#include <stdio.h>

int main(void)

{
}

printf("hello, world");



functions

conditions

Boolean expressions
loops
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input — — output







source code —




source code — — machine code




source code —

compiler

— machine code



make hello

./hello



functions, arguments



functions




arguments —

functions




return values, variables



functions




arguments —

functions




arguments —

functions

— return value



main



header files



types



bool
char
double
float
int
long

string



format codes



%f

%1

%11



%11

%S

char

float, double
int

long

string



operators






addition
subtraction
multiplication
division

remainder



variables, syntactic sugar



conditions



loops



abstraction



crucial
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floating-point imprecision



integer overflow
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010
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#include <stdio.h>

int main(void)

{
}

printf("hello, world\n");
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make hello

./hello



clang hello.c

./a.out



clang -0 hello hello.c

./hello



clang -o hello hello.c -1cs50

./hello



make hello

./hello



compiling



preprocessing
compiling
assembling

linking



preprocessing
compiling
assembling

linking



#include <cs50.h>
#include <stdio.h>

int main(void)

{
string name = get string("What's your name? ");
printf("hello, %s\n", name);



#include <cs50.h>
#include <stdio.h>

int main(void)

{
string name = get_string("What's your name? ");
printf("hello, %s\n", name);



string get string(string prompt);
#include <stdio.h>

int main(void)

{
string name = get_string("What's your name? ");
printf("hello, %s\n", name);



string get _string(string prompt);
#include <stdio.h>

int main(void)

{
string name = get_string("What's your name? ");
printf("hello, %s\n", name);



string get_string(string prompt);
int printf(string format, ...);

int main(void)

{
string name = get_string("What's your name? ");
printf("hello, %s\n", name);



string get _string(string prompt);
int printf(string format, ...);

int main(void)

{
string name = get string("What's your name? ");
printf("hello, %s\n", name);



preprocessing
compiling
assembling

linking



string get _string(string prompt);
int printf(string format, ...);

int main(void)

{
string name = get string("What's your name? ");
printf("hello, %s\n", name);



main: # @main
.cfi_startproc

# BB#0O:

pushq %rbp
.Ltmpo:

.cfi _def cfa offset 16
.Ltmpl:

.cfi _offset %rbp, -16
movq %rsp, %rbp
.Ltmp2:
.cfi_def _cfa_register %rbp
subq $16, %rsp

xorl %»eax, %eax
mov1l %»eax, xedi
movabsq $.L.str, %rsi

movb $0, %al

callqg get string
movabsq $.L.str.1, %rdi
mov( %rax, -8(%rbp)
movq -8(%rbp), %rsi
movb $0, %al

callqg printf



main: # @main
.cfi_startproc

# BB#0O:

pushq %rbp
.Ltmpo:

.cfi _def cfa offset 16
.Ltmpl:

.cfi _offset %rbp, -16
movq %rsp, %rbp
.Ltmp2:
.cfi_def _cfa_register %rbp
subq $16, %rsp

xorl %»eax, %eax
mov1l %»eax, xedi
movabsq $.L.str, %rsi

movb $0, %al

callq get_string
movabsq $.L.str.1, %rdi
mov( %rax, -8(%rbp)
movq -8(%rbp), %rsi
movb $0, %al

callqg printf



main: # @main
.cfi_startproc

# BB#0O:

pushqg %rbp
.Ltmpo:

.cfi _def cfa offset 16
.Ltmpl:

.cfi _offset %rbp, -16
mov(q %rsp, %rbp
.Ltmp2:
.cfi_def _cfa_register %rbp
subq $16, %rsp

xorl %»eax, neax
mov1l %eax, xedi
movabsq $.L.str, %rsi

movb $0, %al

callq get_string
movabsq $.L.str.1, %rdi
mov( %rax, -8(%rbp)
mov( -8(%rbp), %rsi
movb $0, %al

callqg printf



preprocessing
compiling
assembling

linking



main: # @main
.cfi_startproc

# BB#0O:

pushq %rbp
.Ltmpo:

.cfi _def cfa offset 16
.Ltmpl:

