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Exam 1 during class Thursday  

• Please email mrmiller@cs.cmu.edu if you will 
have any difficulties and need accommodations.

• Topics include everything except Linked Lists.
• Review Sessions:
• Sean: Today 5pm – 6pm
• Margaret: Wednesday during lab (attendance 

not required)
• Leah: Wednesday 5pm - 6pm
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Today

• Homework 5 problems and checkpoint: last 
day to submit was last night. 
• Solution to problems will be posted on 

autolab later today.

• Today – Implementing a generic Linked List 
class
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How to deal cards in HW5 card game.

• What are two ways to deal a card from a pile?
• pile.remove(0)
• pile.remove(pile.size()-1)

• Which is easier to code? 
• Which is the more efficient?  

• Never again will you get away with using remove(0)
or add(0, E) if you can reframe the code to use 
remove and add at the end of the array list!
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O(n)
O(1)

The latter.  Why?



Linked Lists
• Advantages:

• Don’t need large blocks of contiguous memory.
• Breaks up an array into little pieces

• Can grow and shrink without copying data.

• Disadvantages:
• Access is sequential.  Slow to access the middle of the 

list.

• What arrays/ArrayLists do well, linked list do poorly and 
vice versa.
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Singly-linked list visualization

• A reference, often called the head, points to the node 
with the first data entry.

• The last node in the list contains null as its 
reference to the next node signifies the end of the list.

• How do you create an empty linked list?
Node list = null
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"A" "B" "C"list

data  next
a node

head



An empty linked list has a head 
reference equal to null.

• This is very different than Strings or ArrayLists

• If I have an empty String,
• I can still ask for its length and
• check if it is equal to another String.

• If I have an empty ArrayList,
• I can still ask for its size and
• add elements to it.
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What does the following Java 
statement do to this linked list?

1. list = list.next;
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What does the following Java 
statement do to this linked list?

2. list.next = list.next.next;
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What does the following Java 
statement do to this linked list?

3. list.next.next.next = list;

A circular linked list!
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"A" "B" "C"list
list list.next list.next.next
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Write code to go from Before to After 
by changing the links only
Before:

After:
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"A" "C"s

t

t

"B" "D"

"A" "C" "B"s

"D" statement order is important!



Write code to go from Before to After 
by changing the links only
Before:

After:
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"A" "C"s

t

t

"B" "D"

"A" "C" "B"s

"D" statement order is important!

1. s.next.next = t



Write code to go from Before to After 
by changing the links only
Before:

After:
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"A" "C"s

t

t

"B" "D"

"A" "C" "B"s

"D" statement order is important!

1. s.next.next = t
2. t = t.next2. t = t.next



Write code to go from Before to After 
by changing the links only
Before:

After:
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"A" "C"s

t

t

"B" "D"

"D" statement order is important!

1. s.next.next = t
2. t = t.next
3. s.next.next.next

= null

"A" "C" "B"s



How do we structure a loop to traverse 
a linked list?

Node current = list;
while(current != null) {       

<process current.data>  
current = current.next;

}

Common pattern to loop through a linked list.

How would we compute the size of the linked list?
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"A" "B" "C"list

// i = 0
// i < size
// data[i]
// i++



A  GENERIC LINKED-LIST 
CLASS
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We want a singly-linked list class that, 
from the outside, behaves like an ArrayList.

SinglyLinkedList<String> names;
names = new SinglyLinkedList<String>();

names.add("Margaret");
names.add("Tom");
names.add(0, "Dave");

names.size();   // returns 3
names.get(2);   // returns "Tom"
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When we implement MyArrayList
class, what did we think about first?

1. The fields: 
(a) array and (b) number of elements

2. Then the methods
• First the constructor(s)
• Then toString (for debugging)
• Then the rest (start with the easy ones)
• size, isEmpty, add, remove, 
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Implementing a Linked List class
For a linked list, what data do I need to keep?

• A reference to the first (head) node

And what’s in a node?
• data
• a reference to the next node in the list

What type should its data be?
• Any type!! 

So, how should we declare a SinglyLinkedList class?
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SinglyLinkedList class
public class SinglyLinkedList<E> {

private Node first;
private int size;   // why?

// constructor
public SinglyLinkedList() {

first = _____
size = 0;

}
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null;



Inner classes
• Since the Node class is specific to a linked list, we 

can define the Node class to be an inner class 
within the SinglyLinkedList class.

• The inner class is only accessible by the class that 
encloses it (i.e., the SinglyLinkedList class).

• Fields defined in the inner class are accessible by its 
enclosing class. (No accessors or mutators are 
needed.) 

• Encapsulation: The Node class is hidden from the 
outside (other classes).
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Node class
private class Node {     // inner class

private E data;
private Node next;

private Node(E obj){
data = obj;
next = null;

}
private Node(E obj, Node nextRef){

data = obj;
next = nextRef;

}                   (You will not need to know how 
to write inner classes.)
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SinglyLinkedList methods

• Same methods as for the ArrayList (and a few 
others):

int size()
void addFirst(E obj) // helper method
E removeFirst(E obj) // helper method
String toString()
void add(int index, E obj)
E remove(int index)
E get(int index)
E set(int index, E obj)
boolean contains(Object obj) 
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size()  and addFirst()
// returns the size of the list
public int size() {

return size;
}

// Adds obj as the first element of list.
private void addFirst(E obj) {

first = new Node(obj, );
size++;

