Poll Everywhere

PollEv.com/javabear text javabear to 22333

Isthe ID class immutable?

' Y A} © 0
public class ID { e (‘6‘7 e_)(P05 ure A
private final String[] name;
Rhevake Rk agc Yes: state is fixed after constructor. (A)
public ID(String[] name, int age) {
this.name = name; this.age = age;

1

public String firstName() {
e el No: because of the constructor @

Iy

public int age() { return age; }

) No: because of firstName() (D)

No: age field is not marked final. (B)
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Today's Learning Outcomes

48. Describe the differences between data structures and abstract
data types.

49. Implement a generic class or method with one or more generic
type parameters. Use generic classes in client code.

50. Describe the semantics of auto-boxing and auto-unboxing and
identify where they happen in a code snippet.

52. Compare and contrast the behaviors of ordinary Java arrays and
dynamic array types such as Java's ArraylList.
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Arrays as Collections

A collection is a type that groups together objects of another type.

First Example: Arrays String[ ] is acollection of Strings
State: CO‘lJ":j voas lplocu’  of Memorly cells } ‘-’ j
Behaviors:

- ey leagth 01

_ resd and weite cell  valses  00) -~ does not  depead om

. a.\evqth [
\4537 indey o tation 0\[13 Ry ’

"Ran a'ole AC‘355 (gu u‘M#ce“
fualime  quaragtees of qgcrays
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Other Collections
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Abstract Data Types vs. Data Structures

The client and implementer interact with collections in different ways.
(i.e., collections impose an abstraction barrier)

Client Implem eater:
_\,\]\'m} OPe(4+§04.S are Sg,pporch How Jg e
Hou s the collection r ol e Ao
~repflye~t datrs 1N o
~modified (0d?d) camove etc.) 1 v

- define promised vperetiong
~1uer;ed F 4
~Meet cuntine 3.,,qrqqfce5
- (rm’ri"’lc 3‘44“"{1.'55 'rpr Le‘lQV.'or.s)

D,,d-m 5‘}f~41.+ vres ansJer

ADT ™Mo dcl5 beha\nofs +l’e$e ”be\tind ‘}\IQ SCQ"'QSH ?S
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Poll Everywhere

PollEv.com/javabear text javabear to 22333

Which of the following is the most natural way to
model an Abstract Data Type in Java?

8uaravﬂee behaviors, don't Fix state

Abstract Class (A)
(Concrete) Class (B)
Record Class (C)

Interface @



The List ADT

A listis an ordered collection that grows to accommodate

an arbitrary number of elements. Its elements are accessed
by index.

Behaviors:

A(cejs;-): M

- QJJ (W" qu)
— néect (ot index)
- teul index)
- CO""'Q‘I'D& (e]emc’.{') Sej- (fqr-} tylar
~ remove (ot index)
- index0f  (elemeat) lelebe Lelement)

- Size

- get (aF index)

’
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& Coding Demo: StringlList Interface
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Using StringList as a Client

Use the StringlList methods to complete the
definition of the following method:

4 y

/** Replaces all instances of the given "word"
* with "skxx" in these " lyrics . x/
static void censor(StringList lyrics, String word) { add(String elem): void

StringlList

size(): int

get(int index): String
contains(String elem): boolean
indexOf (String elem): int

set(int index, String elem): void

\ /| remove(int index): String

delete(String elem): void
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Poll Everywhere
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Which StringlList method(s) did you use?

7

/**x Replaces all instances of the given “word"
* with "skxx" in these " lyrics . x/
static void censor(StringList lyrics, String word) {

while (lycicg . coatains (woed))
int izlyrics. i1dexOF (word)

IY(:C.S. gg"'(}} ”X%*’F“ )

N

StringlList

add(String elem): void

size(): int

get(int index): String
contains(String elem): boolean
indexOf(String elem): int

set(int index, String elem): void
remove(int index): String

delete(String elem): void




Generic Classes

What if we want to make a list of something other than Strings?
 Accounts, Points, other lists...

