Linked List



(Generics



Linked List - Generics

package week4;

public class LinkedListNodeInt A
private int value;
private LinkedListNodeInt next;

public LinkedListNodeInt(int value, LinkedListNodeInt next) {
this.value = value;
this.next = next;

}

public static void main(String[] args) {
LinkedListNodeInt first = new LinkedListNodeInt(1l, null);
first = new LinkedListNodeInt(2, first);
first = new LinkedListNodeInt(3, first);

e | ast time: We saw this Linked List
e Cool.. but this can only store ints

e What if we want to store anything else”



Linked List - Generics

ArrayList<Integer> arrl = new ArrayList<>();

e \When we create an ArrayList, we give It a type
e The ArrayList can store values of that type

e We want the same functionality in our linked list



Linked List - Generics

package week4;

public class LinkedListNode<T> A
private T value;
private LinkedListNode<T> next;

public LinkedListNode(T val, LinkedListNode<T> next) {
this.value = val;
this.next = next:

}

public static void main(String[] args) {
LinkedListNode<Integer> first = new LinkedListNode<>(1, null);
first = new LinkedListNode<>(2, first);
first = new LinkedListNode<>(3, first);

(Generics

e Replace every instance of a type with a
variable

e [he type Is set when we create a Linked List



Linked List - Generics

package week4;

public class LinkedListNode<T>] {
private T value;
private LinkedListNode<T> next;

public LinkedListNode(T val, LinkedListNode<T> next) {
this.value = val;
this.next = next:

}

public static void main(String[] args) {
LinkedListNode<Integer> first = new LinkedListNode<>(1, null);
first = new LinkedListNode<>(2, first);
first = new LinkedListNode<>(3, first);

e After the name of the class
e Add a generic variable in < >

e This variableis named T



Linked List - Generics

package week4;

public class LinkedListNode<T> A
private value;
private LinkedListNode<T> next;

public LinkedListNodeval, LinkedListNode<T> next) {
this.value = val;
this.next = next:

}

public static void main(String[] args) {
LinkedListNode<Integer> first = new LinkedListNode<>(1, null);
first new LinkedListNode<>(2, first);
first new LinkedListNode<>(3, first);

* Whenever you need the type of the List, use T
* An instance variable of type T

* A constructor parameter of type T



Linked List - Generics

package week4;

public class LinkedListNode<T> A
private T value;
private LinkedListNodekT3 next;

public LinkedListNode(T val, LinkedListNod next) {
this.value = val;
this.next = next:

}

public static void main(String[] args) {
LinkedListNode<Integer> first = new LinkedListNode<>(1, null);
first new LinkedListNode<>(2, first);
first new LinkedListNode<>(3, first);

e Variables of type LinkedListNode need to specity the
generic type

e A node of type T should have a reference to a node of
type T

e All nodes in a Linked List have the same type T



Linked List - Generics

package week4;

public class LinkedListNode<T> A
private T value;
private LinkedListNode<T> next;

public LinkedListNode(T val, LinkedListNode<T> next) {
this.value = val;
this.next = next:

}

public static void main(String[] args) {

LinkedListNodekInteger>| first = new LinkedListNode<>(1, null);

first new LinkedListNode<>(2, first);
first new LinkedListNode<>(3, first);

}

}

e \When we create a new Linked List, we set the
value of T to the type for that list

e Here, we set | to Integer

 For this List, all T's will effectively be Integer



Linked List - Generics

package week4;

public class LinkedListNode<T> A
private T value;
private LinkedListNode<T> next;

public LinkedListNode(T val, LinkedListNode<T> next) {
this.value = val;
this.next = next:

}

public static void main(String[] args) {

LinkedListNodekString>|first = new LinkedListNode<>("one", null);

first new LinkedCistNode<>("two", first);
first new LinkedListNode<>("three", first);

e We can set T to any java type (Except
primitives)

e For this Linked List, all T's are effectively
String



Linked List - Generics

package week4;

public class LinkedListNode<T> A
private T value;
private LinkedListNode<T> next;

public LinkedListNode(T val, LinkedListNode<T> next) {
this.value = val;
this.next = next:

}

public static void main(String[] args) {
LinkedListNode<String> first = new LinkedListNode<>("one", null);
first new LinkedListNode<>("two", first);
first new LinkedListNode<>("three", first);

