




# This is a very long line of code that exceeds the recommended 
79-character limit and might be hard to read



result = some_long_function_name(first_long_parameter_name, 
second_long_parameter_name, third_long_parameter_name)

# Better: Split into multiple lines
result = some_long_function_name(
    first_long_parameter_name,
    second_long_parameter_name,
    third_long_parameter_name
)

Can you tell me how Python compares to Matlab, C++ 
and R?



Can you reformat that into a visually appealing 
table that I can copy paste into a Jupyter Notebook 
markdown cell?



print("Hello World")

Hello World

z = "Hello World" # string
x = 16 # integer
u = 1.3 # float
complex_number = 5+3j # complex
on_or_off = True # boolean

print(z)
print(x)
print(u)
print(complex_number)
print(on_or_off)

Hello World
16
1.3
(5+3j)
True
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# Use type() function to give you variable type
print(type(complex_number))

<class 'complex'>

print("Tim is 4 and loves to play.")
print("He builds with blocks every day.")
print("4-year-old Tim stacks them high,")
print("Tim's towers almost touch the sky.")

Tim is 4 and loves to play.
He builds with blocks every day.
4-year-old Tim stacks them high,
Tim's towers almost touch the sky.

name = "Max"
age = 4

# We can use f-strings to insert our variables into the text:
print(f"{name} is {age} and loves to play.")
print(f"He builds with blocks every day.")
print(f"{age}-year-old {name} stacks them high,")
print(f"{name}'s towers almost touch the sky.")
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Max is 4 and loves to play.
He builds with blocks every day.
4-year-old Max stacks them high,
Max's towers almost touch the sky.

# Single and double quoted strings are the same
text = 'I am a cheetah'
print(text)

I am a cheetah

# with double quoted strings you can still use apostrophes inside of the 
print("Tim's towers almost touch the sky.")

Tim's towers almost touch the sky.

a = 5
print(a)

5

# instead of using the print statement, we can just use the variable name
# This works for only one variable per cell though
b = 3
b

3

c = a + b
c

8

x = 5
y = 2

# If the cells are executed top to bottom everything is working
# If you execute this cell without the previous one Python will not know 
z = x + y
z

7
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x = 10
y = 15

#

# This is a single-line comment
   x = 5  # Comment at the end of a line

# Bad: Increment x by 1
    x += 1

    # Good: Increment age after birthday
    age += 1

# Data Preprocessing
...

# Model Training
...

# Results Analysis
...
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# TODO: Implement error handling for invalid inputs

# Create by using round brackets ()
coordinates = (5, 2)
coordinates

(5, 2)

# This will not work:
#coordinates[1] = 5

temp1 = 5
temp2 = 7
temp3 = 10

# Create a list by using square brackets []
temp = [5, 7, 10]

temp

[5, 7, 10]

# Appending

temp.append(15) # add 15 to list at the end
temp

[5, 7, 10, 15]

# Mixing of datatypes is possible:

testlist_1 = [1,'x',4,6,8] 

print(testlist_1)

[1, 'x', 4, 6, 8]

# Indexing, Slicing

print(testlist_1[1]) # Use indexing, in python indices start at 0

print(testlist_1[0:2]) # Use slicing, :2 means 'until but not including 2
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print(testlist_1[2:]) # 2: means from index 2 until the end

x
[1, 'x']
[4, 6, 8]

# Concatenating

testlist_2 = ['boat', 42, 39.9, 'x']

merged_list = testlist_1 + testlist_2
print(merged_list)

[1, 'x', 4, 6, 8, 'boat', 42, 39.9, 'x']

# Remove by value
merged_list.remove('x') # remove 'x'
print(merged_list)

[1, 4, 6, 8, 'boat', 42, 39.9, 'x']

# Remove by index
merged_list.pop(1) # remove item with index 1
print(merged_list)

[1, 6, 8, 'boat', 42, 39.9, 'x']

# Sorting
list_of_strings = ['car','house','boat','cow', 'pig']
list_of_strings.sort() # Can use sort to sort alphabetically or numerical
print(list_of_strings)

['boat', 'car', 'cow', 'house', 'pig']

Tell me about python lists and 
everything I can do with them
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# Creating a dictionary to store a person's details
person = {
    "name": "Alice",
    "age": 30,
    "phone": "+49 178 12345"
}

# Accessing values using keys
print(person["name"])
print(person["age"])

# alternatively use the .get() function which defaults to none if the key
print(person.get("phone"))

Alice
30
+49 178 12345

What are the main differences between 
lists, tuples, and dictionaries in Python?
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my_list = [1, 2, 3, 4]

my_tuple = (1, 2, 3)

np.array([1, 2, 3, 4])

pd.DataFrame({"Name": ["Alice", "Bob"], "Age": 
[30, 25]})



# Indentation indicates blocks of code

i = 0
if (i==0):
    print('i is 0')
else:
    print('i is not 0')

i is 0

# Arbitrary use of indentation creates error

f=1
# This will not work:
    #g=1

# The if statement checks for a boolean variable (True/False)
# We can define it beforehand:

is_sunny = True
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if is_sunny:
    print("Enjoy the sunny day!")
else:
    print("Don't forget your umbrella!")

