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METOO0J1I0I MYECKOE BBEOEHWUE

®OPMAJIbHAA SMUCTEMOJIOIMNA vs. KOTHUTUBHAA HAYKA =
HOPMATUBHAA vs. OECKPUNMTUBHAA TEOPUNA




METOO0J1I0I MYECKOE BBEOEHWUE

PNJ1IOCOPNA CO3HAHUA — MEXLOY &3 U KH.

OOHA N3 NABHbIX MPOBJIEM: ®YHKUMWOHAJIN3M VS.
HATYPAJINAM — CO3HAHWE KAK BbIYUCJIEHWUE VS.
CO3HAHMWE KAK ®U3NOJTOTMYECKN OETEPMUHUPOBAHHbIN
OQPDEKT.




O BbIYNCJIEHNAX

BbIHNCJIEHUA:

(1) AMTOPUTMUYHBI
(2) CYBCTPATOHE3ABUCUMBI

MHTEPMNMPETAUNA MATEPUNAJIBHOTIO MPOLUECCA KAK
BblHNCJIEHNA BHAYUTEJIbHO YINPOLWAET EIO
TEOPETUYECKOE OMMNCAHWUE, A TAK)XE OHTOJ1IOT IO
(kBasapbl n GMocmncTtembl MOTYT OKa3aTbCA B OO4HOW rpynne).




YPOBHW BbIYNCJIEHU

COrPACHO O03BMUOY MAPPY [MARR, 2010], JIIOBAA
BbIYNCJITUTENIbHAA CUCTEMA MOXXET BbiTb ONMNCAHA HA
TPEX YPOBHAX:
(1) TEOPUA BbIYUCNEHNA, ONMNCBLIBAIOLLAA EFO LLEND,
NMPUEMIIEMOCTb U CTPATEIUlO,

(20 PEMPE3EHTAUWNA U ANTOPUTM, T'OE ONPEOENAIOTCH
®OPMbl NPEOCTABJIEHUA BXOOHbIX U BbIXOOHbIX
OAHHbIX, A TAK)XXE AITOPUTM NPEOBPA30OBAHNA

OOHOIo B OPYIOE, U
OPU3NYECKAA PEANTU3ALUNA ANITOPUTMA WU
PEMPE3EHTALLUN.




YPOBHW BbIYNCJIEHU

TOMMA3O NMNOO>XWNO [POGGIO, 2012] MPEONATAET
CNEOYIOLWMNN ANOENT MAPPOBCKOW CXEMbl:
(1) 3BOOUNA,
(2) OBYYEHUWE U PASBUTUE,
(3) BbIMMUCNEHUA,
(4) ANTOPUTMBblI,
(5) BUONMOTMYECKUN CYBCTPAT (WETWARE), PUSUNYECKUN
CYBCTPAT (HARDWARE), CXEMbl U KOMMNMOHEHTbI.




O BbIYNCJIEHNAX

[McLennan, 2004] NATURAL COMPUTATION, SUCH AS OCCURS
IN NEURAL NETWORKS, REQUIRES NON-TURING MODELS OF
COMPUTATION.




O BbIYNCJIEHNAX

[McLennan, 2004] IN THE MID-20TH CENTURY MANY
SCIENTISTS EMBRACED COMPUTATION AND INFORMATION
PROCESSING AS WAYS OF UNDERSTANDING PHENOMENA IN
THEIR OWN DISCIPLINES. A NOTABLE EXAMPLE IS THE USE
OF COMPUTATIONAL MODELS IN COGNITIVE SCIENCE, BUT
LINGUISTICS, SOCIOLOGY, GENETICS, AND EVOLUTIONARY
BIOLOGY MAY ALSO BE MENTIONED.




O BbIYNCJIEHNAX

[McLennan, 2004] DEFINITION 1. COMPUTATION IS A

PHYSICAL PROCESS THE PURPOSE OF WHICH IS THE
ABSTRACT MANIPULATION OF ABSTRACT OBJECTS.
HOWEVER, BECAUSE ABSTRACT OBJECTS DO NOT EXIST
PHYSICALLY, THE MANIPULATIONS MUST BE ACCOMPLISHED
INDIRECTLY, BY PHYSICAL MANIPULATION OF PHYSICAL
SURROGATES.




O BbIYNCJIEHNAX

[McLennan, 2004] IF THE PURPOSE OR FUNCTION OF THAT
SYSTEM WOULD BE FULFILLED AS WELL BY ANOTHER
SYSTEM USING DIFFERENT PHYSICAL SURROGATES WITH THE
SAME FORMAL PROPERTIES, THEN THE SYSTEM IS
COMPUTATIONAL.

