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Agenda
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• Information representation and definitions



Course website

http://www.cs.columbia.edu/~martha/courses/3827/sp10/

http://www.cs.columbia.edu/~martha/courses/3827/sp10/
http://www.cs.columbia.edu/~martha/courses/3827/sp10/
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What does this ...

[Source: http://ftp.arl.army.mil/~mike/comphist]

http://ftp.arl.army.mil/~mike/comphist%5D
http://ftp.arl.army.mil/~mike/comphist%5D


 	 	 	 	 	 	 	 	 ... have in common with this?



growth in performance = growth in raw resources + system design innovation

ENIAC
(1946)

Intel Larrabee
(projected 2010)

5,000
operations per second

$500,000

8.5’ x 3’ x 80’ (2040 ft  )3

2,000,000,000,000
operations per second

49.5 mm2

~$300

400,000,000x
faster

1666x cheaper

1,167,000,000x
smaller



growth in performance = growth in raw resources + system design innovation

Gordon Moore
co-founder of Intel

Moore’s Law:
Density of transistors 

doubles every two years



growth in performance = growth in raw resources + system design innovation

logic gates

logic circuits

processor
memory

transistors
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Number systems: Base 10 (Decimal)

• 10 digits = {0,1,2,3,4,5,6,7,8,9}

• example: 4537.8 = (4537.8)

10 10 10
01210

3
10
-1

5 3 74 8.

500 40 74000 .8

10

x x x x x

+ + + + = 4537.8



Number systems: Base 2 (Binary)

• 2 digits = {0,1}

• example: 1011.1 = (1011.1)
2

0 1 11 1

2 2 2
0122

3

0 2 18

x x x x

+ + + = (11.5) 10

2
-1

.5

x

+

.



Number systems: Base 8 (Octal)

• 8 digits = {0,1,2,3,4,5,6,7}

• example: (2365.2)
8

3 6 52 2

8 8 8
0128

3

192 48 51024

x x x x

+ + + = (1269.25)10

8
-1

.25

x

+

.



Number systems: Base 16 (Hexadecimal)

• 16 digits = {0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F}

• example: (26BA)                 [alternate notation for hex: 0x26BA]
16

16 16 16
123

2 6 B

8192 1536 176

x x x

+ + = (9914)10

16
0

A

10

x

+



Hexadecimal (or hex) is often used for addressing



Number ranges

• Map infinite numbers onto finite representation for a computer

• How many numbers can I represent with ...

... 5 digits in decimal? 

... 8 binary digits?

... 4 hexadecimal digits?

10  possible values5

2  possible values8

16  possible values4



Need a bigger range?

• Change the encoding.  

• Floating point (used to represent very large numbers in a compact way)

• A lot like scientific notation:  

• Except that it is binary:

5.4 x 10
5

mantissa

exponent

1001 x 2
1011



What about negative numbers?

• Change the encoding.

• Sign and magnitude

• Ones compliment

• Twos compliment



Sign and magnitude

• Most significant bit is sign

• Rest of bits are magnitude

• Two representations of zero

0110 = (6) 1110 = (-6)

0000 = (0) 1000 = (-0)

10 10

10 10



Ones compliment

• Compliment bits in positive value to create negative value

• Most significant bit still a sign bit

• Two representations of zero

0110 = (6) 1001 = (-6)

0000 = (0) 1111 = (-0)

10 10

10 10



Twos compliment

• Compliment bits in positive value and add 1 to create negative value

• Most significant bit still a sign bit

• One representation of zero

• One more negative number than positive

0110 = (6) 1001 + 1 = 1010 = (-6)

0000 = (0) 1000 = (-8)

10 10

10 10

MAX: 0111 = (7)
10

MIN: 1000 = (-8)
10

1111 = (-1)
10



How about letters?

• Change the encoding.



Gray code

value BCD # bit flips Gray # bit flips

0 0 0 0 3 0 0 0 1

1 0 0 1 1 0 0 1 1

2 0 1 0 2 0 1 1 1

3 0 1 1 1 0 1 0 1

4 1 0 0 3 1 1 0 1

5 1 0 1 1 1 1 1 1

6 1 1 0 2 1 0 1 1

7 1 1 1 1 1 0 0 1

Binary numeric encoding where successive numbers differ by only 1 bit



Some definitions

• bit = a binary digit                            e.g., 1  or  0

• byte = 8 bits                                     e.g., 01100100

• word = a group of bytes

       a 16-bit word = 2 bytes     e.g., 1001110111000101

       a 32-bit word = 4 bytes     e.g., 100111011100010101110111000101



Next class: binary logic, logic gates


