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Revision 1
1. Removed errors in interface syntax

2. Inserted note about Priority Queues implemented with Heap structure

3. Eliminated iterators from tree interface to simplify

The Abstract Data types described here are:

· Singly-linked list:


SList<T>
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· Doubly-linked list:


DList<T>
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· Array – contiguous storage:

Array<T>



4
· Stack – a LIFO list:


Stack<T>
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· Queue – FIFO list:


Queue<T>
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· Priority Queue:


PQueue<T>
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· DeQueue:



DQueue<T>
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· Tree:




Tree<T>
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· Binary Search Tree:


BSTree<T>
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· Balanced Binary Search Tree:

BTree<T>
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· Set – ordered:



Set<K>
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· Map – ordered:


Map<K,V>



12
· Hashtable – unordered:

HashTable<K,V>


13
· Graph – a connected network:
Graph<V,E>
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We use an “almost code” description language which is a simplified merger of C++ and C#.

Singly-Linked List : SList<T>
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Specification:

1. typedef FIterator<T> Iterator;

2. SList<T> list = new SList<T>();

3. SList<T> list = new SList<T>(FIterator fit1, FIterator fit2);

4. void list.Add(T value);


O(1)
create note and link to front
5. T value = list.Delete();


O(1)
remove front node
6. Int n = list.Length();


O(1)
implies caching

7. Iterator iter = list.Find(T value);
O(n)
iter points to node with found value or null

8. Iterator iter = list.Insert(T value);
O(1)
insert node after current node, return node

9. Iterator iter = list.Remove();

O(1)
remove current node, return next
10. T value = list.First();


O(1)
value of first node
11. T value = list.Next();


O(1)
move to next and return value
12. Iterator iter = list.Begin();

O(1)
point to first node

13. Iterator iter = list.End();

O(1)
returns null
Properties:
1. Unordered collection, often used to implement Stack<T>, and in graph vertices to hold child nodes.
Forward Iterator : FIterator<T>

Specification:

1. T value = *iter;


O(1)
return value of referenced node
2. Iter->Next();



O(1)
execute member of referenced node
3. ++iter;




O(1)
point to next node
Doubly-Linked List : DList<T>
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Specification:

· typedef Iterator<T> Iterator

· DList<T> list = new DList<T>();




· DList<T> list = new DList<T>(Iterator it1, Iterator it2);

· void list.AddFront(T value);


O(1)
Link new node to Head
· void list.AddBack(T value);


O(1)
Link new node to Tail
· T value = list.DeleteFront();


O(1)
remove Head node
· T value = list.DeleteBack();


O(1)
remove Tail node
· Iterator iter = list.Insert(T value);

O(1)
link new node after current node
· Iterator iter =  list.Remove();


O(1)
remove current node, point to next
· Int n = list.Length();



O(1)
implies caching

· Iterator iter = list.Find(T value);

O(n)
point to node with value
· T value = list.First();



O(1)
return value of Head node
· T value = list.Last();



O(1)
return value of Last node
· T value = list.Next();



O(1)
move to next node and return value
· T value = list.Prev();



O(1)
move to prev node and return value
· Iterator iter = list.Begin();


O(1)
point to first node
· Iterator iter = list.End();


O(1)
return null
Properties:

· Unordered collection, used to implement Queue<T>.
Iterator : Iterator<T>

Specification:

· T value = *iter;



O(1)
return value of referenced node
· Iter->Next();




O(1)
execute member of referenced node
· ++iter;





O(1)
point to next node or null
· --iter;





O(1)
point to previous node or first

Array : Array<T>
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Specification:

· Array<T> array = new Array<T>();

· Array<T> array = new Array<T>(Iterator it1, Iterator it2);

· T value = array[i];



O(1)
· array[j] = value;



O(1)
· int n = array.Length();



O(1)

· Iterator<T> iter = array.Begin();

O(1)
point to first element
· Iterator<T> iter = array.End();


O(1)
return null
· Iterator<T> iter = array.Find(T value);
O(n)
pointer to found element or null

Properties:
· Unordered collection

Stack : Stack<T>
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Specification:

· Stack<T> stack = new Stack<T>();
· Stack<T> stack = new Stack<T>(FIterator fit1, FIterator fit2);
· void stack.Push(T value);

O(1)
link new node to Head
· T value = stack.Pop();


O(1)
unlink Head else throw exception
· int n = stack.Length();


O(1)
assumes cached
Properties:
· LIFO ordering

· All operations constant time
· Implemented with SList<T>

Queue : Queue<T>
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Specification:

· Queue<T> queue = new Queue<T>();
· Queue<T> queue = new Queue<T>(FIterator fit1, FIterator fit2);
· void queue.EnQueue(T value);
O(1)
link new node to Tail
· T value = queue.DeQueue();

O(1)
unlink Head else throw exception
· int n = queue.Length();

