
Quiz	  Topics	  
● Binary.	  ASCII.	  Algorithms.	  Pseudocode.	  Source	  code.	  
Compiler.	  Object	  Code.	  Scratch.	  Statements.	  Boolean	  
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Events.	  
● Linux.	  C.	  Compiling.	  Libraries.	  Types.	  Standard	  output.	  
● CasDng.	  Imprecision.	  Switches.	  Scope.	  Strings.	  Arrays.	  
Cryptography.	  
● Command-‐line	  arguments.	  Searching.	  SorDng.	  Bubble,	  
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● Stack.	  Debugging.	  File	  I/O.	  Hexadecimal.	  Strings.	  Pointers.	  
Dynamic	  memory	  allocaDon	  
● Heap.	  Buffer	  overflow.	  Linked	  lists	  



Loops 



for (initialization; condition; update) 
{ 
    execute this code 
} 

	  

For Loops 

Check 
condition 

Update 
variable(s) 

Execute code 
in body 

Initialize 
variable(s) 

if true if false 

Exit loop 



Example #1 
Prints “This is CS50!” ten times 

for	  (int	  i	  =	  0;	  i	  <	  10;	  i++)	  
{	  
	  	  	  	  printf("This	  is	  CS50!\n");	  
}	  

	  



Example #2 
Converts a lowercase string to 

uppercase 

char name[] = "milo"; 
for (int i = 0, j = strlen(name); i < j; i++) 
{ 
    name[i] = toupper(name[i]); 
} 

	  



Check 
condition 

Execute code 
in body 

if true if false 

while (condition) 
{ 
    execute this code 
} 

	  

While Loops 

Exit loop 



Example #3 
Counts down from 10 to 0 

int	  count	  =	  10;	  
while	  (count	  >=	  0)	  
{	  
	  	  	  	  printf("%i\n",	  count);	  
	  	  	  	  count-‐-‐;	  
}	  



Example #4 
Calculates string length 

string s = GetString(); 
int length = 0; 
while (s[length] != '\0') 
    length++; 



do  
{ 
    execute this code 
} 
while (condition); 

	  

Do While Loops 

Check 
condition 

if true 

if false 
Exit loop 

Execute code 
in body 



Example #5 
Reprompts until user enters a 

positive number 

int input; 
do 
{ 
    printf("Enter a positive number: "); 
    input = GetInt(); 
} 
while (input < 1); 



Math in C 



Numerical Variables 

int	  
float	  
double	  

long	  long	  
	  



Let’s add some ints! 

//	  declare	  x	  
int	  x;	  
	  
//	  initialize	  x	  
x	  =	  2;	  
	  
//	  declare	  and	  initialize	  y	  
int	  y	  =	  x	  +	  1;	  



 
Division 

 
int main(void) 
{ 
    // declare and initialize answer 
    float answer = 1 / 10; 

  
    // print answer to two decimal places  
    printf("%.2f\n", answer); 
} 

	  



Fixed version: Typecasting 

 
int main(void) 
{ 
    // declare and initialize answer 
    float answer = (float) 1 / (float) 10; 

  
    // print answer to two decimal places  
    printf("%.2f\n", answer); 
} 

	  



Another way 

 
int main(void) 
{ 
    // declare and initialize answer 
    float answer = 1.0 / 10.0; 

  
    // print answer to two decimal places  
    printf("%.2f\n", answer); 
} 

	  



Operator Precedence 

              What is x?  
 
