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char
int
long
float

double

string

1 byte

4 bytes
8 bytes
4 bytes

8 bytes
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char 1 byte

{_A_\
_




int 4 bytes

\




double 8§ bytes

\




1int agel
1nt age2

int age3

42

27;

19:;



42

agel




42 27

agel age?
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agel

27

age?z

19

age3




000000000V VVVVVVVVVYVVAV101010 | VVOVVVBVVVVVVVVVVVYVVLYVRVV11011

agel age?

00000000000000000000000V0VV10011

age3
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base-16

©1 23456789 ABCDETF

Hexadecimal




128 64 32 16 8 4 2

11111111

(128x 1) + (64x1) + (32x1) + (16x1) + 8%x1) + @4x1) + (2x1) + (1x1)




128 64 32 16 8 4 2 1

11111111




16 1

FF

(16 x 15) + (1 x 15)




16 1

240 - 15




255







%) 1 2 3 4 5 6 7

3 9 A B C D E F

10 11 12 13 14 15 16 17
18 19 1A 1B 1C 1D 1E 1F
20 21 22 23 24 25 26 27
28 29 2A 2B 2C 2D 2E 2F
30 31 32 33 34 35 36 37




OXF F

|

C++ convention that means
the following number is a
hexadecimal (base-16)




Ox0 Ox1 Ox2 0x3 Ox4 Ox5 Ox6 Ox7

Ox8 Ox9 OxA OxB OxC OxD OXE OxF

Ox10 |6x11 |O6x12 |6x13 |Ox14 |ox15 |Oox16 |ox17/
Ox18 |0x19 |Ox1A |6x1B |ox1C |o6x1D |Ox1E |ox1F
Ox20 |0x21 |Ox22 |0x23 |Ox24 |0Ox25 |Ox26 |0x27
Ox28 |0x29 |Ox2A |0x2B |ox2C |06x2D |Ox2E |0Ox2F
Ox30 |0x31 |Ox32 |0x33 |Ox34 |Ox35 |Ox36 |0x37




int var = 17/;




17

VaXr




Ox123

17

VaXr




Ask a question
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A pointer is a variable that
holds an address value.




& “address of”

k “contents of”




int var = 17;

intx ptr = &var; // ptr holds the address of var

\_Y_}

This new type is called The “address of”
an “int pointer” and is the integer var
used to hold the address

of an integer variable




0x16D01345

17

VaXr




0x16D01345

ptr

0x16D01345

VaXr

17
|




Ox16D01345

ptr

0x16D01345

17

VaXr




17

VaXr




int var = 17;

intx ptr = &var; // ptr holds the address of var

int anotherVar = xptr;

\ )

Y The “contents of” the
17 pointer ptr

(i.e., the value stored
at the address)




int var = 17,
intx ptr = &var; // ptr holds the address of var

cout << "var == " << var << endl; // #1
cout << "'address of' var == " << &var << endl; // #2
cout << "ptr == " << ptr << endl; // #3
cout << "'contents of' ptr == " << %ptr << endl; // #4
cout << "'contents of' the 'address of' var == " << x&var << endl; // #5




double pi = 3.14159;

doublex ptr = &pi; // ptr holds the address of pi

\_Y_}

This new type is called an The "Address of”
“double pointer” and is the double pi
used to hold the address of

a variable of type double




Ox45FA1379

3.14159
pi




Ox45FA1379

ptr

Ox45FA1379

3.14159
pi




Ox45FA1379

ptr

Ox45FA1379

3.14159
pi




3.14159
pi




https://xkcd.com/138/

MAN, | SUCK AT THIS GAME.
CAN YOU GIVE ME.
A FEW POINTERST

l 0x3A28213A
Ox6339392C,
Ox7363632E.




Ask a question
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#include <iostream>
using namespace std;

int main()
{ varl == 1

int varl;  |yar2 == 71282756

int var?2;
int var3; var3 == 1

int vard; |vard == 71319552

int varb;

cout << "varl == " << varl << endl;
cout << "var2 == << var2 << endl;
cout << "var3 == " << var3 << endl;
cout << "var4d == << var4d << endl;
cout << "varb == " << var5 << endl;




array<int, 10> numbers = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10};

cout << "numbers[323] == " << numbers[323] << endl; // Clearly out of array bounds!!

