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Conversations with ChatGPT about C Programming:

An Ongoing Study

James C. Davis†, Yung-Hsiang Lu†, and George K. Thiruvathukal‡ ∗

†Purdue University ‡Loyola University Chicago

Abstract

AI (Artificial Intelligence) Generative Models have attracted great attention in recent years. Gen-
erative models can be used to create new articles, visual arts, music composition, even computer pro-
grams from English specifications. Among all generative models, ChatGPT is becoming one of the most
well-known since its public announcement in November 2022. GPT means Generative Pre-trained Trans-
former. ChatGPT is an online program that can interact with human users in text formats and is able
to answer questions in many topics, including computer programming. Many computer programmers,
including students and professionals, are considering the use of ChatGPT as an aid. The quality of Chat-
GPT’s aid is therefore of interest. To shed some light on this quality, this article presents conversations
between the authors and ChatGPT. These conversations are analyzed to understand ChatGPT’s ability
to answer questions related to computer programming. We consider questions that may appear in C
programming at the introductory levels. These questions are classified into different categories: (1) facts
that can be looked up from documentations, (2) extension and derivation of facts, (3) simple computer
programs, (4) extension of simple computer programs, (5) debugging, and (6) integration of discrete
mathematics and C programming. This study discovers that ChatGPT can provide correct answers in
many cases, but also make mistakes in the others. For a sequence of related questions, ChatGPT may
provide inconsistent answers and exhibits self contradiction. It is also possible that ChatGPT gives a
program with security vulnerability. ChatGPT may give different answers when the same questions are
asked again. This article reports ChatGPT’s answers captured in February and March 2023.

1 Introduction

1.1 Overview

ChatGPT is an online program that can conduct interactive conversations in the text format. ChatGPT
was released to the public in November 2022. Many people have experimented using ChatGPT for a wide
variety of tasks, such as taking examinations for medical school [1, 2, 3, 4, 5, 6, 7]. Many papers, popular
media, and online videos have provided coverage to ChatGPT. Thus, this article does not explain ChatGPT.
Existing reports and studies tend to be summative without sufficient details about the specific questions
ChatGPT is able to answer. This article provides the full history of the conversations between the authors
and ChatGPT. These questions are classified into different categories in order to evaluate ChatGPT’s ability
to handle different types of questions. This article uses the C programming language because C is one of the
most popular programming languages.1 This article considers the following categories of questions:

1. Facts. These questions can be answered easily by looking up books or searching online. Such questions
include What is the value of EOF? and What does malloc return if it fails?

∗All authors are listed in alphabetical order and are co-contributors.
1In many reports, the top programming languages usually include Python, Java, and the C family (including C++ and C#).

C is widely used for building system (such as embedded systems, operating systems, and computer networks).
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2. Extension of facts. These questions require some work beyond looking up references. For example,
Suppose the following line of my program fails:

int * ptr = malloc(sizeof(int) * 10);

Will there be a memory leak if no subsequent line calls this?

free(ptr);

3. Simple computer programs. For example, Write a program that can add integers stored in a file.
or Sort an array of strings.

4. More complex computer programs. These programs combine the functions of simple programs,
for example, Read integers from a file, sort the numbers, print the third largest number.

5. Debugging. Give ChatGPT an incorrect program and ask it to identify the problem(s). The problems
may be syntax errors, run-time errors, unexpected behaviors, or corner cases.

6. Questions that integrate discrete mathematics and C programming. These questions start
with tasks like counting, and end with C programs.

Some questions are taken directly from several books [8, 9, 10, 11, 12, 13, 14]; the others are inspired by
these books. Here are some observations from the conversations: First, ChatGPT is able to answer a wide
range of questions, including conceptual questions and providing source code. Second, ChatGPT usually
provides explanation in addition to the code. Thus, ChatGPT can help students learn by answering their
questions. ChatGPT can help instructors organize their teaching materials. In many cases, ChatGPT’s
responses are helpful. Third, ChatGPT makes mistakes; both instructors and students need to be aware of
the possibility of mistakes. Fourth, ChatGPT can be inconsistent in answering related questions and cause
confusion. Finally, perhaps the most important, ChatGPT may provide C programs that have design flaws
such as inefficient algorithms, and implementation flaws such as security vulnerabilities. ChatGPT’s advice
must be carefully inspected and corrected before adoption.

1.2 Formatting of the conversations

The following shows the format of a conversation between the authors and ChatGPT. The input from the
authors is marked by a box starting with Q.

Q: Please provide a sample implementation of binary search in C.

ChatGPT’s response starts with GPT:

GPT: Sure, here’s an example implementation of binary search in C:

The source code from the author or ChatGPT is shown in the following format (with gray background
and syntax highlighted with or without line numbers). ChatGPT uses the a line break ([Enter] key) to end
a question. Thus, if a question contains code, the code must follow the question immediately without any
line break. For clarity, this article formats the code separately with syntactic highlighting.

1 int binary_search(int arr[], int n, int target) {

2 int left = 0, right = n - 1;

3

4 while (left <= right) {

5 int mid = left + (right - left) / 2;

6
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7 if (arr[mid] == target) {

8 return mid;

9 } else if (arr[mid] < target) {

10 left = mid + 1;

11 } else {

12 right = mid - 1;

13 }

14 }

15

16 return -1; // target not found

17 }

ChatGPT usually provides explanation after source code. It will be shown in this paper in the format:

GPT: This implementation takes an array ‘arr‘ of ‘n‘ integers and a ‘target‘ value to search for, and
returns the index of the ‘target in the array if it is found, or ‘-1‘ if it is not found. The implementation
works by setting a ‘left‘ and ‘right‘ index to the beginning and end of the array, respectively, and then
repeatedly narrowing the search range by updating these indices based on whether the ‘target‘ is greater
than or less than the middle element of the current search range. The search continues until the ‘target‘
is found or the search range has been narrowed to nothing.

Figure 1 shows the screenshot of ChatGPT’s answer.
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Figure 1: Screenshot of ChatGPT’s answer.

After each question-answer pair, this article provides a short analysis in the following format:

ANALYSIS: The answer from GPT is correct.

This analysis is based on the authors’ expertise in software engineering. Combined, the authors have
over 60 years of professional and academic experience in topics such as high-performance computing, systems
programming, and cybersecurity. We do not claim our analysis is perfect.

2 Conversation History: Questions and Answers

This history is divided into six subsections as outlined in the Introduction: Facts, Extensions of facts, Simple
programs, More complex programs, Debugging, and Integration of discrete mathematics and programming.
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2.1 Facts

2.1.1 Symbol EOF

Q: What is the value of EOF in a C program?

GPT: In a C program, ‘EOF‘ is a pre-defined constant that represents the end-of-file marker. The value
of ‘EOF‘ is typically defined as a negative integer constant, although its specific value is implementation-
dependent and may vary depending on the platform and compiler being used.

According to the C standard, the value of ‘EOF‘ must be a negative integer that is not equal to any
valid character code. In practice, most implementations define ‘EOF‘ as ‘-1‘, although some older
implementations may use other values such as ‘0xFFFF‘.

In general, ‘EOF‘ is used as a return value by certain I/O functions in the standard library (such as
‘getchar()‘ and ‘fgetc()‘) to indicate that the end of a file has been reached or an error has occurred.
Code that reads input from a file can check for the ‘EOF‘ value to detect when the end of the file has
been reached.

ANALYSIS: The answer from GPT is correct. In Linux, EOF is defined as -1 in /usr/include/stdio. It
is also correct that fgetc returns EOF when reaching the end of a file.

2.1.2 malloc

Q: what does malloc return if it fals?

Please notice the typo. It should be fails but the question uses fals. ChatGPT understands what we meant.

GPT: If the ‘malloc()‘ function fails to allocate the requested memory, it returns a special value of
‘NULL‘.

‘NULL‘ is a pre-defined constant in C that represents a ‘NULL‘ pointer, which is a pointer that does
not point to any valid memory location. When ‘malloc()‘ fails, it returns a ‘NULL‘ pointer to indicate
that no memory could be allocated.

It’s important to check the return value of ‘malloc()‘ to ensure that the memory allocation was successful
before attempting to use the allocated memory. If ‘malloc()‘ returns ‘NULL‘, it usually means that the
system has run out of available memory, which can cause problems if your program relies on dynamic
memory allocation.

Here’s an example of how to use ‘malloc()‘ and check for a failed allocation:
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int *array;

int size = 10;

array = malloc(size * sizeof(int));

if (array == NULL) {

printf("Error: failed to allocate memory\n");

exit(1);

}

// Use the allocated memory here...

free(array); // Free the memory when done with it

In this example, ‘malloc()‘ is used to allocate an array of ‘size‘ integers. The return value of ‘malloc()‘
is checked to ensure that the allocation was successful before using the ‘array‘ pointer. If ‘malloc()‘
returns ‘NULL‘, an error message is printed and the program exits with an error code.

ANALYSIS: The answer from GPT is correct. When malloc fails, it returns NULL.

2.1.3 sizeof

Q: What is the output of this program? double d; printf(”%d\n”, sizeof(d));

GPT: The output of this program will depend on the system on which it is executed.

However, it is worth noting that the ‘sizeof‘ operator returns the size of the operand in bytes, and the
operand in this case is a ‘double‘ variable named d.

On most systems, a ‘double‘ takes up 8 bytes of memory, which means that the output of the program
will likely be 8. However, it is always a good practice to use the correct format specifier when printing
the result of ‘sizeof‘. Since ‘sizeof‘ returns a value of type ‘size t‘, the correct format specifier to use is
‘%zu‘. Therefore, a more appropriate way to write the printf statement would be:

double d;

printf("%zu\n", sizeof(d));

This ensures that the program prints the correct size of the ‘double‘ variable on all systems, regardless
of the size of the ‘size t‘ type.

ANALYSIS: The answer from GPT is correct. The size of double may depend on the systems. Many
systems support the IEEE 754-2008 standard for double-precision floating-point numbers. This standard
specifies 64 bits (i.e., 8 bytes). Because the return value of sizeof is not an integer, its recommended
format specifier is more appropriate.
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2.1.4 ASCII Table

Q: What is the value of ‘K’ in the ASCII table?

GPT: The value of ’K’ in the ASCII table is 75 in decimal (4B in hexadecimal). ASCII (American
Standard Code for Information Interchange) is a character encoding standard that assigns numerical
values to characters, and ’K’ is assigned the decimal value 75.

In binary, the ASCII value of ’K’ is 01001011. The ASCII table includes values for a range of characters,
including uppercase and lowercase letters, digits, punctuation marks, and control characters.

ANALYSIS: The answer from GPT is correct. The ASCII value of K is 75 (decimal), 4B (hexadecimal),
and 0100 1011 (binary).

2.1.5 Bitwise AND (denoted &)

Q: What is 0XD4 & 33?

GPT: 0xD4 is a hexadecimal (base 16) number that is equivalent to 212 in decimal (base 10). Similarly,
33 is a decimal number.

To perform the bitwise AND operation between these two values, we can first convert 33 to its binary
representation, which is 00100001. Then we can perform the bitwise AND operation between 0xD4 (which
is 11010100 in binary) and 33 as follows:

11010100 (0xD4 in binary)

& 00100001 (33 in binary)

--------

00000000 (result of the AND operation in binary)

Therefore, the result of the bitwise AND operation between 0xD4 and 33 is 0 in decimal (or 0x00 in
hexadecimal).

ANALYSIS: The bitwise AND (&) of 0X D4 and 33 is indeed 0.

2.1.6 Summary

GPT was able to answer all “fact” questions correctly. Success rate: 100%.

2.2 Extension of Facts

2.2.1 malloc and free

Q: if double * ptr = malloc(sizeof(double) * 10); fails, is there memory leak if free (ptr); is not called?
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GPT: Yes, there would be a memory leak if ‘free(ptr)‘ is not called.

In this case, ‘malloc(sizeof(double) * 10)‘ attempts to allocate memory for an array of 10 doubles. If
‘malloc()‘ fails to allocate the requested memory, it returns a ‘NULL‘ pointer.

