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Introduction: Different cognitive models representing the brain’s cognitive processes in areas
such as psychology and artificial intelligence have been proposed that have many uses. Given the
objectives of these models, the most important of which is to study the characteristics of the brain
in the process of performing excellent cognitive functions, patient rehabilitation, and intelligent
machines, it is necessary to review and compare the proposed models carefully.

Methods: In this study, by collecting library data, information about three cognitive models, namely
the cognitive models of semantic networks, ACT-R, and free energy of the brain, were examined.
Results: The semantic network model has the ability to produce semantic (declarative) knowl-
edge. The ACT-R model, which is one of the most practical human cognitive models, provides
the possibility of producing declarative and procedural knowledge (skills). Models of semantic
networks and free energy require programming, while the ACT-R model is presented in the form
of application software. The free energy model of the brain works similarly to human inferences
by generating a variety of declarative, procedural, and conditional knowledge by updating sensory
concepts and perceptions received, as well as previous hypotheses based on Bayesian probabilistic
inferences, and by minimizing the free energy of the brain.

Conclusion: Despite the complexity of the free energy model, due to its more significant com-
prehensiveness, in describing cognitive functions such as perception, learning, attention, decision

making, and analysis of human cognitive diseases could give better and broader results.

Citation: Ghasimi J, Eshghi F, Kelarestaghi M, Mir Mohammad Sadeghi M. Capabilities of the free energy model of the
brain compared to semantic network and ACT-R models. Advances in Cognitive Sciences. 2022;23(4):130-144.

Extended Abstract

Introduction

Today, various cognitive models that represent the brain’s
cognitive processes in areas such as psychology and artifi-
cial intelligence have been proposed that have found many

applications. According to the objectives of these models,
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the most important of which is to study the characteristics
of the brain in the process of performing excellent cog-
nitive functions, rehabilitation of patients with cognitive

impairments and intelligent machines, it is necessary to
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review and compare the proposed models carefully. Given
that there are different cognitive functions, this research
have considered these three models more based on the ca-
pabilities and models provided for memory, learning, and
perception that are the core of cognitive functions. These
models have been examined independently in research
often before the capabilities of the models are studied in
order to compare them. The present study will also point
out the new and unique capabilities that the free energy
model of the brain provides compared to other models. It
is essential to note that, more or less, most models can be
used in both the cognitive and artificial intelligence do-
mains. However, the capabilities of these models differ
in the applications they have for each domain. So that,
for example, the model of semantic networks in terms of
application in the field of artificial intelligence remains on
the same premise In contrast, the free energy model of the
brain has the ability to use various applications in artificial

intelligence and cognitive psychology.

Methods

In this research, information related to three types of cog-
nitive models was examined and compared by collect-
ing library data. Among the models proposed by cogni-
tive psychologists are the semantic network model, the
ACT-R model, and the free energy model of the brain,
which have been studied and compared here. In the pro-
cess of producing news knowledge, information that is ar-
ranged in a hierarchy or relationship based on meaning or
common features in semantic memory and the form of a
network consisting of concepts and communication links
between them (semantic network) will produce declara-
tive knowledge. Thus, semantic knowledge results from
input perception and agent’s inference from these percep-
tions, which is stored in semantic memory as a commu-
nication network. This network causes semantic organi-

zation, which allows the agent to retrieve information.
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In the process of producing procedural knowledge, a set
of possible actions is required to achieve a specific goal.
This method is known for understanding the process of
procedural learning as a pattern of sequential information
processing. The ACT-R model combines some features of
semantic networks and some features of sequential pro-
cessing patterns and is presented in the form of a model
based on the relationship between memory types. In this
model, the relationship between declarative, production
(procedural), and working memories forms the basis of
cognitive processes. Environmental states cause different
stimuli, and the presence of stimuli in the environment
indicate hidden or revealed states. On the agent side, after
receiving environmental stimuli that may have been sub-
ject to uncertainty or various changes until the agent per-
ceived, there are a set of uncertain or probable perceived
stimuli indicates the existence of states or concepts. Re-
ceiving sensory data and increasing entropy is a surprise.
To avoid brain disorder, the surprise that results from in-
consistent data with hypotheses in the brain must be dis-
pelled immediately through free energy consumption. Ac-
cordingly, the free energy principle (FEP) shows that any
adaptive change in the brain will minimize free energy.
Two processes of perception and action do this minimiza-
tion. Perception means changing expectations to reduce
entropy and prediction error, and action means changing
the agent’s configuration by affecting the biological agent
in the environment in order to change the sensory stimuli
and to avoid surprise or surprise. Combining perception
and action makes it possible to adapt to new sensory stim-

uli. This process is called active inference.

Results

The model of semantic networks is based on declarative
memory, which allows the generation of semantic knowl-
edge. The ACT-R model, one of the most practical and

up-to-date models for examining human cognitive char-
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acteristics, has been proposed based on declarative and
procedural memories, enabling the generation of declara-
tive and procedural (skill) knowledge. Models of seman-
tic networks and free energy require programming, while
the ACT-R model is presented in the form of flexible and
user-friendly software. The free energy model of the brain
works very similarly to human inferences by generating
a variety of knowledge that updates concepts and per-
ceptions based on probabilistic inferences by Bayesian
updates of previous brain hypotheses and by minimizing
brain free energy. In this study, a proposal is made to use
the free energy model of the brain and turn it into a model
for the generation of declarative, procedural, and condi-
tional (a combination of both declarative and procedural
knowledge). This model has the ability to generate con-
cepts and construct propositions based on the concepts
produced and the relationship between them as a human
agent. It can also teach procedural knowledge such as how
to drive. Also, it can combine declarative and procedural
knowledge to solve conditional problems such as solv-
ing mathematical problems. Although the ACT-R model
also has the ability to generate procedural and declarative
knowledge, due to insufficient ability to model percep-
tual similar to a human, it has limitations in the produc-
tion of these two types of knowledge in the production of
conditional knowledge. The two models of free energy
and ACT-R offer the possibility of better explaining the
different processes that lead to cognitive diseases. Also,
by modeling diseases by these models, predictions can
be made about cognitive rehabilitation. The free energy
model shows some cognitive diseases more accurately so
that in diseases such as schizophrenia, attention disorders,
Alzheimer's, and memory impairments, it can suggest

practical solutions to control or reduce each.

