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How to use this book
12 courses with 254 hands-on lessons on Python: clear explanations, code examples, labs, tasks, final exams
and a full solutions appendix.
Every lesson has a goal, a short explanation with code examples, and tasks. Most labs show a small table (a
worksheet) with the data, code or output of the lesson: you read it like a debugger or a spreadsheet and work
out the answer yourself. Some lessons ask you to write code in a file; the starter code and the tasks are printed
in the lesson.
How to work with a lab. 1) Read the explanation. 2) Look at the worksheet: the column letters and row
numbers are printed around the table, so a cell like B3 is easy to find. The shaded cells are your work area. 3)
Work out the result of each task with pencil and paper, in a spreadsheet, or by running the code in your own
editor, and write down your answer. 4) Turn to the Appendix: Solutions at the end of the book, compare, and
correct. Use the hints when you are stuck.
A note on menus. Some hints describe the interactive Code24Lab editor in your browser. In a book you sim‐
ply use your own tools; everything can be done with a free code editor, a spreadsheet and a database such as
SQLite.
Interactive version. Every course in this book is also available as an interactive course on code24lab.com,
where every answer is checked instantly.
This volume has 254 lessons.
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Python Foundations: Variables, Loops,
Functions & Files
Learn Python by thinking like the interpreter: trace variables, strings, lists, loops, dic‐
tionaries, functions, files and error handling for a fictional bike rental, with every an‐
swer checked as you go. · Beginner · 20 lessons

Your First Script: Variables, Arithmetic and print()
Numbers: int, float, //, % and **
Types and Conversion: str, int, float and type()
Strings I: Indexing, Slicing and len()
Strings II: Methods, split() and f-strings
Comparisons and Booleans: and, or, not
Decisions: if, elif and else
Lists: Index, Slice, append(), pop() and insert()
for Loops and range()
while Loops: Repeat Until a Condition Fails
Loop Patterns: Counters, Accumulators, break and continue
Dictionaries: Counting and Summing by Key
Sets, Tuples and Membership
Functions: def, Parameters, Defaults and return
Functions II: Composition, Return Values and Scope
Built-in Helpers: sum, max, sorted, zip and enumerate
Reading Files: open(), with and Parsing Lines
Writing Files: write(), Modes "w" and "a", and Newlines
Handling Errors: try, except and Clean Input
Final Project: The Daily Rental Report
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Your First Script: Variables, Arithmetic and print()
Lesson 1 · about 15 min

Goal. You write a real Python script that stores data in variables, calculates, decides with if/else, uses a
function and a loop, and prints a clean receipt for Bluefin Bikes.

Your mission today
You just started helping Bluefin Bikes, a small (fictional) bike rental by the lake. Every evening the owner
adds up the day by hand. In this lab you write the Python script that does it for her: from the first variable to a
printed receipt. Real Python runs right here in your browser, and your file grows task by task.

How Python reads your file
A script is a list of instructions. Python reads it from top to bottom, one line at a time, like a recipe. That is
why a name must be created before you use it: if line 5 uses rate but rate only appears on line 9, Python
stops with a NameError.

Variables are labelled boxes
rate = 4.5 puts the value 4.5 in a box with the label rate. The = means "store", not "is equal". Later lines
can read the box, and if the price changes you edit one line instead of hunting for every 4.5 in your file.

bikes = 12           # int: whole number
rate = 4.5           # float: decimal number, always with a dot
shop_name = "Bluefin Bikes"   # str: text, always in quotes
print(type(rate))    # <class 'float'>

Text and numbers are different things
12 is a number you can calculate with; "12" is text that only looks like a number. Python refuses to guess
what "Bikes: " + 7 should mean, so you convert explicitly with str(7), or you use an f-string, which does
the conversion for you:

revenue = 189.0
print(f"Revenue: ${revenue:.2f}")   # Revenue: $189.00

Tip. If you get stuck, open the hint first: it gives you the key idea without spoiling the whole answer.

All companies, names and numbers are fictional. Independent training. Not affiliated with or endorsed by the
Python Software Foundation.

Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
1. Store the shop's facts. Bluefin Bikes rents out bikes by the hour. shop_name is already there. Below it, cre‐

ate bikes = 12 and rate = 4.5 (the price per hour in dollars).
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Starter code:

# Bluefin Bikes: end-of-day report
# Python runs this file from top to bottom.

# Task 1: store the shop's facts in variables
shop_name = "Bluefin Bikes"

2. Let Python do the maths. Today the bikes were rented for hours_today hours in total. Create revenue
that multiplies hours_today by rate.

3. Print with an f-string. Print exactly Bluefin Bikes earned $189.00 today, built from shop_name and
revenue with an f-string. Show the money with two decimals.

4. Mix text and numbers. Create available = bikes - out_now. Then build label as "Bikes
available: " joined with the number, and print it. Watch out: "text" + 7 crashes in Python.

5. Decide with if/else. If revenue is 150 or more, set mood = "Great day", otherwise mood = "Quiet
day". Then print(mood).

6. Write your first function. Define rental_price(hours) that returns the price of one ride: hours *
rate. Example: rental_price(2) gives 9.0.

7. Loop over the rides. rentals lists this morning's rides in hours. Write a for loop that adds
rental_price(hours) of each ride to total.