1. int	  x	  =	  2	  *	  10	  +	  10	  /	  2	  +	  2;	  
2. int	  x	  =	  2	  *	  (10	  +	  10)	  /	  2	  +	  2;	  
3. int	  x	  =	  	  2	  *	  (10	  +	  10)	  /	  (2	  +	  2);	  
	  



Modulo 

1. 55	  %	  10	  
2. 3	  %	  5	  
3. 8	  %	  8	  
4. 16	  %	  15	  



What will print? 

int main(void) 
{ 
    // declare and initialize x, y, z 
    int x = 1; 
    int y = 2; 
    int z = (x + y) * y % y + y; 
 
    // print z 
    printf("%i\n", z); 
} 

	  



Floating Point Imprecision 

int main(void) 
{ 
    // initialize x and y 
    float answer = 1.0 / 10.0; 

  
    // print answer to two decimal places  
    printf("%.20f\n", answer); 
} 

	  





We are used to decimal notation: 

1  6  3 
102    101     100 

	  
1*102 + 6*101 + 3*100 = 163 



Computers store and process 
data via binary notation: 

1  0  1  0  0  0  1  1 
27     26     25     24      23     22     21     20 

	  
1*27 + 0*26 + 1*25 + 0*24 + 0*23 + 

0*22 + 1*21 + 1*20 = 163 
	  



Converting Binary to Decimal 
(and vice versa) 

1 = 1*20 = 1  

10 = 1*21 + 0*20 = 2 

11 = 1*21 + 1*20 = 3 

100 = 1*22 + 0*21 + 0*20 = 4 

101 = 1*22 + 0*21 + 1*20 = 5 

	  

	  



Addition and Subtraction 
(Don’t forget to carry your 1s) 

	  
	  

1 0 1 01 11 1 
+  0 1 0  0  0  1 

1 1 1 1  0  0 
	  
	  
	  
	  
	  
	  
	  

	  
	  
 
	  

1 1 10 010 0 
●   -  0  0  0  1  0                                         

   1  1  0  1 0 
	  
	  
	  
	  
	  
	  



Characters must also be 
encoded in binary  



ASCII maps characters to numbers 



AAS	  ASCII Math 

      What will print? 
	  

1. 	  printf("%d\n",	  'a'	  –	  'A');	  
2. 	  printf("%c\n",	  'B'	  +	  ('a'	  –	  'A'));	  
3. 	  printf("%c\n",	  'b'	  –	  ('a'	  –	  'A'));	  
4. 	  printf("%c\n",	  'B'	  +	  1);	  
5. 	  printf("%c\n",	  ('z'	  –	  'a'	  +	  1)	  %	  26	  +	  'a');	  

	  
	  



AAS	  Example #1  
Prints Z through A 

	  
	  

1.   	  for	  (int	  i	  =	  'Z';	  i	  >=	  'A';	  i-‐-‐)	  
	  	  	  	  	  printf("%c\n",	  i);	  

	  
	  



AAS	  Example #2  
Converts a lowercase string to 

uppercase 
	  

	  
1. char	  name[]	  =	  "milo";	  	  
2. for	  (int	  i	  =	  0,	  j	  =	  strlen(name);	  i	  <	  j;	  i++)	  
	  	  	  	  	  	  	  name[i]	  =	  name[i]	  +	  ('A'	  -‐	  'a');	  
1. f 

	  
	  



Arrays 

1 0 2 
 

5 
 

4 
 

3 
 



Creating an Array 

65  87  30   
10 2

 
 

	  
	  
<data	  type>	  name[<size>];	  
	  
Example:	  
int	  temperature[3];	  
temperature[0]	  =	  65;	  
temperature[1]	  =	  87;	  
temperature[2]	  =	  30;	  
	  
OR	  
	  
int	  temperature[]	  =	  {	  65,	  87,	  30	  };	  
	  
	  	  	  	  

	  



Accessing Array Elements 

	  
	  
for	  (int	  i	  =	  0;	  i	  <	  3;	  i++)	  
{	  

	  printf("%d\n",	  temperature[i]);	  
}	  

	  

65  87  30   
10 2

 
 



#include	  <stdio.h>	  
#include	  <cs50.h>	  
	  
#define	  CLASS_SIZE	  30	  
	  
int	  main(void)	  
{	  

	  //	  declare	  array	  
	  int	  scores_array[CLASS_SIZE];	  
	  	  
	  //	  populate	  array	  
	  for	  (int	  i	  =	  0;	  i	  <	  CLASS_SIZE;	  i++)	  
	  {	  
printf("Enter	  score	  for	  student	  %d:	  ",	  i);	  
scores_array[i]	  =	  GetInt();	  