Conclusion

The present study examined three cognitive models of

132

semantic networks, ACT-R, and the free energy of the
brain. The capabilities of these models in various fields
of cognition, artificial intelligence, cognitive rehabilita-
tion, and modeling of cognitive functions were consid-
ered. Finally, it can be said that the free energy model has
many advantages in modeling the human brain compared
to other models. In future work, while using two mod-
els of free energy and ACT-R in areas such as diseas-
es, significant progress can be seen. In diseases such as
schizophrenia and attention deficit disorder, according to
the inferential model presented by the free energy model
of the brain, good success has already been achieved. De-
spite the complexities of the free energy model, due to its
more significant comprehensiveness, in providing a more
accurate and calculated explanation of various cognitive
functions in the brain such as perception, learning, at-
tention, decision making, and more appropriate analysis
of human cognitive diseases, this model can give much

broader and more accurate results.

Ethical Considerations

Compliance with ethical guidelines

This study was performed in a library method without
participants or other people. There was no characteris-
tic of not observing moral principles in interaction with

people.

Authors’ contributions
The corresponding author prepared this article, and other

authors have contributed as a supervisors or advisors.

Funding
No financial support was received from any organization

in conducting this study.

Acknowledgments

The authors thank Professor Karl Friston, professor at

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

the University College of London, for his guidance, sub- Conflict of interest
mission of articles, and the results of his research, which There was no conflict of interest with any natural or legal

have been very influential in this study. person in this study.

133

El This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

I EF oliso

S Ll e Il Ao

- 9,.: allae

ACT-R g lxo s aSuis s Juvo 4 S 3o é‘}T G9! S s swwoil g

T Folo doxo o o (Bl M pp g0 s oL ,E

;Z:“ 6 . 5 . - .

Q‘)‘l' ‘ulﬁr‘ ‘é}L...; |o5l.c Lle.c U"‘)?"’" A g0 ﬁdjLaJAn A_g).'ifa 65?:..2.'\‘& A
Qlﬁl ‘O‘)‘Q’S 6@)‘)55 oKiils ‘).Twls 9 B2 (ewdge 09,5 Lol Y
Q'ﬁ' .Ql).@‘;‘ ‘LgIJL...; pole L,>JL$: JJ)B.A‘ digo ‘J‘uﬁ)b) Sbolwl Y

5 olid gy asile (aleoje 40 sited e 5ld glaanld 5oLl 5 5ls dlise glo Joe toddo
Lol yiogee a5 Lo Joe ol aSl)l Glaal 4 azg5 b .a5)ls po lgly3 solnl ojlge 45 ol slgiion cegian g
ol e (giloiintispn 5 loss (s il LS o (slas,Slos plasl wilyd 55 ko (slo T axlllas
S L3 B85 anliie 5 s 350 (3Lt lo oo b ool s

SlaJae gim (3D Jae s 4 bgyye S 4l slaodls gl aer Gl 5l gy ool 0 B gy
Aoy e S (55,3 o (Adaptive Control of Thought-Rational (ACT-R)) lae slaaSos slis
S lS 5l 5o a5 ACTR e 3l 1y ()b (salins Liils adgs oSl aline sloaSios Jowo slRaRdl
laasd gla Joo oS oo a3 1) (5)lee) (2l 5 LA sla s aedys (Sl el Gl Lt sls e
oas &l (60,5 Jli8les o CJB Lo ACT-R Jow a5 b ;0 coiind (camgidaliyy anojlss wll (5,0 9 (ooline
s Dol g pealie iloyion b byl 9 (gondss «glsl slo il 6‘9' Slsl et e “")'T S5l Joe el
alie i ol 5,3l silwarenS” ol 25 g Slesad bl (e oty laandd s 28y
S e Jar il bl

LS (sloo,Slos ciogi ;0 (o yidn Comalz 4 a2 b Jg ol (G551 Joe (Siazy o sle 3G aT ANad
5 e @l Wle gl (LS laglen Jel primen 5 Glapreal @y (S0l STl wile

AR Cewd Ay (6500 i

VFoo/o8/o sdly 4o
VFeoo /s ANVE 2 e THe!
VEeo s AIYF 8 By

S sojly
b slaasis
ACTR

she bl 35l Joa
Js Ll

J oo Ok g9
SASS D e

pole e ieel dunge sile o

(S 97 Wt )

olpl eyl (gt

Jgh1001@yahoo.com :_juwes!

doi.org/10.30514/icss.23.4.130

e

PRV

Sl o Jae (n Fcamlio Jl5 0,50 slodie) sln g wigd anlio
SIS (il g, 5o @mly e d oy addllae Gl o aigd
Jae 5 (Semantic networks) olae slaasiis Jow Jolis o))
Joe ae ol alie 5 3ae ST 5551 Joe wizmen 5 ACT-R
Sold oo Slee a5 (pl 4 axgs b atdl ojlop oo 0S5 L
18 Jvo 5 inlls bl 1 i |y Jote s gl 0 o 355 silies

IFF

Gojsm o ladl jie 25lis slas Slos ) cilisee sla oo 4l
cobis aile galizee Blaal b esias (hgo 5 Sl owlidlg,
Colo g (Plb phlen (GFLL (LAFuplE Ghe o )Sles og g
oledl jo cols b len GillvJow 5 wedge slayile
3ol ladue b 3l oo s Sl (nl 055 (o0 Djg0
5 oy A e L3 Lis] 84S Slagaialy 5 gLl Ly