IN CONTRAST, THE DIGESTIVE SYSTEM IS NOT
COMPUTATIONAL, SINCE IT WILL NOT FULFIL ITS FUNCTION
IF, FOR EXAMPLE, ENZYME CONCENTRATIONS ARE REPLACED
BY OTHER QUANTITIES (E.G., ELECTRICAL CHARGE DENSITY),
HAVING THE SAME FORMAL PROPERTIES.




O BbIYNCJIEHNAX

[McLennan, 2004] THERE ARE THREE IMPORTANT CLASSES:
A CONTINUOUS-TIME PROCESS OVER CONTINUOUS STATE-
SPACE,

A DISCRETE-TIME PROCESS OVER CONTINUOUS STATE-
SPACE,

A DISCRETE-TIME PROCESS OVER A DISCRETE STATE-
SPACE.




ECTECTBEHHbIE BbIHNCJIEHA

[McLennan, 2004] ONE OF THE MOST OBVIOUS
REQUIREMENTS OF NATURAL COMPUTATIONAL SYSTEMS IS
REAL-TIME RESPONSE.

FURTHERMORE, NATURAL COMPUTATION ITSELF IS NOISY
AND IMPRECISE.

A PRINCIPAL REASON FOR USING COMPUTATIONAL MODELS
IN THE NATURAL SCIENCES IS TO BANISH THE “GHOST IN THE
MACHINE” FROM OUR SCIENTIFIC EXPLANATIONS.
CONTINUOUS MODELS ARE OFTEN BETTER MATCHES TO THE
RELEVANT PHENOMENA THAN DISCRETE MODELS.

IT IS NOT USUALLY USEFUL TO THINK OF NATURAL
COMPUTATION AS COMPUTING A FUNCTION. RATHER, MOST
NATURAL COMPUTATION SYSTEMS ARE BETTER VIEWED AS
REAL-TIME CONTROL SYSTEMS.




ECTECTBEHHbIE BbIHNCJIEHA

[McLennan, 2004]

From the perspective of continuous computation, a rule projects a complex image
through a low-dimensional subspace. Further, any function that can be decomposed

into a finite set of such projections will act as though it is obeying a finite set of
rules even 1f the actual intermediate space 1s not physically represented. That 1s, 1f a
function F': @ — ¥ between high-dimensional spaces @ and ¥, can be decomposed,
b= ngl OroPy, where P, : ® — [, and O : I; — W, for low-dimensional intermediate
spaces I, then the system will appear to be following rules, even 1if the physical
computation 1s not structured in this way. That is, a system may appear to be following
rules even though it is not; in effect the rules are illusory.




O BbIYNCJIEHNAX

BbIYNCJIEHUA: GENERIC, LW®POBbIE (TBIOPUHITOBbI N HE-),
AHAJ1IOINOBbIE, HENPO®PU3NOJIOTMYECKUE, KBAHTOBBIE n T.

0.




GENERIC BbIHUCJIEHN4A

[Piccinini and Bahar, 2013] A FUNCTIONALLY ORGANIZED
MECHANISM IS A SYSTEM OF ORGANIZED COMPONENTS,
EACH OF WHICH HAS FUNCTIONS TO PERFORM.

THE RESULT IS A MECHANISTIC EXPLANATION OF THE
MECHANISM’S CAPACITIES—AN EXPLANATORY STRATEGY
FAMILIAR TO BOTH BIOLOGISTS AND ENGINEERS.




GENERIC BbIHUCJIEHN4A

[Piccinini and Bahar, 2013] COMPUTATION IN THE GENERIC
SENSE IS THE PROCESSING OF VEHICLES (DEFINED AS
ENTITIES OR VARIABLES THAT CAN CHANGE STATE) IN

ACCORDANCE WITH RULES THAT ARE SENSITIVE TO CERTAIN
VEHICLE PROPERTIES AND, SPECIFICALLY, TO DIFFERENCES
BETWEEN DIFFERENT PORTIONS (l.E., SPATIOTEMPORAL
PARTS) OF THE VEHICLES. A RULE IN THE PRESENT SENSE IS
JUST A MAP FROM INPUTS TO OUTPUTS; IT NEED NOT BE
REPRESENTED WITHIN THE COMPUTING SYSTEM.




GENERIC BbIHUCJIEHN4A

[Piccinini and Bahar, 2013] VEHICLES ARE MEDIUM
INDEPENDENT IF AND ONLY IF THE RULE (l.E., THE INPUT-
OUTPUT MAP) THAT DEFINES A COMPUTATION IS SENSITIVE
ONLY TO DIFFERENCES BETWEEN PORTIONS OF THE
VEHICLES ALONG SPECIFIC DIMENSIONS OF VARIATION—IT IS
INSENSITIVE TO ANY MORE CONCRETE PHYSICAL
PROPERTIES OF THE VEHICLES.

