
#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 →   → machine codecompiler



make hello

./hello



functions, arguments



functions



functionsarguments →  



return values, variables



functions



functionsarguments →  



functionsarguments →   → return value



main



header files



types



bool

char

double

float

int

long

string

...



format codes



%c

%f

%i

%li

%s



%c  char

%f  float, double

%i  int

%li long

%s  string



operators



+

-

*

/
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+  addition

-  subtraction

*  multiplication

/  division

%  remainder



variables, syntactic sugar



conditions



loops



abstraction





floating-point imprecision



integer overflow
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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 -o hello hello.c

./hello



clang -o hello hello.c -lcs50

./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#0:
    pushq    %rbp
.Ltmp0:
    .cfi_def_cfa_offset 16
.Ltmp1:
    .cfi_offset %rbp, -16
    movq    %rsp, %rbp
.Ltmp2:
    .cfi_def_cfa_register %rbp
    subq    $16, %rsp
    xorl    %eax, %eax
    movl    %eax, %edi
    movabsq    $.L.str, %rsi
    movb    $0, %al
    callq    get_string
    movabsq    $.L.str.1, %rdi
    movq    %rax, -8(%rbp)
    movq    -8(%rbp), %rsi
    movb    $0, %al
    callq    printf
    ...



...
main:                                   # @main
    .cfi_startproc
# BB#0:
    pushq    %rbp
.Ltmp0:
    .cfi_def_cfa_offset 16
.Ltmp1:
    .cfi_offset %rbp, -16
    movq    %rsp, %rbp
.Ltmp2:
    .cfi_def_cfa_register %rbp
    subq    $16, %rsp
    xorl    %eax, %eax
    movl    %eax, %edi
    movabsq    $.L.str, %rsi
    movb    $0, %al
    callq    get_string
    movabsq    $.L.str.1, %rdi
    movq    %rax, -8(%rbp)
    movq    -8(%rbp), %rsi
    movb    $0, %al
    callq    printf
    ...



...
main:                                   # @main
    .cfi_startproc
# BB#0:
    pushq    %rbp
.Ltmp0:
    .cfi_def_cfa_offset 16
.Ltmp1:
    .cfi_offset %rbp, -16
    movq    %rsp, %rbp
.Ltmp2:
    .cfi_def_cfa_register %rbp
    subq    $16, %rsp
    xorl    %eax, %eax
    movl    %eax, %edi
    movabsq    $.L.str, %rsi
    movb    $0, %al
    callq    get_string
    movabsq    $.L.str.1, %rdi
    movq    %rax, -8(%rbp)
    movq    -8(%rbp), %rsi
    movb    $0, %al
    callq    printf
    ...



preprocessing

compiling

assembling

linking



...
main:                                   # @main
    .cfi_startproc
# BB#0:
    pushq    %rbp
.Ltmp0:
    .cfi_def_cfa_offset 16
.Ltmp1:
    .cfi_offset %rbp, -16
    movq    %rsp, %rbp
.Ltmp2:
    .cfi_def_cfa_register %rbp
    subq    $16, %rsp
    xorl    %eax, %eax
    movl    %eax, %edi
    movabsq    $.L.str, %rsi
    movb    $0, %al
    callq    get_string
    movabsq    $.L.str.1, %rdi
    movq    %rax, -8(%rbp)
    movq    -8(%rbp), %rsi
    movb    $0, %al
    callq    printf
    ...
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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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cs50.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 byte

double 8 bytes

float  4 bytes

int    4 bytes

long   8 bytes

string ? bytes

...

























int score1 = 72;

int score2 = 73;

int score3 = 33;
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int score1 = 72;

int score2 = 73;

int score3 = 33;



arrays



int scores[3];



int scores[3];

scores[0] = 72;

scores[1] = 73;

scores[2] = 33;
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constants



char c = '#';
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char c1 = 'H';

char c2 = 'I';

char c3 = '!';
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string s = "HI!";
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string s = "HI!";

string t = "BYE!";
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string words[2];

words[0] = "HI!";

words[1] = "BYE!";
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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 →   → ciphertextcipher



cipherplaintext →   → ciphertext
key →  



I LOVE YOU →   →       ?
1 →  
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I LOVE YOU →   → J MPWF ZPV 
1 →  













searching



input →   → output



→   → output



→   →  bool



algorithms



running times
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O(n2)

O(n log n)

O(n)          

O(log n)    

O(1)



Ω



Ω(n2)

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)          



linear search



For i from 0 to n-1

    If number behind i'th door

        Return true

Return false



O(n2)

O(n log n)

O(n)              