8. Print the receipt. Finish the day: loop over rentals again and print one line per ride like 2 h: $9.00.
After the loop, print Total: $47.25 from 4 rides using total and len(rentals).
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Numbers: int, float, //, % and **
Lesson 2 · about 16 min

Goal. You pack Bluefin's helmet delivery into boxes with // and %, turn minutes into hours, grow savings
with ** and see exactly what // does with a negative balance.

Today at Bluefin Bikes
A delivery of 47 new helmets just arrived at Bluefin Bikes, and they have to be packed into boxes of 6 for the
branch shops. How many boxes? How many helmets are left? How long will packing take? These are questions
about whole numbers and leftovers, and Python has exactly the right tools for them. Your script starts fresh
but keeps the shop's numbers from last time.

Two kinds of numbers: int and float
An int is a whole number (47, -17), a float has a decimal point (4.5, 3.0). The plain slash / is true division
and always gives a float, even when the result is whole: 12 / 4 is 3.0. That is perfect for averages, but
wrong for counting boxes.

// and %: the box-packing pair
// (floor division) answers "how many full groups?", % (remainder, or modulo) answers "what is left over?".
Think of a muffin tray: 47 muffins in trays of 6 fill 7 trays, and 5 muffins wait for the next tray.

print(47 // 6)        # 7  full boxes
print(47 % 6)         # 5  helmets left over
print(7 * 6 + 5)      # 47 (a // b) * b + a % b == a, always
print(135 // 60, 135 % 60)   # 2 15  -> 2 h 15 min

A comparison gives True or False, and in arithmetic True counts as 1 and False as 0. So full + (left >
0) adds one extra box only when something is left over.

Powers with **
2 ** 3 is 8. Powers are perfect for growth: money at 2 % interest for 3 years is 500 * 1.02 ** 3, because
each year multiplies by 1.02 again. ** is calculated before * and +. Careful: ^ is not power in Python (it is a
bit operation for ints and an error for floats).

Negative numbers: // rounds down
// always rounds down, towards minus infinity, not towards zero. -17 / 5 is -3.4, so -17 // 5 is -4, and
-17 % 5 is 3 (because -4 × 5 + 3 = -17). If you want to cut towards zero instead, use int(-17 / 5), which
gives -3. Many other languages cut towards zero, so this surprises a lot of people.

Tip. Floats are stored in binary, so 0.1 + 0.2 prints 0.30000000000000004. That is normal. For money, round
when you show or store a result: round(x, 2) or f"{x:.2f}".

All companies, names and numbers are fictional. Independent training. Not affiliated with or endorsed by the
Python Software Foundation.
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Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
1. Average ride with /. Bluefin's bikes were out for hours_today hours across rides_today rides. Create

avg_ride with true division /, then print Average ride: 3.5 h with an f-string.
Starter code:

# Bluefin Bikes: helmet delivery and the numbers behind it
# int = whole number (47), float = decimal number (4.5)

shop_name = "Bluefin Bikes"
bikes = 12
rate = 4.5
hours_today = 42
rides_today = 12

# Task 1: average ride length with true division /

2. Full boxes with //. 47 helmets arrive and 6 fit in one box. Create full_boxes: how many boxes are com‐
pletely full? Use floor division //.

3. The rest with %. Create left_over: the helmets that do not fill a whole box, using the remainder opera‐
tor %. Then print 7 full boxes, 5 helmets left over from your two variables.

4. Count every box. Define boxes_needed(items, size) that returns all boxes needed, including one for
the leftovers. boxes_needed(47, 6) gives 8, but boxes_needed(48, 6) gives 8 too: no empty extra box!

5. Minutes into hours. The longest ride today was 135 minutes. Define format_duration(minutes) that
returns text like 2 h 15 min (hours and leftover minutes).

6. Interest with **. The deposit money earns 2 % interest per year, and the interest earns interest too. Define
savings_after(years) that returns deposit * (1 + interest) ** years, rounded to 2 decimals.
savings_after(3) gives 530.6.

7. The negative trap. A customer owes $17, so balance = -17. Create fives = balance // 5, rest =
balance % 5 and cut = int(balance / 5), then print all three. Before you run it: guess the values!

8. The packing report. Loop over shipments: for each n, print 47 helmets: 8 boxes using
boxes_needed(n, per_box) and add the boxes to total_boxes. After the loop, print Total: 19
boxes, packing time 1 h 16 min (4 minutes per box, via format_duration).
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Types and Conversion: str, int, float and type()
Lesson 3 · about 16 min

Goal. You turn text from Bluefin's booking form into int and float, glue numbers back into text with str(),
avoid the int() and bool() traps and total the evening's web orders.

Today at Bluefin Bikes
Bluefin Bikes now takes bookings on its website. The first evening batch looks fine at first sight, but your script
prints 33 bikes where Mia ordered 3 twice. The reason: everything a web form sends is text, even when it
looks like a number. In this lab you learn to see the type of a value and to convert it on purpose.

Every value has a type
Python always knows what kind of value it is holding, and type() tells you. The type decides what operators
do with the value, so it is the first thing to check when a result looks strange.

print(type(3))       # <class 'int'>    whole number
print(type(3.0))     # <class 'float'>  decimal number
print(type("3"))     # <class 'str'>    text
print(type(True))    # <class 'bool'>   True or False

Same operator, different meaning
For numbers, + adds and * multiplies. For strings, + joins and * repeats: "3" + "3" is "33", and so is "3" *
2. Mixing them, like "Bikes: " + 3, is a TypeError: Python refuses to guess whether you meant text or
maths.

