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Figure: Bayesian Models of
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Perceptual Inference and Dynamic Tracking of a Moving Target
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7+ZH(Observation)S %
p(shiny|wet) = 0.8;

P obs|H P H p(not shiny|wet) = 0.2;
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p(ObS) p(not shiny|dry) = 0.6.
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Optimal action: Decision Making under Uncertainty

71t 28 (Expected Utility)
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Probability

kmap
Log posterior ratio, d Measurement, x
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Generative Model: H3(C) — At=(s) — F 24k (x)2| 211} 24
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. TL =0 — — ——
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generative modelO|C}.

Claim: X|&= ‘surprise’® 2}5t
oF &4 2E0| S0|2 &, —logp(o)
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Example. Surprise G| Al
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rto
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« —logp(37°C)=—log 0.4 = 0.3979
* —logp(40°C) = —log 0.01 =2

Surprise= =2A Bl He| O A= If 2 442 7L

Surprise?| a1} Entropy
=2t oOf TS surprise I(0)0| 7[SigtE FotH Y& AE=L|7} E O
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Claim: k|= ‘surprise’E Z|23}5l= generative modelO|C}.
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] =i T _— — o [e— |
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Claim: k|= ‘surprise’® X|22}5}= generative modelO|LC}.

Generative Model: A|AH 7} O{E A 2==2 TH=O0{Lf=X[0] Lot 2EHX 4

M
, y

Generative model
A

action

|: surprise —log P(y) Z[22} - P(y, x)
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Prior beliefs Posterior beliefs

P(x = firog) P(x = apple) P(x = frog |y =jumps)  P(x= apple |y = jumps)

Likelihood model

sorddy
sgo1g

P(y = jumps | x = apple) [0 P(y = jumps | x = frog)

0.99| (&3

P(y = doesn't jump | x = apple) P(y = doesn't jump | x = frog)

~ P(x)
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Free Energy Principle
Goal: surprise —log P(y) Z|2A%} - p(y) At ER2

PG) = ) POLX) = ) PEIOPX)

Idea: surprise —log P(y)2| &t X|A3t - AISH O 2 surprise Z| A2}

\ ) sUrprise x| 2%}

surprise2| &ot
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Variational Free Energy, F[Q, y]: Surprise —log P(y)2| &t

Approximate posterior Q(x)0 CH3S}HO

| _ PG| _ |
—log P(y) = —log Eg(x) 000 | = —Eq(x) |log

L|: free energy F[Q,y] Zl22t - Q(x) = P(x|y)

Upper bound

4 e Q) v\
Upper bound £yg,)
D0 || P [ )] w.

P(y,x)

D [O) || PCx | )]
v -
Surprise | b Surprise 1 b W
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Active Inference
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Principle: Free Energy Principle — | = free energy

Active Inference: Free Energy Principle0| 7|85t
O|AMAXN M S pEl2lsts of

=
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Active Inference

truth = information
= —log P(x)

information theory

first principle

living organism

complex
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Mandelbrot set ey
truth: z,.1 = (2,)*+c B

inverse
inference

\ QQ 00

Active Inference

F[Q,y]

inference
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Active Inference

Variational free energyl| A& MI45I0{ M2 2 2|0 0 &

P(y,
F[Q,y] = —Eg(xllog L),

Q(x)
Energy Entropy

= Dg[Q()[IP(x)] — Eq(x)[log P(y]x)]

Compllexity Accﬁracy
= Di [Q(x)||P(x|y)] — log P(y)
Diver'gence Evidence

Goal: free energy F[Q,y] X232}
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https://banana-lana.blogspot.com/
https://creativecommons.org/licenses/by/3.0/
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Markov Blankets
Goal: ‘dEKX| 2| =XE modeling — 2|2t =E X Ol HHKN| modeling

Definition. Markov Blankets

Markov Blanket variable u2t x7F &= M, blanket bOf| CHSIY Ct52 BHSBHC}:
pLlx|be P(ux|b) = Pulb)P(x|b)

Active states
u=fy, (x,u, ) + wy

? . 1
- External states

x=fx('x’ u,J’)+wx

Internal states
lu=f/.l (/l, u1y) + w/j

dH HE:

M M 22

Sensory states
y:fj)(/‘t> u’ y) + wy

a1
- AEN - M Es

b=(u,y)
Blanket states
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1. Modeling system 32|

- 1| F MAI2] A E2
2. 7% X E 0l generative model X| 78

- model =4 discrete/continuous, shallow/deep
3. setting up generative model

- parameter, prior X| &

=2 NN st
— |

- state/parameter updateOf| [HE 1™ ot FF

4. setting up generative process
-2H 2F MA 2 E e
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Generative model

Mirza's research (discrete model)

Eye-tracking

g « Data: I|RXC] EfX Ot 2 (discrete time,
S :
= R N T I state)
- Time
Eyes vertical — b Zf—% |:|C>|'A_l
Eyes horizontal -
- WME dataRFEH parameter T &
Cat g - O[HXt2| subjective model 7S
Bird | /|
- YxFE A1 evidence Bk
. HHE 25 X3 model > Z&SHK| 22 model
| > Q72 HEE 7] fl5f d=
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