THE RULES ARE FUNCTIONS OF STATE VARIABLES
ASSOCIATED WITH A SET OF FUNCTIONALLY RELEVANT
DEGREES OF FREEDOM, WHICH CAN BE IMPLEMENTED

DIFFERENTLY IN DIFFERENT PHYSICAL MEDIA.




GENERIC BbIHUCJIEHN4A

[Piccinini and Bahar, 2013] A GIVEN COMPUTATION CAN BE
IMPLEMENTED IN MULTIPLE PHYSICAL MEDIA (E.G.,
MECHANICAL, ELECTRO-MECHANICAL, ELECTRONIC, AND
MAGNETIC), PROVIDED THAT THE MEDIA POSSESS A
SUFFICIENT NUMBER OF DIMENSIONS OF VARIATION (OR
DEGREES OF FREEDOM) THAT CAN BE APPROPRIATELY
ACCESSED AND MANIPULATED AND THAT THE COMPONENTS
OF THE MECHANISM ARE FUNCTIONALLY ORGANIZED IN THE
APPROPRIATE WAY.




GENERIC BbIHUCJIEHN4A

[Piccinini and Bahar, 2013] BY CONTRAST, MANY PROCESSES,
SUCH AS COOKING, CLEANING, AND EXPLODING, ARE
DEFINED IN TERMS OF SPECIFIC PHYSICAL ALTERATIONS OF
SPECIFIC SUBSTANCES. THEY ARE NOT MEDIUM
INDEPENDENT; HENCE, THEY ARE NOT COMPUTATIONS.




GENERIC BbIHUCJIEHN4A

[Piccinini and Bahar, 2013] GENERIC COMPUTATION INCLUDES
DIGITAL COMPUTATION, ANALOG COMPUTATION, QUANTUM
COMPUTATION, AND MORE.




LNPPOBbBIE BbIHNCJIEHUA

[Piccinini and Bahar, 2013] ABSTRACT DIGITAL COMPUTATION
IS THE MANIPULATION OF STRINGS OF DISCRETE ELEMENTS,
THAT IS, STRINGS OF LETTERS FROM A FINITE ALPHABET.
CONCRETE DIGITAL COMPUTATION IS THE PROCESSING OF
SEQUENCES OF DIGITS ACCORDING TO GENERAL RULES
DEFINED OVER THE DIGITS.




LNPPOBbBIE BbIHNCJIEHUA

[Piccinini and Bahar, 2013] TO ENSURE RELIABLE
MANIPULATION OF DIGITS BASED ON THEIR TYPE, A
PHYSICAL SYSTEM MUST MANIPULATE AT MOST A FINITE
NUMBER OF DIGIT TYPES.

DIGITS CAN BE CONCATENATED (l.E., ORDERED) TO FORM
SEQUENCES OR STRINGS, WHICH SERVE AS THE VEHICLES
OF DIGITAL COMPUTATIONS. A DIGITAL COMPUTATION
CONSISTS IN THE PROCESSING OF STRINGS OF DIGITS IN
ACCORDANCE WITH A RULE, WHICH IS SIMPLY A MAP FROM
INPUT STRINGS, PLUS POSSIBLY INTERNAL STATES, TO
OUTPUT STRINGS.

DIGITAL COMPUTATIONS CAN BE IMPLEMENTED BY ANY
PHYSICAL MEDIUM WITH THE RIGHT DEGREES OF FREEDOM.




LNPPOBbBIE BbIHNCJIEHUA

[Piccinini and Bahar, 2013]

‘ Computation of
Classical Algorithmic Turing- Digital
Computation Computation Computable Computation
Functions




LNPPOBbBIE BbIHNCJIEHUA

[Piccinini and Bahar, 2013] NEURAL NETWORKS THAT ARE
CHARACTERIZED IN TERMS OF THE PROCESSING OF STRINGS
OF DISCRETE INPUTS AND OUTPUTS ARE DIGITAL AT EVERY
PROCESSING STEP.

OTHER NEURAL NETWORKS ARE DIGITAL IN THEIR INPUTS
AND OUTPUTS BUT NOT IN THEIR INTERNAL DYNAMICS.