}
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first

Helper method



RemoveFirst()

// Removes the first element of list 
// Returns element that was previously first

private E removeFirst() {
E obj = first.data;
first = first.next;
size--;
return obj;

}

• Problem?
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RemoveFirst() must check for null list

// Removes the first element of list 
// Returns element formally was first

private E removeFirst() {
if (first == null) 

throw new NoSuchElementException();

E obj = first.data;
first = first.next;
size--;
return obj;

}
Fall 2020 15-121 (Reid-Miller) 30



toString() using a StringBuilder
public String toString() {

StringBuilder result = ____________________

Node current = first;
while (_______________) {

result.append(current.data + " => ");
_______________________

}
result.append("null");
return result____________

}
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current != null

new StringBuilder();

current = current.next;

.toString();



Loops: array / linked list
Description Array code Linked List code

Start at the front of list int i = 0 Node current = first;
Test for more elements i < size current != null
current object data[i] current.data
go to next element i++ current = current.next
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for (Node current = first; current != null; current.next){
// process next element

}

I’ll tend to use while loops, though.



add at the end of the list 
(does not compile)

public void add(E obj) {  
Node current = first;
while (current != null) {

current = current.next;
}
current = obj;
size++;

}

Why doesn't this code COMPILE? 
current is of type Node and obj is of type E.

Need to put obj into a new Node. 
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add at the end of the list 
(does not work)

public void add(E obj) {
Node current = first;
while (current != null) {

current = current.next;
}
current = new Node(obj);
size++;

}

What is the outcome of this code?
Sets the local variable current to a new Node and current 
dies at the end of then method (and new node will be 
garbage collected.)
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Find last node #1: looking ahead

public void add(E obj) {
Node current = first;
while (current.next != null) {

current = current.next;
}
current.next = new Node(obj);
size++;

}

Two ways it changes the structure of a list:
• Changes the head (first.next)
• Changes the <something>.next that is already in the list
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Find the last node #2: prev & current

public void add(E obj) {
Node prev = ________
Node current = first;

while (current != null) {
prev =
current = current.next;

}
// current is _____and prev is _________
________.next = new Node(obj, null);
size++;

}
Problem?
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null; // or first

current;

prev
null last node

NullPointerException



Correct add at end #1: looking ahead

public void add(E obj) {
if (first == null) {

addFirst(obj);
return;

}
Node current = first;
while (current.next != null) {

current = current.next;
}
current.next = new Node(obj, null);
size++;

}
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Add at given index

public void add(int index, E obj) {
if (index < 0 || index > size)

throw new IndexOutOfBoundsException();

if (index == 0) {
addFirst(obj);
return;

}
…

// cont’d
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Add at given index (cont’d)

…
Node current = first;
for (int i = 0; ; i++) { 

current = current.next;
}

// hook in newNode
Node newNode = new Node(obj);
…

}
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Add at index 3 goal
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first

Insert here
(index = 3)

newNode

null

current



Add at index 3
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first

Insert here
(index = 3)

current

newNode

WRONG 
1. current.next = newNode;
2. newNode.next = current.next;

null

null

1

2



Add at given index 
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first

Insert here
(index = 3)

current

newNode

Correct 
1. newNode.next = current.next;
2. current.next = newNode;

null

null

2 1



Add at given index (cont’d)

…
Node nodeBefore = first;
for (int i = 0; i < index -1; i++) { 

nodeBefore = nodeBefore.next;
}

// hook in newNode
Node newNode = new Node(obj);
newNode.next = nodeBefore.next;
nodeBefore.next = newNode;
size++;

}
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Exercise: Remove at given index

public E remove(int index) {
if (index < 0 || index > size())

throw new IndexOutOfBoundsException();

if (index == 0) {
return removeFirst();

}
…

// cont’d
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Remove at given index (cont’d)

…
Node current = first;
for (int i = 0; ; i++) { 

current = current.next;
}

// remove the node
…

size--;
return obj;

}
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Remove at index 3 goal 
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first

remove here
(index = 3)

null

2

obj



Remove at index 3
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first

remove here
(index = 3)

current

WRONG 
1. current.next = current.next.next;
2. E obj = current.next.data;

null

2
2

obj

1



Remove at index 3
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first

remove here
(index = 3)

current

Correct 
1. E obj = current.next.data;
2. current.next = current.next.next;

null

2
1

obj

2



Remove at given index (cont’d)

…
Node nodeBefore = first;
for (int i = 0; i < index-1; i++) { 

nodeBefore = nodeBefore.next;
}

// remove the node
E obj = current.next.data;
nodeBefore.next = nodeBefore.next.next;
size--;
return obj;

}
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Remove at given index (cont’d alternate)

…
Node nodeBefore = first;
for (int i = 0; i < index-1; i++) { 

nodeBefore = nodeBefore.next;
}

// remove the node
Node nodeToRemove = nodeBefore.next;
nodeBefore.next = nodeToRemove.next;
size--;
return nodeToRemove.data;

}
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Complexity
On a singly linked list with n nodes:

addFirst ___________________

removeFirst ___________________

add( ___________________

remove ___________________
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Disadvantages of Singly
Linked Lists

• Insertion into a list is generally linear.
• In order to insert a node at an index greater 

than 0, we need a reference to the previous 
node.

• In order to remove a node that is not the first 
node, we need a reference to the previous 
node.

• We can only traverse the list in one direction.
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