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CS50 DUCK DEBUGGER

you
I'm hoping you can help me solve a problem
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you
I'm hoping you can help me solve a problem

ddb
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Midjourney
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Che New Aork Cimes



GENERATED BY A.l

GENERATED BY A.l.

GENERATED BY A.lL.



GENERATED BY A.l.






















deeptomcruise ®
Metaphysic.ai




Ehe New Jork Eimes

Did a Fourth Grader Write
This? Or the New Chatbot?






qusay 1

... | like to bring a yummy sandwich and a
cold juice box for lunch, and sometimes 'l
even pack a tasty piece of fruit or a bag of
crunchy chips. As we eat, we chat and

laugh and catch up on each other’s day. ...
\

- R
Essay 2

... My mother packs me a sandwich, a
drink, fruit, and a treat. When | get in the
lunchroom | find an empty table and sit

there, and eat my lunch. My friends come

and sit down with me. ...
\_ W,
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... My mother packs me a sandwich, a
drink, fruit, and a treat. When | get in the
lunchroom | find an empty table and sit
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ChatGPT



Not Reasonable

Using Al-based software
(such as ChatGPT, GitHub Copilot, Bing Chat, et al.)
that suggests or completes answers
to questions or lines of code.



Reasonable

Using CS50's own Al-based software
including the CS50 Duck (ddb) in ¢s50.ai and ¢s50.dev.


https://cs50.ai
https://cs50.dev
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prompt engineering



system prompt






You are a friendly and supportive teaching assistant for CS50.



You are a friendly and supportive teaching assistant for CS50.
You are also a rubber duck.



You are a friendly and supportive teaching assistant for CS50.
You are also a rubber duck. Answer student questions only
about CS50 and the field of computer science;



You are a friendly and supportive teaching assistant for CS50.
You are also a rubber duck. Answer student questions only
about CS50 and the field of computer science; do not answer

questions about unrelated topics...



You are a friendly and supportive teaching assistant for CS50.
You are also a rubber duck. Answer student questions only
about CS50 and the field of computer science; do not answer
questions about unrelated topics... Do not provide full answers
to problem sets, as this would violate academic honesty...



user prompt



Visual Studio Code for CS50

https://cs50.dev


https://cs50.dev

Explains highlighted lines of code















oo Code Analysis - hello.c —hellc X +

‘ & > C ) codecs50.o0

O hello.c X

#include <cs50.h>
#include <stdio.h>

int main(void)

{
string name = get_string("What is your name? ");
printf("hello, %s\n", name);

[ Code Analysis - hello.c X

#include <cs50.h>
#include <stdio.h>

int main(void)

string name = get_ string("What is your name? ");
printf("hello, %s\n", name);

This code snippet is a simple C program that asks the user for their name
and then greets them using their name. Let's break down the code step by
step:

1. #include <cs50.h>: This line includes the "cs50.h" header file,
which is a library developed by Harvard University for their CS50
course. This library provides some useful functions for input and
output, such as get_string() which we will use later in the code.

2. #include <stdio.h>: This line includes the "stdio.h" header file,

which is a standard C library for input and output operations. It
provides the printf () function that we will use to print the greeting
message.

. int main(void): This line defines the main function of the program.
In C, the main function is the entry point of the program, where the
execution starts. The int keyword indicates that the main function
returns an integer value, and the void keyword inside the
parentheses means that the main function takes no arguments.

4. Inside the main function, we have the following lines of code:



Advises students on
how to improve their code's style
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#include<stdio.h>

int main(void)

{

for(int i=0; i<3; i++)
{

printf("meow\n"); —

}

1
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1— #include<stdio.h>

[ style50 cat.c X

3 int main(void)

{
for(int iZ@; i<3; i++)

Al e

rintf("meow\n");

Explain Changes Apply Changes 9 1 . 9 [IJ -

1+ #includel<stdio. h>

2

3 int main(void)

for[ (int i'=0; i< 3; i++)
{

4
5+
6+
7+
8+
9

1

I
}

printf("meow\n");




Css0

for(int i=0; i<3; i++)

printf("meow\n");

for(dnt iR=S0: i<k 3=

it+)
{

printf("meow\n");

|Ask a question

O catc

1

— #include<stdio.h>

2
3

W oo ~NO WL A

[ style50 cat.c X

Explain Changes Apply Changes 9 0 . 9 [IJ -

int main(void)
{
or(int iZe; i%3; i++)

— &
—if
— printf("meow\n");
—}
}

| B

1+ #includel<stdio. h>

2

3 int main(void)

4 A

5+ for[(int if=10; i<3; i++)
6+ {

7+ printf(“meow\n");

8+ I

9 }




Answers (most of the) questions
asked online by students



John Harvard (STUDENT

@ What is flask exactly?

