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Linked Nodes So Far

o Small sequences of nodes connected
together

e Using the ListNode class

o Traversals over these sequences with

while IOOpS data next data next

node e 121 —te> 122
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Introducing the LinkedIntList!

e New collection named LinkedIntList
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Introducing the LinkedIntList!

e New collection named LLinkedIntlList

e Same kinds of methods as the ArrayIntList

o add, add, get, indexOf, remove, size, toString
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Introducing the LinkedIntList!

e New collection named LLinkedIntlList

e Same kinds of methods as the ArrayIntList

o add, add, get, indexOf, remove, size, toString

o Implemented with chain of linked nodes
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Introducing the LinkedIntList!

e New collection named LinkedIntList
e Same kinds of methods as the ArrayIntList
o add, add, get, indexOf, remove, size, toString

o Implemented with chain of linked nodes
o Keeps reference to its front as a field
o null is the end of the list

o If frontisnull, listis empty
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Introducing the LinkedIntList!

o Implemented with chain of linked nodes
o Keeps reference to its front as a field

o null isthe end of the list; if front isnull, listis empty

LinkedIntList

front _l

add (index)

add (index, wvalue)
indexOf (value)
remove (index)
size ()

toString ()
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Introducing the LinkedIntList!

o Implemented with chain of linked nodes
o Keeps reference to its front as a field

o null isthe end of the list; if front isnull, listis empty

LinkedIntList
ListNode
front \
add (index) \\\\\\ data next
add (index, wvalue) \
indexOf (value) 16
remove (index)
size ()
toString ()
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Introducing the LinkedIntList!

o Implemented with chain of linked nodes
o Keeps reference to its front as a field

o null isthe end of the list; if front isnull, listis empty

LinkedIntList
front N ListNode ListNode ListNode
add (index) \ data next data next data next
add (index, wvalue) \
indexOf (value) 16 —— 3 e — 57
remove (index)
size ()
toString ()
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printList Revisited

public class LinkedIntList {

private ListNode front;
private int size;

public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(", " + front.data);
front = front.next;

}
System.out.println("]");
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printList Revisited

public class LinkedIntList {

private ListNode front;
private int size;

public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(", " + front.data);
front = front.next;

}
System.out.println("]");
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(
new int[]{16, -3,
Ll.printLlisté) s
Ll.printlist();
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printList Revisited

public class LinkedIntList {

private ListNode front;
private int size;

public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(",
front = front.next;

" + front.data);

}
System.out.println("]");
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 =
new int[]{16, -

Ll.printLlisté) s
Ll.printlist();

What will be the output of
this program?
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printList Revisited

public class LinkedIntList {

private ListNode front;
private int size;

public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(",
front = front.next;

" + front.data);

}
System.out.println("]");
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 =
new int[]{16, -
Ll.printList()s [/ [16, =3; 27]
ll.printList(); // L[]

What will be the output of
this program?

We're losing the front of our list!
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public void printList() { Client Code:
if (front == null) {
System.out.println("[]");
} else {

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(

System.out.print("[" + front.data); new int[]{16, -3, 27});
front = front.next; Llzprintlist()s
while (front != null) { Li:printList()s
System.out.print(", " + front.data); }
front = front.next;
b
System.out.println("]");
¥
}
front N\
data next data next data next
16 —T | -3 — " 27
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public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {

System.out.print(", " + front.data);

front = front.next;

}
System.out.println("]");
’
}
front N
data next
16 )
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(

new int[]{16, -3,
LlsprintList()s // [16
ll.printList();
}
data next data next
-3 > 27
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public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(", " + front.data);
front = front.next;

}
System.out.println("]");

1 front \

data next
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(

new int[]{16, -3,
LlsprintList()s // [16
ll.printList();
}
data next data next
-3 > 27
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public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(", " + front.data);
front = front.next;

}
System.out.println("]");

¥ front \
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(
new int[]{16, -3,
LlsprintList()s // [16
Li:printList()s
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public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(", " + front.data);
front = front.next;

