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Welcome!

Today:
➔ Memory Models
➔ Debugging

Logistics:
➔ Assign 2 up.
➔ Avg. 87/90. Hand grading 

coming soon…
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Interesting fact…



Assignment 2 Overview

Built around tetris, as written by my friend 
Nathan Otterness (in three days).

Assignment by our excellent UTA, Ryan Good!

Two parts:
➔ Manually editing the tetris save file
➔ Building a program to edit the save file
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The tetris program saves its data by dumping its 
internal TetrisGameState struct into a file.

The data in the file is an exact copy of the bytes 
stored in-memory that represent the struct.

This is how many programs, particularly those 
from the 1990s and early 2000s, write save files.
➔ Ex: Microsoft Word, Excel, etc.

Logistics



Memory Models
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One way of looking at last week's examples…



Three Sections of Memory
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Memory Models

Static Memory
Global variables, static 
variables, string literals.

Stack Memory
Temporary variables for 

each function on the stack.

Heap Memory
Not used by default. 

Accessible via 
malloc()/free()-like 

functions



Thanks to UTA Kenan Poole for these slides!

Question from Last Time: Unions
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From last time…
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Memory Models: Ex.

What will this print for i = 0?

Try it yourself!

$ wget    
https://www.cs.unc.edu/~jbakita
/teach/comp211-s23/l6/mystery
2.c
$ gcc mystery2.c -o myst
$ ./myst

Try it yourself!

$ wget    
https://www.cs.unc.edu/~jbakita/t
each/comp211-s23/l6/mystery2.c
$ gcc mystery2.c -o myst
$ ./myst

https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l6/mystery2.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l6/mystery2.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l6/mystery2.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l6/mystery2.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l6/mystery2.c
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Note the type cast
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Thanks to UTA Kenan Poole for these slides!

Question from Last Week: Structs
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From last week…
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Memory Models Ex. 2

Which variable(s) will cause printf() to 
always print "UNC"?

Try it yourself!

$ wget    
https://www.cs.unc.edu/~jbakita
/teach/comp211-s23/l5/mystery.
c
$ gcc mystery.c -o myst
$ ./myst

https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l5/mystery.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l5/mystery.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l5/mystery.c
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Memory Models Ex. 2
main

Stack
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Memory Models Ex. 2



Debugging
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Another way to look at last week's examples…



dd Delete current line

D Delete from cursor to end-of-line

>> Increase indent

<< Decrease indent

O Add line above cursor and enter 
insert mode

o Add line below cursor and enter 
insert mode

valgrind prog Run prog with valgrind

gdb prog Start the GNU Debugger on  
prog

info thing View detailed manual for 
thing

xxd file Print file as hexadecimal

wget addr Download file from addr

rm file Delete file

cd dir Move to dir

cat file Print contents of file

cp fileA fileB Copy fileA to fileB

Command Line

set cindent

set nowrap
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Debugging Key Commands

Vim Commands (Normal Mode)

For Your ~/.vimrc Config File



Why learn 
GDB?
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Python has PDBJava has JDB

And they support a similar set 
of commands!



From last time…
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Memory Models   Ex. 1

What will this print for i = 0?

Try it yourself!

$ wget    
https://www.cs.unc.edu/~jbakita/t
each/comp211-s23/l6/mystery2.c
$ gcc mystery2.c -o myst
$ ./myst

https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l6/mystery2.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l6/mystery2.c


From last week…
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Memory Models Ex. 2

Which variable(s) will cause printf() to 
always print "UNC"?

Try it yourself!

$ wget    
https://www.cs.unc.edu/~jbakita
/teach/comp211-s23/l5/mystery.
c
$ gcc mystery.c -o myst
$ ./myst

https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l5/mystery.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l5/mystery.c
https://www.cs.unc.edu/~jbakita/teach/comp211-s23/l5/mystery.c


Breakpoints
Da

ta

break <file>:<l>
break <function>

break <function> if 
<condition>

b
Set a breakpoint with 
optional condition at 
a location or function

info breakpoints i b List all breakpoints

delete <breakpoint 
number> d Delete a breakpoint

continue c Resume execution

backtrace bt List all stack frames

select <frame#> sel Select a stack frame 
as your context

next n Execute the next line 
from your context

step s Execute one line

list l Print source codeCo
nt

ro
l F

lo
w

print <expr> p
Execute expression 
and print result (can 
modify data)

info locals i lo
Print value of every 
local variable in your 
stack frame

x <addr> x Print bytes at addr in 
memory

whatis <expr> wha Print type of expr

Adm
in

run <args> r Run local program
quit q Exit GDB

help <cmd> h Print quick reference 
for a command

set history save Save command 
history 46

Debugging Key GNU Debugger (GDB) Commands
Full command 

name Shorthand Access the full GDB manual via 
info gdb on the command line



Thanks! 
Questions?

See office hour calendar on the 
website for availability.

Contact:
Email: hacker@unc.edu
Twitter: @JJBakita
Web: https://cs.unc.edu/~jbakita
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