COMP 2231 Assignment 3
TO0666715

Tolga Olcay
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1. Stack using Linked List
Jsjf/driverOne,java - Eclipse IDE
lavigate Search Project Run  Window Help

BN R ER -0 QU WO S I P ARE TS

[J] driverOnejava *  [J] driverThresjava [J] DriverFour.java [J] DriverTwo.java
package jsjf;

public class driverOne {

public static void main(String[] args) i
LinkStack<String> list = new LinkStack<String>();

list.push{"toclga"™);

list.push("oclcay");

list.push("zoco");

list.push({"beehive™);

list.push{"1");

list.push({"2");

list.push({"monkey™);

system.out.println(“peek: " + list.peek() + "\n");

list.pop();

system.out.println(list);

i

@ Javadoc @, Declaration & Console 3¢

<terminated> driverOne [Java Application] ChUsers\Tolga. p2\poclipluginshorg.eclipse justj.openjdk.hotspot,jre.fullwin:
peek: monkey

2

1

beehive
£ zoo
olcay
tolga

Here is the result of a stack using a linked list. | use the same instructions for all the drivers that
use stacks.

As you can see, when we peek, the string is monkey because that was the last value pushed on

the stack.
When we pop and then print the stack, we can notice that monkey is removed from the stack.
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Now let me demonstrate how this works:

First Lets look at LinkStack

eclipse-werkspace - LinkedList/jsl/LinkStack java - Eclipse IDE

Edit Souce Refactor Novigate Sesch Project Rum Window Help

2w ' O @ Q- E G @GP ABE 1 v hlroD
i ProjectExplorer X = B [{ drivesOnejave  [f] diverThreeave (1) DrivesFourjava (1] Diverfwajmva (1) LinkStackma
% H e 35375

i Amytist

ass LinkStackeTs implements StackADT<Ts {
IRE System Library

rderedListets stack - new Linkedunorderediisters();

public boolean is!

boole:

2}, Declasation B Cansale X Nk RERSE ™ s
ved» Deivarf our [Java Application] C:\Users\Te Sullwin32 x86_64_1 1 i o (May 24, 2022, 123333 AM - 123333 AM)
monkey
Wrtable smartlnser [
[ Resources [ o) WOl nOKe & o () method for the £ meedt s or
H (o e — l used; for example, push () would invoke a .ada () method for the L.inkedzist o

By using functions from the LinkedList and the LinkedUnorderedList, we can implement the

methods of the LinkStack via encapsulation. Lets look at LinkedUnorderedList, LinkedStack, and |

will also show you LinkedOrderedList (even though it is not necessary)
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List/jsjf/LinkedList.java - Eclipse IDE
Navigate Search Project Run Window Help
B HE O~ Q- Q- HF G- &P E i flr

[3) "LinkedListjava

. Throws an EmptyColle

&

Ui ra

// To be completed as a Programming Project
if(isempty()) {
‘throw new EmptyCollectionException("LinkedList");

&0 o

LinearNode<T> current = head; alue to be returned

BROR R R W W W W W W W W W W

2 head = head.getlext(); //head becomes the next node
3 count--;// r count to account for reduced

4 modCount++;

5

46 return current.getElement(}); // temp

47 ¥

&

- public T removelast() throws EmptyCollectionException

{

J o kW

// To be completed as a Programming Project
if(isEmpty()) {
throw new EmptyCollectionException(”Linkedlist™);

e

Linearlode<T> la
LinearNode<T> cu

tail;
head;

while(curr.getNext() != last) { //find the node before the last node
curr = curr.getNext();
}

tail = currj|
count--;
modCount++;

return last.getElement(); // temo

instance of the speci
ns a reference
Throws a
not found in the

&

3
b

[

b

b

h

[

b

@ Javadoc [E) Declaration B Console X

<terminated:> DriverFour [Java Application] C:\Users\Tolga\.p2\poel\plugins\org.eclipse justj.cpenjdk.hotspot jrefull.win32.x26_64_
first: monkey

Here you can see the RemoveFirst() function. It is used in the LinkStack in the pop() method.
As you can see | have also completed the removelast() function even though it is not needed for
the LinkStack.
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List/jsjf/LinkedList.java - Eclipse IDE
Mavigate Search Project Run  Window Help
BTSSR -0 Q- Q- OG- B P AR

