Introduction to Informatics
By Lecture 20:

‘_ Information and Uncertainty
—— A

“Uncertainty is the condition in
which the possibility of error exists,
because we have less than total
/information about our

environment” (George Kilir)

"Bo you think they mean ys?”
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Readings until now

. = Lecture notes
.. a Posted online

-

http://informatics.indiana.edu/rocha/i101
= The Nature of Information
= Technology
= Modeling the World

@ /afoport
‘771‘1‘0 //infoport.blogspot.com

From course package

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

= Chapters 1, 4 (pages 1-12)
From Andy Clark’s book "Natural-Born Cyborgs"
= Chapters 2 and 6 (pages 19 - 67)
From Irv Englander’s book “7he Architecture of Computer Haradware and
Systems Software"
= Chapter 3: Data Formats (pp. 70-86)
Klir, J.G., U. St. Clair, and B.Yuan [1997]. Fuzzy Set Theory: foundations
and Applications. Prentice Hall
= Chapter 2: Classical Logic (pp. 87-97) -
= Chapter 3: Classical Set Theory (pp. 98-103): G- o7
Norman, G.R. and D.L. Streinrt [2000]. B/ostat/sz‘/cs The Bare Essentials.
= Chapters 1-3 (pages 105-129) ¥ s
= OPTIONAL: Chapter 4 (pages 131-136)
= Chapter 13 (pages 147-155)
= Chapter 5 (pages 141-144)




Lab 1: Blogs

= Closed (Friday, January 19): Grades
Posted

= Lab 2: Basic HTML

“a;;[ = Closed (Wednesday, January 31):
= Grades Posted
é E S%b.@: Advanced HTML: Cascading Style
i eets
= Closed (Friday, February 2): Grades
Posted

= Lab 4: More HTML and CSS

= Closed (Friday, February 9): Grades
Posted

» Lab 5: Introduction to Operating
Systems: Unix

= Closed (Friday, February 16): Grades
Posted

= Lab 6: More Unix and FTP

= Closed (Friday, February 23): Grades
Posted

= Lab 7: Logic Gates
= Closed (Friday, March 9): Grades Posted
= Lab 8: Intro to Statistical Analysis using
Excel
= Due Friday, March 30

= Next: Lab 9

» Data analysis with Excel (linear
regression)
= April 29 and 30, Due Friday, April 6

Assignments

Individual

= First installment
= Closed: February 9: Grades Posted

= Second Installment
= Past: March 2, Being Grades Posted
= Third installment

= Presented on March 8t, Due
on March 30t

Group
= First Installment
= Past: March 9t Being graded
Yy 5Second Installment
' March 29; Due Friday, April 6




t — Part Il
= Step by step analysis of
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4th Installment

= To uncover rules inductively

Use descriptive statistics
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& Group Assignment: First Installment

; = Given the text of “The Lottery of
Babylon ” by Jorge Luis Borges

= Compute the frequency, relative
R IEF frequency, and cumulative relative
& 8 frequency distribution of letters

Note: in the Spanish version, lookout for
A, a, e i, 0,




‘@nd Sarah Kepa

Spanish 0

Lottery of Babylon Bar Chart

A B CDEFGHI

JKLMNOPQRSTUVWXY Z

la Loteria en Babilonia Bar Chart

0

A B CDEFGHI

J K LMNOPQRSTUVWXY Z

English
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Hagsan Fadag and Carl Evelelgh
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The Library of Babel

English Version




Group Assignment

= Second Installment: Given the text of “Lottery
of Babylon” by Jorge Luis Borges

= Measures of central tendency and dispersion of letter
frequency

o e = Probability of a letter being a vowel
% 5 B f ': - = Probability of a letter being a consonant

" = Conditional probability of letters ‘e’ and ‘U’
= P(e|v) where w is the letter occurring before ‘e’
= P(u]¥) where v is the letter occurring before ‘u’
Compute for all letters (not space)
Produce histogram of P(e|v), for all .
Produce histogram of P(u|v), for all .

Discuss the independence of ‘e’ and ‘u’ from other
letters

Upload to Oncourse

hae - "he]
h  |h

P(e|h) =




The Addition rule

= If A,B are events from some sample space
53 m P (AvB)=P(A) + P(B) - P(A A B)

; S

mP(A) = |Al/|S]
mP(B) = [B|/[S] AT
BP(AAB) = [AABIISL -
WP(A v B) = |A v BI/IS| = (IAl + [B] - | A A BI)/IS]

-
-
'I .:..I"
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Addition Rule example
D(E1) = |EL)/|S2| = 2/4 = V%
D(E2) = |E2|/|S2| = 2/4 = V%
D(E1 A E2) = |E1 A E2)/|S2| = Va
.~ P(E1 v E2) = [E1 Vv E2|/|S2] =
FRERFF = (|EL| + |E2| - | EL A E2])/|S2| =
=2 +2-1/4=%
P (E1 v E2) = P(E1) + P(E2) — P(E1 A E2)

http://WWW.stat.-sc.'edu/4west/apple%\@nn1..ht_m_lﬂ
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Mutually Exclusive Events

"~ a The occurrence of one precludes the
occurrence of the other
y -» E3=Match and E1=nonmatch in two coin example

