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public class Interval {

}

private int left, right;

public Interval(int left, int right) {
this.left = left; this.right = right;
b

public void translate(int shift) {
this.left += shift; this.right += shift;
I

public String toString() {
return "(" + left + "," + right + ")";

}

What is the value of a. toString() at
the end of this code snippet?

Interval a = new Interval(l, 5);
Interval b = a;

b.translate(3);

b = new Interval(2, 4);
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public class Interval { Interval a = new Interval(l, 5);
private int left, right; Interval b = a;

b.translate(3)¢&—visivle throygh a

public Interval(int left, int right) { b = new Interval(2, 4);

this.left = left; this.right = right;
b

Runtime Stack Memory Heap
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return "(" + left + "," + right + ")";
) o Tntervol ‘Z/ Interval
b
\ ) h:IﬂiQ"\'ql E{ le§t: m'l-
(‘ls‘ﬂ' ml'-




Lecture 9: Interfaces and Polymorphism

CS 2110
September 22, 2026




Today's Learning Outcomes

36. Implement an interface using a given state representation
according to its specifications.

37. Compare and contrast static types and dynamic types.
38. Identify three scenarios where subtype substitution is permitted.

39. Explain the benefits of leveraging polymorphism in object-oriented
code.

40. Describe the principle of dynamic dispatch and the compile-time
reference rule.
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Real-World Interfaces

> These cars are built and run very
differently. Should | be worried
when | pick up my rental car?

2014 Toyota Prius C 2023 Volkswagen 1D.4
(Matt's Car) (Matt's Rental Car)

No. Tve ay tve driver jufefacts with  the ¢ers IS vgacly
yue same ey offec  drivers  the sete infecface  (ser of

Q,(Posea ‘Fetﬂ"ﬂre 5)

0'}"‘8,— (e,,l-wo/'“ ;"’.erpdces:

- ?ov..e_{‘ Sfld. JU.S" flnj |~q'0 0\4?’"6'}' OF ri;'.,{- Shqpe
- Data  ctbles  file formats,  ete,
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Software Interfaces and Abstraction Barriers

Interfaces present an abstraction barrier between the implementer and
the client of a software module.
e

Implemen+er

How do
L mike it hap)e,
bc\,l"‘d *"G !teﬂe}?

QaijaWI

<

Client

Source - code View of class

P lication pcogramming interface
APL (pr ¢ P J J ) B 5{-4‘}3 (ef,/55c4'}°r]-50/)

- Mcf'ﬁOd sl "IQ+“,65 44J .
_ 1NVa’idats

spec.fications
- metued bodi€S
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Interfaces in Java

= a new language construct that offers an alternative way to define a new
type (in addition to a class).

= Assigns a e type nme o a collection of
waranfeed benaviors  without committag to hou  }yese

pehwaviof$ arc ‘“"ﬁlﬂﬂeﬂ*ea{

Can’.qzq‘s on!‘/ (wal-‘() MQ}L'OJ 53\?"14*"’{65 Qﬂd stC.S

- no fields g"\,emna Pe  Scenes'  details
- no rv.gf"lod 504;35

Type that molels o contract betoeen clieats + implemeaters
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2 Coding Demo: Account interface &
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Implementing an Interface

Interfaces don't have state (since they don't have fields), so they cannot
be instantiated.

Only classes provide complete blueprints to construct objects.

Ve link o class to aq iaterfice  wing the "implemeats” Keytord
Po,bl:c, class C‘)Cc“-’nj Acco uat impleMeais Accmmi'f...i

T 'F\q,(:'” 1S enlj oF tue Acwwﬁ cotn‘fac‘}/ Cl'teckia\,Acco.‘,,-)—
D ']
wust  provide Metuod  bodies  for °'=” Acton,t mgttods

st meet tweir opec. (bq* can also dgfire olYer "’12‘“'045, }o00)
CS 2110
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& Coding Demo: CheckingAccount class =
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Specifications and @Override

The @Override annotation signifies that a method's definition is based on a
declaration from a "higher up" type (e.g., an interface it implements).

¥
- Must mateh 5:&’\‘”"‘)“6. €,><4c+l>/‘ 3 Comfroct
— gsk  conferm 1o fhe specifteations

Our Javadoc rules for overridden methods:

If the "higher” specs match exactly: N~ nced For nev Javadoc
(@0verride "pq(ls dJoun ' Spec
If the definition refines the "higher"” specs: yew complete  Tavadoc

\_———\/
additional detaily) guarantees
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When it refines the specs of an overridden method,
what should a class be allowed to do?

Add pre-conditions, Add post-conditions (A)
Add pre-conditions, Remove post-conditions X (B)
Method becomes waore cobyst

Remove pre-conditions, Add post-conditions @

Remove pre-conditions, Remove post-conditions >< (D)



3

2 Coding Demo: Client Code with Interfaces £
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Dynamic vs. Static Types

Account checking = new CheckingAccount("Checking", 13000);

CheckinjA((O\urf‘ Sh’?na

crecingt [ ST s
. L int
Acwvml- 'I'yre M-.‘:"‘"h‘-n ch i1 Slrh;Bu:,ler

A s T3]

Static Type (Account) Dynamic Type (CheckingAccount)
~ descrives variable ~ Jesccives gbiect
~tells compiler how F should ~ whity bluepriat ias vsed af
Nyiew" ovdect cefd 57 theching fombime to build +his oblect
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The Compile Time Reference Rule

A variable's static type dictate's the compiler's view of the object it references.