.cfi _offset %rbp, -16
movq %rsp, %rbp
.Ltmp2:
.cfi_def _cfa_register %rbp
subq $16, %rsp

xorl %»eax, %eax
mov1l %»eax, xedi
movabsq $.L.str, %rsi

movb $0, %al

callqg get string
movabsq $.L.str.1, %rdi
mov( %rax, -8(%rbp)
movq -8(%rbp), %rsi
movb $0, %al

callqg printf



01111111010001010100110001000110
00000010000000010000000100000000
000000000000000000000000000V00
000000000000000000000VVVVRVVVLO
00000001000000000011111000000000
00000001000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000VVLO
0000000000000000000000VVVRVVLO
000000000000000000000000000V00
10100000000000100000000000000000
0000000000000000000000VVRVVVLO
00000000000000000000000000VY00
0100000000000000000000000000000
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00001010000000000000000100000000
01010101010010001000100111100101
01001000100000111110110000010000
00110001110000001000100111000111
01001000101111100000000000000000
00000000000000000000000000VY00
00000000000000001011000000000000
11101000000000000000000000000000
00000000010010001011111100000000
0000000000000000000000VVVRVVLO
00000000000000000000000001001000



preprocessing
compiling
assembling

linking



#include <cs50.h>
#include <stdio.h>

int main(void)

{
string name = get string("What's your name? ");
printf("hello, %s\n", name);



#include <cs50.h>
#include <stdio.h>

int main(void)

{
string name = get string("What's your name? ");
printf("hello, %s\n", name);



#include <cs50.h>
#include <stdio.h>

int main(void)

{
string name = get_string("What's your name? ");
printf("hello, %s\n", name);



#include <cs50.h>
#include <stdio.h>

int main(void)

{
string name = get_string("What's your name? ");
printf("hello, %s\n", name);



hello.c



hello.c cs50.c



hello.c cs50.c stdio.c
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csb50.c

stdio.c
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stdio.c
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preprocessing
compiling
assembling

linking



compiling



types



bool
char
double
float
int
long

string



bool 1 byte
char 1 byle
double 8 byies
float 4 bytes
int 4 bytes
long & byles

string 7 byles
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int scorel

int score2

int score3

72;
73;

33;






/2

scorel




/2

scorel

/3

score2




/2

scorel

/3

score2

33

score3




0000000000V VYVVA1001000 | VYVVVVVVVVVRVBVBVRVVVA1001001

scorel score2

0000000000V VYRVVAN100001

score3




int scorel

int score2

int score3

72;
73;

33;



arrays



int scores[3];



int scores[3];

scores[@] = 72;
scores[1] = 73;
scores[2] = 33;



/2

scores[0]

/3

scores[1]

33

scores[2]




constants



char c









35




00100011

C




char cl

char c2

char c3






cl

c2

(o]




72

/3

33




01001000

cl

01001001

c2

00100001

(o]




string s = "HI!";









s[9]

s[1]

s[2]




s[9]

s[1]

s[2]

\0

s[3]




72

s[9]

/3

s[1]

33

s[2]




\\~




NUL



string s = "HI!";

string t = "BYE!";






\\~




\\~

\0




s[9]

s[1]

s[2]

\\~

s[3]

t[o]

t[1]

t[2]

t[3]

\©

t[4]




string words[2];
words[@] = "HI!";

words[1l] = "BYE!";



words[1]




H

words[0][0]

1

words[0][1]

words[0][2]

\0

words[0][3]

B

words[1][0]

Y

words[1][1]

E

words[1][2]

words[1][3]

\0

words[1][4]




string



manual pages



command-line arguments



#include <stdio.h>

int main(void)

{
}



#include <stdio.h>

int main(void)

{
}



#include <stdio.h>

int main(int argc, string argv[])

{
}



exit status



#include <stdio.h>

int main(int argc, string argv[])

{
}



#include <stdio.h>

int main(int argc, string argv[])

{
}



#include <stdio.h>

int main(void)

