Introduction to Informatics

Lecture 16:
Inductive Model
Building

The Black Box and Text
Frequency Analysis




= From course package

s ﬂ:’

é‘ dlngs until now

* Lecture notes
= Posted online

=

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

“ = Modeling the World

; foporz‘
http.//infoport.blogspot.com

Von Baeyer, H.C. [2004]. /nformation: 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 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 Appllcatlons Prentice Hall
= Chapter 2: Classical Logic (pp. 87-97) T
= Chapter 3: Classical Set Theory ( 10‘§J¢ e ol
( (5 B’.«ostatfst/cs 7'/7 Essenﬂ' -




Exam Schedule

s 11595 (T/R Class)

- =« Midterm
= March 1st (Thursday)
=« Being Graded
= Final Exam
= Thursday, May 3rd, 7:15-9:15 p.m.




NO LAB THIS

ROISUChs.




Labs

il Past
e aes . | ab 1: Blogs
» Closed (Friday, January 19): Grades
Posted
» Lab 2: Basic HTML
g = Closed (Wednesday, January 31):

" p~p . Grades Posted
= .?Lab» 3: Advanced HTML: Cascading
- 'Style Sheets

= 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: due Friday, March 9

s Next: Lab 8

= Intro to Statistical Analysis using Excel
= March 22 & 23, Due Friday, March 30

Assignment Situation

Assignments

= Individual

» First installment

= Closed: February 9:
Grades Posted

= Second Installment

= Past: March 2, Being
Graded

= Third installment

= Presented on March
8th. Due on March 30t

. rGfQup
Furst Installment

= Presented: March 6th,
Due March 9t




Summarizing Data

-J'“'?‘-'ﬁ_"?ﬁ':_ re q u e n Cy

s Number of times an item or value occurs in a
""‘* colleg’glon

%Eeﬁuency Distribution

= Given a collection of data items/values, the
specification of all the distinctive values in the
collection together with the number of times
each of these items/values occurs in the
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’

collection
« [able that organizes data into mutually exclusive
classes i

= Shows number of observatlons from ‘data set that fall
Into each class . oy

[Chase and Brown, “General Statistics?}



R

Frequency Distribution (values)

Sorted Data: 30 data values (Carpet Looms)

15.2 15.2 153 153 153 15.3 153 154 154 154

154 154 154 154 154 154 154 154 155 155
155 155 155 155 15.6 15.6 156 15.7 15.7 15.7

Frequency
Distribution

Class Tallies Frequency
15.2 // 2
15.3 s 5
15.4 N 11
15.5 W 6

3

3




T
Ty

rﬁReIatlve Frequency Distribution (values)
B
B
Relative | Cumulgtive
Frequency Class Frequency Relative Freq. Relative
Distribution (1) (1) + 30 Frequency
15.2 2 0.07 0.07
15.3 5 0.16 0.23
15.4 11 0.37 0.60
15.5 6 0.20 0.80
15.6 3 0.10 0.90
15.7 3 0.10 1.00
30 1.00

\

" Number of values

E
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Freq Distribution Film data (items)

Raw Data: Your favorite films

| Pulp Fiction,....

T A
i B T N
Sorted Movie Preferences

dumb and dumber
wedding crashers
office space

the matrix
jackass 2

old school

tommy boy
anchorman
mission impossible
scarface

super troopers

the departed

WWwWwwwhrp,rh~ooo N o

| The Big Lebowski, Kung Fu Hustle, Team America —
World Police, Kill Bill 1 + 2, Good Night, and Good Luck,

Class Freq.

Rel. Freq. %

dragon ball z 1
dream catcher 1
dumb & dumber 8
elf 1
enough 1
face off 1
Fast/furious/tokyo 1
Fear/loath/vegas 2

0.004 0.4%
0.004 0.4%
0.036 3.6%
0.004 0.4%
0.004 0.4%
0.004 0.4%
0.004 0.4%
0.009 0.9%

Movies

Votes (# Heins) ,.i _
£5 00 s



Grouped Freqguency Distribution

am B Further summarizes the data

Wy = Very important when the number of data
% ;% iv values is large
f

. Procedure

= Divide the interval describing the range of
values in a small number of subintervals:
classes