}
System.out.println("]");

1 front \
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(

new int[]{16, -3,
LlsprintList()s // [16
ll.printList();
}
data next data next
-3 > 27
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public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(", " + front.data);
front = front.next;

}
System.out.println("]");

1 front \
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(

new int[]{16, -3,
LisprintList()s J/ [16, =3
ll.printList();
}
data next data next
-3 > 27
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public void printList() {
if (front == null) {
System.out.println("[]");
} else {
System.out.print("[" + front.data);
front = front.next;
while (front != null) {
System.out.print(", " + front.data);
front = front.next;

}
System.out.println("]");
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Client Code:

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(

new int[]{16, -3,
LisprintList()s J/ [16, =3
Ll:printList()s
}
front \
data next data next
-3 > 27
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public void printList() { Client Code:
if (front == null) {
System.out.println("[]");
} else {

public static void main(String[] args) {
LinkedIntList 11 = new LinkedIntList(

System.out.print("[" + front.data); new int[]{16, -3, 27});
front = front.next; Ll.printList(); // [16, -3
while (front != null) { Li:printList()s

System.out.print(", " + front.data); }
front = front.next;

}
System.out.println("]");

} front \
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public void printList() {
if (front == null) {
System.out.println("[]");
} else {

System.out.print("[" + front.data);

front = front.next;
while (front != null) {

Client Code:

LinkedIntList 11

LlsprintList()s [/
Li:printList()s

System.out.print(", " + front.data); }

front = front.next;

}
System.out.println("]");
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front \
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public static void main(String[] args) {

new LinkedIntList(

new int[]{16, -3,
[16: =3
data next
27

1)




public void printList() {
if (front == null) {
System.out.println("[]");
} else {

System.out.print("[" + front.data);

front = front.next;
while (front != null) {

System.out.print(", " + front.data); }

front = front.next;

}
System.out.println("]");
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Client Code:
public static void main(String[] args) {

LinkedIntList 11 =

LlsprintList()s [/
Li:printList()s

front \

new LinkedIntList(

new int[]{16, -3,
[16: =3y 27
data next
27

1)




public void printList() { Client Code:
if (front == null) {

blic static void main(Strin args
System.out.println("[]"); A bk = Mo in( gl] gs) {

LinkedIntList 11 = new LinkedIntList(

} else {
System.out.print("[" + front.data); new int[]{16, -3, 1)
front = front.next; LisprintList()ys J/ [16, =3, 27)
while (front != null) { l1l.printList();

System.out.print(", " + front.data); }
front = front.next;

}
System.out.println("]");

} front D
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public void printList() { Client Code:
if (front == null) {

blic static void main(Strin args
System.out.println("[]"); A bk = Mo in( gl] gs) {

LinkedIntList 11 = new LinkedIntList(

} else {
System.out.print("[" + front.data); new int[]{16, -3, 1)
front = front.next; LisprintList()ys J/ [16, =3, 27)
while (front != null) { Ll.printList()s // []

System.out.print(", " + front.data); }
front = front.next;

}
System.out.println("]");

} front D
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public void printList() {
if (front == null) {
System.out.println(“[]7);
} else {
System.out.print(“[” + front.data);
front = front.next;
while (front != null) {

System.out.print(“, ” + front.data); |,

front = front.next;

}
System.out.println(“]”);
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publ
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Client Code:

ic static void main(String[] args) {

LinkedIntList 11 = new LinkedIntList(
new int[]{16, -3,

Ll«printList()s

Li:printList()s

1)



public void printList() { . _
if (front == null) { Client Code:

System.out.println(“[]”); public static void main(String[] args) {

} else { LinkedIntList 11 = new LinkedIntList(
System.out.print(“[” + front.data); new int[]{16, -3, )3
ListNode curr = front.next; L1sprintList():
while (curr != null) { 11.printList();