The compiler can't "see” the dynamic type, which becomes apparent at runtime.
The  compiler iS5 €5pon siple  For en‘c‘orc‘nj Tape safety
of our F‘OgquS.

—> We can oaly call wstaace metuod s Pt exist

CTRR for tue oiatic tyge of tve *quef.

MO5T TIMPORTANT RULE OF THE CcovuRsgl!!
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Subtype Relationships

CheckingAccount is a subtype of Account since it's a more specific descriptor.

AllCheckingAccounts are Accounts.
Not all Accounts are CheckingAccounts.

Notation:

CYeckisg Accoyat <. Actcouat

IMP\eMen+:ﬂj 41 M'Jz/‘&lle esfqSlisheg o

Type Hierar <l‘|y

Account (italizized)
< 4

\
/ \

/ \
C\net“"'jAccvwl' Sw‘ﬂ;s Accouat

subtype relationship.

In 0] “‘-IPe- M;(,M‘Vf cbed . variaple QSS'.J-')N)e.oJ-S

CS 2110

dysamic type < stetic type
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Subtype Substitution

We can often use a subtype in place of its supertype in our code.

H_/ N\ ~ J
Hint: Use real-world types

to make this easier to Cat Animal
conceptualize!

Substitution 1: Assighnment

GiventwotypesSand TwithS<: T

We caa assign  aaq S objecdt reference to a Variable
with static wPe T

"An Animal variable can  store a Cat."
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Subtype Substitution

We can often use a subtype in place of its supertype in our code.

\ ) G J
Hint: Use real-world types e
to make this easier to Cat Animal
conceptualize!
Substitution 2: Parameters void £(T pqrqm) f..3

GiventwotypesSand TwithS<: T
We can pass A4x S object refefeace as  an Arg e 4t
to S5efve a5 a T quamcfcr‘.

"I€ o method expects ay Animal, t's hagpy 5 jei'q Cort."

CS 2110 Lecture 9: Interfaces and Polymorphism September 22, 2026 18




Subtype Substitution

We can often use a subtype in place of its supertype in our code.

\ ) G J
Hint: Use real-world types e
to make this easier to Cat Animal
conceptualize!
Substitution 3: Return Values T fO {..3

GiventwotypesSand TwithS<: T
IFP\ Y\ﬂe'}'ﬂod Was a retuwrn ‘i'yFe T/ it cqn re-l-t.,rn an 5

object reference.

. TF a ma‘“aoJ rra"'”SCJ to return an An;mq,, it's qllowcd to

re+ufﬂ A C°I+. "
CS 2110
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Suppose thatB <: A. Which line of code will compile
ifitisinserted "// HERE"? real-world. A= Asimal
types ~ Bz Bear no. fool) veeds
static A foo(B'b) { <. | / a B

A x = foo(a); X (A)

7

static B bar(A a) { ... } no. fool)

) v
might retarg = foo(b); X (B)

public static void main(...) { |differeat A

A a = new A(); swpe'+YP€ Subi'}sype
B b= new B(); i5 SA x = bar(b); pe
// HERE Fine

¥ None of Them (D)




Polymorphism

When we write code, we'd like it to handle as many use cases as possible.

Duplicated code is "smelly"”!

_ Not as readable, maintainable, etec.

Poly N)orp"n‘c (,oée 16 able to no')-w/‘elly hqﬂc“e
N~

Y

Many  Shape  myldiple  dypes of dotq ity the  Same
code Lines,

I-/l‘tefF‘lce5 ewnable .Sw)ﬂ‘zge Iool7fvlorp\qf.5m '

(otver varieties comiag Soom...)
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& Coding Demo: Many Accounts
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Dynamic Dispatch

The dynamic type of an object determines which "version" of the method
is invoked on it at runtime.

(we'll have more to say about this in the next lecture)

Account[] accounts = ...; accomafs. C \ “ /C'
v

Ac:osnf[}
// initialize and interact with accounts /
for (int 1 = 0; i < accounts.length; i++) {
A cto24 ,
accounts[il.transactionReport(); Check jA &
+ ~|—lQu$\cHo~,R¢pol+()

\ 7

enables Subtype polymorphism. Same code, different belaviors
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}

interface Phone {
void makeCall();
void sendText();

by

class Pixel implements Phone {
void makeCall() { ... }
void sendText() { ... }
void takePicture() { ... }

7

\.

1 Phone myPixel = new Pixel();
2 myPixel.takePicture();

text javabear to 22333

Given these type declarations (top), what happens
when we try to run the following client code (bottom)?

CONP.‘IC Time Referece Rale!

Compiler Error (Line 1) (A)
Compiler Error (Line 2) @
Runtime Error (C)

Runs OK (Dynamic Dispatch) (D)



Dynamic vs Static Types: Big Ideas

The static type of a variable determines which
behaviors can be invoked through that variable.
(Compile-Time Reference Rule)

The dynamic type of an object determines how
that behavior is actually carried out at runtime.
(Dynamic Dispatch)
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