}

}

e Using generics allows us to write one class that
can store values of any type

e Write Linked List code once

e Create Linked Lists that can store any type



Algorithms



Linked List - getters/setters

e |et's start adding more
functionality to our Linked List |iiiiiast

public class LinkedListNode<T> <
private T value;
private LinkedListNode<T> next;

public LinkedListNode(T val, LinkedListNode<T> next) {

o Start with getters and setters this.value = val;
}
e When writing getters/setters Sublic T getvalue() {
return this.value;
e Only write the methods you'll [l
public void setNext(LinkedListNode<T> node) {
r]€3€3(j , this.next = node;

* We won't change the value of Sl iatealigh e
a node, so no setValue y
method




Linked List - Algorithms

e This gives us the basic structure of a
Linked List package week4;

public class LinkedListNode<T> <
private T value;
private LinkedListNode<T> next;

e \\We'll imp|ement3 these a|90rithms aS public LinkedListNode(T val, LinkedListNode<T> next) {
: : this.value = val;
methods in this class | thisenext = next;
e size - return the size of the list public T getValue() {
return this.value;
e append - add an element to the :
- b1 id setNext(LinkedListNode<T> node) {
end of the st pobLic 1oid setertLinkedLisiode<T>
L
* find - _re_turn the flr.S.t node public LinkedListNode<T> getNext() A{
containing a specific value , return this.next;

}

e min - find the min value in a list of
doubles



Linked List - Size

 Navigate through the entire package weekh
5 ; public_class Linked%istNode<T> {
list until the next reference ivate LinkedListNode<T> next;
1S null oublic int size() {
if (this.next == null) {
return 1;
e Count the number of e 1 + this.next.size()

nodes visited




Linked List - Size

e Fach node "asks" the next package weekd;
public_class Linked%istNode<T> {
nOde hOW many more BFK:EZ IiXEégﬁistNode<T> next;
nodes there are sublic int size() {
if (this.next == null) {
return 1;
 Adds one to the answer e i 1+ this.next.size();

and returns

e | ast node returns 1



Linked List - Size

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public int[size()]{

if (this.next == null) {
return 1;
} else {
return 1 + this.next.size();

Not sure.
How Lemme check
big are
Node Node Node

null




Linked List - Size

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public int size() {

if (this.next == null) {
return 1;

} else {
return 1 +|this.next.size(

How

many values Not sure.
are after me? Lemme check

Node Node

Node

null




Linked List - Size

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public int size() {

if (this.next == null) {
return 1;

} else {
return 1 +|this.next.size(

How
many values Not sure.
are after me? Lemme check

Node Node

Node

null




Linked List - Size

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public int size() {

Ithis.next == null}
return 1;

} else {
return 1 + this.next.size();

Looks like I'm
the end of the list

Node Node

Node

null




Linked List - Size

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public int size() {

if (this.next == null) {

} else {

return 1 + this.next.size();

How long do |
have to wait? Cool. Thanks. Just 1

Node Node

Node

null

s
e




Linked List - Size

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public int size() A

if (this.next == null) {
return 1;
} else {

this.next.size();

Sweet.

Thanks! & hodes

Node Node

Node

null




Linked List - Size

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public int size() A

if (this.next == null) {
return 1;
} else {

this.next.size();

Cool. Bye!

- Node Node Node
e W

null




Linked List - Append

package week4;

e Add an element to the end of the list

public class LinkedListNode<T> <
private T value;
private LinkedListNode<T> next;,;

o First goal: public void append(T value) {
if (this.next == null) {
e Find the end of the list this.next = new LinkedListNode<>(value, null);

} else {
this.next.append(value);

e \When we find the last node:

e (Create a new node and set "next" of
the last node to refer to the new node



Linked List - Append

package week4;

e |f nextis null

public class LinkedListNode<T> <

private T value;

= Welre at the IaSt nOde private LinkedListNode<T> next;

bli 1d d(T lue) {
e Add the new node here public void append(T value)

if (this.next
this.next = new LinkedListNode<>(value, null);

