
G. Jagiella Programowanie 1 (Python) 2025/2026 June 2, 2026

Problem Set 13

Remark: Examples of loading images using the imageio library can be found in the lecture
notebook.

Task 1 (2 points). Write a program that draws and displays a single figure containing four coor-
dinate systems (“axes”) arranged in a 2× 2 grid. Place the following in the coordinate systems:

� (0.75 points) In the upper-left coordinate system, draw any closed parametric curve (other
than an ellipse) and an animated point moving along it.

� (0.75 points) In the lower-left coordinate system, plot the function f(n) = pn
n ln(n)

for n =
2, 3, . . . , 1000, where pn is the n-th prime number. Choose the y-axis range appropriately so
that it includes 0.

� (0.5 points) In the upper-right coordinate system, plot the function f(n) = an, for n =
0, 1, . . . , 1000, where an is the n-th Fibonacci number. Choose the y-axis range appropriately
so that it includes 0.

� (0 points) In the lower-right coordinate system, draw something interesting.

Task 2 (1 point). Load any color image (for example: http://math.uni.wroc.pl/~jagiella/

files/p1python/cats.jpg) as a numpy array and produce an 82-fold pixelated version of it while
approximately preserving the original image size. An example of a pixelated image is the fol-
lowing: http://math.uni.wroc.pl/~jagiella/files/p1python/pixelcats.png. In this pixe-
lation, each 8×8 block of pixels corresponds to a single pixel of the original image. The height and
width of the new image must be divisible by 8 and may differ from the original image dimensions
by at most 7 pixels.
Hints: Avoid writing loops. First create a pixelated version whose dimensions are eight times
smaller than the original. Then enlarge this pixelated image. To do so, investigate the behavior
of the following code (and recall the repeat examples from the lecture):

np . r epeat (np . array ( [ [ 1 , 2 , 3 ] ] ) , 2 , ax i s=0)

Task 3 (1 point). Load a monochrome (grayscale) image of your choice as a numpy array and
create a new image of the same dimensions in which the value of each pixel is the arithmetic mean
of the corresponding pixel in the original image and its eight neighboring pixels. If a pixel does
not have all eight neighbors (for example, a corner pixel), assume that each missing pixel has value
0. More precisely, let xi,j denote the pixel values of the original image (at coordinates (i, j)) and
yi,j the pixel values of the new image. We require

yi,j :=
1

9

i+1∑
k=i−1

j+1∑
l=j−1

xk,l,

where values xk,l corresponding to invalid coordinates (k, l) are taken to be 0. What graphical
effect does creating such an image produce?
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