We 'd negd to  define a vew ADT aterfece
~lots of D]wp"cdta' code R

Tnstead: Can e write one ADT 1o hanldle all dm?
A new type of Polyr\norphism (qu‘\"'le'h‘ic)

Tdea. Just like how vie caa paritetecize  a metbkod on

\Mr:ablesl —we  com f““"‘"tftrizt: a clhissfinlerface on  a ﬂ:ze;é

called a geaeric  tope.
New angle ~bracket < 7  Syatayx
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2 Coding Demo: Generic CS2110List £
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Using Generic Types

Generic types can take the place of a type name almost everywhere in a class.

_ FiE’aIS Caono}:
~ invoke metheds on  objects

of +‘/‘>£ T (for now )
con't eaforce CTRR
- quqmei-er_s = Conbfr'ﬂ("' new T Objf (}5
FH‘OI?L uo;A qJel (T elem) { 3 don'i- Kaow c«:«;.;frqcfol‘ qrjs
Ret types = contruch mew TILJ s
= Nhetvurn

public T get(iat index) {3 need weicd hap .,

private T elem |
|or:v°14f: T[] gtorage ;

= Yoca) wvariables
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Brief Aside: Auto-(un)boxing

Generic types parameters can only be assigned reference types, not
primitive types.

What if we want a list of ints?

60"1"';00', Java ln‘l_s wfozeer‘ clisses ‘;‘ar each Fr}m,,‘*ul(
type - By, Boolean for \'oo|eaq/ .T_-dc';er for int

Couversion belueen Prif"\”‘""eﬁ’ and Alapper class  oblects

happens qwi-o/‘mﬂcqll\/ Integer

1ot J: i+2) // Qw‘]'O"qnboX'lAj
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How many objects are constructed by this code?

1 Integer[] nums = new Integer([4];
2 nums[0] = 3; ;q»’ro‘“”‘j
3 nums[1] = 6; Avfo—'-mboxi-a] 1 (A)
4 int difference = nums[1] — nums[0];
In}eaer[] 3 @
Numg’ |
Iq*c,gr[_] 4 (C)

J-‘ﬂfu’ ente.- 3

1'\']'




The Dynamic Array Data Structure

How can we use an array to represent the state of a list?
Need +, haadle wabounded size Cale Fu“y.

Tdegq | When arfay Locomes F«aHI r‘ep)ocg with  aew
array and 50‘07 entrics overl.
siora‘,c.[eajfh = "capqc‘.)‘y" ., .

ofeJ = 5;23
s+or.‘3€: \ m # of eIeMean qc'hnlly s
T C ) Ty First Mgeop!! entries hold elemeats,
n P ]
Lash "eaguetty's Usine! enirics we vl

ﬂe.b\‘z‘-'lg 9}""}&‘]7" (,:\J,ii)({ \hea "5'.7,(;"-'"‘“7“:*7“ = dowble the (,C\pqc;f/
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(% Coding Demo: DynamicArraylList Design (%
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invariantSatisfied() Methods

Data structures often rely on intricate class invariants to ensure
correctness and achieve good performance.

Recall: The class invariant must hold at the start/end of every public
method call.

invariantSatisfied() methods are a good development tool
e packages up checks for class invariant into one boolean method

 assert invariantSatisfied() before returning from any public
mutating methods

* 'defensive programming against yourself"”
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(% Coding Demo: DynamicArraylList Methods
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Space Complexity of DynamicArrayList

—gize Yakes wvp  O(1) space
-5‘}9“\36 inttudes O(N) e, cells and O(N) ewrp*y cells

(oince it will  always¥ be 2 welf Pyl after f'E5|'zMj)

. ; A' L
- doa't  count space of elements Giace e d:ida 't foaytrald them

Querall:

Metwod s,

Most use O Spate

incretle Co?u:’n/() 3 add () Jinsert() allocate  2ecoad
0{N> q,(MY d&r}nj (‘ejiz:nj Co‘)y
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Time Complexity of DynamicArrayList

DynamicArraylList

insert(int index, T elem): void ?O(N) need Yo shift elems wheo ndeg=Q
remove(int index): T ’

size(): int oL

et(int index): T

# ) }0(1) rardo™ access 3""'“‘"’33

set(int index, T elem): void

contains(T elem): boolean

indexOf(T elem): int O[N) {-'im)() Jae,s linvear Learch
delete(T elem): void
add(T elem): void O(N) becanse of cesize
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