CS 10:

Problem solving via Object Oriented
Programming

Lists Part 1



 Implement singly linked list
 Handle exceptions
* Use iterators




Reminder: List ADT defines required

operations, not implementation

List ADT
Operation

size ()
i1sEmpty ()
add (e)
add (i, e)

remove (1)

get (1)

set (1i,e)

Description

Return number of items in List

True if no items in List, otherwise false
Add item e to end of the list

Insert item e at index i, moving all subsequent
items one index larger

Remove and return item at index i, move all
subsequent items one index smaller

Return the item at index i

Replace the item at index i with item e



SimplelList.java is an interface that specifies

what operations MUST be implemented

public interface SimpleList<T> extends Iterable<T> {

Jon Simplelist.java
* Returns # elements in the List (they are indexed 0..size-1)
*/

public int size();

/**

* Returns true if there are no elements in the List, false otherwise
* @return true or false
¥/

public boolean isEmpty();

/**
* Adds the item at the index, which must be between 0 and size
¥/
public void add(int idx, T item) throws Exception;
/**
* Add item at end of List
*
/
public void add(T item) throws Exception;
/**
* Removes and returns the item at the index, which must be between 0 and size-1
¥/
public T remove(int idx) throws Exception;
/**
* Returns the item at the index, which must be between 0 and size-1
¥/
public T get(int idx) throws Exception;
/**
* Replaces the item at the index, which must be between 0 and size-1
¥/
4

public void set(int idx, T item) throws Exception;



» 1. Singly linked list implementation

2. Exceptions

3. Iterators



Singly linked list review: elements have

data and a next pointer

data next data next data next

head —> —1—> ——> M
l l l

“Alice” “Bob” “Charlie”




To get an item at index i, start at head and

march down

get(i) — return item at specified index

data next data next data next

head —> —1—> ——> M
l l l

“Alice” “Bob” “Charlie”

Get item at index 2

— )

On paper
example

—
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add() “splices in” a new object anywhere in

the list by updating next pointers
add(1, “Bill”)

data next data next data next

head —> —1—> ——> M
l l l

“Alice” “Bob” “Charlie”

data next  agd Bill at index idx=1
e Advance from head to idx-1 (Alice)

‘l‘ On paper
“Bill” example
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remove() takes an item out of the list by

updating next pointer

remove(l)

data next data next data next

I Readt

“Alice” “Bob” “Charlie”
data nex
/ Remove Bill at index idx=1
 Advance from head to idx-1 (\Al_i%-\
‘l‘ On paper
“Bill” example
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SinglyLinked.java: Implementation of List

interface

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element head; // front of the
private int size; //# elements in the list

/**
* The linked elements in the list: each has a piece of
*/

private class Element {

private T data;
private Element next;

and a next pointer

private Element(T data, Element next) {
this.data = data;
this.next = next;
}
}

public SinglyLinked() {
head = null;
size = 0;

}
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Lists hold items of generic type

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element head; // t of the linked list
private int size; //# elements™

/**
* The linked elements in the list: each has a
*/
private class Element {

private T data; €—
private Element next;

)ce of data and a next pointer

private Element(T data, Element next) {
this.data = data;
this.next = next;

}
}

public SinglyLinked() {
head = null;
size = 0;

}
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Implement a private “nested” class to hold

data and next pointer

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element head; // front of the linked list
private int size; //# elements in the list

/**
* The linked elements in the list: each has a piece of data and a next pointer
*/
private class Element { —_—
private T data;

private Element next;

private Element(T data, Element next){ ¢
this.data = data;
this.next = next;

} —

}

public SinglyLinked() {
head = null;
size = 0;

}
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Set head to null and size to zero in

constructor

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element headjye// front of the linked list
private int size; //#ele

/**
* The linked elements in the list: each h
*/
private class Element {

private T data;
private Element next;

a piece of data and a next pointer

private Element(T data, Element next) {
this.data = data;
this.next = next;

}
}

public SinglyLinked() {
head = null;
size = 0;

}
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Increment size instance variable on add,

decrement on remove operation
/** SinglyLinked.java

* Return the number of elements in the List (they are indexed 0..size-1)
* @return number of elements
*/
public int size() {
return size;

}

/**
* Returns true if there are no elements in the List, false otherwise
* @return true or false

*/
public boolean isEmpty() { * How can isEmpty() be easily implemented?

}
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Implementing isEmpty “isEasy” ©

/** SinglyLinked.java
* Return the number of elements in the List (they are indexed 0..size-1)
* @return number of elements
*
/
public int size() {
return size;

}
/**

* Returns true if there are no elements in the List, false otherwise
* @return true or false

*/

public boolean isEmpty() { * How can isEmpty() be easily implemented?
return size == 0;

} * Run-time complexity?

* 0(1)
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advance is a helper method to move to the

nth item in the List

o SinglyLinked.java
* Helper function, advancing to the nth Element in the list and returning it
* (exception if not that many elements)

*
/
private Element advance(int n) throws Exception {
Element e = head;
//safety check for valid index (don't assume caller checked!)
if (e==null || n<0 || n>=size){
throw new Exception("invalid advance");

}

// Just follow the next pointers n times
for(inti=0;i<n;i++){
e = e.next;

}

return e;

16



add method uses advance

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after element # idx-1
Element e = advance(idx-1);
// Splice it in
e.next = new Element(item, e.next);

}

size++;
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add method uses advance

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)

if (idx < 0 || idx > size) { €

throw new Exception("invalid index");

}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after element # idx-1
Element e = advance(idx-1);

// Splice it in
e.next = new Element(item, e.next); head —>z
}

size++;
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No need to advance if adding at the head

public void add(int idx, T item) throws Exception { SinglyLinked.java

//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {

throw new Exception("invalid inde

}

else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1);

// Splice it in
e.next = new Element(item, e.next); head —>z
}

size++;
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Just create a new Element and point head

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)

if (idx< 0 || idx > size) {
throw new Exception("invalid index");

}

else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next

// Splice it in
e.next = new Element(item, e.next); head _>z 15
}

size++;

}
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Just create a new Element and point head

to It
public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

}

else if (idx == 0) {
// Insert at head

head = new Element(item, head);

}
else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head _>Z 15 M
}
size++;

}
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Just create a new Element and point head

to It
public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

}
else if (idx == 0) {
// Insert at head
head z new Element(item, head);

}

else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next

// Splice it in
e.next = new Element(item, e.next); head —>{ 15 ./‘
}

size++;

}
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Don’t forget to increment size

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next

// Splice it in
e.next = new Element(item, e.next); head —>{ 15 ./‘
}

size++;
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Adding at head if the List is not empty is

easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after element # idx-1 add(0,6)
Element e = advance(idx-1); data next

// Splice it in
e.next = new Element(item, e.next); head —>{ 15 ./‘
}

size++;
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Adding at head if the List is not empty is

easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after element # idx-1 add(0,6)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head —>{ 15 ./“
} [
Size++;
} data next

6
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Adding at head if the List is not empty is

easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after element # idx-1 add(0,6)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head — 15 ./‘
} [
Size++;
} data next

—> 6
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If adding NOT at head, use advance

method

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after ele
EIemgnt ? = advance(idx-1); data
// Splice it in

e.next = new Element(item, e.next);, .oy 6 —— 15
}

size++;

add(1,3)

next data next
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Move to index idx-1

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

}
else if (idx == 0) {

// Insert at head
head = new Element(item, head);
}
else { | | add(1,3)
// It's the next thing after elegaént # idx-1
Element e = advance(idx-1); data next data next

// Splice it in
e.next = new Element(item, e.next)

} 'head —| 6 —+—> 15 V

size++;
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Splice in a new Element that points to

where Element at idx-1 points

public void add(int idx, T item) throws Exception { SinglyLinked.java

//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after element #idx-1
Element e = advance(idx-1);

add(1,3)

o data next data next
// Splice it in
e.next = new Element(item, e.next);head N 13 45
}
Size++; I\
}
data next
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Set idx-1 to point to new Element

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}
else {
add(1,3
// It's the next thing after e (1.3)
Element e = adva x-1); data next data next
// Splice jL4
e.next = new Element(item, e.next);p \oq o 6 15
}
size++; )
}
data next
L 3
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Don’t forget to increment size

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else { | | add(1,3)
// It's the next thing after element # idx-1
Element e = advance(idx-1);
// Splice it in
e.next = new Eleme

data next data next

M, enext)paad — 6 15 V

size++;
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Adding at the end is easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {

// It's the next thing after element # idx-1
Element e = advance(idx-1); data next data next data next

// Splice it in
e.next = new Element(item, e.next); head —3 6 —+—> 3 —t+—> 15 M

}

size++;

}

public void add(T item) throws Exception { How to easily add at the end?
<_—

}
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Adding at the end is easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {

// It's the next thing after element # idx-1
Element e = advance(idx-1); data next data next data next

// Splice it in
e.next = new Element(item, e.next); head —3 6 —+—> 3 —t+—> 15 M

}

size++;

}

public void add(T item) throws Exception { How to easily add at the end?
add(size,item); e— Just call add with size as index

}

On SA-4 you’ll do something more efficient
using a tail pointer



remove method removes and returns data

at idx

public T remove(int idx) throws Exception {
T data = null; //data to return
//safety check for valid index

if (head ==null || idx <0 || idx >= size) {

throw new Exception("invalid index");

SinglyLinked.java

}
else if (idx == 0) {
data = head.data;

head = head.next;
} remove(0)

else {
// It's the next thing after element # idx-1

Element e = advance(idx-1); head —| 6 —4 5 3 — | 15
data = e.next.data;

// Splice it out
e.next = e.next.next; //nice!

size--;
return data;

data next data next data next
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If removing at head, just set head to

head.next

public T remove(int idx) throws Exception {
T data = null; //data to return
//safety check for valid index

if (head ==null || idx <0 || idx >= size) {

throw new Exception("invalid index");

SinglyLinked.java

}
else if (idx == 0) {
data = head.data;

head = head.next;
} remove(0)

else { , , data next data next data next
// It's the next thing after element # idx-1

Element e = advance(idx-1); head _‘_H—H 3 ——| 15
data = e.next.data; |

// Splice it out
e.next = e.next.next; //nice!

