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Readings until now

¥ %ctu re notes

. I%ﬁed online @ http://informatics.indiana.edu/rocha/i101
© "w The Nature of Information

x 7echnology

» Modeling the World

@ /nfoport
= From course package

= Von Baeyer, H.C. [2004]. /Information.: The New Language of
Scrence. Harvard University Press.

= Chapters 1, 4 (pages 1-12)
= From Andy Clark’s book "Natural-Born Cyborg,s‘
= Chapters 2 and 6 (pages 19 - 67)
= From Irv Englander’s book * 7he Arc/:z/tecz‘ure af Computer
Hardware and Systems Softwales:,
= Chapter 3: Data Formats (pp. 70- 86) i
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T Labs
o B SR = Past |
= Lab 1: Blogs J
" = Closed (Friday, January 19): Grades Posted
e = Lab 2: Basic HTML
B om e RS = Closed (Wednesday, January 31): Grades Posted
1

“w  Lab 3: Advanced HTML: Cascading Style Sheets

Closed (Friday, February 2): Grades Posted
Lab 4: More HTML and CSS

Closed (Friday, February 9): being graded

Lab 5: Introduction to Operating Systems: Unix
= Due Friday, February 16
= Next: Lab 6

= More Unix and FTP
Due Friday, February 23

= Assignments
= Individual
= First installment

= Closed: February 9: Being Graded
= Group Project

» First installment

= Presented: February 20, Due: March 9th <
= Midterm Exam -

= March 1%t (Thursday)




Individual assignment

Individual Project

= 1St installment
= Presented: February 1st
P Due: February 9t
s« 2" Installment
= Presented: February 15t

= Due: March: 2n¢
= 3 [nstallment
» Presented: March 8th
= Due: March 30th
= 4t |nstallment
= Presented: April 5t
s Due: April 20th

The Black Box
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Encoding in the Modeling Relation

Data s How to encode data?

(Symbols) = What is data?

» Information without
context and knowledge

» Part of Syntax

= Keeping Numbers

= he most fundamental
need for modeling and
Information

ﬂ?#l

Encoding
(Semantics)




L Counting with the Binary System

.= Positional number system
~ = the value of each digit is determined by its position
™ . 101 is different from 110

= The lowest place value is the rightmost position, and each successive
position to the left has a higher place value

< ““’“‘“'ﬁt'
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i aehe value of each position corresponds to powers of 2
« ...d,dd,d,d; = ... +d;x2%+ d;x23+ d,x22 + d;x21 + d;*x2°
I Each digit to the left is 2 times the previous digit

= 111100011 8483) = 1x28 + 1x27+ 1x26*+ 1x25 + 0x24 + 0x23 + 0x2? +
1x21 + 1x2

= To multiply a number by 2 you can simply shift it to the left by one
digit, and fill in the rightmost digit with a 0

« 101x2=1010 (5*2 = 10)

= To divide a number by 2, simply shift the number to the right by
one digit (moving the decimal place one to the left).

a 10152=10.1 (5+2=2.5)

= With n2digits, 2”7 unique numbers can be: i'epresented
« If 17=8, 256 (=28) numbers can be represented 0-11111111.

n x n x n Xx
/ q / q / q
[O, (n_l)] [O, (n_l)] [O, (n_l)] [O, (n_l)]
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= Binary:Decimal

0000:00
0001:01
0010:02
0011:03
0100:04
0101:05
0110:06
0111:07

o mparlng Binary with Decimal

= Binary:Decimal

1000:08
1001:09
1010:10
1011:11
1100:12
1101:13
1110:14
1111:15



Binary Code

inguage with an alphabet of two symbols

" a “0” and “1", “FALSE” or “TRUE", etc. 0:0 4:100
B Most economical way of encoding information 1:1 5: 101
Tg xample from von Baeyer's [2004] book 2:10 6° 110

5 i //,? farmation.: The new language of Science’

= Consider a sailor who wants to signal a number 3:11 7:111

between 0 and 127 by means of flags.

