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The goal

 To frame active inference in terms of neuronal dynamics and
observed behavior.

 To show how Active inference encompasses other models and
theories of cognition and behavior.



The ingredients of Active inference

Definition. Active inference rests on the tuple (O, P, Q, R, S, T, T):

A finite set of outcomes O

A finite set of control states or actions T

A finite set of hidden states S

A finite set of time-sensitive policies T

A generative process R(0, 5, it) that generates probabilistic outcomes o € O
from (hidden) states s € S and action u € T

A generative model P (0, 5, i, n) with parameters n, over outcomes, states,
and policies w € T, where w € {0, ..., K} returns a sequence of actions
u, = m(t)

An approximate posterior Q(3, w,n) = Q(sylm) ... Q(sy|m) Q) Q(n) over



The generative model

P (0.8, 7, n)=P(m)P(n) l—LT:l P(o;ls ) P(sls;_q, 1) P(A)=Dir(a)
P(B) = Dir(b)
P(D) = Dir(d)
P(y)=I(,p8).

P (o,]s,) =Cat(A)

P (s;qls;, ) =Cat(B(u =7 (t)))
P (sylsy) =Cat(D)
P(m)y=o(—y - -G(m)) n=1{a,b,d, B}



The approximate posterior
Qx)=0Q(s1]7) ... Q(s7|m)Q(m)QA)YQ(B)QD)Q(y)

Q (s;) =Cat (s} )
Q(m)=Cat ()

Q(A)=Dir(a)
Q(B) =Dir(b) X=1(Sy,...,ST, 7T, N)

Q(D) =Dir(d)
Qy)=I1,8)



Behavior, action and reflexes

Uy = min Eo[DIP(0; 18 1)IIR(0; 15, u)]]
o I
=IO - &4
u = 1
€441 = Ory1 — O
0,11 =As,

o, =AB(u)s,

— ° jr
S, = E T -S; .
T



Free energy and expected Free energy

O(\)_a1gmmF

F=

Q(x)
~ P(x|0)
E [ln Q(x) —InP(x,0)]
EQ[ln Q(x) —InP(x]o) — InP(0)]
EQ[ln Q(x) —InP(0|x) — InP(x)]

=D[Q)[|P(x]0)] — InP(0)
. nr9

relative entropy logevidence

= D[Q)[|P(x)] — E5[In P(0]x)],

complexity accuracy

G(Jt)zZG(n.T).

G(r, T)_E s[InQ(s,|m) —InP(s,,0,]0, 7)]

=E5[InQ(s,|7) —InP(s fo,,0,7) —InP(o,)].

%EQ[]n Q(s,|m) —InQ(s o, m)] — EQ[IHP(OT)]

(—ve) mutualin formation expected logevidence

:Eé[h‘l Q(OT|7T) — 111 Q(OTIST* 7[)] _‘EQ[II‘IP(O‘E)]

(—ve) epistemic value extrinsic value

= D[Q(o,|7)[IP(0)]+Es[HIP (o, |s ]I,

§
expected cost expected ambiguity



Belief updating

T A L R T RT | o7
st =0(A-o, +B7_;s7 | +B] S7i1)

t=0c(—-F—y-G) Inference,

B=B+(m—m)- -G

A=vy()— Y@, a=a+) o0, ®s,
B=vyb)—vyb, bu)=>bu) + > i T, - ST ®@s7_,  Learning.

D=yd)—v(d,) d=d+s,



Gradient descent and neuronal dynamics

' Explicit
sT =087 - & representation of
’ future and past
sT =0 (g:.rr) states.
2y
B=ye

Prediction error
responses as the
~7 change in Free energy
or belief updating.



Reward prediction error

* |If planned actions minimize expected Free Energy (G), then
policies become more precise.

* Dopaminergic firing reflects this increase in precision or
expected reward.

* Precision is related to reward prediction error.




-unctional neuroanatomy

(solutions to) Belief updating Functional anatomy

Action selection (and Bayesian model averaging)

u,=min_ o, -£", u, ) Motor Cortex
&, =InAs,_ —In AB(u)s, s’
S, = Zﬁ S,
0 £
State estimation (planning asinference) ! '1/ ! '1

s; =0(A-o0, +B_s7_ +B7-s7,) Dorsal prefrontal

Policy selection
n=c(-F-vy-G)
F(m,7)=s"-(s] — A 0. —B"s") B
G(m,t)=0-(0] =U_ )+s’-H

Striatum

, VTA/SN
Precision (incentive salience) (;)"q s” s s" ] o_ 0, O,
p=p+(n-n,)-G s - ~ T S
: Occipital Cortex
Ventral prefrontal 7 7 Y :
Learning Bt—l Bt
b() =b()+ 2., )., Tx57 B Hippocampus

B =y (b)-y(b")
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Simulations of inference (T-maze)
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Neurophysiological responses
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Repetition suppression and dopamine transfer

Repetition suppression and DA transfer
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Violation responses and P300

Violation response (P300)
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Epistemic foraging

Initial state and policy selection
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