(charged sodium, potassium and chloride ions)
move in and out of these cells and establish an
electrical current(this is a very minimalistic expla-
nation).[2]

The definition of machines (and computers)

The word machine implies mindless activity.
A car, lathe, or computer only does what humans
program it to do. Employment of sensors and
guidance systems has allowed some machines
to exhibit seemingly intelligent behaviors. An
airplane can be programmed to take off in Los
Angeles and land in New York without human in-
volvement. The man-made program is executed
correctly and gives the impression that the air-
plane thinks....” The computer does not think.
The computer is just another dumb machine al-
though it is more complex than other machines
are and has a rich repertoire.[6],[9] For the pur-
pose of this article we are strictly going to consi-
der machines to be computers because it is more
relevant considering our purpose.

Fig. 2. Analog vs. Digital

Differences between the Brain and Computers

Brains are analogue; computers are digital

It's easy to think that neurons are essentially
binary, given that they fire an action potential if
they reach a certain threshold, and otherwise
do not fire. This superficial similarity to digital
“1’s and 0’s” belies a wide variety of continuous
and non-linear processes that directly influence
neuronal processing.[3] For example, one of the
primary mechanisms of information transmission
appears to be the rate at which neurons fire — an
essentially continuous variable. Similarly, net-
works of neurons can fire in relative synchrony
or in relative disarray; this coherence affects the
strength of the signals received by downstream
neurons. Finally, inside each and every neuron
is a leaky integrator circuit, composed of a vari-
ety of ion channels and continuously fluctuating

dine superficiala cu “1 si 0”digitale contrazice o
mare varietate de procese continue si neliniare
care influenteazd in mod direct prelucrarea da-
telor neuronale.[3] De exemplu, unul dintre me-
canismele primare de transmitere a informatiilor
pare a fi rata la care neuronii emit un potential de
actiune- o variabild, in esentd, continua. In mod
similar, retelele de neuroni pot emite potentiale
de actiune 1in sincronie sau in relativa dezordine;
aceasta coerenta afecteaza puterea semnalelor
primite de neuroni din aval. In cele din urm4, in
interiorul fiecarui neuron este un circuit integrator
permeabil, compus dintr-o varietate de canale de
ioni si potentiale de membrana continuu fluctuante.

Fig. 3. The “machine” in our brain

Creierul foloseste memorie continut-adresabila
(in vreme ce computer-ul utilizeaza memorie
byte-adresabila)

in computere, informatia in memorie este
accesata cerand adresa de memorie precisa. Acest
lucru este cunoscut sub numele de memorie-byte
adresabild. In schimb, creierul foloseste continut-
adresabila, astfel ca informatiile pot fi accesate din
memorie prin “raspandire prin activare” de la con-
ceptele strans Tnrudite. Spre exemplu, prin simpla
gandire la cuvantul “vulpe” se poate raspandi in
mod automat activarea amintirilor legate de alte
animale inteligente,-calareti vanatori de vulpi , sau
membri atractivi de sex opus. Astfel, fiecare creier,
este Tnzestrat cu un fel de “motor de cautare”, in
care doar cateva repere(cuvinte cheie) sunt sufi-
ciente pentru a provoca un lant procese cognitive.
Desigur, lucruri similare pot face si computerele,
mai ales prin construirea a indicii masive a datelor
stocate, care apoi trebuie, de asemenea, sa fie sto-
cate si cautate pentru a afla informatiile relevante
(de altfel, acest lucru este destul de similar cu ceea
ce face un motor de cautare, cu cateva diferente).

Creierul uman este o masina masiv paralela in
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membrane potentials.

The brain uses content-addressable memory
(while a computer uses byte addressable
memory)

In computers, information in memory is ac-
cessed by polling its precise memory address.
This is known as byte-addressable memory. In
contrast, the brain uses content-addressable
memory, such that information can be accessed
in memory through “spreading activation” from
closely related concepts. For example, thinking
of the word “fox” may automatically spread ac-
tivation to memories related to other clever ani-
mals, fox-hunting horseback riders, or attractive
members of the opposite sex. The end result is
that your brain has a kind of built-in search en-
gine, in which just a few cues (key words) are
enough to cause a full memory to be retrieved.[4]

The brain is a massively parallel machine;
computers are modular and serial

An unfortunate legacy of the brain-computer
metaphor is the tendency for cognitive psycholo-
gists to seek out modularity in the brain. For ex-
ample, the idea that computers require memory
has lead some to seek for the “memory area,”
when in fact these are far more intricate. One
consequence of this over-simplification is that
we are only now, learning that “memory” regions
(such as the hippocampus) are also important for
imagination, the representation of novel goals,
spatial navigation, and other diverse functions.

