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o Food and drinks are not permitted in the examination room.
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o If you have a question, raise your hand (please note that this may not be allowed in some exams.)
o Students are not permitted to leave and re-enter the examination room under any circumstances. If
you leave the room, you will not be permitted to return and continue the examination.
o All students must remain in the examination room for at least the first 30 minutes. A quiet and respect-
ful environment must be maintained at all times.
After the Exam
o Ensure that your name is clearly written on your examination paper before submitting it.

o Do not speak until you have left the examination room.

o Once you have submitted your examination paper, remain silent to avoid disturbing other students.

o Leave the examination room quietly and in an orderly manner when instructed to do so by the professor.
o Students are not permitted to remove the examination paper from the room.
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the examination regulations. Such violations may result in failing the examination or forfeiting
the examination attempt. Repeated or serious misconduct may lead to further disciplinary
action, including expulsion from the programme.

Student’s signature

All examination papers and any additional materials used during the examination MUST BE SECURELY STAPLED
together before submission.
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Instructions

Always assume each code is run independently, so variables do not persist between exercises.

Questions 1-2: Open Problems (20 points each)

These are open-ended tasks. Explain your approach, outline algorithmic steps, and optionally provide compact working
code snippets.

Questions 3-5: Debugging (10 points each)

These exercises show code cells with one or more errors. You have to find these errors, explain why they happen, and
suggest a fix to them.

Questions 6-11: Multiple Choice (5 points each)

Circle the correct answer for each question, as each question has only one correct answer. Provide reasoning for your
answer in the space next to each question. A correct answer with a sound explanation earns 5 points. An incorrect
answer, faulty or missing reasoning, or no answer earns zero points.

Oral Justification. Students may be asked to provide oral justification for any of the exercises after completing the
written portion.

1. You are designing a new line for the Madrid Metro. The goal is to select stations that provide connections to as
many existing lines as possible. Your budget allows you to include exactly six stations.

You receive information about each station, including its name, and the Metro lines that serve it. For example:

e Manuel Becerra. Lines: 2 and 6.

e Sol. Lines: 1, 2, and 3.

e Plaza de Castilla. Lines: 1, 9, and 10.
e and so on for all stations in the city.

(a) Which Python data structure, or combination of data structures, would you use to store this information?
Briefly justify your choice. (& points)

(b) At each step, select the unchosen station that serves the greatest number of lines not served by the stations
already selected. Break ties by choosing the station whose name comes first in alphabetical order. Design a
Python function that receives the station data and returns the six selected station names in the order chosen.
(15 points)

Answer:

(a) We need to link every station with the lines that serve it, so the best option is a dictionary. The keys are
the station names (strings), and the values are the lines of that station. Because the lines of a station have no
order and are never repeated, each value is best stored as a set, e.g. {"Sol": {1, 2, 3}}. Sets are the right
choice because we can later merge the lines of several stations with a union, compare them with a difference, and
repeated lines disappear automatically. (+5 points)

(b) The function receives the dictionary and returns the six station names in selection order, for instance in a list.
(+2 points)

Before the main loop, we initialize an empty list chosen for the selected stations, and an empty set covered for
the lines already connected. (+38 points)

We need to repeat the selection six times, so we use a for loop, for step in range(6). Inside it, a second
(nested) loop goes through all the stations. We skip the ones already in chosen. For each remaining station, we
count how many of its lines are new, using the set difference stations[name] .difference(covered) and len().
(+5 points)

We keep track of the best station so far, and its number of new lines. Whenever a station provides more new lines
than the best one so far, it replaces it. To break ties alphabetically, visit station names in alphabetical order and
replace the current best only when a station provides strictly more new lines. If it provides fewer or the same
number, keep the current best. (+2 points)

After the nested loop finishes, we add the best station to chosen, and update covered with the union of its lines.
Using the updated set is what makes the next step ignore the lines we already have. After the main loop, we
return chosen. (+3 points)
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Comment: This greedy approach is not guaranteed to give the best possible group of six. We are not asking for
that in this exercise.