} else {
this.next.append(value);

e |f nextis not null

e Make a recursive call on the next
node to move down the list



Linked List - Append

package week4;

public class LinkedListNode<T> <
private T value;
private LinkedListNode<T> next;,;

public void|append(T value)|{
if (this.next == nu

this.next = new LinkedListNode<>(value, null);
L else {
this.next.append(value);

0]¢
Add 1

Node

Node

null




Linked List - Append

package week4;

public class LinkedListNode<T> <
private T value;
private LinkedListNode<T> next;,;

public void append(T value) {

if (this.next == null) {

this.next = new LinkedListNode<>(value, null);
} else {

this.next.append(value);

Append 1 0] ¢

Node

Node

null




Linked List - Append

package week4;

public class LinkedListNode<T> <
private T value;
private LinkedListNode<T> next;,;

this.next = new LinkedListNode<>(value, null);
L else {
this.next.append(value);

Looks like I'm
the end of the list

Node

Node

null




Linked List - Append

package week4;

public class LinkedListNode<T> <
private T value;
private LinkedListNode<T> next;,;

public void append(T value) {

if ( == null) {

Did it work?

Node Node

Node

null




Linked List - FIind

package week4;

 Navigate through the list one node
public class LinkedListNode<T> {

at d tlme private T value;
private LinkedListNode<T> next;
e Check if the node contains the public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {
value return this:

} else if (this.next == null) {
return null;

e |f it doesn't, move to the next L eloe 't
nQde return this.next.find(value);

e |f the end of the list Is reached, the
list does not contain the element



Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T>|find(T value)

if (this.value.equals(value

return this;
} else if (this.next == null) {
return null;

} else {
return this.next.find(value);

Hold on

Node /‘ Node P 4 Node

I'm
looking for
3

null




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {

return this;
} else if (this.next == null) {
return null;

} else {
return this.next.find(value)l:

Do you have
37?

Node /‘ Node P 4 Node

I'll check

null




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {

} else if (this.next == null) {
return null;

} else {
return this.next.find(value);

Ok | have 3

Node /‘ Node P 4 Node

null




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {

} else if (this.next == null) {
return null;

} else {
return this.next.find(value);

That
node has 3

Thanks That node

Node Node

Node




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T>|find(T value)

if (this.value.equals(value

return this;
} else if (this.next == null) {
return null;

} else {
return this.next.find(value);

Hold on

Node /‘ Node P 4 Node

Now I'm
looking for 8

null




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {

return this;
} else if (this.next == null) {
return null;

} else {
return this.next.find(value)l:

Do you have
87?

Node /‘ Node P 4 Node

I'll check

null




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {

return this;
} else if (this.next == null) {
return null;

} else {
return this.next.find(value)l:

Do you have 8? I'll check

Node Node

Node




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {

return this;
} else if (this.next == null) {
return null;

} else
this.next.find(value):
+

(0] ¢ null

null




Linked List - FIind

package week4;

public class LinkedListNode<T> {
private T value;
private LinkedListNode<T> next;

public LinkedListNode<T> find(T value) {
if (this.value.equals(value)) {

return this;
} else if (this.next == null) {
return null;

} else
this.next.find(value):
+

null

Damn

null




Linked List - Min?

package week4;

e Find worked for us even

public class LinkedListNode<T> {

thOugh We re USIHQ gene”CS BEK:ES Iixiégﬁ;istNode<T> next;
e Every class has an equals P e e vatae 1
return this;
rT1€3tf1()(j! ¥ els:tif (Ehi:.next == null) {
return null;
} else A
® Can Ca” equals on any type return this.next.find(value):

(Except primitives)

 With generics we can only call
method that every class has
(toString, equals, hashCode)

e We can't do much else with
these values



Linked List - Min?

package week4;

e \What if we want to find the

public class LinkedListNode<T> {

. . . private T value;
mln Value |n a ||St Of private LinkedListNode<T> next;
) public LinkedListNode<T> find(T value) {
DOUbleS : if (this.value.equals(value)) {
return this;
} else if (this.next == null) {
e Not all classes have a less et nut;
than OperatOr return this.next.find(value);

e Or what if we want to find a
Rating made by a specific
Reviewer”?..



o k I m M m public class LinkedListOfDoubles A
L n ed ISt = In private LLNode<Double> numbers = null;

public LinkedListOfDoubles(){}

e | et's look at an examp|e oublic void addDouble(double d){

if(this.numbers == null){

that COntaIﬂS a Llnked LISt }EIS’éh{is.numbers = new LLNode<>(d, null);

this.numbers.append(d);