[ =LinkedListjava

R R R R

~1332 public T first() throws EmptyCollectionException
134 {
135 /{ To be completed as a Programming Project
136 if(isEmpty()) {
137 throw new EmptyCollectionException(“LinkedList");
138 1
139
148 return head.getElement(); // temp
141 }
142
1438 S
144 * Returns the last element in this list without removing it.
145 *
146 the last element in this list
147 EmptyCollectionException if the list is empty

{
/{ To be completed as a Programming Project
if(isEmpty()) {
throw new EmptyCollectionException(“LinkedList");
}

return tail.getElement(); // temp

Returns true if the specified element is found in this list and
false otherwise. Throws an EmptyCollectionException if the list
is empty.

[lparam targetElement the element that is socught in the list
eturn true if the element is found in this list
ws EmptyCollectionException if the list is empty

*-"hh
public boolean contains(T targetElement) throws EmptyCollectionException
1
/{ To be completed as a Programming Project
if(isEmpty()) {

throw new EmptyCollectionException(“LinkedList");
i

int size = size();

LinearNode<T> curr = head;

for(int i = @; i < size; i++) { //loop thru the list, if the target glmenet is in the list, return true
if (targetElement == curr.getElement() ) {

return true;

curr = curr.getNext();

The first() function in the LinkedList class is very useful for the pop() and peek() function in the
LinkStack. (I probably should have used the contains() function in the LinkedUnorderedList for
the addAfter() function, but | just thought of that now!)
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r Mavigate Search Project Run Window Help
S N BN RS 2SR B0 R R HEG ISP SR

[3] “LinkedListjava X

T H eI

103
186 return false; // temp
187 }
| 188
1898 /e
190 * Returns true if thiz list is empty and false otherwise.
191 *
192 * f@return true if the list is empty, false otherwise
193 */
21940 public boolean isEmpty()
195 {
196 f// To be completed as a Programming Project
197 if(head != null) {
return false;
}
return true; // temp
}
fhk

* Returns the number of elements in this list.
=

* f@return the number of elements in the list
*y

public int size()
// To be completed as a Programming Project

return count; // temp

[EE

* Returns a string representation of thiz list.
*

* fireturn a string representation of the list
*/

public String toString()

{
f// To be completed as a Programming Project
if(isEmpty()) {
return "7}
}
Lineartode<T> curr = head;
String result = "";
int size = size();
for(int i = @; i < size; i++) { //loop thru the list, add the each nodes value to a string, return the str‘ingi
result = (result + curr.getElement(})) + "\n";
curr = curr.getNext();
}
return result; // temp
}
@ Javadoc [E), Declaration [ Console X o XE

<terminated> DriverFour [Java Application] C\Users\Tolga'.p2\poolipluginsiorg.eclipsejustj.openjdk.hotspotjre full win32 x86_64_17.0.2.v20220201-1208\jre\bin\javaw.exe (May 24, 2022, 12:33:33 AM - 1
first: monkey

The isEmpty, size, and toString functions in the LinkedList class are all used in the LinkStack class
to findout if the stack is empty, find the size, and to print the stack.

Now lets look at the LinkUnorderedList:
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LU0 LR EU U CUL 1023 © LIS UL

ctor Nevigate Search Project Run Window Help

RiB- 0 Q- QG- HEG- B PARE iY

B [J) LinkedUnorderedListjava 3

=8 #%0x *» =8
/ ~ 8
public void addToFront(T element) _ E % §
{ v [T <terminated> Driverf|
i To be completed as a Programming Project
LinearNode<T> clementhode = new LingarNode(slement);

& <terminated, exit
if (isempty() == true) {//if
head = elementhiode;

Jelse {

there are no elements in the list, add the element to the head

elementhode. setNext(head);//set the new element to point to the head node, then make the head the new element node
head = elenentliode;

}

f/find tail

LinearNode<T> tailliode = head;

while(taillode.getNext() != null) [
taillode = taillode.getNext():

i

tail = tailliode;

countits
modCount+;

Adds the specified element to the rear of this
element the element to be added to the list

public void addToRear(T element)

{

To be completed as a Programming Project

LinearNode<T> elementiiode = new LinearNode(element);

if (isEmpty() == true) {
d = elementliode;
Jelse {

tail.setNext(elementliode);
tail = elementliode;

e }

8 f/Find tai.
LinearNode<T> tailllode = head;

@ Javadoc [} Declaration B Console %

<terminateds DriverFour [Java Application] C:\Users\Tolga\ p
first: monkey

X% BEHFEF ¥E-58-=0
p st dk.hotspot.jre full 2 x86_64_17.0.2.%20220201-1208%jre\bin\javaw.exe (May 24, 2022, 12:33:33 AM - 12:33:33 AM)

>

The addToFront and addToRear methods were both required to be completed as part of the
programming project, however, ONLY THE addToFront() function was used for the LinkStack.

