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Ice Breaker
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A bit about me e

* Theodor/ Theo, he/him
- CMPE ‘27

Penn Electric Racing

Previously TA'd CIS 1100
Tennis £ & Swimming<y

From Iasi, Romania {3

This summer: CompArch research
I love cats and caffeine

CIS 3990
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Your turn! T
|

Name & pronouns (if comfortable)

Year & Major

Hometown

Fun fact/ hobby/ passion

What do you want to get out of CIS 39907

CIS 3990 6
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Logistics @ Logineering

HWOO out - due 11:59pm on Tues, Sep 02 - via Gradescope
Survey00 out - due 11:59pm on Fri, Sep 12 - via Canvas

* Docker setup updated and released last night

« Github setup - automatic via Gradescope

* Oct 22 - Exam O - Please let us know ASAP if you have conflicts

CIS 3990 8




RIGHT NOW: Gradescope Email! %3,
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dllgradescope <=

by Turnitin

Your Account

Update your account
information to the right.

Logged in via LTI 1.0.

Account Settings

* Required field

Full Name *

Theodor Bulacovschi

Email Addresses

theodorb@seas.upenn.edu

<+ Add Email

% Primary Address

Have multiple accounts? £ Merge Accounts



TA OH Discussion oy b ointeri

First TA OH: Sep 04

Currently: Thur 2:30p - 4:30p

Currently: Fri 4:00p-8:00p

Location: Levine 3rd Floor "bump space” - chairs &
couches by LEVH 358 - LEVH 364

I can do less Friday and add some OH Sat/ Sun or
move the Friday OH earlier in the day depending on
when they are useful for you
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https://www.cis.upenn.edu/~tqmcgaha/cis3990/25fa
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Pointers Wi
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Primitive data type type *name;

_ int32 t my var = 20;
If you think of

memory as a huge
array of bytes, then a
pointer is just an

int32 t *ptr = &my var;

index
0x?? Ox87 0Ox88 0x89 0Ox8a 0Ox8b 0x8c 0x8&d
Ox88 ? 20 ? Fe
They are also - | | |
ptr my_var

somewhere in memory



Pointer Syntax 2N bt ering
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int main() {

* in declaration ->

. : . int32 t = 20;
making it be a pointer e

int32 t *ptr = &my var;

*in usage -> accessing cout << my_var << endl; // 20
data at the address cout << &my var << endl; // 0x88
stored by the pointer cout << ptr << endl; // 0x88

cout << "ptr << endl; [l 20

& in usage -> getting
the address of

. 0x?? Ox87 0Ox88 0x89 0Ox8a 0Ox8b 0x8c 0x8d
something

0x88 ? 20 | ? | ?

ptr my_var




Pointer to a pointer? N Eointeri
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int main() {

What if we wanted to
change what my_arr

int32 t *my arr = new int32 t[] {20, 21};

po|nts to? int32_t **ptr = &my arr;

Let’S firSt SEt |t Up (USing cout << my_arr << endl; // 0x88

C++ new to Sk|p cout << *my_arr << endl; // 20
cout << ptr << endl; // ©x60

ma"OC) cout << *ptr << endl; // ©0x88

colE << **ptF £< endl; // 20

0x60 0x?? Ox87 0x88 0x89 0x8a 0Ox8b 0Ox8c 0x8d 0x8e 0Ox8f 0x90
0x88 0x60 ? I 20 21 ?

my_arr ptr
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int main() {
int32 t *my_arr = new int32 t[] {20, 21};

We can modify the value int32_t **ptr = &my_arr;
. . cout << my_arr << endl; // 0x88
in my_arr via *ptr coift < Fnyan < endly Jf 20
— cout << ptr << endl; // 0x60
We can then access the cout << *ptr << endl;  // OXEB
s . cout << **ptr << endl; // 20
data as if it was the first
*ptr 4= 1;
element of the array, or
- cout << my_arr << endl; // ©x8c
by double-dereferencing e v e B
tr cout << my_arr[@] << endl; // 21
p cout << ptr << endl; // 0x60
cout << *ptr << endl; // ©x8c
cout << **ptr << endl; ff 21
w }
0x60 Ox?? 0x87 0x88 0x89 0x8a 0x8b 0x8c 0x8d 0x8e 0x8f 0x90
Ox8c 0x60 ? 20 | 21 ?