}	  
}	  
	  
	  	  	  	  

	  



Where's the bug? 
	  
	  
string	  class[3]	  =	  {	  "Sam",	  "Jess",	  "Kim"	  };	  	  
	  
for	  (int	  i	  =	  0;	  i	  <=	  3;	  i++)	  
{	  

	  printf("%s\n",	  class[i]);	  
}	  

	  



Multidimensional Arrays 

 x         x 
0,1 0,0 

      o      
1,1 1,0 1,2 

 

o          
2,1 2,0 2,2 

 

0,2 

	  
char	  board[3][3];	  
board[1][1]	  =	  'o';	  
board[0][0]	  =	  'x';	  
board[2][0]	  =	  'o';	  
board[0][2]	  =	  'x';	  
	  
	  
	  
	  	  	  	  

	  



Accessing Multidimensional 
Array Elements 

	  
//	  print	  out	  all	  elements	  
for	  (int	  i	  =	  0;	  i	  <	  3;	  i++)	  
{ 	  	  

for	  (int	  j	  =	  0;	  j	  <	  3;	  j++)	  
	   	  printf("%c",	  board[i][j]);	  
	  printf("\n");	  

} 	  	  
	  
	  	  	  	  

	  



Functions 

Inputs Output 



Why Functions? 

- Organization 
- Simplification 

- Reusability 
	  



A Function Definition 

int	  cube(int	  input)	  
{ 
	  	  	  	  int	  output	  =	  input	  *	  input	  *	  input;	  
	  	  	  	  return	  output;	  
} 
 
 

	  



int	  cube(int	  input)	  
{	  
	  	  	  	  int	  output	  =	  input	  *	  input	  *	  input;	  
	  	  	  	  return	  output; 	   	   	   	   	   	  

	   	  	  
}	  
 
 

	  

Header 

Body 

return type 

function name 

parameter list 



#include	  <stdio.h>	  
 
int	  cube(int	  input);	  
	  
int	  main(void)	  
{	  
	  	  	  	  int	  x	  =	  2;	  
	  	  	  	  printf("x	  is	  %i\n",	  x);	  
	  	  	  	  x	  =	  cube(x);	  
	  	  	  	  printf("x	  is	  %i\n",	  x);	  
}	  
 
int	  cube(int	  input)	  
{ 
	  	  	  	  int	  output	  =	  input	  *	  input	  *	  input;	  
	  	  	  	  return	  output;	  
} 
 





cube()'s parameters 

cube()'s locals 

main()'s locals 

main()'s parameters 



	  	  #include	  <stdio.h>	  

	  	  void	  swap(int	  a,	  int	  b);	  

	  

	  	  int	  main(void)	  

	  	  {	  

	  	  	  	  	  	  int	  x	  =	  1;	  

	  	  	  	  	  	  int	  y	  =	  2;	  

	  	  	  	  	  	  swap(x,	  y);	  

	  	  	  	  	  	  printf("x	  is	  %i\n",	  x);	  

	  	  	  	  	  	  printf("y	  is	  %i\n",	  y);	  

	  	  }	  

	  

	  	  void	  swap(int	  a,	  int	  b)	  

	  	  {	  

	  	  	  	  	  	  int	  tmp	  =	  a;	  

	  	  	  	  	  	  a	  =	  b;	  

	  	  	  	  	  	  b	  =	  tmp;	  

	  	  }	  
 



Command-line Arguments 

	  
int	  main(void)	  
	  
	  
int	  main(int	  argc,	  string	  argv[])	  
	  
	  
	  	  	  	  

	  



Test Yourself 

jharvard@appliance	  (~):	  ./copy	  infile	  outfile	  
	  
	  
	  
	  
	  
	  	  	  	  

	  	  

1.	  What	  is	  argc?	  
2.	  What	  is	  argv[0]?	  
3.	  What	  is	  argv[1]?	  
4.	  What	  is	  argv[2]?	  
5.	  What	  is	  argv[3]?	  
6.	  What	  is	  argv[4]?	  
 