LNPPOBbBIE BbIHNCJIEHUA

[Piccinini and Bahar, 2013] FOR INSTANCE, SOME HOPFIELD
NETS (HOPFIELD, 1982) AND PARALLEL DISTRIBUTED
PROCESSING NETWORKS (RUMELHART & MCCLELLAND,
1986), AMONG OTHERS, ARE DEFINED MATHEMATICALLY SO
THAT THE ACTIVATION PATTERNS OF THEIR INPUT AND
OUTPUT LAYERS MAY BE CHARACTERIZED AS STRINGS OF
DIGITS, BUT THEIR INTERNAL DYNAMICS ARE IRREDUCIBLY
CONTINUOUS AND HENCE MAY ONLY BE CHARACTERIZED IN
TERMS OF SYSTEMS OF DIFFERENTIAL EQUATIONS DEFINED
OVER CONTINUOUS VARIABLES.




AHAJ10IOBbIE BbIYNCJIEHUA

[Piccinini and Bahar, 2013] ABSTRACT ANALOG COMPUTERS
ARE SYSTEMS WHOSE FUNCTION IS TO MANIPULATE
CONTINUOUS VARIABLES —VARIABLES THAT CAN VARY
CONTINUOUSLY OVER TIME AND TAKE ANY REAL VALUES
WITHIN CERTAIN INTERVALS—SPECIFIED BY DIFFERENTIAL
EQUATIONS, SO AS TO INSTANTIATE APPROPRIATE
FUNCTIONAL RELATIONSHIPS BETWEEN THE VARIABLES.




AHAJ10IOBbIE BbIYNCJIEHUA

[Piccinini and Bahar, 2013] NEVERTHELESS, LIKE DIGITAL
COMPUTERS, ANALOG COMPUTERS OPERATE ON MEDIUM-
INDEPENDENT VEHICLES.




HEMPOHHbIE (NEURAL) BbIYNCJIEHUS

[Piccinini and Bahar, 2013] THE VEHICLES MANIPULATED BY
NEURAL PROCESSES INCLUDE VOLTAGE CHANGES IN THE
DENDRITES, NEURONAL SPIKES (ACTION POTENTIALS),
NEUROTRANSMITTERS, AND HORMONES.

THE FUNCTIONALLY RELEVANT ASPECTS OF NEURAL
PROCESSES DEPEND ON DYNAMICAL ASPECTS OF THE
VEHICLES—MOST RELEVANTLY, SPIKE RATES AND SPIKE
TIMING.




HEMPOHHbIE (NEURAL) BbIYNCJIEHUS

[Piccinini and Bahar, 2013] WHILE IT HAS BEEN SUGGESTED
THAT INFORMATION IS PRIMARILY ENCODED IN SPIKE RATES,
MUCH RECENT EVIDENCE SUGGESTS THAT PRECISE SPIKE
TIMING CAN ALSO PLAY A ROLE IN INFORMATION
TRANSMISSION (TEMPORAL CODING).

THUS, SPIKE TRAINS—SEQUENCES OF SPIKES SUCH AS
THOSE PRODUCED BY NEURONS IN REAL TIME—APPEAR TO
BE MEDIUM-INDEPENDENT VEHICLES, THEREBY QUALIFYING
AS PROPER VEHICLES FOR GENERIC COMPUTATION.




HEMPOHHbIE (NEURAL) BbIYNCJIEHUS

[Piccinini and Bahar, 2013] NEURONAL INPUTS—-THAT IS,
NEUROTRANSMITTERS AND HORMONES —ARE MOST
USEFULLY MODELED AS CONTINUOUS VARIABLES; IN

ADDITION, THEIR RELEASE AND UPTAKE IS MODULATED BY
CHEMICAL RECEPTORS THAT OPERATE CONTINUOUSLY IN
REAL TIME. ALSO, DENDRITES AND SOME AXONS TRANSMIT
GRADED POTENTIALS—THAT IS, MORE OR LESS
CONTINUOUSLY VARYING VOLTAGE CHANGES.




HEMPOHHbIE (NEURAL) BbIYNCJIEHUS

[Piccinini and Bahar, 2013] SPIKES ARE THE MOST
FUNCTIONALLY SIGNIFICANT SIGNALS TRANSMITTED BY
NEURONS, AND WHAT IS FUNCTIONALLY SIGNIFICANT IS NOT
THE ABSOLUTE VALUE OF THE VOLTAGE OR THE EXACT
SHAPE OF THE VOLTAGE CURVE BUT SIMPLY WHETHER A
SPIKE IS PRESENT OR ABSENT.




