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Today’s Topics

= ADT Counter review

= ADT Array

= ADT List

= Implementing the ADT List

+ Array implementation
+ Pointer implementation
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ADT Counter review

adt CounterADT /I “filename”
uses Integer /I other adt's used
defines Counter // name of type defined
operations

get:  Counter ---> int Il “observer”
inc: Counter ---> Counter // “modifier”
new: ---> Counter Il “constructor”
preconditions /I none for this adt
axioms Il “contract”
get( new() ) =0 // new starts at O
get( inc(c) ) = get(c) + 1 // inc's by 1
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ADT Array

= What'’s an array really like ? What do we
need to represent one as an ADT?

= It's a linear collection of elements of
some type, so we need a type. Call it T.

= We need to be able to refer to each
element, so we need some kind of
index... an integer will do just fine.

= We need to be able to retrieve and set
the values stored in the array, so we
need get and put functions

= And if we’re going to search through the
array to find some element, we need to
know when to stop... we need an array
length
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ADT Array

adt Array
uses Integer, Comparable
defines Array<T: Comparable>
/I Comparable supports ==
operations
new: Integer x T -/-> Array<T>
get: Array<T> x Integer -/-> T
put: Array<T> x Integer x T -/-> Array<T>
length: Array<T> ---> Integer

[BY->" indicates a function with
econditions

MHlilure of preconditions should
nerate exceptions
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ADT Array

preconditions
new(l, t): 1 > 0
get(a, i): O <= i < length(a)
put(a, i, t): O <= i < length(a)

axioms
length( new(l, t) ) = |
length( put(a, i, t) ) = length(a)
get(new(l,t), i) = t
get(put(a, i, t), J)
t if i ==j,
get(a, j) ifil=j
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ADT Array

= With a complete ADT for arrays we
can now

« implement arrays any way we like

+ make sure that our implementations
do satisfy the ADT Array interface

+ make sure that our implementations
do satisfy the array axioms
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ADT List

= What'’s a list? What do we need to
represent one as an ADT?

= It's a linear collection of elements of
some type, so we need a type. Call it T.

= We need to be able to refer to each
element, but it need not be an integer.

¢ We call it an iterator. (more later)

= We need to be able to retrieve and set
the values stored in the list, so we need
get and put functions

= And if we’re going to search through the

Lests & et e :ist to fir}:d sc:me element, we need to

the ADT Array, now when to stop.

doesn't it? + The iterator will also take care of that.
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ADT List

= The ADT List is similar to the ADT Array,
but is more general
+ It does not impose integer indices
+ It defines more operations

= ADT List operations

+ Create a list

+ Destroy a list

+ Is the list empty

¢ How many items?
Its formal definition + Insert an item at a given position
sfatiseomplagsy + Delete an item from the list
we'll skip it !

+ Retrieve an item from the list
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ADT List: Array implementation

= Array characteristics
+ Very convenient - an almost built-in DS
+ Easy and fast retrieval of elements
+ But cannot be resized once defined or, if
we want to resize them, we need to
create a new array and copy all elements
from the old to the new array
* This creates additional problems.
Ex: could run out of memory in the
process of duplicating the old array
+ Slow insertion and deletion (more next)

14: Intro. Data Structures & Algs. * Lecture 3 10

ADT List: Array implementation

= Let’s use char as an example

= We can create a class ArrayBasedList,
where the array holds chars

ArrayBasedList = After we're done, we can templatize it

typedef char itemType;
- canst int MAX_SIZE =100 .
- itemType items[MAX_SIZE]; = The class would have these (private) member

f'/i;'u'i:zns variables:

typedef char itemType;
+ const int MAX_SIZE = 100;
+ itemType items[MAX_SIZE];
+ int size;

*

5 6 7 B 9 size-1 max-1

0 1 2 3 4
IsizelI'rlcIZILIsluIZICIVIAI...IBI?I?I?I...
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ADT List: Array implementation

= Operations (member functions of the class):

+ Creation: in the constructor for the class, allocate
the array and set size to 0. Note that every item
gets “zeroed out”. O(1) or O(n) depending on item
type.

Destruction: in the destructor of the class, de-
allocate the array (using delete); may need to de-
allocate items too; no need to set size to 0, but
good practice anyway. O(1) or O(n) depending on
item type.

+ bool isEmpty() { return size == 0; } O(1)

+ int getLength() { return size; } O(1)

*

4 5 6 7 B 9 size-1 max-1

01 2 3
IsizelI'rlcIZILIsluIZICIVIAI...IBI?I?I?I...
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ADT List: Array implementation

= Operations (member functions of the class):

+ 3 kinds of insertions: (need to test preconditions!)
» insertFirst(char c) O(n)
» insertLast(char c) O(1)
» insertAt(char c, int index) O(n)

+ 3 kinds of deletions: (need to test preconditions!)
» deleteFirst() O(n)
» deleteLast() O(1)
» deleteAt(int index) O(n)

+ 3 kinds of retrievals: (need to test preconditions!)
» char getFirst() O(1)
» char getLast() O(1)
» char get(int index) O(1)

4 5 6 7 B 9 size-1 max-1

01 2 3
IsizelI'rlcIZILIsluIZICIVIAI...IBI?I?I?I...
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ADT List: Pointer implementation

