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Suppose that Cat <: Petand Siamese <: Cat.
What will be happen if we try to compile and run the

bottom code snippet?

Siamese

interface {...}

interface extends Pet{ ... }

class implements Cat{ ... }
Siamese s = new Siamese();

Cat c = new Siamese();

Petp=c¢;
S =¢;

Compiler error (Line2)  (A)
Compiler error (Line 3)  (B)
Compiler error (Line 4) @

Runs without error (D)




Reminders

* A4 due Wednesday

* Prelim1in~2.5weeks
* Fill out conflict form if necessary (pinned on Ed)
* More exam info (+ practice exam) comingin~ 1 week

* TA midterm evaluations later this week (see email)

* Take advantage of support resources (Ed, office hours,
assignment resubmissions, etc.)
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Reference Type Coercion

Sol\’le'\'}mej/ tve (CTRK 85'1‘5 i the Way, aad we Need
to adiust the compilerly view o access 4 bevavior

Account Sadirgs = e 54v747$ Aftoﬁﬂ'}'("squings“) 230000 3.0);

575"84\4,0\4* . Prin']'ln (((5“":"3S:A‘C°""’+)5q\/|'n35)' 'l-’)'l'efe,s\' R‘H‘C () + no/o“);

We a1 use c.%w‘:nj }o adovst  fhe COM,oilef‘é View
( lover in 'l'vpe ‘/l:crﬂ/‘chy)

CaMP.'le Time Ca/‘qp!lef "eusts cast” € ik can POés-"’l;' Sviceed

Buatime’ Dynamic type determimes if  covt  actyelly HorKS (o~ :f

e ceptiecn 1§ {'Hfodﬂ)
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Given the following type hierarchy and variable
declarations, which cast will not compile?

Cornellian V,ch;fi ot neeled, b~ ol
,/ﬂ R\ d = (CSDeptMember) s; (A)
Employee CSD\eptMember' Werds if ¢ = CSFacully
R « R f = (CSFaculty) c; (B)
) . * o T — o el 1
CSFaculty CSStudent verly 6 = LS Facully

e = (Employee) d; (C)

| "' N
Cornellian ¢; Employee e; CSFaculty f; ne, St enb 4wt ve F “'"7 N
CSStudents; CSDeptMember d; f = (CSFaculty) s;

4
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Today's Learning Outcomes

43. Describe the principle of dynamic dispatch and the compile-time
reference rule.

44. Explain inheritance relationships and their benefits/drawbacks over
interfaces.

45. Given a parent class, use inheritance to develop one or more child
subclasses.

46. Determine the correct visibility modifier (public, protected, or private)
for a given field or method and justify your choice.

47. Trace through the execution of a code sample that includes one or more
of the following: inheritance, overridden methods, and super calls
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2 Coding Demo: Our Account Classes &

l:!ew ‘Fof 1‘00‘1;[: Cl’)ec‘(injACCovln?l.S W)Qy l')‘We mon“'l7

fee F valance o|fop5 too low.
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Repetitive "Code Smell”

CheckingAccount SavingsAccount

bad

/7 Models K
public class CheokingAccount \mplemams Account{

*The balance must remain ab ove this amount, incents, © prevent
“the monthlyaccount fee.
K

public static final int MNIMUM_BALANCE=10000;

/**The monthly account fee. */
public static final int ACCOUNT_FEE

500;

/**The name of this account. */
private Sting name;

/*The current balance,in cents of this account. 7/
private int balance;

/+*The current month's transaction report %
private StingBuilder transaci ons;

month. "/
private boolean chargeFee;

o

*Constructs a checking account withgiven name- and initial * balance:

public CheckingAccount(String name, int balance) {

this.nare =name;

this. balance = balance;
reseffransact onLog(}
-

*Reassigns the transactionlog  anew " StringBuider” object that

*contains this mon t's initialaccount balance, andrresets *chargeFee' .
k2

private void resefTransact onLog(){
this.chargeFee = this. balance < MNIMUM BALANCE;
LU R G e
)

(h\s,wanssclnns.append( \n'); // newiine
}

o
'Cam/srt the given number of *cents " into a String in "§X. XX"format.

pwate I e
in m anar

relum ("S" + dollars +"."+ (cents< 102"0": ™) + cents}
}

@Owrride
public String name() {
returnthis.name;

}

@Oerrick
publilnt ba\ance()(
is.balance;