O(1)
assumes cached
Properties:
· FIFO ordering

· All operations constant time
· Implemented with DList<T>

Priority Queue
 : PQueue<T>
Specification:
· PQueue<T> queue = new PQueue<T>();
· PQueue<T> queue = new PQueue<T>(FIterator fit1, FIterator fit2);
· void queue.EnQueue(T value);
O(1)
link new node to Tail
· T value = queue.DeQueue();

O(P)

unlink Head of Highest priority non-empty 
 





Queue else throw exception
· T value = queue.DeQueue();

O(n)

unlink highest priority item else throw  
 





exception
int n = queue.Length();

O(1)
assumes cached

· DQueue : DQueue<T>
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Specification:

· DQueue<T> queue = new DQueue<T>();
· DQueue<T> queue = new DQueue<T>(Iterator fit1, Iterator fit2);
· void queue.EnQueueFront(T value);
O(1)
link new node to Head
· void queue.EnQueueBack(T value);
O(1)
link new node to Tail
· T value = queue.DeQueueFront();
O(1)
unlink Head else throw exception
· T value = queue.DeQueueBack();
O(1)
unlink Tail else throw exception
· int n = queue.Length();

O(1)
assumes cached
Properties:
· All operations constant time
· Implemented with DList<T>

Node with finite number of children : MNode<T>
Specification:

MNode<T> node = new MNode<T>(T value);

MNode<T> child = node.GetFirstChild();


O(1)
returns null if none

MNode<T> child = node.GetNextChild();


O(1)
returns null if none

void node.InsertChild(MNode<T> child);


O(1)
insert after current child
T value = node.Value();




O(1)

Tree with n nodes : Tree<T>
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Specification:

· Tree<T> tree = new Tree<T>();
· MNode<T> root = tree.Root();
O(1)
point to root node, return value
· MNode<T> node = tree.Next();
O(1)
move to next node in DFS order
· void tree.Walk(Operation op);
O(n)
Op applies an operation to each node
· int n = tree.Size();


O(1)
assumes cached
· MNode<T> node = tree.find(value);
O(n)
may be badly balanced
Properties:
· Each node has only one parent

Binary Search Tree : BSTree<T>
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Specification:

· Tree<T> tree = new Tree<T>();
· void tree.AddLeftChild(T value);
O(1)
link new left child node to current node
· void tree.AddRightChild(T value);
O(1)
link new left child node to current node
· MNode<T> child = tree.GetLeft();
O(1)
point to left child
· MNode<T> child = tree.GetRight();
O(1)
point to right child
· MNode<T> node = tree.Root();
O(1)
return root node
· MNode<T> node = tree.Next();
O(1)
move to next node in DFS order
· int n = tree.Size();


O(1)
assumes cached
· MNode<T> node = tree.find(value);
O(n)
may be badly balanced
· void tree.Walk(Oper op, Order ord)
;
O(n)
Op is operation to each node in ord
Properties:
· Each node has only one parent
· Each node has at most two children
· *GetLeft() < *Current() < *GetRight(), which implies values in tree are unique

Balanced Binary Search Tree : BTree<T>
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Specification:

· Tree<T> tree = new Tree<T>();
· void tree.AddLeftChild(T value);
O(1)
link new left child node to current node
· void tree.AddRightChild(T value);
O(1)
link new left child node to current node
· MNode<T> child = tree.GetLeft();
O(1)
point to left child
· MNode<T> child = tree.GetRight();
O(1)
point to right child
· MNode<T> node = tree.Root();
O(1)
return root node
· MNode<T> node = tree.Next();
O(1)
move to next node in DFS order
· int n = tree.Size();


O(1)
assumes cached
· MNode<T> node = tree.find(value);
O(log n)
· void tree.Walk(Oper op, Order ord)
;
O(n)
Op is operation to each node in ord
Properties:
· Each node has only one parent
· Each node has at most two children

· *GetLeft() < *Current() < *GetRight(), which implies values in tree are unique

· AVL Tree: balance factor
 of every node is either +1, 0, or -1.
· Red-Black Tree: height of left subtree is no more than twice and no less than half of the right subtree

Set – Ordered Collection of Keys : Set<K>

Specification:

· typedef Iterator<K> Iterator;

· Set<K> set = new Set<K>();

· Set<K> set = new Set<K>(Iterator it1, Iterator it2);

· Iterator iter = map.find(K key);
O(log n)
if key is in set point to it else null

· bool set.Insert(K key);


O(log n)
if key is not in set insert it

· bool set.Remove(K key);

O(log n)
if key is in set remove it

· Iterator iter = map.Begin();

O(1)

point to least key

· Iterator iter = map.End();

O(1)

return null

Properties:

· Implemented with BTree<K>

Pair : Pair<K,V>

Specifications:

· Pair<K,V> pair = new Pair<K,V>();

· Pair<K,V> pair = new Pair<K,V>(K key, V value);

· K key = pair.Key();

· V value = pair.Value();
Map – Ordered Collection of Pair<K,V> : Map<K,V>
Specifications:

· typedef Iterator<K,V> Iterator;

· Map<K,V> map = new Map<K,V>();

· Map<K,V> map = new Map<K,V>(Iterator it1, Iterator it2);

· Iterator iter = map.find(K key);
O(log n)
if key is in map point to
 






pair<key,value> else return null


· bool map.Insert(K key, V value);
O(log n)
if find(key) == null, insert
 






pair<key,value>
  






else overwrite found value
· bool map.Remove(K key);

O(log n)
if find(key) != null, remove
 






Pair<key,value>, return true, else
 






return false
· Iterator iter = map.Begin();

O(1)

point to Pair with least key

· Iterator iter = map.End();

O(1)

return null

Properties:

· Implemented with BTree< Pair<K,V> >
Hashtable : HashTable<K,V,H>
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Specifications:

· typedef Iterator<K,V,H> Iterator;

· HashTable<K,V,H> ht = new HashTable<K,V,H>();

· HashTable<K,V,H> ht = new HashTable<K,V,H>(Iterator it1, Iterator it2);
· Iterator iter = ht.find(K key);

O(1)

if key is in ht point to pair<key,value>
 





else return null


· bool ht.Insert(K key, V value);

O(1)
if find(key) == null, insert pair<key,value>
  





else overwrite found value

· bool ht.Remove(K key);

O(1)
if find(key) != null, remove pair<key,value>,
 





return true, else return false

· int n = ht.Size();


O(1)
if cached

· Iterator iter = ht.Begin();

O(1)
point to Pair with least key

· Iterator iter = ht.End();

O(1)
return null

Notes:

· Implemented with Array<SNode< Pair<K,V> > >
· H is a HashFunctor type that computes a table address by hashing the key, a constant time operation.  Ideally hashing distributes computed addresses uniformily across the array.
· The hash cannot guarantee unique addresses.  When two distinct keys hash to the same address we add additional nodes in SList<T> fashion.
Graph – Connected Network : Graph<V,E>
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Edge<V,E>


Specifications:

· Graph<V,E> graph = new Graph<V,E>();
· void graph.Add(Vertex<V,E> v);



O(1)
add vertex to adj list
· void graph.Link(Vertex<V,E> v1, Vertex<V,E> v2, E e);
O(1)
insert edge in v1,
 








link to v2
· Iterator iter = graph.Begin();




O(1)
point to top of adj list
· Iterator iter = graph.End();




O(1)
return null
· void graph.DFS(Vertex<V,E> v, Oper op);


O(m,n)
Notes:

· The structure shown on the right, above, is a form of adjacency list.  Its purpose is to allow us to ensure that all nodes are visited in DFS and all nodes are destroyed in a destructor.

· This is not the form shown in almost all text books.  That widely used form holds redundant nodes – see http://en.wikipedia.org/wiki/Adjacency_list - not a particularly good idea for large graphs.

· If edges hold the index of their referenced vertices rather than pointers or references to them, then copies and assignments can easily be implemented in languages like C++ (see page 18).
Graph Vertex : Vertex<V,E>
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Specifications:

· Vertex<V,E> vert = new Vertex<V,E>(v);  v ε V

· Vertex<V,E> child = vert.GetNextUnmarkedChild();
return child or null
· V val = vert.Value();




return value

· Int handle = vert.GetHandle();



return index of place in adj list

· Iterator<V,E> iter = vert.Begin();


point to first edge or null

· Iterator<V,E> iter = vert.End();


return null

Notes:

· Holds SList< Edge<V,E> >

Graph Edge - Edge<V,E>
Specifications:
· Edge<V,E> edge = new Edge<V,E>(e);  e ε E
· Vertex<V,E> vert = edge.GetVertex();
· E e = edge.Value();
Graph Issues – Copy and Assignment
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Problems with Copy and Assignment:

Copies of Pointers still Point to the Original Vertices


� The model above assumes small number, P, of priorities, large number of items entered and removed from queue, as in processing messages with priorities on a communication channel or scheduling threads.  Another model, leading to Heap Sort uses a heap structure to handle many priorities (often as many priorities as items placed on the heap).  With that model, enqueuing and dequeuing is O(log n).  This model is used in Dijkstra’s and Prim’s graph algorithms.


� Assumes implemented with one Queue<T> for each priority


� Assumes stored items of type T have priority interface, e.g., store and retrieve


� Order is PreOrder, InOrder, or PostOrder : � HYPERLINK "http://en.wikipedia.org/wiki/Tree_traversal" �http://en.wikipedia.org/wiki/Tree_traversal�. 


� Order is PreOrder, InOrder, or PostOrder : � HYPERLINK "http://en.wikipedia.org/wiki/Tree_traversal" �http://en.wikipedia.org/wiki/Tree_traversal�. 


� Balance factor is the difference between heights of nodes left and right subtrees.


� Find, insert, and remove have O(1) for n << ht.Size() and O(n) for n >> ht.Size();


� Supports making assignment operator and copy constructor if language supports that
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