}  What happens to the old head element?
size--; * Garbage collected! (memory returned to
return data; the Operating System)
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If removing at head, just set head to

head.next

public T remove(int idx) throws Exception {
T data = null; //data to return
//safety check for valid index

if (head ==null || idx <0 || idx >= size) {

throw new Exception("invalid index");

SinglyLinked.java

}
else if (idx == 0) {
data = head.data;

head = head.next;
} remove(0)

else {
// It's the next thing after element # idx-1

Element e = advance(idx-1); head —| 3 —4 3 15
data = e.next.data;

// Splice it out

e.next = e.next.next; //nice!
}  What happens to the old head element?

size--: * Garbage collected! (memory returned to
return data; the Operating System)

data next data next

36



If removing NOT at head, advance to idx-1

SinglyLinked.java

public T remove(int idx) throws Exception {
T data = null; //data to return
//safety check for valid index
if (head ==null || idx <0 || idx >= size) {
throw new Exception("invalid index");

}

else if (idx == 0) {
data = head.data;
head = head.next;

}

else {
// It's the next thing after ele

Element e = advance(idx-1); head —| 3 —4 3 15
data = e.next.data;

// Splice it out
e.next = e.next.next; //nice!

size--;
return data;

remove(1)

data next data next
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Set idx-1 Element next to point to next.next

SinglyLinked.java

public T remove(int idx) throws Exception {
T data = null; //data to return
//safety check for valid index
if (head ==null || idx <0 || idx >= size) {
throw new Exception("invalid index");

}

else if (idx == 0) {
data = head.data;
head = head.next;

}

else { , , data next data next
// It's the next thing after elemght # idx-1
Element e = advance(idx-1); head > 3 4
data = e.next.data;
// Splice it out
e.next = e.next.next; //nice!

size--;
return data;

remove(1)
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Set idx-1 Element next to point to next.next

SinglyLinked.java

public T remove(int idx) throws Exception {
T data = null; //data to return
//safety check for valid index
if (head ==null || idx <0 || idx >= size) {
throw new Exception("invalid index");

}

else if (idx == 0) {
data = head.data;
head = head.next;

}

else { , , data next
// It's the next thing after elemght # idx-1
Element e = advance(idx-1); head > 3
data = e.next.data;
// Splice it out
e.next = e.next.next; //nice!

size--;
return data;

remove(1)
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get and set are straightforward with

advance method

public T get(int idx) throws Exception {

SinglyLinked.java
//safety check for valid index
if (idx <0 | | idx >= size) { * Run-time complexity?
throw new Exception("invalid index");

} * Ofn)
Element e = advance(idx);
return e.data;

}

public void set(int idx, T item) throws Exception {
//safety check for valid index
if (idx <0 || idx >= size) {
throw new Exception("invalid index");

}

Element e = advance(idx);
e.data = item;
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toString returns a String representation of

the List (doesn’t print!)

SinglyLinked.java

public String toString() {
String result ="";
for (Element x = head; x != null; x = x.next) Run-time complexity
result += x.data + "->"; O(n)
result += "[/]";

return result;

On an exam: make sure you return a String with
toString(), don’t print in toString()

41



ListTest.java: Test of List implementation

public class ListTest {

public static void main(String[] args) throws Exception {
SimpleList<String> list = new SinglyLinked<String>();
System.out.printin(list);
list.add("1"); System.out.printin(list);
list.add("2"); System.out.printin(list);
list.add(0O, "a"); System.out.printin(list);
list.add(1, "c"); System.out.printin(list);
list.add(1, "b"); System.out.printIn(list);
list.set(2, "e"); System.out.printIn(list.get(2));
list.add(0, "z"); System.out.printlIn(list);
String data = list.remove(2); System.out.printin(data);
System.out.printin(list);
data = list.remove(0); System.out.printin(data);
System.out.printin(list);
data = list.remove(1); System.out.printin(data);
System.out.printin(list);

data = list.remove(list.size()-1); System.out.printin(list);

ListTest.java

Output

[/]

1->[/]

1->2->[/]

a->1->2->[/]
a->c->1->2->[/]
a->b->c->1->2->[/]

e
z->a->b->e->1->2->[/]
b

z->a->e->1->2->[/]

z

a->e->1->2->[/]

e

a->1->2->[/]

a->1->[/] "



Summary of SinglylLinked run-time

complexity

Run-time complexity

Linked list

get(i) ?
set(i,e) ?
add(i,e) ?
remove(i) ?
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Summary of SinglylLinked run-time

complexity

Run-time complexity

Linked list

get(i) O(n)
set(i,e) O(n)
add(i,e) O(n)

remove(i) O(n)



1. Singly linked list implementation

» 2. Exceptions

3. Iterators
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An exception indicates that something

unexpected happened at run-time

@%# | Exception Handling Programs in Java |

Exception

Without Exception With Exception €8
- 1
([ Cor Ruuning ] 2 L) =y ! public void set(int idx, T item) throws Exception {
t 1 t if (idx < @) {
r 1 throw new Exception("invalid index");
Yy ' ry }
{ 1 { Element e = advance(idx);

. e.data = item;
1.set (0,10) ' 1.set (-1,10) ¥

} i 6
catch (...) : catch (...)

{ | {

} : }

finally ( finally
{

{ :
D D
} | }
<‘ Next line code <’ Next line code

1
£
tutorial.eyehunts.com
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ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
9
7 SimpleList<String> list = new Singlylinked<String>Q);
8
9 try {
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I");
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?");
21 System.out.println("No I don't");
22 }
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 }
27 finally {
28 System.out.println("finally 1"); // executed whether or not caught an error
29 }
30
31 try {
32 list.add(@, "?7");
33 System.out.println(list);
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this code is fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 }
42 3}
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €7 Expressions Error Log [£) Console Call Hierarchy
termi: Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
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ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6
7 SimpleList<String> list = new SinglylLinked<String>Q);
8
9 try {
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I");
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?");
21 System.out.println("No I don't");
22 }
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 }
27 finally {
28 System.out.println("finally 1"); // executed whether or not caught an error
29 }
30
31 try {
32 list.add(@, "?");
33 System.out.println(list);
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this code is fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 3
42 3}
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €< Expressions Error Log [£) Console Call Hierarchy
termi: Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 48
?7->[/]

finally 2



1. Singly linked list implementation

2. Exceptions

» 3. lterators
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What is wrong with this code?

//declare Simplelist using SinglyLinked implementation
Simplelist<Integer> list = new SinglyLinked<>();

int numberOfltems = 1000; Instantiate SinglyLinked list of Integers
//add numberOfitems to list Add 1,000 Integer to List
for (inti=0; i < numberOfitems; i++) { Print each item in List
list.add(i);
} Works as intended, but slow

//print each item in list O(n?) - sneaky inefficiency

for (inti=0; i< list.size(); i++) { Why?

Integer value = list.get(i); « get(i) always starts at head
System.out.printin(value); * Helpful if we could remember

} where we left off during iteration
* Iterators remember
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Implementing Iterable interface tells Java

you promise to implement an iterator

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java

private Element head; // front of the linked list \

private int size; //# elements in the list
/**

* The linked elements in the list: each has a piece of data and a next pointer

*/

private class Element {

private T data;

private Element next;

private Element(T data, Element next) {
this.data = data;
this.next = next;
}
}

public SinglyLinked() {
head = null;
size = 0;

}
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An iterator must provide a next and a

hasNext method

public interface Iterator<T> {
/**
* Returns true if the iteration has more elements. (In other words,
* returns true if next() would return an element rather than throwing an exception.)
*/

public boolean hasNext();

/**
* Returns the next item and advances the iterator.
* Throws an exception if there is no next item.
*/

public T next() throws Exception;

}

52
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https://docs.oracle.com/javase/8/docs/api/java/util/Iterator.html

SinglyLinked.java provides iterator method

that creates an iterator

SinglyLinked.java
public Iterator<T> iterator() { //satisfy iterator requirement in Iterable interface
return new Listlterator();

}
/**

* Iterator class that implements the required functionality to use this List in a for each loop
*/
private class Listlterator implements Iterator<T> {

// Use curr to point to next item in List

Element curr; //store current position

public Listlterator() {
curr = head;

}

public boolean hasNext() {
return curr != null;

}

public T next() {
if (curr == null) {
throw new IndexOutOfBoundsException();

}

T data = curr.data;
curr = curr.next;
return data;



Now our SinglyLinked objects can be used

in a for-each loop

SimpleList<String> list = new SinglyLinked<String>();
//add some items to list

//test for each loop works

for (String item : list) { for (Iterator<String> iter = list.iterator(); iter.hasNext(); ) {
System.out.print(item + "->"); String item = iter.next();

} System.out.print(item + "->");

System.out.printIn("[/]"); }

System.out.printin("[/]");
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An iterator can dramatically speed up

execution time

public static Long loopTest1(SinglyLinked<Integer> list, Integer targetValue) throws Exception { . .