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-4390-0749
http://orcid.org/0000-0002-8389-9458
https://bit.ly/2zmyNU8

ol g oo 0,053 alible o eealas o 51 ey g WS o0 055 1,
O g dg o0 22> popre S gro  gline aladl> o a5 s ax gl
b ) pealie . gogphe dlex G (g 500 Glo Thg b ojly 25>
Gy qeaplie 00 Sl 4 Wigdige ol Hlislacs e
L S el oS o alauly b a8 aiies e 5 Sl
S g |, bl

oo ©j50 4 a5 Gl (g LT s o walp S o
il o Siide sla Shg b bae elel p LLS)IL (olas e
5 (Concepts) peolio I JSKade olaSis LB o g sl
Wgo consl 00y axilos (line a5u) Ll e bl | glacsa
5 £ WIS oo pogie o S e (F) 35 SaleS g LS Al
(S o Sounlie ludl) ol g5 &) dy £535 0ol &5 02l 85
9 peplae i (Jo Wb et ojlail g ColeS Sl 5l cl (S
$9) &5 WS (o0 obml (olaS 2o wilo S99 Lazs y0 &S L]
WS oo b Sy )0 4 Sl sla Jole

b Jole blawl 5 (699,5 STol ams ( gline uils iy ol @
ALl S Dyge 4 g ol akbls o a5 el STl pl sl
g oo lixe (B3plojle cow 450t ol g ge 055 (L)
£55 ol o 3 ele JLasl o 1) aledbl Ll oSl a5
reolie 5l (oS 5 g (lpabids &)90 4 ol laased lesle
sl 5 pemlin oS 7o) enlin oo Laly, o bao,S oo 4
laaseed 5l (SIS Gules So e Sl .l (W39 L)
g oo 00l lis palie e (bLS) Slap iy &)90 4 (ol
(A V) cnloads ool LV S o plise sloaSls 51 olaiges

o Slas wlul jae a5 Syol g (g 80l adadl> gl oo 43l
5 o Jae pl (V-F) canl a8 5 13 axgi 0,50 et 5L
slagarailys aalllas 4 a5 T 51 iy 5 dl onds ol (gla g3y
oy S50 JEians ok 4 g aisls Ll aslie Gua b o Jow
oo &5 Dlefs 5 wor bl 4 (izes ol w8 S I8
o)Ll ams o 1,8 LS jo ba Jaw ;500 b dwslie (o jre ol (635,
o Jae cdel ioleS a5 canl (5,550 &S (pl 4 az g5 0,5 ounles>
oslitul BB (egiae Sh9o 059> )3 b g SELD 0je> )3 b
05, lp as Sl S 0 b o pl saialy Jy ss
lize laaSil Jow M a5 (5 )5k 4 .ol Dglaie 0S5 Lo lo
6ok peolis dnng ;0 b egian (hea 0je> )3 o) Sk )
8o, soslawl cobld e .)‘j 63)-;‘ Jow a8 u>.ll:> B "\';SG"
Gaalol o as sl aslis owliily, 5 eoias igr jo i

LSy eelys Ll 5l Sy

L oo B0
4 So 2 sl She g SLD oo aw Srre 4 iy opl o
W‘o).» M‘Q‘P cé)..'l..é Q)}»o

o goasd Jouo —V-Y
58 9790 Sloosls (59, o (Al p a5 S0k 5 LS Gl
She LL3 5 LT sla Fiug 5 pedlin STol ool oline abiil>
Gl plaala g )0 39290 STl el il pealis
olie (SUMULT oS 2x0) Slaalin (F) aups o S 1) (5 L5

(V) bl )l S V) g pogin V) b plime 8508 S5l sliges ) S

e

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

sl e b oy il 0 patlie Ll 5 peslie Lasss 1S e
Sl e S Soble cabee gbeasis Sy o
V0N Casl o owlesl aaseie 9o L (Markovian model)

L )0 5 ot odds a3l (olS job 4y (V) panlio -
5 Cod O5750 mublie dan blitul glae 4 SO jo bl
blizal LS 7 3,k 5l b a5 Sl slopaits plgis 4 pealis
leeolae (i Jolo Sl 5l a5 60k 4 gl oo aiBlid g
51 18 e 0 (ledy g a4 (B g S0 BB blal & )b
b b Shs Gob 5l SVl anlp S cod pgrde o bl -
Sladoe & azgi 955 o0 S50 prhe ()] eud gl GloS e
bas ) plamds (olae Guils g og (olixe slaasls
gl o (plin) S looled 4y ey STol clo LS o
el ¢ B95 Le

L5, ol S g panlie b oS o bLs )l 4y azgi b ol o sl
plaiBl parie 2 0y Glp Spme o4 &5 Jlol o)
Sl Sl uealin g S 2 I pladcgomme bl p (eds o
3 bl cnl g5l laslne 4 S § pasuie | il e (LS|
5,8 ahadl lixs claaSs

Oliala F5g widly ozl s &0 4 enplie a5l atey
ole Loy s g b DS (gloosls b o slocdly o 3,b 5|
(e GlaS ore il o Az 4 Jule jre j0 gl oo STl
B> (oo oS (I b g 9doe Il ely g Jlad (LS eealis b
ok slhe patd i Jlo ploie 4.0V 0F) 008 oo S5
S9dos s3llely a3 50 S papde (S S JSB s 9 S
o> aldlge 90 3oyl 5l aS el g oo Sl ol o (Priming)
;P 5 (B ) st olgie & g go db 0 olie 5 2]
azly w515 oo pealie (28,5 walys JSL psrde o plye 4 S
s ogzg pogde BN ST .anil oo o3l g e (S 90 0
(el (Koo a5 285 S5 o (S5 UM LT ples sl olsioe il
a1 il S e wilise peslis o b Sy ol 5l an
Solyie oalie il andls STl plaols Sy pled 9 pogie
OL 2) Sype a1y S e g penlie degecme (V7)) WS (o0 JSCO
Zw.:.%d‘sa

e LS| o ISA Y IS Slise aSiis jo Jle olaie @
CapableOf | "bird is an animal™ Jlo o)lsic 4 cpapie 59 o
M'stork capable of fly"

g STl glhls as” el gl Jow b b S0 a4y ol (sloaSiss
Slp (S 0) alio Gla Ths 5 peolio g3, 25T sl (San
AV laale b Jao ol aloz 51wl puplin gomaiws b SS&
:(\Y

