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George Stibitz

• 1937, he completed his 
“Model K”

– Named after his Kitchen Table

• Capable of performing 
addition on two binary 
numbers



Complex Numerical Calculator

• Competed his Complex Numerical Calculator in 1940

– able to perform calculations on complex numbers

– could be operated remotely

Image Source: Computer History Museum

http://www.computerhistory.org/timeline/?category=cmptr


Video Link

https://www.youtube.com/watch?time_continue=76&v=a4bhZYoY3lo


Binary - Natural Numbers

128 64 32 16 8 4 2 1

0 0 1 0 1 0 1 0

0*128 0*64 1*32 0*16 1*8 0*4 1*2 0*1

32 + 8 +2 = 42



Binary Data Types

• Unsigned Integer (Natural Number)

• Signed Integer

• Float



Negative Numbers

• One's Complement - Just invert the bits

• Sign Bit: 0 is positive, 1 is negative

0 0 1 0 1 0 1 0 42

1 1 0 1 0 1 0 1 -42



One's Complement Addition

0 0 1 0 1 0 1 0 42

1 1 0 1 0 1 0 1 -42

=

+

1 1 1 1 1 1 1 1 -0

Hmm. That’s not quite right…



Two’s Complement

• Two's Complement - Invert the bits and add 1

0 0 1 0 1 0 1 0 42

1 1 0 1 0 1 0 1

invert

plus 1

1 1 0 1 0 1 1 0 -42



Two's Complement Addition

0 0 1 0 1 0 1 0 42

1 1 0 1 0 1 1 0 -42

+

=

0 0 0 0 0 0 0 0 0

That Works!



Other Values (2s Complement)

Binary Unsigned Signed

00000000 0 0

00000001 1 1

00000010 2 2

01111110 126 126

01111111 127 127

10000000 128 -128

10000001 129 -127

10000010 130 -126

11111110 254 -2

11111111 255 -1



Integer Overflow

Image Source: Randall Munroe (XKCD)

http://xkcd.com/571/


Range Values

• 8 Bit numbers

– Unsigned: 0 → 28 - 1

– Signed: -(27) → 27 - 1

• General Numbers - n bits

– Unsigned: 0 → 2n - 1

– Signed: -(2n-1) → 2n-1 - 1



Rational Numbers

The decimal point can “float” around



Floating Point

• IEEE 754 Standard - 16 bits (Half) The exponent has a bias of 15

• The leading one of the mantissa is implied

- Exponent Mantissa

0 0 1 0 1 0 0 1 0 1 0 1 0 1 0 1



Floating Point Example

- Exponent Mantissa

0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0

Mantissa: (1).01010 = 1 + 1/4 + 1/16  = 1.3125
Exponent: 10100 – 01111 = 00101 = 1 + 4 = 5

Value: 1.3125 * 25 = 42
1.01010 * 25 = 101010 = 42



Range of Values

• -65504 → +65504

• 5.96046 x 10-8 : minimum positive

• 0 11111 0000000000 = infinity

• 1 11111 0000000000 = -infinity

• 0 01101 0101010101 ≈ 0.33325 ≈ 1/3

Not exact, but not bad either Learn More!

https://www.youtube.com/watch?v=PZRI1IfStY0


Real World

• Integer - 32 bits

• Long Integer - 64 bits

• Half - 16 bits (5 + 10)

• Float (Single) - 32 bits (8 + 23)

• Double - 64 bits (11 + 52)



Text - ASCII

Image Source: ASCIItable.com

http://www.asciitable.com/


Text - ASCII

• 01100110 (102) – f

• 01101111 (111) – o

• 01110010 (114) – r 

• 01110100 (116) – t

• 01111001 (121) – y

• 00100000 (32) – sp

• 01110100 (116) – t

• 01110111 (119) – w

• 01101111 (111) – o

011001100110111101110010011101000111
100100100000011101000111011101101111



Images

Image Source: Wikipedia

http://en.wikipedia.org/wiki/Vector_graphics


Scalable Vector Graphics (SVG)





RGB Colors



Bitmap







Compression

• How much wood could a woodchuck chuck if a woodchuck 
could chuck wood?

• How much 1 2 a 13 3 if a 13 2 3 1?

– wood = 1

– could = 2

– chuck = 3



Image Compression

Read more here

Image Source: D. Kriesel

http://www.dkriesel.com/en/blog/2013/0802_xerox-workcentres_are_switching_written_numbers_when_scanning
http://www.dkriesel.com/en/blog/2013/0802_xerox-workcentres_are_switching_written_numbers_when_scanning

