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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().

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]


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]



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]


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]
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