Converting on purpose

int("42") → 42, but int("12.50") raises a ValueError: int() only reads whole-number text.
float("12.50") → 12.5, the safe choice for decimal text.
int(9.99) → 9: int() cuts the decimals off (towards zero). It never rounds; that is round()'s job.
str(37) → "37", so you can glue a number into a sentence.

Think of a currency exchange desk: you cannot pay in a shop with a foreign note, you exchange it first.
Converting a value is that exchange, and you do it once, at the border, right where the data comes in.

The bool() trap
bool() of a string only checks whether it is empty. bool("") is False, but bool("no") and even
bool("False") are True. To read a checkbox value, compare the text: text == "yes".

Tip. Error messages name the problem: ValueError means the text cannot be read as that type, TypeError
means two types do not fit together. Read the last line of the message first.

All companies, names and numbers are fictional. Independent training. Not affiliated with or endorsed by the
Python Software Foundation.
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Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
1. What type is it?. The form sent Mia's booking: qty_text = "3". Store type(qty_text) in qty_type

and print it. Is it a number?
Starter code:

# Bluefin Bikes: the new online booking form
# Everything a web form sends arrives as text (str), even numbers.

shop_name = "Bluefin Bikes"
rate = 4.5

# What the form sent for Mia's booking:
qty_text = "3"
price_text = "12.50"
hours_text = "2"

# Task 1: ask Python for the type of qty_text

2. Text * 2 is not 6. Mia wants twice as many bikes. Turn the text into a whole number with qty =
int(qty_text), create doubled = qty * 2 and print Doubled: 6. Curious? Try print(qty_text *
2) first.

3. A price with cents. Convert price_text into price, calculate cost = qty * price and print Cost:
$37.50.

4. Back to text with str(). Build summary = "3 bikes for 2 h" from qty and hours_text by joining
strings with +, then print it. Do not type the numbers yourself.

5. int() cuts, it does not round. Bluefin gives 1 loyalty point per full dollar. Define points_for(amount)
that returns the points as an int (points_for(9.99) is 9). Then print Mia earns 37 points with
points_for(cost).

6. The conversion that crashes. Hours arrive as "2", "2.0" or "3.75". Define hours_from_form(text)
that returns the full hours as an int, for all of them, without crashing.

7. The bool() trap. Create surprise = bool("no") and print it (guess first!). Then define
wants_helmet(text) that returns True only for the text "yes".

8. Process the web orders. Define order_total(qty_text, price_text, helmet_text): bikes × price,
plus helmet_fee when wants_helmet says so. Then loop with for q, p, h in web_orders:, print 3 x
$12.50, helmet: True, total $40.50 for each order, add up evening_total and finish with
Evening total: $63.00.
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Strings I: Indexing, Slicing and len()
Lesson 4 · about 16 min

Goal. You take Bluefin's booking codes apart with indexes, negative indexes and slices, counting from 0,
mask the booking number and check broken codes without an IndexError.

Today at Bluefin Bikes
Every web booking at Bluefin Bikes now gets a code like BLF-2026-ZRH-0417: shop, year, branch and book‐
ing number. The staff at the counter need the parts separately, the printed receipt must hide the number, and
one partner site sends broken codes. Today you take strings apart, character by character.

A string is a row of numbered boxes
Picture the code as a row of lockers, one character per locker. The numbers on the doors start at 0, not 1, be‐
cause an index says how many steps you move from the start. The first locker is zero steps away.

code = "BLF-2026-ZRH-0417"
#       B  L  F  -  2  0  2  6  -  Z  R  H  -  0  4  1  7
#       0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16
print(len(code))   # 17
print(code[0])     # B
print(code[4])     # 2
print(code[-1])    # 7  (negative indexes count from the end)

len(code) is 17, so the last index is 16. code[17] raises an IndexError: there is no locker 17. That is why
code[-1] is so handy: it is always the last character, whatever the length.

Slices: start included, stop excluded
code[start:stop] gives a new string from start up to, but not including, stop. The nice side effect: stop
- start is the number of characters, so code[4:8] is exactly 4 characters, "2026".

print(code[4:8])    # 2026
print(code[:3])     # BLF   (from the start)
print(code[13:])    # 0417  (to the end)
print(code[-4:])    # 0417  (last four)
print(code[:-4])    # BLF-2026-ZRH-  (all but the last four)

Strings cannot be changed
code[0] = "X" fails with a TypeError: strings are immutable. Every slice and every + builds a new string,
so you write new = code[:-4] + "****" instead.

Tip. Slices are forgiving, single indexes are not: code[10:99] simply stops at the end and "BLF"[5:6] is "",
but "BLF"[5] crashes. Use that when data might be too short.

All companies, names and numbers are fictional. Independent training. Not affiliated with or endorsed by the
Python Software Foundation.



18

Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
1. Count the characters. Create code_length with len() and print Code length: 17. The dashes count

too!
Starter code:

# Bluefin Bikes: reading booking codes
# Every web booking gets a code: shop - year - branch - number
#
#   B  L  F  -  2  0  2  6  -  Z  R  H  -  0  4  1  7
#   0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16

shop_name = "Bluefin Bikes"
code = "BLF-2026-ZRH-0417"

# Task 1: how many characters does the code have?

2. Index 0 is the first. Store the first character in first and the last one in last (use a negative index), then
print(first, last). It should show B 7.