O KOFrHUTUBHOW HAYKE

[Piccinini and Bahar, 2013] ACCORDING TO A TRADITIONAL
VIEW, PSYCHOLOGICAL THEORIES ARE NOT DIRECTLY
CONSTRAINED BY NEURAL STRUCTURES; PSYCHOLOGY
OFFERS FUNCTIONAL ANALYSES, NOT MECHANISTIC
EXPLANATIONS LIKE NEUROSCIENCE. COMPUTATIONAL
THEORIES IN PSYCHOLOGY ARE OFTEN OUR CURRENT BEST
WAY OF CAPTURING AND EXPLAINING PSYCHOLOGICAL
PHENOMENA.




O KOFrHUTUBHOW HAYKE

[Piccinini and Bahar, 2013] WHAT NEEDS TO BE DONE,
INSTEAD, IS TO TAKE PSYCHOLOGICAL CONSTRUCTS THAT
RELY ON DIGITAL COMPUTATION AND GRADUALLY
REINTERPRET OR REPLACE THEM WITH THEORETICAL
CONSTRUCTS THAT CAN BE REALIZED BY KNOWN NEURAL
PROCESSES, SUCH AS THE SPIKE TRAINS OF NEURONAL
ENSEMBLES. THE SHIFT THAT PSYCHOLOGY IS CURRENTLY
UNDERGOING, FROM CLASSICAL COGNITIVE PSYCHOLOGY TO
COGNITIVE NEUROSCIENCE, GOES IN THIS DIRECTION.




HEMPOHHbIE (NEURAL) BbIYNCJIEHUS

[Piccinini and Bahar, 2013] WHILE THE FIRING THRESHOLD IS
SUBJECT TO MODULATION BY CONTINUOUS VARIABLES (E.G.,
ION CONCENTRATIONS), GRADED POTENTIALS VARY
CONTINUOUSLY, AND SPIKE TIMING (IN REAL TIME) MAY BE
FUNCTIONALLY SIGNIFICANT, NONE OF THESE ASPECTS OF
NEURAL SIGNALS ARE SIMILAR ENOUGH TO THE PROCESSES
USED BY TRADITIONAL ARTIFICIAL ANALOG COMPUTERS FOR
THE MATHEMATICS OF ANALOG COMPUTERS TO BE DIRECTLY
APPLIED IN UNDERSTANDING BRAIN PROCESSES.

NEW MATHEMATICAL THEORY —-SPECIFIC TO NEURAL
PROCESSES—HAD TO BE INVENTED FOR THIS PURPOSE.




O BbIYNCJIEHNAX

HY>XHA TEOPU4A Generic BBIMNCITEHUM.




O BbIYNCJIEHNAX

TbIOPUHIOBbl BbIHMUCJIEHNA B KAKOM-TO OTHOLUEHWUW
BOJIEE YHUBEPCAJ1IbHbI, HEM CNEULNOPNLUNPOBAHHDbIE
(AHANTOrOBbIE) MOLEJIN, HO N BOJIEE PECYPCOEMKMW B
CNEUNPUYHECKUX CJTYHAAX, UTO, BUOAUNUMO, ABJIAETCH
NMJTIATON 3A YHUBEPCAJIbHOCTbD.




PO>XOEHVUE KOTHUTUBHOW HAYKW

[Monemnka H. Xomckoro u b.®. CknHHepa B koHue 1950-x:

(Heo)bnxeBmoprsam c onopon Ha 3aNOMUHAHNE CTUMYAA U
3aKpenAeHne peakumm He cNocobeH obbACHUTDb, KaKMM obpa3om
yenoBeK cnocobeH noHATb 1020 ocMbICAEHHbBIX MTPEAAOXKEHUU
A3blKa.

BeBeapeHne «npaBmaa» BMECTO accoumauunm.

Bpo>XAEHHOCTb reHepaTUBHOU rpaMMaTuKn. Hasaa K AekaprTy.




NMPEUMYLLLECTBA KOMIMbIOTEPHOU META®OPbI

YHpaBAeHme CAO>XHbIMU NMpouecCaMnN HE AOAKHO NMNOAHMNHATDbCA

3aKOHY COXpaHeHusa aHeprumn (B oTANYME OT AMHAMUYECKMX
CUCTEM)

[lpocTOe n AcHoe NnpeaCTaBAEHME CAOXKHbIX MPOLECCOB

MaTeMaTnyeckoe u KOMIMbIOTEPHOE MOAEANPOBAHUNE




KOMIbOTAUNOHAJIN3M

* B1976 r. HotoaAA 1 CaiMOH BbIABUHYAU TMNOTE3Y «PU3NYECKOWN
CMUMBOAbHOMW CUCTEMbI» KaK MallMHbl, KOTOpaAa pa3BMBaeT BO
BPEMEHUN HEKNUN HAabOp CUMBOAbHbIX CTPYKTYP. «[akaa MawunHa
(byAb TO YHEAOBEK UAU LNPPOBOMN KOMMNbIOTEP) UMEET
HeobXOoAMMbIE N AOCTAaTOYHbIE YCAOBUA AAA ObLLEen pasyMHOU
AeateanbHocTu» [Newell Simon 1976, 116].