{
}



readability



cryptography



input — — output




plaintext — — ciphertext




plaintext —

cipher

— ciphertext



key —

plaintext —

cipher

— ciphertext



1 —

I LOVE YOU —




1

L O V E

Y

O



/73 L O V E Y O



/73 76 O V E Y O



/3 76 79V E Y O



/3 76 79 86 E Y O



/3 76 79 86 69 Y O U



/3 76 79 86 69 89 0O U



/3 76 79 86 69 89 /9 U



/3 76 79 86 69 89 /9 85



/74 76 79 86 69 89 /9 85



/4 77 79 86 69 89 /9 85



/74 77 80 86 69 89 /9 85



/74 77 80 87 69 89 /9 85



/4 77 80 87 76 89 /9 85



/4 77 80 87 706 90 /9 85



74 77 890 87 70 90 80 85



74 77 890 87 70 90 80 86



J /7 80 87 706 90 80 86



J M 890 87 70 90 80 86



J

M P 87 70 90 80 86



J

M P W 70 90 80 86



J

M P W

F

90 80 86



J

M P W

F

/Z 80 86



J

M P W

F

Z P 86



J

M P W

F

/

»)



1 —

I LOVE YOU — — J MPWF ZPV
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searching



input — — output




— output



—> bool



algorithms




running times






time to solve

size of problem



time to solve

n/2

size of problem

log,n



time to solve

O(n) O(n/2)

size of problem

O(log,n)



time to solve

o(n) O(n)

size of problem

O(log,n)



time to solve

o(n) O(n)

size of problem

O(log n)



time to solve

size of problem

O(log n)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)









linear search



For i from © to n-1
If number behind i'th door
Return true
Return false



O(n®)

O(n log n)
O(n)
O(log n)

o(1)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)









binary search



If number behind middle door
Return true

Else if number < middle door
Search left half

Else if number > middle door
Search right half



I+f no doors

If number behind middle door
Return true

Else if number < middle door
Search left half

Else if number > middle door
Search right half



If no doors
Return false

If number behind middle door
Return true

Else if number < middle door
Search left half

Else if number > middle door
Search right half



O(n®)

O(n log n)
O(n)
O(log n)

o(1)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)









int numbers]|]



string names]| ]



data structures



person peoplel]



string name;
string number;



typedef struct
{

string name;
string number;

}

person;



sorting



input — — output




unsorted — — output




unsorted — — sorted




63852741 —> — Sorted




63852741 —> —> 123456738




selection sort



6 3 8 5 2 7 4 1



For i from 0 to n-1
Find smallest item between i1i'th item and last item
Swap smallest item with i'th item






n+(n-1)



n+(n-1)+(n-2)



n+(n-1)+n-2)+..+1



n+(n-1)+(n-2)+ ...

nin+ 1)/2



n+(n-1)+(n-2)+ ...

nin+ 1)/2

(n? + n)/2



n+(n-1)+n-2)+..+1
nin+ 1)/2
(n? + n)/2

n%/2 + n/2



n+(n-1)+(n-2)+ ...

nin+ 1)/2
(n? + n)/2
n?l2 + n/2

O(n?)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)



O(n?) selection sort
O(nlog n)

O(n) linear search
O(log n) binary search
O(1)



For i from 0 to n-1
Find smallest item between i1i'th item and last item
Swap smallest item with i'th item






Q(n?)

Q(n log n)
Q(n)
Q(log n)

Q(1)

selection sort

linear search, binary search



bubble sort



6 3 8 5 2 7 4 1



Repeat until sorted
For i from © to n-2
If i'th and i+1'th elements out of order
Swap them



Repeat n-1 times
For i from © to n-2
If i'th and i+1'th elements out of order
Swap them



(n=1)x(n-1)



(n=1)x(n-1)

n—1n—-1n+1



(n=1)x(n-1)
n—1n—-1n+1

n®—2n+ 1



(n=1)x(n-1)
n—1n—-1n+1
n®—2n+ 1

O(n?)



O(n?) selection sort
O(nlog n)

O(n) linear search
O(log n) binary search
O(1)



O(n?) selection sort, bubble sort
O(nlog n)

O(n) linear search

O(log n) binary search

O(1)



Repeat n-1 times
For i from © to n-2
If i'th and i+1'th elements out of order
Swap them
If no swaps
Quit



Q(n?)