Comment Edit Delete Endorse e
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CS50 Duck ot Q ENDORSED

Flask is a micro web framework written in Python. It is classified as a
microframework because it does not require particular tools or
libraries, it has no database abstraction layer, form validation, or any
other components where pre-existing third-party libraries provide
common functions.

Comment Edit Delete Unendorse -¢°-



John Harvard (STUDENT

é’:\":} For the Caesar problem, | would like to pass only one argument to the main function. However, |
get an interesting error when | try this:

N

caesar.c:11:5: error: only one parameter on 'main' declaration [-Werror,-Wmain]

If | follow the lecture and add two variables, this code runs. But it seems inefficient, given that
one variable is not utilised. | note that there are certain coding "standards" that govern this
behaviour, but I'm not sure that | understand the rationale here.

Is there a more efficient way to write this code?

Comment Edit Delete Endorse -«



John Harvard (STUDENT

@ For the Caesar problem, | would like to pass only one argument to the main function. However, |
get an interesting error when | try this:

caesar.c:11:5: error: only one parameter on 'main' declaration [-Werror,-Wmain]

If | follow the lecture and add two variables, this code runs. But it seems inefficient, given that
one variable is not utilised. | note that there are certain coding "standards" that govern this
behaviour, but I'm not sure that | understand the rationale here.

Is there a more efficient way to write this code?

Comment Edit Delete Endorse -«
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It seems like you're trying to declare the main function with only one parameter. However, in C, the main
function should have either zero parameters or two parameters, which are int argc and char xargv[].
The first parameter, argc, represents the number of command-line arguments, and the second
parameter, argv, is an array of strings representing each of those arguments.

For the Caesar problem, you'll want to use these parameters to access the command-line argument that
represents the key. To do this, you should declare your main function as follows:

int main(int argc, char *argv[])
{

// Your code here

Then, you can check if the user has provided the correct number of arguments (in this case, just one
additional argument for the key) and handle the input accordingly.

P.S. 1 am an experimental bot. Quack. Do not assume that my reply is accurate unless you see that it's
been "endorsed" by (human) staff. Quack.

Comment Edit Delete Unendorse ee
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It seems like you're trying to declare the main function with only one parameter. However, in C, the main
function should have either zero parameters or two parameters, which are int argc and char *argv[].
The first parameter, argc, represents the number of command-line arguments, and the second
parameter, argv, is an array of strings representing each of those arguments.

For the Caesar problem, you'll want to use these parameters to access the command-line argument that
represents the key. To do this, you should declare your main function as follows:

int main(int argc, char *argv[])
{

// Your code here

Then, you can check if the user has provided the correct number of arguments (in this case, just one
additional argument for the key) and handle the input accordingly.

P.S. 1 am an experimental bot. Quack. Do not assume that my reply is accurate unless you see that it's
been "endorsed" by (human) staff. Quack.

Comment Edit Delete Unendorse e--
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It seems like you're trying to declare the main function with only one parameter. However, in C, the main
function should have either zero parameters or two parameters, which are int argc and char xargv[].
The first parameter, argc, represents the number of command-line arguments, and the second
parameter, argv, is an array of strings representing each of those arguments.

For the Caesar problem, you'll want to use these parameters to access the command-line argument that
represents the key. To do this, you should declare your main function as follows:

int main(int argc, char *argv[])
{

// Your code here

Then, you can check if the user has provided the correct number of arguments (in this case, just one
additional argument for the key) and handle the input accordingly.

P.S. 1 am an experimental bot. Quack. Do not assume that my reply is accurate unless you see that it's
been "endorsed" by (human) staff. Quack.

Comment Edit Delete Unendorse e--



Explains arcane error messages,
hints how to solve



(i) Having trouble with a command? £ X

Source: CS50 Duck (Extension)



Provides students with virtual office hours 24/7



CS50.al

https://cs50.al


https://cs50.ai

CS50.ai vove0

ddb

Quack. | am CS50's duck debugger (ddb), an experimental Al for rubberducking. Quack. My replies might not always be
accurate, so always think critically and let me know if you think that I've erred. Conversations are logged for debugging's
sake. Quack.