//use get, start back at head each time through loop TI meTeSt 'java
long startTime = System.nanoTime();
for (inti=0; i< list.size(); i++) {

Integer value = list.get(i);

if (value == targetValue) {

break;

}
}
return = System.nanoTime() - startTime;

}

public static Long loopTest2(SinglyLinked<Integer> list, Integer targetValue) {

long startTime = System.nanoTime();
//use iterator to not start back at head each time
Iterator<Integer> iter = list.iterator();
while (iter.hasNext()) {

if (iter.next() == targetValue) {

break;

}
}
return = System.nanoTime() - startTime;

}

public static void main(String[] args) throws Exception {
//add numberOfitems to list
SinglyLinked<Integer> list = new SinglyLinked<>();
int numberOfltems = 1000;
for (inti=0; i < numberOfitems; i++) {
list.add(i);
}
Long timel = loopTest1(list,numberOfltems-1);
System.out.printf("method 1 took %,15d nanoseconds\n",timel);
Long time2 = loopTest2(list,numberOfltems-1);
System.out.printf("method 2 took %,15d nanoseconds\n", time2);

System.out.printin("ratio timel/time2: " + timel/(float)time2); 55



An iterator can dramatically speed up

execution time

public static Long loopTest1(SinglyLinked<Integer> list, Integer targetValue) throws Exception { . .

//use get, start back at head each time through loop TI meTeSt 'java
long startTime = System.nanoTime();
for (inti=0; i< list.size(); i++) {

Integer value = list.get(i);

if (value == targetValue) {

break;

}
}
return = System.nanoTime() - startTime;

}

public static Long loopTest2(SinglyLinked<Integer> list, Integer targetValue) {
long startTime = System.nanoTime();
//use iterator to not start back at head each time
Iterator<Integer> iter = list.iterator();

while (iter.hasNext()) { Output
if (iter.next() == targetValue) {
break; method 1 took 2,944,125 nanoseconds
} } method 2 took 83,125 nanoseconds
} return = System.nanoTime() - startTime; ratio tlmel/tlme2 35418045

public static void main(String[] args) throws Exception {
//add numberOfitems to list
Singlylinked<Integer> list = new SinglyLinked<>(;  Results highly variable (we will see why later in the course)
int numberOfltems = 1000;
for (inti=0; i < numberOfitems; i++) {

list.add(i);

}
Long timel = loopTest1(list,numberOfltems-1);
System.out.printf("method 1 took %,15d nanoseconds\n",timel);
Long time2 = loopTest2(list,numberOfltems-1);
System.out.printf("method 2 took %,15d nanoseconds\n", time2);

System.out.printin("ratio timel/time2: " + timel/(float)time2); 56



* Singly linked list implementation of ADT
SimplelList

— Marching down the list -> O(n)

* Exceptions for passing an error so that the
caller can handle them

e |terators for efficient iterations over elements
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* Array lists
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Additional Resources




SINGLY LINKED LIST VISUALIZATION



Singly linked list review: elements have

data and a next pointer
Singly linked list

“Box-and-pointer” diagram
 Datain Box
* Pointer to next item in List
data next data next data next

e A

head points to first o e L y .,
item (index 0) Alice Bob Charlie

Slash indicates end
of List

null if list is empty
next pointer is null
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To get an item at index i, start at head and

march down

get(i) — return item at specified index

Index 0
data next data next data next

head ——> —1—> ——> M
l l l

“Alice” “Bob” “Charlie”

Get item at index 2
1. Start at head (index 0)
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To get an item at index i, start at head and

march down

get(i) — return item at specified index

Index 1
data next data next data next

head —> —— ——> M
l l l

“Alice” “Bob” “Charlie”

Get item at index 2
1. Start at head (index 0)
2. Follow next pointer to index 1
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To get an item at index i, start at head and

march down

get(i) — return item at specified index

Index 2
data next data next data next

head —> —1—> — M
l l l

“Alice” “Bob” “Charlie”

Get item at index 2

1. Start at head (index 0)

2. Follow next pointer to index 1
3. Follow next pointer to index 2

64



To get an item at index i, start at head and

march down

get(i) — return item at specified index

Index 2
data next data next data next

head —> —1—> — M
l l l

“Alice” “Bob” “Charlie”

Get item at index 2

1. Start at head (index 0)

2. Follow next pointer to index 1

3. Follow next pointer to index 2

4. Return “Charlie” (data of item 2)
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add() “splices in” a new object anywhere in

the list by updating next pointers
add(1, “Bill”)

data next data next data next

head —> —1—> ——> M
l l l

“Alice” “Bob” “Charlie”

data next  agd Bill at index idx=1
e Advance from head to idx-1 (Alice)

l(Bi””
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add() “splices in” a new object anywhere in

the list by updating next pointers
add(1, “Bill”)

Index 0 (=idx-1)
data next data next data next

head ——> —1—> ——> M
l l l

“Alice” “Bob” “Charlie”

data next  agd Bill at index idx=1
e Advance from head to idx-1 (Alice)

l(Bi””
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add() “splices in” a new object anywhere in

the list by updating next pointers
add(1, “Bill”)

data next data next data next

head —>) > 1 M
l l l

“Alice” “Bob” “Charlie”

data ne Add Bill at index idx=1

e Advance from head to idx-1 (Alice)
* Update Bill’s next pointer to same
l address as Alice’s next pointer

l(Bi””
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add() “splices in” a new object anywhere in

the list by updating next pointers
add(1, “Bill”)

data next data next data next

+{ 17
! l

“Bob” “Charlie”

head —>

Add Bill at index idx=1

e Advance from head to idx-1 (Alice)

* Update Bill’s next pointer to same
address as Alice’s next pointer

e Update Alice’s next pointer to Bill
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add() “splices in” a new object anywhere in

the list by updating next pointers
add(1, “Bill”)

data next data next data next

I et

“Alice” “Bob” “Charlie”
data next  add Bill at index idx=1
/ e Advance from head to idx-1 (Alice)
* Update Bill’s next pointer to same
l address as Alice’s next pointer

e Update Alice’s next pointer to Bill

e Bill now spliced into List

* Once find idx-1, only two pointer
updates needed "

l(Bi””



remove() takes an item out of the list by

updating next pointer

remove(l)

data next data next data next

I Readt

“Alice” “Bob” “Charlie”

data nex

/ Remove Bill at index idx=1
* Advance from head to idx-1 (Alice)

l(Bi””
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remove() takes an item out of the list by

updating next pointer

remove(l)
data next
head —> \ =
|
\
\
\
\
“Alice” \
\
\\
Y data ne

data next data next
1) M
“Bob” “Charlie”

Remove Bill at index idx=1

* Advance from head to idx-1 (Alice)
Set Alice’s next pointer to Bill’s next
pointer (the next element’s next)
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remove() takes an item out of the list by

updating next pointer

remove(l)

data next data next data next

head —>) > 1 M
l l l

“Alice” “Bob” “Charlie”
data nex
/ Remove Bill at index idx=1
* Advance from head to idx-1 (Alice)
l * Set Alice’s next pointer to Bill’s next

pointer (the next element’s next)
* Bill will be garbage collected (in C we

have to call free()) 25



SinglyLinked.java

ANNOTATED SLIDES



SinglyLinked.java: Implementation of List

interface

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element head; // front of the linked list \
private int size; //# elements in the list We will deal with Iterable soon,
standby for more info, but can
/** implement multiple interfaces
* The linked elements in the list: each has a piece of data\gnd a next pointer
*
/_ “implements” is a promise to
private class Element { . .
orivate T data; implement all required methods
private Elem e’nt next: specified by Interface SimplelList
e size()
private Element(T data, Element next) { * isEmpty()
this.data = data; * add()
this.next = next; * remove()
} - get()
} * set()
public SinglyLinked() {
head = null;
size = 0;

}
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Lists hold items of generic type

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element head; // t of the linked list
private int size; //# elements™

/**
* The linked elements in the list: each has a
*/

private class Element {

)ce of data and a next pointer

private T data; €— . ]
private Element next; * Type of data is generic T
* Don’t care what kind of data the List
private Element(T data, Element next) { holds, could be Strings, Integers,
this.data = data; Student Objects,...
this.next = next; * This way we don’t have to write a
} J separate implementation if use Strings
as elements, and other
oublic SinglyLinked() { implementation if use Integers, and
head = null; third implementation if use ...
size = 0; e Just implement the List once and hold
} whatever data type needed for the
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Implement a private “nested” class to hold

data and next pointer

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element head; // front of the linked list
private int size; //# elements in the list

