Exploring Computer Science
Data representation
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Adapted from Ms. Martin’s “Data” slides by Mr. Bergquist, September 2011
And from Computer Science Unplugged © 2005 (www.unplugged.canterbury.ac.nz)



Computer Data Representation

 How do you think Data is represented in a
computer?



Binary

 Number system uses two states: on and off
* Any number can be represented!
o We just need lots of bits (binary digits)

o Itis in base 2, but let’s review base 10 first and
see how it is set up...

o Instead of powers of 10, binary is base 2 uses
powers of 2...



Different representations
* In RAM, CPU, a bit is power on or off
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* In hard drive, a bit is magnetic north or south
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* Audio CDs, CD-ROMs and DVDs store bits
optically, a bit either does or does not reflect
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Base 2 Math...

Sixteens column

Eights column 11111
Fours column
Twos column ‘
Ones column 1
[ ;
1=0One | > 4
; 1 0=Two > 8
1 0 0=Four '
0 0 0 = Eight >+ 16
0 0 0 = Sixteen 1




Letters

» Letters are encoded into binary, assigning a number to

each
« ASCII - American Standard Code for Information
Interchange
Regular ASCII Chart (character codes 0 - 127)

ooo0 (rmal) 0le » (dle) 032 sp 048 0 064 @ 030 P 09s ° 112 p
001 @ (soh) 017 « (dcl) 033 ! 049 1 065 A 0381 Q 097 a 113 g
002 & (stx) 018 t (dc2) 034 050 2 066 B 082 R 098 b 114 ¢
003 ¥ (etx) 019 " (dc3) 035 # 051 3 067 C 083 & 099 ¢ 115 =
004 4+ (eot) 020 90 (dcd) 036 § 052 4 068 D 084 T 100 d 116 ¢
005 & (eng) 021 § (nak) 037 % 053 5 069 E 085 U 101 e 117 u
006 4 [(ack) 022 — (syn) 038 & 054 6 070 F 086 V 102 £ 118 v
007 = (bel) 023 t (eth) 039 ! 055 7 071 G 037 W 103 g 119 w
008 a (bs) 024 t (can) 040 | 056 8 072 H 088 X 104 h 120 x
no9 (tab) 025 | (em) 04l ) 057 9 073 I 089 Y 105 1 121 ¥
010 (1£) 0zZ6 (eof) 04z * 058 : 074 J 090 Z 106 3 122 =z
0ll & (wt) 027 «~ (esc) 043 + 0s9 ; 075 K 091 [ 107 k 123 {
012 * (np) 028 L (£3) 044 , 060 < 076 L 09z 108 1 124 |
013 (cr) 029 « (gs) 045 - 06l = 077 M 093 ] 109 m 125 }
014 B (s0) 030 4 (rs) 046 . 062 > 078 N ngg + 110 n 126 ~
015 @ (31) 031 ¥ (us) 047 / 063 2 079 0 09s 111 o 127 0O



Letters - extended

« Some names are not that simple, like: Hélene

« Can't be represented in regular ASCII!
« Extended ASCII, Unicode, and others.
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(|
Word files

* More than just text!
o Formatting — when to bold, what font, etc.
o embedded media
« "Meta" information takes space
 File shrinking between Word 97/2003 and 2007!



Knowing how to read characters

« That is the purpose of File extensions
« Special file headers
« Sometimes it comes out very wrong!
o Hilnne - UW student registration
o HA®IA ne - Zappos
o Hlllne



Images

« All computers know is binary
« Screen is broken down into pixels (picture elements)
« How do we represent imaaes?




Images: simplified model

» Always start with white count
« Alternate between white and black
« Representing color?

B e 1, 3,1
4,1

AEEEN ¢
0,1,3,1
0,1,3,1

1,4




6,5,2,3

4,2,5,2,3,1

3,1,9,1,2,1

3,1,9,1,1,1
2.1,11,1

2.1,10,2

2,1,9,1,1,1

2,1,8,1,2,1

2.1,7.1,3.1
1,1,1,1,42,3,1
0,12.12.2,5,1
0,1,3.2.5.2
1,3,2.,5




Image file types

« .bmp or bitmap is close to what we just did
* .jpg, .gif, .png use various forms of compression

JPEG { medium quality), 17 KB i~1 1 =4
IS 31




10100 01000 00001 01110 01011

11001 01111 10101

(THANK YOU)