If ‘malloc()‘ fails and returns ‘NULL‘, ptr will also be ‘NULL‘ because that is what ‘malloc()‘ returns.
Therefore, the if statement should be used to check whether ‘malloc()‘ was successful:

double* ptr = malloc(sizeof(double) * 10);

if (ptr == NULL) {

// handle the error

} else {

// continue with the program

}

GPT: If the ‘if‘ statement is not used, and ‘free(ptr)‘ is not called, the memory allocated by the previous
call is leaked, meaning that the program can no longer access or deallocate that memory. This can lead
to memory shortage and performance issues over time if the leaked memory is not reclaimed.

ANALYSIS: GPT’s answer is incorrect in this case. If malloc fails, no heap memory is allocated and
memory leak is not possible. The authors continue asking more questions.

Q: Where should free (ptr); be added to the code?

GPT: ‘free(ptr)‘ should be added to the code when you are done using the memory that was allocated
by ‘malloc()‘. In the case of ‘double * ptr = malloc(sizeof(double) * 10);‘, you can add ‘free(ptr)‘
at the end of the block of code that uses the memory, just before the program exits:

double* ptr = malloc(sizeof(double) * 10);

if (ptr == NULL) {

// handle the error

} else {

// use the memory

ptr[0] = 1.0;

ptr[1] = 2.0;

// ...

// free the memory

free(ptr);

}

GPT: Alternatively, if you are done using the memory before the end of the program, you should free it
as soon as possible. For example, if you only use the memory inside a function, you can free it before the
function returns:
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void myFunction() {

double* ptr = malloc(sizeof(double) * 10);

if (ptr == NULL) {

// handle the error

} else {

// use the memory

ptr[0] = 1.0;

ptr[1] = 2.0;

// ...

// free the memory

free(ptr);

}

}

GPT: It’s important to note that you should only call ‘free()‘ on memory that was previously allocated
by ‘malloc()‘, ‘calloc()‘, or ‘realloc()‘. Calling ‘free()‘ on a pointer that was not allocated by these
functions can lead to undefined behavior. Additionally, you should not attempt to access or modify the
memory after it has been freed, as this can also lead to undefined behavior.

ANALYSIS: This answer from GPT is correct. It is recommended to add an if condition after calling
malloc in order to check whether malloc succeeds. If the returned value is NULL, the program should
handle the error. The program can use the allocated memory only inside else and free should be called
inside else.

Q: In your answer, free (ptr); is inside else. That means malloc succeeds, right? My original question
was ”if double * ptr = malloc(sizeof(double) * 10); fails, is there memory leak if free (ptr); is not called?”

GPT: You are correct, my previous answer was incorrect in that regard. I apologize for the confusion.

To answer your original question: If ‘double * ptr = malloc(sizeof(double) * 10);‘ fails and returns
a ‘NULL‘ pointer, calling ‘free(ptr)‘ would result in undefined behavior because ptr is not pointing to
a valid memory block.

Therefore, you should only call ‘free(ptr)‘ if ‘malloc()‘ succeeds and returns a non-‘NULL‘ pointer. To
ensure that the memory allocation was successful, you should always check whether ‘malloc()‘ returned
‘NULL‘ before attempting to use the memory and before calling ‘free()‘. Here’s an example:
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double *ptr = malloc(sizeof(double) * 10);

if (ptr == NULL) {

// handle the error

} else {

// use the allocated memory

// ...

// free the memory

free(ptr);

}

GPT: If ‘malloc()‘ fails and returns ‘NULL‘, the code inside the ‘if‘ block will be executed, and
‘free(ptr)‘ will not be called. This is safe because ptr is still ‘NULL‘ at that point, and calling ‘free(ptr)‘
on a ‘NULL‘ pointer has no effect.

ANALYSIS: GPT’s answer is correct this time, after changing its earlier answer. The document for the
free function clearly says, void free(void *ptr); ...If ptr is NULL, no operation is performed.

2.2.2 Quick Sort

Q: What is quick sort? Why is it quick?

GPT: Quick sort is a widely used algorithm for sorting arrays or lists of elements in computer science. It
is based on the divide-and-conquer strategy, where the problem is broken down into smaller subproblems
that are easier to solve, and the solutions to these subproblems are combined to solve the original problem.

The basic idea of quick sort is to partition the array into two subarrays, one with elements smaller than
a chosen pivot element, and the other with elements larger than or equal to the pivot. The pivot can be
any element in the array, but typically it is chosen to be the last element in the array. Once the array is
partitioned, the algorithm recursively sorts the subarrays on either side of the pivot.
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The main reason why quick sort is considered ”quick” is because it has an average time complexity of
O(n log n) for sorting n elements, which is very efficient for large arrays. This is achieved through a
combination of several factors, including:

1. Divide-and-conquer: By breaking down the problem into smaller subproblems, the algorithm re-
duces the amount of work required at each step, making it more efficient.

2. In-place sorting: Quick sort is an in-place sorting algorithm, meaning that it doesn’t require addi-
tional memory for sorting the array. This reduces the overhead of memory allocation and dealloca-
tion, which can be a significant factor for large arrays.

3. Cache efficiency: Quick sort tends to have good cache efficiency because it accesses contiguous
blocks of memory, which can be stored in cache and accessed quickly.

4. Randomization: By randomly selecting the pivot element, quick sort can avoid worst-case scenarios
where the input data is already sorted or nearly sorted, which can lead to poor performance for
some other sorting algorithms.

It’s important to note that the worst-case time complexity of quick sort can be O(n∧2) if the pivot
selection is poor and the input data is already sorted or nearly sorted. However, this is a relatively rare
scenario, and in practice, quick sort is generally considered to be one of the fastest and most efficient
sorting algorithms available.

ANALYSIS: GPT’s answer is correct. It provides a good amount of information and details. The four
factors are important characteristics of quick sort.

Q: Is there any situation when quick sort is not quick?

GPT: Yes, there are some situations where quick sort may not be as quick as other sorting algorithms,
or may even perform poorly. Here are a few examples:

1. Worst-case input: As I mentioned earlier, the worst-case time complexity of quick sort is O(n∧2),
which occurs when the input array is already sorted or nearly sorted, and the pivot element is
chosen poorly. In this case, quick sort can be much slower than other sorting algorithms, such as
merge sort or heap sort, which have a guaranteed worst-case time complexity of O(n log n).

2. Data with equal elements: If the input array contains many elements that are equal, then quick
sort may not perform as well as other sorting algorithms, such as counting sort or radix sort, which
are specifically designed to handle such situations. This is because quick sort requires a good pivot
element to achieve efficient partitioning, which can be difficult when many elements are equal.

3. Small input size: For very small input sizes, quick sort may not be the fastest sorting algorithm,
because the overhead of recursion and partitioning can become a significant factor. In this case,
simpler algorithms such as insertion sort or selection sort may be more efficient.

4. Out-of-place sorting: Although quick sort is an in-place sorting algorithm, it is not always efficient
when sorting data that is stored out-of-place, such as in a linked list or a database. In such cases,
other sorting algorithms, such as merge sort or heap sort, which can sort data efficiently without
moving it around, may be more appropriate.

Despite these limitations, quick sort is still one of the most widely used and efficient sorting algorithms
in practice, and is often the default choice for sorting large arrays or lists of elements. Its efficiency,
simplicity, and versatility make it a popular choice for a wide range of applications in computer science
and beyond.
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ANALYSIS: GPT’s answer is correct. These are the situations when quick sort may be inefficient.

Q: Which properties or operations are used by quick sort? matrix inversion? polymorphism? symmetry?
recursion? iterations? breath first search? backtrack? encryption? eigenvector? k-mean? differential
equation? compression? pushdown automata? finite state machine? flip flop? synchronous circuit?
transitivity? graph theory? reflexive? totally ordered?

GPT: Quick sort uses recursion and iteration, but it does not use matrix inversion, polymorphism,
symmetry, breadth-first search, backtracking, encryption, eigenvectors, k-means, differential equations,
compression, pushdown automata, finite state machines, flip flops, synchronous circuits, transitivity,
graph theory, reflexivity, or total ordering.

Recursion is used in quick sort to divide the input array into smaller subarrays and sort them indepen-
dently. The recursion continues until the subarrays are small enough to be sorted efficiently using a
simpler algorithm, such as insertion sort.

Iteration is used in quick sort to perform the partitioning of the input array, where the pivot element is
selected and the array is divided into two subarrays. The process of partitioning is repeated recursively
for each of the subarrays until the entire input array is sorted.

None of the other concepts or operations you mentioned are used by quick sort. Quick sort is a relatively
simple and efficient sorting algorithm that relies primarily on the divide-and-conquer strategy, recursion,
and iteration to sort an array or list of elements.

ANALYSIS: GPT’s answer is mostly correct, except transitivity and totally ordered.
Suppose a, b, c are elements of a set A. A binary relation R is transitive if a R b and b R c, then a R c.
For example, suppose the set A is integers and the relation R is >. Then, a > b and b > c implies a > c.

A set A is totally ordered if a binary relation ≤ has the following property: If a ≤ b and b ≤ a, then
a = b .

Quick sort can sort elements only if they belong to a totally ordered set: One, and exactly one, of the
following conditions mus hold: (i) a > b, (ii) a < b, or (iii) a = b. Quick sort also relies on transitivity:
quick sort uses the pivot to divide the array’s elements into three parts: (i) the elements smaller than
the pivot, (ii) the elements that equal to the pivot, and (iii) the elements that are greater than the pivot.
The elements in (i) and (iii) will not be compared because of transitivity.

2.2.3 Summary

GPT is able to answer most questions correctly. Moreover, it provides some additional information. These
conversations suggest that GPT can be a “teaching assistant” when an instructor prepares for teaching
materials. GPT can also be a “learning companion” for students to obtain additional information. GPT
answers are comparable to what can be found online (such as stackoverflow) by using search engines. The
answers are more concise than Wikipedia.
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2.3 Simple Programs

In this and the following sections, we ask GPT to write C programs. The following examples demonstrate
GPT’s ability to provide computer code in response to simple questions from users.

2.3.1 Print Pascal’s Triangle

Q: Please write a C program can print Pascal’s Triangle up to 10.

GPT: Here’s a C program that prints Pascal’s Triangle up to 10 rows:

#include <stdio.h>

int main() {

int rows = 10, coef = 1;

for (int i = 0; i < rows; i++) {

for (int space = 1; space <= rows - i; space++)

printf(" ");

for (int j = 0; j <= i; j++) {

if (j == 0 || i == 0)

coef = 1;

else

coef = coef * (i - j + 1) / j;

printf("%4d", coef);

}

printf("\n");

}

return 0;

}

In this program, we first declare the number of rows we want to print (in this case, 10), and a variable
to keep track of the coefficient value.

The outer loop iterates over the rows of the triangle, and the inner loops handle the printing of spaces
and coefficients. For each row, we first print the appropriate number of spaces to center the row, then
we calculate and print each coefficient.

To calculate each coefficient, we use a basic formula that takes advantage of the symmetry of Pascal’s
Triangle. For example, the coefficient in the 3rd row and 1st column is equal to the coefficient in the
2nd row and 1st column plus the coefficient in the 2nd row and 2nd column. We can use this pattern to
calculate any coefficient in the triangle.
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When we run this program, it will print the following output:

1

1 1

1 2 1

1 3 3 1

1 4 6 4 1

1 5 10 10 5 1

1 6 15 20 15 6 1

1 7 21 35 35 21 7 1

1 8 28 56 70 56 28 8 1

1 9 36 84 126 126 84 36 9 1

ANALYSIS: The program given by GPT is correct. It indeed prints the first 10 rows of the Pascal
triangle. Please notice that the original question says “up to 10”, not “up to 10 rows”.

Q: How many numbers are printed in the 8th line?

GPT: To determine how many numbers are printed in the 8th line of Pascal’s Triangle, we can use the
fact that the nth row of the triangle contains n numbers. Therefore, the 8th line will contain 8 numbers.

We can verify this by looking at the output of the C program that prints Pascal’s Triangle up to 10 rows,
which we wrote in the previous question:

1 7 21 35 35 21 7 1

As we can see, the 8th line contains 8 numbers, which confirms that our earlier reasoning was correct.

ANALYSIS: GPT’s answer is correct.