Message from Ship

System 1: one flag per number Required Flags
gy f 128Flags[Ej [Ij e '[]zﬂ

System 2: decimal system

Ey /ey vy 21 s O S - B R

System 2: binary system
g EEJ EE] By | ey g iy
S AN EIRRy ”m@@@mpum,

W A
om0 2 VN R, B 3.-.5'-';:- s AR




Memory: Punch Card

" .= Binary Representation
"~ = Holes denote 1's

i T = With 8 holes permissible 28 = 256 numbers
g ? FF ¥ possible per column
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“Converting Binary to Decimal

-
1

..d,d;d,d,d, =
oo+ dyx2% + dyx23 + d,x22 + d <21 + d;x2°

oche dnd Santiagh Schifell



decimal

Base Conversion

guotient

Remain.

= Decimal to Binary
» Repeated Division by 2

o8

29

0

29

14

10

010

1010

11010

111010

Divide the decimal number by 2

If the remainder is 0, on the side write
down a0

If the remainder is 1, write down a 1
Continue until the quotient is O

Remainders are written beginning at
the least significant digit (right) and
each new digit is written to left (the
most significant digit ) of the previous
digit.

e

e T
2y f i e
Py -




N ZO: 1

n 2l =05

m 22=0.25 95 12
125

s 72 =0125

PR S £
R S

...d_lz_dédo.d-ld-zll':
[ ] 2x22 +
- X271+ d %272
-2 +

e [ i
ST, s
e 'Uis-M'RSi' )
cha and'Santiago Schie

0 g e -y g 1 |




Binary groupings

s Bit
= Size: 1l
« 0-1 (2 Values)
= Nibble
= Size: 4
« 0-15 (16 Values)
= 1100

= Byte
= Size: 8
= 0-255 (256 Values)
» 10110101
= Word

s Size: 16
» 0-65535 (65536) . .,
= 11000000102002@7 < ¢+ -




Binary Arithmetic

= Addition Rules

| = 0+0 = 0, with no carry,

§ IEF » 1+0 = 1, with no carry,

« O+1 = 1, with no carry,

«» 1+1 =0,and youcarryal




¥ ; Sy - 1010
Binary Multiplication
_ 1100
1010
1110
T 0000
e g ER | 00000 -
SRAR 0000
111
D 1010
0000
1010
1010
1010
1111000
1010 |
Ny (10x12=120)
10001100 e
] ’5

(10+14=140) o~ LUl M Roch:




Signed Integers

11| o] 1[0l 1|0]0

[FES

27 \26 25 24 28 22 ¢t 0

X = (+/-) (Dg2° + bg2° + ... + by2%)
— (_1)(1,26 + 0.25 +  + 0-20)

= (-1)(64 + 16 + 4 )
= -84

From Cathy Wyss (1308)




Fixed Point Reals

by by b, by by b,|[b, b, b, b,

E i _ 5 EE 25 24 28 22 1 20|21 22 23 24
F 5 r f

X = Dbg2° + bg2* + ... + b2
=12>2+1.24+ ... +12%
=32+16+2+0.25+0.0625
=50.3125

From Cathy Wyss (1308)




sign exponent fraction
by [bg b, by b b,|b; b, b,

Floating Point v rorermeteriTet

25|24 23 22 21 20|21 22 23

X = (+/-)(1+F)-2E® (+1-) - - 2

_Sign (+/-)
= 0 denotes a positive number
= 1 denotes a negative number
= Exponent (E-B)
= The exponent base (2) is implicit and need not be stored.

