Lecture 12 - February 13
Arrays and Linked Lists
DLL: Introduction

DLL in Java: Node vs. Doubly-Linked Lists
DLL in Java: addBetween, remove



Announcements/Reminders

e ProgTest1 guide & example questions released
e In-person Office Hours during RW to be announced
e splitArrayHarder: solution and tutorial video released
e Assignment 2 (on SLL) released
+ Required studies: Generics in Java (Slides 33 — 36)
+ Recommended studies: extra SLL problems
e Assignment 1 solution released
e | ecture notes template, TA Contact




Exercises: insertAfter vs. insertBefore
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Running Time: Arrays vs. Singly-Linked Lists
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Doubly-Linked Lists (DLL): Visual Introduction

- A chain of bi-directionally connected nodes
- Each node contains:

+ reference to a data object

+ reference to the next node

+ reference to the previous node MEX
- A DLL is also a SLL: g

+ many methods implemented [the same way|
+ some method implemented|more efficiently
- Each DLL stores dedicated Header & Trailer Nodes
(no head refeference and no tail reference)
- The chain may grow or shrink dynamically.
- Accessing a node in a DLL (via next or prev):
+ Relative positioning: O(n)




Empty Lists: SLLs vs. DLLs
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Generic DLL in Java: DoublyLinkedList vs. Node et

Node<$frin9:

element

prev

public class DoublyLinkedList<E> { @Test
private
public
public
public
private
privat

publi

int size = 0; public void test_String_DLL_Empty_List() {

vold addFIFSE(E @) { uss | > DoublylinkedList<String> list = new DoublylinkedlList<>();
"°’_'i rZZZZT{:ait(') ; o 1 assertTrue(list.getSize() == 0);

Zo%] ) int 1, e c : — .
Nedabzs Bendus: assertTrue(list.getFirst() == null);

NodetE> trailer; assertTrue(list.getLast() == null);

? DoubI /Linkﬁgist ( }| /!t

hegder = new Node<> (null, null, null);

ra\iler = new Node<> (null, null) ;
eader.setNext (trailer);

privatel E element;

private Im;(t;

public E getElement() { return element;
public void setElement (E e) { element = e; w"'[g/
public Node<E> getNext () { return next;
public void setNext (Node<E> n) { next =
private( Node<E> prev; NOde<Sfrm9-

U
public Node<E> getPrev() { return prev; @ element 4

public void setPrev(Node<E> p) { prev =
public Node(E e, Node<E> P, Node<E> n) {

}

= next \\-é u) (
element = e; = - 4 prev
prev = p; b/a le’ @ Me ! Node<$frinL> dd]
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Generic DLL in Java: Inserting between Nodes
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void addBetween (E e, |Node<E> pred, Node<E> succ
Node<E> newNode = new Node<> (e, pred, succ);
pred. setNext (newNode) ; Fﬂaﬁ nert
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succ.setPrev(newNode) ;
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Node<Sfﬂng:
Generic DLL in Java: Inserting to the Front/End T
prev
Shest void addFirst(E e) { A

public void test_String_DLL_Insert_Front_End() {

DoublyLinkedLis g> list = new DoublylLinkedList<>();
: P }
list.addFirst ' .

list.addFirst("AlaR™);

addBetween (e, header, header.getNext ())

void addLast (E e) { Slie .
addBetween (e, trailer.getPrev(), trailer)

assertTrue(list.getSize() == 2);
assertEquals("Alan", list.getFirst().getElement());
assertEquals("Mark", list.getFirst().getNext().getElement());

DLL<String>
list = new DoublylinkedList<>(); size 0 |
List.addLast("Mark™); — hem
list.addLast("Alan"); -

trailer -

assertTrue(list.getSize() == 2);

assertEquals("Alan", list.getlLast().getElement()); U
assertEquals("Mark", list.getLast().getPrev().getElement()); _..££—
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Generic DLL in Java: Inserting to the Middle e

prev

@Test - :
addAt (int i, E e) {

public void test_String_DLL afdA:() { boublyL inkedListo(y: if (L <0 || 1> size) |
Doublylinkedlist<Strings 1lis new DoublylLinkedList<>(); throw new IllegalArgumentException
list.addAt(@, "Alan"); el aies & i af ok 1-]
- n n ‘ ’ .
list.addAt(1l, "Tom"); -[',rﬁtpa e Node<E> pred =|getNodeat (i - 1);
list.addAt(1, "Mark™); Node<E> succ = SgecnNext Ul

addBetween (e, pfea,lsucc);

<upt. at ﬂoé’/r Z

assertTrue(list.getSize() == 3); )

assertEquals("Alan", list.getFirst().getElement());
assertEquals("Mark", list.getFirst().getNext().getElement());
assertEquals("Tom", list.getFirst().getNext().getNext().getElement());

Notes. DLL<String> wast s *
siz r - l /A\'/ 42;
+ getNodeAt(-1) returns the header |2= — L- v
+ getNodeAt(size) returns the frailerj traiter | — 0(-/‘)
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Generic DLL in Java: Removing_a Node

void remove (Node<E> node) {
Node<E> pred = node.getPrev();

Node<E> succ = node.getNext();
. setNext (succ) ;

.setPrev(pred) ;
. setNext (null) ;
.setPrev(null) ;
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Generic DLL in Java: Removing_from the Front/End

@Test

public void test_String_DLL_Remove_Front_End() {
Douhlyl inkedlist<String> list = new DoublylinkedList<>();
list.addFirst("Mark");
list.addFirst("Alan");
List.removeFirst();
list.removeFirst();

assertTrue(list.getSize() == 0);

list
list
list

list.
list.

D
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new DoublylinkedList<>();
.addFirst("Mark™);
addEiest("Alan");
removelast();
removelLast();

assertirue(l1st.getsize() == 0);

void [removerirsg() {

i 2

else {

}

(size == 0)

void removeLast () {
(size == 0)

if

else {

{_thror new T]]legalArgumentException("Empty"); }
remove (header.getNext()); 1}

{ throw new IllegalArgumentException("Empty"); }
remove (trailer.getPrev()); }
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element element] A Helemenf — A 3 element] - s
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Generic DLL in Java: Removing_from the Middle

@Test

list.addFirst("Mark™);
list.addFirst("Alan™);
list.addFirst("Tom");
assertTrue(list.getSize() ==
list.removeAt(1);|

assertTrue(list.getSize() ==

list.removeAt(0);
assertlrue(list.getSize() ==
list.removeAt(0);

assertTrue(list.getSize() ==

3);
2);
13

0;

public void test_String_DLL_removeAt() {
DoublyLinkedList<String> list = new DoublylLinkedList<>();

removeAt

if

else {

Node<E> node

(int 1) {
i >= size)
throw new IllegalArgumentExce

(1 < O

remove (node) ;

{

getNodeAt (1) ;

header
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