*Deposits the specified amount”, i cents, tothe balance ofthe
SRR (e e, i
to indlcate that this deposit was Success'ul. Réq ires that
* anount>0'.
4
rride
public boolean depositFund s{int amount, Sting memo) {

this. ransactions. anpsnd( Deposit”

this. ransactions. append(centsToString(amoun

this. ransactions. append(":"

this. ransactions. append(memo)

this. ransactions. append("\n’);
dd funds to

CS 2110

*Attempts to tansfer the specified amount", in cents, fiom this account
“to” recei P

and

itis loggedto both
“given” me " Otherwise, no changes are made toeither accoun t andno
*transactonis logged. Updates * chargeFee’ if bﬂL‘mcs drops below
** MINIMUM_BALANCE " . Requires that " amount

@Owerride

int amount) {
assatamount>0;

if (amount > this. balance)

; returnfalse; //insufficient fun ds

if ({receivingAccount. depositFunds(amoun', “Transfer from "+ this. narme)){
retumnfalse; // couldnot add fund's

this. balance -=amount;
this. chargeFee |=this.balance < MINIMUM_BALANCE,;
this. ransactions.append(*- Tran sfer *);

this. ransactions. append(cents ToString(amoun

i vansactions.append(’t0")

thi )
mmansaenms.appenunn ;
returntrue;

}

-

e the endof *String"

3 that

*month, andits final balance. As a final transaction for the month, a

below

** MINIMUM_ BALANCE" during the month.
o

@Override
punu:smnguanacnonmpm()(
e o MortiF e
R appendmnamalance )
balar

:m.vansacnms.spvenann %

String report = this. ransactions. o Sting(}
reseﬁyansacn unLog();
returr

1

o
*Debits the monthly account fee if the balance ll belowthe
*minimum during the month
k2

private void processMonthiyFee(){
if (this. chargeFee) {
is. balance -= ACCOUNT FEE;

this.transactions. append(” - Withdraw" )
this. wansactions. append(cents ToString(ACCOUNT. FEE)}
this. ransactions. append(*:Account Mainien ance Fee'
this.transactions. append(\n’);

}

/M Yy
bl clas Savinganccount mplenents Aecount

/+The name of this account. %/
private Sting name;

/+The current balance, in cents of this account. ¥/
private int balance;

/+The current (nominal) APRof this account. ¥/
private double rate;

/+The current month's transaction report */
private StingBui der transactions;

*Constructs asavings account withgiven " name', initial " balance' ,an dinterest" fate .
K

it balance,

By Log()
}

o

ns anew’ * object that contains this month's

“inkialaccount balance

pﬂva(e void reseffransaci onLog(){
this.transactions = new StingBullder(nitial Balance:
tions balance))

this. ransactions. append(\n

}

*Converts the given number of " cents" into a String in "$X.XX"format
K

private static Sting centsToStrin glint cents){
intdolars censl 100;
cents =
return (*$"+ otiars +*.7+ (cents< 1020": ™) +centsk

@Onerride
public String name() {
returnthis.name;

1

@Owerride
publicint balance() {

return this. balance;
}

*Returns the cu rent (nominal)APRo fthis account
K
public do uble in erestRate(){

return this. mte;

o

“amount’, incents,
*logs this ransactionwith e gien " memo’, andreturns " true’ toindicate
“that this deposit was successful. Requires that *amount >0'.
5

@Override

B R TN CEATTE A T TR0t
assetamount
this.balance += amuum,
this.ransactions. append("- D 1
this.ransactions. append(centsToString(amoun
this. ransactions. append(":"
this. ransactions. append(memo);
this. vansactions. append(\n');

funds to
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@Owrride
e e e o i P e N
assertamount >
if (amount > ce){
returnfalse; //msmc.emmas
}

if(treceivingAccount. depositFunds (amount, “Transfer from " + this. name)){
returnfalse; // couldnot add fund's

this. balance -=amount;
this.vansactions.append(*- Tran sfer
this.ransactions. append(cems'fcsumglamunuk
this.ransactions.append("to”)

i )
this.ransactions. append("\n’);
returntrue;
-
*Called the endof * String’
it nth,

*month, andits final balance. As a final transaction for the month,
*interest is accruedto the accoun t based on the current " rate”
v

@Owrride
‘public Strin g transactionReport(){
this.accrueMonthlyinterest(
this. ransactions. append("Final Balance: *);
this. ransacti i balance)).
this. ransactions. append("\n’);

String report = this. ransactions. o Sring(;
this.resetTrmnsaction Log()
return report;

e
*Adds the monthly interest payment © the acco unt balance.
K
private voi d accrueMonthlyin rest(}{

mw\leleslAmnum (int) (this. balance * this. ate / (12* 100);
this. -+ this. mte +"%"),

or:
= Read ability

- De ""9‘7;’7
- Maiatainab:lity

-~ Exfensi ility

February 24,2026



Inheritance

We can ebStavlich a meu Kind of sublype  relationship g
Subclass relqﬁons‘a:p} Letdeen tuvig clagses ity the @xfeads

“i/\hCNl’“ tYhe ¢tate fFieIJs) ond

hehaquiors (me’r‘ooJ.s) feom A

. vl
(and can  define Nere own  felds + mgthods to "specialize the
9 '

type) "
We C% wube M“lerih-ne to exfrocf “up
behaviors to a S4ypecclass Aad creduyce Code dyplication.