3. Your first slices. Cut out prefix ("BLF") and year ("2026") with slices code[start:stop]. Use the
ruler in the comment.

4. Branch and number. Create branch = code[9:12] and number with the last four characters (slice from
-4). Turn it into booking_no with int() and print Booking 417 at ZRH.

5. Slices inside functions. Define branch_of(c) that returns the branch letters and year_of(c) that re‐
turns the year as an int. They must work for every code, e.g. branch_of("BLF-2025-BSL-0003") gives
"BSL".

6. Hide the number. Define masked(c) that returns the code with the last four characters replaced by ****:
"BLF-2026-ZRH-****".

7. Slices never crash. Define dashes(c) that returns the characters at index 3, 8 and 12 joined together ("-
--" for a good code). For the short code "BLF-26" it must not crash.

8. The booking code report. Loop over todays_codes. If dashes(c) == "---", count it in valid and
print BLF-2026-ZRH-****: booking 417 at ZRH, 2026; otherwise print BLF-26-GVA: broken code.
After the loop print 3 of 4 codes are valid.



19

Strings II: Methods, split() and f-strings
Lesson 5 · about 17 min

Goal. You clean customer input from Bluefin's booking form with strip(), title(), replace(), find() and low‐
er(), split a booking row into parts and print finished receipts with zfill() and formatted f-strings.

Today at Bluefin Bikes
The booking form is live, and customers type whatever they like: " theo BAUMANN ", phone numbers with
dashes, e-mails in capitals. Before anything is printed on a receipt it has to be cleaned. Last time you cut
strings with indexes and slices; today you use the ready-made tools every string carries: its methods.

Methods: tools that come with the string
A method is a function that belongs to a value. You call it with a dot and brackets: name.strip(). Think of a
Swiss army knife: the string is the knife, and strip, title, replace are the blades you fold out.

raw = "  theo BAUMANN  "
print(raw.strip())            # 'theo BAUMANN'  spaces at both ends gone
print(raw.strip().title())    # 'Theo Baumann'  every word capitalised
print("zrh".upper())          # 'ZRH'
print("079 123".replace(" ", ""))   # '079123'
print("a@b.example".find("@"))      # 1  (index, or -1 if not found)

The original never changes
Strings are immutable, so a method cannot change the string it is called on. It returns a new one.
raw.strip() on its own line does nothing useful; you have to store the result: name = raw.strip().
Because every method returns a string, you can chain them: raw.strip().title().

split(): from one text to a list
"helmet,lock".split(",") cuts at every comma and returns the list ["helmet", "lock"]. You pick a part
by its position, starting at 0. Without an argument, split() cuts at whitespace instead. Careful:
"".split(",") is [""], one empty part, not an empty list.

f-strings with formats
In f"{name}: ${cost:.2f}" any expression can go inside the braces, and after a colon you add a format:
.2f means two decimals, so 13.5 is shown as 13.50. For leading zeros, the string method
str(417).zfill(6) gives "000417".

Tip. Not sure what a method returns? Print it with square brackets around it, like print(f"[{name}]").
Hidden spaces become visible at once.

All companies, names, phone numbers and e-mail addresses are fictional. Independent training. Not affiliated
with or endorsed by the Python Software Foundation.
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Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
1. strip() the spaces. Customers type extra spaces. Create name = name_raw.strip() and print it in square

brackets: [theo BAUMANN].
Starter code:

# Bluefin Bikes: cleaning up what customers type into the booking form
# String methods return a NEW string. The original stays as it is.

shop_name = "Bluefin Bikes"
rate = 4.5
name_raw = "  theo BAUMANN  "

# Task 1: remove the spaces at both ends

2. Chain strip() and title(). Define clean_name(raw) that removes the outer spaces and starts every word
with a capital: clean_name(" theo BAUMANN ") gives "Theo Baumann". Print clean_name(name_raw).

3. replace() spaces and dashes. Define clean_phone(p) that removes all spaces and dashes: "079 123-45
67" becomes "0791234567". Print clean_phone(phone_raw).

4. split() into a list. Cut extras_text at the commas into the list extras, store the second extra in second
and print(len(extras), second): 3 lock.

5. Pad with zfill(). Define order_ref(n) that returns "BLF-" plus the number padded to 6 digits:
order_ref(417) gives "BLF-000417". Print it.

6. Format with an f-string. Define receipt_line(name, hours) that returns Theo Baumann: 2.5 h,
$11.25 (price = hours × rate, always 2 decimals). Print receipt_line(clean_name(name_raw),
2.5).

7. find() and slice. Define email_domain(e) that returns everything after the @, in small letters:
"Theo.Baumann@LakeMail.example" gives "lakemail.example". Print email_domain(email).

8. Tonight's receipts. Define receipt(row): split the row at ;, clean the name, build the order reference,
count the extras and return BLF-000417 Theo Baumann | 2.5 h | extras: 2 | $15.25 (hours ×
rate + extras × extra_fee). Then print a receipt for every row in bookings.
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Comparisons and Booleans: and, or, not
Lesson 6 · about 16 min

Goal. You turn Bluefin's e-bike rules into comparisons and boolean functions with and, or and not, test the
exact age limits, avoid the truthy-text traps and check in eight customers.

