University of Programming Paradigms Prof. Dr. Michael Pradel
Stuttgart University of Stuttgart, Summer 2025

Exercise 3: Control flow

Strict deadline for uploading solutions: June 4, 2025, 11:59pm, Stuttgart time

The materials provided for this homework are:
* a pdf file with the text of the homework (this);

* a zip file with the folder structure and the templates that must be used for the submission:

exercised.zip
— taskl
L taskl.csv

— task2
t Graph.py
IteratorTest.py
— task3

t task3.csv
src

L main

L scala
L Main.scala

Figure 1: Folder structure to use for submission.

The submission must be compressed in a .zip file (not .rar, .7z, .g.z, or any other format) using exactly the
folder structure and names shown above.



1 Task 1 (25% of total points of the exercise)

The goal of this task is to evaluate the given expressions under different sets of rules for precedence and
associativity. Table 1] defines two sets of rules.
Task: (To submit your answer, please fill in the file exercise3/task1/task1.csv.)

* Using the Rules 1 in Table 1, evaluate the following expressions:

1.1 %180 / 2 + 9 >= 3 %% 2 % 10 + 10
2.5 %5+ 1Y% 10 ** 2 % 10
3. 50 % 51 > 5 %x 2 && 3 ** 2 + 45 x 2 == 99

* Using the Rules 2 in Table 1, evaluate the following expressions:

4, 31=2<3+30/10/ 2
5.1 %k 1 %xx 2 x 3 % 3 % 2 %k 1 k% 1
6. 6 xx 2 /5 %% 2+ 11 << 1 % 10 + 10 - 8

Operator | Rules1 | Rules2 | Type
| Assoc. Prec. | Assoc. Prec. | Operands Results |
*ok R 2 R 2 numeric  numeric
* L 3 R 3 numeric  numeric
/ L 3 R 3 numeric  numeric
+ L 4 R 3 numeric  numeric
- L 4 R 3 numeric  numeric
yA L 4 R 3 numeric  numeric
>> L 5 R 4 numeric  numeric
<< L 5 R 4 numeric  numeric
>= L 6 L 5 numeric  boolean
<= L 6 L 5 numeric  boolean
== L 7 L 6 numeric  boolean
1= L 7 L 6 numeric  boolean
&k L 8 L 7 boolean  boolean
[ L 8 L 7 boolean  boolean
! L 8 L 7 boolean  boolean

Table 1: Two sets of rules for precedence and associativity. A lower number in the “Prec.” column means higher
precedence. The “Assoc.” column indicates whether the operator is left-associative (“L”) or right-associative
((‘R”).

Note: The meaning of individual operators is the same as in Java. Additionally, ‘*+’ represents the exponential
(power) operation (e.g., 2 ** 3 is 8). To indicate the result of evaluating an expression, use the syntax specified
by Java literals (e.g., the number five is 5 and the Boolean values are true and false). Furthermore, all literals
are integer and as such consider integer division. Finally, parentheses () are used to indicate that an operation
should be performed first.

Evaluation Criteria: Your solution will be compared against the correct result of evaluating each expression
under each set of rules.

2 Task 2 (20% of total points of the exercise)

This task is to implement a “true” iterator, i.e., a generator, in Python. You are given a Python class that
implements a graph, where each node stores a label, e.g. “A”, and a Python class that implements a graph
collection, which contains a list of graphs. Your task is to implement:

1. the iterate_alphabetically() method of the Graph class to iterate through all nodes of the graph in
alphabetical order.

2. the iterate graphs() method of the GraphCollection class to iterate through all graphs in the graph
collection.



Note: The assignment should be implemented in Python (version >= 3.8). Submissions that do not comply
with the exact folder structure and names in Figure 1, or that do not work with Python (version >= 3.8),
cannot be graded.

Evaluation Criteria: IteratorTest.py contains a test case for your solution. Your code will be evaluated by
checking the logic and results. We will run your Python script in a fresh and new Python environment that
contains only standard Python packages. We do not permit the installation of new packages, therefore make
sure you do not use any dependencies that are not included in the standard Python library.

3 Task 3 (55% of total points of the exercise)

For this task, you have to interpret the execution of three functions and implement their tail-recursive version
in Scala:

1. isDaffodil, which checks if a positive integer is a narcisistic number.
2. isPalindrome, which checks whether a string is a palindrome.

3. filterGreaterThanBase, which checks whether the integers in an array are greater than the base integer.

3.1 Interpretation

First, reason about the execution of the three functions in the snippets below, and provide the values of
variables after executing particular lines. Use the file exercise3/task3/task3.csv as a template. Provide each
value as it gets printed by the Scala interpreter. For example, a string "foo" should be provided as foo, and an
array represented using the Scala collections library should be provided, e.g., as ArraySeq(2, 3). Because the
file is a CSV file, you need to wrap any values that themselves contain a comma into quotes.

Code Snippet 1

—_
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def isDaffodil(n: Int): Boolean = {
require(n >= 0, "Input must be a non-negative integer")
val digits = n.toString.map(_.asDigit) // ArraySeq(2, 3)
val digitsLength = digits.length

val powerSum = digits.map (
d => math.pow(d, digitsLength)).sum.tolInt
val result = powerSum ==

return result

&

isDaffodil (153)

Code Snippet 2

1 def isPalindrome(s: String): Boolean = {
2 val reverse = s.reverse
3 val result = s == reverse
4 return result
5 }
6
7 isPalindrome ("racecar"
Code Snippet 3
1 def filterGreaterThanBase (arr: Array[Int], base: Int): Array[Int] = {
2 val result = arr.filter(_ > base)
3 return result
4 }
5
6 filterGreaterThanBase (Array (3, 7, 1, 9, 4), 5)




3.2 Implementation

Implement a tail-recursive version of the three functions above in Scala. The assignment should be implemented
in Scala (version = 3.2.2). You can get Scala at https://www.scala-lang.org/download/. You must
implement the functions in such a way that they are tail-recursive, as described in the lecture. As a brief recap,
a function is tail-recursive when it calls itself as its last instruction, so that the current stack frame can be
reused for the next call.

Writing a tail-recursive function helps the compiler performing some optimizations, and Scala has a special
annotation etailrec to tell the compiler that a function should be treated as a tail-recursive function. This
feature helps you detect errors early, since a function that is annotated as tail-recursive but cannot be recognized
as such by the compiler will raise a compile-time error.

3.2.1 Starting Point

You will find the template Scala project to use for this task in the /task_3 folder. The ’src’ folder contains
the only source files you must use for this task. Your solution must be entirely implemented following this
template, using the source file (Main.scala) and no other files. Please keep the names of the three functions
called in the source code unchanged. You are free to use an editor or IDE of your choice.

Your task is to implement the function body of the three functions in Main.scala. You are allowed to use only
Scala standard libraries.

3.2.2 Testing

Examples of correct input-output pairs for the three functions:

Input Output
isDaffodil (9474, 0) true
isPalindrome("racecar", 0, 6) true

filterGreaterThanBase (Array(5, 21, 17, 4, 10, 15), 12, Array.empty[Int]) 21, 17, 15

Use these input-output pairs to check whether your functions work as expected. We will use additional tests to
evaluate your solution, and you are advised to also use further tests for your own testing.

3.2.3 Evaluation Criteria

Your code will be evaluated against a held-out set of test cases that exercise your code. Submissions that do
not comply with the exact folder structure and names in Figure 1, or that do not work with Scala (version =
3.2.2), cannot be graded.


https://www.scala-lang.org/download/
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