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Digital Representation of
Information:
Bits and Bytes and ...

Digital encoding of information means the data is
stored — “saved” — in discrete units.

Most often, that means numbers.
Text is represented using one byte for
each of the keyboard characters
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Do you ever feel like you're just a
number...?

m We are represented numerically in many different
ways:
0 SSN, Phone Number, Student number

m Things are also represented numerically in many
different ways:

0O ISBN’s and VIN’s — Vehicle Identification Number

m This representation is a way to convey information
about us, about things, without actually having
those things in hand. But we don’t do any
arithmetic with those numbers, so WHY use
numbers?
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B Digitization: It’s all in the hands

m Definition from OED:

O To convert into a sequence of digits, generally for use in
a digital computer.

O To represent in digital form

m Why use digits for numbers like your SSN?
O We don’t use the numeric properties of the digits
O We only need to know the SEQUENCE of the digits for
pressing buttons, or writing them out

O We use them because digits are familiar to us, and they
have short names

m The truth is we could use ANY standard set of symbols
to represent people or things.
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Just dial Shift+1, Shift+8, Shift+0 ...

m We could adopt any set of symbols to
represent information. For instance, simply re-
label the buttons on the telephone keypad:
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Digitizing means to represent
information by symbols
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Patterns to Symbols
m A die’s patterns can make symbols

O Use the pattern once: 6 symbols

O Use patterns in triples: 6 x 6 x 6 = 216
O In general, one uses m patterns in sequences of n: m"
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Fundamental Display of Information

m Fundamental pattern (PandA): Information is most
commonly identified by a presence or absence of a
phenomenon at a specific place and time

O It's either there or it isn’t : Lights, water, magnetism,
checkboxes..

O The states MUST be discrete: distinguishable and
unambiguous

O When dealing with the computers, the states represent
one bit of information

= Short for binary digit
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Representing Information

m Keyboard characters can be represented discretely
(unambiguously, exactly)

m Imagine you and your friend want to communicate
without words (say it's too noisy to talk). You use dice
to encode the letters and punctuation to communicate

With two dice you get 26 Latin letters
and punctuation. Spell numbers when
needed. So,
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Order matters: row first, then column!
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B Bits and Bytes

m It's customary to name the two possible patterns
of a bit 1 and 0, but we could use any names to

represent the 2 distinct patterns  [Names for Patterns
. Present Absent
m Sequences of 8 bits create a byte on off
m A byte is two patterns in Yes No
sequences of 8 ... 1 0
m=2,n=8,2° =256 possibilities| True False
from 0000 0000 to 1111 1111 * -
Black White
m The two pattern options (1 or 0) For Against
naturally fall to the term binary Yin Yang
for this representation KEN BARBIE
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Character Representations 0
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m Keyboard characters are encoded into a byte or two - ~Tnlas (= %]

m ASCII is one of many byte encoding of characters I #]s|nle AHEE
: g :: tlz__ 1 T : 1|]2|3|4|5]|6]|]7]|8]°9 sl =1z17?
s I ASCII, pronounced alB|c|p|eE|F|c|H 1|k{L|m|n]oO
. :-If _‘: - AS-key, stands for alr|s|T|ulv|w|x]¥|2z|l]|r]1]"]-
Talilw American Standard a|b|c|dle|f|leg|lb]lilif[k|l]|m|n]o
ABOE Code for els|t]o|vw]|w|=x|s|] ] 1) ]~[>]
A LAR L Information Pl ) e e e v o e P I
: : : :‘ Interchange wrog o g e T fo [ | Read left to
aOne . STel= w151 &%« =[] "ghton the
: alal A is represented as 0100 0001 S EE R =15 % row and top to
sle=|* B is represented as 0100 0010 AlAlAlZ|= cle|e|£|e|1||bottomon the
BEDL C is represented as 0100 0011 ololalalol«lelu|u|o|u]| column
ADED NERRE elelele|ai]i]s
ila]als
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Storing text
m A byte (8 bits) allows 256 things to be

represented:

2
Symbols 1| specil Charscters |

Eort:  [{normal text) x| Subset: |Basmam j
W Telsfelel DL e[ [3]4]5]6] 7 5 ]2 ,ﬂ
<|=|=|*|@al|c|D|E[F|c|E| 1|1 [K[L]Mm|C]P|g[R] 5| T [O[w]w:
KITIZ[ I (alb|cfd]e[flglh]i]j|k|l|m|n|c|p|q|r]s
tu|vlwl x|zl (L] Lilel£[=F 89« - |® |
FEEENIRRERRPERER i E|C|E|E[E[E[T
II[I[eMo o080 |2(T[ult]u T[] a]a]a]a]a]&]=]¢]2
elele]i[i]s]i[a]a]e|e[a]a]e]|o]ua]a]u]s|p s |A]a]&]4]A
a|Ce|Cle[cle[C[k D[P a[E]z[E] [E]e [E] e [E[]G[£] G 5] -
AutoCorrect.., | Shorkcut Key. .. | Shartcut key:

Insert | Cancel | o Washinton
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Character codes

m The character codes represent the characters

65
66
67
97
98
99
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B Storing Text

m Information is often stored by charge or magnetic field

3 3 O 3

Schematic diagram of magnetic spots, like on a disk

m The presence or absence of the magnetic charge can
be detected, which leads to a natural association with
1 and 0 to charged/neutral states

() ) o] () Gl (] Gl (0 ) )6 (L G Gl ol () )60 (00 () L

o110101 010100101 10010010

Byte 0 Byte 1 Byte 2
Text is stored as a sequence of keyboard characters
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This week you created a Web page!

‘3 My FIT 100 Webpage - Microsoft Internet Explorer
File Edit View Favorkes Tools Help

[B=E
e

¥You can e-mail me!

® Internet
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Embellishing Text

m Text often has to have specific properties for display
O Specific fonts, italics, etc.

m To distinguish the text from the modifiers that
describe its properties, tag the modifiers
O A tag is a text string, <tag> or </tag>, that modifies text
= <p> Paragraph</p>, <b> BOLD TEXT</b>

O Pairs of tags surround the tagged text, e.g. <title>Gone
with the Wind</title>

O The “opening” and “closing” tags differ with the addition of
the slash to indicate a close

O Not all tags have a “match”
u <hr>
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Embellishing Text (cont'd)

m Software interprets the tags when the text is being
processed on your computer

m With HTML this indicates how content is printed or
displayed on a web page

m But, there are other ways that tags are used:

O To define structure of content (often called metadata: data
about data)

» SGML-the grandfather of markup languages

s XML-the newest markup language to separate structure
from content
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Numbers Decimal and Binary
m Computers store text, but they also store numbers Decimal Binary
m Numbers are sometimes stored as text characters: Binary works just
0100 0110 0100 1001 0101 0100 0011 0001 0011 0000 0011 0000 Symbols: 0,1,..9 0.1 | ike decimal except
the base is 2
F | T 1 0 _0 - Base 10 2 e base is .
) Number xyz X +102+y «10'+z +100 x 22+ y«21+2.20
) ) 10 Example: 159 1+102+5+101+9 +100 1:22+5.21+9.20
[ F_or the mos_t partz nun_wbers are stored_d!rectly using | Powers 1,10, 100, 1000, ... 1,2, 4,8, 16, 32, 64..
binary notation, since it has only two digits, 0and 1 |
= Binary numbers and arithmetic are very much like | 1ot Give the actual numbers for: 0000 1000, 0000 1010
decimal, except instead of 10 digits (0 to 9) there are| 110 )
only 2 (0 and 1) .... What number is 0000 1000? 11 2,ﬂ
1000
m Binary is counting on your fists instead of your fingers ;1
1 [T
Understanding the Concepts Summary of Digital Representation
. m Use of patterns to create symbols, symbols are then used
[ Presend you have a 10-year-old sister and that to discretely represent information
you'll be going home for the weekend. She tells O Numbers are not required, but are often used for convenience

you that she learned long division in school this

week and asks what you learned this week. Tell
her you learned about digital representation and
explain this concept to her.

m The binary digits (bits) 0 and 1 are a natural way to
interpret the presence or absence of a phenomenon
O But they are just one method

m Bytes are composed of 8 bits, ASCII represents text as one
= Complete this activity with a partner. Spend 3-5 character per byte

minutes in discussion = Binary numbers and arithmetic are like decimal arithmetic,

. . except they are limited to the two numerals 0 and 1
» When you are done discussing, each of you should

write a description of digital representation to your m Tags are used to insert modifiers into text and keep it
10-year-old sister on a piece of paper. separated from the text
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