/**
* The linked elements in the list: each has a piece of data and a next pointer
*/
private class Element { —_—
private T data; * Define a private class within SinglyLinked
private Element next; called Element to implement data and next
pointers (could be in its own file)
private Element(T data, Elementnext){ (™ « Element constructor takes data as type T
this.data = data; and pointer to next Element (could be null)
this.next = next; » Element is private to SinglyLinked (internal
| } — to this file, no need for others to change it)
public SinglyLinked() {
head = null;
size =0;

}
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Set head to null and size to zero in

constructor

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinglyLinked.java
private Element headjye// front of the linked list
private int size; //#ele

/**
* The linked elements in the list: each htxsg piece of data and a next pointer
*/
private class Element {
private T data;
orivate Element next; * Creates head Element and size
counter
private Element(T data, Element next) { e Constructor initializes head to null
this.data = data; and sizeto O
this.next = next; * Notice head is of type Element
) but is never “newed”
} * head will be a pointer to first
oublic SinglyLinked() { Element in the List
head = null;
size = 0;

}
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Increment size instance variable on add,

decrement on remove operation
/** SinglyLinked.java

* Return the number of elements in the List (they are indexed 0..size-1)
* @return number of elements

*/bl' ot * size() method just returns instance variable size
public int size() {/ * size will be incremented on add(), decremented on remove()

return size; . .
) * Run-time complexity?

* 0(1)

/**
* Returns true if there are no elements in the List, false otherwise
* @return true or false

*/
public boolean isEmpty() { * How can isEmpty() be easily implemented?

}
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Implementing isEmpty “isEasy” ©

/** SinglyLinked.java
* Return the number of elements in the List (they are indexed 0..size-1)
* @return number of elements
*
/
public int size() {
return size;

}
/**

* Returns true if there are no elements in the List, false otherwise
* @return true or false

*/

public boolean isEmpty() { * How can isEmpty() be easily implemented?
return size == 0;  Check if size==0

} * Run-time complexity?

* 0(1)
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advance is a helper method to move to the

nth item in the List

o SinglyLinked.java
* Helper function, advancing to the nth Element in the list and returning it
* (exception if not that many elements) Key point: to get to an index in a
*/ SinglyLinked List, must always start

private Element advance(int n) throws Exception {
Element e = head;
//safety check for valid index ~gssume caller checked!)
if (e==null || n<0 || n>=size){ * advance() helper method
throw new Exception("invalid advance"); Start at head and marches down n items (e not
} new’ed)
* Loop until hit nth item
* Return nth item (or throw exception)
* Note: return type from advance() is Element

at head and march down List!

// Just follow the next pointers n times
for(inti=0;i<n;i++){

e = e.next; e .
} * advance() not specified by interface, but
return e; implementations can have more methods than
} required

Do not assume caller checked for valid index!
* Run-time complexity?
* O(n)
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add method uses advance

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
i (idx < 0 || idx > size) { add()/remove() use advance() to

throw new Exception("invalid index"); march down list to item before
} index idx, then adjust pointers
else if (idx == 0) {

// Insert at head

head = new Element(item, head);

}

else {
// It's the next thing after element # idx-1
Element e = advance(idx-1);
// Splice it in
e.next = new Element(item, e.next);

}

size++;
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add method uses advance

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)

if (idx < 0 || idx > size) { €

throw new Exception("invalid index");

}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after element # idx-1
Element e = advance(idx-1);

// Splice it in
e.next = new Element(item, e.next); head —>z
}

size++;

Safety check for valid index

83



No need to advance if adding at the head

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index) If adding at head (index 0)
if (idx <0 || idx > size) {
throw new Exception("invalid inde

}

else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1);

// Splice it in
e.next = new Element(item, e.next); head —>z
}

size++;
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Just create a new Element and point head

public void add(int idx, T item) throws Exception { SinglyLinked.java

//safety check for valid index (can add at size index) If adding at head (index 0)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

* Create new element with data
set to parameter item

}

else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next

// Splice it in
e.next = new Element(item, e.next); head _>z 15
}

size++;

}
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Just create a new Element and point head

to it

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index) If adding at head (index 0)
if (idx <0 || idx > size) { « Create new element with data

throw new Exception("invalid index"); :
} w new Exception(finvalid indexc) set to parameter item

else if (idx == 0) { * Set new element next pointer
// Insert at head / to wherever head points

head = new Element(item, head);

}
else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head _>Z 15 M
}
size++;
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Just create a new Element and point head

to it

public void add(int idx, T item) throws Exception { SinegLinked.java
.//fafety che.ckfor \_/0/id index (can add at size index) If adding at head (index 0)
if (idx <O || idx>size){ « Create new element with data
throw new Exception("invalid index"); .
} set to parameter item
else if (idx == 0) { e Set new element next pointer
// Insert at head to wherever head points
head = new Element(item, head); * head will initially point to nuli
}
else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head —>Z 15 M
}
size++;
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Just create a new Element and point head

to it

public void add(int idx, T item) throws Exception { SinglyLinked.java
.//fafety che.ckfor \_/0/id index (can add at size index) If adding at head (index 0)
iflidx <0 | idx>size){ * Create new element with data
throw new Exception("invalid index"); .
} set to parameter item
else if (idx == 0) { * Set new element next pointer
// Insert at head to wherever head points
head z new Element(item, head); * head will initially point to nuli
} e Set head to new element
else {
// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head —>{ 15 ./‘
}
size++;
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Don’t forget to increment size

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index) If adding at head (index 0)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

* Create new element with data
set to parameter item

i|se if (idx == 0) { * Set new element next pointer
// Insert at head to wherever head points
head = new Element(item, head); * head will initially point to nuli
} e Set head to new element
else { * Finally increment size

// It's the next thing after element # idx-1 add(0,15)
Element e = advance(idx-1);
// Splice it in

e.next = new Eleme

data next

e.next); head —>{ 15 ./‘

size++;
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Adding at head if the List is not empty is

easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after element # idx-1 add(0,6)
Element e = advance(idx-1); data next

// Splice it in
e.next = new Element(item, e.next); head —>{ 15 ./‘
}

size++;
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Adding at head if the List is not empty is

easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
.//fafety che.ckfor \_/0/id index (can add at size index) If adding at head (index 0)
if(idx <0 || idx>size){ * Create new element with data
throw new Exception("invalid index"); ]
} set to parameter item
else if (idx == 0) { * Set new element next pointer
// Insert at head to wherever head points
head = new Element(item, head);
}
else {
// It's the next thing after element # idx-1 add(0,6)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head —>{ 15 ./‘
} [
size++;
} data next

6
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Adding at head if the List is not empty is

easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index) If adding at head (index 0)
if (idx <0 || idx > size) {
throw new Exception("invalid index");

* Create new element with data
set to parameter item

}e|se if (idx == 0) { * Set new element next pointer
// Insert at head to wherever head points
head = new Element(item, head); * Set head to new element

} * Finally increment size

else {

// It's the next thing after element # idx-1 add(0,6)

Element e = advance(idx-1); data next
// Splice it in

e.next = new Element(item, e.next); head — 15 ./‘

} [

size++;

} data next

—> 6
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If adding NOT at head, use advance

method

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
F{idx <0 ] icx> Siz?) { e N If adding not at head
throw new Exception("invalid index"); ) .
) * advance() to e=(idx-1)t* item
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {
// It's the next thing after ele
Element e = advance(idx-1);
// Splice it in

e.next = new Element(item, e.next);, .oy 6 —— 15
}

size++;

}

add(1,3)

data next data next
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Move to index idx-1

public void add(int idx, T item) throws Exception { SinglyLinked.java

//safety check for valid index (can add at size index)
i <0 [ idx> S'Z?) { e " If adding not at head

throw new Exception("invalid index"); . b
} * advance() to e=(idx-1)*" item
else if (idx == 0) {

// Insert at head

head = new Element(item, head);

}

else {
// It's the next thing after ele
Element e = advance(idx-1);
// Splice it in

e.next = new Element(item, e.next);head — 6 —+— 15
}

size++;
} Advance to item idx-1
Here (index 1)-1 =index 0
So e points to index 0 with data=6

, add(1,3)
nt # idx-1

data next data next
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Splice in a new Element that points to

where Element at idx-1 points

public void add(int idx, T item) throws Exception { SinegLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {

throw new Exception("invalid index"); . .
| ption( ) * advance() to e=(idx-1)t* item

If adding not at head

* Create new Element with data
set to item and next to e.next

else if (idx == 0) {
// Insert at head
head = new Element(item, head);