System.out.print(“, ” + curr.data); }
curr = curr.next;
+
System.out.println(“]”);
}
}
front .
data next data next data next
16 . -3 ’ 27
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public void printList() { . _
if (front == null) { Client Code:

System.out.println(“[]”); public static void main(String[] args) {

} else { LinkedIntList 11 = new LinkedIntList(
System.out.print(“[” + front.data); new int[]{16, -3, )3
ListNode curr = front.next; l1.printList(); // [16
while (curr != null) { 11.printList();

System.out.print(“, ” + curr.data); }
curr = curr.next;
}
System.out.println(“]”);
}
+
front N
data next data next data next
16 — > 3 — T 27
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public void printList() { . _
if (front == null) { Client Code:

System.out.println(“[]”); public static void main(String[] args) {
} else { LinkedIntList 11 = new LinkedIntList(
System.out.print(“[” + front.data); new int[]{16, -3, )3
ListNode curr = front.next; LlsprintList()s // [16
while (curr != null) { 11.printList();
System.out.print(“, ” + curr.data); }
curr = curr.next;
}
System.out.println(“]”);
}
+ curr \
front N
data next data next data next
16 — > -3 — T 27
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public void printList() { . _
if (front == null) { Client Code:

System.out.println(“[]”); public static void main(String[] args) {
} else { LinkedIntList 11 = new LinkedIntList(
System.out.print(“[” + front.data); new int[]{16, -3, )3
ListNode curr = front.next; LlzprintList()s [/ [16,; =3
while (curr != null) { 11.printList();
System.out.print(“, ” + curr.data); }
curr = curr.next;
+
System.out.println(“]”);
}
1 curr \
front N
data next data next data next
16 — T -3 —T> 27
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public void printList() { . _
if (front == null) { Client Code:

System.out.println(“[]”); public static void main(String[] args) {

} else { LinkedIntList 11 = new LinkedIntList(
System.out.print(“[” + front.data); new int[]{16, -3, 27});
ListNode curr = front.next; LisprintList()ys J/ [16, =3, 27)
while (curr != null) { 11l.printList();

System.out.print(“, ” + curr.data); }

curr = curr.next;

}
System.out.println(“]”);

} / curr ,7

front N

data next data next data next
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public void printList() { . _
if (front == null) { Client Code:

System.out.println(“[]”); public static void main(String[] args) {

} else { LinkedIntList 11 = new LinkedIntList(
System.out.print(“[” + front.data); new int[]{16, -3, )3
ListNode curr = front.next; Ll-printList()s // [16, =3, 27]
while (curr != null) { 11.printList(); 2

System.out.print(“, ” + curr.data); }
curr = curr.next;
+
System.out.println(“]”);
}
}
front N
data next data next data next
16 — T 3 —> 2y
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remove (int wvalue) Visualization
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. Without “Stopping One Early” /1

public void remove(int value) {

if (front != null) { Clientcalls 1ist.remove (-3)
// ... front case
else {
ListNode curr = front;
while (curr != null && curr.data != value) {

curr = curr.next;
}
if (curr != null) {
curr = curr.next;
size——;

}front

data | next data | next data | next data | next
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. Without “Stopping One Early” /1

public void remove(int value) {

if (front != null) { Clientcalls 1ist.remove (-3)
// ... front case
else {
[:::::i> ListNode curr = front;
while (curr != null && curr.data != value) {

curr = curr.next;

}
if (curr != null) {
curr = curr.next;

size——;
}
k
}front
data | next data | next data | next data | next
/ 16 — 42 > -3 o 27
curr /
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. Without “Stopping One Early” /1

public void remove(int value) {

if (front != null) { Clientcalls 1ist.remove (-3)
// ... front case
else {
ListNode curr = front;
while (curr != null && curr.data != value) {

curr = curr.next;
}
if (curr != null) {
curr = curr.next;
size——;