In an instance variable -

public double min()<{
if(this.numbers == null){
return -1.0;
telse {

; : return minHelper(this.numbers, Integer.MAX VALUE);
e The LinkedListOfDouble )

private double minHelper(LLNode<Double> node, double min){

class contains a Lt (node == null){

return min;

LinkedList of Doubles Felsed

if(node.getValue() < min)<{
return minHelper(node.getNext(), node.getValue());

relse{
@ ShOrtened 'tO LLNOde fOr \ 1 return minHelper(node.getNext(), min);
the slide




= k = M = public class LinkedListOfDoubles {
LI n ed ISt = In private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}

e \When we create a Linked public void addDouble(double d){

if(this.numbers == null){

List variable that stores an this.numbers = new LLNode<>(d, null);

telse {

: : this.numbers.append(d);
empty list: )
s

. public double min()<{
® Set |t tO ﬂU”' if(this.numbers == null){
return -1.0;
telse {

o DO NOT Create d hew \ return minHelper(this.numbers, Integer.MAX VALUE);
Linked List Node since that )

private double minHelper(LLNode<Double> node, double min){
. . if(node == null){
would be a List of size 1 return min;
relse{
if(node.getValue() < min)<{

o Whenever WOrklng Wlth the return minHelper(node.getNext(), node.getValue());

telseq

I|St, CheCk |f |'t'S nUII \ return minHelper(node.getNext(), min);

e |fit's null, it's empty




= k = M = public class LinkedListOfDoubles {
LI n ed ISt = In private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}

e \When addmg 3 value to public void addDouble(double d

if(this.numbers == null){

. . : this.numbers = new LLNode<>(d, null);
L|nked L|St relse {

this.numbers.append(d);

e Check if the list is null y U

public double min()<{
if(this.numbers == null){

e Ifitis, it's empty return -1.0;

relse {
return minHelper(this.numbers, Integer.MAX_VALUE);

e Create a new node to y

private double minHelper(LLNode<Double> node, double min){

make a list of size 1 if(node == null){

return min;
lelsed

If .the ||St |S ﬂOt nu” if(node.getValue() < min)<{

return minHelper(node.getNext(), node.getValue());
relse{

e Add the new element to T
the existing list )




o m m public class LinkedListOfDoubles A

LI n ked LISt = M I n private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}

e \We want to write a min method public void addDouble(double d){

if(this.numbers == null){

that returns the min Value in Lol th{is.numbers = new LLNode<>(d, null);
else

the |_|S'|: this.numbers.append(d);

public double min()<{
if(this.numbers == null){
return -1.0;

e First, if the List is empty we'll

return -1.0 to indicate an error 7

private double minHelper(LLNode<Double> node, double min){

* *Only doing this for the e arm mins

return min;

example. This does introduce e

if(node.getValue() < min)<{

' : t inHelper(node.getNext(), node.getValue());
a bug where we can't tell if Loleng U minetperinode. getext(), node.getValue

O return minHelper(node.getNext(), min);
the min is actually -1.0 -

return minHelper(this.numbers, Integer.MAX_VALUE);

}




= k = M = public class LinkedListOfDoubles {
LI n ed ISt = In private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}

e \We'd like to start the oublic void addDouble(double d){

if(this.numbers == null){
this.numbers = new LLNode<>(d, null);

recursion.. Jelse 1

this.numbers.append(d);
I3

® BUt mlﬂ takeS Nno ;ublic double min(){

if(this.numbers == null){

parameters return -1.0;

relse {
return minHelper(this.numbers, Integer.MAX_VALUE);
}

e \We'd like to keep track )

private double minHelper(LLNode<Double> node, double min){

of the min value through if (node = null){

return min;
lelsed

the recursive calls i (node. getvalue() < min){

return minHelper(node.getNext(), node.getValue());
relse{

return minHelper(node.getNext(), min);
I3




= k = M = public class LinkedListOfDoubles {
LI n ed ISt = In private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}

e \\Ve also need to track which ublic void addDouble(double d){

if(this.numbers == null){

nOde Welre Currently V|S|t|ng }EIS’éh{is.numbers = new LLNode<>(d, null);

this.numbers.append(d);