~ Lay e
Adds the specified element to this list

& <termin
after the given target.
element the element to be added to this list

target the target element to be added after

ElementNotFoundException if the target is not found

public void addAfter(T element, T target)

if(isEmpty())
‘throw new EmptyCollectionException(“"LinkedList™);
To be completed as a Programming Project
int size = size();
Linearfiode<T> elementliode = new LinearNode(element);
LinearNode<T> curr = head;
int countlode = 13

String name = target.toString();//name used for element not found exception

while(curr != null 8% curr.getElement() != target) { //loop through the list to find the target
curr = curr.getNext();
countHode++;

}

if(countNode == 1) { //if the target is the head
Linearfiode<T> after = curr.getlext();
elementiode . setlext(after);
head . setNext (clementlode)
countH;
modCount+;

then add the element after the head and make the element point to the node that is after the head

}else if(countlode == size) {
tail.setNext(slementNode);
tail = elementhode;
count++;
modCount++;

Yelse if(curr I= null) {//if the target is not the head or not the tail, yet still exisits within the list
LinearNode<T> after = curr.getNext();
elementliode. setNext(after);
curr.setNext(elementNode);
count++;
modCount++;

Jelse {

throw new ElementNotFoundException(name);//target is not in the 1i
¥

/if target is the tail, set the tail next to point to the element

adoc [} Declaration E) Console

X% SMRES|ME-K8-=10
1ated> DriverFour [Java Application] C:\Users\Tolga' p2\pool | st dk.hotspot jre.full 2.x86_64_17.0.2.%20220201-1208\jre\bin\javaw.exe (May 24, 2022, 12:33:33 AM - 12:33:33 AM)
: monkey
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The AddAfter() function was also required to be completed as part of the programming project,
however it was not used for the LinkStack.

Now let me show you the HARDEST part of the assignment WHICH was not even used for the
LinkStack!:

THE LinkOrderedListClass!

SUjt/LinkedOrderedListjava - Echipse IDE

Navigate Search Project Run Window Help

" H-0-Q-QU-BO- V- P SRE ¥

) *tinkedUistjava

public void add(T
(

be com d as a Programming Proje
if (1(element instanceof Comparable))
throw new HonComparablef lementException("Ordered:

Conparable<T> b
Lineariode<T> element)

nt = (Conparable<T>)
new Linearliode (elemer

if(istmpty() == true) {
ead = elementliode;

else {
Lineartiode<T> curr = head;
LinearNode<T> prev = head;

f(curr.gethiext() == null) {
if(comparabletlenent . compareTo(curr . getElement()) > ) {

~sethext(elenentiiode);

text(curr);
ode;

}
Yelse {//if there are more than one

while(curr.gethiext() 1= null 48 comparabl

curr = curr.gethext();
}
iF(comparabletlement . conpareTo( etelement()) > 8) { //if the new elenen B ent e nt that
UineartiodecT> after = curr.gethext();
prev.setMext(elesentliode); //sandwich the new element between prey and cu v
¢ >

@ Javadoc [3) Declanation B Console X - X% = ME-me=t
terminated> Users\Tolgal , 64.17.02.v20220201-

irst: monkey

Search Project Run Window Help

10| RB-0- Q- U-HG- S PARE T H-F-OTF G-
ilistjava  [J] LinkedOrderedlistjava X

curr. sethext(elementiiode) ;

Jelse {
elementhode. setliext{curr);
head = elementhode;

}
Yelse {//if there are more than one elment in the list

while(curr.getliext() != null & comparabletlement. compareTo(curr.getElement()) > 8) { //travel through the list until we find the correct spot where we can swap
curr = curr.getliext();

b

Linearllode<T> after - curr.gethext();

curr.setlext(elementliode) ;

elementllode .setNext (after); //thus the order is guor -> new element
Yelse {//if the new element belongs before the current node

if(conparabletlement. compareTo(curr .getElement()) > 0) { //if the new element belongs after the current element, make the new element point to the node that is after curr,