numbers[323] == 1966029422




0x0 Ox1 Ox2 0x3 Ox4 Ox5 Ox6 Ox7

Ox8 Ox9 QXA OxB OxC OxD OxE OxF

Ox10 |ox11 |[ox12 |oex1l3 |ex1l4 |oex1l5 |oexl6 |ox1l7
Ox18 |0x19 |Ox1A |0x1B |o0x1C |ox1D |©x1E |Ox1F
Ox20 |Ox21 |0x22 |0x23 |0x24 |0Ox25 |0x26 |0x27
Ox28 |Ox29 |Ox2A |0x2B |0x2C |0x2D |Ox2E |Ox2F
Ox30 |O0x31 |Ox32 |Ox33 |Ox34 |Ox35 |Ox36 |0x37
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// Swap two int values.

void swap(int a, int b) @

{ 0H0
int temp = a; // store a in temp f’7>‘<;~\
a =b; // put b into a
b = temp; // put temp a into b

5

int main()
{
int x = 12;
int y = 33;
swap(x, y);
cout << "x == " << X << " y ==" << y << endl; // ?
return 0;
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0x0 Ox1 Ox2 0x3 Ox4 0x5 Ox6 ox7
Ox8 0x9 OxA OxB OxC oxD OxE OxF
Ox10 |Ox11 |ox12 |ox13 |ex1l4 |oxl5 |oxle |oxl1l7
Ox18 |0x19 |Ox1A |O0x1B |ox1C |ox1D |oxl1lE |©ox1F
Ox20 |0Ox21 |0Ox22 |0Ox23 |Ox24 |Ox25 |Ox26 |Ox27
Ox28 |0x29 |Ox2A |Ox2B |Ox2C |O0x2D |Ox2E |Ox2F
Ox30 |Ox31 |Ox32 |0x33 |0x34 |ox35 |Ox36 |Ox37
Ox38 |Ox39 |Ox3A |Ox3B |Ox3C |ox3D |Ox3E |Ox3F
Ox40 |Ox41 |Ox42 |0x43 |0x44 |0x45 |ox46 |0x47
Ox48 |ox49 |ox4A |ox4B |ox4C |0x4D | Ox4E | Ox4F
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Ox0 ox1 Ox2 Ox3 ox4 Ox5 Ox6 Ox7
Ox8 0x9 OxA OxB OxC oxD OxE OxF
Ox10 |ox11 |ox12 |ox13 |ex14 |ex1l5 |oxle |oxl7
Ox18 |0x19 |Ox1A |0x1B |Ox1C |ox1D |Oox1lE |Ox1F
Ox20 |0Ox21 |Ox22 |0x23 |Ox24 |Ox25 |Ox26 |0Ox27
Ox28 |Ox29 |Ox2A |Ox2B |Ox2C |Ox2D |Ox2E |Ox2F
Ox30 |Ox31 |Ox32 |0x33 |Ox34 |Ox35 |Ox36 |0Ox37
Ox38 |0x39 |Ox3A |0x3B |ox3C |ox3D |Ox3E |Ox3F
Ox40 |0ox41 |ox42 |0x43 |0x44 |0x45 |ox46 |ox47
Ox48 |0x49 |0x4A |0x4B |0x4C |Ox4D | Ox4E | Ox4F
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// Swap two int values.
void swap(int a, int b)
{
int temp = a; // store a in temp
a =b; // put b into a
b = temp; // put temp a into b
5

int main()
{
int x = 12;
int y = 33;
swap(x, y);
cout << "x == " << X << " y ==" << y << endl; // ?
return 0;




stack

Stack Frame

« function arguments
* Jlocal variables

« return address

main N
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// Swap two int values.
memel v0id swap(intx a, intx b)

{
—> int temp = xa; // store contents of a in temp
—} xa = xb; // put contents of b into a
— xb = temp; // put temp a into b
+
int main()
{
int x = 12;
int y = 33;
—} swap(&x, &y); // pass by reference (the addresses of x and y)
cout << "X == " << x << " == " << y << endl;
return 0;
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// Swap two int values.
memel v0id swap(intx a, intx b)

{
—> int temp = xa; // store contents of a in temp
—} xa = xb; // put contents of b into a
— xb = temp; // put temp a into b
+
int main()
{
int x = 12;
int y = 33;
—} swap(&x, &y); // pass by reference (the addresses of x and y)
cout << "X == " << x << " == " << y << endl;
return 0;
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Credits

» Malan CS50 @

« Computer memory image and yellow grid
 Lecture materials

o Open_AI ® DALLE
 3-D rendered garbage can image

 xkcd.com
 Pointers comic: https://xkcd.com/138/

 Unsplash.com
« Image of post office boxes




	Slide 1: Memory & Pointers
	Slide 2: Today
	Slide 3: Today
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33: Ask a question
	Slide 34: Today
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50: Ask a question
	Slide 51: Today
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56: Today
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89: Ask a question
	Slide 90: Today
	Slide 91: Credits