= A bias (B) is added to represent both positive and
negative exponents.
» |EEE single-precision floats B=127.
o If £= 127, exponent is zero
« If £= 200, exponent is (200- 127) 73.
» IEEE double precision, exponeﬁ«f faeld |s 11 bits, and bias is
1023. "

= Mantissa (1 + F) |
s Fraction (F) plus an implicit Ieadlng dlglt T




Floating Point Reals

sign exponent fraction
by |bg b, by b b,|b; b, b, b,

i
: 3 E ER = (1)1]o|o|1|o|o|1|0]1
: - f 21\ 24 23 922 921 20| 92-1 922 92-3 2-4

- 2N )

v= (D E

= (-)(1+(0.125 + 0.0625))-2(2+16)-15
= (-)(1.1875)-23
—— = -8.1875
= length of exponent
= bias (here: 15)

From Cathy Wyss (1308)



5. Hexadecimal

FhisaBase 16
« 16 symbols: 0,1,2,3,4,5,6,7,8,9, A,B,C, D, E, F
e ,;—f o Easy to convert to and from Binary
K ﬁ b E #a2°16 is a power of 2: 16 = 24
« It takes 4 binary digits for every hexadecimal one
= Good to represent binary in compressed form!

o)

Hex | Bin | Hex | Bin | Hex | Bin | Hex | Bin
O (0000 4 (0100 8 |1000| C | 1100
1 |0001| 5 |0101| 9 |1001| D
2 (0010, 6 |0110| A |1010| E
3 0011 7 |0111| B |1011| F
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. Encoding Text
.= ASCII
. American Standard Code for Information Interchange

» between binary numbers and computer and roman symbols
ad d » Standard to allow computers to communicate textual data
F? fes..z-blts to encode 128 symbols or characters

27 = 128. It fills a byte, but the 8t bit is used to encode additional
symbols for other languages and graphics

= Usually described in hexadecimal

s 4 groups of 32 characters

= 00 to 1F: control characters

= Mostly printer/display operations: carriage return (0DNh), /ine feed (OAh),
back space (08h), etc.

= 20 to 3F: punctuation, numeric, and special characters
= Space (20h), digits 0-9 (30h-39h)

= Arranged so that by subtracting 30h from the ASCII code for any
digit, we obtain the numeric equwalem of the digit

= 40 to 5F: uppercase letters, plus some: spemaf characters

» 60 to 7F: lowercase letters, plus some speual characters and a control
character (DEL) . - |




ASCII Table

daodyubbidrmii-lgdonbu e X
. o = —“Nn m.m. =1
mnmmmmm 485883333533 8
YL L bbb bbb E LR L L

= |
JURI ARSI EESEEEREE
¥ BRI LB B EeU SRR N PRI RRtRRREE

= -l T Y-
RIS FE R LR EEEREEREET EREEER TS

L1 u
L4y v
ajllyy) v
aFLEL) ¥
aJLE2) &
ALz {
aflzdy |
75 &J115) )
™ s -
77 4Jl27) DEL

mIlI:IIrﬂltlllllﬂlﬂllfﬂ!lu!l[\ln
$3iCsEcEEIcEcEERRURiERNREUE{E
- - -~

mmmmmmmmmmlmmmmmlmummmmmmmummmmmm

muuuuuuunuuu-:nlumsnnunuﬂnnua:nls
mHHHﬂnHn1nnﬂiuﬂﬂﬂanHHHHHMHN!unuu

mdli M s = wmd b sl DNV OREE ==Y I A~
mJ_J_l-_l_|-_JJJJMJJJJJJJJJMJJJJJJJJJ

geY35 3333 I3333333333 88

I 3883 g881 EEEEE
muwuu 33582803 RS RERRRECEEEEEE
¥

ReBASARERRARRANRERRASRERERARERNEG
R RRCRERJURIZRERIRGRRIRELREECRE

{end of Coensmissisn)

KN, (aaquiry)
&0 {wolmeowLadge )

=l. {ball)

devics control )
devica contral 3]
devioa control 4)
Degative wolkeeowLledga)
rmohronols Ldla)
and of Eoan. Blowk)

ol )
and of medium)

{ekart of bBaxk)
{oand of Bamk)
{ emolcapeion )
{ocizontal tab)
EF (Bt liom Cead, Daw Lioe
¥T (wackionl tab)
subatituta)
OAp)
Eila waparaktor)
JrEoUp SpArAtor)
Eaoocd saparator)
mit saparator)

[{TIHE]
{etack of

{oazcisge Datumm)
ﬂ (ohif: ouk)

B [data Link seoapa)