= Linked-list characteristics
« Not built-in DS

+ Not-so-fast retrieval of
elements

+But can easily be resized once
defined
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ADT List: Pointer implementation
= Singly-linked list

first/ head last / tail

stuff stuff stuff stuff

next next next next

NULL

= Doubly-linked list

first/ head NULL

previous last /tail

previous
stuff

previous

stuff

next previous

stuff

next

stuff
next

next
NULL
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ADT List: Node class/struct
= Singly-linked list

class Node
{
stuft private:
int stuff; // for now, let's make it an int
next Node * next; // why a pointer and
1 not the obj itself?
public:
Node . 5
ST Node(int data, Node * nn);
- Node " next Il other member functions
+ Node(int data, Node * nn) .
+ int getStuff() }’
+ void setStuff(int data)
+ Node * getNext() N X
+ void setNext{Node * nn) typedef Node * NodePtr; // pointer to a Node
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ADT List: Node class/struct
= Doubly-linked list

prev class Node
stuff { .
private:
next int stuff; // for now, let's make it an int
Node * prev;
Node * next;
Node blic:
~int stuff public:
- Node * prev Node(int data, Node * nn, Node * pn);
- Node * next o
+ Node(int data, Node * nn, Node * pn) /1 other member functions
+int getSuf() i3

+ void setStuff(int data)
+Node * getNext()
+vaid sgiNext{Node * nn) typedef Node * NodePtr; // pointer to a Node
+Node * getPrevious()

+ void setPrevious(Node * pr)
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ADT List: Node class/struct

= Singly-linked or doubly-linked, either way
the header and the tail are pointers to
the first and last Nodes - they’re not
Nodes themselves

first/ head last /tail

stuff stuff stuff stuff

next next next next

NULL

first/ head NULL
previous last /tail
ot | previous
sttt previous
next stuft p previous
rext | stuff
next
next
NULL
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ADT List: Pointer implementation

= Let’s stick to singly-linked lists for now

= We can create a class SinglyLinkedList
to hold, say, integers. We can templatize

it later.

SinglyLinkedList = The class would have these (private)
class Node : .
nodel - Node NodePtr member variables:
- NodePtr head; o Node * head:
- NodePtr tail; et s .
- int size; + Node * tail; // if desired or needed
1 functions

« int size; // if desired or needed

= The class Node might also be internal
to the SinglyLinkedList class

14: Intro. Data Structures & Algs. * Lecture 3 19

ADT List: Pointer implementation

= Operations (member functions of the class):
+ Creation: in the constructor for the class,
allocate the head and tail pointers, set them
to NULL, and set size to 0. O(1)

+ Destruction: in the destructor of the class,

SinglyLinkedList must first de-allocate each Node (using
class Node delete); no need to set size to 0, but good
Iypedel " Mode NodeFur; practice anyway. O(n)
- NodePtr tai; + bool isEmpty() { return head == NULL; } O(1)
- int size; or
{f functions.

+ bool isEmpty() { return size == 0; } O(1)
« int getLength() { return size; } O(1)

+ getlLength() would be O(n) if we didn’t
maintain explicit size information using the
integer size
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ADT List: Pointer implementation

= Operations (member functions of the class):
+ 3 kinds of insertions: (need to test
preconditions!)
* insertFirst(int k) O(1)
* insertLast(int k) O(1) with tail, O(n), with no tail
* insertAt(int k, int index) O(n)

S:"E"‘"i"“e“""s‘ + 3 kinds of deletions: (need to test preconditions!)
f;?;zaf  Node NodaP + deleteFirst() O(1)
- NodePtr head; * deleteLast() O(n) for singly with or without tail,
- NodePtr tail; O(n) for doubly with no tail, O(1) for doubly with
- inl size; tail
1 functions + deleteAt(int index) O(n)

+ 3 kinds of retrievals: (need to test preconditions!)
* char getFirst() O(1)
* char getLast() O(n) without tail, O(1) with tail
* char get(int index) O(n)
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ADT List: Comparing Implementations

- Array Singly-L Doubly-L
O(1) if built-in o(1) o(1)
types
O(n) if not
Same as above O(n) O(n)
o) o) o)
getLength() o(1) O(1) with size O(1) with size

O(n) without O(n) without

linsertFirst) | Q) o(1) o(1)
insertLast() 1) O(1) with tail O(1) with tail
O(n) without O(n) without

[nsertatingox) | o o)

14: Intro. Data Structures & Algs. * Lecture 3 22

ADT List: Comparing Implementations

Array Singly-L Doubly-L

[ N
o) o) o)

deleteLast( o(1) O(n) even with  O(1) with tail
tail 0(n) without
deleteAtindex()\el{y)} O(n) O(n)

getFirst() o(1) o(1) o(1)
getLast() O(1) O(1) with tail O(1) with tail
\ O(n) without O(n) without

|getatindex) | 1) o) o)
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ADT List: Comparing Implementations

= Occasionally, it’s useful to define a few more
operation

= These are useful when you need to do lots
of insertions/deletions in sequence, in which
case you should use a doubly-linked list

_ Array Singly-L Doubly-L
insertBefore) | \IQ) o) o)
linsertafter) | Q) o) o(1)

| deleteBefore) | Q) o(mn) o()

|deleteatter) | Q) o) o)

o(1) o(1)
O(n) o(1)
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