Mario Revisited 

jharvard@appliance	  (~):	  ./mario	  10	  
	  
	  
	  
	  
	  	  	  	  

	  	  



	  
int	  main(int	  argc,	  string	  argv[])	  
{	  
	  	  	  if	  (argc	  !=	  2)	  

{	  
printf("Usage:	  mario	  height");	  
return	  1;	  	  

}	  
	  	  
	  int	  height	  =	  atoi(argv[1]);	  

	  
//	  etc	  
.	  .	  .	  

}	  
	  

	  



Binary Search 
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Is array[3] == 7? 
Is array[3] < 7? 
Is array[3] > 7? 

Lin	  
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Is array[5] == 7? 
Is array[5] < 7? 
Is array[5] > 7? 

Lin	  
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Is array[4] == 7? 
Is array[4] < 7? 
Is array[4] > 7? 

Lin	  
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Bubble Sort 



1. Step through entire list, swapping 
adjacent values if not in order 
 
2. Repeat from step 1 if any swaps 
have been made 
	  

Algorithm 
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Second pass: 2 swaps 
 

	  



Third pass: 1 swap  
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Fourth pass: 0 swaps  
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initialize counter 
do 
{ 

   set counter to 0 
 

   iterate through entire array 
      if array[n] > array[n+1] 
         swap them 
         increment 

counter 
} 
while (counter > 0) 
	  



What's the worst case runtime of 
bubble sort? 
 
What's the best case runtime of 
bubble sort? 

●  Lin	  
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Insertion Sort 
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All values start as Unsorted  
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Add first value to Sorted  
	  



2 5 
4 
 

1 0 2 
 

3 
 

Unsorted Sorted	  	  	  	  	  

3 6 4 

5 > 3  
insert 5 to right of 3  

	  



2 5 
4 
 

1 0 2 
 

3 
 

Unsorted Sorted	  	  	  	  	  

3 6 4 

2 < 5 and 2 < 3 
shift 3 and 5 

insert 2 to left of 3 
	  



5 3 
4 
 

1 0 2 
 

3 
 

Unsorted Sorted	  	  	  	  	  

2 6 4 

6 > 5 
insert 6 to right of 5  

	  



5 3 
4 
 

1 0 2 
 

3 
 

Unsorted Sorted	  	  	  	  	  

2 6 4 

4 < 6, 4 < 5, and 4 > 3 
shift 5 and 6  

insert 4 to right of 3 
	  



For each unsorted element n: 
 
1. Determine where in sorted portion of the 
list to insert n 
 
2. Shift sorted elements rightwards as 
necessary to make room for n 
 
3. Insert n into sorted portion of the list 
	  



for i = 0 to n - 1 
   element = array[i] 
   j = i 
   while (j > 0 and array[j - 1] > element) 
      array[j] = array[j - 1] 
      j = j - 1 
   array[j] = element 

 
	  



What's the worst case runtime of 
insertion sort? 
 
What's the best case runtime of 
insertion sort? 

●  Lin	  
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Selection Sort 
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1. Find the smallest unsorted value 
 
2. Swap that value with the first 
unsorted value  
 
3. Repeat from Step 1 if there are 
still unsorted items 
	  

Algorithm 
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All values start as Unsorted  
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3 6 4 
Swap	  	  	  	  	  

First pass:  
2 is smallest, swap with 3 
	  



5 2 3 
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6 4 

Swap	  	  	  	  	  

Second pass:  
3 is smallest, swap with 5 
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Third pass:  
4 is smallest, swap with 5 
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Unsorted Sorted	  	  	  	  	  

5 

Fourth pass:  
5 is smallest, swap with 6 
	  

Swap	  	  	  	  	  



4 5 2 3 
4 
 

1 0 2 3 
 

Unsorted Sorted	  	  	  	  	  

6 

Fifth pass:  
6 is the only value left, done! 
	  



for i = 0 to n - 2 
 min = i 
 for j = i + 1 to n - 1 
     if array[j] < array[min] 
      min = j; 
 if min != i 
  swap array[min] and array[i] 

 
	  



What's the best case runtime of 
selection sort? 
 