}

else {
// It's the next thing after element #idx-1
Element e = advance(idx-1);

add(1,3)

o data next data next
// Splice it in
e.next = new Element(item, e.next);head N 13 45
}
Size++; I\
}
data next
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Set idx-1 to point to new Element

public void add(int idx, T item) throws Exception { SinegLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {

throw new Exception("invalid index"); If adding not at heafi .
} * advance() to e=(idx-1)th item

else if (idx == 0) { * Create new Element with data
// Insert at head set to item and next to e.next

head = new Element(item, head); * Set e.next = new item

}
else { | : add(1,3)
// It's the next thing after e nt # idx-1
Element e = adva x-1); data next data next
// Splic
e.next = new Element(item, e.next);, .4 5 6 15
}
size++; )
}
data next
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Don’t forget to increment size

public void add(int idx, T item) throws Exception { SinegLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {

throw new Exception("invalid index"); If adding not at head

) * advance() to e=(idx-1)t* item
else if (idx == 0) { * Create new Element with data
// Insert at head set to item and next to e.next

head = new Element(item, head); * Set e.next = new item
} * Finally, increment size
else { add(1,3)

// It's the next thing after element # idx-1
Element e = advance(idx-1);

data next data next
// Splice it in
e.next = new Eleme 'head o 6 15
}
size++; A
}
data next
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Adding at the end is easy

public void add(int idx, T item) throws Exception { SinglyLinked.java
//safety check for valid index (can add at size index)
if (idx <0 || idx > size) {
throw new Exception("invalid index");
}
else if (idx == 0) {
// Insert at head
head = new Element(item, head);
}
else {

// It's the next thing after element # idx-1
Element e = advance(idx-1); data next data next data next

// Splice it in
e.next = new Element(item, e.next); head —3 6 —+—> 3 —t+—> 15 M

}

size++;

}

public void add(T item) throws Exception { How to easily add at the end?
add(size,item); e— Just call add with size as index

}

On SA-4 you’ll do something more efficient
using a tail pointer



remove method removes and returns data

at idx

public T remove(int idx) throws Exception { Smglyl"nkEd'java

T data = null; //data to return

//safety check for valid index If removing at head

if (head == null || idx < 0 || idx >= size) { * Save data at head
throw new Exception("invalid index"); e Set head to next

}

else if (idx == 0) {
data = head.data;
head = head.next;

} remove(0)

else { , , data next data next data next
// It's the next thing after element # idx-1
Element e = advance(idx-1); head —> 6 S N ——] 15 M
data = e.next.data;

// Splice it out
e.next = e.next.next; //nice!

size--;
return data;
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If removing at head, just set head to

head.next

public T remove(int idx) throws Exception {
T data = null; //data to return
//safety check for valid index If removing at head

if (head == null || idx < 0 || idx >= size) { * Save data at head
throw new Exception("invalid index"); e Set head to next

SinglyLinked.java

}
else if (idx == 0) {
data = head.data;

head = head.next;
} remove(0)

else { , , data next data next data next
// It's the next thing after element # idx-1

Element e = advance(idx-1); head _‘_H—H 3 ——| 15
data = e.next.data; |

// Splice it out
e.next = e.next.next; //nice!

}  What happens to the old head element?
size--; * Garbage collected! (memory returned to
return data; the Operating System)
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If removing at head, just set head to

head.next

public T remove(int idx) throws Exception { S'nglyLmkEd'java
T data = null; //data to return
//safety check for valid index If removing at head
if (head == null || idx < 0 || idx >= size) { * Save data at head
throw new Exception("invalid index"); e Set head to next
}
else if (idx == 0) {
data = head.data;
head = head.next;
} remove(0)
else { , , data next data next
// It's the next thing after element # idx-1
Element e = advance(idx-1); head —| 3 —4 3 15 M
data = e.next.data;
// Splice it out
e.next = e.next.next; //nice!
} /7  What happens to the old head element?
size—: » Garbage collected! (memory returned to

return data; the Operating System)
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If removing NOT at head, advance to idx-1

public T remove(int idx) throws Exception { Smglyl"nkEd'java
T data = null; //data to return
//safety check for valid index If removing not at head
if (head == null || idx <0 || idx >=size) { * advance() to idx-1 (data 3 here)

throw new Exception("invalid index"); e Save data at idx

* Set e.next to e.next.next

}

else if (idx == 0) {
data = head.data;
head = head.next;

} remove(1)
else { , data next data next
// It's the next thing after ele
Element e = advance(idx-1); head —| 3 —4 3 15
data = e.next.data;
// Splice it out
e.next = e.next.next; //nice!
}
size--;

return data;
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Set idx-1 Element next to point to next.next

public T remove(int idx) throws Exception { Smglyl"nkEd'java
T data = null; //data to return
//safety check for valid index If removing not at head
if (head == null || idx <0 || idx >=size) { * advance() to idx-1 (data 3 here)

throw new Exception("invalid index"); e Save data at idx

* Set e.next to e.next.next

}

else if (idx == 0) {
data = head.data;
head = head.next;

}

else { , , data next data next
// It's the next thing after elemght # idx-1

Element e = advance(idx-1); head —| 3 dﬁ_M

remove(l)

data = e.next.data;
// Splice it out
e.next = e.next.next; //nice!

size--;
return data;
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Set idx-1 Element next to point to next.next

public T remove(int idx) throws Exception { Smglyl"nkEd'java
T data = null; //data to return
//safety check for valid index If removing not at head
if (head == null || idx <0 || idx >=size) { * advance() to idx-1 (data 3

throw new Exception("invalid index"); here)

 Save data at idx
* Set e.next to e.next.next

}

else if (idx == 0) {
data = head.data;
head = head.next;

}

else { , , data next
// It's the next thing after elemght # idx-1
Element e = advance(idx-1); head > 3
data = e.next.data;
// Splice it out
e.next = e.next.next; //nice!

size--;
return data;

remove(l)
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get and set are straightforward with

advance method

public T get(int idx) throws Exception { SinglyLinked.java
//safety check for valid index
if (idx <0 || idx >=size) {

AT ) » get()/set() also use advance()
throw new Exception("invalid index"); to march down list, this time to
} . ;
Element e = advance(idx); index .'dx )
return e.data; * Run-time complexity?
} * Of(n)

public void set(int idx, T item) throws Exception {
//safety check for valid index
if (idx <0 || idx >= size) {
throw new Exception("invalid index");
}
Element e = advance(idx);
e.data = item;

}
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toString returns a String representation of

the List (doesn’t print!)

SinglyLinked.java
Key point: all operations start at

_ . , head and march down list
public String toString() {

String result ="";

for (Element x = head; x != null; x = x.next) toString() overrides a Java
result += x.data + "->"; Object method and allows us
result +="[/]"; to create a string

representation of the object
return result;
} If toString() not overriden,
defaults to the memory
address of object

On an exam: make sure you return a String with

toString(), don’t print in toString() Return type is String, if used

in print, doesn’t actually do
the printing

Run-time complexity
G(n) 106



Summary of SinglylLinked run-time

complexity

Run-time complexity

Linked list

g€t(l) O( n) e Start at head and march down to find
. index i
SEt(I, e) O( n) * Slow to get to index, O(n) in worst case
. * Once there, operations are fast O(1)
Gdd(l, 6) O( n) e Best case: all operations on head
remove(i) O( n) * |If constrain to only operate at head

* All operations become O(1)
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ListTest.java

ANNOTATED SLIDES



ListTest.java: Test of List implementation

public class ListTest { ListTest.java

SimplelList<String> list = new SinglyLinked<String>(); . . . .
T = String in the implementation

System.out.printin(list);

list.add("1"); System.out.printin(list);
list.add("2"); System.out.printin(list);
list.add(0O, "a"); System.out.printin(list);
list.add(1, "c"); System.out.printin(list);
list.add(1, "b"); System.out.printIn(list);

Implementation is SinglyLinked which
implemented SimplelList interface

Next class we’ll look at an array implementation

list.set(2, "e"); System.out.printIn(list.get(2)); which will aAﬁ?pete a SimplelList
list.add(0, "z"); System.out.printlIn(list);

) : . [/]
String data = list.remove(2); System.out.printin(data); 1-5[/]
System.out.printin(list); 1-52-5[/]
data = list.remove(0); System.out.printin(data); a->1->2->[/]

System.out.printin(list);

data = list.remove(1); System.out.printin(data);
System.out.printin(list);

data = list.remove(list.size()-1); System.out.printin(list);

a->c->1->2->[/]
a->b->c->1->2->[/]

e
z->a->b->e->1->2->[/]
b

z->a->e->1->2->[/]

z

a->e->1->2->[/]

e

a->1->2->[/]

a->1->[/] 109



ListTest.java: Test of List implementation

public class ListTest {

public static void main(String[] args) throws Exception {

SimpleList<String> list = new SinglyLinked<String>();
System.out.printin(list);
list.add("1"); System.out.printin(list);

list.add("2"); System.out.printin(list);

list.add(0O, "a"); System.out.printin(list);

list.add(1, "c"); System.out.printin(list);

list.add(1, "b"); System.out.printIn(list);

list.set(2, "e"); System.out.printIn(list.get(2));
list.add(0, "z"); System.out.printlIn(list);

String data = list.remove(2); System.out.printin(data);
System.out.printin(list);

data = list.remove(0); System.out.printin(data);
System.out.printin(list);

data = list.remove(1); System.out.printin(data);
System.out.printin(list);

data = list.remove(list.size()-1); System.out.printin(list);

