Digital Information

INFO/CSE 100, Autumn 2004
Fluency in Information Technology

http://www.cs.washington.edu/100
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Readings and References

» Reading
» Fluency with Information Technology
» Chapter 11, Representing Multimedia Digitally
» Wikipedia- The Free Encyclopedia
» Arabic numerals, ASCII

 http://en.wikipedia.org/wiki/Arabic_numerals
* http://en.wikipedia.org/wiki/Ascii

» Cyrillic Text
* http://www.dimka.com/ru/cyrillic/
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Recall: What do number positions represent?

2%2%2%2 2%2%x2 2x2 2 1
27=128 26=64 25=32 24=16 2°=8 22=4 21=2 20=1 base 10

1 0 0 0 1 0 1 0

base 2

1M128+1B+12=138,,

Each position represents one more multiplication by the base value.

For binary numbers, the base value is 2, so each new column
represents a multiplication by 2.
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Use the base, Luke 0123456789

 Each position represents one more multiplication by
the base value
» The base value can be 2 - binary numbers

e Twosymbols: 0and 1
» Each column represents a multiplication by two

» The base value can be 10 - decimal numbers
e Tensymbols:0,1,2,3,4,5,6,7,8,9
» Each column represents a multiplication by ten

10x10x10 10x10 10 1
10°=1000 10°=100 10'=10 100=1  base10

0 1 3 8

base10

11100+ 3[10+81=138,,

text figureimageis from Wikipedia




Base 16 Hexadecimal

» The base value can be 16 - hexadecimal numbers
» Sixteensymbols. 0, 1, 2, 3,4,5,6,7,8,9,A,B,C,D,E, F
» Each column represents a multiplication by sixteen
» Hex iseasier to use than binary because the numbers are
shorter even though they represent the same value

16x16x16 16x16 16 1
16°=4096 16°=256 16'=16 16°=1 basel0

0 0 8 A

base 16

8M16+101=138,,
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Four binary bits = One hex digit

binary hexdecimal  decimal
base 2 base 16 base 10
0/0/0/0 0 0 _ ) !
0oo1 1 1 beey  beels.  beetd
0/0/1|0 2 2 o o
0011 3 3 10|00 8 8
o100 = 4 ~ |4 1/0/0/1 9 9
o101 |5 |5 10110 A 10
0110 6 6 1011 B _ 11
o111 |7 7 11/0/0 C 12
— o 11101 D 13
1110 E 14
1112 F| 15
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Binary to Hex examples

11/0/o/o/[0[o/1]0//0[0/0/0/[0[1[11[1]0[1]/0 00[0[1]/0/0[0[0][1]1[1[1] peeo

0 0

base 16

10000010000001111010000100001111, = 8207A10F 4

11/0/o/o/[0[o/1]1//0[1/0/0/|0[1]0[1 [0[1]1]0 | 1]0[0[1]1/0[1[1]1]1]1]0] pexe2

10000011010001010110100110111110, =

16
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Whew! We are now official geeks...

stuff for smart masses

http://www.thinkgeek.com/tshirts/frustrations/5aa9/

Thera are anly 10 types

of people in the world:
Those who understand binary
and those who don't.
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Recall: The hardware is binary

* How many numbers can we represent with 0 and 1?
» Asmany aswewant, it just takes alittle more space to get a
bigger range
» So what can we represent with these numbers?

Anything that has a numeric value or can be associated with
anumeric value

Number of people, index into alist, account balance, ...
Alphabetic characters, punctuation marks, display tags

Any signal that can be converted into numeric values
» colors, sounds, water level, blood pressure, temperature

» Computer instructions

M

M

M

M
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Represent numbers

* How many bit positions to allocate?
» Depends on the desired range
» 8 bits - 0to 255
e or-128to +127
» 16 bits - 0to 65535
e or-32768 to +32767

» 32 bits - 010 4294967296
e or-2Bto+2B
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Represent Text - ASCI|

» Assign aunique number to each character

» 7-bit ASCII
* Rangeis0to 127 giving 128 possible values
* Thereare 95 printable characters
» Thereare 33 control codes like tab and carriage return
S9! (), ./

0123456789 ;<=>7
@ABCDEFGHIJKIMNO

PQRSTUVWXYZ[\]A
'abcdefghi jklmno
pgrstuvwxyz{ |}~

imageis from Wikipedia
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ASCII text

[ | jpwk Yem Jmh [okge rike Hew
e BERD [ -]
2 [EE—

e
- -

I -
I
k- |

™




Represent Text - Unicode

» The goa of Unicodeisto provide the meansto
encode the text of every document people want
to store in computers