S ) Ll Sy ks L tlie o S5 Aglia Jao -
Gonaieb L5590 09,5 o Shg a4z b g (WS (o0 3y &S
g s

Ll x5 b oeeelie roslealade laasd Joo -
bl Jow cpl gl co (20 lesle ¢ olime 4l jo Sl pealids
Sla0 oy ieS b el ol aS canlylo 1) 0e5 cud b aiin l eolaiul
a0 YL sbees, pealas lp a5 ) glaasio b S e o
ON) Sl 505 B 35 0l slood)) adlie plod (512 e 5 (o0
4.4.“:9,‘..: R A MLQA » ‘JJ.A g)"‘ OML:UJJ.MS 6)|.M)JL:.9 JM -
Gy Job o @3 50 ol Jled 5l e eeplae o)l ST
598 5 Jy WS e Jlab 1, R medlie 5 il ge S 45
loaw LiolS guom pplie giluled olg 0,5 alold adsl pagie
OV AY) S oo

zeos 50 Glgld ©sd bly o8, de Sliae slaasis sle Joo
bla glhls gl oo Juils odg 4 jomie a4 aladl> slas Slee
ok 51 S o 1y o 5 il (6l s Wl eplia 5| s s
o olay g o as ol Sl S g aes 18 Lol eallls
23,5 peplie cam sl ilpealids ol i

Tros & Alualy (a4 o 0aly 508 (g5l Jled oo by
Dgad(0 Dyt

adgi anld 5l Glascs (olme glaasil jo uils adg anylyd

p.».CbLa.a Ac gosra: S:{Sl,...,sn}

LmJ)zA AL gora: R ={I’l,...,rn}

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

@ S o oS 5 el ol G 4 (LS gla il gy, 5l &S
“YY) s oo 8 cpoled slaJae atws o 1) o s s
LT U )5 a5 sl o opoled slo e slo Sis 5 e (14
o pl b (GBS glens g5 (nl oS (0 30 bLS) S,
58 5 s s w55 sl s olay s Sl 5205
il 4255 IS8 Al L he glocialit slie s3> b paizmen
Sl i g Cel Ll (585 651 )0 00l 4z LSy plans )8 S )l
w2l 2 9z dialp Sjgo g CSLL (S LS4 (pgat )0 o
Sliglej] 5las aid 5 Ko placeadly by p bard b (pl .08
Ok e wsles (G gl ;0 9 Cel sl gliiul (culit )
g g0 Al (g aelip

el ool LSl ) Lt dew 3l Jowe ol

blsyl o8l Ol b &S 5)9590 (SThol ladileny Sl dadiley, -
(W s 5 gl sloailony Ll G yage) 0 oo 185
5 S sl Sol b las,e Sldlbl a5 alidl> slaailey 5
el ol ]S85 S (o0 Silwo 23 ) (2l

o Jgile 4 ot lSel LT 3,k 5l a5 (BUFfers) L 3l -
lo 3L Shgions 09 o0 wol B (plag,; abibl> ailey > 4 alise
38 ol alasd T s Jow abasl> Sl (S el aaxd G
6 paie il o315 15 (ChUNKS) Lo cSils 51 _olac smme Lo il
loailor 5 L2l b 5l sl le bl )l a8 cunl (L3 adls
DS o0 D90

Joe cpl 5o lasLusSIl (Patterns matching) be gl ooces gudas -
3k (Jad Cdlo b aS wo 5 0 (22 9,5) DY game Lo &
2l Skl Jgame Sy L abisd s )0 (pizres WSl Gk
ol 5 45 05 o wal3 3l ol Sl 2l 5l e il dalss
2,5 aale 1 e DYl A (g0

S Sil o (Ll b Comog G lgie 4 CSld i 5 onl 4
Joe 45 285 4 Gl se ;500 Djle 4 0gd oo BT Jpaze
(YY) <l (Generative system) oJg piwew S ACT-R
loas aols Hlid ¥ IS o sl g laxe ol slo Jgile
alidlo o (oldsy) 6ol e s alidls s oy bl e ol 4o
S5 1Y) ams e LS |, 5l glaanlp elol oS
ol lp adg A aleiil 5 LS Gl (6l aSed oLl
el 5T il b abate MBI il oSN slie 2 ol
5 cilizee il 5 olad glo S (gl lacgarme aSids
szl Sbladl JIgi bl e Glej Sledlbl 55 5 ksl ple BLS|

1PV

bomsle oo @ ) LS e g pealie (he abal) Ols oo
Jae b Guyile o] @ a8 (A usile) c8,5 i ;o M x N olal
@ o Pl nl Glasla 998 oo 5 02 oS 2ol pealie 0y
ool jo cwl S e Slawd 4 Lisleygiw 5 pulae olass
ol 53 09 aialss 5yl (A L le sloailse (2l
sile ol psge o s el ] (S wile ool Sy S S
o ol b 53 5 o b ply allge A3L €3I 352 el | pogie

el SG b 21
55 0 Pl potde o ln Wig e LASLS g5 (nl Sl o
g b Sia ) g o So e U Gl @ 4y bl ad
Sglie o 5 bz (S oo aiile 6,550 Galis (glojuiie
b oot oldl ol & iy oo ploiil (Lo (rizeon 3L
Sl (e il mnlie 8590 )3 Jlo (e )3 A5 (0 i e
i alowy S S Sl plgie 4 09 Jol> LSy b
CoyliE 45l wbyale "ol Al sy Ky aSJS" L e
Sl GSen (g il 1 G0 )5 A e SG 50 g s (S
sl sFSYsk ol 5wl Sgline a5 o Wil (il b
alox 51l polas! Mol i alowy S 4" alez 0l
sl uils 4y SIS axgi pas ( gline sboass Koo slocgsgaxe
&3b «Sasly asle 5, L (Procedural knowledge) las,
5l sidu Glare 4 (ACTION) 2sS Ll jo oS sl g gy S
S b9 0108 gz tils T S 4 ol sl 5L 0,50 il

