General Principles of
Human and Machine Learning

Tutorial 7: Compression and resource constraints

David G. Nagy
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1. visual mandela effect memory experiment
2. informative questions and compression

3. bayesian inference and perception



visual mandela effect
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visual mandela effect







17



18



19



oo LEARN MORE |CREAL
9.'."»2[ - ATKFR.COM ’

20



21



Ratio of Response Choices by Images

Manipulation 2

€ Manipulation 1

@ Original

_ | |

|

< © < N
o o o o

oljey 9910y9 asuodsay

Uo0d a3y} sluuim
(¢OPIeM S 2J8YM) OP[EM
0607 uabemsy|op

(Ausr ® woy) woj

0607 18616

0607 syongJe)s

0607 Aynods
sjuedainebs qogabuods

Adoousg

0607 Jeyadeus
0bo7 |leus
00(-Aqo09S

1419 1[eS UOLIOW
0607 uaine ydjey
0607 sa|6ulid

S|19 Jndiamod
o607 Aogheld

ue\ Ajodouopy
nyaeHid

asno ASYIIN
0607 zuag sapadla|\
19y9)ag asIno
Ay ojjeH

Agary

uosdwig JaWoH
901038y snoun)
PlaIey

0607 Wwoo7 ay} Jo Jni4
9u0}Sjull4 palq
owl

0607 syIopwealq
foqybnoq Aingsi|id
1310|dx3 au) eio(
o607 Aausiq
0d€-J

Auung sbng

Uioojenig
plezeyoig

0b07 919
0607 9|ddy

Prasad and Bainbridge, 2022

22



* have you noticed a pattern in the distortions?

 how would you explain the VME effect?
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simpler?



Which chess board state is easier to recall, one with 28 figures or 8 figures?
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simpler



REClomnlAfour legged animal that barksjjon the day before todaygliEimigle
glowing ball of fire left the sky

29



| walked my @ on the day before todaygliElggsihuge glowing pall of fire left the
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| walked my [s[6le i guzihuge glowing ball of fire left the sky
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| walked my [elole] \/=isii= ekl after
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description length of description length of

L without
capitalist cartoon man
P monocles
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description length of description length of

. with
golden humanoid robot silver right leg
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description length of description length of

cartoon cat with grey fur and

white accents and light gray
belly
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Describe this image to someone who speaks english bunt is otherwise not familiar with
western culture

ChatGPT
This image shows a cartoon of an anthropomorphic cat, which means it has human-

like characteristics. The cat is standing on its two hind legs, similar to a human posture.

It has a large head compared to its body, a common trait in cartoons to emphasize

expressions and emotions. Its fur is primarily greyjwith a white bellyland muzzle. The

cat has a mischievous and somewhat exaggerated facial expression with large green
eyes wide open, ears perked up, and its mouth open as if caught by surprise or

shouting.



Please describe the attached image to someone who will have to draw the image
based solely on your description. The person who will draw it speaks english but is
otherwise not familiar with western culture. You should make the description as short
as possible, while still having the details necessary for the drawer to recreate

the image.

ChatGPT
The image is of a humanoid robot. The robot stands upright with its arms slightly away

from its bodyjlts entire surface has a metallic gold finish.|JThe design is intricate with

visible joints at the shoulders, elbows, hips, and knees, suggesting flexibility. The head
Is oval with two horizontal eye slots that appear as a black visor, giving the impression

of eyes. The mouth is a simple, narrow horizontal slit.



"It is possible that for some VME images (e.g., C-3PO, Volkswagen, Where’s Waldo), the error
may be driven by filling in these perceptual gaps with schematic knowledge, creating a
more schema-typical false memory (Koutstaal & Schacter, 1997; Miller & Gazzaniga, 1998;
Seamon et al., 2000). However, this is unlikely to apply to all VME- apparent images. For some
icons, the feature of interest is almost always shown (e.g., the Monopoly Man’s face), and some
VME features are intuitively atypical to the schema (e.g., a cornucopia for the Fruit of the
Loom logo)."

"Furthermore, it is unclear how such schemas are formed for new image classes; for example, as
Pokémon’s most popular character, Pikachu is likely the basis for that schema, yet people
falsely remember a black tip on its tail. Future research into VME should examine the schema
consistency of VME features compared with other manipulations.”