KOMIbOTAUNOHAJIN3M

e 3eHOH lNMuanwmH nucan B 1984 r.: « \toaou cNOCObBHHbI...
AENCTBOBATb Ha OCHOBE penpe3eHTauum, NOTOMY YTO OHU
PUnsnyeckmn GopMUPYIOT TaKMe penpeseHTaumm Kak KOrHUTUBHbIE
KOAbI, U MOTOMY 4YTO UX NOBEAEHME ABAAETCA Kay3aAbHbIM
CAEACTBMEM ONepauum, NPON3BEAEHHbBIX Ha OCHOBE 3TUX KOAOB.
[TOCKOABKY 9TO MMEHHO TO, YTO AEAAIOT KOMMbIOTEPDLI, OTCIOAA
CAEAYET, YTO NO3HAaHUE ABAAETCA Pa3HOBUAHOCTbBIO
BbluncAaeHna» [Pylyshyn 1984, xiii].




CETEBOMU NOoaxon

¢« B1958 r. ®psHK Po3eHBAATT cO3AaA MALLMHY NOA Ha3BaHUEM
«[MepuenTpoH». ITa MallMHa CBOEUN apPXUTEKTYPOU MMUTUPOBAaAA
4yeAOBeYeCKNUN MO3T.

MapBuH Munckmnn n Cenmyp lNennept B 1969 r. pookazanm
OrpPaHNYEHHOCTb 3TOro YCTPOUCTBA.

N Tonbko B 1980-e roabl, c nporpeccoMm TEXHOAOTMUN, HAaYaACH
PeHeCCaHC NCKYCCTBEHHbIX HEUPOHHbIX CETEN, YTO BbIAO CBA3AHO
C 3apa4aMm OB6OPOHDI, @ TaKXXe C POCTOM UHTepeca K
9KCNEePTHbIM CUCTEMAM.




KOHHEKLMOHN3M

B cepeanHe 1980-x rr. noABAAeTCA KOHHEKLLIMOHMU3M KaK HanpaBAEHUE B
KOTHUTUBHOW HayKe, aAbTEPHAaTUBHOE CUMBOAU3MY U
KOMMbIOTAaLUOHAANZMY.

[TapaAneAbHble pacnpeaeAeHHble BbldncaeHna (PDP) [Rumelhart et al. 1984].

KOHHEKLUMOHN3M — 3TO paboyada paMKa AAA N3YHYEHMUA KOTHUTUBHbIX ABAEHUM
C NCNOAb30OBaHMEM apXUTEKTYPbl NPOCTbIX NPOLECCOPOB, COEANHEHHbIX
MeXAYy COb0M C NOMOLLbIO B3BELWEHHbIX CBA3EW.

Ka>XAblM HEMPOH MOAYyYaeT MHOXECTBO BXOAALLMUX CUTHAAOB OT APYruX
HEVUPOHOB, UHTErPUPYA CUTHAABI MYTEM BbIYUCAEHUA B3BELWEHHOWN CYMMbI
akTMBauuun. Ha noAy4yeHHOW BEAUYUHBI HEKOTOPAaA NoporoBaa GYHKLUA
onpeAeAaeT YpoOBeHb UCXOAALLLEN aKTUBALUUN HEUPOHA, KOTopas
PacnNpOCTpPaHAETCA Ha NMOCAEAYIOLLMNE HEUPOHDI.




OAVNHAMWYHECKWE CUCTEMBDI

70T MOAXOA MPeAlNnoAaraeT ornnMCaHme KOTHUTUBHOM ACATEADHOCTUN B TEPMUHAX
«KNPOCTPaAHCTBaA» COCTOAHUU CNCTEMDI, ONnpeApAeAdeMblIX NepemMeHHbIMA,
3aBNCMMbIMN OT BPEMEHN.

3aMeHa TEeopeTnHeCKOoro A3blka, CBA3aHHOIo C BbIHMNCAEHUAMU U
pernpe3eHTaunaMmmn, A3bIKOM, CBA3aHHDbIM C FeOMeTpMGVI M AMHAMNYECKNMH
COCTOAHUNAMMN.