Enjoy the sunny day!

# "and" to check for multiple conditions
is_sunny = False
is_warm = False

if is_sunny and is_warm:
    print("Enjoy the warm, sunny day. Take sunglasses.")
else:
    print("It is either not sunny or not warm or neither")

It is either not sunny or not warm or neither

# "or" to check for multiple conditions:
is_sunny = False
is_warm = False

if is_sunny or is_warm:
    print("It is either sunny or warm or both")
else:
    print("It is neither sunny nor warm. Just stay home")

It is neither sunny nor warm. Just stay home
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# Let's catch all four cases:
is_sunny = False
is_warm = True

if is_sunny and is_warm: # case 1
    print("Enjoy the warm, sunny day. Take sunglasses.")
elif is_sunny and not(is_warm): # case 2
    print("It is sunny but it isn't warm. Take a jacket")
elif is_warm: # case 3
    print("It is not sunny but it is warm. Take an umbrella")
else: # case 4
    print("It is neither sunny nor warm. Just stay home")

# for case 3 there is no need to check again whether it is sunny because 
# we already checked the 2 cases where it is sunny

It is not sunny but it is warm. Take an umbrella

Explain this code cell to me. How do 
these if statements work? Why did we not have to check 
again for is_sunny in case 3?
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> < == != <= >=

print(1 > 0)
print(1 < 0)
print(1 == 0)

True
False
False

# You can create booleans by comparison:

i = 5
if (i==0):
    print('i is 0')
elif(i < 0):
    print('i is smaller than 0')
else:
    print('i greater than 0')

i greater than 0

if elif else

and
or
not(..)

==
!=
<
>
<=
>=
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def

# To define a function we need to use the "def" specifier, the name of th
# and in parenthesis the input arguments + a colon at the end
# all the code that will be inside the funtion needs to be indented

def hello_world():
    print("Hello World")

# We need to call the function for something to happen
hello_world()

Hello World

def square_function(x):
    return x**2

square_function(3)

9

# We can save the return value of the function in another variable:

result = square_function(3)

result
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9

# A function can have multiple input values:
def multiple_input(x,y):
    return x**2 + y**2

z = multiple_input(2,3)
z

13

temp1 = 30
result_1 = temp1**2 + temp1 + 5
print(f"Result for {temp1}: {result_1}")

Result for 30: 935

temp2 = 40
result_2 = temp2**2 + temp2 + 5
print(f"Result for {temp2}: {result_2}")

Result for 40: 1645

def polynomial_function(x):
    return (x**2 + x + 5)

polynomial_function(temp1)
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935

polynomial_function(temp2)

1645

def min_max_average(numbers):
    minimum = min(numbers)
    maximum = max(numbers)
    average = sum(numbers) / len(numbers)
    return minimum, maximum, average

numbers = [4, 2, 9, 7, 5, 1, 8]
min_max_average(numbers)

(1, 9, 5.142857142857143)

# We can "unpack" the tuple like this:
min_val, max_val, avg_val = min_max_average(numbers)

print(f"Minimum: {min_val}")
print(f"Maximum: {max_val}")
print(f"Average: {avg_val:.2f}")

Minimum: 1
Maximum: 9
Average: 5.14
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# Let's look at an example of global vs. local variables
global_var = "I'm global"

def scope_example():
    local_var = "I'm local"
    print(global_var + " - inside the function")  # Can access global var
    print(local_var + " - inside the function")   # Can access local vari

scope_example()
print(global_var)  # This works
#print(local_var)  # This would raise an error because local_var is not a
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I'm global - inside the function
I'm local - inside the function
I'm global

# Instead of this:
global_data = 10

def process_data():
    global global_data
    return global_data * 2

# Prefer this:
def process_data(input_data):
    return input_data * 2

result = process_data(10)

def polynomial_function(x):
    return (x**2 + x + 5)

test_list = [1, 2, 3]
#polynomial_function(test_list)
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print "Hello World"
print("Hello World")

if True:
print("This is incorrectly indented")

if True:
    print("This is correctly indented")

print(undefined_variable)