Q(n log n)
Q(n)
Q(log n)

Q(1)

selection sort

linear search, binary search



Q(n?) selection sort
Q(n log n)

Q(n) bubble sort
Q(log n)

Q1) linear search, binary search



recursion



OooONOTUVITPS, WDNER

N
N RO

=
w

Pick up phone book

Open to middle of phone book

Look at page

If person is on page
Call person

Else if person 1s earlier in book
Open to middle of left half of book
Go back to line 3

Else if person is later in book
Open to middle of right half of book
Go back to line 3

Else
Quit



OooONOTUVITPS, WDNER

N
N RO

=
w

Pick up phone book

Open to middle of phone book

Look at page

If person is on page
Call person

Else if person 1s earlier in book
Open to middle of left half of book
Go back to line 3

Else if person is later in book
Open to middle of right half of book
Go back to line 3

Else
Quit



OooONOTUVITPS, WDNER

N
N RO

=
w

Pick up phone book

Open to middle of phone book

Look at page

If person is on page
Call person

Else if person 1s earlier in book
Open to middle of left half of book
Go back to line 3

Else if person is later in book
Open to middle of right half of book
Go back to line 3

Else
Quit



OooONOTUVITPS, WDNER

N
N RO

=
w

Pick up phone book

Open to middle of phone book

Look at page

If person is on page
Call person

Else if person 1s earlier in book
Search left half of book

Else if person is later in book
Search right half of book

Else
Quit



1 Pick up phone book

2 Open to middle of phone book

3 Look at page

4 If person 1is on page

5 Call person

6 Else if person 1s earlier in book
7 Search left half of book

8 Else if person is later in book

9 Search right half of book

10 Else

11 Quit



merge sort



Sort left half of numbers
Sort right half of numbers
Merge sorted halves



If only one number
Quit

Else
Sort left half of numbers
Sort right half of numbers
Merge sorted halves



If only one number
Quit

Else
Sort left half of numbers
Sort right half of numbers
Merge sorted halves



3 5 6 8 1 2 4 7



If only one number
Quit

Else
Sort left half of numbers
Sort right half of numbers
Merge sorted halves



O(n?) selection sort, bubble sort
O(nlog n)

O(n) linear search

O(log n) binary search

O(1)



O(n?) selection sort, bubble sort
O(nlog n) merge sort

O(n) linear search

O(log n) binary search

o(1)



Q(n?) selection sort
Q(n log n)

Q(n) bubble sort
Q(log n)

Q1) linear search, binary search



Q(n?) selection sort
Q(nlog n) merge sort
Q(n) bubble sort
Q(log n)

Q1) linear search, binary search






()

@(n log n)
O(n)
O(log n)

o(1)



()

@(n log n)
O(n)
O(log n)

o(1)





http://www.youtube.com/watch?v=3WDWH59k1q4



http://www.youtube.com/watch?v=UKpWTECBGdg
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0

1



©12345678°9



©123456789ABCDEF



base-16



hexadecimal



222222222

11111111



11111111



128 64 32 16 8 4 2 1

11111111

128x1 + 64x1 + 32x1 + 16x1 + 8x1 + 4x1 + 2x1 + 1x1



11111111



102 10" 10°

255



255



16" 16°

HH#



HH#



0O



01



02



03



04



05



06



0/



03



91



OA



OB



0C



oD



OE



OF



10



16



FF



16 1

FF

16xF + 1xF



16 1

FF

16x15 + 1x15



240

16 1

FF



16 1

FF

255



11111111



11111111



1111 1111



F

F



RGB















Color Picker (Foreground Color)




Color Picker (Foreground Color)




Color Picker (Foreground Color)




Color Picker (Foreground Color)




Color Picker (Foreground Color)







0 1 2 3 4 5 6 7
8 9 A B C b) E F
10 11 ) 13 14 15 16 17
18 19 1A 1B 1C 1D 1E 1F




ox0 ox1 Ox2 0x3 ox4 Ox5 Ox6 ox7
ox8 0x9 QXA OxB oxC oxD OxE OxF
0x10 ox11 0x12 0x13 ox14 @x15 ox16 0x17
0x18 0x19 Ox1A ox1B ox1C ox1D Ox1E Ox1F




int n 50;






50




50

0x12345678







pointers



int n 50;

int *p = &n;






50




00000




Ox123

00000




Ox123

00000




00000




string



string s = "HI!";






s[1]