ListTest.java

toString() method called in print
statements

Output

[/]

1->[/]

1->2->[/]

a->1->2->[/]
a->c->1->2->[/]
a->b->c->1->2->[/]

e
z->a->b->e->1->2->[/]
b

z->a->e->1->2->[/]

z

a->e->1->2->[/]

e

a->1->2->[/]

a->1->[/] 110



ListTest.java: Test of List implementation

public class ListTest { ListTest.java
public static void main(String[] args) throws Exception { . . .
toString() method called in print

SimpleList<String> list = new SinglyLinked<String>();
System.out.printin(list); statements
list.add("1"); System.out.printin(list);

list.add("2"); System.out.printin(list); Remember, toString() returns a

list.add(0O, "a"); System.out.printin(list); . , .
list.add(1, "c"); System.out.printin(list); String (doesn t do the prlntlng)

list.add(1, "b"); System.out.printIn(list);
list.set(2, "e"); System.out.printIn(list.get(2));

. ) ) Output
list.add(0, "z"); System.out.printIn(list); [/]

String data = list.remove(2); System.out.printin(data); 1->[/]
System.out.printin(list); 1->2->[/]
data = list.remove(0); System.out.printin(data); a->1->2->[/]

System.out.printin(list);

data = list.remove(1); System.out.printin(data);
System.out.printin(list);

data = list.remove(list.size()-1); System.out.printin(list);

a->c->1->2->[/]
a->b->c->1->2->[/]

e
z->a->b->e->1->2->[/]
b

z->a->e->1->2->[/]

z

a->e->1->2->[/]

e

a->1->2->[/]

a->1->[/] 111



EXCEPTION



An exception indicates that something

unexpected happened at run-time

* Cannot check for all errors at compile time

* What if we ask for element at an index of -1 in an array?
* There is no clear, “always-do-this”, answer
 Maybe we should return null or maybe we should stop execution

* Exceptions provide a way to show something is amiss, and let calling
functions deal with error (or not)

* Exceptions not handled by a method are passed to calling method. If
exception not handled in main() or before, program stops

e “Throw” error with throw new Exception (“error description”)

 Java provides structured error-handling via try/catch/finally blocks
* catch executes only if there is an exception in try body
* catch block can specify the type of error it handles
* Can have multiple catch blocks for each try o
 Finally block executes regardless whether try succeeds or fails



ListExceptions.java

ANNOTATED SLIDES



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

5e public static void main(String[] args) { // note: no "throws exception”, ceever'y method that cgq,ld isl . .
6 o e : reate new SinglyLinked List
7 SimpleList<String> list = new®Singlylinked<String>Q);
8
9 try {
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I");
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?");
21 System.out.println("No I don't");
22 }
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 }
27 finally {
28 System.out.println("finally 1"); // executed whether or not caught an error
29 }
30
31 try {
32 list.add(@, "?");
33 System.out.println(list);
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this code is fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 3
42 3}
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €< Expressions Error Log [£) Console Call Hierarchy
termi: Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 115
?7->[/]

finally 2



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6
7 SimpleList<String> list = new SinglylLinked<String>Q); Try bIOCk
8
9 try { €=
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I"); CatCh bIOCk
13 } .
14 catch (Exception e) { €& Only executes if
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 o L]
o } exception in try block
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?");
21 System.out.println("No I don't");
22 }
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 }
27 finally {
28 System.out.println("finally 1"); // executed whether or not caught an error
29 }
30
31 try {
32 list.add(@, "?");
33 System.out.println(list);
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this code is fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 3
42 ¥
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €< Expressions Error Log [£) Console Call Hierarchy
termi: Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 116
?7->[/]
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ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {
5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6 L Ll L]
7 SimpleList<String> list = new SinglyLinked<String>(); Trying to add at index -1 is an error, the catch
8 .o
9 try { block will execute because add() throws an
10 list.add(-1, "?");
11 System.out.println("I never run!"); H H H H
12 System.out.println("Neither do I"); exceptlon for negatlve Indlces
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?");
21 System.out.println("No I don't");
22 }
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 }
27 finally {
28 System.out.println("finally 1"); // executed whether or not caught an error
29 }
30
31 try {
32 list.add(@, "?");
33 System.out.println(list);
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this code is fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 %}
42 ¥
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €< Expressions Error Log [£) Console Call Hierarchy
te! Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 117
?7->[/]

finally 2



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {
5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6 L Ll L]
7 SimpleList<String> list = new SinglyLinked<String>(); Trying to add at index -1 is an error, the catch
8 .o
ist.add(-1, "?");
11 System.out.println("I never run!"); H H H H
12 System.out.println("Neither do I"); exceptlon for negatlve Indlces
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?"); public void add(int idx, T item) throws Exception {
g% ) System.out.println("No I don't"); 50 if (idx < @) {
23 catch (Exception ) { 51 throw new Exception("invalid index");
24 System.out.println("caught it again!"); // will print -- we know this 52 } . .
25 System.out.println(e); //will give us the error messf| 53 else if (idx == 0) {
26 i y g 54 nsert at head
27 inally — . i
28 System.out.println("finally 1"); // executed whether or not caught an ;Z head ’ > //new item ge
‘ } 57 zlse {
30
31 try { 58 // It's the next thing after element # idx-1
32 list.add(@, "?"); 59 Element e = advance(idx-1);
gi ) System.out.println(list); 60 // Splice it in
35 catch (Exception e) { 61 e.next = new Element(item, e.next); //cr'eate_
36 System.out.println("why did I catch it again!™); // won't print -- wef 62 //and pri]
37 }. 63 }
38 finally { 64 Size++:
39 System.out.println("finally 2"); // executed whether or not caught an 65 } ’
40 }
41 3} a5
42 ¥
43 SinglyLinked.java
Problems (@ Javadoc Declaration &) Console 83 Debug €Y' Expressions Error Log [£) Console Call Hierarchy
tel Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!
caught it again!
java.lang.Exception: invalid index
finally 1 118

?7->[/]
finally 2



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

g—pUbl;ﬁbi}gszttiizEcggzt;zgi(étring[] args) { // note: no "throws exception", as every method that could is
6 L Ll L]
7 SimpleList<String> list = new SinglyLinked<String>(); Trying to add at index -1 is an error, the catch
8 .o
9 try { block will execute because add() throws an
10 list.add(-1, '.'.7"); < ) . . .
12 System. out.printinC'Netsher do T°3; exception for negative indices
1
1i iatch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17 .
1 R Catch block on line 15 executes because
ist.add(-1, "?");
2 ot orindnn © ey exception thrown on line 10
g iatch (Exception e) {
24 System.out.println("caught it again!"); // will nt -- we know this is bogus
3(55 ) System.out.println(e); //willMive us the error mesiglnes 11 and 12 never execute because
ég ﬁna;gtém.out.println("Finally 1"); // exgfuted whether or not caught amgptlon on Ilne 10 Stops exeCUtlon In try
% ! block and starts running in catch block
2; £ %ist.add(@, "7
33 System.out.println(list);
34
;2 iatcg Cixception ?>t§ hy did I catch it i ); // t t th d f
stem.out.println@wl i catch it again!"); won' rint -- w ow this code is fige .
- y P g ‘ i “I'hever rin”and “Neither do I” are not
38 i
23 }ma e intln("finally 2"); // executed whether or not caught arprricnted
41 }
42 }
43 . .
Problems @ Javad t, Declaration B Console 82 % Debug €7 Expressions Error Log & Console Call Hierarchy If We dldn’t catCh exceptlon’ the program
ter Listl tions [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM) . m P °
ot el would end because main() wouldn’t have
Jowa,tang. Exception: invalid index caught the exception (but we did catch,it, so

?7->[/]

Finally 2 main() doesn’t end execution)



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6
7 SimpleList<String> list = new SinglylLinked<String>Q);
8
9 try {
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I");
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try { . . . .
19 list.add(-1, "7"); €= Trying to add at index -1 is still an
20 System.out.println("Do I run?"); -
21 System.out.println("No I don't"); H
2 X error, the catch block will execute
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 }
27 finally {
28 System.out.println("finally 1"); // executed whether or not caught an error
29 }
30
31 try {
32 list.add(@, "?");
33 System.out.println(list);
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this code is fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 3
42 3}
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €< Expressions Error Log [£) Console Call Hierarchy
termi: Li { [Java icati /Library/Java/, i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 120
?7->[/]

finally 2



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {
5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6
7 SimpleList<String> list = new SinglylLinked<String>Q);
8
9 try {
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I");
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try { . . . .
19 List.add(-1, "7"); Trying to add at index -1 is still an
20 System.out.println("Do I run?"); -
21 System.out.println("No I don't"); H
3 X ’ error, the catch block will execute
23 catch (Exception e) {
24 System.out.println("caught it again!"); 4/ will print -- we know this is bogus
25 System.out.println(e); YWLLT QLVE US-tie—esses=uassade. h t th t.
26 ¥ We can see wha e exception was
27 finally {
ég ) System.out.println("finally 1"); // executed whether or not caught an error by prlntlng e (lt |S Just an ObjeCt)
30
31 t q . . . . .
32 Y fist.add@, "2y u l}c V(?'Ld add(int idx, T item) throws Exception
33 System.out.println(list); if (idx < @) {
34 } throw new Exception("invalid index");
35 catch (Exception e) {
36 System.out.println("why did I catch it again!")#*// won't print -- we 53 ;156 if a0
37 -
38 iinally{ 54 // Insert at head
39 System.out.println("finally 2"); // @fecuted whether or not caught an j 55 head = new Element(item, head); //new item ge
40 } 56 }
2 i 57 else {
43 58 // It's the next thing after element # idx-1
‘ 59 Element e = advance(idx-1);
Problems (@ Javadoc Declaration &) Console 83 Debug €< Expressions Error Log [£) Console Call Hierarchy . . .
tel Li { [Java jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM) 6® // spllce lt in
caught it! “e . o ” "
caught it again! invalid index” was the message we included when we
java.lang.Exception: invalid index . . . .
finally 1 threw an error in the add method of SinglyLinked.java 121