(Optional, code)

def

best_stations(stations: dict) -> list:
# stations example: {"Sol": {1, 2, 3}, "Manuel Becerra": {2, 6}}
chosen = []
covered = set ()
# Choose six stations, one at a time
for step in range (6):
best_name = ""
best_new = -1
# Look at every station that is not chosen yet
for name in sorted(stations.keys()):
if name in chosen:
continue
# Count the lines that we do not connect yet

new_lines = len(stations[name].difference(covered))
if new_lines > best_new:

best_name = name

best_new = new_lines

# Add the best station, and its lines

chosen.append(best_name)

covered = covered.union(stations[best_name])
return chosen
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2.

1

2

3
1

You are analysing customer reviews and want to know how many times a given word is mentioned in a review.
The search must ignore uppercase letters and punctuation, and it must only count whole words. For instance,
the word “great” is mentioned three times in:

“Great food! Not so great service, but a GREAT price... greatly recommended.”

The three matches are “Great”, “great” and “GREAT”. The word “greatly” does not count. Treat punctuation as
a word separator, so punctuation attached to a word does not change that word, and punctuation between letters
separates them.

Design a Python function that gets a review and a target word as input, and returns the number of mentions. It
must work for any text and any word, including a target word with punctuation around it. You may assume the
target word contains no internal punctuation. (10 points)

Once your function is ready, you have a list with a thousand reviews and a set with a hundred target words. You
want to know how many times each word is mentioned in total. How would you use your function to get this
information? (10 points)

Answer:

First task. The function receives two strings, the review and the target word, and returns an integer. The review
has uppercase letters and punctuation attached to the words (“Great”, “food!”, “price...”), so we first need to clean
it. (+2 points)

First, we turn all letters into lowercase using str.lower(). To remove other special characters, we can use
str.replace() to replace them with spaces. This way, any kind of punctuation is treated as a word separator.
(+2 points)

Next, we turn the string into a list of words using str.split (). This gives us a list of clean words, all in lowercase,
with no punctuation. (+2 points)

In order to count the target word, we also turn it into lowercase, and then we loop through the list of words,
counting how many times it appears. We will need to initialize a counter to 0 and increment it for each match.
(+2 points)

Finally, we return the count. (+2 points)

(Optional, code)

def count_mentions(review: str, word: str) -> int:

# Clean the review: lowercase and remove punctuation
review = review.lower ()
for char in ".,!'?7;:() [J{}F\">":

review = review.replace(char, " ")
# Split into words
words = review.split()
# Count the mentions of the target word
count = 0
for w in words:

if w == word.lower ():

count += 1

return count

Second task. The target words are given as a set. We want one total per word, so the best structure is a
dictionary, where the keys are the target words and the values are the total mentions. We initialize it with every
word at 0. (+3 points)

We need to look at every review and, inside each of them, every target word. This is a nested loop: the outer loop
goes through the reviews, and the inner loop goes through the words. (+38 points)

Inside the inner loop, we call our function with the current review and word, and add the result to the dictionary:
totals[word] += count_mentions(review, word). In total, the function is called 1000 x 100 times. At the end
we have the totals for all the words. (+4 points)

Comment: It would be more efficient to clean each review only once, instead of once per word. This is optional.
Calling the function 100,000 times is accepted.

(Optional, code)

def total_mentions(reviews: list[str], words: set[str]) -> dict:

# Start every target word at O
totals = {}
for word in words:

totals [word] = 0
# For every review, check every target word
for review in reviews:

for word in words:

totals[word] += count_mentions(review, word)

return totals
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g W N R

The following function is intended to check if a number is prime. We tested it against the first ten numbers and
got the following:

e True for 3,5, 7,9
e False for 1, 4, 6, 8, 10

e None for 2

As you can see, 9 is incorrectly classified and 2 is not classified at all. Find the errors in the code and explain why
they occur and how to fix them.

def is_prime(n: int) -> bool:
if n <= 1:
return False
for i in range(2, n):
if n % i ==
return False
else:
return True
Answer:

There are two errors, and both come from the return statements inside the loop. First, the else: return True
is inside the for loop, so the function returns True after checking only the first divisor (1 = 2). That is why every
odd number, like 9, is classified as prime. A number is only prime after all the divisors have been checked. (+&
points)

Second, for n = 2, range(2, 2) is empty, so the loop never runs and the function reaches the end without any
return. In Python, that returns None. We fix both errors by removing the else and adding return True after
the loop, outside of it. (+& points)

(Optional, fized code)

def is_prime(mn: int) -> bool:
if n <= 1:
return False
for i in range(2, n):
if n % i ==
return False
return True
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You are working on a library app. The dictionary DICT_LOANS keeps track of the number of times each book
has been borrowed. Books with several parts are stored using a tuple (title, part) as the key. The function
register_loan is intended to add one loan to a given book, creating the book with one loan if it is not in the
dictionary yet. However, each of the two calls below, when run on its own, raises an error. Find the errors in the
code and explain why they occur and how to fix them.

