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Announcements

 Homework 8 due Monday on Gradescope
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Left over from the last class....

* The header file example

* Variadic functions

* man page
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Memory
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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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An Interesting Stack Example
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int *makeArray () { stacke -
int answer [5]; T o ]
return answer, ‘ fefun oS
} (K\Oﬂ(\ ,
r— &
void setTo(int *array, int length, int value)| { retium oddresg
for (int i=Q; i<length; i+=1) SWVL\L —
) array[i] = value; W(_}/ it
Mswer —

int main(int argc, const char *xargv[]) { whon kg e

int *al = makeArray(); “‘W‘fi“.hgﬁ'ghjmf

setTo(al, 5, -2); mghmom

return O; eleted.
} .
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An Interesting Stack Example

o | call setTo) -

int answer [5];
return answer,;

} _in vegisters

- T
void setTo(int *array, int(lengtb, intt§E££§) { rel acdy
1=

for (int i=0; i<length;

array[i] = value; SﬁNﬁ

}

int main(int argc, const char *argv[]) {
int *al = makeArray();
setTo(al, 5, -2);
return O;

}
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The Heap

The heap is a section of memory that’s different from the stack.

Anything you put on the heap will persist past function calls and returns — it stays there until you explicitly free it.

That means you can allocate space in one function, pass a pointer to another function, and still use that same memory later.
It’s a part of memory that your program is allowed to use for dynamic data that needs to live longer than a single function call.

The heap: unorganized memory for our data
- Most code we write will use the heap
- Not a heap data structure...

Early computer scientists decided “heap” was a great name for this memory space —
but later someone also thought “heap” would be a great name for a data structure.
So remember: the heap in memory is not a heap data structure.

They just happen to share the same name.

You'’ll probably meet the other heap again in your Data Structures course.
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The Heap: Requesting Memory

T’W way we ask 1@){ memony on }’l()ﬁ,P 15 With & ﬁmaﬁm cmleoﬂ malloc
void *malloc(size t size);
- Ask for size bytes of memory
- Returns a (void *) pointer to the first byte
- It does not know what we will use the space for!

- Does not erase (or zero) the memory it returns
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Java

What is the closest thing to malloc in Java?

«
MyC XK= New MCC); I
tLly = naw WtLiood;
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malloc man page

man medloc

calloc and realloc
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malloc Example

typedef struct student_s A
const char x*name;
int credits;

} student;

student *enroll (const char *name, int transfer credits) {
student *ans = (student *)malloc(sizeof (student)) ;

ans->name) = name;
ans->credits = transfer credits;

return ans)

N (seans).name
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The Heap: Freeing Memory

e will use the pmfer to free the space 1 1 chomge

void free(void *Pfr)  the ponter, T will fose e emation of where
’ " 1@6’6‘

- Accepts a pointer returned by malloc

Freeing memory: free

- Marks that memory as no longer in use, available to use later

- You should free() memory to avoid memory leaks
Whea my  progiom énck, the apetating gystan will come M- o free the

Memox/ for me.
s
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An Interesting Stack Example

int *makeArray () {
4ﬁ%~answe¥{5}ﬁ WﬁﬁfamMmr:mch(EXSU@#ﬁNjD;

return answer,;

} Ak % oinwer= it %) malloc (5% speof (nt)) ;
L, Beter! Bt f pw oln'h have i 4t fine.
void setTo(int *array, int length, int value) {

for (int i=0; i<length; i+=1) becouse. modloc returng

, array[i] = value; oL ol . L wil

Lometiail cost o
int main(int argc, const char *argv[]) { 4 Y
int *al = makeArray(); e % .

setTo(alL_§i_:glj/ﬂ<:—ﬁm(ﬂﬁ%
return O;

} |




