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Recap

In chapter 1, ...
§ Goal of Brain

Minimize surprise
How? minimize Free Energy — minimize surprise
§ High Road

First Principle — Low Road / High Road
High road perspective is useful to understand the normative nature of Active
Inference: what living organisms must do to face their fundamental existential
challenges (minimize their free energy) and why (to vicariously minimize the
surprise of their sensory observations).

Note: High road ¥ A= Active Inference’} F91(what)& 5H=4], 9fl(why)

A oldfelt o Eeg .
= 7= high roadE 421 what¥} whye] FE3]of

§ Autopoiesis™144

In chapter 3, ..., This is vital in maintaining the integrity of biological creatures,
and it is central to their autopoiesis.

1

o

Note: EA = A A22E §A5oF gt — Markov blanket2 2-83}9] modeling.

Lsurprise: J(y) = — log Pr(y)
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Existence of Living Organisms

Ao}l AT A ... existence = survive.

§ Perspective of High Road
survive I} 2 surpriseE XA 5}6l= 1A Y: To exist — must minimize surprise —
which leads to survival.

e.g., 1717} & Yo &2 Uk — ‘oful oA FoP — surprise F7t — & 02 THA]
Eo|7F — surprise 7F4a

§ Markov Blankets
A A o] 2}7) A Ajautopoiesis o modelingsl”] 98] AL
Definition
Markov Blanket Variable p2} zof tjjs}o...
pLa|be Pr(p,a|b) =Pr(u|b)Pr(z|b) (1)

= utZ3g} uf variable b2 blanket®o]|z} Bt

%blanket ¥ (or 0]E) % = 99714

Note: b7} FolH & ‘Tﬂgive“ pet 2z AR GES B
T4 orthogonality?, <2 &2 ¥4 ind .
> “blanket b7} 3Fel AHIZ ol AW a9} A ol el AHE & 5 AP

2orthognality: (u,x | b) = 0
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Markov Blankets

Active Inference©]|4¢] Markov Blanket

Active states
U= fy (1, ) T 0y
£y
Internal states ~
A= )+ 0, )

& >
External states

E=fx (51, 9) T oy

Sensory states
V=1 uy) + oy,

b=(u,y)
Blanket states

Figure 1: A dynamic Markov blanket.

Figure 1= environmentWorld: 29} gystemeorganism, p x}o]9] Markov blanket.
i

AZEell w2 JSH(AZEel Tt W, superscript -2 X@)= 54 @4 ol deA T8
woll & &3t

blanket b = (u,y)°] tis}o]...
® Sensory states u: environmentZ25 E system O 2 X At

® Active states y: system © 25 E| environment® FH HAG
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Markov Blankets

AT AEAZL H2E A7) G

ox o 1

ensory state uS 53| YA poll IF

=5
° u= active state y& £ 3+ xof gk

%]
BA pe
() @9 g 247 WAL & = fol@, u,y) +we st o = fu(m,u,y) + wpts Markov
blanket b = (u,y)l ol FH THH.
§ Parents & Children

Shte] variableo] thsfo] o

17} &4 9] variableE-2 parents, 0| 2R E F47 0
variable52 childreno]zt1l ¢

=1 e

Internal states®] THHA]...

Variable

Parents Children

Internal states p Sensory states u

parents of its children

Active states y Environment states

Table 1: Internal states and their Markov blanket relationships.
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Markov Blankets

§ Synchronization

x| Epguppy (1]

Probability

Figure 2: Association between average internal states of a Markov blanket and
distributions of external states.

i) top: blanket b7} Fol S Wl z9} p. ZHZHE AP 2 TAES K.
ii) bottom left: z2] —.—;‘11_7]- HoLeE o] po] B HMS}eH(synchr omzatlon)
P internal states put= external states z+= A 25 | & £ §lOU, blanket b3

TRt AR AEE F2 7]'53"
iii) bottom right: 2 AE|7F FolA AL, z0 BLE

Active Inference

el
=1

e

7}

olr

-
o,
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Surprise Minimization & Self-Evidencing

surpriseS #|43botd] WZoHd... HIGHE & 2317]
W} o2 715k TRo] 2117 (internal state)l 44
surprise® 43} & 4 9l (1)

§ Optimism Bias

Ay Aol ) AT A Rolehe, 2418 EA7} 44 THE priord]
optimism bias 7’:7\H

HITHE (external state) AYE]7}
};iq‘dissipative J—q_;g]‘_g__ %gﬁ

e.g., ‘Fe Tt &4 1t 207)k AL GAsL

§ Self-Evidencing

ZAE FASH] oM Ade AP & ofor & A8
e ome

o ‘wigtEo| AHA| 742 — surprise SV} — A2 52k, Ht
surprise S}2}

N
K3
B>
el
i,
2

® ‘HIGHEO i}7"7'ﬂ LA — surprise 27} — ‘U= EA5), 12 HIGHEA 231734
LARE AL dE Fset AeS §ASHAA — surprise st
A& 954 = internal generative model©| model evidences 53 3}|oF g model©]
M40 &g SHot7] 919l PEote AL self-evidencezt 1 W

