Homework 1:

due January 20, 2019
Individual, Word set submissions only

In this homework, we start an experimental evaluation of different algorithms to calculate
Fibonacci numbers.

The following Python code calculates recursively the Fibonacci numbers, defined by

0 forn =0
fi=141 forn =1 .
foo1 ¥ fp forn>2

def rec fib(n):
if n < 2:
return n
else:
return rec fib(n-1)+rec fib(n-2)

If you want to, you can use an equivalent implementation in C or C++. However, Java code
cannot be measured consistently and you cannot use Java. In order to measure the execution
time of the code, we want to run this code many different times. We need to be careful with
compiler optimizations, something that Python as an interpreted language does not offer. Thus,
we are using something like

def measure(n) :
start = time.time ()
for in range(50):
x = rec fib(n)
end = time.time ()
return (end-start) /50

which will measure 50 executions of the same code. An optimizing compiler might realize that
the value stored in x is never used and optimize the call to rec_fib away and then the whole loop
ending in an execution time of zero. If you use a compiler, make sure you understand the
optimization settings.

Experimental results are useless without some idea of the error introduced. For a given
argument n, we measure the average of 50 runs and put them into a spreadsheet or a Pandas
data frame. Below is an example of what | get and port into excel:

As you can see, the arguments range from 20 to 24 and for each argument, | have collected 20
averages. Because the individual numbers are averages, we can assume with very little loss of
precision that they are normally distributed. Using the Excel functions for each row, | create the
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average, the confidence value and finally the confidence interval at the @ = 0.01 level, that is,
my confidence of 99% that the true value of the execution times is between average minus
confidence value and average plus confidence value. You will have to do the same, gathering



and processing values for n=1to n=40. You can see from the little sample that the execution
times increase fast. On your setup, you might not quite make it to n=40. If the times start
exceeding 10 seconds, you might stop.

Collect the results into a table, giving the argument, the average time and the confidence value.

You then are to add a graph that shows the same values with the confidence intervals. Excel,
OpenOffice, LibreOffice, Pandas, Matplotpy, Mathematica, and Mathworks will all allow you to
create such a table. You can export the table as a pdf file and use for instance pdf latex to
generate the report.

If you look at the table values closely, you see that they will grow like the Fibonacci numbers
themselves. This is because the run times are dominated by the number of recursive calls.

If the argument n is 0 or 1, there is no recursive call. If the argument is 2, then there are
recursive calls with arguments 0 and 1 and no further calls. If the argument is 3, then there will
be recursive calls with arguments 2 and 1, the former creating 2 more recursive calls. Thus, we
have

Argument Recursive Calls 7,
0 r,=0
T r=0
2 =2

3 r3:r2+rl+2:4

Develop a recurrence relation for the number of recursive calls r,,. Then prove by induction that
rn==2+f, 1t [, tfy forn>1.



