
 

 

 
 Programming Paradigms Prof. Dr. Michael Pradel

University of Stuttgart, Summer 2025

Exercise 5: Composite Types

Strict deadline for uploading solutions: July 2, 2025, 11:59pm, Stuttgart time

The materials provided for this homework are:

• a pdf file with the text of the homework (this document);

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

exercise5.zip

task 1

task1.csv (Insert your solution in this file)

task 2

structA.csv (Insert your solution in this file)

structB.csv (Insert your solution in this file)

task 3

program1.c (Insert your solution in this file)

program2.c (Insert your solution in this file)

program3.c (Insert your solution in this file)

task 4

pl c

ProductManagementSystemt.c (Insert your solution in this file)

ProductManagementSystemtTest.c

pl java

src (Compile the Java code from this ‘src’ directory)

ProductManagementSystemt.java (Insert your solution in this file)

ProductManagementSystemtTest.java

pl python

ProductManagementSystemt.py (Insert your solution in this file)

ProductManagementSystemTest.py

Figure 1: Directory structure in the provided .zip file and in your uploaded solution file.

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. Submissions that do not comply with these requirements will not be
graded.
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1 Task I (10% of total points of the exercise)

This task is to check your understanding of some basic concepts around composite types. For that, we give you
code snippets written in C/C++. You have to answer one question per snippet by selecting exactly one
correct answer out of multiple choices. To submit your answer, please fill in the file exercise5/task 1/task1.csv
by adding either “A”, “B”, or “C” to the corresponding line.

Code Snippet 1

1 struct Text {

2 char name [10];

3 int lines [3];

4 };

5

6 struct Member s = {"text_a", {30, 31, 32}};

Which statement is true for Code Snippet 1?

A struct Text is a primitive type.

B Line 6 shows an invalid aggregate initialization as lines must be initialized separately.

C Both char name[10] and int lines[3] are arrays, which are composite types.

Code Snippet 2

1 struct Packet {

2 char id[4];

3 int payload;

4 };

5

6 struct Packet p1 = { "ABC", 123 };

7 struct Packet p2 = p1;

8 p2.id[0] = ’X’;

9

10 printf("%s\n", p1.id);

Which statement is true for Code Snippet 2?

A The code prints ABC because arrays are copied by reference.

B Arrays in structs are deep-copied by default.

C The array id is shallow-copied, so changes to p2.id affect p1.id.

Code Snippet 3

1 int grid [3][4] = {

2 { 1, 2, 3, 4},

3 { 5, 6, 7, 8},

4 { 9, 10, 11, 12}

5 };

6

7 int *p = &grid [0][0];

8 printf("%d\n", *(p + 7));

Which statement is false for Code Snippet 3?

A The code results in undefined behavior due to pointer arithmetic across rows.

B The array grid is stored in row-major order in memory.

C The code prints 8 because *(p + 7) accesses grid[1][3].
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Code Snippet 4

1 int *arr = malloc(sizeof(int));

2 for (int i = 0; i < 5; i++) {

3 arr[i] = 100;

4 }

5 free(arr);

Which statement is true for Code Snippet 4?

A The call to free() can omit the pointer argument because it automatically frees the most recent allocation.

B The code causes undefined behavior because it writes beyond the allocated memory.

C The code correctly allocates memory for five integers and stores the value 100 in each element.

Code Snippet 5

1 struct Student {

2 char *name;

3 int age;

4 };

5

6 struct Student *s = malloc(sizeof(struct Student ));

7 s->name = malloc (10 * sizeof(char ));

8

9 strcpy(s->name , "Alice");

10 s->age = 20;

11

12 printf("Name: %s, Age: %d\n", s->name , s->age);

13

14 free(s->name);

15 free(s);

Which statement is true for Code Snippet 5?

A Line 7 is unnecessary because line 6 allocates memory for all the fields in the Student struct.

B The code results in undefined behavior because strcpy on line 9 causes a buffer overflow.

C The code correctly allocates and frees all memory, avoiding memory leaks.

Evaluation Criteria: Your answers will be compared against the correct ones.
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2 Task II (20% of total points of the exercise)

This task is about the memory layout of structs and alignment in C (or other “systems” languages). Given
several definitions of structs in C and several sets of rules, you should compute the memory layout of each
struct for each set of rules. That is, you should determine at which offset each field starts and the overall
size of the struct in memory. Table 1 shows the sizes and natural alignment of primitive types.

Types Size (byte) Natural alignment (byte)

char 1 no alignment
int 4 4

float 4 8
pointer 8 8

Table 1: Size and natural alignment of primitive types. Natural alignment,
where memory access of the underlying architecture would be fastest. An
alignment requirement of 4 bytes means that the byte offset of that field
must divide without remainder by 4. The first offset in each struct is 0.