ACT-R s odgi g 2 loijb Jow -Y-Y
OSoe Slo Sl plaegerms calang) (il adg alp Sy o
Slp Jle glge a4l p3¥ ol Bas SG 4 Sbows ¢ly
oS Jgie g ilizee gla (235 51 golows canl o3 Fol, 6,050
4 9)09% ol B ogd plodl 0pdh (o0 Dje Sanyd anples o
e gSﬁf“’l%. auld S sl gy crl 908 (See wgllae oo
Jae 50 090 oo aslis oledbl Jlgie Sile s o8l lge 4
sl Shy Sy el sbaSs slo Shy S ACT-R
e Je o QB o g oS 5 RS b Jlsie Al slagS!
Bos ACT-R Jas (VA) el ous a0l alails glsil Lo bL3,| s
laegezma Glaie 4 BLS slaglene b Giate slo S b
SSle 05 5o sBls alize (Modules) sleailey ;5 bas e

eoles Ly peplas (Jow cpl (V) casl oldl 23 0,Slee

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

059> ;0 ACT-R Jow .ab swles camds gl solaiwl oS
g 5 Shol walibls 5 g uSoly aile 5lis iliss slos Slos
Joe nl ollS rizmen (V1) col oogy 5ol Caibye g 05
s okl @lab Sipe 4 &) (pmgialn Gyl 5wy o
ales pladl 53 Jow drwss sl (09 oo oolaiwl LISP  cqiae

(Y%

Jae ol jo la! sloasis cl glag, Guls adgy cam o
o iliis S e il o b aS ol sline sboaSod alic
ab sely s oo o0 o) Ll 4 Jue o 4 eealis uls JLb
29lme oo S 4 DI, g5 4 azg b oS (il Jled (V)
peplie oloiil 5 S me 1S5 LS oo Jlb 1, Wl 5 anwys
oS a5 Jygo ;0 5 b walss s Lol Gl bl caliz

OA) las, G515 5 6ol il ags sl o slaJssle 5 amms b L3 )| ACT-R 3les (5 loma ¥ S

Yl 092 g oasmo lis 4 il guples 1) SYleiml b 2had 2
Cales o g aslis o Lole Laugs a8 wites lawe oy peplie b
g sn (555 Jale o 3

Surprisal) oiSs cuw (9,51 Gl g cao slaosls cdl o
pas ascs oS 2885 ol Gae o PLST 5 Olasl gl e e
Wbl jae )0 0gzge loas,d L 8L 0 sleools illas
S at ¢ 085 395 e 31l 5551 B pan Bayb ) ey
Sled a5 Coul dw i e e OBl L g sosls
A oo ol «(FEP) 8151 (65,31 Lol e bl cyma 1 oansl 13T (5,1
(V) 3,5 swlys anaS 1) ST (6550 e o (il s j2 oS
Olbls )l o oS )38l g w glaosls Cdbyo b g el ol jo
(YY) 358 0o (Sloyi9, 6518595 3k 5l g Seiyliem
o35y ol 19,51 el (s slacsdsys Blsie @ @ e )51
aloe Cawd @y ) dolee

1A

0 3131 65590 Joo —Y-Y

S (T0) 8yl g3l apd) (sudgzse she T 555 Jol 32k
Sl a8 el poalin bl g 395 Dls 8 (Slujion Sl 50 0 l3en
blitul (ou SoS 20 & a2 95 L Laoma 5l (280 DUl 505k
Blids cwr SoS e 0 g b pealis (nl &S 55k @ S oo
2 Shejon Gl Nsdee blul LB «gua SBT0l (55, 50 5
polin gan ol ;0 a5 (355 Lo ail 3 S5 )0 5 (5m blastul sl
aslil 5 ol Koo pan g oad adll (aoe Y L
(Y) 0,5 o0 ploml caiinn

2 LS ze 357y 5 Blide G S e Sy e ame DY
50 i oo 0 oad ST L les DY oaims ylis Lause
3929 o*8lg g w0 Do 4 DYl g S e plod Laore o
O &S ae oS o Cl o 3l e cJele sy o)ls
STl s b calizee Ol pess b comhad poe byl cow ol

ooy STyol GlacS e 5 lasgame il a8 5 15 Jole Lags

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

H(9)=—[p(olm)inp(plm)dp

2) aoles

. Iim% "~ Inp(|m)t

T—o

(YA YF) Gt > SBS 00 005 ]

P L G5 5 bl 653l 59y Ol U 5 (RS ke 4y 4z L
S35z 5 (Jae o Gloyian 5l mp &5 258 00 asia -log p (0)
JOUES SN (UPS ISP PCE IRRNPPL I [PV PP SRRWR
59 b sileaieeS (nl S go a1y Sl (651 Ghe 4o s
(YY VF) 0,8 oo plxl 5 Dyg0 a0 1S 9 STyol asylys

sl g o ol sl s sl 4 «(Perception) Stpol -
o ol 5 9,5

Jole 5530 Bk 5l el g0 Sy et lire 4 o255 -
Clizl ez )0 5 o S e st Boa b L (55, (S
S 65 B

oz (o> GBS e b @l (Bl (1S g SThsl S5 L
(Active inference) Jls blocwl wauld ool 4 05d o ools
Y o oVolee Ohygo 4 (23S 9 SThol aild g0 0 ol5T (6550 &Voles