Q: Is it correct that the n-th line always has n numbers?

GPT: Yes, it is correct that the nth line of Pascal’s Triangle always has n numbers.

This is because the nth line represents the coefficients of the nth power of the binomial (x + y)∧n. The
binomial expansion of (x + y)∧n can be expressed as a sum of terms of the form x∧k * y∧(n-k), where
k ranges from 0 to n. The coefficients of these terms are given by the binomial coefficient C(n,k), which
is the number of ways to choose k items from a set of n distinct items.

Since there are n terms in the expansion of (x + y)∧n, and each term has a unique pair of exponents (k,
n-k), there must be n distinct coefficients in the nth row of Pascal’s Triangle, one for each term in the
expansion.

Therefore, the nth line of Pascal’s Triangle always has n numbers.
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ANALYSIS: GPT’s answer is correct.

Q: what is the sum of all values in the n-th row?

GPT: The sum of all values in the nth row of Pascal’s Triangle is equal to 2∧n.

To see why this is the case, note that each row of Pascal’s Triangle can be constructed by adding the two
numbers directly above each position. For example, the third row can be constructed as follows:

1

1 1

1 2 1

The first and last numbers in each row are always 1, so we can ignore them for the purposes of this
calculation. In the third row, the sum of the two numbers above the middle position is 1+1=2, and the
sum of the two numbers above the other two positions is 1+2=3. These are the numbers that appear in
the row below the third row. If we continue this process, we can see that the sum of all the numbers in
the nth row is equal to the sum of all the numbers in the (n-1)th row, plus twice the sum of the (n-1)th
row without the first and last numbers. In other words:

sum(n) = 2 * sum(n-1) - 1

with sum(1) = 1.

This is a geometric progression with a common ratio of 2 and a first term of 1. Using the formula for the
sum of a geometric progression, we get:

sum(n) = 2∧n

Therefore, the sum of all values in the nth row of Pascal’s Triangle is equal to 2∧n.

ANALYSIS: GPT’s answer is correct. This is another way to calculate the sum of the n-th row: The
values are the coefficients of n-th power (x + y)∧n. If both x and y are 1, then the sum of the coefficients
equals to 2∧n.

2.3.2 Count Letter Occurrences

Q: Write a C program that can read a file and count how many times each letter appears in the file.
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GPT: Here’s a sample C program that reads a file and counts the frequency of each letter:

#include <stdio.h>

#include <ctype.h>

#define MAX_FILENAME_LEN 100

#define NUM_LETTERS 26

int main() {

char filename[MAX_FILENAME_LEN];

printf("Enter the name of the file to count the letter frequency: ");

scanf("%s", filename);

int freqs[NUM_LETTERS] = {0};

FILE* fp = fopen(filename, "r");

if (fp == NULL) {

printf("Error opening file!\n");

return 1;

}

int c;

while ((c = fgetc(fp)) != EOF) {

if (isalpha(c)) {

c = tolower(c);

freqs[c - 'a']++;

}

}

fclose(fp);

printf("Letter frequency:\n");

for (int i = 0; i < NUM_LETTERS; i++) {

printf("%c: %d\n", 'a' + i, freqs[i]);

}

return 0;

}

Here’s a brief explanation of how this program works:
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1. The program prompts the user to enter the name of the file to read.
2. The program initializes an array ‘freqs‘ of length ‘NUM LETTERS‘ (26) to store the frequency

of each letter.
3. The program opens the file with the specified filename and checks that the file was opened success-

fully.
4. The program reads each character from the file using ‘fgetc‘ and updates the frequency of each

letter in the‘freqs‘ array. The ‘isalpha‘ function is used to check if the character is a letter, and
the ‘tolower‘ function is used to convert the letter to lowercase before indexing the‘freqs‘ array.

5. The program closes the file and prints the frequency of each letter to the console.

Note that this program only counts the frequency of English letters (a-z and A-Z). If the file contains
non-English characters or special characters, they will not be counted. Additionally, the program assumes
that the file is encoded using ASCII or a compatible encoding. If the file uses a different encoding, the
frequency counts may be incorrect.

ANALYSIS: GPT’s answer is correct.

Q: If you take the C program as the input for the program, what is the program’s output?

GPT: If the C program that I provided in my previous answer is used as the input for the program, the
program’s output will be the frequency of each letter in the C program. The output will be printed to
the console in the following format:
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Letter frequency:

a: 40

b: 7

c: 30

d: 17

e: 65

f: 12

g: 13

h: 25

i: 39

j: 0

k: 4

l: 26

m: 17

n: 38

o: 46

p: 19

q: 0

r: 31

s: 37

t: 36

u: 16

v: 5

w: 7

x: 2

y: 7

z: 0

This output shows the number of times each English letter (a-z and A-Z) appears in the C program. The
letter frequency is printed in alphabetical order, with letters that do not appear in the program (such as
j, q, and z) shown with a frequency of 0.
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Analysis: GPT’s answer is wrong. The following compares the answer from GPT (left) and the result
from running the program using itself as the input (right).

Letter frequency:

a: 40

b: 7

c: 30

d: 17

e: 65

f: 12

g: 13

h: 25

i: 39

j: 0

k: 4

l: 26

m: 17

n: 38

o: 46

p: 19

q: 0

r: 31

s: 37

t: 36

u: 16

v: 5

w: 7

x: 2

y: 7

z: 0

Letter frequency:

a: 15

b: 0

c: 17

d: 6

e: 55

f: 32

g: 2

h: 8

i: 32

j: 0

k: 0

l: 23

m: 12

n: 38

o: 12

p: 12

q: 5

r: 26

s: 11

t: 30

u: 11

v: 0

w: 2

x: 2

y: 3

z: 0

In this example, GPT reports incorrect numbers for most letters. For most letters, GPT’s counts are
higher than the actual counts. It is not clear how GPT obtains these numbers.

2.3.3 Summary

GPT can answer most questions correctly. Moreover, GPT explains the programs correctly. In the last
example, however, note that GPT answers confidently yet incorrectly.

2.4 More Complex Programs

2.4.1 Read a File and Sort

Q: Please write a C program that (1) read integers from a file, (2) sort the numbers, and (3) print the
third largest number to screen.
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GPT: Here is an example C program that reads a list of integers from a file, sorts them, and prints the
third largest number to the screen:

#include <stdio.h>

#include <stdlib.h>

#define MAX_NUMS 1000

int cmpfunc (const void * a, const void * b) {

return (*(int*)b - *(int*)a);

}

int main() {

FILE *fp;

int nums[MAX_NUMS];

int count = 0;

// Open the file

fp = fopen("numbers.txt", "r");

// Read the numbers from the file

while (fscanf(fp, "%d", &nums[count]) != EOF) {

count++;

}

// Sort the numbers in descending order

qsort(nums, count, sizeof(int), cmpfunc);

// Print the third largest number to the screen

if (count >= 3) {

printf("The third largest number is: %d\n", nums[2]);

} else {

printf("There are not enough numbers in the file to find the third

largest.\n");↪→

}

// Close the file

fclose(fp);

return 0;

}

Assuming that the list of integers is stored in a file named ‘numbers.txt‘, this program will read the
numbers from the file, sort them in descending order, and print the third largest number to the screen.
If there are not enough numbers in the file to find the third largest, the program will print a message
indicating this.
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ANALYSIS:GPT’s answer is wrong. This program has several problems. GPT incorrectly assumes that
the input file can have at most 1000 integers and allocates an array nums with only 1000 elements. If the
input file (called numbers.txt) has more than 1000 integers, this program has the security vulnerability
of buffer overflow. Instructors and students should be aware of such a mistake.

We ask the same question several times. GPT gives additional programs that have similar (also buffer
overflow) security vulnerability. GPT use different sorting algorithms (quick sort, selection sort, bubble
sort, insertion sort, etc.). Most of them have the same buffer overflow vulnerability.

Q: Why do you assume that the file has only 1000 numbers? What will happen if the file has more than
1000 numbers?

GPT: You are correct that assuming the file has only 1000 numbers in the above code is not ideal, and it
may not be sufficient in cases where the input file is large. The ‘MAX NUMS‘ macro is used to define
the maximum number of integers that can be read from the file, and it is set to 1000 in the example code.

If the file has more than 1000 numbers, the above code will read the first 1000 numbers from the file and
sort them. Any numbers beyond the first 1000 will be ignored. As a result, the third largest number may
not be accurate if it is outside of the first 1000 numbers in the file.

To handle a larger number of integers, one way to modify the code is to use dynamic memory allocation
to allocate an array that is large enough to hold all the integers in the file. This can be done using the
‘malloc()‘ function to allocate memory for the array at runtime, and the ‘realloc()‘ function to resize
the array if necessary. Here is an example of how the code can be modified to use dynamic memory
allocation:
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#include <stdio.h>

#include <stdlib.h>

int cmpfunc (const void * a, const void * b) {

return (*(int*)b - *(int*)a);

}

int main() {

FILE *fp;

int *nums;

int count = 0, max_nums = 1000;

// Open the file

fp = fopen("numbers.txt", "r");

// Allocate memory for the array

nums = malloc(max_nums * sizeof(int));

// Read the numbers from the file

while (fscanf(fp, "%d", &nums[count]) != EOF) {

count++;

if (count >= max_nums) {

// Resize the array if it is full

max_nums *= 2;

nums = realloc(nums, max_nums * sizeof(int));

}

}

// Sort the numbers in descending order

qsort(nums, count, sizeof(int), cmpfunc);

// Print the third largest number to the screen

if (count >= 3) {

printf("The third largest number is: %d\n", nums[2]);

} else {

printf("There are not enough numbers in the file to find the third

largest.\n");↪→

}

// Free the memory used by the array

free(nums);

// Close the file

fclose(fp);

return 0;

}
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In this modified code, the ‘nums‘ array is initially allocated to hold 1000 integers. If more integers are
read from the file than the current size of the array, the ‘realloc()‘ function is used to resize the array
to twice its current size. This way, the program can handle a larger number of integers in the input file.

ANALYSIS: GPT’s answer is partially correct. Its initial characterization of the behavior of its program
is incorrect: if more than 1000 numbers are provided, the program will encounter a segmentation fault
due to a buffer overflow. GPT instead claims that additional numbers “will be ignored”.

After this misstatement, GPT proposes modified code to address the limitation of 1000 numbers. In the
modified code, if the input file has more than 1000 integers, the program uses realloc to obtain a larger
array. GPT demonstrates impressive ability to correct itself.

Q: Does your earlier program check whether the file has more than 1000 integers? Is it possible that the
first program has buffer overflow?

GPT: You are correct that the earlier program I provided does not check whether the file has more
than 1000 integers, and it could potentially lead to a buffer overflow if the file contains more than 1000
integers. In that case, the program would write outside the bounds of the ‘nums‘ array, which could
result in undefined behavior.

To avoid buffer overflows, it is important to ensure that the program does not attempt to read or write
outside the bounds of an array. One way to do this is to use dynamic memory allocation to allocate
the array at runtime and resize it as necessary, as shown in the modified code I provided in my earlier
response. Another way to avoid buffer overflows is to define a maximum buffer size and use input functions
that limit the number of characters they read to the buffer size, such as ‘fgets()‘.

Here is an updated version of the program that uses ‘fgets()‘ to read integers from the input file and
ensures that it does not attempt to read more than 1000 integers:
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#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#define MAX_NUMS 1000

#define MAX_LINE_LENGTH 1024

int cmpfunc (const void * a, const void * b) {

return (*(int*)b - *(int*)a);

}

int main() {

FILE *fp;

int nums[MAX_NUMS];

int count = 0;

// Open the file

fp = fopen("numbers.txt", "r");

// Read the numbers from the file

char line[MAX_LINE_LENGTH];

while (fgets(line, MAX_LINE_LENGTH, fp) != NULL && count < MAX_NUMS) {

nums[count] = atoi(line);

count++;

}

// Sort the numbers in descending order

qsort(nums, count, sizeof(int), cmpfunc);

// Print the third largest number to the screen

if (count >= 3) {

printf("The third largest number is: %d\n", nums[2]);

} else {

printf("There are not enough numbers in the file to find the third

largest.\n");↪→

}

// Close the file

fclose(fp);

return 0;

}

In this updated program, the ‘fgets()‘ function is used to read a line from the input file, and the ‘atoi()
function is used to convert the line to an integer. The ‘count‘ variable is used to keep track of the number
of integers that have been read so far, and the program stops reading integers when either the end of file
is reached or ‘count‘ reaches the maximum number of integers that can be stored in the ‘nums‘ array.
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By limiting the number of integers that can be read to the size of the ‘nums‘ array, this program avoids
potential buffer overflows.