Processing speed is not fixed in the brain;
there is no system clock

The speed of neural information processing
is subject to a variety of constraints, including
the time for electrochemical signals to traverse
axons and dendrites, axonal myelination, the
diffusion time of neurotransmitters across the
synaptic cleft, differences in synaptic efficacy,
the coherence of neural firing, the current avail-
ability of neurotransmitters, and the prior history
of neuronal firing. Although there are individual
differences in something psychometricians call
“processing speed,” this does not reflect a mono-
lithic or unitary construct, and certainly nothing
as concrete as the speed of a microprocessor.
Instead, psychometric “processing speed” prob-
ably indexes a heterogeneous combination of all
the speed constraints mentioned above.[9]
(Brain) Short-term memory is not like RAM

Although the apparent similarities between
RAM and short-term or “working” memory em-
boldened many early cognitive psychologists, a
closer examination reveals strikingly important
differences. Although RAM and short-term mem-
ory both seem to require power (sustained neu-
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vreme ce computerele sunt modulare si seriale

O urmare nefericita a metaforei creier-com-
puter este tendinta pentru psihologii cognitivi sa
caute modularitatea creierului. De exemplu, ideea
ca computerele necesitda memorie i-a condus pe
unii sa caute “zona de memorie”, atunci cand,
de fapt, aceste distinctii sunt mult mai delicate. O
consecinta a acestei supra-simplificari este ca abia
acum, aflam ca regiunile de “memorie” (cum ar fi
hipocampul) sunt de asemenea importante si pen-
tru imaginatie, reprezentarea obiectivelor noi, navi-
gare spatiala, si alte functii diverse.

Viteza de procesare nu este fixata in creier(nu
exista nici un ceas de sistem)

Viteza de prelucrare a informatiei neuro-
nale sunt subiectul unei varietati de constrangeri,
inclusiv timpul semnalelor electrochimice de a tra-
versa axonii si dendritele, mielinizareea axonala,
timpul de difuzie al neurotransmitatorilor peste
fanta sinaptica, diferentele de eficacitate sinaptica,
coerenta impulsurilor neuronale, disponibilitatea
actuald a neurotransmitatorilor, si antecedentele
activitatii neuronale.

viduale in ceea ce psiho-
Fig. 4.System Clock

metricienii numesc “viteza de procesare,” acest lu-
cru nu reflecta o constructie monolitica sau unitara,
si, desigur, nimic la fel de concret ca viteza unui
microprocesor. In schimb, “viteza” psihometrica de
“procesare” probabil indicad o combinatie eterogena
a tuturor constrangerilor de viteza de mai sus.[9]
Memoria pe termen scurt (a creierului) nu este ca
memoria RAM
Desi asemanarile evidente intre RAM si memo-
ria pe termen scurt (memoria”de lucru”) au incura-
jat multi psihologi cognitivi timpurii, 0 examinare
mal
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Fig. 5.DDR3 RAM



ronal firing in the case of short-term memory, and
electricity in the case of RAM), short-term mem-
ory seems to hold only “pointers” to long term
memory whereas RAM holds data that is isomor-
phic to that being held on the hard disk. Unlike
RAM, the capacity limit of short-term memory
is not fixed; the capacity of short-term memory
seems to fluctuate with differences in “process-
ing speed” (see previous difference) as well as
with expertise and familiarity (of a certain place,
action, etc.).[9]

No hardware/software distinction can be
made with respect to the brain or mind [10]

For years it was tempting to imagine that the
brain was the hardware on which a “mind pro-
gram” or “mind software” is executing. This gave
rise to a variety of abstract program-like models
of cognition, in which the details of how the brain
actually executed those programs was consid-
ered irrelevant. Unfortunately, this appealing
hardware/software distinction obscures an im-
portant fact: the mind emerges directly from the
brain, and changes in the mind are always ac-
companied by changes in the brain. Any abstract
information processing account of cognition will
always need to specify how neuronal architec-
ture can implement those processes — otherwise,
cognitive modeling is grossly under constrained.
(10]

logic gai-_

Fig. 6.Chemical Synapse

Another pernicious feature of the brain-
computer metaphor is that it seems to suggest
that brains might also operate on the basis of

VS.

tatea maxima a memoriei pe termen scurt nu este
fixa; capacitatea memoriei pe termen scurt pare sa
fluctueze cu diferente in “viteza de procesare” (a se
vedea diferenta anterioara), precum si cu expertiza
si familiaritatea (unui anumit loc, actiuni, etc).[9]

Nici o distinctie hardware/software nu se poate
face cu privire la creier sau minte

Mult timp a fost tentant sa-ti imaginezi crei-
erul ca fiind parte hardware-ul pe care se executa
un “program al mintii” sau un “software al mintii”.
Aceasta a dat nastere la o varietate de modele ab-
starcte tip program de cunoastere, in care detaliile
privind modul in care creierul execute de fapt pro-
gramele respective a fost considerat irrelevant. Din
pacate, aceasta atragatoare distinctie hardware/
software ascunde un fapt important: mintea iese

-
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Fig. 7. Digital Logic Gate
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electrical signals (action potentials) traveling
along individual logical gates. Unfortunately, this
is only half true. The signals which are propa-
gated along axons are actually electrochemical
in nature, meaning that they travel much more
slowly than electrical signals in a computer, and
that they can be modulated in myriad ways. This
adds to the complexity of the processing tak-
ing place at each synapse — and it is therefore
profoundly wrong to think that neurons function
merely as transistors.