:;)5...» M‘}}

& slwdinge sl STl
..'S/ & ).)Q

SilwaresS sln S

LS5 e

B o CEL o 4 axgi b o S cpl (V0) 090 olﬂ S5
bl st (Mgl Ojs0 @) Sl slealy jo wuilys o
asls5 T sl loj Ay 3 55 55,5 la sl 5] o oS
5 ol olol sy Jlab Ll il (slomite asgama -39
() ) ol ol ) Jsam 4 wcilies Jolye ,o ol gla S
SilwaieS b a5 S 20 5l pealie addg g 5k (Sluyjon sl

Sl ool oals ol ¥ SS o Do g0 ral:gdl olﬂ &5

19

S oy Jaa M o sloS e 9,51 H (@) o1 50 &5
sesie g aiS oo adgi (gum SloS e (59, 5l 1 (DY) melie
il ite 5 o oS e 39y JLozol P (Q[M) ol s
(Self-information) wledbl 55 Jlake o\l a4y aS o6Ks oo o)
B R D e
S s> SoS e 0yl 092y 4 e (65 bl el
Sled oo blutul 650 (Vi (B, L) (aoes V> | penlis
Silwes ;28 b o9yl (gilwdaiesS a5 aad o las ) aoles (VA)
il bl e iS5 ol a0 )ls bLI ey Jsbo yo (a8
3 oilalls (giluaneS 1550 (ls job 4 g3 gajl and )
3T 551 30 ol 4 ool Sled B cnl sl 2 o i iy 9,90

Ll g o Sl e
SeS o Dbl jluie) (iS5 a3 55 e ST g5l Jaa o
0 (0) (o5 (bl Jloiol s 2Ty 5 (3303 (o
WS o i 1 ST (350 lie P(B]0) adly SYLaz>l Jow b
S99 4y e SV L daie )0 59250 Mmume ol o as

Y SYoles

@ g e 0 Joe bud (g lA50S 5 Jgy0 SV W cYoles ol o
Baa b o oS 20 (59, I 5L Sz 5o LS 3590 S

el S5 65,5 als
Ol (EY) pealie 05 walys o PoJoe Glojion b
o0 NSNS 5 oyl i she 5 Yl g o e
(M) oo wdl ol p3Y ccnlin la S bl gl g
SiloaiaS a4 e bl Gl S 6,55 4 b a5 sgs Sl

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

s blsiad Ja slo it ) Jyor

Expression slos

Description zws e

? > GBS o it
0 Ol modlio pio
ae=m(1) T Sloj aly 5o (Pl S S
T Sloj sloaly J5
=il AT AL Jgl aly 5l Jloj sloaly
T P S SO sl Sloj aly 5 (ool Cawliw

M= (80 8p00@n1)  Sloj aly 3 50 WS b b i po Bl ASgaze

=001 Sy slaaly plod' 3o (cw> GBS yx0 4 gozo
0=[0,,....0;] Sboj sl ploi )0 sy pdlio dcgozxo
[ 3o 50 pedlio (g la5 S
F o 13T (651

(1) S (8551 ol ol 2 (355 o (8t 223 52 5 S5 45 S 53 il s ¥ S

Sy o ezl eealie b S e woe daml 5 adl
BNP: Bayesian Non) (s ,:el,Lb 5o o9, 5l «spmSob ol
Sl L2al38l b oylgs e (g, cnl b .a;a@ solazw! (Parametric
a1y Joe Vb g pipilandl L ooleg Jsb 5 (oS e Slaalis

IF-

S e 4y 4z g b pedlie adgi saimoylis a5 Sles b 4 ¢ ale
&l o9zs T 5 iluanaS Sl el wiels el (o
Ui Lol gy 8l (5,570 g S 5 mlitly SIS
4 S cuetlin 05 Joo LolSS s f3T (55501 (g3lusainaS

plxil (oS o) Wlanlie gl 1) daled a5 g926 4 w0l o oo

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

O Fesls ln i bzl o plgiee el glalex win
S5 4 5 s yielll bl s o8 solizul o] 5 Sl
lalez wiz w398 5l eolaiwl (puplas dile olawgl sl s
oo @l g b psie (bl ol ol ) jlows S o wil8

(VP XY) sl 0ol ¥ Jga 50 eudlie adgs

Sz Syg0 )0 0,5 Sluyien 5 ol Wl iaj p (g O j50
2,5 o 4 (0 () el il 555 5 oS om0 unlie
Cat)) olatws Slaes vz wjy 5l bysie opl (Stwsol o

oS o0 ool (categorical

EOF Oedem T9O (Dirichlet) AS 50 g5 4 ol 4 azgi b

Sdg Jde 395 @lsi 9 Lo yesite ¥ Jgor

D
¥

a,b,d

(LS o 4 pdlin CllSS) calds (g yilo

(Woe 4 (b pualio cublS) JULS! s yilo

LS o (i @259

(O, W2 59L) Lo (i 29 595

el yolyly

Al 0 b ol

p(A)=Dir(a),p(B)=Dir(b),p(D)=Dir(d)

(
(

G(n) = iG(n,r)

0.)=Cat(A),p(6

PP,
P(®.

T+l

e‘c’ﬂ:) = Cat(Bm')

)=Cat(C),p(0,)=Cat(D),p(n)=oc(—yG(n))

Silopenal a3 S 1 S8 5 ¥ Jguor S¥olae g Lalg; 4y 4z g3 b
XSS € JUa:.sl 390 o1 5l a5 cls euplys (55w
&ilwaieS Bas L) sa] )0 eedlae STyl g1y a8 cl ol ol
B e R R X GRS
S 357y sl R Ojso ar Jele sl D aple 5 ads) i
5° Ngdior Gloyson B hasd uple cod g 5 bll S
o Pl b e oS e Bk ) pealie adgi 09 (I (e
15 Vlin] oy o sl sid ools Las ¥ USE L5 A (Sshy)

el o0l Lt ¥ alsles

p(®.6.7)=p(6,)p(m)[Tp(e.,

(oans] ;o o s si) Hlaml 0,50 ST g5, G ¥ Jgo o
Json ariny ali clie 4 oled sl bl sl Lol
EFE: Expected) Wil 5,90 ol51 (5,50 polie a5 (Softmax)
Jis! b w8 o Jixie [+ 9V ] Jla>! 556 & 1, (Free Energy

WS pedes Ceslpus 2 Q}l al,p (1) bl glacal
L ads Joe 55, Loyesie (605 50 (aled 5 eeolie ags a3
e al )5 esalie (Bo5 ke Joo So B o ¥ SE o plgi o0
SilwaneS G,k 5l a5 Cul LS e 5l mealie 0 Joo G
oSS e OISl g g bl e @ly Ol (25T
@ gl pal B 1) ghm blatul glow p wlilil mje &b
2 Ohe) 4 (eSS e @39 @B Bl o) cnl 4SS e

¥ aoles

10.)

