UNIVERSITYsf VIRGINIA

C Introduction

CS 2130: Computer Systems and Organization 1

Xinyao Yi Ph.D.
Assistant Professor

il UNTERSITY | ENGINEERING




UNIVERSITYsf VIRGINIA

Announcements

 Homework 8 due next Monday on Gradescope




UNIVERSITYsf VIRGINIA

Macros

#define NAME something else

- Object-like macro > Tk oloes His of Hhe tord lawl

- Replaces NAME in source with something else
— uhateler is affer the amma vt tHhe seomd parentheses s the
#define NAMEMthing b and a Socondl. g

. . W1 < the Arst € Tor the theges
- Function-like macro %ﬁ\vﬁg];mmaw Yg of Operng - parentnese

— Toxt [ovel _
- Replaces NAME(X,Y) with something Y and X

-

Lexical replacement, not semantic
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wn cpp yse-Mdude.c | less
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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);

=1 28350= §=0th = =)
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int y = ! TIMES2b(2 + 3); 65 very @Kp)mf WM”I \\/]w/}@ MQM the
4= | [0+)%2 ) mocro olefine. Wrap tham in oaerthoses anel

anfirce an order of opererhionc
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Examples and More

&ifn de{} ™ a8 ayggdﬂ defved, £ wort oo

donhf ) angthvg betueen te ifif ond entf
- header example

Why> We want to nchide o header file in 2l
O]C o £ Hles  if Ianchole the Seme file mulfide
’Hm@g) sFs o poect Ut W\V@O{,

- variadic functions




L have multiple prigams Uy of
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all gorg o e they o2 e ol of
memory .
[n veslity. thot's not tue — eoch

pHeSs paly s s gun Asolafec
View 0{3 memoiy.

(protess A ool pricess B might both
tfivk fhoy have memoyf ot adddress

O lov0, byt theyre achially "E’fgmﬂf]
th diffaent p}]yjsi | Jomrtions)

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

ctad fame .
Aytine 1 @l o function, there are
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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.”
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Memory
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An Interesting Stack Example i
int *makeArray () A TQﬂ@i,.__
int answer [5]; Yefin ooldress
return answer; (ﬂ%ﬂ
retun oddlress
void setTo(int *array, int length, int vaﬁpe) {
for (int i=0; i<length; i+=1) ST ?iij{g
array[i] = value; &wﬁw 2
¥ RASWeEY :
akefroy ) retum,
int main(int argc, const char *argv[]) { %Qﬁgﬁﬂﬂm”
int *al = makeArray(); memwdﬂm
setTo(al, 5, -2); e for makeArodO0
deleted.
return O;
} on(e. nepeAroy Yofunns, remae: eienting ysp go back fo i),
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An Interesting Stack Example hon 1 call setTol) -
Ko T
int *makeArray () @@M Pm\(\ i stack-
int answer [5]; € ——W‘?
return answer; st " Yetun oolares
} /77(\ % (i —— o
void setTo(int *array, int (length), int @ ret_oddy
for (int i=0; i<length; i+= e TRk X & K B
array[i] = value; ST 5 -2 |
} Sl =
Aaswer Mo 01
int main(int argc, const char *argv[]) { ~ L
int *al = makeArray(); = %
setTo(al, 5, -2); IS
return O; %
} {orger
00
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