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Übungen zur Vorlesung
Einführung in das Programmieren für TM

Serie 4

Aufgabe 4.1. Write a non-recursive function double powN(double x, int n) which computes xn for
all exponents n ∈ Z and x ∈ R. It holds x0 = 1 for all x ∈ R \ {0}. For n < 0 use xn = (1/x)−n.
Moreover, 0n = 0 for n > 0. The term 0n for n ≤ 0 is not defined. In that case, the function should
return the value 0.0/0.0. You must not use the function pow from the math library. Save your source
code as powN.c into the directory serie04.

Aufgabe 4.2. Let x be a sequence of 10 numbers (static array of type int) and y a combination of
3 numbers (array of type int) which are both read from the keyboard. Write a function check that
obtains the two arrays as input and checks if the combination y is contained in the sequence x (return
value 1) or not (return value 0). Further, write a main program which reads in the arrays x and y and
calls the function. How did you test the correctness of your code? Save your source code as check.c into
the directory serie04.

Aufgabe 4.3. Write a function geometricMean that computes and returns the geometric mean value

xgeom = n

√√√√ n∏
j=1

xj

of a given vector x ∈ Rn
≥0. The length n ∈ N should be a constant in the main program, but the function

geometricMean should be implemented for arbitrary lengths n. Furthermore, write a main program which
reads in x ∈ Rn and prints out the resulting geometric mean. Save your source code as geometricMean.c
into the directory serie04.

Aufgabe 4.4. Write a function minmaxmean which computes and returns the minimum, maximum, and
the mean value 1

n

∑n
j=1 of a given vector x ∈ Rn. Additionally, write a main program that reads in

a vector x ∈ Rn and prints out the minimum, maximum, and mean value of it. The length n of the
vector should be constant in the main program, but the function minmaxmean should be programmed for
arbitrary lengths n. Save your source code as minmaxmean.c into the directory serie04.

Aufgabe 4.5. The Frobenius norm of a matrix A ∈ Rm×n is defined by

‖A‖F :=
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A2
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.

Write a function frobeniusnorm which, given a matrix A as well as its dimensions m,n ∈ N, computes
and returns the Frobenius norm. Furthermore, write a main program that reads in the input parameters
(matrix A and dimensions m,n), and prints out the corresponding Frobenius norm ‖A‖F . The matrix
should be stored columnwise as a vector of length mn. The dimensions m,n ∈ N should be constant in
the main program, but the function frobeniusnorm should be programmed for arbitrary dimensions.
Save your source code as frobeniusnorm.c into the directory serie04.

Aufgabe 4.6. Consider the two series

aN :=

N∑
n=0
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(n + 1)2
and bN :=

N∑
n=0
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k=0

1
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.

Write two functions that, given N ∈ N, measure the time used for the computation of (aN )2 resp. bN .
What is the computational complexity (Aufwand) for the computation of (aN )2 resp. bN? For instance:



if the functions run 3 seconds for N = 103, how long does the computation take for in case of N = 104?
Write a main program that, for different values of N , prints out the results tabularly. Do the results
meet your expectations? How have you tested your implementation? Save your source code as timing.c
into the directory serie04.

Aufgabe 4.7. The Fibonacci sequence is defined by x0 := 0, x1 := 1 and xn+1 := xn + xn−1. Write a
nonrecursive function fibonacci(k), which, given an index k, computes and returns xk. Then, write a
main program which reads k from the keyboard and displays xk. Save your source code as fibonacci.c
into the directory serie04. What is the computational complexity (Aufwand) for the computation of xk?
Compare your implementation to your code from Exercise 3.5. Discuss the advantages and disadvantages
of both implementations!

Aufgabe 4.8. The bubblesort algorithm is a sorting algorithm which works as follows: You run through
the entries of a given vector x ∈ Rn several times. For every run, each entry xj of x is compared to its
successor xj+1. If xj > xj+1, then the two entries xj and xj+1 are swapped. After the first complete run
through the vector, one knows that (at least) the last element is sorted correctly, i.e., the last element
xn is the maximum of the vector. Thus, in the next run, one only has to go up to the last-but-one entry
of the vector (and so on). How many loops do you need for this algorithm? Write a function bubblesort

which sorts a given vector x ∈ Rn in ascending order using this algorithm, i.e., x1 ≤ x2 ≤ · · · ≤ xn.
Additionally, write a main program that reads in x ∈ Rn and prints out the sorted vector. The length
n should be constant in the main program. However, the function bubblesort should be programmed
for arbitrary lengths n. What is the computational cost (Aufwand) of your implementation? Save your
source code as bubblesort.c into the directory serie04.