28 A = Addition Rule is just sum of exclusive events

P (E1 v E2) = P(E1) + P(E2) — P(El><2)
‘ P(E1lv E2) =P(E1l) + P(E2) I

Condfrtionally Dependent Events: The

S2
outcome of one depends on the occurrence
El 3 of the other ...z -7




- Example of Conditionally
% dependent events

FEE S « P(E1) = 4/36 = 1/9 =0.1111
= 4 out 36 possibilities: {1,4}, {2,3}, {3,2}, {4,1}

» E2 = “first dice is 1”
= ITE2
= Probability of “5” = P(E1) = 1/6 = 0.1667
= 1 out of 6 possibilities: {1,1}, {1,2}, {1,3},
{1,4}, {1,5}, {1,6}
« Probability of E1 is conditional on value of first
dice (E2)

= P(E1 AE2)>0 > Not mutually Exclusive
= P(E1|E2) = |EL A E2|/[E2|=1/6
= Probability of E1 given E2

4,2}
) s B4 {43y {541 {6
: i{s 5} {4,4y {55} {6.6}
{3,6} {4,5} 156}
{4.6}




Conditional Probability

" =|P(BJA) = |A A B|/|A]
= Probability of a IU student being an Informatics major,
W .wu. gqiventhat a student is enrolled in 1101
B g pl01] = 110 students
5 5 E { & |IM]| = |{informatics major}| = 400
= P(IM]1101) = |IM A 1101}/]1101] = 55/110/=0.5
= P(IM) = 400/20000 ={0.02

= Multiplication Rule for conditionally probable
events
= P(AAB)=P(A).P(B|A)




Independent Events

= Neither mutually exclusive nor
conditionally probable events

g 5 f“ = Two events A, B are
offmemark s //70€pENdENt if the occurrence
ms e, ern | Of ONe has 110 effect on the
wetaty ccesamin sl 1) r0pHAab///t)y of the occurrence of

YaOR EIME OF holst
57| the other
& | =« P(B|A) = P(B)
o> (2L S | = Multiplication Rule.
G CERC e )= P F(BIA) = PA)PE)
=N K| - Example
» 10SSINg;coins




Deduction vs. Induction

o

Py -
s Deductive Inference Logic

‘%i If the premises are true, we have absolute
R foertamty of the conclusion

s Inductive Inference <Uncertainty

= Conclusion supported by good evidence
(significant number of examples/observations)
but not full certainty -- ltkelihood

v
s




-,_,__ncertaln% Information and Complexity

DILBERT by Scoit

YOUR, USER REGUIRE - ig DO YOU REALIZE THAT

GOOD POINT.

j*
| MENTS ENCLURE FOUR NO HUMAN WOULD BE  |§ )
" | HUNDRED FEATURES. | E| ABLE TO USE A PRODUCT | e
I WITH THAT LEVEL OF TG THE LIST,

COMPLEXTTY?

irile #2001 Wied Fearre Ty

= To surV|ve In the World

= Manage and analyze /information
« Make decisions
» Predict future events
= MODEL!

= Utilize information that is available to cope with information that is not
» Lack of information implies complexity

= The perception of complexity increases

= With how much we need to know to solve a pr@blem
= Quantity of information ol

= And how much we don’t know
= Quantity of uncertainty




lﬂylng a stick-shift is
- more complicated
=_Requires more knowledge

% [?rpvpg is complicated

= Due to uncertainty of
situations

o)



;.:.f_hUncertainty INn The Modeling Relation
Hertz’ Modeling Paradigm

del Logicl } Predicted Result

Symbols [Initial @ Mo 2777
(Images) - Formal Rules \ Observed\Resilt
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Physical Laws
World
World, 2

m  Measurements
= Always uncertain

= Limited Information
= Induction from available evidence, especially in thg}presence of randomness

= Vagueness or Imprecision of Language of Descrlptlon
= “being tall” means different things to dn‘ferent people "

= Quality of Inferences
= Error Estimation ¥ s, ~TUis M.Rocha and Santiago S




: “In a predestinate world, decision would be
Uncertal nty illusory; in a world of perfect foreknowledge,

empty;, in a world without natural order,

. powerless. Our intuitive attitude to life implies
ARt 2 non-illusory, non-empty, non-powerless
decision... Since decision in this sense excludes
3 both perfect foresight and anarchy in nature, it
| .'._ - _ must be defined as choice in face of bounded
T qFitTes uncertainty” (George Shackle)
& Dedision- -making

Perhaps the most fundamental capability
of human beings

= Decision always implies uncertainty
= Choice
= Lack of information, randomness, noise, Error

—"'ﬁ

“The highest manifestation of life consists in this: that a belng
governs its own actions. A thing which is always subject to the
direction of another is somewhat of a dead thing. ” . %

“A man has free choice to the extent that he is rationa/.j’
(St. Thomas Aquinas)




Next Class!

T ™ . Topics
= Databases and SQL

- Readlngs for Next week
b E ¢ a @ infoport
- = From course package
= Norman, G.R. and D.L. Streinrt [2000]. Biostatistics: The Bare
Essentials.
= Chapters 1-3 (pages 109-134)
= OPTIONAL: Chapter 4 (pages 135-140)
= Chapter 13 (pages 151-159)
= Chapter 5 (pages 141-144)
« Von Baeyer, H.C. [2004]. /nformation.: The New Language of
Scrence. Harvard University Press.
= Chapter 10 (pages 13-17)) &
= lgor Aleksander, Understandlng lnformatlon Bit by Bit"
= Pages 157-166 ; ;

= Lab 9: Data analysis with Excel (Ilnear re

i