ANALYSIS: This program is wrong. It does not have buffer overflow vulnerability but it has two other
problems: First, the program may truncate the file because the program can read at most 1000 integers.
Second, if several integers are in the same line, fgets reads the entire line at once. The next statement
atoi converts only the first integer in the line. As a result, the other integers in the same line are ignored.

GPT demonstrates the ability to correct itself. The second answer does not have buffer overflow vun-
learability. Unfortunately, the third answer has additional problems. This conversation suggests that GPT
can be used to help write C programs but users must be aware that mistakes are possible.

2.4.2 Integer Partition

Q: Do you know the integer partition problem?

GPT: Yes, I’m familiar with the integer partition problem. The integer partition problem asks how many
ways it is possible to write a given positive integer n as a sum of positive integers, regardless of the order
of the summands. For example, the number 4 can be partitioned in the following 5 ways:

• 4
• 3+1
• 2+2
• 2+1+1
• 1+1+1+1

The problem of counting the number of partitions of a given integer is a classical problem in number theory
and has connections to many other areas of mathematics, including combinatorics, algebraic geometry,
and representation theory.

ANALYSIS: GPT’s answer is correct (based on the definition given in the answer to the second ques-
tion). Also, GPT provides additional explanation about where such a problem may arise.

Q: Is there any other way to partition 4?

GPT: No, the partition of 4 that I gave earlier is a complete list of all possible partitions of 4. Remember
that in the partition of an integer, we can use only positive integers, and the order of the summands
doesn’t matter. So, for example, 4 can be partitioned as 1+3 and 3+1, but these are the same partition,
so we only count it once. Similarly, 4 can be partitioned as 1+1+2 and 2+1+1, but again, these are the
same partition, so we only count it once.

ANALYSIS: GPT explains why the answer to the first question does not consider 1 + 3 because this is
equivalent to 3 + 1.
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Q: Can you write a program to generate the partitions of an integer n?

GPT: Yes, I can help you write a program to generate all the partitions of a given integer n in Python
using recursion. Here’s an implementation:

def partition(n):

"""

This function generates all the partitions of a given integer n

"""

if n == 0:

return [[]]

partitions = []

for p in partition(n-1):

for i, q in enumerate(p):

partitions.append(p[:i] + [q+1] + p[i+1:])

partitions.append(p + [1])

return partitions

Here’s how the function works:

• If the integer n is 0, then there is only one partition of 0, which is an empty list.
• Otherwise, we generate all the partitions of n-1, and for each partition, we add a 1 to the end of it
to get a new partition of n. We also consider all the summands q in each partition p, and replace
q with q+1 to get a new partition. We add these new partitions to the list of partitions.

• Finally, we return the list of partitions.

Here’s an example of how to use the ‘partition‘ function to generate all the partitions of 4:

>>> partition(4)

[[4], [1, 3], [3, 1], [2, 2], [1, 1, 2], [1, 2, 1], [2, 1, 1], [1, 1, 1, 1]]

The output is a list of all the partitions of 4, represented as lists of integers.

ANALYSIS: GPT’s answers are inconsistent, even though they can be considered corrected individually.

GPT’s earlier answer said that 1 + 3 and 3 + 1 are considered the same. However, the list provided by
GPT includes [1, 3] and [3, 1]. Also, the list includes [1, 1, 2], [1, 2, 1], and [2, 1, 1].

In fact, the Python program’s output is different from what GPT said:

>>> partition(4)

[[4], [3, 1], [3, 1], [2, 2], [2, 1, 1], [3, 1], [2, 2], [2, 1, 1], [2, 2], [1,

3], [1, 2, 1], [2, 1, 1], [1, 2, 1], [1, 1, 2], [1, 1, 1, 1]]↪→

GPT’s answers are inconsistent. This may cause confusion to users.

Q: Can you rewrite the program using C?
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GPT: Sure, here’s an implementation of the integer partition problem using C:
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#include <stdio.h>

void partition(int n, int* arr, int len);

void print_partition(int* arr, int len) {

printf("[");

for (int i = 0; i < len; i++) {

printf("%d", arr[i]);

if (i < len-1) {

printf(", ");

}

}

printf("]\n");

}

void partition(int n, int* arr, int len) {

if (n == 0) {

print_partition(arr, len);

}

else {

for (int i = 1; i <= n; i++) {

if (len == 0 || i <= arr[len-1]) {

arr[len] = i;

partition(n-i, arr, len+1);

}

}

}

}

int main() {

int n = 4;

int arr[n];

partition(n, arr, 0);

return 0;

}

Here’s how the function works:

• The ‘partition‘ function takes three arguments: the integer n to partition, an array ‘arr‘ to hold
the current partition being constructed, and the length ‘len‘ of the array.

• If ‘n‘ is 0, then we have constructed a complete partition, so we print the partition using the
‘print partition‘ function.

• Otherwise, we iterate over all the possible integers ‘i‘ that could be added to the current partition.
We add ‘i‘ to the end of the array ‘arr‘, and recursively call ‘partition‘ with the remaining sum
‘n-i‘. However, we only add ‘i‘ to the partition if it is less than or equal to the last element in the
array ‘arr‘ (or if the array is empty), to ensure that we don’t generate duplicate partitions.

• Finally, in the ‘main‘ function, we call ‘partition‘ with the integer ‘n‘ to generate all the partitions
of ‘n‘.

Here’s the output of the program when ‘n=4‘:
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[1, 1, 1, 1]

[1, 1, 2]

[1, 3]

[2, 2]

[4]

The output is a list of all the partitions of 4, represented as arrays of integers.

ANALYSIS: GPT’s answers are correct. The C program’s output matches what GPT: said: Only [1,
3] is printed and [3, 1] is not printed.

Please notice the inconsistency here again. GPT’s first answer used 3 + 1. In this answer, it used [1, 3].
It appears that GPT changes the methods to generate the partition.

Q: Can you tell me what is wrong in this program?

1 void printPartition(int * arr, int length)

2 {

3 int ind;

4 for (ind = 0; ind < length - 1; ind ++)

5 {

6 printf("%d + ", arr[ind]);

7 }

8 printf("%d\n", arr[length - 1]);

9 }

10

11 void partition(int * arr, int ind, int left)

12 {

13 int val;

14 if (left == 0)

15 {

16 printPartition(arr, ind);

17 }

18 for (val = 1; val < left; val ++)

19 {

20 arr[ind] = val;

21 partition(arr, ind + 1, left - val);

22 }

23 }
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GPT: The ‘partition‘ function in this program correctly generates all the partitions of a given integer
‘left‘ using an array ‘arr‘ and an index ‘ind‘. However, the ‘printPartition‘ function, which is called
by ‘partition‘ to print each partition, has an error in the loop condition.

The loop condition in ‘printPartition‘ is ‘for (ind = 0; ind < length - 1; ind ++)‘, which iterates
over all elements of the ‘arr‘ array except for the last one. This means that the last integer in the
partition will not be printed.

To fix this, you can modify the loop condition to ‘for (ind = 0; ind < length; ind ++)‘, which will
print all elements in the ‘arr‘ array:

1 void printPartition(int * arr, int length)

2 {

3 int ind;

4 for (ind = 0; ind < length - 1; ind ++)

5 {

6 printf("%d + ", arr[ind]);

7 }

8 printf("%d\n", arr[length - 1]);

9 }

With this modification, the ‘printPartition‘ function should correctly print all the partitions generated
by the ‘partition‘ function.

ANALYSIS: GPT’s answer is wrong here. The problem is line 18:

for (val = 1; val < left; val ++)

The correct program should be

for (val = 1; val <= left; val ++)

In other words, < should be replaced by <=. Using <, the argument left will never reduce to zero and
the if condition

if (left == 0)

is never satisfied. As a result, printPartition is never called so this program prints nothing.

This is a subtle mistake that GPT fails to catch.

2.4.3 Memory Safety

Q: Show how to allocate a dynamic array of floating point numbers in C.
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GPT: In C, you can allocate a dynamic array of floating point numbers using the malloc function. Here’s
an example code that allocates an array of 10 floating point numbers:

#include <stdio.h>

#include <stdlib.h>

int main() {

int size = 10;

float *arr = (float *) malloc(size * sizeof(float));

if (arr == NULL) {

printf("Failed to allocate memory\n");

return 1;

}

// Access and modify the elements of the array

arr[0] = 3.14;

arr[1] = 2.718;

// ...

// Free the memory when you're done

free(arr);

return 0;

}

In this code, we first define the size of the array to be 10. We then use ‘malloc‘ to allocate enough
memory to hold 10 floating point numbers, which is size * ‘sizeof(float)‘ bytes. We cast the return
value of malloc to a float * to indicate that the pointer points to an array of floats. We check if ‘malloc‘
returned a null pointer, which indicates that the memory allocation failed.

Once we have the pointer to the allocated memory, we can use array notation to access and modify the
elements of the array, just like a regular array. When we’re done using the array, we free the memory
using the free function to avoid memory leaks.

Note that ‘malloc‘ returns a void pointer ‘(void *)‘ which needs to be cast to the appropriate pointer
type (float * in this case) before being used as an array. Also, when using malloc to allocate memory
dynamically, it’s important to remember to free the memory when you’re done using it to avoid memory
leaks.

ANALYSIS: GPT’s answer is correct: arr is, indeed, a dynamically allocated array of floating point
numbers. GPT decides that the array’s size is 10, without any obvious reason. The solution correctly
checks whether the allocation is successful. This example shows the importance of “guiding” ChatGPT
to provide a good answer. The next is a follow-up question to improve this solution without having to
ask the same question again.

Q: Can you rewrite this to create a safe or wrapped pointer for arr?
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GPT: Yes, we can use a ”safe” or ”wrapped” pointer to ensure safer memory management when using
dynamically allocated arrays in C. Here’s an example code that creates a wrapped pointer for the dynamic
array of floating point numbers:

#include <stdio.h>

#include <stdlib.h>

typedef struct {

float *data;

int size;

} FloatArray;

FloatArray createFloatArray(int size) {

FloatArray arr;

arr.data = (float *) malloc(size * sizeof(float));

arr.size = size;

if (arr.data == NULL) {

arr.size = 0;

}

return arr;

}

void destroyFloatArray(FloatArray arr) {

if (arr.data != NULL) {

free(arr.data);

}

}

int main() {

int size = 10;

FloatArray arr = createFloatArray(size);

if (arr.size == 0) {

printf("Failed to allocate memory\n");

return 1;

}

// Access and modify the elements of the array

arr.data[0] = 3.14;

arr.data[1] = 2.718;

// ...

// [George note. Anything beyond size would not be safe.]

// Free the memory when you're done

destroyFloatArray(arr);

return 0;

}
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In this code, we define a new type called FloatArray that contains a pointer to the data and the size of
the array. We then create two functions: createFloatArray and destroyFloatArray.

The createFloatArray function takes a size as input, allocates enough memory to hold the array, and
returns a FloatArray with a wrapped pointer to the data and the size of the array. If the memory
allocation fails, the size of the array is set to 0.

The destroyFloatArray function takes a FloatArray as input, checks if the data pointer is not null (which
indicates that the memory was allocated), and frees the memory using free.

In the main function, we create a FloatArray using createFloatArray, and check if the size of the array is
not 0 (which indicates that the memory allocation was successful). We then use the wrapped pointer to
access and modify the elements of the array, just like a regular array. When we’re done using the array,
we free the memory using destroyFloatArray to ensure that the memory is properly deallocated, even if
an error occurs during the program’s execution.

By using a wrapped pointer like this, we can avoid common pitfalls of dynamically allocated arrays in C,
such as memory leaks and accessing invalid memory addresses.