« E.g. 10, usually of equal width
= Count how many values fall in each class

o LAk
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Building a Grouped Frequency
"""Distribution

g Data
EE ey = 100 74 84 95 95 110 99 87 100 108
% i 4 Pl 85 103 99 83 91 91 84 110 113 105
: 100 98 100 108 100 98 100 107 79 86
123 107 87 105 88 85 99 101 93 99

BR =123 -74 =49
H49/10 = 4.9
B Tentative Class Interval Size = 5

r""-r ¥ fa
R 4 i A
L e #




Constructing a Grouped Freguency

... Distribution

025

Cumulative
Class Frequency Relative Freq. Relative
(1) (1) + 40 Frequency
70- 74 1 .025 .025
75- 79 1 .025 .050
80- 84 3 .075 125
85- 89 6 .150 275
90 - 94 3 .075 .350
95- 99 8 .200 .550
100 - 104 8 .200 .750
105 - 109 6 150 900
110 - 114 3 .075 975
115 - 119 0 .000 975
120 - 124 1

1.000




. Additional Terms Associated with
® .y Grouped Frequency Distributions

Cumulative
Class Frequency Relative Freq. Relative
(1) (1) + 30 Freguency
70- 74 —_
75 - 79 Class Interval Midpoint
+ =
gg § 8491‘\ Upper Limit (70 +74)/2 =72
) 84
90-\8)\
05- 99 Lower Limit
100 - 104 80
105 - 109
110 - 114 3 .075 975
115 - 119 0 .000 975
120 - 124 1 .025 1.000




Frequency Histogram

Grouped Frequency
Distribution for Carpet Loom
Example (Yards of carpet)

Class Frequency

15.2-15.4
15.5-15.7
15.8-16.0 1
16.1-16.3
16.4-16.6
16.7-16.9

WwWwokromN

152 155 158 16.1 16.4 16.7
154 157 16.0 16.3 16.6 16.9




Frequency Polygon

Grouped Frequency
Distribution for Carpet Loom
Example (Yards of carpet)

Class Frequency

15.2-15.4
15.5-15.7
15.8-16.0 1
16.1-16.3
16.4-16.6
16.7-16.9

WwWwWwokr OoInN

15.0 153 15.6




Frequency Polygon

Grouped Frequency
Distribution for Carpet Loom
Example (Yards of carpet)

Class Frequency

3

15.2-15.4
15.5-15.7
15.8-16.0 1
16.1-16.3
16.4-16.6
16.7-16.9

WWoOkFr OIN

15.0 15.3 156 159 162 165 168 17.1




Cumulative Relative Frequency
Polygon Ogive

1.0
o
%?j gf T - Grouped Cumulative
= Frequency Distribution for
- 0.7 Carpet Loom Example
o ' (Yards of carpet)
% 0.6 Class C.R.Freq.
=
= 02 <15.2 0.00
T 04 15.2-15.4 0.07
& 15.5-15.7 0.23
R 08 15.8-16.0 0.60
= 16.1-16.3 0.80
E 02 16.4-16.6 0.90
=00 16.7-16.9 1.00
Ve |
152 153 156 159 162 165 16.8 X 1,\

Mn!nh 2




© Frequency Analysis and
% Cryptography

E 5 ' gw Cryptography
it = Derived from the Greek
word Kryptos: hidden
= See Simon Singh’s
The Code Book CD-

ROM
s Check out
Cybersecurity group e

@ Informatics




& Group Assignment: First Installment

; = Given the text of “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,




* Individual Assignment — Part 11

IR o0l e e e e e see e Analysis and Observations
B 0 B 197t 001466857 wu Jeffrey Randall Cooley "
88 1 i 0 (A (5 (ol N e G (N . Q4
5 B A SN0 5 u 3 3. 05 4 3 = looked at the number 4 one iteration at a time.
- JENE 6114882 il i s 4->1->9->4->1
- — e = All numbers keep appearing
3 4k s)7 3o 2|2 9N 4 9 4 7 7 5
28 5 gl A Sl £ e O S e = Q
5 4 1 i Lol [ U (S el B ) 1 = CangotoallO
o e 7 Atadlalzd7 b e tale bade Lol L] CangotoallOandevenS(2,4,6,and8)
3 6 4 71 6(B 8 9 980 42 9 1 Q1
i8N i ] IS G S S o A O S S 5 = Groups numbers together
36 1 I o I [T £ ! 03
4 6 [ 18 9|2 7" 30 9.2 4 9 3 - f lack
5 . e ‘ N ) = Always goes to all zero (black)
78} s]z 2|2 2]o ; = = Andrew James Dempsey
30 el - |2 |0 |0 S BEEEE | | = Concentrated on Q3
1 Sl i Eill S LGS CE. 158 S0 D K1 4310 = Dies between 400-800 cycles
21013 bla Bl B I0lE 1203 BT = One or none changes per cycle
- B e e e e = 5 always changes to 0