0..7p(o

1€l

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

axei g oy Wl Az g0 p» a8 Gl 4 axg Lol G5l
Sy &5 (Eghan Ghew 09> )3 Wi o 35S 0z 50 1) (S97me
258 18 eolaiul 090 Gl jeore dzS

9 FELs sl 0jga ;0 LJue gueily -0-Y
Silwdae ;o (Sail ol Sliee baSls Jow i duyles
ans oo 1,8 Lol o S5l lo pisule b gl sla sl
e &5 il loanld meds oSl K Jae g0 a5 I 4o
WS oo Sl e Oyge 4] 0ed o Sl s lem @
ACT-R 5 olil (g5l Joe 50 Jansgi b s jlans (s3lo Jie b iz
pll S5l glo cidu s 09 0590 50 (old S Ol s
S Syge 4 1y 3L Glaglen (S p T 55 Jae ol
b pleglen 0 a5 gk @ WS o giledae 65550
Sly Fye 2)Sel, wilgs oo eIl g azgs DS (G By 5 Sl
(V9 wles olgiig SO 5o rals Ly s

(S5 Aadd
(obre aslls SHls Jow dw pwyp @ ddlas ol o
5l Joe ol Lng»;,‘.,.l.,ls oSl e o1 6550 g ACT-R
SELS slo sy (egian hea (SIS e slaoje>
Sole 0 285 5 ar g 0y9e (LD Glad Shes il e 5
3l e 53 Sl3l3 slags 5 3T 6551 Joe o ety o Ol 0
oo odi] sla)ls e ols s b Joe 4 s Ll e
o g ko aiile o3> ;0 ACT-R 50131 (65,50 Jow 50 51 solazul
wile plos lon 53 0 wald 1) ¢ pfeda slid iy 5
g ot 1) okl Jae & 55 b argp Dkl 5 5 g3
sdel Caws as y555] oo 5l o9 slacadise e 3T (65,5l Jaw

WS LlasNe

g3 90 IS Jgo! 3 Saym

Sl Lo gogajl sl eslinl (y30s 5 lailuliS Sog) 4 aslllae ]
pas S 50 (Shg g oAl L Jels jo cnl ouls ploil of 3l
el L8N 392y I gl ule,

KL C1X VORETR LK 31 PP
4 ulfwy ).f.lo 9 Sl 00l 4.;.@‘4 &.J?""‘“"Q; O\.\.;.M.A.lj.; Ja....:ﬁ.s s U"‘
ilasls a8 Ll QT 3o yalice g Losal) lgic

IEP

JLeIY)
Ovgy M e (LA Hlal 0j9e o Joe (Fpre e S i
05,5 b bl slalbnlss cldlas olul 1 Limshy ol sl LI
s3d9 oy 4 s Jld blanul Jue oauas sleiiey adsl i
I8 owyy g andllas 5,50 Jlad blazul Jow 9,50 4o Karl Friston
Lo @bl qea bl Joe slacgls o Dlplis @y azgi b g wilacd S

e 00 c\jl)‘ P u.“l.'

aaisly
9 ACT-R (glxo sbrasiis S5ll b Juo anglic -Y
Jé blocw!

J8 o isn j0 oad il Joo aw anglie 4 Cwnd pl o
ST

2k gl gbass s alag) 9 LS Sl )Y
S5l gile Slwlrs g e ¢t CoilB (5 LS (6,500 4
L g oy plls o b ST ACT-R Jus o plas; x50l
)5 akisl> 4 (declarative memory) L abssl> Lo bLs )|
S5 g 2lag) 9 LS xS0k anl 5o o ile Sl ol
2 e g JW blazul &b iy Cuxlad pae 59 Bl Gl
A5 oo mol)8 (6 DY L]

bl a3l ¢ olos laasis Jow 1 SThol 65w S lawlxo -Y-¥
ACT-R Joo ,o el o1 gilo slawle oSal 5 Sl5T ol mosss
S 9 )YB)LA SHge g e (_gLQoJ‘«) Mﬁl-')o d‘)"" )l lebo‘
o Sl 551 e 15 il o Sy (oal Ly blsid o5,
Gl Slawlome YU B0 L g 295 4 it o aisl )8 Cod ST
D9 (50

rosls glixe gloasiis Jow (b Jow Suazs ol -¥-Y
Joe sl Joe aw opl oo Joe o ieduss ol 65,50 Jow g
o9 Syge A |y gels sbes Slee il G ACT-R
J oo nl g a8 oo al B dgae Jlews Djgo 4 Cewy
a0 ooy g ol 655 Jao SYlix! conle 4 axg b a5 cul
ol 3 ACT-R Jow 5l s sl Jowo cpl  Sladl lbloc!
Srasiis sla Jos 1 s gman gd 4O Jowo b guswilys -F-Y
GOgazme Djg0 4y jame ail i ola Joe (lgie 4 ACT-R 5 olins
Jae a5 J> 0 w5l solawl G SGb;y g egian hgr 0

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

aslllas ol o a5 oligle jimgh s s oVlie Jlo)l da slosel,
S 1y 6155 ol JLaS el 0390 38 136 Lo

éélﬂn &)lls
L i i e b adlie o)l wisS e adlhas opl o
ol LB 5 B

References

1. Strenberg R. Cognitive psychology. Belmont, CA:Thomson/
Wadsworth;2006.

2. Anderson B. Computational neuroscience and cognitive
modelling: A student's introduction to methods and procedure.
Waterloo:Sage;2014.

