CS 10:

Problem solving via Object Oriented
Programming

Lists Part 1



» 1. Singly linked List ADT implementation

Key points:

2. Exceptions

1.

2.

The List ADT specifies a set of operations
that must be implemented

Those operations can be implemented
using a singly linked list



The List ADT defines required operations,

but not how to implement them

List ADT
Operation

size ()
1sEmpty ()
add (e)
add (1, e)

remove (1)

get (1)

set (i, e)

Big idea: List works the same
Description regardless of what data it holds

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 j

Replace the item at index i with item e

These operations MUST be implemented to complete the ADT
Free to implement other methods, but must have these
We never say how many items the list can hold; it grows as needed



Simplelist.java is an interface that specifies

what operations MUST be implemented

blic interface SimpleList<T> { o . .
pu/*l*c interface SimpleList<T> SlmpleLlst,java

* Returns # elements in the List (they are Nt exettmsizas]1)

*/

public int size(); — Interface keyword tells Java this is

/** an interface

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

7 . ,  Methods defined to include
public boolean isEmpty();
o pa rameters and return types
* Adds the item at the index, which must be between 0 and size (CaIIEd a “Signatu re")
*/

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

* If you are going to implement

/**

e atendortit SimplelList, then you MUST
public void add(T item) throws Exception; implement these methods
/**

* Removes and returns the item at the index, which must be between 0 and size-1 . .

% * How you implement is your
public T remove(int idx) throws Exception; bUSineSS
/**

* Returns the item at the index, which must be between 0 and size-1

"/ e Java’s List interface has a few

public T get(int idx) throws Exception;

more methods, our simplifies
/** . .

* Replaces the item at the index, which must be between 0 and size-1 thlngS d Ilttle

*/ 4

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



Singly linked list review: elements have

data and a next pointer
Singly linked list

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

data next

head ——>  — e

~L LA

head points to first l l

o M V24 IIB V24
item (index 0) Alice ob

null if list is empty

LN

Charlie Slash indicates end

of List

next pointer is null



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 1 M
l l |

“Alice” “Bob” “Charlie”

Get item at index 2



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 N M
l l |

“Alice” “Bob” “Charlie”

Get item at index 2
1. Start at head (index 0)



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 —> 1 1 M
l l |

“Alice” “Bob” “Charlie”

Get item at index 2
1. Start at head (index 0)
2. Follow next pointer to index 1



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 N N M
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



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 N N M
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 1 M
l l |

“Alice” “Bob” “Charlie”

data next  aqd Bill at index idx=1

‘ /‘ * Advance from head to idx-1 (Alice)

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

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

Index O (=idx-1)

data next data next data next

head ——> 1 N M
l l |

“Alice” “Bob” “Charlie”

data next  aqd Bill at index idx=1

‘ /‘ * Advance from head to idx-1 (Alice)

llBi””
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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 ! |

“Alice” “Bob” “Charlie”
data ne Add Bill at index idx=1
‘ « Advance from head to idx-1 (Alice)
? * Update Bill’'s next pointer to same
l address as Alice’s next pointer

llBi””
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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 ——> — M
“Alice” “Bob” “Charlie”

Add Bill at index idx=1

* Advance from head to idx-1 (Alice)

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

* Update Alice’s next pointer to Bill

14



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

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

data next data next data next

T r e

“Alice” “Bob” “Charlie”

data next  add Bill at index idx=1
When would it be ‘ / « Advance from head t.o idx-1 (Alice)
? * Update Bill’'s next pointer to same

address as Alice’s next pointer

When adding at end ugill” . U.pdate Allc.e’s n?xt pc?mter to Bill
e Bill now spliced into List
* Once find idx-1, only two pointer
. 5
updates needed - fast once at idx-1

slow to add an item? l

of a long list!



remove() takes an item out of the list by

updating next pointer

remove(1)

data next data next data next

T e

“Nlice” “Bob” “Charlie”
data nex
‘ / Remove Bill at index idx=1
, * Advance from head to idx-1 (Alice)

!