What's the worst case runtime of 
selection sort? 
 
What's the expected runtime of 
selection sort? 

●  Lin	  
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Recursion 

Output Input 



	  
	  
void	  foo(string	  str)	  
{ 
	  	  	  	  printf(“%s\n”,	  str);	  
	  	  	  	  foo(str);	  
} 
 

	  

Recursion w/out 
a Base Case 



Factorial 

n! = n * (n - 1) * (n - 2) * … * 1 



	  
	  
	  
unsigned	  int	  factorial(unsigned	  int	  n)	  
{	  
	  	  	  	  if	  (n	  <=	  1)	  
	  	  	  	  {	  
	  	  	  	  	  	  	  	  return	  1;	  
	  	  	  	  }	  
	  	  	  	  else	  	  
	  	  	  	  {	  
	  	  	  	  	  	  	  	  return	  n	  *	  factorial(n	  -‐	  1);	  
	  	  	  	  }	  
}	  
	  



	  
	  
	  
2	  *	  factorial(1)	  
	  

	  
	  
	  
factorial(3)	  =	  3	  *	  factorial(2)	  
	  

	  
	  
	  
1	  
	  



factorial(3) 

main() 
stack 

heap 



factorial(3) 

main() 
stack 

heap 

factorial(2) 



factorial(3) 

main() 
stack 

heap 

factorial(2) 

factorial(1) 



factorial(3) 

main() 
stack 
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factorial(2) 
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factorial(3) 

main() 
stack 

heap 
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main() 
stack 

heap 
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Merge Sort 
 

1
6

2
2



 
On input of n elements: 

 If n < 2 
  Return. 
 Else 
  Sort left half of elements. 
  Sort right half of elements. 
  Merge sorted halves. 
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Halve until each subarray is size 1 
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Merge Sorted Halves 
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sort (int array[], int start, int end) 
{ 
   if (end > start) 

 { 
      int middle = (start + end) / 2; 

 
  sort(array, start, middle); 
  sort(array, middle + 1, end); 

 
  merge(array, start, middle, middle + 1, end); 
 } 

} 
 
 
	  



What's the best case runtime of 
merge sort? 
 
What's the worst case runtime of 
merge sort? 
 
What's the expected runtime of 
merge sort? 

●  Lin	  





Bubble 
Sort 

O 
Ω 
Θ 

Selection 
Sort 

Insertion 
Sort 

Merge 
Sort 

n2 

n n nlogn 
nlogn 

nlogn n2 

n2 

n2 

n2 



File I/O 

We	  are	  used	  to	  reading	  from	  and	  wriDng	  to	  the	  terminal:	  
●  read	  from	  stdin 
●  write	  to	  stdout  
	  

But	  we	  can	  also	  read	  from	  	  
and	  write	  to	  files!	  



Step	  1:	  Create	  a	  reference	  to	  the	  file	  
	  
  FILE* file; 
 
Step	  2:	  Open	  the	  file	  
	  

 file =  fopen(“file.txt”,  “r”);  
 

●  1st	  argument	  -‐-‐	  path	  to	  the	  file	  
●  2nd	  argument	  -‐-‐	  mode	  

○  “r”	  -‐-‐	  read,	  “w”	  -‐-‐	  write,	  “a” -‐-‐	  append	  



Step	  3a:	  Read	  from	  the	  file	  
	  

●  fgetc	  -‐-‐	  returns	  the	  next	  character	  
●  fgets	  -‐-‐	  returns	  a	  line	  of	  text	  
●  fread	  -‐-‐	  reads	  a	  certain	  #	  of	  bytes	  and	  places	  

them	  into	  an	  array	  
●  fseek	  -‐-‐	  moves	  to	  a	  certain	  posiDon	  

 
Step	  3b:	  Write	  to	  the	  file	  
 

●  fputc	  -‐-‐	  write	  a	  character	  
●  fputs	  -‐-‐	  returns	  a	  line	  of	  text	  
●  fprintf	  -‐-‐	  print	  a	  forma_ed	  output	  to	  a	  file	  
●  fwrite	  -‐-‐	  write	  an	  array	  of	  bytes	  to	  a	  file	  

	  



Step	  4:	  Close	  the	  file	  
	  
fclose(file);   
 
 
Remember!	  
	  

