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Lab 8: Vector Largest Sum

Often in the real world, images or noises need to be identified amidst extraneous images or sounds. There are different techniques to separate the desired data from the surrounding noisy data. One way of doing this is to identify patterns within the signals transmitting the data. While most pattern detection algorithms are more complicated than what we could accomplish in lab, we will be doing a simplified version of this pattern finding using vectors filled with randomly generated doubles to represent our signals. The algorithm to determine where the pattern lies will find the largest sum within a contiguous section of the vector. You will program a simple, obviously correct, but very slow way of finding the largest sum, and then program a complex recursive approach that is much faster.  You will compare their performances by timing both versions and analyzing their time complexities.
To get started get the following source files: hrTimer.cpp, hrTimer.h, RanGen.cpp, RanGen.h, SASSolver.cpp, SASSolver.h, and SubArrSumTimer.cpp.  Note: the code compiles, but is incomplete.  Several methods are stubs that return dummy values.
Lab Assignment

1.
First you will be writing the code for a slow simple approach.  Complete the templated private method double SASOne::sum( IT begin, IT offEnd ), where the template variable, IT, is an iterator for some container.  This method finds the sum of the portion of the collection referenced by *begin up to *offEnd.   Then code the public method double SASOne::run( const vector<double> & v ) that systematically calls sum for every possible begin and offEnd  pair and returns the largest sum found for any pair.  Test your code by running SubArrTimer for several small vectors.  
2.
Now that you have coded and tested the slow and easy way to calculate the largest sum you are going to write a fast recursive solution to the problem.  This solution requires several parts.  Here is the algorithm:  First, we divide the vector into two halves, left and right.  Each side of the vector has four attributes which must be tracked:  sum, which is the entire sum for that half of the vector;  bestToRight, which is the largest sum anchored at the right end for that half of the vector;  bestToLeft, which is the largest sum anchored at the left end for that half of the vector; and best, which is the best sum found for that half of the vector.  Once the four attributes have been calculated for each half of the vector, it is easy, Ө(1), to calculate the four attributes for the entire vector.  Since this building process works so well, we use it recursively to calculate the four attribute for each half of the vector.  The only remaining problem is determining the correct values of the four attributes for very small cases.




This way of calculating the largest sum requires writing two methods: 


Complete the code for ResType ResType::operator+= ( const ResType & rhs) which is called by the + operator.  += mutates the state of *this, the left half, by combining it with the right half, rhs.  The code must reset the four attribute values to the appropriate values for the expanded vector segment.  


Complete the code for the private templated version of SASFour::bestSum( IT begin, IT offend ).  This recursive code will determine if the vector segment is small, so that a ResType constructor can be called, or large, so that recursion can be used to solve the problem by combining the solutions found for the two halves of the problem.  Test your code by running SubArrTimer for several small vectors.  The results for SASOne and SASFour should match. 

3.
Execute the SubArrSumTimer code to time the SASOne code for some n value which gives a run time of 16 to 24 seconds, then run the code for n/2, n/4, n/8, and n/16. Enter these times into an Excel spreadsheet just like in lab 4.  


Execute the SubArrSumTimer code to time the SASFour code for some n value which gives a run time of 16 to 24 seconds, then run the code for n/2, n/4, n/8, and n/16.  Enter these times into an Excel spreadsheet.
4.
Analyze the times for SASOne and SASFour.   Use Excel to plot time/f(n) vs time[log scale] to verify the conjecture that the runtime for SASOne is cubic.  Then use Excel to plot time/f(n) vs time[log scale] to verify the conjecture that the runtime for SASFour is linear. 

5.
Whoop and holler to show how impressed you are with the speed of recursive code!

Turn In:

A printout of your Excel spreadsheet and graphs.

Upload the modified code for SASSolver.cpp with your name added in comments.