» Unicode aims to provide a unique number for
each letter, without regard to typographic
variations used by printers

 Unicode encodes each character in a number

» the number can be 7, 8, 16, or 32 bitslong
» 16-bit encoding is common today
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Represent Text - Postscript

 Postscript is apage description language
somewhat like HTML

» Thefileismostly text and can be looked at with a
regular text editor

» programs that know what it is can interpret the
embedded commands

» Programs and printers that understand Postscript
format can display complex text and graphical
Images in a standard fashion

19-Nov-2004 cse100-19-more-digital © 2004 University of Washington 15

e =l
| a0 al
N FERAB -] BT SFHA Farwm oes o N

—— il Tiile Pirasa gy

crile g O

.....




Represent Text - PDF

» PDF isanother page description language
based on Postscript

* Thefileis mostly text
» can be looked at with aregular text editor

» programs that know what it is can interpret the
embedded commands

» just like Postscript and HTML in that respect
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Represent Color - Bit Map g —

BEREESE: AT o 08 7 W BE B BE B8 BE M B8 BE BN DE B Iﬂ

FEHE= - I.ﬂ&lﬂlﬂﬂ:nﬂun LR E N B TR BN

BEREECE: B N OB P OB B 70 BE B BE T B BE N BE B

PEpbGEC B0 b b6 BR R B8 EE OB FF CR OB FFOZE 0@ FF OER

BEREEAE. O FF CRER FF CRER FF CRCH FF CB 0 FF CR S0

» Numbers can represent anything we want
» Recall that we can represent colors with three
values
» Red, Green, Blue brightness values
» There are numerous formats for image files

» All of them store some sort of numeric
representation of the brightness of each color at
each pixel of theimage

» commonly use 0 to 255 range (or 0 to FF)

19-Nov-2004 cse100-19-more-digital © 2004 University of Washington 19
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FREENE FF CE CRFF CHCREF A
FEEEE A 00 D9 T Q8 C@ 1T 0 09
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BEEEEM E- PV D8 DR OV O 08T CH

= RE NN |
PP Dmaefr
CH LN FF B
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FF LW ERFF
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PR 8 O PP OEE Od PP 28 08
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What about "continuous' signals?

Digitized image contains color data

» Color and sound are natural quantities that
don't come in nice discrete numeric quantities

e But we can “makeit so!”

IR - WS
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And much, much morel

IrlanView - EXIF information x|

EXIF Tag | Value T <l .

File Chometfinsomese] D0wides\ S dgidhumauadipg DI e e e e TP il
= [ [ g [l Yew Heln

ake anen

Canon PowerShot 50100 =8 - Bu B T B =
Top et
180 E=
180
Inch
2004111619:31:08 '
Centered
187
17250 seconds

200410:2912:58:17
200410:23 125817

ChCr
| 5 [bits/pixel]
14251 secon ds
F 351
ug 0.00
Mardperturelalug F 351
Meteringhode Multi-segment
Flash Mot fired, auto mode THE X MEF TP W T Kl ANEE S TALTE D 1
FocalLength 319 mm T
eeeeeeee t
FlchFiorsion [ D et Va1 13-4 R = (1)
) g
Cops toclpbo: gegpumid: B2 BE 1% BE B8 S5 G5 BB B9 B0 N B2 B0 B9 B B8 o T2
ERRERAIE: BN @E N BE @ G AP WP B% BN @ BB B @ R0 BR |..0.__|ES.0...a
BRBROEA: BE BE 1L S B BB KD A1 BE T GE BB K3 &) L &% |, B0 Gawe Cava
BERRRIS: G0 T G EF TT 66 Ff S GE &6 Te 38 B3 %% 01 0 | Feweibet SH18
PEEROEAE] I8 BN B BE B GE BT BN GO BN E GE BN 03 @0 BE[@,C.. W, .0
BERREMS: BE B9 08 OB 0@ Ok B4 O 01 B4 B4 B8 FH B DR B4 |, BEERH 8 Th:
MEEEBEE: I3 31 I8 10 3F B R TP [_R_ N - BN |37 e . 0. 000 .0 .|
BRRRMA: BE O BT BB B SR NP U B RO BN B BE 00 B2 BE | S BEE.E, .0,
ENRERA: BO BE 0 BC @0 0% B0 BN 69 30 35 33 20 OF AR B |..00N...SSEER

Summary

* Bits can represent any information
» Discrete information is directly encoded using
binary
» Continuous information is made discrete
» We canlook at the bitsin different ways
» The format guides usin how to interpret it

» Different interpretations let us work with the data
in different ways
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