Cveles =1 = Every number goes to zero
1 Restart | Go | = 1,2,4:6,7;97ll go to four different numbers

Test these hypotheses

« 3,4,6,8->2;
im 9 -> 3,
further!

= - No numbers go to 7 or 9!

W, = L 2 ) T T ED SN O P




Individual Assignment — Part ||

m Andrew Y M Kim

B,

1 I 0 S I 0 A i Al M G R Lookedatzothce”bylgt row
Al i el i i el ] S i i S P B i) i (8

R R L B B « Out of 100 trials, 40 started
5“’??3“??2??33222 P even and ended odd

6 9 F 3 270 D ENEEEEEN { 1N 4 4 8 = 0Odd-to-Odd: 24%

S S N I i I T = e o e v e o B = Did not change: 16%

el 1 5 i i N el B i e el el S e v S et Bl B = Even-to-Even: 12%

2l EO Kl s s e ) B Bl 0 A = Odd-to-Even: 8%

il S e il £ i il o) [ o el Ml )l o Bl B

o 13 720 o o o et o o o e = Proposed that the cell has rules
37981 39234[036008€6618S5 as a logic gate does for each
3 B =12 6|1 0 ] 2 5 I :

mEl . “H“HA?!“ respective number

6 ‘3‘389?49 * + 5 7 John Oglesby

7 8 fF a2 7 a7 2|2z 200 0N\&8 1 @ il

06T 513 223681 41 23368 " Q3

0 S N N s Aol s 508 A 8 B = Observed when specific digits disappear
200 () e O e ) s i i o1 s S i ] ) ) o sl B = 1 goes first: 250-255 cycles
47238081 451951 886234538 9 next: 265 and 270 cycles........

| |
Cveles = 1 m 2 I_aﬁrt_;_'gg_d,ig?
|

117 Restart ﬂ EIC{ 2 s ®

« :ConetEsions::
"= Even numbers are more likely to stay

« But how many tes! 125

Ky

AW - S TVETS UL TR SRR e



Individual Assignment — Part ||

s Donald Peek

;144552101445 4 5 g 8 4 n
“To Bl il ST e il i o o Ol o S el el il i U5 B
I I e S e e e e I I 5 S 8 13
5 6P gy 4|4 70 4] p~Ney § oo o3 0 =Black ; 1 =GREY;
ek | o|EEE r—— 7/ e 2=CYAN; 3 =BLUE,
- e | 4 '\ M 4 =GREEN/PINK; 5 =GREEN/PINK;
e T e S e I e e e e = 6 =WHITE; 7 = YELLOW/RED;
o e o P e e e B B 8 =YELLOW/RED; 9 = LIGHT PINK;
2 8 5 58 8 6 7 2 B 2|¥ ¥ 68 83 3 4 1 89 7 5
S KT ST ol i S = s D B S Rl R il R R R e W
e R R TEST: ran the box 15 times at 1200
S T T T I 0 S A M ) ] :
oy PR e e P e P e e e e e e e cycles each and recorded which numbers
15y Y v e[ o e e i remain in the box.
NEL o - [EENENE - A: JEE = NUMBER TIMES COUNTED RANK
RO N e | Lmononoo 102
7o 3 2 4 |EEENENEN 0 0N\ 10 MENE St tssuut e
7 e T T . 3----011000110001110------7----4
) i Vo o G b et e e e ot e e « 4----001111000000001------5----5/6
« 5----000010011011100------5----5/6
2 0 1 = T L N 50T L R T T e i I «  6----110000000011000------ R
H1 ST R S ST G o 55 T (i S0 il i S = 7----100001000001000------3----8/9
o = 8----000010000101000------3----8/9
- 9----100000000000000------1----10
. Restart| Go . 0---011101111101111----12----1
Lower digits more ‘frequent?
|
E
- ) “T}?
- B o