ANALYSIS: GPT’s answer is correct: In this response from ChatGPT, arr has been refactored to
wrap the pointer in a C struct. This struct wraps the pointer as data and maintains size so the bounds
are known. Unfortunately, the solution is less than satisfactory and still suffers from the drawback of
not being memory-safe. One would hope to see a solution that uses the struct to guard access to the
underlying array data. Nevertheless, this is a nice start but is a minimum-viable solution as opposed to
a proper solution making use of the struct FloatArray wrapper.

Q: The access to arr.data is [still] not safe.

Q: You’re right, accessing arr.data directly as shown in the previous example is not safe because there
is no bounds checking to ensure that we are not accessing memory outside the allocated block. To make
the access to arr.data safe, we can define accessor functions that include bounds checking.

Here’s an example code that creates a safe or wrapped pointer for a dynamic array of floating point
numbers with accessor functions:
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#include <stdio.h>

#include <stdlib.h>

typedef struct {

float *data;

int size;

} FloatArray;

FloatArray createFloatArray(int size) {

FloatArray arr;

arr.data = (float *) malloc(size * sizeof(float));

arr.size = size;

if (arr.data == NULL) {

arr.size = 0;

}

return arr;

}

void destroyFloatArray(FloatArray arr) {

if (arr.data != NULL) {

free(arr.data);

}

}

float getFloatArrayValue(FloatArray arr, int index) {

if (index < 0 || index >= arr.size) {

printf("Index out of bounds\n");

exit(1);

}

return arr.data[index];

}

void setFloatArrayValue(FloatArray arr, int index, float value) {

if (index < 0 || index >= arr.size) {

printf("Index out of bounds\n");

exit(1);

}

arr.data[index] = value;

}

int main() {

int size = 10;

FloatArray arr = createFloatArray(size);

if (arr.size == 0) {

printf("Failed to allocate memory\n");

return 1;

}
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// Access and modify the elements of the array

setFloatArrayValue(arr, 0, 3.14);

setFloatArrayValue(arr, 1, 2.718);

// ...

// Retrieve the elements of the array

float value0 = getFloatArrayValue(arr, 0);

float value1 = getFloatArrayValue(arr, 1);

// ...

// Free the memory when you're done

destroyFloatArray(arr);

return 0;

}

In this code, we define two accessor functions getFloatArrayValue and setFloatArrayValue to get and set
the values of the array, respectively. These functions take an index and check if the index is within the
bounds of the array (between 0 and arr.size - 1). If the index is out of bounds, the function prints an
error message and exits the program with an error code.

In the main function, we create a FloatArray using createFloatArray, and check if the size of the array is
not 0 (which indicates that the memory allocation was successful). We then use the accessor functions
setFloatArrayValue and getFloatArrayValue to access and modify the elements of the array, respectively.
When we’re done using the array, we free the memory using destroyFloatArray to ensure that the memory
is properly deallocated, even if an error occurs during the program’s execution.

By using accessor functions like this, we can ensure that the access to arr.data is safe and bounds-checked,
which helps prevent memory errors and bugs in our program.

ANALYSIS: GPT’s answer is correct: In this last response from ChatGPT, arr has been refactored to
take full advantage of the struct FloatArray wrapper. Interestingly, in this version, we get the most
refined solution. Not only is the wrapper being used but ChatGPT creates Java-like setter and getter
functions to set and get the value at index. Furthermore, index is guarded by a bounds check prior to
setting or getting a value. This is a pretty good final result. Although some improvements could still be
made by giving appropriate warning messages or making use of error codes, the solution does not interact
with the potentially unsafe pointer outside of the set and get functions.
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2.5 Debug

2.5.1 free

Q: What is wrong with this program?

#include <stdio.h>

#include <stdlib.h>

int main(int argc, char ** argv)

{

int arr[] = {1, 2, 3, 4};

free (arr);

return EXIT_SUCCESS;

}

GPT: The problem with this program is that it is attempting to free memory that was not dynamically
allocated with ‘malloc()‘, ‘calloc()‘, or ‘realloc()‘.

In this program, the array ‘arr‘ is defined on the stack and not on the heap, meaning its memory is
automatically allocated and deallocated by the program. Thus, calling ‘free(arr)‘ on ‘arr‘ is invalid and
can result in undefined behavior.

To avoid this problem, only call ‘free()‘ on memory that was dynamically allocated with one of the above
mentioned functions.

ANALYSIS: GPT’s answer is correct: arr is an array on the stack memory. This memory is not
allocated by calling malloc. Hence, free(arr) is invalid.
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2.5.2 Simplify Code

Q: Can you simplify this program?

1 int ch;

2 FILE * fptr = fopen("filename", "r");

3 if (fptr == NULL)

4 {

5 return EXIT_FAILURE;

6 }

7 ch = fget(fptr);

8 char count[26] = {0};

9 if (ch == 'A')

10 {

11 count[0] ++;

12 }

13 if (ch == 'A')

14 {

15 count[0] ++;

16 }

17 if (ch == 'B')

18 {

19 count[1] ++;

20 }

21 if (ch == 'C')

22 {

23 count[2] ++;

24 }

25 if (ch == 'D')

26 {

27 count[3] ++;

28 }

29 if (ch == 'E')

30 {

31 count[4] ++;

32 }

33 if (ch == 'F')

34 {

35 count[5] ++;

36 }

37
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GPT: This program reads a file named ”filename” character by character, counts the occurrences of each
of the letters ’A’ through ’F’, and stores the counts in an array ‘count‘.

Here’s a simplified version of the program:

1 #include <stdio.h>

2 #include <stdlib.h>

3

4 int main() {

5 FILE *fptr = fopen("filename", "r");

6 if (fptr == NULL) {

7 return EXIT_FAILURE;

8 }

9 int ch;

10 int count[6] = {0};

11 while ((ch = fgetc(fptr)) != EOF) {

12 if (ch >= 'A' && ch <= 'F') {

13 count[ch - 'A']++;

14 }

15 }

16 fclose(fptr);

17 return EXIT_SUCCESS;

18 }

This version uses a ‘while‘ loop to read the file character by character until it reaches the end of the
file. It also checks if each character is within the range of ’A’ through ’F’ and increments the appropriate
count in the ‘count‘ array.

Note that the ‘count‘ array is declared with a size of 6, since there are six letters being counted. Also,
the file is closed using ‘fclose()‘ before the program exits.
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Analysis: GPT’s attempt to capture the intention of the program is impressive. The original code
appears to detect letters ’A’ to ’F’ and increment the array elements count[0] to count[5]. GPT
understands this intention and simplifies the multiple conditions in the original code by the 12-th and
13-th lines:

if (ch >= 'A' && ch <= 'F') {

count[ch - 'A']++;

However, the code provided by GPT is significantly different from the original code:

original GPT’s answer

no main main added
no while while added
count[26] count[6]

no fclose fclose added
no return EXIT SUCCESS return EXIT SUCCESS added
if (ch == ’A’) appears twice only once

Despite these differences, GPT has the potential to understand code and suggest improvements. Users
must exercise caution and understand that the code from GPT: should be thoroughly inspected before
adoption.

Q: Your program is different from mine. My program does not have while. Why do you add while?

GPT: I apologize for the confusion. You are correct that the original program does not have a ‘while‘
loop. In my previous answer, I assumed that the intention was to count the occurrences of each character
in the entire file, which would require a loop to read through the entire file.
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However, since the original program only reads a single character from the file, a loop is not necessary.
Here is a simplified version of the program that does not use a loop:

1 #include <stdio.h>

2 #include <stdlib.h>

3

4 int main() {

5 FILE *fptr = fopen("filename", "r");

6 if (fptr == NULL) {

7 return EXIT_FAILURE;

8 }

9 int ch = fgetc(fptr);

10 int count[6] = {0};

11 if (ch == 'A') {

12 count[0]++;

13 }

14 else if (ch == 'B') {

15 count[1]++;

16 }

17 else if (ch == 'C') {

18 count[2]++;

19 }

20 else if (ch == 'D') {

21 count[3]++;

22 }

23 else if (ch == 'E') {

24 count[4]++;

25 }

26 else if (ch == 'F') {

27 count[5]++;

28 }

29 fclose(fptr);

30 return EXIT_SUCCESS;

31 }

This version reads a single character from the file using ‘fgetc()‘, checks which character was read, and
increments the appropriate count in the ‘count‘ array. The ‘if-else‘ statements check each possible
character individually.

Again, I apologize for any confusion my previous answer may have caused.

ANALYSIS: GPT removed while but the other differences are still present.

2.5.3 Reverse Linked List

Q: Do you know linked list in C?
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GPT: Yes, I’m familiar with linked lists in C.

In C, a linked list is a data structure that consists of a sequence of nodes, where each node stores a value
and a pointer to the next node in the list. The first node in the list is called the head of the list, and the
last node points to a null pointer to indicate the end of the list.

Here is an example of a linked list node structure in C:

struct Node {

int data;

struct Node* next;

};

In this example, ‘data‘ represents the value stored in the node, and ‘next‘ is a pointer to the next node
in the list.

To traverse a linked list in C, you typically start at the head of the list and follow the ‘next‘ pointers
until you reach the end of the list. Here’s an example of a simple function that prints the values in a
linked list:

void printList(struct Node* head) {

while (head != NULL) {

printf("%d ", head->data);

head = head->next;

}

}

This function takes the head of a linked list as an argument and prints out the data value of each node
in the list.

ANALYSIS: GPT’s answer so far is correct.

Q: Can you give a function that can reverse the direction of a linked list?
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GPT: Sure, here’s an example of a function in C that reverses the direction of a linked list:

void reverseList(struct Node** head) {

struct Node* prev = NULL;

struct Node* current = *head;

struct Node* next;

while (current != NULL) {

next = current->next;

current->next = prev;

prev = current;

current = next;

}

*head = prev;

}

This function takes a pointer to the head of a linked list as an argument, and reverses the order of the
nodes in the list by swapping the ‘next‘ pointers. The function uses three pointers - ‘prev‘, ‘current‘,
and ‘next‘ - to traverse the list and keep track of the nodes.

The while loop iterates over each node in the list, starting with the ‘current‘ node. It first saves a pointer
to the ‘next‘ node in the ‘next‘ variable, then sets the ‘next‘ pointer of the ‘current‘ node to the ‘prev‘
node. Then it moves ‘prev‘ and ‘current‘ one node forward, by setting ‘prev‘ to the ‘current‘ node
and ‘current‘ to the ‘next‘ node.

Finally, the function updates the head pointer to point to the last node in the list, which is now the first
node in the reversed list.

Note that the function takes a pointer to a pointer to the head of the list, since we need to modify the
head pointer itself in order to reverse the list.

ANALYSIS: GPT’s answer is correct.

Q: Where did you get this code?

GPT: I wrote this code myself based on my knowledge of linked lists in C. The code is a common
implementation of a function that reverses a linked list, and it uses a well-known algorithm for reversing
a singly-linked list.

The code is not specific to any particular project or application, and it is intended as a general-purpose
function that can be used to reverse the order of the nodes in any singly-linked list.

If you have any questions or concerns about the code, please let me know and I’ll be happy to help.
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Q: Can you correct this function to reverse a linked list?

1 Node * List_reverse(Node * head)

2 {

3 if (head == NULL) { return NULL; }

4 Node * orighead = head;

5 Node * revhead = NULL;

6 Node * origsec;

7 while (orighead != NULL)

8 {

9 orighead -> next = revhead;

10 origsec = orighead -> next;

11 revhead = orighead;

12 orighead = origsec;

13 }

14 return revhead;

15 }

43



GPT: Sure! Here’s the corrected ‘List reverse‘ function:

1 Node* List_reverse(Node* head) {

2 if (head == NULL) {

3 return NULL;

4 }

5 Node* orighead = head;

6 Node* revhead = NULL;

7 Node* origsec;

8 while (orighead != NULL) {

9 origsec = orighead->next;

10 orighead->next = revhead;

11 revhead = orighead;

12 orighead = origsec;

13 }

14 return revhead;

15 }

In the original code, the ‘origsec‘ variable was assigned to ‘orighead→next‘ before ‘orighead→next‘
was modified, which meant that the next pointer was pointing to the wrong location. Additionally, the
‘revhead‘ and ‘orighead‘ pointers were assigned to the wrong values, which meant that the list was not
being reversed correctly.