B AMHaMn4yecknx obbACHeHUAX BO3pacTaeT POAb MaTeMaTUKK 3@ CHET POAU
AOTUKMW.

I/ICI'IOAb3yeTCFI B HEOMNAXETUAHCKNX HAlNMPaBAEHUNAX.

Smith, Linda B.; Thelen, Esther (2003). "Development as a dynamic system".
Trends in Cognitive Sciences. 7 (8): 343-348. doi:10.1016/
S$S1364-6613(03)00156-6. PMID 12907229.




EMBODIED MIND

«BonAowéHHbINy (situated) noaxoa NnpeanaratoeT NOHMMaHME UHTEAAEKTa (mind) Kak
oTeAnecHeHHoro (embodied), BctpoeHHoro (embedded) n pacnpeaenénnoro (distributed).

KOrHMTMBHbIE NpOLECcChl NPOTEKAIOT HE B MO3re, a MeXAY MO3roM, OCTaAbHbIM TEAOM U
CpeAOW.

Kaaccmuyncrtckme noaxoabl B I nbiTatoTca co3aaTb UCKYCCTBEHHOMO aKCMepTa UAU
NCKYCCTBEHHOro pn3nKa, Toraa Kak HaumHaTb CA€AOBAAO Obl C YPOBHA
«UHTEAAUTEHTHOCTU» HACEKOMDbIX, C TEM YTObObI Ha OCHOBE 3TUX paboTaloWwmx MoAEAEN
NePEenTM K BOCCO3AAHUIO A3blKa U abCTPaKTHOIO MbILLUAEHUA.

HayunTbca 3aBA3bIBaTb WWHYPKW MalUMHE TPyAHEE, HEM HAyYUTbCA peLlaThb
MaTeMaTn4yeCcKkue 3apavn AN UrpaTb B LLAXMaTbl, 8 BEAb 3BOAOLUU MOHAAOOUANCH
MUAAUAPABI AET AAA MOABAEHUA YYBCTBUTEABHOCTU U MOBUABHOCTU U TOABKO MUAAUOHDI
AET AAA BbIPAabOTKM COBCTBEHHO YEeAOBEYECKUX COoCObHOCTEN.

Francisco J. Varela, Evan T. Thompson, Eleanor Rosch. The Embodied Mind: Cognitive
Science and Human Experience. MIT Press, 1993.




PREDICTIVE MIND

°* CO3HaHWE NMOCTOAHHO MPOU3BOAUT MOAEAUN PEAABHOCTU, KOTOPbIE
KOPPEKTUPYIOTCA BXOAALWMMU AAHHBIMU

° B KayecCcTBe MaTeMaTU4YeCKOoro annaparta MCNoAb3yeTCA
banecoBCKada CTaTUCTUKA

« Jakob Hohwy. The Predictive Mind. Oxford, 2013




BbIHNCJIEHNA B KOTHUTUBUCTCKUX MAPAOUTMAX

'IHHIIHHHHHH!"
Lindpoposble AHanorosble m

KOHHEKLIMOHN3M
Pa,u,MKaanbM OnHamunuyeckune
KomMmnbroTaumoHannam (KOHTUHYasbHbIE CUCTeME!

ceTwn)

KOHHEKLIMOHN3M
(AMCKpeTHbIe
ceTn)




PEMNPESEHTALUNN B KOTHUTUBUCTCKUX MAPAOUT MAX

PenpeseHTauun
:) m

PagukanbHbiv @ dnHamunyeckume
KomnbroTaumoHannsm
EM CUCTEMbI




API'YMEHTbI MPOTUB BHELUHUX PEMPE3EHTALLUIA

e [laHceMaHTM3M: B OCHOBE HallUX A3blIKOBbIX CMNOCObHOCTEN
AEXUT «A3bIK MbicAU» (Doaop).

* ABYCMbICAEHHOCTb: YTO AABAAETCA penpe3eHTaumnen — CoOCTosaHue
KOFTHUTUBHOTO annaparta MAKN Ncuxmyeckoe (peHoMeHaAbHoe)

cocTtodaHumne?

[lapaaOKC roMyHKyAa: 4TODbI pacno3HaTb BHELWIHEE COAEPXKaHue
B CMUMBOAE, HeObXoAUMO co3HaHne. Ho MMeHHO ero Mbl NbiTaeMcA
OBBACHUTb C MOMOLLBIO 3TOU CXEMbI!