Today at Bluefin Bikes
Bluefin now rents e-bikes, and the insurance comes with rules: minimum age, helmet or guided tour, standard
or reduced price. Mia used to check every customer by hand at the counter. Today you turn those rules into
Python expressions that answer with a clear yes or no, so the evening check-in runs by itself.

Comparisons give a bool
A comparison is a question, and its answer is a value of type bool: True or False (capital letter, no quotes).
You can store it, print it and return it like any other value. The six operators are ==, !=, <, <=, > and >=.

age = 17
print(age >= 18)        # False
print(age == 17)        # True   (== compares, a single = assigns!)
print(age != 17)        # False
print(16 <= age < 65)   # True   a chain: 16 <= age and age < 65
print("ZRH" == "zrh")   # False  text is compared exactly

and, or, not

a and b is True only if both are True.
a or b is True if at least one is True.
not a flips the value.
and is evaluated before or, like * before +. Use brackets to make the meaning obvious: age >= 16 and
(helmet or guided).

Truthy and falsy
Every value can stand in a condition. A few values count as falsy: False, None, 0, 0.0, the empty text "" and
empty collections like [] and {}. Everything else is truthy, including "0", "False", " " and [0]. Think of it
as asking: is there anything in it? That is also why bool("no") is True: the word "no" is not empty.

Tip. Boundaries cause most bugs. Whenever you write a comparison, test the exact limit: does 18 count? Does
65? One = more or less changes the answer.

All companies, names and rules are fictional. Independent training. Not affiliated with or endorsed by the
Python Software Foundation.

Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
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1. A comparison is a question. Ask Python whether the customer is an adult: adult = age >= 18. Then
print(adult, type(adult)): False <class 'bool'>.
Starter code:

# Bluefin Bikes: the e-bike rules
# A comparison asks a yes/no question. The answer is a bool: True or False.

shop_name = "Bluefin Bikes"
rate = 4.5
age = 17

# Task 1: is this customer an adult (18 or older)?

2. Return a bool. Define is_adult(age) that returns True for 18 and older. Then print(is_adult(17),
is_adult(18)).

3. Chained comparison. Standard price is for ages 16 up to, but not including, 65. Define
standard_price(age) with one chained comparison and print(standard_price(17),
standard_price(65)).

4. and, or and brackets. Define can_ebike(age, helmet, guided): the rider must be at least 16, and
wear a helmet or ride on a guided tour. Print can_ebike(17, True, False), can_ebike(12, False,
True): True False.

5. Flip it with not. Everybody who does not pay the standard price pays the reduced one. Define
reduced_price(age) using your standard_price and not. Print it for 12, 40 and 70.

6. Truthy and falsy text. Define has_note(note) that returns True only if the note contains real characters.
A note of only spaces counts as no note. Print has_note(note), has_note("late return").

7. Count the falsy values. Define count_falsy(values) that counts how many values in a list are falsy.
Then print(count_falsy(lineup)).

8. Tonight's e-bike check. Define can_ride(row): split the row at ;, turn the age into a number and
"yes"/"no" into True/False, then use can_ebike. Print every name with its result (Lea False) and finish
with Allowed: 4.
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Decisions: if, elif and else
Lesson 7 · about 17 min

Goal. You price Bluefin's rentals with if, elif and else, prove why the order of the branches matters, avoid
the two-ifs and or-text traps and print the day's price list.

Today at Bluefin Bikes
Bluefin's new price list has tiers: short rides cost more per hour, long rides less. There are discounts by age, a
late fee and a surcharge for partner stations. Last time your code answered yes/no questions; today it acts on
the answers and picks exactly one price for every rental.

if, elif, else

if hours <= 2:
    price = hours * 6
elif hours <= 5:
    price = 12 + (hours - 2) * 4
else:
    price = 24 + (hours - 5) * 2

Every condition line ends with a colon.
The block that belongs to it is indented by 4 spaces. Indentation is not decoration in Python: it decides
which lines are inside the branch.
elif ("else if") adds another condition; you can have as many as you need.
else has no condition. It catches everything that is left.

Only the first true branch runs
Python checks the conditions from top to bottom and runs only the first branch whose condition is True. All
the others are skipped, even if they would also be True. With hours = 4, hours <= 2 is False, hours <= 5 is
True, so the price is 20 and the else is never looked at. That is also why the elif does not need 2 < hours: if
we get there, the first condition already failed.

Why the order matters
Think of a sorting machine with several holes: a parcel drops into the first hole it fits. If the large hole comes
first, the small parcels fall through it too and the small hole never gets anything. So put the narrowest condi‐
tion first. Python never warns you about a branch that can never run; it simply gives the wrong answer.

Tip. Test every rule at its edges: exactly 2 hours, exactly 15 minutes, exactly 65 years. Most branch bugs live on
the boundary.

All companies, names, prices and rules are fictional. Independent training. Not affiliated with or endorsed by
the Python Software Foundation.
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Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
1. Your first if. Rentals of more than 3 hours need a deposit. Below deposit = 0, write an if that sets

deposit = 20 when hours > 3. Then print("Deposit:", deposit).
Starter code:

# Bluefin Bikes: the new price list
# if / elif / else: Python checks the branches from top to bottom
# and runs ONLY the first one whose condition is True.

shop_name = "Bluefin Bikes"
hours = 4

# Task 1: rentals of more than 3 hours need a deposit of $20
deposit = 0

2. if and else. Define deposit_for(hours) that returns 20 for more than 3 hours and 0 otherwise, using if
and else. Print deposit_for(2), deposit_for(5).

