COSC 320 Lab 1 - Sorting Algorithm and Algorithm Efficiency Analysis



This is a lab for practicing the sorting algorithms and algorithm efficiency analysis. You are going to implement a sorting algorithm with each function that is designed to take a vector of numbers and order the elements into ascending order. The algorithms used are: Bubble sort, Selection sort, Radix sort, Insertion sort, Merge sort, Quicksort sort, and one of your own choice. 
Timing an operation

One way to measure elapsed system time for programs is to use the standard clock function, which is exported by the standard ctime interface. The clock function takes no arguments and returns the amount of time the processing unit of the computer has used in the execution of the program. The unit of measurement and even the type used to store the result of clock differ depending on the type of machine, but you can always convert the system-dependent clock units into seconds by using the following expression: 
double(clock()) / CLOCKS_PER_SEC
If you record the starting and finishing times in the variables start and finish, you can use the following code to compute the time required by a calculation:

#include <ctime>
int main()
{ 
double start = double(clock()) / CLOCKS_PER_SEC;
. . . Perform some calculation . . .
double finish = double(clock()) / CLOCKS_PER_SEC;
double elapsed = finish - start;
}
Unfortunately, calculating the time requirements for a program that runs quickly requires some subtlety because there is no guarantee that the system clock unit is precise enough to measure the elapsed time. For example, if you used this strategy to time the process of sorting 10 integers, the odds are good that the time value of elapsed at the end of the code fragment would be 0. The reason is that the processing unit on most machines can execute many instructions in the space of a single clock tick—almost certainly enough to get the entire sorting process done for 10 elements. Because the system’s internal clock may not tick in the interim, the values recorded for start and finish are likely to be the same.

One way to get around this problem is to repeat the calculation many times between the two calls to the clock function. For example, if you want to determine how long it takes to sort 10 numbers, you can perform the sort-10-numbers experiment 1000 times in a row and then divide the total elapsed time by 1000. This strategy gives you a timing measurement that is much more accurate. Part of your experimentation is figuring out how many times you need to perform the sort operation for different-sized inputs in order to get reasonably accurate results.

Tasks:
1. Implement each sorting algorithm as C++ functions. 

2. Write the main function to call those functions. 

3. For each algorithm, record all the vector sizes used and running time for each size.

4. Create a plot (use Excel or other math tool) for each algorithm as shown below. 

5. Write a document to compare your experiment data on the growth of the algorithms with the theoretical analysis of each algorithm. Your write-up should demonstrate that the differences in the sorting algorithms. You need to include the graph with data points to show the experiment results (created in step 4 above) and write in clear and complete English sentences and include details of the experimental data that substantiates your claims. If your experiments are well chosen, this write-up can be quite succinct.
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		1		0		0		1		1		2

		2		1		2		4		8		4

		3		1.5849625007		4.7548875022		9		27		8

		4		2		8		16		64		16

		5		2.3219280949		11.6096404744		25		125		32

		6		2.5849625007		15.5097750043		36		216		64

		7		2.8073549221		19.6514844544		49		343		128

		8		3		24		64		512		256

		9		3.1699250014		28.529325013		81		729		512

		10		3.3219280949		33.2192809489		100		1000		1024

		11		3.4594316186		38.053747805		121		1331		2048

		12		3.5849625007		43.0195500087		144		1728		4096

		13		3.7004397181		48.1057163358		169		2197		8192

		14		3.8073549221		53.3029689088		196		2744		16384

		15		3.9068905956		58.6033589341		225		3375		32768

		16		4		64		256		4096		65536

		17		4.0874628413		69.4868683013		289		4913		131072

		18		4.1699250014		75.058650026		324		5832		262144

		19		4.2479275134		80.7106227554		361		6859		524288

		20		4.3219280949		86.4385618977		400		8000		1048576
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