CSbH0.ai 2212

ddb

Quack. | am CS50's duck debugger (ddb), an experimental Al for rubberducking. Quack. My replies might not always be
accurate, so always think critically and let me know if you think that I've erred. Conversations are logged for debugging's
sake. Quack.

you

My code is not working as expected, any ideas?

x = input("Give me an integer x: ")
y = input("Give me an integer y: ")
sum = X + Yy

print("x + y is: " + sum)



CSSOa| L X X X

ddb

Quack. | am CS50's duck debugger (ddb), an experimental Al for rubberducking. Quack. My replies might not always be
accurate, so always think critically and let me know if you think that I've erred. Conversations are logged for debugging's
sake. Quack.

you

My code is not working as expected, any ideas?
x = input("Give me an integer x: ")
y = input("Give me an integer y: ")

sum = X + Yy
print("x + y is: " + sum)

ddb

It seems like you're trying to add two integers, but the input () function in Python returns a string. So, when you try to add x
and y, you're actually concatenating two strings, not adding two integers.

To fix this, you can convert the inputs to integers using the int () function like so:

int(input("Give me an integer x: "))
int(input("Give me an integer y: "))

X
y



Approximates a 1:1 teacher-to-student ratio



... felt like having a personal tutor...



... felt like having a personal tutor... | love how
Al bots will answer questions without ego and
without judgment,



... felt like having a personal tutor... i love how
Al bots will answer questions without ego and
without jJudgment, generally entertaining even
the stupidest of questions without treating them
like they're stupid.



... felt like having a personal tutor... | love how
Al bots will answer questions without ego and
without judgment, generally entertaining even
the stupidest of questions without treating them
like they're stupid. it has an, as one could
expect, inhuman level of patience.



generative artificial intelligence



artificial intelligence
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Hello, world!

Hello, world!
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decision trees






[ Is ball left of paddle? ]




[ Is ball left of paddle? ]

Yy




[ Is ball left of paddle? ]

YV

{ Move paddile left. ]




[ Is ball left of paddle? ]

Yes No

{ Move paddile left. ]




[ Is ball left of paddle? ]

Yes No

[ Move paddie left. ] [Is ball right of paddle?]




[ Is ball left of paddle? ]

Yes No

[ Move paddie left. ] [Is ball right of paddle?]

YV




[ Is ball left of paddle? ]

Yes No

[ Move paddie left. ] [Is ball right of paddle?]

YV

[ Move paddie right. J




[ Is ball left of paddle? ]

Yes No

[ Move paddie left. ] [Is ball right of paddle?]

Yes No

[ Move paddie right. J




[ Is ball left of paddle? ]

Yes No

[ Move paddie left. ] [Is ball right of paddle?]

Yes No

[ Move paddie right. J [ Don't move paddle. ]







While game is ongoing:



While game is ongoing:
If ball is left of paddle:
Move paddle left



While game is ongoing:
If ball is left of paddle:
Move paddle left
Else if ball is right of padding:
Move paddle right



While game is ongoing:
If ball is left of paddle:
Move paddle left
Else if ball is right of padding:
Move paddle right
Else:
Don't move paddle









Canlget3inarow
this turn?




Canlget3inarow
this turn?

Yy




Canlget3inarow
this turn?

Yes/

{ Play in square to ]

get 3 in a row.




Canlget3inarow
this turn?

Yes No

Play in square to
get 3 in a row.




Can |l get 3in arow
this turn?

Yes No

Play in square to Can my opponent get 3 in
get 3 in a row. a row on their next turn?




Can |l get 3in arow
this turn?

Yes No

Play in square to Can my opponent get 3 in
get 3 in a row. a row on their next turn?

YV




Can |l get 3in arow
this turn?

Yes No

Play in square to Can my opponent get 3 in
get 3 in a row. a row on their next turn?

YV

[ Play in square to block J

opponent's 3 in a row.




Can |l get 3in arow
this turn?

Yes No

Play in square to Can my opponent get 3 in
get 3 in a row. a row on their next turn?

Yes No

Play in square to block
opponent's 3 in a row.




Can |l get 3in arow
this turn?

Yes No

Play in square to Can my opponent get 3 in
get 3 in a row. a row on their next turn?

Yes No

Play in square to block
opponent's 3 in a row.







Why Al is Good at Games

Inputs and outputs that can be
represented mathematically.

A goal in the form of a
function to maximize/minimize.



minimax
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MAX (X) aims to maximize score.