DICT_LOANS = {

"Dune": 12,

"Emma": 7,

"Ulysses": 3,

("Harry Potter", "Part 1"): 18,
("Harry Potter", "Part 2"): 15

def register_loan(title: str):
loans = DICT_LOANS.get(title)
DICT_LOANS[title] = loans + 1

register_loan("Matilda")
# TypeError: unsupported operand type(s) for +: ’NoneType’ and ’int’

register_loan("Harry Potter", "Part 1")
# TypeError: register_loan() takes 1 positional argument but 2 were given

Answer:

There are two different errors. The first one is in line 10. The method get () returns None when the key is not in
the dictionary, and "Matilda" is not there yet. Then line 11 tries to do None + 1, which is not a valid operation.
We fix it by giving get () a default value as its second argument, DICT_LOANS.get(title, 0). If the book does
not exist, the result is 0, we add 1, and line 11 creates the new key with the value 1. An if-clause checking title
in DICT_LOANS is also a valid fix. (+5 points)

The second error is in the call. The function receives only one argument, title, but the call passes two. The
keys of the multi-part books are tuples, so the call must pass a single tuple: register_loan(("Harry Potter",
"Part 1")). Note the double parentheses: the inner ones create the tuple. The type hint title: str does not
stop a tuple from being used, as type hints are not enforced. An alternative fix is to change the function to receive
two arguments and to build the tuple inside it. (+& points)

(Optional, fized code)

def register_loan(title: str | tuple):
loans = DICT_LOANS.get(title, 0)
DICT_LOANS[title] = loans + 1

register_loan("Matilda")
register_loan (("Harry Potter", "Part 1"))
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The following code is intended to convert all the temperatures in the list 1s_celsius, which are strings such as
"18C", into strings in Fahrenheit rounded to the nearest integer, such as "64F". However, it raises an error on
line 5. If we remove "8C" from the list, that error disappears, but then the code never finishes. Find the errors in
the code and explain why they happen and how to fix them.

ls_celsius = ["18C", "21C", "-5C", "30C", "8C"]

for temp in 1ls_celsius:
# Remove the "C" and convert to int
temp_num = int(temp[:2]) # ValueError: invalid literal for int() with base 10: ’8C’
# Convert to Fahrenheit and round to the nearest integer
temp_fahrenheit = round(temp_num * 9 / 5 + 32)
# Save the new value as a string
ls_celsius.append(f"{temp_fahrenheit}F")

# Expected: ["64F", "T7OF", "23F", "86F", "46F"]

Answer:

The first error is the slice temp[:2] in line 5. It keeps the first two characters, which works for "18C" (it returns
"18") but not for "8C", which has only one digit: the slice returns "8C", and int () fails because of the letter. The
slice should remove the last character instead, temp[:-1]. Using temp.replace("C", "") or temp.strip("C")
is also valid. (+5 points)

The second error is that we modify the list while we loop through it. Every iteration appends a new element at
the end of 1s_celsius, so the list is always longer than the number of iterations done. The loop never reaches
the end of the list, and runs forever. In addition, append() adds the new values at the end instead of replacing
the old ones, so even without the infinite loop the list would not end up as expected. We fix it by creating a new
list and appending to it, or by looping over the indices, range (1en(1ls_celsius)), and overwriting each position.
(+5 points)

(Optional, fized code)

ls_celsius = ["18C", "21C", "-5C", "30C", "8C"]

# Option 1: new list

1ls_fahrenheit = []

for temp in ls_celsius:
temp_num = int(templ[:-1])
temp_fahrenheit = round(temp_num * 9 / 5 + 32)
ls_fahrenheit.append(f"{temp_fahrenheitl}F")

# Option 2: overwrite each position of the same 1list
for i in range(len(ls_celsius)):
temp_num = int(ls_celsius[i][:-1])
temp_fahrenheit = round(temp_num * 9 / 5 + 32)
ls_celsius[i] = f"{temp_fahrenheit}F"

Alternatively, we can use a list comprehension to create a new list. It does not modify the original list while
iterating over it:

1s_fahrenheit = [f"{round(int(t[:-1]) * 9 / 5 + 32)}F" for t in ls_celsius]
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7. Which one of the following objects can be used as a key of a dictionary?