"2" + 2
int("2") + 2 "2" + str(2)

my_list = [1, 2, 3] print(my_list[3])
print(my_list[2])

my_dict = {"a": 1, "b": 2}
print(my_dict["c"])

.get()
my_dict.get("c", "Key not found")



i = 0
while i < 6:
    print(i)
    i = i + 1

print("Have fun")

0
1
2
3
4
5
Have fun

# use kernel interrupt should you be stuck
# Keyboard shortcut: Esc i i

#while True:
#    print("This is an infinite loop that will never end")

for letter in "Hello World":
    print(letter)

print("Have fun")

# Note that "letter" is not a keyword in Python, we could give it another
# Jupyter marks Python keywords in green
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H
e
l
l
o

W
o
r
l
d
Have fun

binaries = [2, 4, 8, 16, 32, 64]

for number in binaries:
    print(f"I am at {number} now")

I am at 2 now
I am at 4 now
I am at 8 now
I am at 16 now
I am at 32 now
I am at 64 now

Explain the difference between a for 
loop and a while loop in Python. When would you use 
one over the other?

Can you give me an example of how to 
use a for loop to iterate over a dictionary in Python?
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import numpy as np

# Convert a list to a numpy array

test_list = [1, 2, 4, 8, 16]
print(test_list)

[1, 2, 4, 8, 16]

test_list_converted = np.asarray(test_list)
print(test_list_converted)

[ 1  2  4  8 16]

import matplotlib.pyplot as plt

plt.plot(test_list_converted)

[<matplotlib.lines.Line2D at 0x10fe809b0>]
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Why are virtual environments important 
in Python development?



- Anaconda automatically checks dependencies for your 
packages and installs the necessary additional libraries
- It is easy to switch environments

- Anaconda is a bit intrusive
- Not available on every machine



- jupyterlab
- matplotlib
- numpy
- scipy
- pandas
- altair
- h5py
- openpyxl
- vega_datasets
- sympy
- dask
- ipywidgets
- ipympl
- nodejs
- conda-forge::ffmpeg
- conda-forge::jsonschema-with-format-nongpl
- conda-forge::webcolors

conda env create --file lab_python_course_env.yml



conda init powershell

Set-ExecutionPolicy -ExecutionPolicy RemoteSigned -
Scope CurrentUser

conda activate python_course_env



Give me a machine learning example in 
Python + the YAML file with the necessary libraries



conda env export > export_env.yml

import numpy as np

# Initialize 1D array

test_array = np.array([1, 2, 3, 4, 5])
print(test_array)

[1 2 3 4 5]
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# Convert a list to a numpy array

test_list = [1, 3, 5, 7, 9]
print(test_list)

[1, 3, 5, 7, 9]

test_list_converted = np.asarray(test_list)
print(test_list_converted)

[1 3 5 7 9]

# Create an array with a range of values and the step in between
arr1 = np.arange(start=-5, stop=5, step=0.5)
arr1

array([-5. , -4.5, -4. , -3.5, -3. , -2.5, -2. , -1.5, -1. , -0.5,  0. ,
       0.5,  1. ,  1.5,  2. ,  2.5,  3. ,  3.5,  4. ,  4.5])

# Create an array in a range with a fixed number of values (symmetric)
arr2 = np.linspace(start=-5, stop=5, num=21)
arr2

array([-5. , -4.5, -4. , -3.5, -3. , -2.5, -2. , -1.5, -1. , -0.5,  0. ,
       0.5,  1. ,  1.5,  2. ,  2.5,  3. ,  3.5,  4. ,  4.5,  5. ])

# Accessing 1D array

arr = np.array([2, 4, 8, 16])

print(f'First element: {arr[0]}')

First element: 2

# Accessing array counting from the end (negative indexing)

print(f'Last element: {arr[-1]}')

Last element: 16

# Simple iteration on 1D array similar to lists
for x in arr:
    print(x)

2
4
8
16

# Or use enumerate, if you want the loop iteration index
for idx, x in enumerate(arr):
    print(f"index {idx}: {x}")
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index 0: 2
index 1: 4
index 2: 8
index 3: 16

# Suppose you want to find the indices where the value of an array is 4:

np.where(arr == 4)

(array([1]),)

arr = np.array([16, 8, 32, 1024, 64])
minimum = np.min(arr)
maximum = np.max(arr)
min_idx = np.argmin(arr)
max_idx = np.argmax(arr)

print(f"The minimum of arr is {minimum} at index {min_idx}")
print(f"The maximum of arr is {maximum} at index {max_idx}")