MIN (O) aims to minimize score.
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If player is X:
For each possible move:
Calculate score for board
Choose move with highest score



If player is X:
For each possible move:
Calculate score for board
Choose move with highest score

Else if player is O:
For each possible move:
Calculate score for board
Choose move with lowest score



Possibilities

Tic-Tac-Toe
All possible games



Possibilities

Tic-Tac-Toe { 255 168 ]

All possible games




Possibilities

Tic-Tac-Toe { 255 168 ]

All possible games

Chess
First 4 moves only



Possibilities

Tic-Tac-Toe { 255 168 ]

All possible games

Chess ( 288 million ]

First 4 moves only




Possibilities

Tic-Tac-Toe { 255,168 ]

All possible games

Chess ( 288 million ]

First 4 moves only

Go

First 4 moves only

( 266 quintillion J




machine learning



reinforcement learning








http://www.youtube.com/watch?v=W_gxLKSsSIE



















































































































explore vs. exploit



epsilon = 0.10

If random() < epsilon:
Make a random move
Else:
Make the move with the highest value
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deep learning



neural networks
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generative artificial intelligence






qusay 1

... | like to bring a yummy sandwich and a
cold juice box for lunch, and sometimes 'l
even pack a tasty piece of fruit or a bag of
crunchy chips. As we eat, we chat and

laugh and catch up on each other’s day. ...
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Essay 2

... My mother packs me a sandwich, a
drink, fruit, and a treat. When | get in the
lunchroom | find an empty table and sit
there, and eat my lunch. My friends come

and sit down with me. ...
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large language models



Attention Is All You Need

Ashish Vaswani* Noam Shazeer* Niki Parmar* Jakob Uszkoreit*
Google Brain Google Brain Google Research Google Research
avaswani@google.com noam@google.com nikip@google.com usz@google.com

Llion Jones* Aidan N. Gomez* Fukasz Kaiser™
Google Research University of Toronto Google Brain
llion@google.com aidan@cs.toronto.edu lukaszkaiser@google.com

Illia Polosukhin*
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transformer architecture



"Massachusetts is a state in the New England
region of the Northeastern United States. It
borders on the Atlantic Ocean to the east.
The state's capital is..."



"Massachusetts is a state in the New England
region of the Northeastern United States. It
borders on the Atlantic Ocean to the east.
The state's capital is..."
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-0.015087277, 0.0016655319, -0.0035915847, 0.008539844, 0.014812009, -0.019058993, 0.0046107294, 0.021628156, -0.014025532, 0.026818912, -0.007753366, 0.011974134, -0.009149365, 0.014156611, 0.030305633, 0.010217665, -0.027657824, -0.0036374626, -0.01344878, 0.016280103, -0.013232498, 0.00591825,
0.022296662, -0.021890314, -0.0013271823, 0.00966713, 0.008847882, -0.0032671622, 0.015965512, 0.025141092, 0.0042076595, 0.012111767, -0.017250093, -0.04810626, -0.0127540575, 0.0086643705, -0.014772686, -0.021457752, -0.0004698389, -0.0003748061, 0.025848923, 0.025848923, -0.0041322885,
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-0.0014369616, 0.00006881686, 0.028287007, 0.0020972758, 0.011344951, -0.0080155255, -0.024865825, -0.012419805, 0.0258096, 0.022781657, -0.0024642989, -0.014156611, 0.013671616, 0.018246299, -0.029624019, -0.016017944, 0.005223527, -0.004702485, -0.009037947, -0.0032671622, 0.028234575,
0.022781657, -0.022834089, 0.027448095, -0.014222151, -0.003958608, 0.03350398, -0.012164199, -0.014720254, -0.0051121097, -0.026281485]
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Most perfect contraption that's ever been seen.
Just put in your homework, then drop in a dime,
Snap on the switch, and in ten seconds’ time,
Your homework comes out, quick and clean as can be. Q
Here it is—"nine plus four?” and the answer is “three.”
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The Homework Machine, oh the Homework Machine,
Most perfect contraption that's ever been seen.

Just put in your homework, then drop in a dime,

Snap on the switch, and in ten seconds’ time,

Your homework comes out, quick and clean as can be. Q
Here it is—"nine plus four?” and the answer is “three.”
Three? 0
Ohme...
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HOMEWORK MACHINE

The Homework Machine, oh the Homework Machine,
Most perfect contraption that's ever been seen.

Just put in your homework, then drop in a dime,

Snap on the switch, and in ten seconds’ time,

Your homework comes out, quick and clean as can be. Q
Here it is—"nine plus four?” and the answer is “three.”
Three? 0
Ohme...

I guess it's not as perfect
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HOMEWORK MACHINE

The Homework Machine, oh the Homework Machine,
Most perfect contraption that's ever been seen.

Just put in your homework, then drop in a dime,

Snap on the switch, and in ten seconds’ time,

Your homework comes out, quick and clean as can be. Q
Here it is—"nine plus four?” and the answer is “three.”
Three? 0
Ohme...

I guess it’s not as perfect
As I thought it would be.
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thank you



If RSVP'd for CS50 Lunch at
Changsho after lecture, look
for this yellow duck in the
lobby to follow!




This is CS50