O(log n)        

O(1)



O(n2)

O(n log n)

O(n)              linear search

O(log n)        

O(1)



Ω(n2)

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)              



Ω(n2)

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)              linear search



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



If 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(n2)

O(n log n)

O(n)              linear search

O(log n)        

O(1)



O(n2)

O(n log n)

O(n)              linear search

O(log n)        binary search

O(1)



Ω(n2)

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)              linear search



Ω(n2)

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)              linear search, binary search



int numbers[]



string names[]



data structures



person people[]



    string name;

    string number;



typedef struct

{

    string name;

    string number;

}

person;



sorting



input →   → output



unsorted →   → output



unsorted →   → sorted



→   → sorted6 3 8 5 2 7 4 1



→   → 6 3 8 5 2 7 4 1 1 2 3 4 5 6 7 8



selection sort



6  3  8  5  2  7  4  1



For i from 0 to n-1

    Find smallest item between i'th item and last item

    Swap smallest item with i'th item



n



n + (n – 1)



n + (n – 1) + (n – 2)



n + (n – 1) + (n – 2) + ... + 1



n + (n – 1) + (n – 2) + ... + 1

n(n + 1)/2
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n2/2 + n/2

O(n2)



O(n2)             

O(n log n)

O(n)              linear search

O(log n)        binary search

O(1)



O(n2)             selection sort

O(n log n)

O(n)              linear search

O(log n)        binary search

O(1)



For i from 0 to n-1

    Find smallest item between i'th item and last item

    Swap smallest item with i'th item



Ω(n2)             

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)              linear search, binary search



Ω(n2)             selection sort

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)              linear search, binary search



bubble sort



6  3  8  5  2  7  4  1



Repeat until sorted

    For i from 0 to n-2

        If i'th and i+1'th elements out of order

            Swap them



Repeat n-1 times

    For i from 0 to n-2

        If i'th and i+1'th elements out of order

            Swap them



(n – 1) × (n – 1)



(n – 1) × (n – 1)

n2 – 1n – 1n + 1



(n – 1) × (n – 1)

n2 – 1n – 1n + 1

n2 – 2n + 1



(n – 1) × (n – 1)

n2 – 1n – 1n + 1

n2 – 2n + 1

O(n2)



O(n2)             selection sort

O(n log n)

O(n)              linear search

O(log n)        binary search

O(1)



O(n2)             selection sort, bubble sort

O(n log n)

O(n)              linear search

O(log n)        binary search

O(1)



Repeat n-1 times

    For i from 0 to n-2

        If i'th and i+1'th elements out of order

            Swap them

    If no swaps

        Quit



Ω(n2)             selection sort

Ω(n log n)

Ω(n)          

Ω(log n)    

Ω(1)              linear search, binary search



Ω(n2)             selection sort

Ω(n log n)

Ω(n)              bubble sort

Ω(log n)    

Ω(1)              linear search, binary search



recursion



1   Pick up phone book
2   Open to middle of phone book
3   Look at page
4   If person is on page
5       Call person
6   Else if person is earlier in book
7       Open to middle of left half of book
8       Go back to line 3
9   Else if person is later in book
10      Open to middle of right half of book
11      Go back to line 3
12  Else
13      Quit



1   Pick up phone book
2   Open to middle of phone book
3   Look at page
4   If person is on page
5       Call person
6   Else if person is earlier in book
7       Open to middle of left half of book
8       Go back to line 3
9   Else if person is later in book
10      Open to middle of right half of book
11      Go back to line 3
12  Else
13      Quit



1   Pick up phone book
2   Open to middle of phone book
3   Look at page
4   If person is on page
5       Call person
6   Else if person is earlier in book
7       Open to middle of left half of book
8       Go back to line 3
9   Else if person is later in book
10      Open to middle of right half of book
11      Go back to line 3
12  Else
13      Quit



1   Pick up phone book
2   Open to middle of phone book
3   Look at page
4   If person is on page
5       Call person
6   Else if person is earlier in book
7       Search left half of book
8       
9   Else if person is later in book
10      Search right half of book
11      
12  Else
13      Quit



1   Pick up phone book
2   Open to middle of phone book
3   Look at page
4   If person is on page
5       Call person
6   Else if person is 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(n2)             selection sort, bubble sort

O(n log n)

O(n)              linear search
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    a = b;

    b = tmp;
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void swap(int a, int b)

{

    int tmp = a;

    a = b;

    b = tmp;

}
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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;

}
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if (n != NULL)

{

    (*n).number = 1;
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    n->number = 1;
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if (n != NULL)

{
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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;

    }

}
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