my_arr ptr



Your turn! y

. ] vold foe(int32 t* x, Int32 t* y, 1Int32 t* Z) {
Take some time to think

X =Y;
about what this program =
X7 = ;
does )
Draw a diagram and it SRR
Work It OLIt 1Nt main(int argc, cnar® argv

int32 £t x =5, y=22, z = 42;
foo(&x, &y, &z);
printFf("Ad, #d, Bd\n™; x ¥ Z)3
return EXIT_SUCCESS;

}
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Take some time to think X = y;

about what this program >~ =
Z = 3575

does )

Draw a diagram and | |

Work |t OUt int main(int argc, char* argv[]) {
int32 £t x =5, y=22, z = 42;

Ans: 5,42, 37" foo(&x, &y, &z);

printFf("Ad, #d, Bd\n™; x ¥ Z)3
return EXIT_SUCCESS;
}
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main foo
vold foe(int32 t* ¥, Int32 t* §, 1AE32 t* Z) {
—) .
X X X =Y,
5 | &x (main) ¥7 = 37
y y )
22 € &y (main) int main(int argc, char* argv[]) {
vi 7 int32 £t x =5, y= 22, z = 42;
_ foo(&x, &y, &z);
42 |4 &z (main) printf("%d, %d, %d\n", x, y, 2z);
return EXIT SUCCESS;
}
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Justifications B
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main foo
vold foe(int32 T* ¥, Int32 t* §, 1AE32 t* Z) {
X X X =Y;
5 &y (main) xz = 37;
y y )
22 1€ &y (main) int main(int argc, char* argv[]) {
vi 7 int32 £t x =5, y= 22, z = 42;
_ foo(&x, &y, &z);
42 |4 &z (main) printf("%d, %d, %d\n", x, y, 2z);
return EXIT SUCCESS;
}
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main foo
vold foe(int32 T* ¥, Int32 t* §, 1AE32 t* Z) {
X X X =Y;
5 &y (main) e _ 37:
y y )
42 |€ &y (main) int main(int argc, char* argv[]) {
vi 7 int32 £t x =5, y= 22, z = 42;
_ foo(&x, &y, &z);
42 |4 &z (main) printf("%d, %d, %d\n", x, y, 2z);
return EXIT SUCCESS;
}
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main foo
vold foe(int32 T* ¥, Int32 t* §, 1AE32 t* Z) {
X X X =Y,
5 &y (main) X7 = 37-
T
y y
42 |€ &y (main) int main(int argc, char* argv[]) {
vi 7 int32 £t x =5, y= 22, z = 42;
_ foo(&x, &y, &z);
37 1€ &z (main) printf("%d, %d, %d\n", X, y, z);
return EXIT SUCCESS;
}
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They are null-terminated arrays of characters,
meaning the '"\O' character marks the end and must
be present

Remember to always allocate space for it!

Segfault if you don’t (in the good case)

char my_str[9] = "CIS 3990";

Ox?? Ox4f 0Ox50 0Ox51 0x52 0x53 0x54 0x55 0x56 0x57 0x58 0x59

OXSO ? I IC! I III | |S| I 11 I |3| | |9l | l9l | IO! I I\OI | ?

my_str




String literals can be Read-Only %Nt
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. . #include <iostream>
If a pointer to an in-code PRSI B
literal is used instead of
array notation, the contents G THESRa SHes
of the literal are stored in int main(int argc, char* argv[]) {
read'Only memory char *my str = "CIS 3990";

my str[l] = '0';

return EXIT_SUCCESS;
}

® root@60e71a80138a:~/workspace/ta_3990/rec_code# clang++-15 rec_00.cpp -0 rec_00

rec_00.cpp:7:18: warning: ISO C++11 does not allow conversion from string literal to 'char *' [-Wwritable-strings]
char *my _str = "CIS 3990";

VAN

1 warning generated.

® root@60e71a80138a:~/workspace/ta 3990/rec_code# ./rec 00
Segmentation fault (core dumped)



Re-assignment bug? N Eointeri

void bar(char *str) {

Does th!s compile? e =l BT
Does this run? If yes, }
What outcome does It int main(int argc, char *argv[]) {
prOdUCE? If nOt, what char *str = "hello world!";
error occurs? el
- printf("%s\n", str); // should print "ok bye!"
How should we change return EXIT_SUCCESS;
}

the code?



