LAB SESSION 8 OVER MATERIAL IN CHAPTER 17
BACKGROUND INFORMATION
I. VISUALIZING ALGORITHM EXECUTION

How can we visualize an algorithm?


For many algorithms, such as sorting algorithms, the way to do this is very simple.

Example: Sort 6 integers using a variant of the Selection Sort we saw in class. This version finds the LARGEST value and exchanges it with the last unsorted value that is on the right instead of working with the SMALLEST value.
We will always assume for this lab that when we are sorting K integers, then they will be the integers 1, 2, 3, …, K. So in this case, the numbers involved  are 1,2,3,4,5,6. 

Let's assume we start with the list in the order 4, 1, 2, 5, 6, 3. If we wanted to represent the ordering after each pass completes, we would obtain the sequences


4, 1, 2, 5, 6, 3   Initial list



4, 1, 2, 5, 3, 6   End pass 1



4, 1, 2, 3, 5, 6   End pass 2



3, 1, 2, 4, 5, 6   End pass 3


2, 1, 3, 4, 5, 6   End pass 4



1, 2, 3, 4, 5, 6   End pass 5

Recall that a pass means we go through the data examining the items.


What we plan to do is to obtain a visualization of the ordering of the initial list and successive snapshots of the various orderings after each pass. We will do this by plotting points on a 2-axis graph so that a point represents both the number involved in the sort and its position in the list at the time the snapshot is taken. Thus, on this paper everything will look static, but when you run the software in the lab, the graph will change as the algorithm executes and you will see dynamically the snapshots of the location of the data after various passes.
How do we do this?

We will represent any ordering or listing of the first 6 integers in the following way. The horizontal axis is the X axis and the vertical axis is the Y axis. A dot at location (X, Y) on the graph means the number Y is the Xth item in the list. That is, we will visualize the list 4, 1, 2, 5, 6, 3 by plotting the points

(1,4), (2,1), (3,2), (4,5), (5,6), and (6,3)
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As the algorithm for the Selection Sort runs, after the first pass through the code, the numbers are in the order 4, 1, 2, 5, 3, 6 because the 6 is swapped with the 3. Thus, the second snapshot would be a plot of the points

(1,4), (2,1), (3,2), (4,5), (5,3), (6,6)
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We continue doing this until each of the 6 lists shown on page 1 are plotted.
What will the plot of the last list look like, i.e. what will always be the plot of the first K positive integers when they are in the sorted order of 1, 2, 3, 4, …., K?

II. USING COMPLEXITY ANALYSIS TO PREDICT RUN TIMES
In the lab, you will be asked to time an algorithm for relatively small data sets and then, based on a determination of its big-O classification, make a prediction as to how long that algorithm would require to run on a larger data set. Then you can do actual runs to see how good your prediction was.


Recall that the big-O classification is rather crude as we simplify timing formulas such as 3N2 + 100N -5 to O( N2 ). Thus, your predictions should be in the ball park, but rarely would they be completely accurate. However, a ball park figure is good enough when you are deciding which algorithm to use. (Remember the TRS-80 vs CRAY example from class!!!)

Examples illustrating the technique:

Example 1. Suppose we know theoretically that an algorithm is O(n), where n is the input size.  Suppose we find that when n is 100, the run takes 20.58 units of time. We want to predict how long it would take to execute 100,000 input values.


We ignore all but the first term of the timing function and we seek a formula or timing function T of the form T(n) =  Kn for the time to run the algorithm (because the algorithm is O(n) ). We do need to approximate K in order for the prediction to be reasonably accurate.
We know



T(100) = Kn = 20.58 

 [i.e. T evaluated at n = 100 is 20.58]
      or K(100) = 20.58. Thus, solving the equation for K, we find K = 20.58/100 or 0.2058
Now that we have an approximate formula for the timing function, i.e. T(n) = 0.2058n, we can use that to predict other values. For n = 100,000, we would have the prediction that 


T(100,000) = (0.2058)(100000) = 20,580 units of time.  
Note that if the unit of time is 1 second, then a run on input of 100 takes about 1/5 sec while a run on an input of 100,000 takes about 343 minutes or ~5.72 hours. We would obtain different, but comparable results, if we assumed the unit of time was 1 nanosecond. The important thing is we can obtain a rough guide as to how long we would need to wait for a result with an input of 100,000, provided we knew the run time on a smaller input size and the complexity (i.e. big-O class) of the algorithm.
2. Suppose we know theoretically that an algorithm is O(n2), where n is the input size.  Again, for this algorithm, when n is 100, the run takes 20.58 units of time. We want to predict how long it would take to execute 100,000 input values.


Now we seek a formula or timing function T of the form T(n) = Kn2 (because the algorithm is O(n2) ).
We know

T(100) = Kn2 = 20.58

  or  K(100)2 = 20.58. Thus, solving the equation for K, we find K = 20.58/(100)2 = 0.002058.
Now that we have an approximate formula for the timing function, i.e. T(n) = 0.002058n2, we can use that to predict other values. For n = 100,000, we would have the prediction that 


T(100,000) = (0.002058)(100000)2 = 20,580,000 units of time.  

Again, we could translate this into specific timings using seconds, nanoseconds, or whatever for the units of time.
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