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

updating next pointer

remove(1)
data next data next data next
head ——> \ > S Y M
X
\
\
oA | !
“Alice” \ “Bob” “Charlie”
\“
\‘ data ne
‘}1 ‘ 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)
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remove() takes an item out of the list by

updating next pointer

remove(1)

data next data next data next

head —> . 1 M
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())

llBi””

18



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
implement all required methods
specified by Interface SimpleList

private class Element {
private T data;
private Element next;

> size()
private Element(T data, Element next) { * isEmpty()
this.data = data; * add()
this.next = next; * remove()
} * get()
} e set()
public SinglyLinked() {
head = null;
size =0;

}

19



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 pyece of data and a next pointer
¥/

private class Element {

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
) 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

application 20



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;

}

21



Set head to null and size to zero in

constructor

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

/**
* The linked elements in the list: each h
*

/

private class Element {

private T data;
private Element next;

g piece of data and a next pointer

* Creates head Element and size

counter
private Element(T data, Element next) { e Constructor initializes head to null
this.data = data; and size to O
this.next = next; « Notice head is of type Element
i but is never “newed”

} .

head will be a pointer to first
oublic SinglyLinked() { Element in the List
head = null; * head and size are private, don’t
size = 0; want outsiders to be able to set
} them to something we don’t
expect! 22



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

Y/ o * size instance variable will be incremented on add(),
public int size() {
return size: decremented on remove()
) ' * size() method just returns instance variable size
* Run-time complexity?
/** - 0(1)

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

*/

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

}

23



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)

24



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 ’ ume 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, it is an alias)
* Loop until hit nth item
* Return nt" 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; o .
} * 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?
* 0O(n), where n is the number of items in the List

25



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++;

26



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 < O | | idx > size) { €

throw new Exception("invalid index");

Safety check for valid index

}

else if (idx == 0) { Throw an exception to tell the
// Insert at head caller we didn’t carry out this
head = new Element(item, head); operation if idx is invalid

}

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 ——)IZ
}

size++;

27



No need to advance if adding at the head

public void add(int idx, T item) throws Exception { Singlyl_inked,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 ——)IZ
}

size++;

28



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) {
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 _—)IZ 15
}

size++;

}

* Create new element with data
set to parameter item

29



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) { o « 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(0,15)
Element e = advance(idx-1); data next
// Splice it in
e.next = new Element(item, e.next); head ——>|Z 15 M
}
size++;

30



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

}
else if (idx == 0) {

 Create new element with data
set to parameter item
* 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 ——)IZ 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 adding at head (index 0)
if{idx <0 || idx > size) { * Create new element with data

throw new Exception("invalid index");

}
else if (idx == 0) {

set to parameter item
* Set new element next pointer

// Insert at head to wherever head points
head z new Element(item, head); * head will initially point to null
} * 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 M
}
size++;
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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 adding at head (index 0)
if (idx <0 || idx > size) {

VT . * Create new element with data
throw new Exception("invalid index");

set to parameter item

;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
} * 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

.next); head —>| 15 M

size++;

33



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 M
}

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 { SinegLinked,java
//safety check for valid index (can add at size index) If adding at head (index 0)
if (idx <0 || idx > size) {

VT . * 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);

}

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 M

} {

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 { SinegLinked,java
//safety check for valid index (can add at size index) If adding at head (index 0)
if (idx <0 || idx > size) {

VT . * Create new element with data
throw new Exception("invalid index");

set to parameter item

;SQ 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 M

} [

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)
i <0 ] | idx > S'Z?) { e ey . If adding not at head

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

// Insert at head

head = new Element(item, head);

}

else { add(1,3)
// It's the next thing after ele
Element e = advance(idx-1); data next data next
// Splice it in
e.next = new Element(item, e.next);head S| 6 — 5] 15 M
}

size++;
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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 ey . 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 { 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 —t+—>| 15 M

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

38



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) {

. , If adding not at head
throw new Exception("invalid index"); . .
) * advance() to e=(idx-1)"" 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);

}

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

add(1,3)

data next data next
// Splice it in
e.next = new Element(item, e.next);head S| 6 —1 3 15
} J
size++; 1
}
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 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

}

else { add(1;3)
// It's the next thing after e nt #idx-1
Element e = adva x-1); data next data next
// Splice jtd
e.next = new Element(item, e.next);head — 6 15