: coMmo
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(% Coding Demo: The Account Superclass (%

._"Ex{rﬂci' '-4‘0“ oM Mo L‘ob"e

- Thivk about  visibility modifiers
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Protected Visibility

50 far Je've discussed duo vigibility modifiers:
' "
- ‘Free‘y visible to every class  the Welieat interface

wolic =
o slated
FP)('iva"'C: Vl'S;b(C oa(y w,'”auq '“49"' 5\955/ -F.,,”Y en[OPS (aTe

3%4!‘0',5 the clasg imvariant

with inheritance, well Sometimes \Waat  a Yhird OP*io")
Pto*ec*ed = visible within the  class and s subclasses

. ] .
i 'zqtioN

. +ool.$ 1o subclass o'eve,opers . SPQC'Ql 24

GOOA class des'«Jn PEC(’v);re.S Ca‘e‘F"!HY CO"So'Jel‘:aj \/:S;&;,;iy

to manage both interactions
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Why shouldn't we mark the fields in a superclass as
protected?

Subtype objects may not have these fields. (A)
Subclasses might not know about these fields' invariants. @
Subclasses may want to declare their own fields. (C)

We should... access to the state could be useful in the subclass. (D)



(% Coding Demo: The Account Subclasses (%

- Tdentify "S,Deczali‘ledu states / behaviors
- Inhef‘""' tfhe rest
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Method Overrides

ve overcide a methed in the Subclass,

When
ts  definition £rom  tue Svyperclasg

we repldce
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The super Keyword

Lets s "c],'quffh q‘o“ to \433‘46"' wethod defialtion

Ca]l;.qj SMPCF‘ { metho d name> () invokes the next h?‘aef‘

up definition of < method name

Jsefal to do extra \ork M oveff.'Jej $hen cefer back 1o

swperc\ass u\e'F:-qH-JOf)

SQFQI‘( ) , Fec\'\t\ﬂS Wi |
o set up those inher
- §iest ive of subclass constCuctor ™Must be 5.7'06,-[0,,61&,,&0:‘ call
X B‘] depwlf, Java insects Nno—acq wment querf) Cq”, IFf Fhece
isn'} a no-al‘ywm(’oh Lomstenctor, twis can't  happen

1\ Arjwflem‘S, collg sqperclqss Constryctor
ted ficld$
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An Encapsulation Problem

( )

public class Account {

private void resetTransactionLog() { ... }

public String transactionReport() { ... this.resetTransactionLog(); ... }

}

\. J

Tf the Subclagss overrides $rqagaction Reporﬂ) 9ad
Joesa't call  sypec. +rqm54c_-}l0nRepar+C)/ i  will

break 4ve Accouat  c1ass invarigat.
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Abstract Classes

Classes and interfaces ace o “oyxttemes "
class= complete de€aition of all me""OJSJ
method defiaitions J Yot slguat~res  not ‘ngfant able

¢ classes ate . ddle ?roumJ}' of{er Some complefe
q\osﬁ"f?:.ons and declafte gome  gbgicact e thods ity defg
dt?"" | {'95‘)045'-\9:“'}‘7 foc Subelegss

instantiavle

ntecfece = v

\e-ﬁ' a5
$5in9 metbod defs = wof instaatiable
miss”
yther
b class ™Mast &l
5\/‘_ P(ou'.dc Jefiations '(:'Of'ﬂﬂ abstctctr meduods

~ pe abstcact itself
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& Coding Demo: One More Refactoring N
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Type Hierarchies and Single Inheritance

Twiecf1ces and inYeritance et wg vy l} complex  deep 4spe

. of c\d'lee ‘ .
wief jaua‘s 5inj|e -iaheritavce Cule.

Cornellian E\,ery* class has exdcty, one
o— T ,QE"’/’/ayee afeat Class (i.e. imwmed ale }‘1(612(455)
PR avia P o into
: b ‘ /’ ® choose u:se'y: 1his  locws Yo f
\,"‘lerﬂr“‘l N ’; chm”y q riqid re\arionship
PhDSiwdes A cass can  implement any  Aumver
r C,SFacugH'7 of cnlecfaces
CS?.\IOS‘\MJM _ interfaces 5144,)/7 peoise Cxisteace
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code ré Qe
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