-5 node that was previously after gurp

//Find the previous node
if(prev I= curr) { //if the prey and curr arent the same node, loop through the list to find the node that is before curr
while (prev.getiext() != curr) {
prev = prev.getliext();
}//prey. is now the node that is before curc

prev.sethext(elenentiiode);//sandwich the new element between prew and cur
elenentiode. sethext (curr);//thus the list is prev -> new element - curk

Yelse {//if gurr and prey are pointing to the same node
elementliode . setNext (curr);
head = elementhiode;

H

¥

//find tail

Lineartiode<T> tailliode = head;

while(tailNode, gethext() I= null) {
tailliode = tailliode.getNext();

1
tail = tailliode;

J/increase count

countit;
nodCount++
H
v
>
c [E Declaration &) Console X

XK EKEREFE ME-I-= O
jre\bin\javaw.exe (May 24, 2022, 12:33:33 AM - 12:33:33 AM)

d> DriverFour [Java Application] C:\Users\Tol

st.0penjdk. 86_64.17.0.
ankey
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The add() function for this class was by far the hardest part. Below is a test driver used to test
out the ListOrderedList because | want to show you the extent of how it works:
SR H~0- Q- Q- H G- @I~ P ARE 1 H-F-oD

ArrayUnorderedList.java testjava X
id J J
package jsjf;

2
3

public class test {

public static void main(String[] args) {
1/ Auto-generated method stub

/fused to test linkedorderedlist
LinkedOrderedList<Strings list = nmew LinkedOrderedList<String>();

list.add("monkey™);
list.add("banana™};
list.add("donkey" ;|
list.add("zoo");
list.add("beehive");
list.add("1");
list.add("apple”);

System.out.println(list);

@ Javadoc [, Declaration & Console
<terminated> test [Java Application] C\Users\Telga\.p2\pocl\plugins\org.eclipse.justj.openjdk.hotspot.jre.full win32x86_64_17.0.2,v20220
1
apple
banana
beehive
donkey
monkey
Z00

As you can see it places the values in the List where they belong.

2. Stack using ArraylList
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t/jsjf/DriverTwo.java - Eclipse IDE
Mavigate Search Project Run  Window Help
=S % -0- Q- Q- H OG-S J-P JRE T
[ driverOnejava [ driverThreejava [¥] DriverFour.java [3] DriverTwojava X
package jsjf;

oo | LIl

public class DriverTwo {

public static void main(String[] args) {
ArrayStack<String> list = new ArrayStack<String>();

va

list.push("tolga");

list.push("clcay");

list.push("zoo");

list.push("beehive"};

list.push("1");

list.push("2");

list.push("monkey");

System.owt.println(“peek: " + list.peek() + "\n");]|

avi
List.pop();

System.out.println(list);

] @ Javadoc @, Declaration & Console %

<terminated> DriverTwo [Java Application] C:\Users\Tolga\.p2\pool\plugins\org.eclipse.justj.openjdk.hotspot.jr
peek: monkey

2

1
beehive
javé zao
stji olcay
tolga

As you can see, this driver is very similar to driver one. The main difference is that instead of
instead of creating a LinkStack, we created an ArrayStack! As you can see, monkey is not there
when we print the stack because, it was popped.

Now let me demonstrate how this works:

Lets look at the ArrayStack:
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rrayStack,java - Eclipse IDE
jate  Search Project Run  Window Help

2R -0~ Q- Q- G-y P ABE T
1] driverOnejava [J] driverThreajava [4) DriverFourjava [¥] DriverTwo.java [ LinkStack.
backage jsif;

2

3 public class ArrayStack<T> implements StackADT<T> {
5

6 ArrayUnorderedlist<T» stack = new ArrayUnorderedlist<T:();
8

98 @override
1@ public void push(T element) {
11 // TODO Auto-generated method stub
12 stack.addToFront(element);
13 }
15@ @override
16 public T pop() {
17 // TODO Auto-generated method stub
18 T result = stack.first();

9 stack.removeFirst();

@ return result;

- h

2

38 @0verride

public T peek() {
// TODO Auto-generated method stub
T result = stack.first();
return result;

}

= @override
public boolean isEmpty() {
/{ TODO Autc-generated method stub
boolean result = stack.isEmpty();
return result;

WRE @B ;o

WL L L L L L LU LU LRI BRI R R ORI BRI R R R R

5 1

6

78 @override

8 public int size() {

9 // TODO Auto-generated method stub
46 int size = stack.size();
41 return size;
42
43
4}
45
465 public String toString() {
43 String result = stack.toString();
49 return result;

58 }

51

We use functions from the ArrayList and ArrayUnoredredList classes in our methods.

