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Announcements

 Homework 8 due Monday on Gradescope

* Quiz 8 out today, due Sunday night
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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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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
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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

TIW woy we ok 1%( Mmemon] on h()ﬂ,P is with o ﬁtmcﬁw\ called mallac
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?

£
A@C X= New MCC); I
Oy = new WELiol;
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malloc man page

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)) ;

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

return ans)

N (%ans ). name
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The Heap: Freeing Memory

We will use the prnfer to free the space. It 1 ckange

the pmV\J(gr T will lose the Information ’JWC Wheve
void free(void x*ptr),; o e

Freeing memory: free N

- Accepts a pointer returned by malloc
- Marks that memory as no longer in use, available to use later

- You should free() memory to avoid memory leaks
Whea my progiom oncks, the cpetating qystan will come M- o free the

Memon/ ﬁvma,
.
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An Interesting Stack Example

int *makeArray () {
_Ln%’—ame—i:{&]/ k¥ ansyper = madloe (5 Sizet Gnt) ) ;

return answer,;

} ¢ ongwer= (it ) mallac (5 speof (nt))
Lo Beter: %K‘HTMWk%M%LMWi&iﬁsﬁwa
void setTo(int *array, int length, int value) {

for (int i=0; i<length; i+=1) becouse. malloc veturng

) array[i] = value; o ygol x . 4L Wil

ity cost o
int main(int argc, const char *argv[]) { purtam Y
int *al = makeArray(); Nt %

setTolal, 5, -2)5 ' (),
return O; firelal);

}
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Garbage

Garbage - memory on the heap our code will never use again
- Weird: defined in terms of the future!

- Compiler can’t figure out when to free foryou
T menot F2ll whot is actually gabag? and et s nal
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Garbage

Garbage - memory on the heap our code will never use again
- Weird: defined in terms of the future!
- Compiler can’t figure out when to free for you

What about Java?

Dies Jpun have Sumefhwg ke free>  Set fe p»nm £o Null 2 JAVA s W@Wb@e alloctor.
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“The garbage collector goes through and frees memory automatically that I’'m not

Garbage Collector using anymore.”

But it doesnt fiee oll of gabage. T wos ot pggﬁb)g,
Garbage Collector - frees garbage “automatically”

- Unreachable memory - memory on heap that is unreachable
through pointers on the stack (or reachable by them)

“Imagine your program stack has pointers to heap objects,

- SU bset Of d “- th e ga rbage and those objects might have references to other

- : | objects...”
l d € ntlﬁ d b le' The garbage collector pauses your program, walks through
memory, and finds all heap objects that cannot be reached
- Takes resources to work from the stack.”

- Very popular - most languages have garbage collectors

—_— Java’ Pyth on, C#’ “This takes resources to work — it pauses your program
and makes Java a little slower, but it’s very popular.”

“Most languages have it — only a few don’t, like C, C++,
and Fortran. Some make it optional like Rust, D, and Go.”
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Common Memory Bugs (reading)




