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Exam Schedule

m 11595
o = Midterm
i g ?V ®. March 1%t (Thursday)
ke = Regular Class time

s Final Exam

= May 3 (Thursday)
= 7:15-9:15 p.m.




s Posted online

= http://informatics.indiana.edu/rocha/i101
= The Nature of Information

Ny = . = Technology

g . = Modeling the World

s @ /nfoport

ﬂ‘: e -pa—* =« http.://infoport. blogspot.com

Lecture notes ReadlngS Untll nOW

B " m.,CDUFse package
? '\'ron Baeyer, H.C. [2004]. /nformation: The New Language of Science. Harvard
nlver3|ty Press.
= Chapters 1, 4 (pages 1-12)
= Chapter 10 (pages 13-17)
= From Andy Clark’s book "Natural-Born Cyborgs"
= Chapters 2 and 6 (pages 19 - 67)
= From Irv Englander’s book “ 7he Architecture of Computer Hardware 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)
= Norman, G.R. and D.L. Streinrt [2000]. Bi/ostatistics. The Bare Essentials.
= Chapters 1-3 (pages 105-129)
= OPTIONAL: Chapter 4 (pages 131-136) T R
= Chapter 13 (pages 147-155) f',':«_‘.‘c:'_'-_ ot it
= Chapter 5 (pages 141-144) - S Ny
» Igor Aleksander, "Understanding Informatlon Blt by B|t
= Pages 157-166
» Ellen Ullman, "Dining with Robots"
= Pages 167-172

i




zf%fLabs

Assignment Situation

Lab 1: Blogs
= Closed (Friday, January 19): Grades Posted
Lab 2: Basic HTML

= Closed (Wednesday, January 31): Grades
Posted

. P_Lap 3: Advanced HTML: Cascading Style

e,

w: Closed (Friday, February 2): Grades Postedg

! [ab"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

= Closed (Friday, March 30): Grades Posted
Lab 9: Data analysis with Excel (linear
regression)

= Closed (Friday, April 6): Grades Posted
Lab 10: Simple programming in Excel and
Measuring Uncertainty

= April 12 and 13, Due April 20

Assignments

= Individual

» First installment
= Closed: February 9: Grades Posted

= Second Installment
= Past: March 2: Grades Posted

= Third installment
= Past: Grades Posted

= Fourth Installment

= Presented April 10", Due April
20th

= GfOUp
= First Installment
Rast: March 9 graded
e 1 éecforfd Installment
gl Past April 6™ Graded

g |

oL . Thlrd Installment

- * Presented Thursday,
Due Friday 2 [

R



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) =




Conditional Probability

"y = P(BIA) = |A A B/|A]

.= Multiplication Rule

7] if g5 = P(A~B)=P(A) . P(BIA)

| = Two events A, B are /independent if
the occurrence of one has no effect

on the probability of the occurrence
of the other

= P(BJA) = P(B)
» Multiplication Rule .z
« P (A A B) = P(A)P(B) |
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% Measures of central tendency and
* dispersion of letter frequency

Max Cutler and Marc Epstein

o)

English Spanish
Central Tendencies
Mean 431.61538 323.40625
Median 5611.5 (M) 5175 (L)
Mode 1436 (E) 1348 (E)
Dispersion
Range 1431 1348

Standard Deviation 377.1014799 380.1801661
Variance 142205.5204 144530.5587




robabllity of letter being vowel or

Eponsonant
- John Oglesby and Sarah Kepa

Probability of letter Probability of a Letter

m Probabifty of O Probablilty of a
s7a19 | LoUEr beinga letter being a
(English) constant
45% (Spanish Text)
I Probabiity of 55% W Probability of a
concomant. letter being a
(Ea 20 vowel (Spanish
Text)

English Spanish




y of Babylon (English)

Fraquency

: _w-‘u:.,,..__
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a____ax Cutler and Marc Epstein

Ple|a) 0.002524813] 0.CBEEEEEES
E ,’ﬁf;_—){;m:%ﬁ P(e|k) 0.823752678| 0.CE3427186
P{e|c] 0.212041888 (.C980787%9
P{e|d] 0.193286718| 0480842912
Ple|s) 0.027510412] 0.COZTEI0EE
P(e|f} 0.0338899668 0.149429287
oo P(e|g] 0.104046248 (.C70858888
Pls|h]
P(e|1} 0.084482799 (.CE8718851
P(e|J} 0.4878| 0.288E8585E
P(e|k} 0.5B3988091 9l
Ple |1} 0.194990962 (.118999701
P{e|m} 0.279846194 0.222972979
P{e|n} 0.111696442 0.C99087239
8o 0.005312678| 0.049792581 :
Evlpi 0.17620067 0.142597142 Span|Sh
P(e|q) of g
P{e|r) 0.292298600 0.196201082
: P{e|s} 0.103324084 0.1489094856
Eng“ Sh Pe|t} 0.093674869 (.200F14B00
Ple|u} 0.083928077] 0.£16298692] :;__'jf P.('e) = 0.13
P{e|v] o.7are0407¢| 0. 82002478 - - =
(e naaTaIanaE o] -
P.(‘€) = 0.13 Ple|x} 0.280799280] *;il.
P(e|y] 0.032179918 0.120959055 o
Ple|z) o] o0217E918 X !‘\ , -~ 9

_.....’:Mﬁ cha and's.