In the previous examples, the )

COde was in the public double min(){

if(this.numbers == null){

LinkedListNode class aqghEurn ~1.0;

return minHelper(this.numbers, Integer.MAX_VALUE);

e We had access to each node 7

- I == private double minHelper(LLNode<Double> node, double min)<{
using "this if(node == null){
return min;

"this" is now a reference to the e St (node. getvalue() < min)d{

LinkedLiStOfDOUbleS (NOt 3 }elsgitum minHelper(node.getNext(), node.getValue());

return minHelper(node.getNext(), min);

LinkedListNode) -
}
}




= = = public class LinkedListOfDoubles {
LI n ked LI St = M I n private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}

e Solution: Write a helper oublic void addDouble(double d){

: if(this.numbers == null){
methOd to Setup the recursion this.numbers = new LLNode<>(d, null):
relse {
this.numbers.append(d);

}

}
public double min(){

e Add any parameters you want Tt 1e;

tO help yOUF I’eCUFSive Ca”S }elsle’eiurn minHelper(this.numbers, Integer.MAX VALUE);

I3
: ¥
* This helper takes a reference
if(node == null

to the node being visited and return min;

telsed
a minimum value found so far if(node.getValue() < min){

return minHelper(node.getNext(), node.getValue());
relse{

return minHelper(node.getNext(), min);
s




o m m public class LinkedListOfDoubles A
LI n ked LISt £ M I n private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}
* \We have a public method that public void addDouble(double d){

if(this.numbers == null){

peOple WI” Ca” - th{is.numbers = new LLNode<>(d, null);
else

this.numbers.append(d);

}
}

: blic| doubl in(){
» \We have a private helper o i numbers == nulU){

return -1.0;

method that I1s a detail internal telse { | |
to this class y return minHelper(this.numbers, Integer.MAX VALUE);

I3
[private] double minHelper(LLNode<Double> node, double min){

* Anyone calling min does not if(node == null){

return min;

care that this helper method Felse{

if(node.getValue() < min)<{

eXiStS return minHelper(node.getNext(), node.getValue());
relseq{

: : s return minHelper(node.getNext(), min);
e Make it private to hide the )

details (Encapsulation) , !




o k I m M m public class LinkedListOfDoubles A
L n ed ISt = In private LLNode<Double> numbers = null;

public LinkedListOfDoubles(){}

e Fach recursive call is oublic void addDouble(double d){

if(this.numbers == null){

Ca”ed Wlth the next nOde }EIS’éh{is.numbers = new LLNode<>(d, null);

this.numbers.append(d);

INn the list and the current .

public double min(){

rr]ir] \/EilL]EE if(this.numbers == null){

return -1.0;
telse {

return minHelper(this.numbers, Integer.MAX_VALUE);
}
}

private double minHelper(LLNode<Double> node, double min){

If a node has a smaller if (node == null){

return min;
telse

value than min, update S lnode.getvatue(] < min{

return minHelper(node.getNext(), node.getValue());

min for the next recursive relsed

return minHelper(node.getNext(), min);
call




= k = M = public class LinkedListOfDoubles {
L n ed ISt = In private LLNode<Double> numbers = null;
public LinkedListOfDoubles(){}

When We reaCh the end public void addDouble(double d){

if(this.numbers == null){
this.numbers = new LLNode<>(d, null);

of the list, return the min Felse {

this.numbers.append(d);

value )

public double min()<{
if(this.numbers == null){

At this point, all nodes return -1.0;

telse {

have been CheCked SO \ return minHelper(this.numbers, Integer.MAX VALUE);
}

thlS |S the f|na| m|n Value private double minHelper (LLNode<Double> node, double min)<{
return min;

telsed

Return this value back up iF(node. getvalue() < min){

return minHelper(node.getNext(), node.getValue());

the reCUFSNe Ca”S ielsf‘éturn minHelper(node.getNext(), min);




Delete a Node

e \Want to delete the node containing 2

e Need a reference to the previous node

Node A Node Node Node
3 / 1 » null
next next




Delete a Node

e Update that node's next to bypass the
deleted node

e Don't have to update deleted node

* The list no longer refers to this node

Node
Node Node Node
/ nuII
next next




