
Computational Optimization

Homework 1

Nedialko B. Dimitrov

By completing this homework assignment you will learn some basics of two key packages:

• Scipy – A Python scientific computing package.

• Matplotlib – A Python visualization and plotting package.

These are two of the most commonly accepted tools for scientific computation in Python. Scipy
provides many optimized matrix operations. Matplotlib allows us to create complex, customized
visualizations.

Execute the following steps, and explore the package documentation as you go to learn more.

1. Read the scipy/numpy documentation to help you create an array of 20 rows, where each row
counts from 0 to 19. You can think of these as holding the X coordinate of the corresponding
matrix entry.

2. Create a similar matrix to contain the Y coordinate of the matrix entry. The Y matrix’s
columns should count from 0 to 19 as we read down the column.

3. Consider the point (0,0). Write a single line to compute each matrix entry’s euclidean distance
from (0,0), and store the result in a matrix we’ll call Val.

4. Plot Val using matplotlib’s imshow function. Also read the documentation about the function.

5. Encapsulate the above process using one or two custom python functions. Your functions
should take as input: a point, and some plotting arguments. Your functions should com-
pute the matrix entry distances from the specified point and produce a plot of the result.
Use imshow’s interpolation and cmap parameters, as well as matplotlib’s colormaps (mat-
plotlib.cm) to create the plots in Figure 1.

6. Reproduce Figures 1(e) and 1(f) by writing a function that takes in a list of points, then
computes the minimum distance to those points. You can then plot the result as before.

7. Finally, use matplotlib’s colorbar function to add a colorbar to the final plot you produced.
The result should look as the one in Figure 2. Also add some labels to the x axis, and y axis
and title the figure.

What to turn in: For this assignment, turn in these three things through Canvas.

1. Your Python code, in a file named hw1.py

2. A single PDF file with all the figures you generated, in a file named hw1.pdf. You can create
this using LaTeX or any other editing program you know.
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(a) Distance from (0,0), with imshow defaults (b) Distance from (0,0), play with interpolation

(c) Distance from (5,5) (d) Distance from (5,5), play with interpolation and
cmap

(e) Distance from ((0,0), (5,5), (19,19), (19,0), (0,19)) (f) Distance from ((0,0), (5,5), (19,19), (19,0), (0,19))

Figure 1: Reproduce these plots to help us play and learn about scipy and matplotlib.
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Figure 2: The colorbar added to Figure 1(f) lets us know the magnitude of the distance entries.

3. A short (less than one minute) screencast type explanation of your code. You can create
a screencast using http://screencast-o-matic.com/home, https://www.techsmith.com/
jing.html and many other freely available tools online. Please title this file hw1-explanation.avi.

Key take-aways: From this assignment, you should take-away these things:

1. A bit about Matplotlib, and how to navigate its documentation to find the things you need.

2. A bit about array operations with Scipy, and how to navigate that documentation.

3. That you can start with simple operations, and repeatedly encapsulate them and make them
slightly more complex. Each individual step should be easy, but the final result may be highly
complex. This is extremely useful to build real-world tools and programs. The important
part is keeping individual steps simple, small, and encapsulated.
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