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Variable Types and Operations
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0 0 0 0 0 0 0 1
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0 0 0 0 0 0 1 1

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1

0 0 1 1 1 1 0 1

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 1

Everything is stored in binary
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Two Primary Storage Types

Integer

Floating Point

- Straight forward binary storage 
- Whole numbers only
- Sometimes signed sometimes unsigned
- Range limited by number of bits used
- char = 8 bit, int = 16 bit, long = 32 bit 
- Perfect accuracy

- Scientific Notation format (via binary)
- Uses 32 bits (on a PIC)
- Max +/- 6.8e38 

0 1 1 1 1 0 0 1

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

0 0 0 0 0 0 1 1

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1

0 0 1 1 1 1 0 1

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 1

char x = 1;
char y = 2;
char z = 3;

int Dave = 1;

float pt1x = 0.1;

Everything is stored in binary
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00000000

0

11111111

255

10000000

-128

01111111

127

00000000 
00000000

0

11111111 
11111111

65535

10000000 
00000000

-32768

01111111 
11111111

32767

00000000 
00000000 
00000000 
00000000

0

11111111 
11111111 
11111111 
11111111

4,294,967,295

10000000 
00000000 
00000000 
00000000

-2,147,483,648

01111111 
11111111 
11111111 
11111111

2,147,483,647

char (8 bits)

int (16 bits)

long (32 bits)

Unsigned Signed
Min MinMax Max

Integer Ranges

0 1 1 1 1 0 0 1

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

0 0 0 0 0 0 1 1

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1

0 0 1 1 1 1 0 1

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 1

unsigned char x=1;
char y = 2;

int Dave = 1;

What if...
x = 200;
y = 200; 

x = 260;

Dave=100+100+100;

Integer Overflow
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0 1 1 1 1 0 0 1

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

0 0 0 0 0 0 1 1

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1

0 0 1 1 1 1 0 1

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 0

1 1 0 0 1 1 0 1

float pt1x = 0.1;

Floating Point

Floats are approximated

float x = 0.1;
x = 0 0111 1011 100 1100 1100 1100 1100 1101

Actually get's stored as: x = 0.1000000005

float f = 0.1;
float f2 = 0.100000005;

if (f == f2)
printf("The two are equal");

else
printf("The two are different");
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Operations

Integer math issues:  +  - *  /

Truncates fractional results
char y;
y = 3/4 * 20;

Order of operations
y = 100*8/16;
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Shortcuts: +=, -=, *=, /=, ++, --

• Quick variable modifications
• Examlpes

myInt = 40;

myInt += 10;

myInt *= 2;

myInt -= 1;

• Super shortcuts
myInt++;

myInt--;

Modulus:    %

• Long division remainder

• Examples
int myInt;

char quo, remain

char hunds, tens, ones;

quo    = 23 / 7;

remain = 23 % 7;

myInt = 345;

hunds = (myInt / 100) % 10;

tens  = (myInt / 10) % 10;

ones  = (myInt / 1) % 10;
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Cast:    (<type>)

• Converting from one type to another

• Examples
float myFloat = 14.5;

int myInt;

char myChar = 100;

myInt = (int) myFloat + 6;

myFloat = (float) myInt – 5.5;

myInt = (int) myChar +

myChar + myChar;

Bit Shifts:   >>   <<

• Moving the bits within a variable
– Effectively a divide by 2 or multiply by 2

– Examples:
int a;

a = 0b0110 >> 2;

a = 0b0110 << 1;
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Bit Inverse:     ~

• Bitwise NOT (inverse) operation

• Examples:
char a;

a = ~0b00000001;

A Y

0 1

1 0

Bit AND:     &

• Bitwise AND operation

• Examples:
char a;

a = 0b0111 & 0b1101;

a = a & 0b1011;

• Common bit clear:
a &= 0x01;

A B Y

0 0 0

0 1 0

1 0 0

1 1 1
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Bit OR:     |

• Bitwise OR operation

• Examples:
char a;

a = 0b1100 & 0b1000;

a = a | 0b0010;

• Common bit set:
a |= 0x01;

A B Y

0 0 0

0 1 1

1 0 1

1 1 1

Bit XOR:     ^

• Bitwise Exclusive Or operation

• Examples:
char a;

a = 0b0110 ^ 0b0100;

a = a ^ 0b1000;

• Common bit toggle:
a ^= 0x01;

A B Y

0 0 0

0 1 1

1 0 1

1 1 0
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Logical Operations

• Standard in conditional statements

• &&, ||, ==, !, !=, <, >, <=, >=

• Examples:
char myChar = 1;

char isTrue = 1;

if( 3<4  &&  myChar != 5)

while(myChar>0 || myChar == -5)

while(!isTrue)

Bitwise vs. Logical Summary

Bitwise Logical

AND & &&

OR | ||

NOT ~ !
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Arrays

• Array of some existing type
• Example

char myChar;

char myArray[5];

myChar = myArray[0];

myChar = myArray[4];
0 0 0 1 0 0 0 0

0 0 0 0 0 1 0 1

0 0 0 0 0 0 1 0

0 0 0 0 0 0 1 1

0 0 0 0 1 0 0 0

Arrays

Loading data into an array

int i[] = { 1, 2, 3, 4, 5};

char y[5];
y[0] = 10;
y[1] = 20;
y[2] = 30;
y[3] = 40;
y[4] = 50;
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ASCII

char
often used to 
hold ASCII 
values since only 
7 bits are needed

Example using ASCII
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Character arrays (Strings)

char listchar[]={'t','o','y',' ','b','o','a','t', '\0'};
char listchar2[]= “toy boat”;

char numchar[5];
numchar[0] = 0x61;
numchar[1] = 98;
numchar[2] = 'c';
numchar[3] = 0b01100100;
numchar[4] = '\0'; 

printf(" %c ",listchar[1]);
printf(" %s ",listchar2);
printf(" %s ",numchar);

Strings always end in the null 
character (‘\0’)

Advanced data types

• Pointers
&   *

• Structures
struct

• Enumerated Data Types
enum

• Custom Data Types
typedef