In the corrected code, the ‘origsec‘ variable is assigned after the next pointer is modified, and the
‘revhead‘ and ‘orighead‘ pointers are assigned to the correct values. This results in a properly reversed
linked list.

Note that this implementation uses an iterative approach, where the nodes of the linked list are reversed
one by one. The ‘while loop continues until the ‘orighead‘ pointer reaches the end of the original linked
list, and the ‘revhead‘ pointer points to the last node of the reversed linked list. Finally, the function
returns the ‘revhead‘ pointer, which is now the head of the reversed linked list.

ANALYSIS: GPT is able to detect the error and correct it.

2.5.4 Binary Search Tree

Q: do you know binary search tree?
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GPT: Yes, I’m familiar with binary search trees!

A binary search tree (BST) is a type of binary tree in which each node has a key that satisfies the
following properties:

1. The key of each node is unique.
2. The key of each node is greater than all keys in its left subtree.
3. The key of each node is less than all keys in its right subtree.

These properties allow for efficient searching of the tree. When searching for a key in a binary search tree,
we can compare the key we’re searching for with the key at the current node, and based on the result of
that comparison, we can decide which subtree to search next. By repeatedly making these decisions, we
can quickly find the node with the key we’re looking for, or determine that the key is not in the tree.

In addition to searching, binary search trees support other operations such as insertion, deletion, and
traversal. These operations are typically implemented using recursive algorithms that take advantage of
the tree’s recursive structure.

ANALYSIS: GPT provides a good explanation about binary search tree.

Q: Can you write a function that deletes one node in a binary search tree?
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GPT: Sure! Here’s an example function in Python that deletes a node with a given key from a binary
search tree:

class TreeNode:

def __init__(self, val=0, left=None, right=None):

self.val = val

self.left = left

self.right = right

def deleteNode(root: TreeNode, key: int) -> TreeNode:

if not root:

return None

if key < root.val:

root.left = deleteNode(root.left, key)

elif key > root.val:

root.right = deleteNode(root.right, key)

else:

# Case 1: Node to be deleted has no children

if not root.left and not root.right:

root = None

# Case 2: Node to be deleted has one child

elif not root.left:

root = root.right

elif not root.right:

root = root.left

# Case 3: Node to be deleted has two children

else:

# Find the inorder successor (the smallest node in the right subtree)

temp = root.right

while temp.left:

temp = temp.left

# Replace the node to be deleted with the inorder successor

root.val = temp.val

# Delete the inorder successor from the right subtree

root.right = deleteNode(root.right, temp.val)

return root

This function takes as input a binary search tree ‘root‘ and a key ‘key‘ to be deleted, and returns the
root of the resulting tree after the deletion. It works by recursively traversing the tree to find the node
with the key to be deleted, and then handling three cases:

1. The node to be deleted has no children: In this case, we simply set the node to ‘None‘.
2. The node to be deleted has one child: In this case, we replace the node with its child.
3. The node to be deleted has two children: In this case, we find the inorder successor (the smallest

node in the right subtree), replace the node with the inorder successor, and then delete the inorder
successor from the right subtree.
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ANALYSIS: GPT’s answer is a standard implementation in Python.

Q: Can you rewrite it in C?

GPT: Sure, here’s the same ‘deleteNode‘ function in C:

1 #include <stdio.h>

2 #include <stdlib.h>

3

4 struct TreeNode {

5 int val;

6 struct TreeNode* left;

7 struct TreeNode* right;

8 };

9

10 struct TreeNode* deleteNode(struct TreeNode* root, int key) {

11 if (!root) {

12 return NULL;

13 }

14

15 if (key < root->val) {

16 root->left = deleteNode(root->left, key);

17 }

18 else if (key > root->val) {

19 root->right = deleteNode(root->right, key);

20 }

21 else {

22 // Case 1: Node to be deleted has no children

23 if (!root->left && !root->right) {

24 free(root);

25 return NULL;

26 }

27 // Case 2: Node to be deleted has one child

28 else if (!root->left) {

29 struct TreeNode* temp = root->right;

30 free(root);

31 return temp;

32 }

33 else if (!root->right) {

34 struct TreeNode* temp = root->left;

35 free(root);

36 return temp;

37 }
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38 // Case 3: Node to be deleted has two children

39 else {

40 // Find the inorder successor (the smallest node in the right subtree)

41 struct TreeNode* temp = root->right;

42 while (temp->left) {

43 temp = temp->left;

44 }

45 // Replace the node to be deleted with the inorder successor

46 root->val = temp->val;

47 // Delete the inorder successor from the right subtree

48 root->right = deleteNode(root->right, temp->val);

49 }

50 }

51

52 return root;

53 }

This version of the ‘deleteNode‘ function uses the C syntax for defining structures and pointers to
structures, and the ‘free()‘ function to deallocate memory when deleting a node. The three cases for
node deletion are the same as in the Python version, and are implemented using similar logic.

ANALYSIS: GPT’s answer is a standard implementation in C.

Q: Can you find what is wrong with this program?

1 TreeNode * Tree_delete(TreeNode * tn, int val)

2 {

3 if (tn == NULL) { return NULL; }

4 if (val < (tn -> value))

5 {

6 tn -> left = Tree_delete(tn -> left, val);

7 return tn;

8 }

9 if (val > (tn -> value))

10 {

11 tn -> right = Tree_delete(tn -> right, val);

12 return tn;

13 }

14 if (((tn -> left) == NULL) && ((tn -> right) == NULL))

15 {

16 free (tn);

17 return NULL;

18 }

19 if ((tn -> left) == NULL)

20 {
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21 TreeNode * rc = tn -> right;

22 free (tn);

23 return rc;

24 }

25 if ((tn -> right) == NULL)

26 {

27 TreeNode * lc = tn -> left;

28 free (tn);

29 return lc;

30 }

31 TreeNode * su = tn -> right;

32 while (su != NULL)

33 {

34 su = su -> left;

35 }

36 tn -> value = su -> value;

37 su -> value = val;

38 tn -> right = Tree_delete(tn -> right, val);

39 return tn;

40 }
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GPT: Yes, there is a logical error in this ‘Tree delete ‘ function. The problem is with the code that
finds the inorder successor of the node to be deleted. The ‘su‘ pointer is initialized to the right child of
the node to be deleted, but then the loop to find the leftmost child is run on this same node. As a result,
the loop always exits with ‘su‘ equal to ‘NULL‘, so the function ends up deleting the wrong node.

To fix the function, you need to initialize ‘su‘ to the right child of the node to be deleted, and then run
the loop to find the leftmost child on su. Here’s the corrected version of the function:

1 TreeNode* Tree_delete(TreeNode* tn, int val) {

2 if (tn == NULL) {

3 return NULL;

4 }

5 if (val < tn->value) {

6 tn->left = Tree_delete(tn->left, val);

7 return tn;

8 }

9 if (val > tn->value) {

10 tn->right = Tree_delete(tn->right, val);

11 return tn;

12 }

13 if (tn->left == NULL && tn->right == NULL) {

14 free(tn);

15 return NULL;

16 }

17 if (tn->left == NULL) {

18 TreeNode* rc = tn->right;

19 free(tn);

20 return rc;

21 }

22 if (tn->right == NULL) {

23 TreeNode* lc = tn->left;

24 free(tn);

25 return lc;

26 }

27 TreeNode* su = tn->right;

28 while (su->left != NULL) {

29 su = su->left;

30 }

31 tn->value = su->value;

32 tn->right = Tree_delete(tn->right, su->value);

33 return tn;

34 }

In this corrected version, the ‘su‘ pointer is initialized to the right child of the node to be deleted, and
the loop to find the leftmost child is run on ‘su‘. Once the inorder successor is found, its value is copied
to the node to be deleted, and the function is called recursively on the right subtree with the value of the
inorder successor.
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ANALYSIS: GPT can correctly detect the mistake.
The 32-th line in the original program

while (su != NULL)

should be replaced by the 28-th line in the program from GPT:

while (su->left != NULL) {

The next question asks GPT to pinpoint the changed line.

Q: Can you show only the line (or lines) I need to change?
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GPT: Sure! Here’s the corrected version of the ‘Tree delete‘ function, with the only line that needs to
be changed highlighted:

1 TreeNode* Tree_delete(TreeNode* tn, int val) {

2 if (tn == NULL) {

3 return NULL;

4 }

5 if (val < tn->value) {

6 tn->left = Tree_delete(tn->left, val);

7 return tn;

8 }

9 if (val > tn->value) {

10 tn->right = Tree_delete(tn->right, val);

11 return tn;

12 }

13 if (tn->left == NULL && tn->right == NULL) {

14 free(tn);

15 return NULL;

16 }

17 if (tn->left == NULL) {

18 TreeNode* rc = tn->right;

19 free(tn);

20 return rc;

21 }

22 if (tn->right == NULL) {

23 TreeNode* lc = tn->left;

24 free(tn);

25 return lc;

26 }

27 TreeNode* su = tn->right;

28 while (su->left != NULL) {

29 su = su->left;

30 }

31 tn->value = su->value;

32 tn->right = Tree_delete(tn->right, su->value); // <--- CHANGE THIS LINE

33 return tn;

34 }

The only line that needs to be changed is the line that calls the ‘Tree delete‘ function recursively on
the right subtree. In the original code, this line used the value of the node to be deleted (‘val‘) as
the argument for the recursive call. In the corrected version, it uses the value of the inorder successor
(‘su→value‘) instead.
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ANALYSIS: GPT’s answer is wrong.
The 37-th line in the original program is

su -> value = val;

Thus, the 38-th line

tn -> right = Tree_delete(tn -> right, val);

is equivalent to the 32-th line in the program from GPT:

tn->right = Tree_delete(tn->right, su->value);

In this case, GPT is able to provide the corrected function but fails to identify the mistake in the original
code. Nevertheless, GPT’s answer is more concise (it can merge two lines in the original code into one
line) and can be helpful.

2.6 Integration of Discrete Mathematics and C Programs

2.6.1 Divide and Interleave

Q: Consider an array of n distinct values. Divide this array into two parts and each part has at least one
element. The order of the values cannot change. How many ways can this array be divided?
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GPT: To divide the array into two parts, we can choose any subset of the n-1 elements to include in one
part, and the remaining elements will form the other part. The number of ways to choose a subset of k
elements from a set of n elements is given by the binomial coefficient:

n choose k = n! / (k! * (n-k)!)

Therefore, the total number of ways to divide the array into two parts is the sum of the number of ways
to choose each possible subset size from 1 to n-1:

total ways = (n choose 1) + (n choose 2) + ... + (n choose n-1)

= 2^n - 2

The last step follows from the binomial theorem, which states that:

(x + y)^n = sum(k=0 to n) of (n choose k) * x^(n-k) * y^k

Setting x=y=1, we get:

2^n = sum(k=0 to n) of (n choose k)

Since we don’t want to count the cases where one part is empty, we subtract 2 from the total number of
ways to get the final answer:

number of ways = 2^n - 2

ANALYSIS: GPT’s answers this question correctly. If an array has n element and we want to choose
k for the first part and the remaining n− k are assigned to the second part. Then, there are

Cn
k =

n!

k!× (n− k)!
(1)

ways to create these two parts. The value of k is between 1 and n− 1. Thus, the possible ways to divide
the array is

n−1∑
k=1

n!

k!× (n− k)!
= 2n − 2. (2)

The same question was asked again and GPT’s answer was different:
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GPT: To divide an array of n distinct values into two non-empty parts, we can select any of the (n-1)
positions between the elements. For example, if we have an array of 4 elements, we can divide it in three
ways:

1. between the first and second elements: {a} | {b,c,d}
2. between the second and third elements: {a,b} | {c,d}
3. between the third and fourth elements: {a,b,c} | {d}

In general, for an array of n elements, there are (n-1) possible positions to divide it into two non-empty
parts. Therefore, the number of ways to divide the array is (n-1).

Q: You misunderstood the problem. I want to keep the orders of the values in the two arrays in the
original order.