Cutler and Marc Epstein

Plu|a} 0000944444 0.024008175

Plu|b} 0.079207921. Q.015075877
Plu| ¢} 0.044502815| ol
Plu|d} 0| .0zas04218
Plu|s} 0.008994108 0.015980488
Plu|f} 0.099286998 0.108448278|
Plulg) 0.046242778( 0.201888882
Plu|h} 0.011079949 0.09818938%
Plull} 0.002994278 000152207
Plul]} 0.29| 0.E8EEEEE
Plu|k} [ -
P(u|l] 0.040084886  0.02209077 Span|Sh
Plu|m} 0.012807092 0.08474A570E
Plu|n} 0.020898896 0.081290748
Plu|o} 0.101458297| 0.006224000 Andrew Dempsey
Plu|p] 0.060869965 0.009498008 and JT Waugh
Plulq] 0.28800858| 0.980932880
Plu|r) 0.018492896 0.018851183
Plu|s} 0.087288622 0.069118812
Plult) 0.020929199 0.072892908
Plu|uj ¢ o e
Plu|v] 0.019417478 (011289998
Plu|w] ooaTa1s0s @ -
Plulx] I _ PR

P_(U") = 0.03 E;: I:II ti.w:ilmiﬂl?gl 0.094482792
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Craig Bauer & Chris Kremser (‘e’ English)
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Group Assignment

s Third Installment

= Glven any text such as the /library of babylon
or Funes, the memorious
s Create a database model and a relational

database instance using Microsoft Access to store
the data and conclusions from previous installments

= Use the entity-relationship model

=« Examples of items that should appear
= Title, author, language, publication date
= Frequency/probability of each letter

= Conditional probabilities for letters ‘e’ and ‘u’ (as
produced in instaliment 2)

= Positively and negatively dependent letters
= Use at least 4 texts

= Due on April 27t, 2005
= Upload to Oncourse




t—Part IV
= Step by step analysis

of “dying” squares
= 4t Installment
s Use inductive and

= T0 uncover the algorithm
in each quadrant

deductive reasoning
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Summary of Black Box
= Quadrant 1

7408 50 @03 sf0cs0E @084
L. B G e B e s GE
s At the random initial state ..
wems®¥ .« All numbers have equal o :T 1 Q2 4
i i% E ;{@;obablllty of being initially o hdel o EmdmB
' ¢ f present B s d e el e
- A4 4 4 o4 o8 o b o3 4 KD 4 4 8 5 1 g o
» But the probability of changes | e s s s : s ¢ aloe 26 37351 &
are different 365160171 60s g 8608054
2 08 e s R D A
= In Any State mem] Q3 ol (07 ETE
. G B g ; il Ar———r—d 7 1 3
. Any number Changes dependmg E j i EBEnE j ; 65504 ; 15 3
on its neigthI’S 10618422l e
: : , 117 67 4769 6fellelsalolislsals
= It ‘gravitates towards the 2021 51 564 plos sty
smallest number that it ‘sees’ T S ——
Cwiles =1
most often. e
= Odd and Even numbers do not
show different behavior “i s

= What is the Algorithm?




i)

.*‘*u adrant 3

s At the random Initial state

e u All numbers have equal
5 i f Fp‘robablllty of being initially
' present

= But the probability of changes
are different

= In Any State
O can only change to O
5 can only change to 5 or O

Even digits always change to
even digits

other digit
= What is the Algorithm?

Summary of Black Box

Odd digits could change to any::

_[nff] ]
0 il W
1 £
2 12 g.12
3 4 004
4 12 .12
5 Q.08
6 12 012
7 i
12 0.12
£ 4 Q.04

1. 050

D, [5) ~1q 61

3. {2,4,6,8 - {0,2 4,6, 8}

4:41; 3 7,9} -

‘{o 0, SeMNGEEREET . oY




= Quadrant 2

= At the random Initial state
S . All numbers have equal

-
Eu Fj ? fmobablllty of being initially

present

= But the probability of changes
are different

= In Any State
O can only change to O
5 can only change to 5 or O

Even digits always change to
even digits

L :
ek
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e
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other digit
= What is the Algorithm?