Struct A Byte offset

field1 0
field2 4
field3 8

size 9

Table 2: The layout of Struct A

under the packed rule.

You have to compute the most compact memory layout for each struct under the following rules:

• Packed: The natural alignment requirements (see above) do not have to be respected, i.e., each field can
start at an arbitrary offset. The order of fields must not be changed.

• Default: The above alignment requirements must be respected for each field. The order of fields must
not be changed.

• Reordered: The above alignment requirements must be respected for each field, but the order of fields
can differ from the declaration. (But not across structs, that would change semantics.)

The two struct definitions are:

Struct A

1 struct A {

2 int field1;

3 float field2;

4 char field3;

5 };

Struct B

1 struct B {

2 float *field1;

3 int *field2;

4 struct B_1 {

5 int *field3;

6 char field4;

7 } b1;

8 };

For solving the task, it may be useful to draw layout figures with pen and paper, similar to the lecture. However,
your final answers must be submitted in the structA.csv and structB.csv files in the exercise5/task 2/ directory.
There is one row for each field of the struct and a final row for the overall size in bytes. For the fields, fill in
the offset (i.e., the byte index at which the field begins), viewed from the start of the outermost struct, in the
columns corresponding to each of the three rules. Table 2 shows the layout of struct A under the packed rule.
The solution is already filled into the solution template in exercise5/task 2/structA.csv.

Evaluation Criteria: Your solution will be compared against the correct byte offsets of each struct field and
the correct overall struct size under each set of alignment requirements. When more than one correct solution
exists, any of them will be acceptable for evaluation.
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3 Task III (30% of total points of the exercise)

This task is about pointer arithmetic and arrays in C/C++. You are provided with three slightly incorrect
programs and have to fix them, so they actually offer the behavior specified by the comments in the code. See
exercise5/task 3/program*.c for the three programs to fix. You are allowed to modify only those parts of the
code between the “start modification” and “end modification” comments. Each provided program has one or
more bugs, i.e., you will need to modify one or more lines of the given code.

The solution should be implemented in the C17 version of the C programming language. We recommend using
the gcc compiler, which is compatible with C17. We will use gcc version 11.4.0 for grading.

Evaluation Criteria: Your code will be evaluated by running tests that check whether your implementation
matches the behavior specified in the comments.

4 Task IV (40% of total points of the exercise)

This task is about composite types and the differences between reference model and value model. You will
write a small program that models a product management system, using three different languages: Java, C,
and Python. For each language, we provide an incomplete program for you to complete. In particular, you
should implement the restock function in all three languages. You can run the code by using the provided
main function, and test it with the provided test cases. Figure 2 shows the overall architecture of the expected
product list.

ProductList

product 1

name

price

rating

threshold

batches

batch 1

id

stock

batch 2

...

label

product 2

...

Figure 2: Overall architecture of the products in a market.

Here are the requirements for implementing the restock function:

• Check the total quantity of the specified product:

– If the total quantity is equal to 0:

* Update the label of current product as “inactive”.

* Create a new (“active”) product entry with the following properties:
· Copy the name, price, rating, and threshold from the deactivated product.
· Add a new batch with a quantity of 100 (i.e., batch 1.stock = 100).

– Else if the total quantity is less than the product’s threshold:

* Check the product’s rating (an integer from 1 to 5, representing the number of stars):
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· If the rating is greater than or equal to 4, add each existing batch with a quantity of 50.
· If the rating is less than 4, do nothing.

– Else (i.e., total quantity is greater than or equal to the threshold), print “The product *name* is
currently in sufficient stock.” (Replace *name* with the given product’s name).

• Each product is allowed a single active entry at a time, while multiple inactive entries may exist. Do not
make any updates to a product after it has been marked as inactive.

To compile and run the files, you can use an IDE or the following command lines:

• For C, run the following commands in the task 4/pl c folder for both source code and test files:
* [Compile] gcc file.c -o file

* [Run] ./file

• For Java, in the task 4/pl java/src folder:
* [Compile source code] javac ProductManagementSystem.java

* [Compile tests] javac ProductManagementSystem.java ProductManagementSystemTest.java

* [Run both source code and test files] java -cp . file (Replace ‘file’ with the desired name.)

• For Python, in the task 4/pl python folder:
* [Run both source code and test files] python3 file.py

Notes: Our test cases for this task will call the newly implemented restock function and also the given functions.
That is, do not change the code in the provided functions. We provide several test cases in the corresponding
Test file. As usual, adding further test cases is recommended.

The assignment should be implemented in Java (version >= 20), C17 (will be tested with gcc 11.4.0), and
Python (version >= 3.10).

Evaluation Criteria: Your code will be evaluated by running on a totally new set of test cases. For any of the
languages, do not use any third-party dependencies, except for the libraries that are already included in the
given C code.
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