1 [dewioa control 1)

I'I' (N? Corn Eend, Daw page
I {whifc in)

EXEEENYindsrearuZ LS dEEInklrans
- "~
mmmmmmmmmmmmmmmmwummmmummuummmum

e e L L R FELEELE
S-wnvsErEagINR NN ARIRRISRRARAS

=

St

...mm



Extended ASCII Table
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Alternative Extended ASCII

ARAT-FE

HHEHHOHHOLERHOE
w [T ST i s el - A SR TR0 |
(el e e e sl 2 el 2 e O
AR e T B S
| o |amvem] o b ol 0l 8RB | <2 08| SR B[P
| @ | 1w sl mom @ | s aed o e f sl s g V8 nd B
w| E ,,.m.lw_l.mM ..u_ _mT.E___.H_..._ % AE 8E »E| AT oDieE B
o 8 belestgll 8 35— Hluepdgg g oull 0 B
o | 05| Dz W= W sz e 2 45 2
o ke R R e B R L o e e K T E I
@ |- @00 8w 62 et 2 g kwwlmmwnm &z 2
- Pu_ﬁ..mﬁ.__an Gos| Drnl el ral st a2 =T
o 805 < 2] 02 ol O Cy| B2 | B w| €t o e 1y _.__”_.._.H.n we|On &
L ”ﬂnnln_liﬁ.... el LR - RA - St e b R P Tl m
e | T EF P R P T I R m
B SELHE TEEEE
= Fol gelr o el ule X R 2w o §
E e|a|alg]alole]=]-

-



hi , m{ honey.
1*m really happy That
my mallhox 15 Tull of those
pretty hearts svery day. 50,
1 just thought 1 wowld return
the favor, Just 1n case you'd
not yet realized just how 1
Tove you, vyou arg just
50 Very, very, very
axtraardinari 1y

special amd
adors

you
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. Unicode

" Extends ASCI|
~ = Much greater support for international characters, glyphs, math
symbols, etc.

mwgmversal Code for Text

? itharacter has a single and unique code in every computer
ywhere

= code point
= Initially using 16-bits
= 65536 possible code points

» Sufficient space to include all the characters for every language on the
planet

= Characters organized into different ranges

= Greek stored between 880 and 1023 (0x370 and Ox3FF)
= Accepted by the International Standards Organization (1SO)
= Version 3.1 in 2001 was expanded to 21-bits

= over 1 million different code points =B

4

= Logical "planes" contain broad classes of: characters

B
Ll




http://www.unicode.org/charts/
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;3,1;‘ Marku P Lan guages

" = In addition to the symbols, specify formatting,
hyperlinks, images, media, etc.
“iwwom represents text as well as details about the structure and

E‘; | E E@)garance of the text
F ML: Standard Generalized Markup Language

= Specifies a syntax for including the markup in documents, as well
as a description of what the markup meant

= HTML: HyperText Markup Language
= Does not require a definition of what the markup means

= XML: Extensible Markup Language
= Allows the creation of special-purpose markup languages

« Simplified subset of SGML, also requiring a definition of what the
Markup means

= Can describing many different klnds offda"ta

s LaTeX: £ e
= Dest way to typeset complex mathematlcal formulas




More about

s C.M. Wyss

data

" representation

iii%f » 1308: Information Representation
Thi

= The basic structure of information
representation in social and scientific

applications.

= Information access and representation on

the World Wic
design and re

e Web; object-oriented
ational databases; Al

knowledge representation and discovery.
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Next Class!

T Topics
- » Encoding Multimedia
ﬁt “'?"""-:d—*

Eﬂ.{ F F,Readlngs for Next week

¢ = Lecture notes Posted online @
http://informatics.indiana.edu/rocha/i101

» Modeling the World
s @ /nfoport
» Read Binary encoding resources at Infoport!!

= From course package

« From Irv Englander’s book “ 7he Architecture of Computer
Hardware and Systems Software"

= Chapter 3: Data Formats (pp 70 86)
= Lab 6 s e
= More Unix and FTP "