API'YMEHTbI MPOTUB BHELUHUX PEMPE3EHTALLUIA

EcAu Mbl 0TKasbiBaeéMCA OT BHELWHUX penpe3eHTaumu, To

KomnbloTaumoHanusam /

ocTaeémcs C
BHYTPEHHUMMU
penpe3eHTauusaMmu

nepexoaum K
aHTUpenpe3eHTaLunoHann3my

|

AHTUKOMNObIOTAUMOHANN3ZM

OOLUMPHbIN l
w* KJlacc Masnaa o6bsiCHUTeIbHas cuna

cCuctem




NTAK, MOBEOWUTEJIb...

MexaHnuymncrtcknm (cAnabbin) BapmaHT KOMNbIOTAaLMOHAAN3MA,
NPU3HaOWMN TOAbKO BHYTPEHHME penpe3eHTauum

MexaHun4yeckasi cucrtema BHyTpeHHME penpeseHTauumn

KOMMOHEHTbI CUCTEMBbI
. NpeacTaBNAT gpyrmue
KOMMOHEHTbI (DYHKLVIOHANBHO KOMMOHEHTbI
Pa3NNYHbI N NPUYNHHO :
B3a/IMOCBSI3aHbl




NMPUPOJOA BHYTPEHHWUX PEMPE3EHTALIUI

Coarse-graining = ykpynHeHue (?




TEJIEOJIOI A ‘COARSE-GRAINING’

CHUXXeHne TepMOANHAMUNYECKOU KCTOMMOCTU®
BblYMCAEHUU

HaACTPaMBaHME U UHTErpauna BEPXHEro YpOBHS
(aMepAKEHTHOCTD)

HUCXxoaALWwaa NnpudnHHocTb (downward causation)




O KOFrHUTUBHOW HAYKE

KOFrHUTUBHAA TEOPUSA, OCHOBAHHAA HA TbIOPUHIOBOW
MOLOENN BbIYMUCIIEHUN OCHOBAHA HA HE COBCEM
ONMPABOAHHOW AHAJIOTUN N BEOET K NTAPAOOKCAM TUMA
MAPAOOKCA T'OMYHKVYIJIA.




O KOFrHUTUBHOW HAYKE

KOMMbIOTEPHON META®OPE B OTHOLUEHWWN YETOBEKA
NMPEOWECTBOBAJIN AHTPONOMOP®HbBLIE META®OPLI B
OTHOLWEHWUN KOMIMbIOTEPA.




O KOFrHUTUBHOW HAYKE

AJIbTEPHATUBHbBIE TEOPUN NCTOJIb3YIOT APYIME MOLEJIN
BbIMNCITEHWN: MAPANNJIEJIbHYIO UZNWOPOBYIO,
MAPAJITEJIBHYKO AHANNTOIrOBYIO, CTATUCTUYHECKWE N OP.




CHOBA O BbIHUCJIEHNAX

BbiyncnnrtenbHbie cuctemol — TAKUE MPUPOLAHDBIE UJTA
NMCKYCCTBEHHDbBIE CUCTEMbI, KOTOPbIE UCIOJIb3YIOT
ECTECTBEHHDbBIE MPOLUECCbBI HA HN>KHUX YPOBHAX B
KAYECTBE ATOMAPHbIX ONEPALIUA ON4
AJITOPUTMNYECKNX TMPOLUECCOB HA BbICLLUNX YPOBH4AX.




CHOBA O BbIHUCJIEHNAX

Komnbiotep — MHOTOYPOBHEBbLIN MEXAHU3M, T'OE HA
HUXXHUX YPOBHSAX npoyeccop BbIYUCNIHAET, B KAKUE
AYEUKN NAMATU SANMUCATb uHepopmayuio, A HA BEPXHUX
NMPOUCXOOWUT penpeseHTayms TEKCTA U NSOBPAX>XEHUWN. HO
MOCJNIEOHWE AOPECYKOTCHA korHutusnon cucreme YEJIOBEKA,
KOTOPASA TAK)XE NMPEOCTABNYAET COBOM
MHOIOYPOBHEBbLIN MEXAHU3M, B KOTOPOM A3blKOBOU U
BU3YAJIbHbIWN npoyeccopsl HAOCTPAUBAIOTCH HAL
MHOITOYUCNTEHHbIMY YPOBHAMW BOJIEE 3NTEMEHTAPHDbIX
onepayunii, KOTOPbIE B KOHLLE KOHLLOB CBOOATCH K
ATOMAPHbIM — HEMPOHHbIM CNAUKAM. B 3TOM
CUMBWUO3E OYEBMOHO ECTb JIUWUWHWUE 3BEHDbA.




CINACUBO 3A BHNUMAHME.

» ifmikhailov@gmail.com

«Me>xancumnamHapHble
Npoo6eMbl KOFTHUTUBHbIX HAYyK»
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