥I#'

doxx#-)pealing
't " <

pi
 'KE"

"

s . length
"ex0 -E-

 -

A-8g



Number of Occurrences §@bc£,

Qqp8@a0AIiaa.o.e.ca
: asKAI

'④ I
=

z
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!oaC"bga"sIdoa
t

loccibca.IT

t F- I



Number of Occurrences

as,.

:÷¥¥¥.*←
.

De + offaf
I -

oac⑥④"④
I

- ⇒
- i⑤ a



Say a1 = {}, consider m(a1)

Say a2 = {A}, consider m(a2)

Say a3 = {A, B, C, D}, consider m(a3)

Recursion on Array : Passing a new array

→

O °
-

•

D
-

±*⇐•*÷÷÷÷÷÷÷÷÷÷::÷i¥÷÷⇒¥÷
-

⑨Or
00One ②



Say a1 = {}, consider m(a1)

Say a2 = {A}, consider m(a2)

Say a3 = {A, B, C, D}, consider m(a3)

Recursion on Array :

Tagging
an array

preferences

z

-

ii⇐⇐xxx:D
-0-0

e-. 333@pFaEEgEkTIokhIITmca3.e
.⇒ vo.oEEEn t00€mEEmo.a3@gih-Dmk3IDs30oDDz0.sB
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Are all numbers posture ? T
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⇒
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Is an array sorted ? THE ] at = { I ;

I
print C issued cab )

→

12€IN#⇒-A→F¥¥m#IIni



isSorted(a)

isSH(a,0,3)

isSH(a,1,3)

isSH(a,2,3)

isSH(a,3,3)

a[0]<=a[1]

a[1]<=a[2]

a[2]<=a[3]

Say a1 = {3,6,6,7}, a2 = {3,6,5,7}
Tracing assorted

O

@
T d-

t



I

O
'

2 3 4

• ¢
Min C a

s
O

s
a. length - D

114J Ifcapty{m3else et ca TS SHE 1) { return a -633

else {
at men ofRest = min Ca

s
front Is -675

tfca-GJLm-no.me

se ) { return at ] i )
↳

else ¢ seen minot Rest ;]



no
.
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OLD Tetum
false ;



Assuuey-mputaray-ssortedl-T.IE'

↳ay.¥i¥¥•⑧



Binary search

-
←PEE-

?
00



in as

:qE*d
@btn SH C

A
s

toy,qF
s

keys
)

←

middle①so. .tt#$Ifc key
sorted Emiddle ] ) {

Modify the Bang
bins't ( sorted,±dkeys ;

So that the caput I

away
is sorted else - it C keys sorted I mtddle ] ) {

in de¥dag .

,
bust d key ) ;



Say a = {3,6,9,12,15,18,21,24,27}

search(a,18)

search(a,0,8,18)

search(a,5,8,18)

search(a,5,5,18)

search(a,7)

search(a,0,8,7)

search(a,0,3,7)

search(a,2,3,7)

search(a,2,1,7)

Say a = {3,6,9,12,15,18,21,24,27}

n

:÷÷÷÷÷÷:÷÷÷÷÷÷÷:÷÷÷:÷÷÷÷÷:
" " "

Es



Consider 3 disks A < B < C

Tower of Hanoi : Strategy

p{
⑧⑥

¥Lota

*¥i¥¥→⑦¥s④
teatoe Loc

+ I € c

1- I a



Say disks = {A,B,C}.  
Consider towerOfHoni(disks) which calls:  
tohHelper(disks, 0, disks.length - 1, 1, 3)

Tower of Hanoi :

Javad
t

p mffpl to p3

⇒
I

 -

-0-0-0-0¥
.

¥3
TIE#T

D



Monday Dec .

3

Lecture 24



Review Sessions for Exam

1pm - 3pm LAS C

Monday C Dec
.

10 )

Wednesday
C Dec . 123

Confirm your
attendance on Noodle !



Consider 3 disks A < B < C

→

00000
Tower of Hanoi : Strategy pi P2 173

move

N
move

p , pz 173 f7Fop3

.¥! ?⑧Pl PZ TB 47376
p2

. .I move

nidus pl pz p3

ptomtopldisks
TEE pi in

⑧y
move

173

pi pz p3

4776133



Say disks = {A,B,C}.  
Consider towerOfHoni(disks) which calls:  
tohHelper(disks, 0, disks.length - 1, 1, 3)

I 2 3Tower of Hana : Java I 3 2

II

E¥Ise⇒¥#•
I

mm

• o -
'



Tower of Hanoi . Tracing

o .
.

,



T(1) = 1 
T(n) = 2 * T(n - 1) + 1

Tower of Hanoi : Running Time TCO
↳ n - Cn - D

a

t. , Tosa . .seA-]→ vearstue¥¥s
a.0¥¥p".

=③*⑧*¥T⇒tD¥Howe



T(0) = 1 
T(1) = 1 
T(n) = T(n/2) + 1

Binary search : Running

,¥÷g¥iFn
Tens

÷¥

¥go.io#soaIDf?XTEsstDtDtIµ-
TI•+inyuformukee ÷①?•B¥pi÷
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Correctness Proofs : Ideas
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•
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Correctness Proofs
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Merge Sort : Java @
x k I
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→
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Merge Sort .

. Running Time
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.
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O O - O⑧
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End of Notes

All the Best !