} |

size++; T

}
data next

40



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 —| 6 15 M
}
Size++; T
}
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 —>{ 6 —_—t> 3 —r> 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
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remove method removes and returns data

at idx

public T remove(int idx) throws Exception { Smglyl'mked'java
T data = null; //data to return
//safety check for valid index If removing at head
if (head ==null || idx <0 || idx >=size) { e 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 —1 351 3 —+— 15
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 { Smglyl'mked'java
T data = null; //data to return
//safety check for valid index If removing at head
if (head ==null || idx <0 || idx >=size) { e 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 {
// It's the next thing after element # idx-1

Element e = advance(idx-1); head —"—6—+—+| 3 ‘ —1+— 15
data = e.next.data; | ]

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

data next data next data next

) *  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 { Smglyl'mked'java
T data = null; //data to return
//safety check for valid index If removing at head
if (head ==null || idx <0 || idx >=size) { e 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 —1 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 NOT at head, advance to idx-1

public T remove(int idx) throws Exception { Smglyl'mked'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(l)

else { data next data next
// It's the next thing after ele
Element e = advance(idx-1); head —| 3 —1 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'mked'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 —-I—'—ﬁ—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'mked'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)
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
// It's the next thing after elemght # idx-1

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

remove(l)

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

}

size--;

return data;
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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) {

» 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?

} * O(n) where n is the number of

items in the List
public void set(int idx, T item) throws Exception {

//safety check for valid index
if (idx <0 || idx >=size) {
throw new Exception("invalid index");

Y
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 += "[/]"; Note: no curly braces around to create a string
for loop body! representation of the object

return result;

}

If toString() not overriden,
defaults to the memory
address of object

Only the line following for
statement is included in loop

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
e(n) 50



ListTest.java: Test of List implementation

public class ListTest { ListTest.java

public static void main(String[] args) throws Exception { Declare SinglyLinked List to hold Strings, so

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(0, "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.printIn(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.println(data);
System.out.printin(list);

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

T = String in the implementation

Implementation is SinglyLinked which
implemented Simplelist interface

Next class we’ll look at an array implementation

which will also be a SimpleList
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->[/] o



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);
list.add(0, "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));

) ) ) Output
list.add(0, "z"); System.out.printIn(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->1-52->[/]

System.out.printIn(list);

data = list.remove(1); System.out.println(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->[/] 52



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(0, "a"); System.out.printIn(list); . , . .
list.add(1, "c"); System.out.printin(list); String (doesn tdothe 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); 1-5[/]
System.out.printin(list); 1-52-5[/]
data = list.remove(0); System.out.printin(data); a->1-52->[/]

System.out.printIn(list);

data = list.remove(1); System.out.println(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->[/] 53



Summary of SinglyLinked run-time

complexity

Run-time complexity

Linked list

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

complexity

Run-time complexity

Linked list

QEt(i) O ( n) e Start at head and march down to find
. index i
SEt(I, 8) O ( n ) * Slow to get to index, O(n) in worst case
. * Once there, operations are fast O(1)
Gdd(l, 6’) O(n) * Best case: all operations on head
remove(i) 0O ( n ) * If constrain to only operate at head

e All operations become O(1)

55



1. Singly linked List ADT implementation

» 2. Exceptions

Key points:

1.

2.

3.

Exceptions are used when something
unexpected happens
The called method can tell the calling

method about the exception
The calling method can catch the exception

and continue running

56



An exception indicates that something

unexpected happened at run-time

e 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
e catch executes only if there is an exception in try body
e catch block can specify the type of error it handles
* Can have multiple catch blocks for each try
 Finally block executes regardless whether try succeeds or faiISS7



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 LlstExceptlons.java

[
7 SimplelList<String> list = new Singlylinked<String>(); . . °
8 "\ Create new SinglyLinked List
9 tr‘y { L] L] . . .
10 List.add(-1, "7"); T in SinglyLinked.java now becomes String
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.addC-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 '}

43
Problems @ Javadoc Declaration ECnnsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy

<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)

caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 58
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 ListExce tions .ava
° Try block P ‘)

7 SimplelList<String> list = new Singlylinked<String>();
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) { = ‘ ' o On|y executes if
15 System.out.println("caught it!"); // will print -- we know this is bogus
16 } 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(®, “?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 '}
43
Problems @ Javadoc Declaration ECnnsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy
<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 59
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 LlstExceptlons.java

[
7 SimplelList<String> list = new Singlylinked<String>(); . ° o
8 Trying to add at index -1 is an error, the catch
9 try { .