?7->[/]
finally 2



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {
5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6
7 SimpleList<String> list = new SinglylLinked<String>Q);
8
2 Y L s, 7; * finally always executes, regardless
11 System.out.println("I never run!"); H H
12 System.out.println("Neither do I"); Of WhEther exceptlon In try bIOCk
13 } o o
14 catch (Exception e) { * catch only executes if exception
15 System.out.println("caught it!"); // will print -- we know this is bogus . .
= } occurs in try block, otherwise
18 try {
19 ¥ List.addc-1, "2; catch code does not execute
20 System.out.println("Do I run?"); . .
g ) System.out.println("No I don't"); ° If exceptlon IN try bIOCk,
23 catch (Exception e) { — : :
24 System.out.println("caught it again!"); // will print -- we know this ig bogus exeCUtlon In the try bIOCk Stops at
25 System.out.println(e); //will give us the error messag . o
26 } the point of the exception and
27 finally { . . . .
28 System.out.println("finally 1"); // executed whether or not caught gp_sdror p|cks up 13] flrst Ilne Of Catch block
29 }
- try © * Code in the try block after the line
32 list.add(@, "?"); . .
33 System.out.printin(list); that caused the exception is not
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this codeel)s(gLEeUted
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 3
42 3}
43
Problems (@ Javadoc Declaration ) Console 88 i Debug €7 Expressions Error Log [£) Console Call Hierarchy
te! Li { [Java icati /Library/Java/, i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 122
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ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6
7 SimpleList<String> list = new SinglylLinked<String>Q);
8
9 try {
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I");
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?");
21 System.out.println("No I don't");
22 }
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 } . . .
- finally { This is valid, so catch block does not
28 System.out.println("finally 1"); // executed whether or not caugh
29 } execute
30
31 try {
32 list.add(@, "?");
33 System.out.println(list);
34 }
35 catch (Exception e) {
36 System.out.println("why did I catch it again!"); // won't print -- we know this code is fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 %}
42 ¥
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €< Expressions Error Log [£) Console Call Hierarchy
termi: Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!
caught it again!
java.lang.Exception: invalid index
finally 1 123
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ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {
5e public static void main(String[] args) { // note: no "throws exception", as every method that could is
6
7 SimpleList<String> list = new SinglylLinked<String>Q);
8
9 try {
10 list.add(-1, "?");
11 System.out.println("I never run!");
12 System.out.println("Neither do I");
13 }
14 catch (Exception e) {
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 }
17
18 try {
19 list.add(-1, "?");
20 System.out.println("Do I run?");
21 System.out.println("No I don't");
22 }
23 catch (Exception e) {
24 System.out.println("caught it again!"); // will print -- we know this is bogus
25 System.out.println(e); //will give us the error message
26 } . . .
- finally { This is valid, so catch block does not
28 System.out.println("finally 1"); // executed whether or not caugh
29 } execute
30
31 try {
32 list.add(@, "?"); A H
33 System. outprintinlist); finally always executes, even if no
34 } . o
35 catch (Exception e) { , ‘ _exception in try block
36 System.out.println("why did I catch / won't print -- we know this code is “fine
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 3
42 ¥
43
Problems (@ Javadoc Declaration ) Console 88 3% Debug €< Expressions Error Log [£) Console Call Hierarchy
te! Li { [Java ication] /Library/Java/. i jdk1.8.0_112.jdk/C in/java (Apr 6, 2018, 1:20:08 PM)
caught it!
caught it again!
java.lang.Exception: invalid index
finally 1 124
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lterators/SinglyLinked.java

ANNOTATED SLIDES



What is wrong with this code?

//declare Simplelist using SinglyLinked implementation
Simplelist<Integer> list = new SinglyLinked<>();

int numberOfltems = 1000; Instantiate SinglyLinked list of Integers
//add numberOfitems to list Add 1,000 Integer to List
for (inti=0; i < numberOfitems; i++) { Print each item in List
list.add(i);
} Works as intended, but slow

//print each item in list O(n?) - sneaky inefficiency

for (inti=0; i< list.size(); i++) { Why?

Integer value = list.get(i); « get(i) always starts at head
System.out.printin(value); * Helpful if we could remember

} where we left off during iteration
* Iterators remember
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Implementing Iteratable interface tells Java

you promise to implement an iterator

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T> { SinegLinked.java

private Element head; // front of the linked list \

private int size; //# elements in the list We will deal with Iterable seen;

stardbyferrmereinio now

/**

* The linked elements in the list: each has a piece of data and a next pointer

*/

pr|v§te class Element { Java’s Iterable interface says we must

private T data;

provide an iterator method for SinglyLinked

private Element next; . .
class that returns an iterator object

private Element(T data, Element next) { Iterator<T> iterator()
this.data = data;
this.next = next; Iterator loops over items of type T,
} remembering where it left off so we don’t
}

need to start at head each time

public SinglyLinked() {
head = null;
size = 0;

}
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https://docs.oracle.com/javase/8/docs/api/java/util/Iterator.html
https://docs.oracle.com/javase/8/docs/api/java/lang/Iterable.html

An iterator must provide a next and a

hasNext method

public interface Iterator<T> {
/**
* Returns true if the iteration has more elements. (In other words,
* returns true if next() would return an element rather than throwing an exception.)

*/ Iterator interface specifies two
public boolean hasNext(); methods:
* hasNext()
/** * next()
* Returns the next item and advances the iterator.
* Throws an exception if there is no next item. Key points:
*/ * next returns the current item in
public T next() throws Exception; the List and moves to the
} following item

e Remembers where left off so a

subsequent call to next does not
start back at the head

128
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https://docs.oracle.com/javase/8/docs/api/java/util/Iterator.html

SinglyLinked.java provides iterator method

that creates an iterator

SinglyLinked.java

public Iterator<T> iterator() { //satisfy iterator requirement in Iterable interface

return new Listiterator(); €——_ iterator method returns an object of nested

} class Listiterator
/**
* Iterator class that implements the required functionality to use this List in a for each loop
Y/ . . . .
private class Listlterator implements Iterator<T> { Nested class Listiterator (private to SinglyLinked)
// Use curr to point to next item in List — Implements Iterator interface so must
Element curr; //store current position .
implement hasNext and next
p‘éb'r‘f “;te';zratm(){ « Uses curr to keep track of position in list
urr = ; €— e ey
} e curr initially set to head

public boolean hasNext() {
return curr != null;

}

public T next() {
if (curr == null) {
throw new IndexOutOfBoundsException();

}

T data = curr.data;
curr = curr.next;
return data;

} 129



SinglyLinked.java provides iterator method

that creates an iterator

SinglyLinked.java

public Iterator<T> iterator() { //satisfy iterator requirement in Iterable interface

return new Listlterator(); €~ iterator method returns an object of nested

} class Listiterator

/**
* Iterator class that implements the required functionality to use this List in a for each loop
"/ ) . i .
private class Listlterator implements Iterator<T> { D Nested class Listiterator (private to SinglyLinked)

// Use curr to point to next item in List * Implements Iterator interface so must
Element curr; //store current position .

implement hasNext and next
public Listiterator() { « Uses curr to keep track of position in list

curr = head; <€ ..
} e curr initially set to head

public boolean hasNext() { <——_ hasNext returns true if curr != null (e.g., there

return curr != null; . . . .
) are more items in the List), false otherwise

public T next() {
if (curr == null) {
throw new IndexOutOfBoundsException();

}

T data = curr.data;
curr = curr.next;
return data;

} 130



SinglyLinked.java provides iterator method

that creates an iterator

SinglyLinked.java

public Iterator<T> iterator() { //satisfy iterator requirement in Iterable interface

return new Listlterator(); €~ iterator method returns an object of nested
} class Listlterator

/**
* Iterator class that implements the required functionality to use this List in a for each loop
Y/ . . . .
private class Listlterator implements Iterator<T> { Nested class Listiterator (private to SinglyLinked)
// Use curr to point to next item in List — Implements Iterator interface so must
Element curr; //store current position .
implement hasNext and next
p‘éb'r‘f “;te';zratm(){ « Uses curr to keep track of position in list
urr = ; €« e eye
} e curr initially set to head

public boolean hasNext() { <——_ hasNext returns true if curr != null (e.g., there

return curr != null;

