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Answer three out of four questions. All question carry equal marks.

QUESTION ONE
a) Big “Oh” notation is often used to describe the computational complexity of an algorithm, for example sort algorithms may be categorized as either order n2 or nlogn.  Explain what is meant by these two terms and why it is useful to categorize sorts this way.  Identify an algorithm for any sort that you have studied that is categorized as being of the order nlogn. 

[5 marks]
b) Use pseudocode to illustrate programming structures that have complexity O(1), O(n) and O(n2). 
[6 marks]

c) An algorithm has a running time,Rt given by:-

Rt = n2  + n + 2logn + 300
where n is the number of items input into the algorithm.


Using “big-Oh notation,” state the computational complexity of this algorithm and explain your answer.














[4 Marks]
d) Describe the operation of the Depth First Search algorithm. Provide an analysis of this algorithm including a discussion of its running time, memory usage and limitations (if any). Identify and indicate the purpose of any data structure(s) used by your algorithm.

[10 Marks]
QUESTION TWO

a) Describe the stack and queue data structures including, with arguments for their inclusion, essential operations that are performed on each structure.  



                     [8 marks]
 b)
Explain the term “ordered linearly linked list” including, with arguments for their inclusion, essential operations that are performed on the list data structure.




[8 marks]

 c)
Using the ideas of dynamic memory allocation and the concept of a list node show, with the aid of diagrams, how an item can be deleted from an ordered linearly linked list. In your answer comment on any potential problems associated with the implementation of this operation.













[9 marks]
QUESTION THREE
a) Using the given tree of Figure 1, below (which stores information of an arithmetic calculation) read the data in the tree nodes by performing a post-order traversal of the tree. Write down the data read in the order in which the nodes are visited (ensure you indicate which is the first node visited in your answer). Repeat this process using a pre-order traversal.
 










[8 marks]


Figure 1
b) Define the term “binary search tree” and describe how data might be inserted into the tree. In particular comment upon any restrictions involved in inserting data. Draw the binary search tree created by inserting the keys: DONTPANIC sequentially into an initially empty binary search tree. Hint: the key “D” is located at the root of the tree.

[8 Marks]

c) Perform an in-order traversal of the binary search tree you constructed above, writing down the keys in the order you visited them.  Comment on your result.

[5 Marks]

d) Analyse the insert operation for a binary search tree and hence state the best and worst case running times, showing how these situations can occur. 












[4 Marks]

QUESTION FOUR

a) Describe what is meant by the term “hashing” in the context of referencing records in a table. In your answer describe steps involved.

[5 marks]

b) An item is to be inserted into an empty table using the separate chaining (open hashing) method to resolve collisions. The hash function is given by 

hi(K) = (hash(K)) mod m

where the table size, m = 11 and K is the key to be inserted. 

Calculate the table address for a record key value of 15 and draw a diagram to illustrate the table after insertion of this key.  A second key has a value of 37. Calculate the table address and draw a diagram to show the updated table after insertion of the key.

[10 marks]

c) Analyse the separate chaining approach to hashing.  In your answer identify the advantages, disadvantages and potential implementation problems with this method.

[10 marks]

ANSWERS

Q1ANSWER
a)        The answer should include:

A discussion on the concept of the number of comparisons and the time taken to perform the sort in relation to the number of elements to be sorted.  nlogn is the average time taken to perform the sort where n is the number of elements to be sorted.

Typical sorts for nlogn are:

MERGE SORT

QUICKSORT


RADIX SORT

SHELL SORT











[5 Marks]

	O(1)


	O(n)
	O(n2)

	begin

  Input x,y

  z=x/y

  Output z

end
	for(i=1 to n) do

  i=i+1

endfor
	for(i=1 to n) do

  for(k=1 to n) do

     i=i+1

  endfor

endfor


[2 marks each]

 b)  Rt = n2  + n + 2logn + 300
Complexity is O(n2) 








[2 marks]


since the term n2 dominates for large values of n.


            [2 marks]

c)

A description of what is meant by depth-first should be given (that the search moves down a path [to the end of that particular path]and all options on that path are explored before moving onto another path [the other path would be found by going back up one level at a time and exploring other paths emanating from each node visited]). A good student would comment on the close similarity of this to tree traversals.

Time/Mem usage – depth first search is O(|V| + |E|) where |V| is the number of nodes and |E| the number of edges in the graph.  . For large graphs search time becomes excessive. Consider heuristics to stop search if target not found by a predefined time limit. Won’t terminate if depth of any branch is infinite. Consider effect of cycles in graph.  Discuss data structures to store graphs

(adjacency lists or matrices). 

A stack or recursion is typically used to store nodes visited. Replacing a stack with a queue turns the DFS into a BFS.











[10 Marks]











[5 Marks]
Q TWO ANSWER 

2a)   
(a) LIFO – Last In First Out  - STACK



 FIFO – First In First Out  - QUEUE

 





Last  In First Out indicates that the last item to enter the structure will be the first to be retrieved. It can be represented as a single open ended pipe, where you add and remove from the same end. A stack pointer is maintained that always points to the top of the stack.









      

[2  marks]

Essential operations are:-

 push()

The stack pointer is incremented, (depending on implementation space for new data is allocated dynamically) and data is then added to the top of the stack. Can’t add data without this operation.









      

[1  marks]

pop()

Data is read from the top of the stack, ( depending upon implementation, space deleted dynamically; note in static versions data is not necessarily deleted just read) and the stack pointer is decremented. Can’t remove data without this operation.  