b SRR R M 2



Individual Assignment — Part ||

.L..;"-' S
p 1 2 s O sl i i (e G O
"8 i Tl 8 i i G -
IapEaannnannensnsann Cliff Taylor
pgs 8 p ~39§4?n44'2§ 53 o Boids
| 1 651 1|4 8] s 73} 5 3
6 o o~ ™= ole 7o o]t NG } 48 « Quadrants represent one of the 3
3043 T T MR it e T N I i ol behaviors
—— R S e e o = separation, alignment, and cohesion.
——- — = Q1 contains the results
il el il ) el P (il ) Sl ol £ f o . Groupina/flockin
36 5 01 7 1 6|68 9 9804231 Ping g
2l il G i = = I B
1 B ; a2 61 0 N g 7 " Nhow, tr}e top left quadrant represents all
+ 6 F 9Ny s]le 8z 7] Az § & 3 three o
68 fb | 3389?4@ s | 5 7 = Also proposed by Donald Peek for
7 8 27 4 |hENENEE 0 0\3 1 0 Wkl Q]_andQ3
30 6 7 3 2 23|06 81413336
1 il e A e i Gl e ) il B .SarahKepa,J.T.Waugh,Marcus
e 1 66481 606901367 Bigbee and Andrew Philbrick
ol il T = ol s el (e s observed grouping behavior in the

left quadrants

J"""—

Cwiles =1

[ Restart | Go |




ks
[, 4]

T '\-.'\-.\".'E'_
LT S e N = » S S L T P S % T o T Y S0 S T Y O TR Y S

T, R
VI = 5 T V= I ) I S (I
105 T 0 T T i i i
B ettty 2 5 |4 pete————— 03
T G 4] 4 T |0 4] 4 sB i g |3
3B T EJT1T 1 |4 8] E g 23 T |3
& fE MM ooya Fqooag i - 1 4 8
TS v I 1 I
i 5 v 5 T T )
VI T T T VT I 1
A 15 ) v T ) = 5 T 2
VT T A o 1
N 1 0 =t = s (L1 5
E ey 7 B |1 0 — CI
T L Yy 518 9 (2 7 9f: 1 4 3
8 3 318 9 ([F7 4 . i
8 [ 27 4% 2|2 2 10 Y
0 & 4 3 2 2 3|0 8 i1 )
i % 1S I I T ) 9 5 0 4 0
n 2 1T 6 6 4 8|1 @ o1 3 &6 7
i [r T 213 (& |3 |E
Cveles =1

1 Restart | Go |

* Individual Assignment — Part ||

Jacob Levi Marsh

First Try: 1000 Cycles
= Q1: Four numbers...1,2,3,4.
= Q2: Two numbers...5,0
= Q3:0nly0
= Q4: All numbers...0-9
Second Try: 1000 Cycles
= Q1 : Contains four numbers...0,1,4,8
= Q2 : Containsonly 0
= Q3 : Contains only 0
= Q4 : Contains all numbers...0-9

Third Try: 1000 Cycles
= Q1 : Contains six numbers...0,1,2,3,6,9
= Q2 : Contains all numbers 1-9
= Q3 : Contains only 0
= Q4 : Contains all numbers...0-9
Fourth Try: 1000 Cycles
= Q1 : Contains five numbers...0,1,2,3,4
= Q2 : Contains five numbers...0,2,4,6,8
= Q3 : Contains only 0
= Q4 : Contains all numbers...0-9
Findings:
= Qlcanhave 1, 3, 4, 5, 6, or 7 different numbers.
= Q2«&anmhave 1, 2, 5, or 10 different numbers.
‘Q3’only has one number which is 0.
- “Q4 always-has 10 different numbers.

“Liook at transition details!

Ashlee Nicole Sweeden

= Similar conclusions

a,.‘\

o= 2 VU IR UG IR, SR




Individual Assignment —Part ||

.;,ﬁ,;-

1 4 4 5 5 21 01 4|4 5 5 93 5 7 2 8 8 4

o3 06 1 6 7 Y 4 8 71 001 466 8 5 T .