●  Always	  open	  a	  file	  before	  reading	  from	  or	  wriDng	  to	  it	  
●  Always	  close	  a	  file	  if	  you	  open	  it	  

	  



#include <stdio.h> 

 

#define STUDENTS 3 

 

int main(void) 

{ 

    int scores[] = { 96, 90, 83 }; 

    FILE* file = fopen(“database”, “w”); 
    if (file != NULL) 
    { 
        for (int i = 0; i < STUDENTS; i++) 
        { 
            fprintf(file, “%i\n”, scores[i]); 
        } 
        fclose(file); 
    } 

} 

	  
	  

Example #1 
Writing to a file 



#include	  <stdio.h>	  
	  

int	  main(int	  argc,	  char*	  argv[])	  

{	  

	  	  	  	  if	  (argc	  <	  2)	  

	  	  	  	  {	  

	  	  	  	  	  	  	  	  printf("Usage:	  cat	  file	  [file	  ...]\n");	  

	  	  	  	  	  	  	  	  return	  1;	  

	  	  	  	  }	  

	  	  	  	  for	  (int	  i	  =	  1;	  i	  <	  argc;	  i++)	  

	  	  	  	  {	  

	  	  	  	  	  	  	  	  FILE*	  file	  =	  fopen(argv[i],	  "r");	  

	  	  	  	  	  	  	  	  if	  (file	  ==	  NULL)	  

	  	  	  	  	  	  	  	  {	  

	  	  	  	  	  	  	  	  	  	  	  	  printf("cat:	  %s:	  No	  such	  file	  or	  directory\n",	  argv[i]);	  

	  	  	  	  	  	  	  	  	  	  	  	  return	  1;	  

	  	  	  	  	  	  	  	  }	  

	  	  	  	  	  	  	  	  for	  (int	  c	  =	  fgetc(file);	  c	  !=	  EOF;	  c	  =	  fgetc(file))	  

	  	  	  	  	  	  	  	  {	  

	  	  	  	  	  	  	  	  	  	  	  	  putchar(c);	  

	  	  	  	  	  	  	  	  }	  

	  	  	  	  	  	  	  	  fclose(file);	  

	  	  	  	  }	  

	  	  	  	  return	  0;	  

}	  

 

 

 
	  
	  

Example #2 
What does this 
program do? 



Pointers 



0x0 0x1 

0x4 0x5 0x6 

0x9 0x8 0xA 0xB 

0x2 

0x7 

0x3 

Memory 





Creating Pointers 
	  

Declaring pointers: 
<type>* <variable name> 

 
Examples: 

int* x; 
char* y; 
float* z; 

 
 
 
 
 
 
 
	  
	  	  	  	  

	  



Referencing and Dereferencing 

	  
Referencing: 

&<variable name> 
 

Dereferencing: 
*<pointer name> 

 
 
 
 
 
 
 
	  
	  	  	  	  

	  



Under the hood... 