3. Friston K, Kilner J, Harrison L. A free energy principle for
the brain. Journal of Physiology-Paris. 2006;100(1-3):70-87.
4. Love BC. Encyclopedia of cognition science. London:Nature
Publishing Group;2003.

5. Coleman AM. A dictionary of psychology. Oxford:Oxford
University Press;2008.

6. Schraw G. Promoting general metacognitive awareness. In-
structional Science. 1998;26(1):113-125.

7. Lehmann F. Semantic networks. Computers Mathematics
Applications.1992;23(2-5):1-50.

8. Baydin AG, de Mantaras RL, Ontanon S. A semantic net-
work-based evolutionary algorithm for computational creativity.
Evolutionary Intelligence. 2015;8(1):3-21.

9. Smith EE, Shoben EJ, Rips LJ. Structure and process in se-
mantic memory: A featural model for semantic decision. Psy-
chology Review. 1974;81(3):214-241.

10. Komatsu LK. Recent views on conceptual structure. Psy-
chology Bulletin. 1992;112(3):500-526.

11. Collins AM, Quillian MR. Retrieval time from semantic
network memory. Journal of Verbal Learning and Verbal Be-
havior. 1969;8(2):240-248.

12. Ratcliff R, Mckoon G. A retrieval theory of priming in

IFP

SIlo &ibio

oats il s Slojles g 3l (SeS AiS g anlllas ol glzl o

,_5.3'0).\5 9 ,SJJ
Sl 4 ad oKails olel Karl Friston jguds, ols

memory. Psychological Review. 1998;95(3):385-408.

13. Borge-Holthoefer J, Arenas A. Semantic networks: Structure
and dynamics. Entropy. 2010;12(5):1264-1302.

14. Todorov E. Linearly-solvable Markov decision problems.
In Advances in Neural Information Processing Systems. Cam-
bridge, Massachusetts:MIT Press;2006. pp. 1369-1376.

15. Shen Y, Archambeau C, Cornford D, Opper M, Shawe-Tay-
lor J, Barillec R. A comparision of variational and Markov
chain monte carlo methods for inference in partially observed
stochastic dynamic systems. Journal of Signal Processing Sys-
tems. 2010:61(1):51-59.

16. Ii Cancho RF. When language breaks into pieces A conflict
between communication through isolated signals and language.
Biosystems. 2006;84(3):242-253.

17.iCancho RF, Sole RV. Least effort and the origins of scaling
in human language. Proceedings of the National Academy of
Sciences. 2003;100(3):788-791.

18. Anderson JR. Rules of mind. Hillsdale, NJ:Erlbaum;1993.
19. Anderson JR. How can the human mind occur in the physical
universe?. New York:Oxford University Press;2007.

20. Anderson JR, Bothell D, Byrne MD, Douglass S, Lebiere C,
QinY. An integrated theory of the mind. Psychological Review.
2004;111(4):1036-1060.

21. Anderson JR. Human symbol manipulation with-
in an integrated cognitive architecture. Cognitive Science.
2005;3(29):313-341.

22. Anderson JR, Matessa MP. A production system theory of

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

serial memory. Psychological Review. 1997;104(4):728-748.
23. Ritter FE, Tehranchi F, Oury JD. ACT-R: A cognitive archi-
tecture for modeling cognition. Wiley Interdisciplinary Reviews:
Cognitive Science. 2019;10(3):e1488.

24. Borst JP, Anderson JR. A step-by-step tutorial on using the
cognitive architecture ACT-R in combination with fMRI data.
Journal of Mathematical Psychology. 2017;76:94-103.

25. Dayan P, Hinton GE, Neal RM, Zemel RS. The helmholtz
machine. Neural Computation. 1995;7(5):889-904.

26. Friston K. The free energy principle: A unified brain theory?.
Nature Reviews Neuroscience. 2010;11(2):127-138.

27. Friston K. The free-energy principle: A rough guide to the
brain?. Trends in Cognitive Sciences. 2009;13(7):293-301.

28. Gershman SJ. What does the free energy principle tell us
about the brain?. arXiv preprint arXiv:1901.07945. 2019.

29. Knill DC, Pouget A. The Bayesian brain: The role of un-
certainty in neural coding and computation. Trends in Neuro-
sciences. 2004;27(12):712-719.

30. Parr T, Friston KJ. Uncertainty, epistemics and ac-

IFF

tive inference. Journal of the Royal Society Interface.
2017;14(136):20170376.

31. Friston K, FitzGerald T, Rigoli F, Schwartenbeck P, Pezzulo
G. Active inference and learning. Neuroscience & Biobehavioral
Reviews. 2016;68:862-679.

32. Friston K. Free energy and active inference. 3rd IMPRS
NeuroCom Summer School. 2013 10-12 July; Leipzig, Ger-
many;2013. Available: https://www.fil.ion.ucl.ac.uk/~karl/
Free%20energy%20and%20saccades.pptx.

33. Parr T, Rikhye RV, Halassa MM, Friston KJ. Prefrontal compu-
tation as active inference. Cerebral Cortex. 2020;30(2):682-695.
34. Catal O, Verbelen T, Nauta J, De Boom C, Dhoedt B.
Learning perception and planning with deep active inference.
In ICASSP 2020-2020 IEEE International Conference on
Acoustics, Speech and Signal Processing (ICASSP). 2020 4-8
May; Barcelona, Spain; IEEE. pp. 3952-3956.

35. Parr T, Friston KJ. The anatomy of inference: Generative

models and brain structure. Frontiers in Computational Neuro-

science. 2018;12:90.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

	Bookmark 1
	Bookmark 2