Summary of Black Box

= Gon D e

0—->0

{3}~ {0, 5}

{2, 4, 6, 8} > {0, 2, 4, 6, 8}
il Ok

el 28 s o e ul

Odd digits could change to any




% - i

.  Possible Operations Q2 and Q3

Operator Meaning Excel Example
0 Brackets, grouping 0 y=(@+Db)*(c+d
* Multiplication * I=j*k
+ Add + | = 1+1
- Subtract - 1=]-3.2
/ Real division / I=8/5 = 1.6
div Integer division Quotient (a,b) I=8/5=1
Mod, % remainder Mod (a, b) I=8 mod 5 =3
ROUND Rounds ROUND (a, d) i=ROUND(3.67,0) = 4
INT Integer Part INT I=INT(3.67) =3
rand Random number Rand() i=rand(n)
RandBetween(a,b)




T & o BB BB s A ET L0 F B8R n T d
-:ﬁuadrant Q L e s
8 3 8 &.§ 5 38 & o Ru 4o 0 8 8 g
'm There are 100 cells in each 10x10 quadrant ‘. mmweam . o pewmg
= Cr 15000 QLT L1Q2)E
S8 .= Each cell can take one of 10 colors L emeee [ BmEmnae
e [ = =0.. et s e e
i N Y.(C) O : w5 ru v ot nbps 2 da s
i = s the value of the cell S - _
si s > . . dls s sl o 7 + 0860805 4
- ¥ 7 & © = Thisis the state cell Cis in iy e
“ = Random initialization of quadrant Q at cycle 1 2o Q3 Al CO4
s« Forc=1to 100 do B sle 4o % R
. V(C) « randbetween(0,9) {random number O to 9} 3 L : 4 i jg : : g S ; 2 : ‘:
= EndFor ErED e s
-CyC|e<_l 2(1'215166481.'&’.1'1_1-4'4521;21
i 73 .8 0 8 1 4 & e
= Run for Number of cycles g ol o
[ il AR S Input dlalog 1 Restart M
= Fork=1tondo
. Cycle « cycle+1
. {Pick random cell}
. C <« randbetween(1,100)
. {Update the value of the cell (NOT THE REAL THING)}
. V(C) « ((V(C) * randbetween(0,9)) div 2) — 5*x o T
= EndFor et
= X may be a hidden variable U g o
m X« ?7?7? L
- ' 5
e B :
s, =-SE YRR, SRR




T

The Modeling Relation

Hertz’ Modeling Paradigm

SyRBBROIS Ty i
(|rﬁla’g§g)a Conditions

| sl | 29
T of Model

Cansediience

Predicted Result
Predi&&dResult
Observed Resuit

‘FRAP
P Z © ) (Pragmlitics)
AN

.8 g l 4

| g a3

w| 9 )

Physical Laws

Modeling
= Compute hypothesis T

From Data analysis
Produce Conclusions

Rules from Inductive and Deductive Analysls




-pes of Problems
= Search

sy . Find an X in input satisfying property Y

trﬂ(i'urlng Problems
= Transform the input to satisfy property Y
= Sort a random sequence of numbers
= Construction Problems
»« Build an X satisfying property Y
= Generate a random sequence of numbers with a given mean and standard deviation
= Optimization Problems
= Find the best X satisfying property Y
= Find the largest prime number in a given sequence
= Decision Problems
» Decide whether the input satisfies property Y
= Is the input number a prime number _
= Adaptive Problems "”
= Maintain property Y over time o1k g

= Grow a sequence of numbers such that: ‘there are always m prime numbers with a
given mean and standard deviation i it

FHE —.n. Find a prime number in a random sequence of numbers
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- Artificial f

Problem Difficulty

= Conceptually Hard Problem
= No algorithm exists to solve the problem

= Analytically Hard Problem

i”tf”'ge“f '© = An algorithm exists to solve the problem, but

Algorithmic
Complexity {
Theory

{

l

Computability
Theory

we don’'t know how long it will take to solve
every instance of the problem

(m Computationally Hard Problem

= An algorithm exists to solve the problem, but
relatively few instances take millions of years
to solve
=« Problems we know to be
= problems we suspect to be

= Computationally unsolvable Problem
= No algorithm can exist to solve the problem




Hanoi Problem

mwggag = Invented by French Mathematician
Edouard Lucas in 1883

——— s At the Tower of Brahma in India,
¥ w o p o there are three diamond pegs and
% E 4 Fii sixty-four gold disks. When the
temple priests have moved all the
adisks, one at a time preserving size
order, to another peg the world will
come to an end.
= If the priests can move a disk from one

peg to another in one second, how long
does the World have to exist?