Unlike computers, processing and memory
are performed by the same components in
the brain

Computers process information from
memory using CPUs, and then write the re-
sults of that processing back to memory. No
such distinction exists in the brain. As neu-
rons process information they are also modi-
fying their synapses — which are themselves
the substrate of memory. As a result, retrieval
from memory always slightly alters those
memories (usually making them stronger, but
sometimes making them less accurate).[9]

The brain is a self-organizing system

This point follows naturally from the previous
point—experience profoundly and directly shapes
the nature of neural information processing in a
way that simply does not happen in traditional mi-
croprocessors. For example, the brain is a self-
repairing circuit — something known as “trauma-
induced plasticity” kicks in after injury. This can
lead to a variety of interesting changes, including
some that seem to unlock unused potential in the
brain (known as acquired savantism), and others
that can result in profound cognitive dysfunction
(as is unfortunately far more typical in traumatic
brain injury and de»~'aomental disorders).[5]

Fig.8. The “body” of the human brain

Brains have bodies

This is not as trivial as it might seem: it turns
out that the brain takes surprising advantage
of the fact that it has a body at its disposal. For
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cizeze cum arhitectura neuronala poate pune.

O alta characteristica nefericita a metaforei
creier-computer este ca pare sa sugereze ca cre-
ierul ar putea opera, de asemenea, pe baza un in
aplicare aceste procese - in caz contrar, modelarea
cognitiva este insuficient de constransa.[10]

Sinapsele sunt mult mai complexe decéat portile
electrice logice

O altd characteristica nefericita a meta-
forei creier-computer este ca pare sa sugereze ca
creierul ar putea opera, de asemenea, pe baza
unor semnale electrice (potentialului de actiune)
ce se deplaseaza de-a lungul unor porti logice
individuale. Din pdacate, aceasta afirmatie este
doar pe jumatate adevarata. Semnalele care sunt
propagate de-a lungul axonilor sunt de fapt de
natura electrochimica, ceea ce inseamna ca ele
calatoresc mult mai incet decat semnalele electrice
dintr-un calculator, si ca acestea pot fi modulate in
moduri nenumarate . Aceasta se adauga la com-
plexitatea prelucrarii ce are loc la fiecare sinapsa si
prin urmare, este profund gresit sa credem ca neu-
ronii functioneaza doar ca niste tranzistori.

Spre deosebire de computere, procesarea si
memoria este desfasurata de aceleasi compo-
nente din creier

Calculatoarele proceseaza informatii din
memorie folosind procesoare, iar apoi scrie rezul-
tatele obtinute Tn urma acelei procesari inapoi la
memorie. Nu exista o astfel de distinctie in creier.
In timp ce neuronii proceseaza informatia ei ,de
asemnea, produc si modificarea sinapselor lor -
care sunt ele Tnsele substratul de memorie. Ca ur-
mare, recuperarea din memorie intotdeauna usor
altereaza aceste amintiri (de obicei acestea devin
mai puternice, dar uneori pot deveni si mai putin
precise).[9]

Creierul este un sistem ce se se organizeaza
singur

Acest punct rezulta firesc din punctul ante-
rior - experienta modeleaza profund si direct natura
prelucrarii informatiilor neuronale intr-un mod care
pur si simplu nu se intdmpla Th microprocesoare
traditionale. De exemplu, creierul este un circuit
de auto-reparare - ceva cunoscut sub numele de
“plasticitate indusa de trauma” se produce dupa
accidentare(mai grava). Acest lucru poate duce la
o varietate de modificari interesante, inclusiv unele
care par a debloca potentialul nefolosit in creier
(cunoscuta sub numele de savantism dobandit), si
altele care pot duce la disfunctii cognitive profunde
(ce este, din pacate, mult mai frecvent in leziuni ce-
rebrale traumatice si tulburari in dezvoltare).[5]

Creierul are un corp



example, despite your intuitive feeling that you
could close your eyes and know the locations
of objects around you, a series of experiments
in the field of change blindness has shown that
our visual memories are actually quite sparse.
In this case, the brain is “offloading” its mem-
ory requirements to the environment in which
it exists: why bother remembering the loca-
tion of objects when a quick glance will suffice?