10 List.add(-1, "7"); block will execute because add() throws an
11 System.out.println("I never run!");

12 System.out.println("Neither do I"); H H H H
5 ;Y P ' exception for negative indices
14 catch (Exception e) {

15 System.out.println("caught it!"); // will print -- we know this is bogus

16 }

17

18 try {

19 list.addC-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 '}

43
Problems @ Javadoc Declaration ECnnsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy

<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)

caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 60
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 ListExce tions .ava
6 p '.l
7 SimplelList<String> list = new Singlylinked<String>(); . ° o
8 / Trying to add at index -1 is an error, the catch
9 try { .

10 List.add(-1, "7'D; block will execute because add() throws an
11 System.out.println("I never run!");

12 System.out.println("Neither do I"); H H H H

5 ;Y printine ) exception for negative indices

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"); public void add(int idx, T item) throws Exception {

20 System.out.println("Do I run?"); ind
21 System.out.println("No I don't"); it ; TRl ex)
22 } < if (idx< 0 || idx> size) {

23 catch (Exception e) { H " R .

24 System.out.println("caught it again!™); // will print -- we know this is bogus \throw new Exception("invalid index");

25 System.out.println(e); //will give us the error message s

26 } else if (idx == 0) {

27 finally {

28 System.out.println("finally 1"); // executed whether or not caught an error // Insert at head .

29 } head = new Element(item, head);

30 }

31 try {

32 list.add(@, "7"); else { _

33 System.out.println(list); Element e = advance(idx-1);

34 } - ; .

o tatch CException e) { e.next = new Element(item, e.next);

36 System.out.println("why did I catch it again!"); // won't print -- we know this c }

37 1 size++;

38 finally { }

39 System.out.println("finally 2"); // executed whether or not caught an error

40 }

41 }

42 '}

& SinglyLinked.java
Problems @ Javadoc Declaration ECunsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy

<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)

caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 61
7->[/]
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ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

g— public static void main(String[] args) { // note: no "throws exception", as every method that could is ListExceptions.java

: SimpleList<String> 1ty Trying to add at index -1 is an error, the catch

9 try { .

10 Lsoddc, 17 block will execute because add() throws an

12 System.out.println("Neither do I"); exce tion for ne ative indices

13 }

14 catch (Exception e) {

15 System.out.println("caught it!"); // will print -- we know this is bogus

16 }

17 .

18 YL e Catch block on line 15 executes because
ist.a -1, "?"),

2 S L e, exception thrown on line 10

22

23 iatch (Exception e) {

24 System.out.println("caught it again!™); // will nt -- we know this is bogus

;Z ) System.out.println(e); //wilLMive us the error mestqnes 11 and 12 never execute because

sg Finaé}(ﬁtgm.out.pr'i.ntln("ﬁnally 1"); // exgdlited whether or not caught an%reption on Iine 10 Stops eXECUtion in try

29 } . .

30 block and starts running in catch block

31 tr

32 Y {ist.add(ﬂ, "7y,

33 System.out.println(list);

34 }

gg catcgygi:;eﬂziozr?ati{n hy did I catch it again!"); // won't print -- we, know this code is fi

37 } - “I'never run” and “Neither do I” are not

38 finally {

System.out gFintln("finally 2"); // executed whether or not caught arpritr.ted

If we didn’t catch exception, the program

jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)

Egﬁg:g e i would end because main() wouldn’t have
fova.long.Excention: tnvalid 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 LlstExceptlons.java