We showed that the VME cannot be universally explained by a single account. Instead,
perhaps different images cause a VME for different reasons—some related to schema, some
related to visual experience, and some related to something entirely different about the images
themselves."”

Prasad and Bainbridge, 2022
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informative questions
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Representative Environment Nonrepresentative Environment
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beard
big mouth hair
dark skin male hat red beard big mouth
brown brown white blond dark  white  black red earrings  hat white  blond big red big
eyes hair hair hair s/kln hair  beard hair / hair hair nose hair nose
brown white glasses white  blond
eyes beard hair beard

 how would you measure the information content
of a question?

» how is the twenty questions game different? Nelson etal., 2014



isx > 32?7 v/n
. 1S xmod 32 > 167
- 1S zmod 16 > 87
: 1S xmod 8 > 47
: iISs zmod 4 > 27
c1sxzmod2 =17

O O - W N

* | have thought of a number between 0 and 63

» atleast how many yes/no questions do
you need to ask to determine which one?

 what are the questions?

Q6

MacKay, 2003 (Chapter 4)
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1: isz > 32? v/n
2: 1s xmod 32 > 167
3: 1s zmod 16 > 8?
4: i1s xmod 8 > 47
5: is zmod 4 > 27

* | have thought of a number between 0 and 63 6: iszmod2 =17

» atleast how many yes/no questions do
you need to ask to determine which one? ) .

 what are the questions?

 what is the information content of a single
question? Q7 EE—— e
—

Q6

MacKay, 2003 (Chapter 4)
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average information
content of a distribution

information content of a
single outcome

1
1 — oo —
h(g;: a’i) — 10g2 ; H(X) — Zpt 1002 ;
107 h(p) = log, .
| o, p  h(p) Hz(p)

0.001 10.0 0.011
0.01 6.6 0.081
0.1 3.3 0.47

0.2 2.3 0.72

0.5 1.0 1.0

h(z,y) = h(z) + h(y),

if x and y are independent.

H(X,Y)=H(X)+ H(Y).

50

average information
content of the answer to
a binary qguestion where
probability of ‘yves’ is p

1 1
H2(P) = H(p, 1—17) = plog, 1—) + (1 —P) log (

MacKay, 2003 (Chapter 4)



1: isz > 32? v/n
2: 1s xmod 32 > 167
3: 1s zmod 16 > 8?
4: i1s xmod 8 > 47
5: is zmod 4 > 27

* | have thought of a number between 0 and 63 6: iszmod2 =17

» atleast how many yes/no questions do
you need to ask to determine which one? ) .

 what are the questions?

 what is the information content of a single

question? Q7 EE—— e
Q3 s E— E— I
1
h(xz=a;) = logs ;z 06

MacKay, 2003 (Chapter 4)
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1: isz > 32? v/n
2: 1s xmod 32 > 167
3: 1s zmod 16 > 8?
4: i1s xmod 8 > 47
5: is zmod4 > 27

* | have thought of a number between 0 and 63 6: iszmod2 =17

» atleast how many yes/no questions do
you need to ask to determine which one? ) .

 what are the questions?

 what is the information content of a single
question? Q72 EEEE—— I
—

* how could we create an optimal binary code
for the numbers in many iterations of this
game? how long would the code have to be? Q6

e |nformation content 6 bits — 6 bit

compressed file MacKay, 2003 (Chapter 4)
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what is the information content of

()

S
12345678

® missing the first shot?

TOmMMmON®X»

® hitting the submarine in a single shot?

® missing the first two shots?
hint:

® missing 32 times? 1

h(z=a;) = logy —

MacKay, 2003 (Chapter 4)
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® what is the information content of
® missing the first shot?
® hitting the submarine in a single shot?
® missing the first two shots?

® missing 32 times?

first shot

P (yes) = 1/64

P(no),, = 63/64

second
shot

P(no),,, = 62/63

54

h(x=a;) = log, —
(=a;) =log;

ToOoOTmTmONwmX»
[N

X

12345678

> hy(y) = — log(1/64) = log(2%) = 6

»  hy,(n)=—1og(63/64) = log(64/63) = 0.0227 bit

»  hy(n) =—10g(62/63) = log(63/62) = 0.023 bit

MacKay, 2003 (Chapter 4)



move #
question
outcome

P(z)

h(x)

Total info.