      

[1  marks]

peek() – not essential since it can be implemented using pop() and push() together.



A First In First Out Structure such as a queue indicates that the order in which an item is added to the structure is the order in which it is retrieved from the structure.  It can be represented by a double open-ended pipe where the items are added at one end and retrieved from the other. Two pointers are maintained. One points to the front the other to the back of the queue.










[2 marks]
Essential operations are:-

enqueue() . Back Pointer is incremented and data added (after new space is dynamically allocated – implementation dependent).  Cant add data without this operation.










[1 marks]
dequeue() . Data is read (depending upon implementation, space – eg front node-  is dynamically deleted; note in static versions data is not necessarily deleted just read) and front pointer is decremented (after new space is allocated – implementation dependent).  Can’t delete data without this operation.










[1 marks]
2b)

The linked list structure is to be explained in that it is a data structure that contains nodes where each node is an item in the list.  The idea of creating a linked list is to provide order to the data, thus allowing each item in the list to appear in its correct place in the sequence created by the order of the list.  Additionally the list should have the ability to grow and shrink as data is added or deleted. It is important to have a pointer that indicates where the list starts and then each node in the list will ‘point’ to the next item in the list that follows it in the required sequence.  The end of the sequence must also be identified so that processing will stop. Obvious operations are insert node, delete node, read/write data to node, search for node. Go to head. Test if list empty, etc. but not sort. 

[8 marks]














    Dummy node













Tail

2(c)
For deleting a node from the list the pseudo code must contain a search to identify the node to be deleted.  The removal should simply change the pointers of the preceding node to reference the succeeding node.  Diagrams will help enormously here.  Regarding implementation, special case of removal of the head of the list must be dealt with.  If the student identifies that there is a precondition before entering this function that the list must contain at least one node then this will suffice.  However, if no such statement is made but a check for the condition of the list being empty prior to any removal operations is included in the answer then the student will not be penalised.  Additionally the removed node’s memory should be deleted. This implies that a copy of the node to be deleted needs to be kept otherwise the program will be unable to locate and free the memory.  Pseudocode not essential but a clear description of the method with diagrams is appropriate.
Begin

OBTAIN pointer to Head of List

OBTAIN item to be removed.

SET CurrentListItem to be HeadOfList

WHILE item NOT EQUAL TO CurrentListItem AND Not End of List DO

OBTAIN pointer to next item in List

IF pointer NOT end of list

THEN set CurrentListItem to next item

ENDIF

END WHILE

IF item EQUAL TO CurrentListItem THEN   IF CurrentListItem EQUAL TO HeadOfList 


      THEN SET HeadOfList to point to node CurrentListItem



points to.

      ELSE  SET   CurrentListItem’s predecessor to point to node



CurrentListItem  points to.

  END IF

ELSE OUTPUT item not found in list

END IF

End

After the completion of each function it will be expected that the lists will have been amended appropriately and the post conditions of changing the contents of the list have 
been met.












[9 marks]     

ANSWER Q THREE
(a)  The student will be expected to provide a description of a tree structure (with diagrams) and show how a Binary Tree is a specific tree structure with each node having a maximum of two children.  A brief description of in-order, pre-order, post-order and level order traversal should be included making use of appropriate terminology, node, visit, etc.  If recursion is used in the description then it should be clearly defined.      



 Pre order post order traversal gives (FIRST NODE IS *): -+A-4Y+B*3X   
[4 marks] 

   
 Post order traversal gives (FIRST NODE IS A):  A4Y-+B3X*+-

[4 marks]

(b) Student defines binary search tree – must avoid confusion with binary search algorithm. The student should also emphasise the need to insert items less than the current key node to the left of the node and data greater than or equal should be inserted to the right.  

[8 marks]

 D
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c)   ACDINNOPT  - it’s a sort !     






[5 marks]
d)

Given a balanced tree, an insertion takes constant time and occurs after a search for the correct position using multiple greater than or less than tests to traverse the tree. A signle test effectively rules out the remaining half of the tree and its data. Therefore the traversal is logarithmic and the insert takes a constant time.  Overall O(logn).  Example provided by student.

[2 marks]

If data to be inserted is in order then the tree generated has one item per level and the tree is effectively a list. The test at each node removes no sub-trees and the complexity becomes linear O(n). Example provided by student.

[2marks]

ANSWER Q4

a) Hashing is a method for directly referencing records in a table by doing arithmetic transformations of keys into table addresses. Step 1 apply a suitable hashing function to map the key to a table (typically the number of possible keys values >> than the addressable table size). Step to involves cheching for a collision (mapping of two or more keys onto the same address location) and resolving the collision using a suitable approach -  open or closed hashing. A diagram might help here to illustrate the process.     

[5 marks]
b)
Table position = 4 for k=15. [2 marks]

Table position also = 4 for k=37. [2 marks]

   [3 marks each for diagrams]
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c)  Constant time for all insert, delete and search [1 mark each]


Open hashing uses linked list to store keys outside table memory [1].  Dynamic memory allocation required to build the linked lists [1].  This takes time[1]. A well designed hashing function ensures insertion deletion and search are done in constant time[1].  A poorly designed hashing function will lead to clustering and long linked lists[1] resulting in O(n) complexity in searching linked lists[1]. Advantage is that deletion is simple[1].
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