Solving the Hanol Problem

ity W Solve for the smallest instances and
. | [ { Tthen try to generalize

N2 ] | | e ||
s N=3
8 3 R 7
Use Hanoi_2 (H2) as building block (of 3 moves)
H3 uses H2 twice, plus 1 move of the largest disk
e 9 " -“".u:: g

“*Tuis'M.Roch A l santiago hivel] |
e =05 T R00, SN A B P :




Hanol Problem for 7 disks

‘ Use Hanoi_2 (H2) as building block (of 3 moves) I

H3 uses H2 twice, plus 1 move of the largest disk
Algorlthm to move n disks from A to C
Vr ¥ % Move top n-1 disks from A to B

= Move biggest disk to C

= Move n-1 diskson Bto C

s Recursion

An Algorithm that uses
itself to solve a problem

Towers of Ham?l ."" 4

Sl el i Tl Y,



I » If n =1 then
% = Move Starts top disk to £nd

« Hanoi (Start, End, Temp, n-1)
=« Move Starts top disk to £nd

Temp

Towers of Hanol



Computational Complexity

iy = Resources required during computation of

2°°(KILO) =1,024 an algorithm to solve a given problem
|2 (MEGA) = 1,048,576 = Time
2% (GIGA) =1,073,741,824 = how many steps does it take to solve a problem?
2°(TERA) =1099,511627,776 | . Space
2" =18,446,744,073,709,551,616 = how much memory does it take to solve a

roblem?
585 billion years P

in seconds!i! s [ he Hanoi Towers Problem

= f(n) is the number of times the HANOI algorithm
moves a disk for a problem of n disks

« f(1)=1, f(2)=3, f(3)=7

Earth: 5 billion years
Universe: 15 billion years
Fastest Compliter: 135.5

teraflops - 135.5 trillion = f(m)=1f(n-1) + 1 +1(n-1) =2 xf(n-1) + 1
calculations a second = Every time we add:a’disk; the time to compute
(aprox 24" moves a : Kot

second) IS at least dou__,blle

217 s needed = 36 hours = f(n)=2"-




"IBM Blue Gene/L I\/IDGRAPE3__

"FLOPS"
(FLoating Point Operations Per Second)

Fastest Computer (june 2006): 1 petaflop !!! — 1 quadrillion calculations per
second --- MDGRAPE-3 @ Riken, Japan --- aprox 2% s needed = 4.6 hours
for Hanoi problem (assuming one disk change per operation)

Fastest Computer (late 2005): 280.6 teraflops - 280. 6 trllhon calculations a
second --- Approaching petaflops: 3 petaflops in late 2006????

Fastest Computer (early 2005): 135.5 teraﬂops 135 5 trillion calculatlons a
second --- Approaching petaflops: 2°° AR q“




Bremermann's Limit

g ﬁﬁ%hysical Limit of Computation
% wse = Hans Bremmermann in 1962 ‘.
% i %frné data processing system, whether artificial or living,

| can process more than 2 x 1047 bits per second per

gram of its mass.”

= Based on the idea that information could be stored in the
energy levels of matter

» Calculated using Heisenberg's uncertainty principle, the Hartley
measure, Planck's constant, and Einstein's famous E = mc?

formula

= A computer with the mass of the entire Earth and a
time period equal to the estimated age of the Earth
= would not be able to process more than about|{10% bits

» lranscomputational problems _ Php AT




& Transcomputational Problems
A system of 7 variables, each of which can
~ take kdifferent states

s K7 possible system states
""”“i’-“'j,_______;'-i';'__';““-#'_When is it larger than 1093?

= Pattern Recognition
= Grid of n = g squares of k colors
= Blackbox: 1019 possible states!
= The human retina contains a million Ilght sensmve cells

= Large scale integrated digital circuits -
« K= 2 (bits): a circuit with 308 m_p__uts and one output!

= Complex Problems need simplification! .

= W & mm o omom

o T e B SR S T S LN
o= W @ th s 0O R
(TR = R« < O S L U
W WM O oM O W o
th = = v O ~ W o0 = o
o — M 00 00 L3 k3 D ) e

0 e D W o D O — oo
-l m M om = O R DD
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FERars
‘ & F h;
FFy Exponentia growth Natural growth

per Moore's Law Moor2's Law soon
wiil b= 3e8n to

follow such » curve,

i i
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Next Class!

£l ®a Topics
m__w—ﬂ = Databases and SQL

?EfReédmgs for Next week
s @ /nfoport

= From course package

» Igor Aleksander, "Understanding Information Bit
by Bit"
= Resources tab in onCourse.
= Ellen Uliman, "Dining with, ,Robe)ts
= Resources tab in onCourse S