0x123

0x124

0x125

\\~

0x126




11111111111111111111




\\~




\\~




00000000




string s = "HI!";



char *s = "HI!";



char *s = "HI!";



typedef struct
{

string name;
string number;

}

person;



typedef struct
{

string name;
string number;

}

person;



typedef char *string;



pointer arithmetic



string



char *












0x123

ox124

0x125

\@

ox126




0x123

ox124

0x125

\@

ox126




0x123

ox124

0x125

\@

ox126




0x123

ox124

0x125

\@

ox126




0x123

0x123

ox124

0x125

\@

ox126

0x456

ox457

0x498

\@

0x459




0x123

ox124

0x125

\@

ox126

0x456

ox457

0x498

\@

0x459




H I ! \© H T ! A\

0x123 ox124 0x125 ox126 0x456 ox457 0x498 0x459




char *












0x123

ox124

0x125

\@

ox126




0x123

ox124

0x125

\@

ox126




0x123

ox124

0x125

\@

ox126




0x123

ox124

0x125

\@

ox126




h i ! \©

0x123 ox124 0x125 ox126




H i ! \©O

0x123 ox124 0x125 ox126




malloc

free



h i ! \©

0x123 ox124 0x125 ox126




h i ! \©

0x123 ox124 0x125 ox126




h i ! \©

0x123 ox124 0x125 ox126 0x456 ox457 0x458 0x459




h i ! \©

0x123 ox124 0x125 ox126 0x456 ox457 0x458 0x459




h i ! \\ h

0x123 ox124 0x125 ox126 0x456 ox457 0x458 0x459




h i ! \\ h i

0x123 ox124 0x125 ox126 0x456 ox457 0x458 0x459




h i ! \\ h i !

0x123 ox124 0x125 ox126 0x456 ox457 0x458 0x459




h i ! \\ h i ! \©

0x123 ox124 0x125 ox126 0x456 ox457 0x458 0x459




h i ! \ H i ! A\

0x123 ox124 0x125 ox126 0x456 ox457 0x458 0x459




valgrind



int main(void)

{
int *x;
int *y;

x = malloc(sizeof(int));

*X = 42;
*y = 13;
y = X,

*y = 13;



int main(void)

{
int *x;
int *y;

x = malloc(sizeof(int));

*X = 42;
*y = 13;
y = X,

*y = 13;



int main(void)

{
int *x;
int *y;

X = malloc(sizeof(int));

*X = 42,
*y = 13;
y = X;

*y = 13;



int main(void)

{
int *x;
int *y;

x = malloc(sizeof(int));

*x = 42;
*y = 13;
y = X;

*y = 13;



int main(void)

{

int *x;
int *y;

x = malloc(sizeof(int));

*X = 42;
y = X,
*y = 13;



int main(void)

{
int *x;
int *y;

x = malloc(sizeof(int));

*X = 42;
*y = 13;
y = X%

*y = 13;



int main(void)

{
int *x;
int *y;

x = malloc(sizeof(int));

*X = 42;
*y = 13;
y = X,

*y = 13;



garbage values



void swap(int a, int b)

{



void swap(int a, int b)

int tmp = a;
a = b;
b = tmp;



void swap(int a, int b)

int tmp = a;
a = b;
b = tmp;



crucial
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machine code




machine code

globals




machine code

globals

heap




machine code

globals

heap
!




machine code

globals

heap
!

stack




machine code

globals

heap
!

stack




stack




void swap(int a, int b)

int tmp = a;
a = b;
b = tmp;



main






main


















int tmp = a;
a b;
b = tmp;



















void swap(int a, int b)

int tmp = a;
a = b;
b = tmp;



void swap(int *a, int *b)
{

int tmp = *a;

*a = *b;

*b = tmp;









mp =
int t*b;
i tmp;
*h =




mp =
int t*b;
i tmp;
*h =




tmp =
int
in

*b

tmp;




mp =
int t*b;
i tmp;
*b =










void swap(int a, int b)

int tmp = a;
a = b;
b = tmp;



void swap(int *a, int *b)
{

int tmp = *a;

*a = *b;

*b = tmp;



machine code

globals

heap
!