3. Three tiers with elif. Define price(hours) with if, elif and else following the three tiers in the com‐
ment. Print price(1), price(4), price(7): 6 20 28.

4. Prove the order matters. Theo's price_theo has the same branches in a different order. Define
differs(h) that returns True when the two prices differ, then loop over test_hours and print each hour
where they disagree, like 1 h: Mia 6, Theo 8.

5. Narrowest condition first. Define discount(age): under 12 gets 50, under 18 gets 30, 65 or older gets
20, everyone else 0. Print discount(10), discount(16), discount(70): 50 30 20.

6. One answer, not two. Define late_fee(minutes, member): up to 15 minutes free, more than 60 min‐
utes 25 for everyone, otherwise members pay 5 and everyone else 10. Print the four example calls: 0 5 10
25.

7. Compare text in branches. Define zone(code): ZRH is "city", BSL or BRN is "regional", every other
code "partner". Codes may arrive in small letters. Print zone("zrh"), zone("BRN"), zone("GVA").

8. Today's price list. Define rental_total(row): split the row, take price(hours), subtract the discount in
percent and add $3 for partner stations. Print one line per rental (R-301 city $6.00) and finish with the
day's total (Total: $...).
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Lists: Index, Slice, append(), pop() and insert()
Lesson 8 · about 17 min

Goal. You follow Bluefin's e-bike battery list through indexes, slices, append, pop and insert, keep a real
copy instead of a second name, build new lists in a loop and simulate a full day at the station.

Today at Bluefin Bikes
The ZRH station has a rack of e-bikes, and every bike reports its battery level. Bikes leave, come back, go to
the workshop and return. One value per bike would mean eight variables today and twelve tomorrow. A list
holds all of them in one name, in order, and can grow and shrink during the day.

Index and slice, just like strings

levels = [82, 45, 97, 13]
print(levels[0])     # 82   the first
print(levels[-1])    # 13   the last
print(levels[:2])    # [82, 45]   a slice is a new list
print(len(levels))   # 4

Lists can change
Strings are immutable; lists are mutable. Their methods change the list in place and mostly return None, so
you call them on their own line:

levels.append(55) adds 55 at the end.
levels.insert(0, 13) puts 13 at index 0 and shifts all others one place right.
x = levels.pop(3) removes the element at index 3 and returns it; levels.pop() takes the last one.
levels[0] = 100 replaces one element.
levels.index(97) tells you where a value is; max(levels), min(levels) and sum(levels) work
on any list of numbers.

After every change the indexes move. After pop(3), the element that was at index 4 is now at index 3. When
you trace list code, write the list down after each line.

Two names, one list
backup = levels does not copy anything. It sticks a second label on the same box, so a change through one
name shows up under the other. The same happens when you pass a list to a function: the function gets the
original. If you need an independent list, make one with levels.copy() or levels[:].

Tip. Not sure what a line did? Add print(levels) right after it. Tracing the list step by step beats guessing
every time.

All companies, names and figures are fictional. Independent training. Not affiliated with or endorsed by the
Python Software Foundation.
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Your coding tasks
These tasks are written for a Python file called main.py. Create the file in your editor (or the online editor of your
choice), type the starter code, and complete the tasks one by one. When you are done, compare your work with the
solution in Appendix: Solutions.
1. Count and pick. Print the number of bikes, the first battery level and the last one in one line: 8 82 90.

Starter code:

# Bluefin Bikes: e-bike batteries at the ZRH station
# A list keeps values in order. Index 0 is the first, -1 the last.
#
#   index:    0   1   2   3   4   5   6   7
levels = [82, 45, 97, 13, 60, 71, 28, 90]

# Task 1: how many bikes, and what do the first and the last show?

2. Slices give lists. Store the first three levels in first_three and the last two in last_two, using slices.
Print both.

3. append() adds at the end. A bike came back with 55 %. Add it to the end of levels and print(levels).
4. pop() removes and returns. Take the bike at index 3 out of the list and keep its value in low. Then

print(low, levels).
5. insert() at a position. Put the repaired bike back at the very front. Then print(levels[:3],

len(levels)): [13, 82, 45] 9.
6. Copy, not a second name. Save a copy of levels in backup, then set levels[0] = 100.

print(backup[0], levels[0]) must show 13 100.
7. Build a new list in a loop. Define low_bikes(levels, limit) that returns a NEW list with all levels be‐

low limit, in their order. The list passed in must not change. Print low_bikes(levels, 50).
8. Simulate the day. Define run_day(start, events) that works on a copy of start: "rent" removes the

bike with the highest level (if there is any bike), "return N" appends N. Return the list, then print today
and the summary line.
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for Loops and range()
Lesson 9 · about 13 min

Goal. You trace a for loop week by week in a trace table and work out how many numbers range(start,
stop, step) produces and which one comes last.

A for loop repeats its indented block once for every element of a sequence: for week in range(1, 7):
runs the block with week = 1, 2, 3, 4, 5, 6. The variable keeps its last value after the loop.
range(stop) counts from 0 up to stop - 1, range(start, stop) from start up to stop - 1, range(start,
stop, step) in steps. stop is never included: range(1, 7) has six numbers, range(3, 40, 4) gives 3, 7,
11, …, 39.
The pattern total = 0 before the loop and total = total + … inside it is an accumulator. To trace it,
make a table with one row per iteration and write the value of total after the body ran. That is exactly what
the trace table in A17:B23 is for.
Counting a range without listing it: the number of values is ceil((stop - start) / step) (0 if stop <=
start), and the last value is start + (count - 1) * step.