The brain is much, much bigger than any
[current] computer

“Accurate biological models of the brain
would have to include some 225 million billion
interactions between cell types, neurotransmit-
ters, neuromodulators, axonal branches and
dendritic spines, and that doesn’t include the
influences of dendritic geometry, or the approxi-
mately 1 trillion glial cells which may or may not
be important for neural information processing.”
[9] Because the brain is nonlinear, and because
it is so much larger than all current computers,
it seems likely that it functions in a completely
different fashion. The brain-computer metaphor
obscures this important, though perhaps obvi-
ous, difference in raw computational power.[9]

Religious and Philosophical Models

It is now well established that the level of a
person’s intelligence reflects the type and so-
phistication of a brain model the person accepts
and believes in. Incidentally, a believer in the
supernatural readily embraces a brain model
that is distorted from reality. Similarly, a philoso-
pher who is only interested in theoretical issues
of the brain will attempt to understand general
concepts of the mind without considering neu-
robiology. ‘The brain only serves as a tempo-
rary shelter for the mind, and as an interface
to control the otherwise mindless body.” Most
brain models of this type are naive and manifest
lack of understanding of the natural world.[10]

Acest lucru nu este asa de trivial cum ar
putea parea la prima vedere: creierul profita
surprinzator de faptul ca are un corp la dispozitie.
De exemplu, in ciuda sentimentul intuitiv ca poti Tn-
chide ochii si sa-ti aduci aminte locurile obiectelor
din jurul tdu, o serie de experimente in domeniul
orbire- schimbare au aratat ca amintirile noastre
vizuale sunt de fapt destul de deficitare. In acest
caz, creierul “descarca” cerintele sale de memo-
rie Tn mediul in care se afla: de ce sa ma deranjez
amintindu-mi locatia unor obiecte atunci cand o pri-
vire rapida va fi suficienta?

Creierul este mult, mult mai mare decéat orice
computer(actual)

“Modele biologice exacte ale creierului ar
trebui sa includa undeva la 225 de milioane de
miliarde de interactiunile dintre tipuri de celule,
neurotransmitatori, neuromodulatori, ramuri axo-
nale si prelungiri dendritic, Si aceasta nu include
influentele de geometriei dendritice, sau aproxima-
tiv 1 trilion de celule gliale, care ar putea sau nu ar
poate fi importante pentru procesarea informatiilor
neuronale.” [9] Deoarece creierul este neliniar, si
pentru ca este atat de mult mai mare decat toate
computerele actuale, se pare ca functioneaza intr-
un mod complet diferit. Metafora creier-computer
ignora aceasta diferenta importanta, desi probabil
evidenta, de putere bruta de calcul.[9]

Modele Filosofice si Religioase

Este bine stabilit faptul ca nivelul de inteligenta al
unei persoane reflecta tipul si gradul de sofisticare
al unui model de creier in care o persoana crede
si pe care il accepta. De altfel, un credincios in su-
pranatural cuprinde usor un model de creier care
este distorsionat de realitate. In mod similar, un fi-
losof care este interesat doar de problemele teoret-
ice ale creierului va incerca sa inteleaga concepte
generale ale mintii fara a tine seama de neurobiolo-
gie. ‘Creierul serveste doar ca un adapost tempo-
rar pentru minte, si ca o interfata pentru a controla

Fig. 9.The human brain vs. digital computer
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Conclusions

Many people are trying to compare comput-
ers with the human brain, but they do not under-
stand what the comparison involves. You can
often hear this question: Which is better? A com-
puter or the human brain? This question is about
as sensible as the inquiry

Which is better? A car or an airplane? In essence,
the brain and the computer are not comparable.
Each has different purpose, architecture, and
mode of operation. Surprisingly, this incompat-
ibility is ignored by most researchers, and count-
less brain models have been developed based
on our understanding of computer hardware and
software. Fortunately, recent studies are not only
beginning to shed light on this matter, but also to
correct mistakes from the past.
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corpul altfel fara minte.” Cele mai multe modele de
creier de acest tip sunt naive si dovedesc lipsa
vadita de intelegere a lumii naturale.[10]

Concluzii

Multi oameni incearcd sa compare calcula-
toarele si creierul uman, dar ei nu inteleg ce implica
aceasta comparatie. O intrebare comuna Tn acest
domeniu este: Care este mai bun? Un computer
sau creierul uman? Aceasta intrebare este la fel de
sensibila ca intrebrea: Care este mai buna? Un au-
tomobil sau un avion? Tn esentd, creierul si comput-
erul nu sunt comparabile. Fiecare are o arhitectura,
mod de operare si un scop diferit. Surprinzator,
aceasta incompatibilitate este ignorata de majori-
tatea cercetatorilor, g nenumarate modele cere-
brale au fost dezvolt#gg

Fig. 10. What makes us think?
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