) are more items in the List), false otherwise
blic T PR,
" ((I:Currrixtl(l)n{l){ <——__ next throws exception if List is empty or curr moved
throw new IndexOutOfBoundsException(); past the last element
}T data = curr.data; Otherwise, gets data from Element pointed to by curr
curr = curr.next; Moves curr to next position in List
return data;
| Returns data

} 131



Now our SinglyLinked objects can be used

in a for-each loop

SimpleList<String> list = new SinglyLinked<String>();
//add some items to list

//test for each loop works Java converts for-each loop into

for (String item : list) { for (Iterator<String> iter = list.iterator(); iter.hasNext(); ) {
System.out.print(item + "->"); String item = iter.next();

} System.out.print(item + "->");

System.out.printIn("[/]"); }

System.out.printin("[/]");

Because SimplelList implements Iterable, Java
knows SimplelList will have an iterator

method that returns an iterator for the list
Java also knows the iterator will implement

hasNext and next because the iterator
implements the Iterator interface
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Now our SinglyLinked objects can be used

in a for-each loop

SimpleList<String> list = new SinglyLinked<String>();
//add some items to list

//test for each loop works Java converts for-each loop into

for (String item : list) { for (Iterator<String> iter = list.iterator(); iter.hasNext(); ) {
System.out.print(item + "->"); String item = iter.next();

} System.out.print(item + "->");

System.out.printIn("[/]"); }

System.out.printin("[/]");

iterator method returns an
object of nested class Listiterator

Because SinglyLinked
implements Interable interface,

Java knows it has an iterator
method

public class SinglyLinked<T> implements SimpleList<T>, Iterable<T>
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Now our SinglyLinked objects can be used

in a for-each loop

hasNext returns true if more

SimpleList<String> list = new SinglyLinked<String>(); elements in List, otherwise false

//add some items to list

//test for each loop works Java converts for-each loop into \

for (String item : list) { for (Iterator<String> iter = list.iterator(); iter.hasNext(); ) {
System.out.print(item + "->"); String item = iter.next();

} System.out.print(item + "->");

System.out.printIn("[/]"); }

System.out.printin("[/]");

Notice no increment
in for loop

next will take care
of moving curr
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Now our SinglyLinked objects can be used

in a for-each loop

SimpleList<String> list = new SinglyLinked<String>();
//add some items to list

//test for each loop works Java converts for-each loop into

for (String item : list) { for (Iterator<String> iter = list.iterator(); iter.hasNext(); ) {
System.out.print(item + "->"); String item = iter.next();
} System.out.print(item + "->"); next returns

System.out.printIn("[/]"); }
System.out.printin("[/]");

next item in List
and moves to
following item

135



TimeTest.java

ANNOTATED SLIDES



An iterator can dramatically speed up

execution time

public static Long loopTest1(SinglyLinked<Integer> list, Integer targetValue) throws Exception {

//use get, start back at head each time through loop TI mETeSt -java

long startTime = System.nanoTime();

for (inti = 0; i< list.size(); i++) { E e Record start time

Integer value = list.get(i);

if (value == targetValue) { Loop over all items using get (always starts at head)
break;

) looking for target value
} . .
return = System.nanoTime() - startTime; Return elapsed tlme In nano Seconds

}

public static Long loopTest2(SinglyLinked<Integer> list, Integer targetValue) {

long startTime = System.nanoTime();
//use iterator to not start back at head each time
Iterator<Integer> iter = list.iterator();
while (iter.hasNext()) {

if (iter.next() == targetValue) {

break;

}
}
return = System.nanoTime() - startTime;

}

public static void main(String[] args) throws Exception {
//add numberOfitems to list
SinglyLinked<Integer> list = new SinglyLinked<>();
int numberOfltems = 1000;
for (inti=0; i < numberOfitems; i++) {
list.add(i);
}
Long timel = loopTest1(list,numberOfltems-1);
System.out.printf("method 1 took %,15d nanoseconds\n",timel);
Long time2 = loopTest2(list,numberOfltems-1);
System.out.printf("method 2 took %,15d nanoseconds\n", time2);

System.out.printin("ratio timel/time2: " + timel/(float)time2); 137



An iterator can dramatically speed up

execution time

public static Long loopTest1(SinglyLinked<Integer> list, Integer targetValue) throws Exception {

//use get, start back at head each time through loop TI meTeSt -java

long startTime = System.nanoTime();

for (inti = 0; i< list.size(); i++) { E e Record start time

Integer value = list.get(i);

if (value == targetValue) { Loop over all items using get (always starts at head)
break;

) looking for target value
} . .
return = System.nanoTime() - startTime; Return elapsed tlme In nano Seconds

}

public static Long loopTest2(SinglyLinked<Integer> list, Integer targetValue) {
long startTime = System.nanoTime();

//use iterator to not start back at head eac&time\ Reco rd start time

Iterator<Integer> iter = list.iterator(); . . . .

while (iter.hasNext()) { Loop over all items using iterator (remembers where it
if (iter. == Val . . .
er hextl) == torgetialuel was in the list when last called) looking for a target

! value

return = System.nanoTime() - startTime; Return elapsed time in nano seconds

}

public static void main(String[] args) throws Exception {
//add numberOfitems to list
SinglyLinked<Integer> list = new SinglyLinked<>();
int numberOfltems = 1000;
for (inti=0; i < numberOfitems; i++) {
list.add(i);
}
Long timel = loopTest1(list,numberOfltems-1);
System.out.printf("method 1 took %,15d nanoseconds\n",timel);
Long time2 = loopTest2(list,numberOfltems-1);
System.out.printf("method 2 took %,15d nanoseconds\n", time2);

System.out.printin("ratio timel/time2: " + timel/(float)time2); 138



An iterator can dramatically speed up

execution time

public static Long loopTest1(SinglyLinked<Integer> list, Integer targetValue) throws Exception { . .
//use get, start back at head each time through loop TI meTESt'Java
long startTime = System.nanoTime();
forl‘ (inti= O;Ii < Iis;c.size();( i)++) {— Record start time

nteger value = list.get(i); . .
if (value == targetValue) { Loop over all items using get (always starts at head)
break; .
- looking for target value
}
} . .
return = System.nanoTime() - startTime; Return elapsed tlme In nano Seconds

}

public static Long loopTest2(SinglyLinked<Integer> list, Integer targetValue) {
long startTime = System.nanoTime();

//use iterator to not start back at head each, time .
Iterator<Integer> iter = list.iterator(); 2\ Record start time
while (iter-hastext() { Loop over all items using iterator (remembers where it
if (iter.next() == targetValue) { . .
} break; was in the list when last called) looking for a target
} value
turn = System.nanoTime() - startTime; . .
y e Return elapsed time in nano seconds
public static void main(String[] args) throws Exception {
//add numberOfitems to list
.SinglyLir;Jkec(:I;::teger>1I(i)s(;cO= new SinglyLinked<>(); €= Create S|ng|y|_inked list
int numberOfltems = ; .
for (int i = 0; i < numberOfitems; i++) { Add 1,000 integers (rather small amount)
list.add(i); . .
y o Call both methods and compare execution time

Long timel = loopTest1(list,numberOfitems-1);

System.out.printf("method 1 took %,15d nanoseconds\n",timel);

Long time2 = loopTest2(list,numberOfitems-1);

System.out.printf("method 2 took %,15d nanoseconds\n", time2);

System.out.printin("ratio timel/time2: " + timel/(float)time2); 139



An iterator can dramatically speed up

execution time

public static Long loopTest1(SinglyLinked<Integer> list, Integer targetValue) throws Exception { . .

//use get, start back at head each time through loop TI meTeSt 'java
long startTime = System.nanoTime();
for (inti=0; i< list.size(); i++) {

Integer value = list.get(i);

if (value == targetValue) {

break;

}
}
return = System.nanoTime() - startTime;

}

public static Long loopTest2(SinglyLinked<Integer> list, Integer targetValue) {
long startTime = System.nanoTime();
//use iterator to not start back at head each time
Iterator<Integer> iter = list.iterator();

while (iter.hasNext()) { Output
if (iter.next() == targetValue) {
break; method 1 took 2,944,125 nanoseconds
} } method 2 took 83,125 nanoseconds
} return = System.nanoTime() - startTime; ratio tlmel/tlme2 35418045

public static void main(String[] args) throws Exception {
//add numberOfitems to list
SinglyLinked<Integer> list = new SinglyLinked<>();  Using get took 35 times longer than using iterator and the
int numberOfltems = 1000; . .
for (int i = 0; i < numberOfitems; i++) { list Only had 1,000 items!
list.add(i); . R R .
) Results highly variable (we will see why later in the course)
Long timel = loopTest1(list,numberOfltems-1);
System.out.printf("method 1 took %,15d nanoseconds\n",timel);
Long time2 = loopTest2(list,numberOfltems-1);
System.out.printf("method 2 took %,15d nanoseconds\n", time2);

System.out.printin("ratio timel/time2: " + timel/(float)time2); 140