stack




heap

stack




heap overflow

stack overflow



buffer overflow



get char
get double
get float
get int
get long

get string



scanf



file 1/O



T OO0
L B B o B o B o B o B B
O rI SO IO A
O rlerd e = OO = O
O rdlerdced =1 OO =S
ST o B B o BN CS I o B o B S
L BT o B o B o B o B S I o
T OO



T OO0
L B B o B o B o B o B B
O rI SO IO A
O rlerd e = OO = O
O rdlerdced =1 OO =S
ST o B B o BN CS I o B o B S
L BT o B o B o B o B S I o
T OO



JPEG



BMP



arrays




































O(n®)

O(n log n)
O(n)
O(log n)

o(1)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)






data structures



struct



struct

->



linked lists






0x123




0x123

0x456




0x123

0x456

0x789




0x123

0x456

0x789




0x123

Ox456

0x456

0x789




0x123

Ox456

0x456

Ox789

0x789




0x123

Ox456

0x456

Ox789

0x789

5) 4%




0x123

Ox456

0x456

Ox789

0x789

NULL







typedef struct
{

string name;
string number;

}

person;



typedef struct
{

}

person;



typedef struct
{

hode;



typedef struct
{

int number;

hode;



typedef struct
{

int number;
hode *next;

}

hode;



typedef struct node
{

int number;
hode *next;

}

hode;



typedef struct node
{

int number;
struct node *next;

}

hode;



node *1ist;






node *1list = NULL;



list




node *n = malloc(sizeof(node));



list




if (n != NULL)
{

(*n).number = 1;

}



if (n != NULL)
{

n->number = 1;



list




if (n != NULL)

{
n->next = NULL;



list




list n;



list




list




node *n = malloc(sizeof(node));
if (n !'= NULL)
{

n->number = 2;

n->next = NULL;



list




list->next = n;



list




list




node *n = malloc(sizeof(node));
if (n !'= NULL)
{

n->number = 3;

n->next = NULL;



list




list->next->next = n;



list










node *n = malloc(sizeof(node));
if (n !'= NULL)
{

n->number = 1;

n->next = NULL;






list n;



list




n->next = list;






list = n;















trees



binary search trees





















typedef struct node
{

int number;
struct node *next;

}

node;



typedef struct node
{

int number;

}

node;



typedef struct node
{

int number;

node;



typedef struct node
{

int number;
struct node *left;
struct node *right;

}

node;






bool search(node *tree, int number)

{



bool search(node *tree, int number)

{
if (tree == NULL)

{

return false;



bool search(node *tree, int number)

{
if (tree == NULL)

{

return false;

}

else if (number < tree->number)

{

return search(tree->left, number);



bool search(node *tree, int number)

{
if (tree == NULL)

{

return false;

}

else if (number < tree->number)

{

return search(tree->left, number);

}

else if (number > tree->number)

{

return search(tree->right, number);



bool search(node *tree, int number)

{
if (tree == NULL)

{

return false;

}

else if (number < tree->number)

{

return search(tree->left, number);

}

else if (number > tree->number)

{

return search(tree->right, number);

}
else if (number == tree->number)
{
return true;
}



bool search(node *tree, int number)

{
if (tree == NULL)

{

return false;

}

else if (number < tree->number)

{

return search(tree->left, number);

}

else if (number > tree->number)

{

return search(tree->right, number);

}

else

{

return true;












O(n®)

O(n log n)
O(n)
O(log n)

o(1)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)



O(n®)

O(n log n)
O(n)
O(log n)

o(1)






hash tables
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—p Albus |




—p Albus |

— Zacharias |




—p Albus |

—»[ Hermione |

— Zacharias |




Albus |

Cedric |

Draco |

Fred |

Ginny |

Hermione |

James

Kingsley

Minerva

|
|
Luna |
|
|

Neville

Petunia |

Ron |

Severus |

\Vernon |

Zacharias |




Albus |
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|
|
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|
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Petunia |
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\Vernon |

Zacharias |
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|
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|
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Zacharias | |




input — — output




hash function
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O(k) search
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abstract data structures



queues



FIFO



enqueue

dequeue



stacks



LIFO



push

pPop



dictionaries
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