}front

data | next data | next data | next data | next

Y

curr
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. Without “Stopping One Early” /1

public void remove(int value) {

if (front != null) { Clientcalls 1ist.remove (-3)
// ... front case
else {
ListNode curr = front;
while (curr != null && curr.data != value) {

curr = curr.next;

}
if (curr != null) {
curr = curr.next;

size——;
}
k
}front
data | next data | next data | next data | next
16 — 42 ./ -3 o 27
curr /
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. Without “Stopping One Early” /1

public void remove(int value) {

if (front != null) { Clientcalls 1ist.remove (-3)
// ... front case
else {
ListNode curr = front;
while (curr != null && curr.data != value) {

curr = curr.next;

}
if (curr != null) {

[:::::i> curr = curr.next;

size——;
}
k
}front
data | next data | next data | next data | next
16 — 42 > -3 /' 27
curr /
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. Without “Stopping One Early” /1

public void remove(int value) {
if (front !'= null) {

// ... front case
else {
ListNode curr = front;
while (curr != null && curr.data != value) {

curr = curr.next;

}

if (curr != null) {

curr = curr.next;

Clientcalls 1ist.remove (-3)

size——; ..
) This is the reference we
} need to change!
}front
data | next data | next data | next data | next
16 > 42 E -3 /. 27
curr /
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. Without “Stopping One Early” /1

public void remove(int value) {

if (front != null) { Clientcalls 1ist.remove (-3)
// ... front case
else {
ListNode curr = front;
while (curr != null && curr.data != value) {

curr = curr.next;

) }
if (curr != null) {
curr = curr.next;

size——; ..
) This is the reference we
} need to change!
}front
data | next data | next data | next data | next
16 > 42 -3 ’ 27

Y

curr
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L4 With “Stopping One Early” |'4

public void remove(int value) {
if (front != null) {

// ... front case

Clientcalls 1ist.remove (-3)

else
ListNode curr = front;
while (curr.next != null && curr.next.data != value) {
curr = curr.next;

}
if (curr.next != null) {
curr.next = curr.next.next;
size--—;
} This is the reference we
, ¥ need to change!
} front
data | next data | next data | next data | next
16 > 42 E -3 ’ 27

PAUL G. ALLEN SCHOOL

Lesson 7 - Spring 2023

OF COMPUTER SCIENCE & ENGINEERING



L4 With “Stopping One Early” |'4

public void remove(int value) {
if (front != null) {

// ... front case

Clientcalls 1ist.remove (-3)

else
ListNode curr = front;
while (curr.next != null && curr.next.data != value) {
curr = curr.next;

}
if (curr.next != null) {
curr.next = curr.next.next;
size--—;
} This is the reference we
, ¥ need to change!
} front
data | next data | next data | next data | next
16 > 42 E -3 ’ 27
curr /
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L4 With “Stopping One Early” |'4

public void remove(int value) {
if (front != null) {

// ... front case

Clientcalls 1ist.remove (-3)

else
ListNode curr = front;
while (curr.next != null && curr.next.data != value) {
curr = curr.next;

}
if (curr.next != null) {
[:::::i> curr.next = curr.next.next;
size--—;
} This is the reference we
, ¥ need to change!
} front
data | next data | next data | next data | next
16 > 42 o -3 ’ 27
curr /
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L4 With “Stopping One Early” |'4

public void remove(int value) {
if (front != null) {

// ... front case

Clientcalls 1ist.remove (-3)

else
ListNode curr = front;
while (curr.next != null && curr.next.data != value) {
curr = curr.next;

}
if (curr.next != null) {
[:::::i> curr.next = curr.next.next;
size--—;
} This is the reference we
, ¥ need to change!
} front
data | next data | next data | next data | next
16 > 42 \ -3 > 27
g

curz / ~—_ 7
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Changing a list

o There are only two ways to change a linked list:
o Change the value of front (modify the front of the list)
o Change the value of <node>.next (modify middle or end of list to
point somewhere else)

e Implications:
o Toadd in the middle, need a reference to the previous node
o Front is often a special case
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