Memory, pointers, and C

David Kot
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Computer architecture

fetch instructions
stores code for

currently-running
programs, and their
current data

load & store data

data | programs .
R e it e A, (U ‘Lois S
‘ stores files in a T o

filesystem; some of
‘ T [/- ' those files are
o — executable
programs

e * - TR S= & . '_jl.—'\ - ~ 8 . y : s B y o o S y
—_a S p '_l‘ =Sy : PR - 0 b r (i :1‘ » [ NN '—
Y A . ‘ T e 4 s o . .

M
- & ¥ 2T A
S ey ) -

- 07 ol B nt AL

1) S
L

L
-l‘- “ - .V‘ --‘.-



Memory (RAM)

Every process (running program) has its own memory:;
every byte In memory has a unigue numeric adaress.




Memory (RAM)

Every process (running program) has its own memory:;
every byte In memory has a unigue numeric adaress.




Characters, and pointers

1nt main()

1

CROREGE= e // a character
char *p = &c; // a pointer to a character
char **pp = &p; // a pointer to a pointer to a character
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pointerQ.c — output

L L

c = "X
p = Ox/7fffcco2d597, *p = "X’
pp = Ox/7fffccol2d588, *pp = Ox/fffccol2d597, **pp = "X’

not/ce z‘hat pp

**
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Strings in memory

C has no “string” type; a string is an array of characters ending in a null
character (\O'); we often refer to a string with a pointer to its first character.




pointer1.c

char *CS = "Computer Science";

1nt main()

{

printf(" CS = %12p, *CS = "%c', CS as string = "%s'\n", CS, *CS, CS);




pointer1.c — output

CS = 0x0000400630, *CS = 'C', CS as string = 'Computer Science’

p = Ox0000400030, *p = 'C'
p = Ox0000400631, *p = 'O
p = Ox0000400032, *p I
p = 0x0000400633, *p 'p’
p = Ox0000400034, *p = 'u'
p = Ox0000400635, *p ke
p = Ox0000400036, *p = 'e'




pointer1.c — output

CS = 0x0000400630, *CS = 'C', CS as string = 'Computer Science’
p = 0x0000400630, *p = 'C’
p = 0x0000400631, *p = 'o'
p = Ox0000400032, *p = 'm' nO’[lce
p = 0x0000400633, *p = 'p' ,
o - 0x0000400634, *p = 'u’ * Poth p and CS are pointers
p = 0x0000400635, *p = 't A~
> _ 0x0000400636. *p ~ 'e' P |n|t|aHy has the same value as CS
p = 0x0000400637, *p = 'r'  * (].€., points to the same address)
= @Qx0000400638, *p = " : :
o o incrementing p steps to the next char
P = 0x000040063a, *p = ‘¢’ e since sizeof(char)=1, address increments by 1
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p IS an address, *p IS a character
printt can print a pointer with %p, or interpret
that pointer as address of a string with %s




Code, data, heap, and stack

Process memory includes compiled code (machine instructions),
data (global variables), heap (dynamically allocated), and stack (local variables)

¥ .y o bl ' “-.- SR
.- '(" s v; ’ . M e l'l' ._.‘__ N & - P IR “ 3 - h N > - J-

-------

&
'A:— A



Code memory

All your C code is compiled into machine instructions, /inked with
ibraries, and laid out within the code segment
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Data memory

All your global variables are laid out in the data segment




const i1nt fifteen =
1int main()
{

// local variables are on the stack
TSRO = e A =S

pointer2.c (part 1)

// global variables; note they are in low memory addresses
printf("globals\n");

printf(" fifteen @ %12p has value %d\n", &fifteen, fifteen);
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Stack memory

Functions’ local variables live in the stack segment, aka, “on the stack™
along with a record of the function-call sequence




pointer?2.c — output (part 1)

globals

fifteen @ Qx0000400/50 has value 15
main @ @x00004005f6

X @ Ox/ffdbf396d3c has value Z

y @ Ox7ffdbf396d38 has value 5




pointer2.c (part 2)

// pass X by reference, y by value
change(&x,y);

// see whether those changed

printf("main @ %12p\n", main);

printf(" x @ %12p has value %d\n", &x, X);
printf(" y @ %12p has value %d\n", &y, y);




Stack memory

Functions’ local variables live in the stack segment, aka, “on the stack™
along with a record of the function-call sequence
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Stack memory

Functions’ local variables live in the stack segment, aka, “on the stack™

along with a record of the function-call sequence

.J,; -1 IIIIIIII'I.
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Stack memory

Functions’ local variables live in the stack segment, aka, “on the stack™

along with a record of the function-call sequence

.J,; -1 IIIIIIII'I.
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pointer2.c — output (part 2)

main @ @x0000400566
X @ Ox7ffdbf396d3c has value 2

y @ Ox7ffdbf396d38 has value 5

change @ 0x0000400645

a @ Ox7ffdbf396d1l8 has value 2 at Ox7ffdbf396d3c
b @ Ox/ffdbf390d14 has value 5
main @ @x0000400566
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Heap

The heap is for dynamically-allocated memory — when you don’t know in advance

how much space you'll need, or so you can bulld complex data structures.
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pointer3.c

1nt main()

{
char *hello = "hello world!";
char buf[15];

strcpy(buf, "something"); // initialize buf

// local variables are on the stack
printf(" hello @ %12p has value '%s', which resides at %12p\n", &hello, hello, hello);
printf(" buf @ %12p has value '%s', which resides at %12p\n", &buf, buf, buf);
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Heap

The heap is for dynamically-allocated memory — when you don’t know in advance
how much space you'll need, or so you can bulld complex data structures.
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Heap

The heap is for dynamically-allocated memory — when you don’t know in advance
how much space you'll need, or so you can bulld complex data structures.

.: : .I......... . ‘

X0 I l

P L ] ) _ | _ _ _ _ _ _ . _ _ S
- L — V- e Rl » 5 . v = _ = u = L7 -_ L — » .| ;..‘ - '_' I v N L ¥ -y - z = L _"l N .' - 3 3 = » 3 & — = ¥ % ". 0 :F - - = 3 .



’ [ . & - » ) @
Nl B -' 'J:_ - apdl i

pointer3.c — output

hello @ Ox7ffc79c14658 has value 'hello world!', which resides at 0x0000400720
notice it is a different address! because it was initialized to point to a constant string.

buf @ Ox7ffc79c14640 has value 'something', which resides at Ox7ffc79c14640
notice it is the same address! because buf is a character array on the stack.

now hello @ Ox7ffc79cl14658 has value 'new stuff', which resides at 0x0002278420
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calling free(hello) did not change the pointer, but we should never use that pointer value!



Heap

The heap is for dynamically-allocated memory — when you don’t know in advance

how much space you'll need, or so you can bulld complex data structures.
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Array of strings

char *names|06]




