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	LOCATION:  Swansea 
	LLEOLIAD:  abertawe

	LEVEL 5
	LEFEL 5

	EXAMINATION PERIOD
	CYFNOD ARHOLIADAU

	JAN 2016
	JAN 2016



MODULE CODE: M5X01023
ALGORITHMS AND DATA STRUCTURES
TIME:  2 ½  HOURS 
Attempt question 1 then a further 2 out of the 3 questions in Section B

Instructions for Question 1: Use the Visual Studio application provided on your allocated lab machine. The C++ programs required are located on “Window’s Desktop.”  Write your results and answers in the answer book provided.
Write your answers to questions in section B in the answer book provided.

Equipment or materials required – Computer Laboratory running Visual Studio 2012 (or later) with profiling tool, graph paper.
Adnoddau neu ddefnyddiau sydd eu hangen – As above




Attempt question 1 then a further 2 out of the 3 questions in Section B


Section A

QUESTION ONE

	Create an empty C++ win32 console project. Name it ADSTst_P****** where P****** is your student P number and save the project to the desktop.
Add the .cpp file called testSource.cpp located on the Desktop to your project.
Compile the project and check that it has compiled successfully.

Experiment 1: Estimate the time complexity of the function aFunc1().

This function processes data passed to it in an array.  The function parameters are a pointer to an array and an integer specifying the array size.  Five arrays have been created for testing this function:  testArray1 contains 100 data elements, testArray2 contains 1000 data elements, testArray3 contains 10,000 data elements, testArray4 contains 100,000 data elements, testArray5 contains 1,000,000 elements.

Use the Visual Studio profiler tool and the analysis techniques you practiced in class to measure the time taken to run aFunc1() with data sizes of 100, 1000, 10000, 100000 and 1000000.  

Record the times in a table and sketch a graph on the graph paper provided showing the relationship between time and data size.  From this graph estimate the time complexity of the function and write down your estimate using Big Oh notation.

Experiment 2: Estimate the time complexity of the functions aFunc2() and aFunc3().

[bookmark: _GoBack]Now test and analyse aFunc2() and aFunc3() using the same method as that described in experiment 1. 

 	Record the times in a table and sketch a graph showing the relationship between time and data size.  From this graph estimate the time complexity of each function using Big Oh notation.
											[25 Marks]
	ANS:

	Data collected and the subsequent sketches should reflect running times of O(N)  for aFunc1(), O(N2) for aFunc2() and O(1) for aFunc3.
Successful setup of project and compilation.  		[1 mark]
Code modding, analysis and table creation	 	[3 marks each =9 marks]
Graph sketch, labelling of axes, units and title 		[ 3.5 marks each = 10.5 marks]
Correct identification of time complexity using Big “Oh” notation
 [1.5 marks each = 4.5]

											[Total=25 Marks]

Section B

Answer  2 out of the 3 questions in this section.

QUESTION TWO

a) Explain the difference between static memory allocation and dynamic memory allocation in the context of program development.
	[4 marks]

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

c) Explain the term “linearly linked list” including, with arguments for their inclusion, essential operations that are performed on the list data structure.

	[5 marks]

d) Using the ideas of dynamic memory location and the concept of a list node, describe using pseudo-code a detailed algorithm for a function that will add an item to an ordered linearly linked list. In your answer comment on any potential problems associated with your implementation. Analyse your algorithm and state, with reasons, its time complexity using Big “Oh” notation.  

											[8 marks]
ANS:
a)    Use of static memory (Arrays) needs to be explained.  The fact that the program will allocate memory at compile time and that memory is reserved when the program runs irrespective of whether it is used or not.  This results in programs not necessarily being efficient in the use of that memory.  A plus point is that the program will not fail because there is no more memory available for its data.

Dynamic memory on the other hand will allocate memory as and when called upon during execution of the program.  This does not make the run time program excessively large in the use of memory but  ‘grabs’ memory when it needs it from the heap.  The drawback is that there may not be enough memory available to the program when it runs.
										[4 marks]
b)	LIFO – Last In First Out  - STACK
		 
 Out
In









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.
									      	[2  marks]

FIFO – First In First Out  - QUEUE

In
Out





A First In First Out Structure 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.
									[2 marks]

push() and pop()	explained					[ 2 mark]
enqueue() and dequeue() explained					[ 2 mark]
A good student might also discuss helper functions such as stack full/empty, etc.


c)
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. 
[5 marks]
											head of list
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(d)	For adding a node to the list the pseudo code must contain a search to identify the position for the node to be added.  The student will need to describe whether or not a dummy head node is used and, if so, that the node to be added is placed after the current node pointer.  If another approach is used then where the node is added  needs to be indicated and any tests required need to be detailed (for example, if the list is empty a special case of the add may be required – again this is dependent upon the precise implementation of the list). The addition will first create a new node and the preceding node’s next pointer should be updated to point to the new node.  The new node’s next pointer should then point to node that was previously pointed to by the preceding node, taking care that the original next pointer of the preceding node is not lost after being over-written.