GPT: I apologize for misunderstanding the problem. If we need to keep the order of the values in the
original array while dividing it into two parts, then the solution is straightforward.

Let’s consider an array of n distinct values. To divide this array into two parts while preserving the
order, we need to select a position in the array where we will split it into two parts. Once we choose
the position, all the elements before the position will form the first part, and all the elements after the
position will form the second part.

We have n-1 choices for the split position, as we cannot choose the first or last position as the split
position since each part must contain at least one element. Therefore, the number of ways to divide the
array into two parts while preserving the order is (n-1).

For example, consider an array of 5 elements: [a, b, c, d, e]. The possible ways to divide it into two parts
while preserving the order are:

· [a], [b, c, d, e]
· [a, b], [c, d, e]
· [a, b, c], [d, e]
· [a, b, c, d], [e]

Thus, the answer for an array of n elements is (n-1).

ANALYSIS: GPT has different interpretations of the question. The original question was not clear: it
intends to divide an array in the middle into two arrays. Each array has at least one element. The first
answer fromGPT selects k out of n elements. The second answer fromGPT uses the second interpretation
for the originally intended question. Both answers are correct for the corresponding interpretations of
the questions.

Q: If you interleave the elements between the two arrays, while keeping the orders of the elements in the
two arrays, how can you do that?
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GPT: If we want to interleave the elements of the original array between two arrays, we can divide the
array into two parts as before and then alternate the elements of each part to create the interleaved
arrays.

For example, consider the array [a, b, c, d, e, f, g]. We can divide it into two parts as [a, b, c, d] and
[e, f, g]. To interleave the elements between the two arrays while preserving the order, we can take the
first element from the first part, the first element from the second part, the second element from the first
part, the second element from the second part, and so on. This gives us the interleaved arrays [a, e, b, f,
c, g, d].

The general algorithm for interleaving the elements between two arrays while preserving their orders is
as follows:

1. Divide the original array into two parts.
2. Create two empty arrays for the interleaved parts.
3. Starting with the first element of the first part, alternate adding elements from the two parts into

the interleaved arrays.
4. When one of the parts is exhausted, add the remaining elements from the other part to the end of

the interleaved array.

The number of ways to interleave the elements of the original array between two arrays is the same as
the number of ways to divide the array into two parts, which is (n-1) for an array of n elements.

ANALYSIS: The answer from GPT: is confusing because the first step already divides the array into
two parts. It is not clear what the other three steps intend to accomplish. It is unclear how GPT: obtains
the answer of n− 1 ways.

Q: How many results can you get if the original array has 6 distinct values?
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GPT: If the original array has 6 distinct values, we can divide it into two parts in 5 different ways as
there are 5 positions where we can place the split. For example, consider the array [a, b, c, d, e, f]:

· [a], [b, c, d, e, f]
· [a, b], [c, d, e, f]
· [a, b, c], [d, e, f]
· [a, b, c, d], [e, f]
· [a, b, c, d, e], [f]

Once we have divided the array into two parts, we can interleave the elements of the original array between
the two arrays as described above. The number of possible results will depend on how we interleave the
elements.

To calculate the number of possible results, we need to consider the number of ways to order the elements
within each part and the number of ways to interleave the elements between the two parts. The number
of ways to order the elements within each part is equal to the factorial of the number of elements in the
part. For example, if one part has three elements, there are 3! = 6 ways to order the elements.

To calculate the number of ways to interleave the elements, we need to count the number of ways to
choose the order in which the elements are interleaved. If one part has m elements and the other part
has n elements, there are (m+n)!/(m!n!) ways to interleave the elements.

Therefore, the total number of possible results is the product of the number of ways to divide the array
into two parts, the number of ways to order the elements within each part, and the number of ways to
interleave the elements between the two parts:

Total number of results = 5 x (3! x 3!) x [(1+5)!/(1!5!) + (2+4)!/(2!4!) + (3+3)!/(3!3!) + (4+2)!/(4!2!)
+ (5+1)!/(5!1!)] = 5 x 36 x (6 + 15 + 20 + 15 + 6) = 5 x 36 x 62 = 11160

Therefore, there are 11160 possible results if the original array has 6 distinct values.

ANALYSIS: We are unable to understand the reasoning of GPT. It is unclear why GPT gives 5 x (3!
x 3!) x ... and obtain 11160 as the final answer. If we arrange 6 distinct values, there should be 6! = 720
ways. If we follow the earlier answer from GPT, the answer is 26 − 2 = 62.

2.6.2 Ordering

Q: If there are 2 pairs of [ and ], how many distinct ways can they be arranged? [ [ ] ] and [ ] [ ] are
considered different.

GPT: If there are two pairs of square brackets, there are two possible arrangements:

1. The first pair is followed by the second pair: This gives us the arrangement ”[ [ ] ]”.
2. The two pairs are interleaved: This gives us the arrangement ”[ ] [ ]”.

Therefore, there are 2 distinct ways that two pairs of square brackets can be arranged.

ANALYSIS: GPT has the rule that [ must appears before ], as explained below.
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Q: If there are 2 pairs of [ and ], how many distinct ways can they be arranged? [ [ ] ] and [ ] [ ] are
considered different. (The same question was ask again.)

GPT: There are two pairs of brackets, denoted as A and B. We need to find the number of distinct ways
we can arrange them.

One way to approach this problem is to use permutations. There are 4 brackets in total, and we can
arrange them in 4! = 24 different ways. However, some of these arrangements will be equivalent because
the two pairs of brackets are identical. Specifically, the two brackets in each pair are interchangeable, so
any arrangement that swaps the order of brackets within a pair will be equivalent.

Let’s consider the two pairs of brackets separately. The pair A can be arranged in 2! = 2 ways, and the
pair B can also be arranged in 2! = 2 ways. Therefore, the number of distinct ways to arrange the two
pairs of brackets is:

2! x 2! = 4

So there are 4 distinct ways to arrange two pairs of brackets. These are:

1. [ [ ] ]
2. □ [ ]
3. [ [ ] ]
4. □ [ [ ] ]

Note that the first and third arrangements are identical, as are the second and fourth arrangements.

Q: What is your answer?

GPT: The answer is 4.

Q: But your said 1 and 3 are the same; 2 and 4 are the same.

GPT: You are correct, thank you for pointing that out. There are only two distinct ways to arrange the
two pairs of brackets, and these are:

1. [ [ ] ]
2. □ [ [ ] ]

I apologize for the confusion caused by my previous response. Thank you for bringing it to my attention.

Q: 1 and 2 look the same to me.
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GPT: You are right, I apologize for the confusion. The two arrangements are indeed the same, and there
is only one distinct way to arrange the two pairs of brackets:

1. [ [ ] ]

Thank you for bringing this to my attention.

Q: Is [ ] [ ] a valid answer?

GPT: Yes, [][] is a valid arrangement of two pairs of brackets. It consists of two individual brackets from
the first pair, followed by two individual brackets from the second pair. So, it is a valid arrangement of
brackets, and it is distinct from the arrangement [ [ ] ]. Therefore, the total number of distinct ways to
arrange two pairs of brackets is two:

1. [ [ ] ]
2. □ [ [ ] ]

ANALYSIS: GPT is inconsistent and cannot provide the correct answer. The correct answer is 2: [ [ ] ]
and [ ] [ ].

Q: Is ] [ ] [ valid?

GPT: No, the arrangement ”] [ ] [ ”, where the opening bracket is followed by a closing bracket and then
another opening bracket, is not a valid arrangement of square brackets. In a valid arrangement, each
opening bracket should have a corresponding closing bracket, and the brackets should be nested properly.
In ”] [ ] [ ”, the first opening bracket has no corresponding closing bracket, so it is not a valid arrangement
of square brackets.

Q: If there are 3 pairs of [ ], how many distinct ways can they be arranged?

GPT: If there are three pairs of square brackets, there are five possible arrangements:

1. The pairs are all nested: This gives us the arrangement ”[ [ [ ] ] ]”.
2. Two of the pairs are nested, and the third pair is outside: This gives us the arrangements ”[ [ ] ] [ ]”

and ”[ ] [ [ ] ]”.
3. All three pairs are separate: This gives us the arrangements ”[ ] [ ] [ ]” and ”[ ] ] [ [ ]”.

Therefore, there are 5 distinct ways that three pairs of square brackets can be arranged.

ANALYSIS: GPT explains the rule. However, GPT is inconsistent. Earlier, it says, ”] [ ] [ ” is invalid.
Later, its answer for 3 pairs of [ ] includes ”[ ] ] [ [ ]”. Meanwhile, GPT fails to include ”[ [ ] [ ] ]”.
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Q: If there are 3 pairs of [ ], how many distinct ways can they be arranged? (The same question is asked
again.)

GPT: To determine the number of distinct ways to arrange 3 pairs of brackets, we can use the same
approach as before.
There are 6 brackets in total, and we can arrange them in 6! = 720 different ways. However, some of these
arrangements will be equivalent because the three pairs of brackets are identical, and the two brackets in
each pair are interchangeable.
We can arrange the three pairs of brackets in 3! = 6 different ways. For each arrangement of the pairs,
we can then arrange the brackets within each pair in 2! = 2 ways. Therefore, the total number of distinct
ways to arrange 3 pairs of brackets is:
6 x 2 x 2 x 2 = 48
So there are 48 distinct ways to arrange 3 pairs of brackets. For example:

1. [ [ ] ] [ [ ] ] [ [ ] ]
2. [ [ ] ] [ ] [ ] [ [ ] ]
3. □ [ [ ] ] [ [ ] ] [ ]

ANALYSIS: GPT’s answer is incorrect because these are six pairs, not three pairs.

Q: If there are 3 pairs of a and b, how many distinct ways can they be arranged?

GPT: If there are three pairs of a and b, there are several distinct ways that they can be arranged, and
the number of arrangements depends on the specific order in which the pairs are arranged.

To calculate the total number of distinct arrangements, we can use the formula for permutations of a set
with repetition, which is:

n∧r
where n is the number of distinct elements (in this case, 2 for the letters a and b), and r is the number
of items being arranged (in this case, 6 for the 3 pairs).

Using this formula, we get:

2∧6 = 64

Therefore, there are 64 distinct ways that three pairs of a and b can be arranged.

ANALYSIS: GPT misunderstands the question. The answer is not 64. GPT assumes that there are
unlimited supplies of a and b. The first letter has 2 options (a or b); the second letter also has 2 options;
each letter has 2 options. Based on this reasoning, aaaabb is a valid result. However, this is actually
invalid. The correct answer is 20. This is how to count:
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Suppose f(m,n) is the way to arrange n a and m b. If the first letter is a, then the remaining option is
f(m − 1, n). If the first letter is b, then the remaining option is f(m,n − 1). Apparently, f(m, 0) = 1.
because there is only one way to arrange the letters if all of them must be a. Similarly, f(0, n) = 1. The
number of ways to arrange 3 pairs of a and b is f(3, 3) and the value is 20.
The following program can arrange n pairs of a and b.

#include <stdio.h>

#include <stdlib.h>

void printarray(int * array, int len, int * counter)

{

(* counter) ++;

int ind;

for (ind = 0; ind < len; ind ++)

{ printf("%c ", array[ind]); }

printf("\n");

}

void strgen(int * arr, int ind, int na, int nb, int len, int * counter)

{

if ((na == 0) && (nb == 0))

{

printarray(arr, len, counter);

return;

}

if (na != 0)

{

arr[ind] = 'a';

strgen(arr, ind + 1, na - 1, nb, len, counter);

}

if (nb != 0)

{

arr[ind] = 'b';

strgen(arr, ind + 1, na, nb - 1, len, counter);

}

}
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int counthelp(int na, int nb)

{

if (na == 0)

{ return 1; }

if (nb == 0)

{ return 1; }

return (counthelp(na - 1, nb) + counthelp(na, nb - 1));

}

int count(int n)

{

return counthelp(n, n);

}

int main(int argc, char * * argv)

{

if (argc != 2)

{ return EXIT_FAILURE; }

int n = (int)strtol(argv[1], NULL, 10);

int * arr = malloc(sizeof(int) * (2 * n));

int counter = 0;

strgen(arr, 0, n, n, 2 * n, & counter);

free (arr);

printf("counter = %d\n", counter);

printf("n = %d, count = %d\n", n, count(n));

return EXIT_SUCCESS;

}
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This is the program’s output for 3 pairs:

a a a b b b

a a b a b b

a a b b a b

a a b b b a

a b a a b b

a b a b a b

a b a b b a

a b b a a b

a b b a b a

a b b b a a

b a a a b b

b a a b a b

b a a b b a

b a b a a b

b a b a b a

b a b b a a

b b a a a b

b b a a b a

b b a b a a

b b b a a a

counter = 20

n = 3, count = 20

Q: If there are 3 pairs of a and b, how many distinct ways can they be arranged?
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GPT: To determine the number of distinct ways to arrange 3 pairs of a and b, we can use the same
approach as before.

