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Numbering Systems

Our 10-fingered system

We use a numbering system based on 10
digits, 0 thru 9.    Decimal.   Dec = 10.

   e.g.  1624   is

1x103   +   6x102   +   2x101    +   4x100     =

1x1000   +   6x100   +   2x10    +    4x1    =

1000   +  600   +  20   +  4    =   1624

Let’s try another

1,267,442   is

1x106  +  2x105   +  6x104   +  7x103  + 4x102

    + 4x101   +   2x100     =

(1 x 1,000,000)  + ( 2 x 100,000)   +

(6 x 10,000)   +  (7 x 1,000)  +  (4 x 100)
   + (4 x 10)   +   (2 x 1)    =     1,267,442
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Decimal System

• Base 10

• Number are written:  162410

• Uses digits 0 thru 9

• Digits are one less than the base

Works for any number “base”

• Base 8  (Octal)  uses digits 0 – 7

• Base 4 uses digits 0 – 3

• Base 2 (Binary) uses digits 0 – 1

• Base 16 (Hexadecimal) uses “digits”:

      0  1  2  3  4  5  6  7  8  9  A  B  C  D  E  F

Base 8 (Octal)

749 - illegal

1648   =  1 x 82    +    6 x 81   +    4 x 80

       =    6410   +  4810  +   410    =   11610
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Base 2 (Binary)

14652 - illegal

10110101   =  1x27  + 0x26   + 1x25   + 1x24

+ 0x23  + 1x22  +  0x21    +   1x20    =

    128   +  0   +   32   +    16   +   0   + 4   +
0   +  1   =  18110

Base 16 - Hexadecimal
• Harder, because it’s > 10, must have “digits” for

10, 11, 12, 13, 14, 15

• A16 = 1010   B16 = 1110    C16 = 1210    D16 = 1310
E16 = 1410    F16 = 1510

1AE216 =  1 x 163   +  10 x 162    +  14 x 161

    +  2 x 1

=   4096   +   2560    +  224   + 2
=   688210

Binary holds a special place

• 0, 1   called Binary Digits, or “bits”

• Eight binary digits:

from

0000 0000    (010)    to    1111 1111   (25510 )

        called a “byte”
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A Byte

• Eight bits

• Can represent a number from 0 to 25510

• Reflect computer memory as a huge bank
of 8-bit switches

• Switch is ON = 1

• Switch is OFF = 0

Extending bytes

• Use 7 bits

       111  1111   -  represent 0 to 12710

• Use the highest bit for “sign”
 0 111  1111      127

 1 111  1111     ( -127 )

New Java type

public static   byte   x;

means that x can have a value from (-127)
to  +127
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Computer Memory

• “1 megabyte” of memory means one
million, 8-bit (binary digit) numbers

• Each byte can hold a number from -127 to
+127

• Called memory, because the computer
uses each bit as a switch, that it sets to
ON or OFF.

Dear John

SOF
68 101 97 114 20 74 111 104 110 44
EOF

data [0] - data[15]

1. Disk File

2. Character array in memory

3. Text area on screen

How do computers control the
world?
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Wrist Turn Wrist Bend

Grasp

A 7-jointed Robot

Waist
Rotate
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Each joint is a motor that can be
turned on and off with a switch
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OFF
Waist Rotate

Waist Flex

7 switches to control a whole robot
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A Computer “port”
• Connects 1 byte of memory to outside world
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public static byte x;
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Bits translate into on/off

• x = 127   means  111 1111   means all
motors or “ON”

• x = 1  means  000 0001   means the robot
rotates at the waist

• x =  16    means   001 0000  means the
robot grasps an object

A printer “Port”

• Computer connects an internal byte variable to
the printer switches, and changes the values to
tell the printer what to print