A B
1 Code · training_plan.py
2 base_km = 15

3 total = 0

4 for week in range(1, 7):

5     total = total + week * base_km

6 print(total)

7
8 start, stop, step = 3, 40, 4

9 service_km = list(range(start, stop, step))

10 print(len(service_km), service_km[-1])

11
12 base_km 15
13 start 3
14 stop 40
15 step 4
16
17 week total after the loop body
18 1
19 2
20 3
21 4
22 5
23 6
24
25 len(service_km)

26 service_km[-1]
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Shaded cells are your work area – fill them in, then compare with the Appendix: Solutions at the end of the book.

Your tasks
Try it on your computer: open a blank spreadsheet, type the numbers from the worksheet above into the same cells
(A1, B1 …), then work on the shaded cells. When you are done, compare with the solutions in Appendix: Solutions
at the end of this book and correct your sheet.
1. Fill the trace table B18:B23 with the value of total after each week.
2. In B25, compute len(service_km) from start, stop and step.
3. In B26, compute service_km[-1], the last number of the range.
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while Loops: Repeat Until a Condition Fails
Lesson 10 · about 12 min

Goal. You work out how many trips an e-bike battery allows before it hits the reserve, and how a one-
character change in the condition breaks the rule.

A while loop repeats its block as long as its condition is True. The condition is checked before every round, so
the body may run zero times. Something in the body must change the condition, or the loop runs forever (stop
a runaway script with Ctrl+C).
Use while when you do not know the number of rounds in advance: until the battery reaches the reserve, until
the user types quit. Use for when you loop over a known sequence.
Trace a while loop by asking, before each round: is the condition still True? With battery 96, reserve 20 and
drain 7, Mia's condition battery - drain >= reserve asks will the next trip still leave the reserve? Theo's
battery > reserve only asks are we above the reserve now?, so his last trip dips below it. Off-by-one errors in
loop conditions are among the most common bugs.
Two keywords control loops: break leaves the loop at once, continue skips the rest of this round and jumps
back to the condition. You will use both in the next lesson.

A B
1 Code · battery_trips.py (Mia)
2 battery = 96
3 reserve = 20
4 drain = 7          # % per trip
5 trips = 0

6 while battery - drain >= reserve:

7     battery = battery - drain

8     trips += 1

9 print(trips, battery)

10
11 Code · Theo's version (only the loop line differs)
12 while battery > reserve:

13     battery = battery - drain

14     trips += 1

15
16 battery (start, %) 96
17 reserve (%) 20
18 drain per trip (%) 7
19
20 Mia: trips

21 Mia: battery at the end

22 Theo: trips

23 Theo: battery at the end

24

25 while repeats as long as its condition is True. It is checked 
BEFORE every round.
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Shaded cells are your work area – fill them in, then compare with the Appendix: Solutions at the end of the book.

Your tasks
Try it on your computer: open a blank spreadsheet, type the numbers from the worksheet above into the same cells
(A1, B1 …), then work on the shaded cells. When you are done, compare with the solutions in Appendix: Solutions
at the end of this book and correct your sheet.
1. In B20, compute the number of trips Mia's loop makes, with a formula on B16:B18.
2. In B21, compute the battery value that line 9 prints for Mia.
3. In B22, compute the number of trips with Theo's condition battery > reserve.
4. In B23, compute Theo's final battery level.
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Loop Patterns: Counters, Accumulators, break and
continue
Lesson 11 · about 13 min

Goal. You trace a loop that skips closed days with continue, counts busy days and stops with break as soon
as Bluefin reaches its rental target.

Most loops follow a few patterns: an accumulator (total += n), a counter (busy_days += 1 inside an if), a
search that stops early. Initialise the variables before the loop, update them inside, use them after.
continue ends the current round at once and jumps to the next element; the lines below it are skipped for
this round only. Here closed days (0 rentals) are skipped. break leaves the loop completely: no more elements
are processed, and the code continues after the loop.
The order of the lines inside the body matters. In this script a day is first added and counted, and then the tar‐
get check runs. So the day that reaches the target is still counted, and every later day is ignored.
To trace it, build a running total column (C17:C26). The loop stops on the first day whose running total is at
least the target. Busy days only count up to and including that day.

A B C
1 Code · stop_when_target.py
2 rentals = [18, 0, 31, 22, 40, 0, 27, 35, 12, 29]
3 busy, target = 25, 150

4 total = 0
5 busy_days = 0

6 for n in rentals:

7     if n == 0:

8         continue          # shop closed

9     total += n

10     if n >= busy:

11         busy_days += 1

12     if total >= target:

13         break

14 print(total, busy_days)

15
16 day (index) rentals running total
17 0 18
18 1 0
19 2 31
20 3 22
21 4 40
22 5 0
23 6 27
24 7 35
25 8 12
26 9 29
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A B C
27
28 busy (rentals) 25
29 target 150
30
31 printed total
32 printed busy_days

Shaded cells are your work area – fill them in, then compare with the Appendix: Solutions at the end of the book.