There are 6 letters in total, and we can arrange them in 6! = 720 different ways. However, some of these
arrangements will be equivalent because the three pairs of letters are identical, and the two letters in
each pair are interchangeable.

We can arrange the three pairs of letters in 3! = 6 different ways. For each arrangement of the pairs,
we can then arrange the letters within each pair in 2! = 2 ways. Therefore, the total number of distinct
ways to arrange 3 pairs of a and b is:

6 x 2 x 2 x 2 = 48
So there are 48 distinct ways to arrange 3 pairs of a and b. For example:

1. a a b b a a b b a a
2. a a b b a a b b b a
3. a a b b b a a b b a
4. a a b b b a a a b b
5. a a b b b b a a a b
6. a a b b b b a a b a

and so on, up to the 48th arrangement.

ANALYSIS: GPT is confused at the question again. The question asks three pairs. GPT’s answer has
six pairs. The examples from GPT have only five pairs.

Q: Why do you have different answers for [ ] and ab?

GPT: The reason for the different answers for arranging square brackets and arranging letters is because
they are two different problems with different rules and constraints.

When arranging square brackets, we are dealing with a special type of symbol that must be paired up in
a specific way. Each opening bracket ”[” must be paired with a corresponding closing bracket ”]” in order
to form a valid sequence. In addition, the brackets must be nested properly so that each pair is fully
contained within another pair of brackets, with no overlapping or dangling brackets. These constraints
limit the number of possible arrangements and determine the specific patterns that are allowed.

On the other hand, when arranging letters like ”a” and ”b”, we are dealing with a set of distinct elements
that can be arranged in any order, with no constraints on how they are paired or nested. This means that
the number of possible arrangements is simply the number of permutations of the set of letters, which is
calculated using the formula n!/(n-r)!, where n is the number of distinct elements (2 in this case for the
letters ”a” and ”b”) and r is the number of items being arranged (6 in this case for the 3 pairs). This
formula does not consider any specific rules or constraints on the arrangement of the letters.

ANALYSIS: GPT changes the answer again from nr to n!
(n−r)! . This can cause confusion.
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Q: Please write a C program that can generate all possible arrangements for n pairs of [ and ].

GPT: Here’s an example C program that generates all possible arrangements of n pairs of square brackets
(”[” and ”]”) using recursion:

#include <stdio.h>

void generate_bracket_arrangements(int n, char* current_arrangement, int

open_brackets, int close_brackets) {↪→

// If we have generated n pairs of brackets, print the arrangement

if (open_brackets == n && close_brackets == n) {

printf("%s\n", current_arrangement);

return;

}

// If we have not yet generated n pairs of brackets, recursively generate the

next bracket in the arrangement↪→

if (open_brackets < n) {

current_arrangement[open_brackets + close_brackets] = '[';

generate_bracket_arrangements(n, current_arrangement, open_brackets + 1,

close_brackets);↪→

}

if (close_brackets < open_brackets) {

current_arrangement[open_brackets + close_brackets] = ']';

generate_bracket_arrangements(n, current_arrangement, open_brackets,

close_brackets + 1);↪→

}

}

int main() {

int n;

printf("Enter the number of pairs of square brackets: ");

scanf("%d", &n);

char current_arrangement[2 * n + 1]; // Add 1 for null terminator

current_arrangement[2 * n] = '\0'; // Null terminate the string

generate_bracket_arrangements(n, current_arrangement, 0, 0);

return 0;

}

The ‘generate bracket arrangements‘ function uses recursion to generate all possible arrangements
of n pairs of square brackets. The function takes four arguments: the number of pairs of brackets to
generate (‘n‘), a string containing the current arrangement of brackets (‘current arrangement‘), the
number of open brackets generated so far (‘open brackets‘), and the number of close brackets generated
so far (‘close brackets‘).
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The function first checks if it has generated n pairs of brackets by comparing the number of open brackets
and close brackets generated so far. If it has, it prints the current arrangement and returns. Otherwise,
it recursively generates the next bracket in the arrangement, either an open bracket ”[” if we have not
yet generated n open brackets, or a close bracket ”]” if we have generated more open brackets than close
brackets.

The ‘main‘ function prompts the user to enter the number of pairs of square brackets to generate, creates
a character array to store the current arrangement, and calls the ‘generate bracket arrangements‘
function to generate all possible arrangements. The resulting arrangements are printed to the console.

ANALYSIS: This program is correct.

Q: Can you write a c program that generate the different arrangements of three pairs of a and b?
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GPT: Sure! Here’s a C program that generates all the different arrangements of three pairs of a and b:

#include <stdio.h>

// Recursive function to generate permutations of three pairs of a's and b's

void generate_permutations(char *arr, int len, int index)

{

// Base case: we've generated a full permutation

if (index == len) {

printf("%s\n", arr);

return;

}

// Generate all possible swaps for the current index

for (int i = index; i < len; i++) {

// Don't swap if the characters are the same

if (arr[i] == arr[index] && i != index) {

continue;

}

// Swap the characters

char tmp = arr[i];

arr[i] = arr[index];

arr[index] = tmp;

// Recursively generate permutations for the remaining indices

generate_permutations(arr, len, index + 1);

// Swap the characters back

tmp = arr[i];

arr[i] = arr[index];

arr[index] = tmp;

}

}
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int main()

{

// Create an array of six characters representing the three pairs of a's and

b's↪→

char arr[] = {'a', 'a', 'b', 'b', 'c', 'c'};

// Generate all permutations of the array

generate_permutations(arr, 6, 0);

return 0;

}

In this program, the ‘generate permutations‘ function is a recursive function that generates all possible
permutations of the array. The ‘arr‘ parameter is the array to permute, ‘len‘ is the length of the array,
and ‘index‘ is the current index we’re generating permutations for.

The program starts by creating an array ‘arr‘ with six characters representing the three pairs of a’s and
b’s. It then calls ‘generate permutations‘ to generate all possible permutations of the array.

When we call ‘generate permutations‘, we start at the current index ‘index‘ and loop over all possible
swaps for that index. We skip swaps if the characters are the same, because we don’t want to generate
duplicate permutations. If we find a valid swap, we swap the characters, recursively generate permutations
for the remaining indices, and then swap the characters back.

Finally, the program prints out each generated permutation to the console. The output will be all 48
distinct arrangements of three pairs of a’s and b’s.

ANALYSIS: This program is incorrect in several ways. First, it includes c but the original question has
only a and b. Second, many of the program’s outputs are duplicates. Third, the program’s output has
319 lines, not 48.

3 Code Availability

We host the source code at https://github.com/SoftwareSystemsLaboratory/ChatGPT-Archive. We
host a live REPL at https://replit.com/@DrGKT/ChatGPT-GKT.

4 Conclusion

We are impressed by GPT’s ability to generate C programs from our questions. Even though GPT makes
several mistakes and provides code that includes design flags such as inefficient algorithms and security
vulnerabilities, we believe that GPT can be used as a teaching tool for programming courses and can help
both students and instructors. It is important to know that GPT’s answers may be incorrect, inconsistent,
or even insecure, which strongly suggests the importance of experts to check GPT’s answers and provide
additional insight, as we have done here. This article records the conversations with GPT on topics related
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to C programming at the introductory level. Additional studies are needed to evaluate GPT’s ability to
write more complex programs. Additional studies are needed to evaluate GPT’s ability to support other
software engineering activities, such as dependency selection and code reuse.

Authors

James C. Davis is Assistant Professor in the Elmore Family School of Electrical and Computer Engi-
neering at Purdue University. His research topics include software engineering, cybersecurity, and computer
systems. He is a Senior Member of the IEEE.

Yung-Hsiang Lu is Professor in the Elmore Family School of Electrical and Computer Engineering at
Purdue University. His research topics include computer systems, computer vision, and embedded systems.
In 2020-2022, he was the director of Purdue’s John Martinson Engineering Entrepreneurship Center. He is a
Fellow of the IEEE, Distinguished Visitor of the Computer Society, and Distinguished Scientist of the ACM.

George K. Thiruvathukal is Professor and Chairperson in the Department of Computer Science at
Loyola University Chicago and Visiting Computer Scientist at Argonne National Laboratory in the Leader-
ship Computing Facility. His research topics include parallel and distributed systems, software engineering,
computer science, and embedded systems. He is a Senior Member of the IEEE.

References

[1] Lakshmi Varanasi. ChatGPT could be a Stanford medical student, a lawyer, or a financial analyst.
Here’s a list of advanced exams the AI bot has passed so far.

[2] Xiaoming Zhai. ChatGPT User Experience: Implications for Education, December 2022.
[3] Ali Borji. A Categorical Archive of ChatGPT Failures, February 2023. arXiv:2302.03494 [cs].
[4] Wenxiang Jiao, Wenxuan Wang, Jen-tse Huang, Xing Wang, and Zhaopeng Tu. Is ChatGPT A Good

Translator? A Preliminary Study, January 2023. arXiv:2301.08745 [cs].
[5] Dominik Sobania, Martin Briesch, Carol Hanna, and Justyna Petke. An Analysis of the Automatic Bug

Fixing Performance of ChatGPT, January 2023. arXiv:2301.08653 [cs].
[6] Sajed Jalil, Suzzana Rafi, Thomas D. LaToza, Kevin Moran, and Wing Lam. ChatGPT and Software

Testing Education: Promises & Perils, February 2023. arXiv:2302.03287 [cs].
[7] Simon Frieder, Luca Pinchetti, Ryan-Rhys Griffiths, Tommaso Salvatori, Thomas Lukasiewicz,

Philipp Christian Petersen, Alexis Chevalier, and Julius Berner. Mathematical Capabilities of Chat-
GPT, January 2023. arXiv:2301.13867 [cs].

[8] Ralph Grimaldi. Discrete and Combinatorial Mathematics: An Applied Introduction. Pearson, 5th
edition, July 2003.

[9] John Mongan, Eric Eiguere, and Noah Kindler. Programming Interviews Exposed. Wrox, March 2018.
[10] Adnan Aziz, Tsung-Hsien Lee, and Amit Prakash. Elements of Programming Interviews. 2015.
[11] Jeri R Hanly and Elliot B Koffman. Problem Solving and Program Design in C. Pearson, 7th edition,

March 2012.
[12] Behrouz A Forouzan and Richard F Gilberg. Computer Science: A Structured Programming Approach

using C. Course Technology, 3rd edition, 2007.
[13] Gayle Laakmann McDowell. Cracking the Coding Interview. CareerCup, 2013.
[14] Yung-Hsiang Lu. Intermediate C Programming. CRC Press, July 2015.

69


	Conversations with ChatGPT about C Programming: An Ongoing Study
	Recommended Citation

	Introduction
	Overview
	Formatting of the conversations

	Conversation History: Questions and Answers
	Facts
	Symbol EOF
	malloc
	sizeof
	ASCII Table
	Bitwise AND (denoted &)
	Summary

	Extension of Facts
	malloc and free
	Quick Sort
	Summary

	Simple Programs
	Print Pascal's Triangle
	Count Letter Occurrences
	Summary

	More Complex Programs
	Read a File and Sort
	Integer Partition
	Memory Safety

	Debug
	free
	Simplify Code
	Reverse Linked List
	Binary Search Tree

	Integration of Discrete Mathematics and C Programs
	Divide and Interleave
	Ordering


	Code Availability
	Conclusion