Smel AP % vbgo] Qi A% Hot gle A%l B AAAYT O Hed AT
41 think, therefore I am.— René Descartes: 119 gl 2914 A48 G215k . 0|24 AH4le] 247k
Zwgc),

5 E
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Hamiltonian Principle of Least Action

§ Hamiltonian
&2 8A energy function(or Hamiltonian)2 0px] o 2|7} @ o g Fo] ojzx]&
SEREREE

Sannon?] entropy H+ Hamiltonian(or surprise) J2] %7129l H<:

H[Pr(y)] = Epu(y) [3(y)] = — Epr(y) [log Pr(y)] (2

§ Second Law of Thermodynamics
Aelat A2y =lo] T2t entropy7} F7kohe Wako s Eek AL Aohyao
° A7} surprises A4Al7l= Ae Aokt
® Markov blanket: external states?} internal states2] £2]
— A7) Ao gL AYHAS wESHE], 7] A 0 2= internal state?] entropyS
ZAAZ 4 912 (Hamiltonian flow).
— self-organization 7}

5 Quantum anncaling® 97 B4% T8 AESHE 93 MO, 23 chgalol o A5ate e
283} ol th&i 2 Hamiltoniang& modelingsh=t]: )
H=LE (5, hiolD + Sis; Ji o) + A2 (5,087) = Hp + T(0)Hp
AZFo] Aol met T'(¢) 9] ghol gaste] 271 el HpolAl 2% Al Hp= s8] HskAz.
A%z} 2k&: [ Link |
SShannon?| entropyt: HFE thft Huo|AW, E8sto] AL
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Hamiltonian Principle of Least Action

() (0 30)
10 T 20 T 10 r
g .
: =
-5
-10 T
0 -10 0 10
N 1 1

Figure 3: Hamiltonian flow on the same state.

Left: A535}9 hamiltoniano] A 3}E= <5, Active InferenceA] ZAYs]oF =
Middle: %812 9= <5, Active Inferencex] WAYS}A] 9rolof }=.

Right: Hamiltonian S1141.

§ Principle of Least Action

Active Inference: minimize Free Energy — minimize Surprise

free energy+= surprise2] upper bound# free energy S Z|45}5}lo] o] E9] A}o]
divergence® Z4.

— divergence”} &0] active stateZ} H## 02 2 surprise 7 2 (Path of least
action)E whatzt.

— Qo] Az} Ho]!
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Variational Free Energy, Model Evidence, and Surprise

maximization of model evidence < minimization of variational free energy

— minimize surprise

J(ylm) = —log  Pr(ylm) < Dkr[Q(z) || Pr(z|y,m)] —logPr(y |m) (3)

N——
Surprise Model evidence Variational free energy

m: model
§ Perception & Action
® perception: minimize D, [Q(z) || Pr(z | y,m)]
® action: minimize —logPr(y | m)

—> minimize variational free energy
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Models, Policies, and Trajectories

Figure 304 5}1}9] model2 spto] AIZF HELo| ARt 28-S o 4= 3] — ST
§ Hierarchical model
AZH BE2 gt A HEoA & 715

o -

Example
* A AG: o] Woke @A Y 22 Wet o],
° St9] A A Wsk= A A3 e 2ol SAH

§ Alternative futures
model @] EF4S 535}7] $19] temporal depthE Z AT,
— AR} Ha] ol A|H7HA] F238}= model: policies or plans
Note: 273} cerebral cortex?] columnst= thofst A4S 18l A4S 7p?

=2

A= modelJ BT E3] temporal depth7} th& 4 Q1S We =
(e}
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Extention for Three Theoretical Prespectives

Active Inferencel= 7|2 T3l o| R E Sk 2= Q1o § Three Theoretical

il

5

e

Prespectives

i) enactive theories of life and cognition: Markov blanket-2 53l A7}
AAFSEA] oty slal &4 (self-organization) 3 4= Q=%] AE g

ii) cybernetic theories: variational free energyS ZA3lelH 287 Ae2 #2&
1‘1'31 _El_‘x-]%x-]teleologlcal oﬂl:-_ o] ;ﬂoﬂ o]..

iii) predictive/model-based theories: B|Z|E A]E|0]A5}I1 H71g O 2 M4 expected
free energyE %|4:3}5}11 prospective processE Z134 35t

2% 53] s ol2Ad 2 4 et Active Inference 7 °|2

flo

E
[

)
ol
o,
iy
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