Your tasks
Try it on your computer: open a blank spreadsheet, type the numbers from the worksheet above into the same cells
(A1, B1 …), then work on the shaded cells. When you are done, compare with the solutions in Appendix: Solutions
at the end of this book and correct your sheet.
1. Fill the running total in C17:C26 (sum of rentals up to that day).
2. In B31, give the total that line 14 prints.
3. In B32, give the printed busy_days: days with at least busy rentals, up to and including the break day.
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Dictionaries: Counting and Summing by Key
Lesson 12 · about 13 min

Goal. You build Bluefin's per-station statistics with a dictionary, the counting pattern with get(), and learn
which lookup crashes.

A dictionary maps keys to values: prices = {"city": 4.5, "ebike": 9.0}. You read a value with
prices["city"], add or change one with prices["kids"] = 3.0, and check a key with "kids" in
prices. Keys are unique; assigning to an existing key overwrites its value.
d[key] raises a KeyError when the key is missing. d.get(key, default) returns the default instead (and
d.get(key) returns None). That makes the classic counting pattern possible: counts[s] = counts.get(s,
0) + 1, the first time it starts from 0.
Summing per key works the same way: minutes_by[s] = minutes_by.get(s, 0) + minutes. A loop over
pairs can unpack them directly: for station, minutes in log:.
In the sheet, a dictionary built like this is a COUNTIFS / SUMIFS per key. The continue for test rides becomes
an extra criterion on the minutes.
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A B C D E
1 Code · station_stats.py
2 min_minutes = 10
3 counts = {}

4 minutes_by = {}

5 for station, minutes in log:

6     if minutes < min_minutes:

7         continue          # test 
ride, ignore

8     counts[station] = 
counts.get(station, 0) + 1

9     minutes_by[station] = 
minutes_by.get(station, 0) + minutes

10 avg_harbour = minutes_by["Harbour"] 
/ counts["Harbour"]

11
12
13 log: station minutes Expression Value
14 Harbour 34 counts["Harbour"]

15 Old Town 12 minutes_by["Old Town"]

16 Harbour 6 avg_harbour
17 Station Sq 45
18 Old Town 27 Line Code (after the loop)

19 Harbour 18 1 counts.get("Airport", 
0)

20 Old Town 8 2 counts["Airport"]

21 Harbour 52 3 "Airport" in counts
22 Station Sq 15 4 counts.get("Airport")

23 Old Town 40 5 len(counts)

24 Harbour 9

25 min_minutes 10 Which line raises a 
KeyError?

Shaded cells are your work area – fill them in, then compare with the Appendix: Solutions at the end of the book.

Your tasks
Try it on your computer: open a blank spreadsheet, type the numbers from the worksheet above into the same cells
(A1, B1 …), then work on the shaded cells. When you are done, compare with the solutions in Appendix: Solutions
at the end of this book and correct your sheet.
1. In E14, compute counts["Harbour"] after the loop.
2. In E15, compute minutes_by["Old Town"].
3. In E16, compute avg_harbour (line 10).
4. Nobody rented at the Airport, so it is not a key in counts. Which of the five lines in D19:E23 raises a

KeyError? Type its number in E25.
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Sets, Tuples and Membership
Lesson 13 · about 12 min

Goal. You count unique and returning customers with sets and trace a tuple swap that builds a number
sequence.

A set is an unordered collection without duplicates: set([104, 117, 104]) is {104, 117}. That makes
len(set(items)) the fastest way to count distinct values. Membership tests (104 in s) are very fast on sets.
Sets have operators from maths: a | b (union: in a or b), a & b (intersection: in both), a - b (in a but not
in b). A useful check: len(a & b) == len(a) + len(b) - len(a | b).
A tuple is like a list that cannot change: point = (47.56, 7.59). Python packs and unpacks tuples auto‐
matically: a, b = b, a + b first builds the tuple (b, a + b) from the old values, then assigns both at once.
No temporary variable is needed.
Spreadsheet helpers for checking: UNIQUE() removes duplicates, TOCOL() stacks two columns into one,
COUNTA() counts the result.

A B C D E F G
1 Code · regulars.py

2 mon = [104, 117, 104, 122, 131, 117, 
140, 108]

3 tue = [117, 150, 131, 104, 162, 150, 
175, 104]

4 unique_mon = len(set(mon))

5 all_customers = len(set(mon) | 
set(tue))

6 both_days = len(set(mon) & 
set(tue))

7
8 a, b = 2, 3
9 for _ in range(3):

10     a, b = b, a + b

11 print(a, b)

12

13 rental no. mon (customer 
id) tue (customer id) Expression Value

14 1 104 117 unique_mon
15 2 117 150 all_customers
16 3 104 131 both_days
17 4 122 104 a (printed)
18 5 131 162
19 6 117 150 round a b
20 7 140 175 1
21 8 108 104 2
22 3
23
24 a (start) 2
25 b (start) 3
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Shaded cells are your work area – fill them in, then compare with the Appendix: Solutions at the end of the book.

Your tasks
Try it on your computer: open a blank spreadsheet, type the numbers from the worksheet above into the same cells
(A1, B1 …), then work on the shaded cells. When you are done, compare with the solutions in Appendix: Solutions
at the end of this book and correct your sheet.
1. In F14, compute unique_mon.
2. In F15, compute all_customers (union of both days).
3. In F16, compute both_days (intersection). Tip: use the identity from the theory.
4. Trace the tuple swap in F20:G22 (a and b after each round), then put the printed a in F17.