 
 
int	  x	  =	  5;	  
	  
int*	  ptr	  =	  &x;	  
	  
int	  copy	  =	  *ptr;	  
 
 
 
 
 
 
	  
	  	  	  	  

	  

Variable Address Value 

x 0x04 5 

ptr 0x08 
 

0x04 

copy 0x0C 
 

5 



Track the values 

x ptr 

5 

5 &x 
 

35 &x 
 

int x = 5; 

int* ptr = &x; 

*ptr = 35; 



 
int a = 3, b = 4, c = 5; 
int* pa = &a, *pb = &b, *pc = &c; 
	  
	  
	  

	  
 
 
 
 
 
 
	  
	  	  	  	  

	  

a b c pa pb pc 

 
 

a = b * c; 

a *= c; 

b = *pa; 

pc = pa; 

*pb = b * c; 

c = (*pa) * (*pc); 

*pc = a * (*pb); 

Test Yourself 



 
int a = 3, b = 4, c = 5; 
int* pa = &a, *pb = &b, *pc = &c; 
	  
	  
	  

	  
 
 
 
 
 
 
	  
	  	  	  	  

	  

a = b * c; 

a *= c; 

b = *pa; 

pc = pa; 

*pb = b * c; 

c = (*pa) * (*pc); 

*pc = a * (*pb); 

Answers 

a b c pa pb pc 

20 4 5 &a &b &c 

100 4 5 &a &b &c 

100 100 5 &a &b &c 

100 100 5 &a &b &a 

100 500 5 &a &b &a 

100 500 10000 &a &b &a 

50000 500 10000 &a &b &a 



Pointer Arithmetic 
	  
Adding/subtracting n adjusts the pointer by 
 
n	  *	  sizeof(<type	  of	  the	  pointer>) bytes 
 
 
 
 
 
 
	  
	  	  	  	  

	  

x y 

5 

5 0x04 
 

5 0x08 
 

int x = 5; 

int* y = &x; 

y += 1; 



What will print? 

	  
 
 
 
 
 
 
 
	  
	  	  	  	  

	  

	  
	  
int	  main(void)	  
{	  
	  	  	  	  char*	  str	  =	  "happy	  cat";	  
	  	  	  	  int	  counter	  =	  0;	  
	  
	  	  	  	  for	  (char*	  ptr	  =	  str;	  *ptr	  !=	  '\0';	  ptr++)	  
	  	  	  	  {	  
	  	  	  	  	  	  	  	  counter++;	  
	  	  	  	  }	  
	  
	  	  	  	  printf("%d\n",	  counter);	  
}	  
 
 
 
 
 
 
	  
	  	  	  	  

	  



Pointers and Arrays 

	  
	  
int	  array[3];	  
	  
*array	  =	  1;	  
*(array	  +	  1)	  =	  2;	  
*(array	  +	  2)	  =	  3;	  
 
 
 
 
 
	  
	  	  	  	  

	  

1    2    3   
10 2

 
 



Dynamic 
Memory 

Allocation 



A call to malloc()	  

prototype: 
void*	  malloc(size	  in	  bytes);	  
 
example: 
int* ptr = malloc(sizeof(int) * 10); 

 
 
 
 
 
 
 
	  
	  	  	  	  

	  



Check for NULL! 

	  
int* ptr = malloc(sizeof(int) * 10); 
 
if (ptr == NULL) 
{ 

 printf("Error -- out of memory.\n"); 
 return 1; 

} 
 

 
 
 
 
 
 
	  
	  	  	  	  

	  



A call to free()	  

	  
prototype:  
void	  free(pointer	  to	  heap	  memory);	  
 
example: 
free(ptr);	  

 
 
 
 
 
 
 
	  
	  	  	  	  

	  



#include	  <stdio.h>	  
#include	  <cs50.h>	  
	  
int	  main(void)	  
{	  
	  	  	  	  int*	  ptr	  =	  malloc(sizeof(int));	  
	  	  	  	  if	  (ptr	  ==	  NULL)	  
	  	  	  	  {	  

	  	  	  	  	  printf("Error	  -‐-‐	  out	  of	  memory.\n");	  
	  	  	  	  	  return	  1;	  

	  	  	  	  }	  
	  
	  	  	  	  *ptr	  =	  GetInt();	  
	  	  	  	  printf("You	  entered	  %d.\n",	  *ptr);	  
	  
	  	  	  	  free(ptr);	  
}	  

 
 
 
 
 
 
 
	  
	  	  	  	  

	  