[<, T SO U U R

What will be printed after running the following code?

secret = "$01_E23_L45_L67_089"
deciphered = secret[::4]
deciphered [0] = "H"

print (deciphered)

A. “$ELLO”

B. “HELLO”

C. “H2469”

D. The code will raise an error.

A. None of these choices can be used as a key.
B. The set {"Arthur", "King"}

C. The dictionary {"book": "Hyperion"}
D. The list ["Nature", "Volume 1"]

. What will be printed after running the following code?

name = "Rachel"

friend = "Phoebe"

def greet(name: str) -> None:
print ("Hello, " + name + "!")
name = "Monica"

greet (friend)

A. Hello, Monica!
B. Hello, Rachel!
C. Hello, Phoebe!
D

. The code will raise an error.
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9. What happens when the following code is run and the user enters “abc123” (the right password)?

password = "abcl123"

[

while True:
guess = input ("Enter password: ") # abc123
if guess == password:

6 print ("Welcome")

7 else:

8 print ("Try again")

9 continue

10 break

e ow

A. The console prints “Welcome” and the loop ends.

B. The code will raise an error.

C. The console starts printing “Welcome” repeatedly (never ends).
D

. The console prints “Welcome” and asks for the password again (never ends).

10. Which one of the following is an example of a recursive function?

A. fibonacci(n) = fibonacci(n-1) + fibonacci(n-2)

B. sum_list(1lst) using a while loop to iterate through the list.
C. factorial(n) using a for loop with range(1, n+1).
D.

is_even(x) being defined inside another function is_prime(n).

11. After running this code, what will be printed?

1 team = ["Ana", "Luis"]
> roster = (team, "Madrid")
3
4 team.append("Eva")
5 roster [0] . remove ("Ana")
6 print (team, "--", roster)
A. [’Ana’, ’Luis’, ’Eva’] -- ([’Luis’, ’Eva’], ’Madrid’)
B. [’Ana’, ’Luis’, ’Eva’] -- ([’Luis’], ’Madrid’)
C. The code will raise an error.
D. [’Luis’, ’Eva’] -- ([’Luis’, ’Eva’], ’Madrid’)

Correct answers for Questions 6-11:

Question | Key
6
7
8
9
10
11

O»»Qa»0
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Cheatsheet
Strings:
e s.lower() returns a lowercase copy of s.
e s[start:stop:step] returns a slice. The stop index is excluded.

e s.split () splits at whitespace. s.strip() removes leading and trailing whitespace, while s.strip(chars)
removes those characters instead.

e s.replace(old, new) returns a copy with occurrences of old replaced by new.
e char.isalnum() tests whether a character is a letter or digit.
e int(s) converts a string of digits into an integer, and fails otherwise. round(x) rounds x to the nearest integer.
o f"{x}" creates a string where {x} is replaced by the value of x. Text can be added before or after {x}.
e s.count(pattern) counts non-overlapping occurrences of pattern in s.
Lists and sets:
e len(x) returns the number of elements. x in 1s tests whether x is an element of 1s.
e ls.append(x) adds x to the end of a list.
e ls.remove(x) removes the first element equal to x from the list, and fails if there is none.
e sorted(x) returns a new sorted list with the elements of x.
e set(ls) creates a set from the elements of 1s.
e a.union(b) and a.difference(b) return new sets.
Dictionaries:
e dlkey] = value adds a key or replaces its value. d[key] retrieves the value for key.
o d.get(key) returns None when the key is absent. d.get(key, default) returns default instead.
e key in d tests whether key is a key in d. d.keys() gives the dictionary’s keys.
Functions and control flow:
e return exits a function. A function that reaches its end without a return statement returns None.
e break exits the nearest enclosing loop. continue moves to the next iteration of the nearest enclosing loop.
Other:
o range(start, stop) generates integers from start up to, but not including, stop.
e print(a, b) prints values separated by spaces. type(x) returns the type of x.

e input(prompt) shows prompt, waits for the user to type, and returns what was typed as a string.
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