As you can see, these methods don’t really show much how these work because it is
encapsulated by the ArrayUnorderedList class which extends the ArrayList Class. | will be
showing you how both of those classes work.
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ArrayUnorderedList extends the ArrayList class and is part of the programming Project

List/jsjf/ArrayUnordersdList,java - Eclipse IDE

¢ MNavigate Search Project Run Window Help

PO RN D 2B R0 - QB G® P ARE IO
[3] ArrayUnorderedListjava X

ram element the element to be added te the front of the list

public void addTofront(T element)

if (size() == list.length)
expandCapacity();

int scan = @;

/] shift existing elements up one

for (int shift = rear; shift > scanj shift--)
list[shift] = list[shift - 1];

/] insert element

list[scan] = element;

reart+;
modCount++;

/] To be completed as a Programming Project

Adds the specified element to the rear of this list.

aram element the element to be added to the list

public void addToRear(T element)

// To be completed as a Programming Project

if (size() == list.length)
expandCapacity();
if(isEmpty()) {
list[rear] = element;
reartt;
modCount+t;

Jelse {
list[rear] = element;
reartt;
modCount++;

"

Our ArrayStack uses the addToFront method to add our objects to the front of the stack.
This other functions from the ArrayUnorderedList and ArrayStack use methods from the
ArrayList class:

Search Project Run Window Help
NERB-0- Q- Q- R OG- OV PARF VY -F-CD-0-
wlistjava X
protected void expandCapacity()

// To be completed as a Programming Project
list = Arrays.copyof(list, list.length * 2);//double the zie by creating a copy with twice the length

* Removes and returns the last element in this list.

ien the last element in the list
s EmptyCollectionException if the element is not in the list

public T removelast() throws EmptyCollectionxception

// To be completed as a Programming Project
i (isEmpty()) {
throw new EmptyCollectionException(“ArrayList™);

1

T result;

rear--;//move the rear back to account for the size
result = list[rear];

list[rear] = null;

modCount++;

return result;

/1 tem

* Removes and returns the first element in this list.

the first element in the list
s EmptyCollectionException if the element is not in the list

public T removeFirst() throws EmptyCollectionException
{
// To be completed as a Programming Project
if(isEmpty()) {
throw new EmptyCollectionException("ArrayList™);
1
T result - list[e];

@; i<rear; i++) {//loop thru the list to advance all the rest of the slments by one to make room for the new element in the front
list[i+1];

list[rear] = null;
modCount++;

return result;
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For example, the expandcapacity function is used by functions which add items to the list, so
that the list does not run out of space. If you noticed, removeFirst() is used in the pop() function
in ArrayStack.

FET]

Returns a reference to the element at the front of this list.
The element is not removed from the list. Throws an
EmptyCollectionException if the list is empty.

a reference to the first element in the list

@ret
@t h WS -mpt;Ccllectlcn xception if the list is empty
/

s

EY
EY
EY
EY
3
EY
*

public T first() throws EmptyCollecticnExcepticn
1
/! To be completed as a Programming Project
if(isEmpty()) {
throw new EmptyCollectionException(“ArrayList");
¥

return list[@]; // temp

¥

FET]

Returns a reference to the element at the rear of this list.
The element is not removed from the list. Throws an
EmptyCollectionException if the list is empty.

eturn a reference to the last element of this list
hrows EmptyCollectionException if the list is empty

*
EY
EY
EY
* ir
* @t
EY

!

s

public T last() throws EmptyCollectionException

1
/{ To be completed as a Programming Project
if(isEmpty()) {
throw new EmptyCollectionException(“ArrayList");
¥
return list[rear-1]; // temp
¥
FEEY

* Returns true if this list contains the specified element.