TIOTTmOnNnmI

mIissing
the first
shot?

X

123456T7¢8

1
G3

0.0227
0.0227

mIssing
the second
shot?

X i1

62
63

0.0230
0.0458

55

missing 32
times?
X XXX XXX X [PEXXK XK
pad XXX X[ XX XXX XXX XX
XIX|XX XOXXIX X XXX PXIXX
XXX XX IXIXXX XXX PKXX
XIXIX|[X XIX|X|XIX XXXXXX
XXX X PRIX XXX XXX XXX
X[ XXX XXX [X XX XXX
XIXIX[X XRIXIXXKIX S IXIXXIXIX
32 48 49
E5 F3 H3
r=n T =n r =Y
32 16 1
33 17 16
0.0443 0.0874 4.0
1.0 2.0 6.0

MacKay, 2003 (Chapter 4)



perception as inference

56



57



AO
 |f the environment was in state z,
what would | observe (x)?

how often is the
environment in
state z?

 |f |l observe x, what state z is the
environment in?

p(x|z)




there are three possible ilinesses:
cold, tb and food poisoning

| observe that I’'m coughing
| want to infer why am | coughing

how would you cast this as a
Bayesian inference problem?



* for any given person, the probability
that they have a cold is 30%, tb is
5%, food poisoning is 15%

* |f a person has cold or tb they are
coughing in 80% of cases, if they
have food poisoning, then in 10% of
cases (for some independent reason)

P(illness|symptom) o< P(symptom|illness)P(illness)



 what question does the prior ask and
what are the probabilities?

P(illness|symptom) o< P(symptom|illness)P(illness)

how common IS 7



to |
food poisoning -

cold -

N—"

P(illness|symptom) o< P(symptom|illness)P(illness

cold

how common IS th ?

food poisoning



 what question does the likelihood ask
and what are the likelihoods?

cold -

cold I
to |

@)
£
-
®,
P
®,
O
U
®,
O
y—

food poisoning I

P(illness|symptom) o P(symptom|illness)P(illness)

cold

f | had b how likely is it that | would be coughing??

food poisoning



to |
food poisoning -

cold | NG
to | -

cold -

food poisoning I

P(illness|symptom) x P(symptom|illness)P(illness

N—"

cold

it I had b how likely is it that | would be coughing??

food poisoning



 what question does the posterior ask
and what are the probabilities?

cold [ NG
to [ ——_

@) O 1O, @)

2 = 2 £ Q T &
& = - O -
®, O ®,

D D D

®, ® ®,

Q O Q.

o Q 3

8 O O

= O O

P(illness|symptom) o< P(symptom|illness)P(illness

N—"

cold

how likely Is b given that I'm coughing?

food poisoning



1
0,3
0,05
0,15

'« IR S

@) O O @)
— = o T c
c - O -
O @) O
D D D
O @) O
Q. e O QO
O _’G b=
: 3 :
e e e

P(illness|symptom) P(Sympt0m|illness)P.('zll.lness
R

cold 81%

how likely Is b given that I'm coughing? 13%

food poisoning 5 %

N—"



bump or dent? =

67



bump or dent? =»
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 what is the
target of the
inference?

e what
interpretations is
the observation
consistent with?

 why does the
brain choose the
one we
perceive?
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https://michaelbach.de/ot/fcs-hollowFace/index.html
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https://michaelbach.de/ot/fcs-hollowFace/index.html

e what is the
target of the
inference?

e what
interpretations is
the observation
consistent with?

 why does the
brain choose the
one we
perceive”?




where is the sound coming from?

O

seems sounds
like like

coming coming
from from

puppet human

+ visual measurement of location is
more accurate than auditory



e what is the
target of the
inference?

e what
interpretations is
the observation
consistent with?

 why does the
brain choose the
one we
perceive?

https://michaelbach.de/ot/mot-feetLin/

/3


https://michaelbach.de/ot/mot-feetLin/

https://michaelbach.de/ot/fcs-ghostlyGaze/index.html
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