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Announcements

 Homework 8 releasing soon, due next Monday on Gradescope
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C Reference Guide
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Functions Definition |/ oy want the fun ction definitin o appaar N e p)m@

int f(int x) {
return 2130 * x;
}

- Definition of the function
We only want this in one .c file
- Do not want 2 definitions
- Which one should the linker choose?
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Header Files

C header files: .h files
- Written in C, so look like C

- Only put header information in them

- Function headers
- Macros

= typedefs

— struct definitions

- Essentially: information for the type checker that does not
produce any actual binary

. #include the header files in our .c files (toke theentie flz and paste it ot
the bo o code)
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- Things that tell the type checker how to work
- Do not generate any actual binary

C files
- Function definitions and implementation

. Include the header files (one hesder fle can be usal by mulbiple
C files).
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Including Headers

#include "myfile.h" (] want £ jnchide 4 Rle ot T wioke)
- Quotes: look for a file where I'm writing code

- Our header files
#include <string.h>
- Angle brackets: look in the standard place for includes
. Code that came with the compiler (2t of inchudes thit aame. uitn
- Likely In /usr/include the carnpiler)
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Macros

#define NAME something else

- Object-like macro > Tk oloes His of the tord Lol

: ReglacgNAME In source with something else
— yhatdler s affer the amma yetil the seomd pme/\%héseém is the

#define NAME(a,b) something b and a seaonel g,
: : Whotever is the st %Vg of ter the aperng - paventneses
- Function-like macro untl the comma.
foxt ovel

— .
- Replaces NAME(X,Y) with something Y and X

I

Lexical replacement, not semantic
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Interesting Example

#define TIMES2(x) x * 2 /* bad practice */
#define TIMES2b(x) ((x) * 2) /* good practice */
int x = ! TIMES2(2 + 3);
A=128350= K=0tb = =),

—J —

0 b
int y = | TIMES2b(2 + 3); e ven explicit when You're Uy the

A= , [@4’%)%2)} Moy (7{@{%(\@ WWLP Hom N PﬂlTQI\H\QWS Q/UL

andirce an order of opererhione
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Examples and More

#ifn de{} f s OLVéodﬂ defved, i wont oo

doif )yt betuen the ifief and endtf
- header example

Why? We want tonchide o header e n ol
of aw O Hls. 1f I nchiole the Sanme Ale mulfidle
fimes, 4¥'s conect bUf pved.

- variadic functions
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Memory

I havg WH{]}’Q Prymms kumg on
my oomputer oll HheFime. But %hej’re
all oy o Hivk they o0 e ol of
memory

In 1eality., hot's not fie — eoch
pHcess pnly hus ik oun 4sobfed
view of memoy.

(process A ol pricess B might both
ik H\@M have memow) ot address

O lovo, byt theyre. achially re{emﬂ\o}
tn diffaert physi @] Joprions)

If each process thinks it has access to “all
addresses” — like terabytes or exabytes of
possible memory —

how is that possible when your computer might
only have 16 GB of RAM?

That’s the “weird” part that virtual memory
solves.

We’re not going to go deep into memory
management right now — you’ll learn about
address translation, page tables, and virtual-to-
physical mapping later in Computer Systems I1
(CS02).

Virtual memory lets a program use virtual
addresses,

which the hardware (Memory Management Unit,
MMU) automatically translates into physical
addresses —

the real locations in RAM or on disk.
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Stack

ctack frame .
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At the very bottom of memory — near address 0 — there’s a special protected region.
The operating system doesn’t let us read or write anything there.
Why? To protect us from ourselves.

If we accidentally take an integer, cast it to a pointer, and try to access that address — for example,
address 5 — the hardware will stop us.

That’s why we get a segmentation fault: we tried to read or write from a memory segment we’re not
allowed to touch.

In C, the constant NULL is not a keyword but is usually defined as a pointer to address 0.

This means that dereferencing a null pointer — trying to access the memory at address 0 — will also
trigger a segmentation fault.

And that’s intentional.

We want the system to complain immediately instead of silently reading some random value from the
bottom of memory.

So, the “bottom of memory” is deliberately left empty to catch common pointer mistakes —

for example, dereferencing NULL or casting an integer like 5 to a pointer and using it as an address.
When that happens, the operating system stops the program with a segmentation fault rather than
letting it continue with undefined behavior.

In short:

The low-address region exists as a safety barrier — it's the system’s way of saying,
“You’re trying to access memory that doesn’t belong to you.”