* [@param target the target element
* [@return true if the target is in the list, false otherwise
* 7

public boolean contains(T target)
1

¥

return (find(target) != NOT_FOUND);

The first() function is used in the peek(), and also the pop() method in the ArrayStack, allowing us to
save the value which is in the top of the stack and return.
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t.java - Eclipse IDE
search  Project Run Window Help

L SR 0 Q-G B P ARE

Listjava

* [@return true if the list is empty, false otherwise
*/

public boolean isEmpty()

1

// To be completed as a Programming Project
if(rear>e) {
return false;

H
return true; // temp

¥

II,-'**

* Returns the number of elements currently in this list.
*

* [@return the number of elements in the list
*/
public int size()

1

// To be completed as a Programming Project

return rear; // temp
}

II,I'**
* Returns a string representation of this list.
*

* [@return the string representation of the list
*/
public String toString()

1

// To be completed as a Programming Project
string result = "";
for(int 1 = 8; i<rear;i++)

result = result + list[i] + "\n";

b

return result; J/ temp
¥

II,-'**

* Returns an iterator for the elements currently in this list.
*

* [@return an iterator for the elements in the list
*/
public Iterator<T:> iterator()

1
¥

II,-'**
* ArraylistIterator iterator over the elements of an Arraylist.
*/

private class ArraylistIterator implements Iterator<T:

return new ArraylListIterator();
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The isEmpty and the toString functions from ArrayList are used in the ArrayStack to check the size of the
stack and to print the stack.

Now you understand how we can use the ArrayList and ArrayUnorderedList to create an ArrayStack.

3. Linked Queue

ol <terminated, exit valu

fin32.B5 64, 17.02120220201 (May 24, 3022, 12:33:27 AM — 123327 A}

Writable Smart Insert 13:27:309

H JOF T — I (5 Resources | used; for example, push () would invoke a .add () method for the Lin

As you can see with our linkQueue driver, the string “tolga” is no longer in the queue when we print the
gueue. That’s because “tolga” was the first string that was enqueued, so when we dequeue(), tolga is
removed from the queue.

Now, Lets view the LinkQueue class.

Page 15 of 17



O
¥
i
3

Fe i Soce Refator Nevgate Sech Projt Run
o . , Q m|E
Proj ) AmpySackjovs (1) LinkQuevejavs 3 =D %0 #0 x =0
i Ayt - oot Queuinte © N, ———
B JRE System Library LinkedunorderediisteTs queue = new LinkedunorderediisteTs(); & <temminated, exit valu
v B s
] LinkedUnerderedlistji <
[J) LinkQuews java
Lima
)
o lvadoc ) Decimation. ) Censole X N B b #lro-pr=o
> Deivarf our [Java Application] C:\Users\Tolga'.p f\ . ik hotspot jrefull (86 64 17.02.v20220201 ire (May 24, 2022, 12:33:33 AM - 1233:33 AM)
First: monkey -
Writable Senart Insert 1:1:0
(3 Resources T T —————— o
H o e ——— l used; for example, push () would invoke a . a3d 1) method for the Lin to

As you can see, just like LinkStack, LinkQueue uses functions from the LinkList and the LinkUnorderedList
classes. | am able to re-use theses classes for my LinkStack and my LinkQueue via encapsulation.

As you can see when we dequeue, instead of using the removeFirst() function like we did for our stack,
we instead do removelast(); since by doing so , we are removing the first value added to the list.

Since | already showed you how the LinkedList and the LinkedUnorderedList classes work, | will not be
pasting the screenshots again. (just scroll up)

4. ArrayQueue

N S
£ s e ez
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As you can see, driver Four creates a Arrayqueue and pushes strings onto the queue. Just like driver
three, we can notice that the string “tolga” is not present when we print the queue. That’s because it
was the first value to be enqueued, thus making it the first value to be dequeued.

Now lets look at the ArrayQueue class

© ecipse-workspace - Amaylistjyrar
Fie Edf Source Refactor Naviga
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As you can see, this is very similar to the LinkedQueue class, however the difference is that it creates an
ArrayList and uses functions from the arrayList and ArrayUnorderedList to create the ArrayStack.

Since we already went into detail on how ArrayList and ArrayUnorederedList classes work, you can scroll
up and compare the methods that are used for the queue.

You now have an idea of how ArrayQueue, LinkQueue, ArrayStack, and LinkStack work by implanting
LinkedLists, Linkunorderedlists, and ArrayLists and ArrayUnorderedLists!
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