Beg 51 56881 254593215783 m Samuel Abraham thter

e EEN RO KR NN N SN N N [N SO U R N N S R S A A . .
434921461 1]48632537253 = Ran 1,000 cycles and it appeared at first that
- Eaanal o~ 4 . fEiml o ) (e the number in each of the corners was
Eaaal (1 5as QZ 1975 represented by the number that was depicted
B Ry £ S R most in each of the 4 individual squares.

I 6 5 [t | |5 p— = EN A = After counting, my theory was not correct since
378 3§340? 466185 one of the inner squares did not follow this
pmEl oy . mmEl S, i emes 09090909090 it was only the bottom right inner square
R R D EEE that did not follow this theory

Sl i RS N RN NS NSO RN N RSN S S AN SEN ORI RN S

i 061 8 4 3 2 2 3|06 81 41 2 3 3 E . Q2

1 1 7 68 7 4 7 6 9 6|3 81 0095040

2o I I 5 0 5 B A s Nathaniel Wishart

T T T T e = an odd number can either be replaced by

Cvcles =1

another odd number or an even number, but
1 )
[ an even number can only be replaced by
another even number.

= Sarah Kepa

= Unless they go to zero, the odd numbers seem
to change to odd numbers, and the even
number change to even numbers.

=  Andrew Glenn Phllbrlck -

= From what | notlced even r:Lu'mberS are only
able to be replacedby a-riews even number for
a while, |but/ence a great. funber.of cycles are
ran the; pattern seems to disappear(?)

= Which one is True7




B

t — Part 11

dual Assignmen

VI

Ind

E
N
55{5‘ l“'-

Y >
° g
2 n "
(&)
yS L S
= 0O
a -ﬁb n
— =
c v © %
c O o 4= n —
= c c -
O ® o ) L =
LS E = = 5
h ST © Q 3
n S 8 =9
> 2 2 8]
= C c -
loNe) ko —_ % S
n .m " = ..hL @ =u e O =
TN N o~
=T . : Q.
)= >
[ | [ ]
B R e T B o TR T (S 3 S et R T O T ¥ SRR o
U3 0 e e o0 ol O o e e D DO e
03 e 00 0 P 0D wm e il O — 0 3 M R D = o LD
00 3 OO (jedeie—— e 9 () oo U — b= N I e B A
e Byl wRl 2 w o -~ o oo .41 P T R o T U T LS8
fer v e o e o e | flaiies e ol oo =
o 00 e Q oo o= onfl oo oo Jun ™M oo =
3ot 1 on et | o B o (e 7 R Y S S
= =t 00 e e e = =g o= Hd D 07 [~ - O
R ok T s B o B o B Do St R v R v | S (S ' SO . IO ¥ N SN e R — Y [ o B e
s s ewlm 5 om0
Wmlitiam, mal O ie e o O bshin [ | 01| B | =]
= o OO = ek T = e (D ) e
o ow oo o .m —,w e B oenl & 5 h u e B
mel ww el W Q o oy e =TT Q il =R =
Lwlaer Gemi i S aEEEEAR A ollel G carll | Bl £ na i L
OEC 00 = cheey el eegtoore wp oon e OU T B L 0T e 01 e 16
Chety e tecew e oo = oo W o - o =t o i B £
o wk O owR B 0D 0 P o o D M D D 00 0 O e OO P
oo S Rty TRd Rl R el ofe] NGB 00 (0 ) =t (0 B 0 x— (o] =h

Cwcles =1

Restan | Go |




Next class

‘, ,- e ..:.-.-"'.-Eu

™8 . Soring Break




Next Class!

" Topics

i = More Inductive Reasoning Modeling
h.ﬁdpﬂ

B0 ey = Measures of Dispersion and Position

E“ F ? F £ ¥ . Regression

e
<
5
2
¥

E

= Readings for Next week
s @ /nfoport

= From course package

= Norman, G.R. and D.L. Streinrt [2000]. Brostatistics: The
Bare Essentials.

= Chapters 1-3 (pages 109-134)

m Lab 8

=« Data analysis with Excel (Ilnear régressmn)
= NO LAB THIS WEEKHH *