[
7 SimplelList<String> list = new Singlylinked<String>();
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 { . . . o
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"); 1
2 ) 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(®, “?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 '}
43
Problems @ Javadoc Declaration ECnnsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy
<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 63
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 ListExce tions .ava
6 p '.l
7 SimplelList<String> list = new Singlylinked<String>();
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 { . o . .
19 list.add(-1, "2"); Trying to add at index -1 is still an
20 System.out.println("Do I run?"); -
21 System.out.println("No I don't"); 1
2 ) error, the catch block will execute
23 catch (Exception e) {
24 System.out.println("caught it again!™); /é will print -- we know this is bogus
25 System.out.println(e); Wil grve Us—the—esssdmuassoge, h t th t.
26 ¥ We can see wha e exception was
27 finally { p
28 System.out.println("finally 1"); // executed whether or not caught an error H H Hf TP H
% ;Y printinC*finatly 173 ¢ by printing e (it is just an object)
30
31 try { public void add(int idx, T item) throws Exception {
32 list.add(@, "7"); L. L.
33 System. out.printinClist); //safety check for valid index (can add at size index)
34 } if (idx< 0 || idx> size) {
35 catch (Exception e) { . I Ly .
36 System.out.println("why did I catch it again!")¥®// won't print -- we know thig } throw new EXCEptlon(_lmvahd index?);
37 }
38 finally { . » else if (idx == 0) {
ig ) System.out.println("finally 2"); // _gfecuted whether or not caught an error //Insert at head
41 } head = new Element(item, head);
42} }
43
Problems @' Javadoc Declaration [EJ Console 8 ' Expressions @] Error Log Console Call Hierarchy
<terminated> ListExceptions [Jauaﬂpp\lcatmr? JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)
caught it! “e . . ” .
caught it again! invalid index” was the message we included when we
java.lang.Exception: invalid index
_F' -L-l l L] o L] o
fnanly threw an error in the add method of SinglyLinked.java 64

finally 2



ListExceptions.java: Exceptions can be

handled with try/catch/finally blocks

4 public class ListExceptions {

g— public static void main(String[] args) { // note: no "throws exception", as every method that could is ListExceptions.java
7 SimplelList<String> list = new Singlylinked<String>();
8
2 Y L sder, o, * finally always executes, regardless
11 System.out.println("I never run!"); H H
12 System. out.printinCNeicher do 1°); of whether exception in try block
13 } . o
14 catch (Exception ¢ { * 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 Tist.add(-1, "7°); catch code does not execute
20 System.out.println("Do I run?"); . o
;% ) System.out.println("No I don't"); b If except|on in try bIOCk’
23 catch (Exception e) { r‘ H H
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 messagg . .
2 } the point of the exception and
27 finally { . p . . . p
sg ) System.out.println("finally 1"); // executed whether or not caught gp_sdror pleS up N f"'St Ilne of Catch bIOCk
3@ 3 .
B try © * Code in the try block after the line
32 list.add(®, “?7"); ° .
33 system. out.println(lList); 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 codeeg(gnceUtEd
37 }
38 finally {
39 System.out.println("finally 2"); // executed whether or not caught an error
40 }
41 }
42 '}
43
Problems @ Javadoc Declaration ECnnsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy
<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 65
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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 LlstExceptlons.java

7]
7 SimplelList<String> list = new Singlylinked<String>();
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 . . .
> L nally { This is valid, so catch block does not
28 System.out.println("finally 1"); // executed whether or not caught
29 } execute
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 3}
42 3}
43
Problems @ Javadoc Declaration ECnnsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy
<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)
caught it!
caught it again!
java.lang.Exception: invalid index
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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 LlstExceptlons.java

[
7 SimplelList<String> list = new Singlylinked<String>();
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.addC-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 } . . .
5 finally { This is valid, so catch block does not
28 System.out.println("finally 1"); // executed whether or not caught
29 } execute
31 try {
32 list.add(®, “?7"); o °
33 System. out printin(list); finally always executes, even if no
34 } ] ]
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 }
42 '}
43
Problems @ Javadoc Declaration ECnnsn\e 3% 5 Debug €Y Expressions @] Error Log Console Call Hierarchy
<terminated> ListExceptions [Java Application] /Library/Java/JavaVirty jdk1.8.0_112.jdk/Contents/Home/bin/java (Apr 6, 2018, 1:20:08 PM)
caught it!

caught it again!

java.lang.Exception: invalid index

finally 1 67
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finally 2




Key points

1. The List ADT specifies a set of operations that must be implemented
2. Those operations can be implemented using a singly linked list

3. Exceptions are used when something unexpected happens

4. The called method can tell the calling method about the exception
5. The calling method can catch the exception and continue running
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