Begin
OBTAIN pointer to Head of List
OBTAIN item to be added.
SET CurrentNodePointer to be HeadOfList
WHILE item < CurrentNode’sNextPointerListItem AND Not End of List DO
CurrentNodePointer = CurrentNode’sNextPointer
END WHILE
Create NewNode and assign NewNodePointer
NewNodeNextPointer = CurrentNode’sNextPointer
CurrentNodeNextPointer=NewNodePointer
NewNodeItem = item
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. Search, insertion and deletion are all O(N) where N is the list length.	

										[8 marks]     



QUESTION THREE
(a) Describe the operation of Dijkstra’s algorithm. Provide an analysis of this algorithm including a discussion of its running time and memory storage requirements. Discuss the purpose of any data structures used in its implementation. 
[10 Marks]

(b)	Show how Dijkstra’s algorithm may be modified to produce the A* path finding algorithm.  Discuss the relative merits (or otherwise) of the A* pathfinding algorithm when compared with Dijkstra’s.																													[6 Marks]

(c)	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.
[9 Marks]
ANS:

(a) An algorithm overview Dijkstra’s: The student will make reference to running time, O|E|.|V| and memory usage  and implementation details e.g. use of priority queues (open and closed lists) and the weighting of the edges if these ideas are used.
Example pseudocode might be:
Items in the priority queue will have three components (start point, end point, distance)
Select Start Node
Select End Node
Set item.distance to ZERO
Set item.startPoint to Start Node
Set  item.endPoint to Start Node
Add item to priority queue
WHILE queue not empty DO
     Remove item at front of queue.
     IF item.endPoint is not marked THEN
	Mark item.endpoint
	Set item.startPoint to item.endPoint
	Set minDistance to item.distance
	Obtain queue of nodes (nodeQ) adjacent to item.startPoint
	WHILE nodes still in nodeQ DO
		Get  next point from nodeQ
		IF node is not marked THEN 
		   Set item.endpoint to next Point
	Set item.distance to minDistance + distance between these two points
Add item to priority Queue
  			ENDIF
			ENDWHILE
	       	 ENDIF
             ENDWHILE
	The emphasis is on the understanding of the algorithm- detailed pseudocode is not necessarily required as the description should clearly show the underlying ideas and method used to implement the algorithm  - hence the weighting of marks. A  supporting example illustrating the algorithm is not explicitly necessary though a student might answer the question by using an example as a framework for his answer.
   
											[10 Marks]

(b)  A* is Dijkstra’s with the evaluation function modified to include a heuristic as follows:

f(n) = g(n) + h(n)  

where g(n) gives the path cost from start node to node n (as in Dijkstra) and h(n) is the estimated cost of the cheapest path from n to goal – usually the straight line distance. Thinking about this we can see that f(n) really gives us an estimation of the cheapest path from the source to the destination whilst going through n.
It cuts down on the size of the subgraph to be explored and can be guaranteed to find the shortest path.
											[6 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.
										[9 Marks]
QUESTION FOUR

a) Provide a brief outline of  pre-order, post-order and in-order traversals of a binary tree.     																						[9 marks]
b) 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]
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Figure 1


c) 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: PAYATTENTION sequentially into an initially empty binary search tree. Hint: the key “P” is located at the root of the tree.

[8 Marks]
ANS:

(a) A good student may provide a brief description of a binary tree structure (with diagrams) as a prelude to describing the steps involved in in-order, pre-order and post-order traversal. Appropriate terminology, eg node, visit, traversal, etc would be defined and used accordingly.  If recursion is used in the description then it should be clearly defined.  			          [3 marks each = 9marks]     	

(b)										       
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Figure 1


 Pre order post order traversal gives (FIRST NODE IS +): + - W / 2 X * Y - 5 Z
[4 marks] 
							
   	 Post order traversal gives (FIRST NODE IS W):  W 2 X / -  Y 5 Z - * +
[4 marks]
									

(c)       
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 (or vice versa).
.  
 
[2 marks]



PAYATTENTION
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                      I           O
                               N
[6 marks]
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