Re-assignment bug? oy b ointeri

void bar(char *str) {
str = "ok bye!";

Does this compile?

Yes }
Does th|S run? If yeS, int main(int argc, char *argv[]) {
what outcome does it char *str = "hello world!";
bar({str);
prOdUCE? If nOt’ What printf("%s\n", str); // should print "ok bye!"

error occurs? return EXIT SUCCESS;
Yes, ""hello world!"’
How should we change
the code?

Let’'s explain it first



Re-assignment bug? A T
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stack
void bar(char *str) { main’s frame
str = "ok byel"; str
} 1+ 0xQQ
int main(int argc, char *argv[]) { bar's frame
char *str = "hello world!"; tr
bar.‘(str); ' 19X
printf("%s\n", str); // should print "ok bye!"
return EXIT_SUCCESS;

Read Only Memory

0xQQ
| "hello world\0"

Oxuu
"ok bye\0"

Note: O0xQQ and OxUU are used here only to show that we're pointing to stuff in read only memory.
This is not standard notation, don’t think about it. What the arrows do is the important bit.




Re-assignment bug?
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void bar(char *str) {
= Str = "ok bye!";

}

int main(int argc, char *argv[]) {
char #str = "hello world!";
bar{str);

printf("%s\n", str); // should print "ok bye!"
return EXIT_SUCCESS;

}

How would we want the arrows to look
at the end of bar?

stack

main's frame

str

0xQQ

bar's frame

str

Oxuu

Read Only Memory

_)

..)

0xQQ

"hello world\Q"

Oxuu
"ok bye\0"




Re-assignment bug? B
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stack

void bar(char *str) {
str = "ok bye!";

main's frame

} str
_+—1 OxUU
int main(int argc, char *argv[]) {
char *str = "hello world!"; bar's frame
bar(str); str
printf("%s\n", str); // should print "ok bye!" 0x??
return EXIT_SUCCESS; ///7
} I
In order to modify main’s str within fect Only demory
bar, is the value of str enough? =

"hello world\Q"

Oxuu
> "ok byeN\0"
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stack

void bar(char **str) {

5 i main's frame
*str = "ok byel!";

} str
1—10xQQ
int main(int argc, char *argv[]) {
char *str = "hello world!"; 0ar s Trame
bar(&str); str
printf("%s\n", str); // should print "ok byel!l" &str
return EXIT_SUCCESS;
}
We actually need the address of main’s LS L
str, so we can change the value stored —

P "hello world\0"

by main’s str

Oxuu
"ok bye\0"
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void bar(char **str) { SmCK o,
*str = "ok bye!"; main's frame
|:}> str
_+—1 OxUU
int main(int argc, char *argv[]) {
char *str = "hello world!"; 0ar s Trame
bar(&str); str
printf("%s\n", str); // should print "ok bye!" &str
return EXIT_SUCCESS;
}
We actually need the address of main’s LS L
str, so we can change the value stored OXQQ

"hello world\Q"

by main’s str

Oxuu
> "ok byeN\0"
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A
A pOinter parameter void bar(char **str) {

. *str = "ok byel!";
used to store outputina
|Ocat|0n SpeCIﬂed by the int main(int argc, char *argv[]) {

Ca”er m=) char *str = "hello world!";

: bar(&str); <=m
AmaZIngly LISGfUl When a printf("%s\n", str); // should print "ok bye!"
function needs to return EXIT_SUCCESS;
boroduce multiple results/
nlace results at a specific

ocation




Output parameters Wi
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AV

main’s str is the pointer  veid ber(char e

*str = "ok byel”;
we need to change }
We give bar the address =~ :
of main’s str iy e xtr o helin werldl®y

char *str = "hello world!";

’ bar(&str); <=m

bar = Str Store_s t,'he printf("%s\n", str); // should print "ok bye!"
address to main’s str, return EXIT_SUCCESS;

and is dereferenced in J

order to change main’s
str from within bar



Ed practice (|
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CIS 3990 - Ed Lessons =y
Lessons

Q_ Search lessons Q¥ Refresh I New Module ) Import Lesson

Lecture 00

® Pointers and Memory

@  C Programming Refresher h /X
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