The minimum of arr is 8 at index 1
The maximum of arr is 1024 at index 3

num = 16
print(f"The squareroot of {num} is {np.sqrt(num)}")

The squareroot of 16 is 4.0

np.pi

3.141592653589793

np.exp(2)

7.38905609893065

np.abs(-4.9)
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4.9

What are the main advantages of using 
NumPy arrays over Python lists for numerical 
computations?

import numpy as np
import matplotlib.pyplot as plt

# Generate two arrays to be plotted as x-values

x = np.linspace(start=0, stop=10, num=11)
x_fine = np.linspace(start=0, stop=10, num=101)
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def polynomial_function(x):
    return (x**2 + x + 5)

# Calculate the y values running the polynomial function on the x values

y = polynomial_function(x)
y_fine = polynomial_function(x_fine)

# Create a figure to plot these two x/y sets

plt.figure()
plt.plot(x,y,'o')
plt.plot(x_fine, y_fine)

[<matplotlib.lines.Line2D at 0x10ff40a10>]

# Customize the plot

plt.rcParams.update({'font.size': 14}) # Increase font size (for entire n

plt.figure(figsize = (6,6)) # Change figure size and aspect ratio

plt.plot(x,y, '*', label='Discrete') # Add labels
plt.plot(x_fine, y_fine,ls='--', label='Quasi-continuous')

plt.xlabel('$x$') # Use LaTeX notation
plt.ylabel('$y = x^2 + x + 5$')

plt.legend(loc='upper left') # Add legend
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<matplotlib.legend.Legend at 0x109aa4ce0>

# Generate array of random numbers with normal distribution for x values:
x_rand = np.random.normal(loc=3, scale=1.0, size=2000)
# The same for y values:
y_rand = np.random.normal(loc=3, scale=1.0, size=2000)

# define the dictionaries for plotting options:
random_dict = {"color": 'gray', "label": 'Random values'}
mean_dict = {"s":200, "color":'blue', "marker":'*', "label": 'Average'}

# Plot as scatter

plt.figure(figsize=(6,6))
plt.scatter(x_rand, y_rand, **random_dict) # all values as orange points

# The mean (x,y) as a blue star:
plt.scatter(np.mean(x_rand), np.mean(y_rand), **mean_dict) 
plt.xlabel('x')
plt.ylabel('y')
plt.xlim([-1 , 7])
plt.ylim([-1 , 7])
plt.legend(loc='upper left')
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<matplotlib.legend.Legend at 0x109ffe2a0>

# Plotting the same data in a different way using the same plot style
plt.figure(figsize = (6,6))
plt.hist(x_rand, bins=50, **random_dict)
plt.xlabel('x')
plt.ylabel('occurences')

Text(0, 0.5, 'occurences')
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x_contour = np.arange(0, 11, 0.1)
y_contour = np.arange(0, 11, 0.1)
# Create 2D meshgrid of x and y values:
X,Y = np.meshgrid(x_contour, y_contour)
z = X * Y

plt.figure(figsize = (6,6))

plt.contourf(X, Y, z) ##
cbar = plt.colorbar() ##
cbar.set_label('z = x*y') ##

plt.xlabel('$x$')
plt.ylabel('$y$')

Text(0, 0.5, '$y$')
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sizes = [20, 80]
labels = ['Actual Programming', 'Debugging']
colors = ['gold', 'lightcoral']
explode = (0.1, 0)  # explode 1st slice

plt.pie(sizes, explode=explode, labels=labels, colors=colors, autopct='%1
plt.axis('equal')
plt.title('Time spent programming')
plt.show()
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What are the key components of a 
matplotlib figure and what does each do?

Create a matplotlib plot with multiple 
y axes





# Absolutely do not do this:
#for = 3
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False None True and as assert async

await break class continue def del elif

else except finally for from global if

import in is lambda nonlocal not or

pass raise return try while with yield

abs() all() any() ascii() bin()

classmethod() compile() complex() delattr() dict()

filter() float() format() frozenset() getattr()

id() input() int() isinstance() issubclass()

max() memoryview() min() next() object()

property() range() repr() reversed() round()

str() sum() super() tuple() type()

True False None

= ==

=
x = 5
==

if x == 5:



todo_list = ['Study', 'Exercise', 
'Cook']

coordinates = (4, 5)

person = {'name': 'Alice', 'age': 30, 'city': 'New 
York'}






