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Part II: COMPUTER SIMULATION

E. Burattini

Laboratorio di Cibernetica, Arco Felice, Napoli, Italy.

To acquire a theory of the functional organization of the nervous T

system is a most difficull problem. At the present time, there exists

no theory meeting experimental tests on any level above that of e Individugl cell. '

Ideally, in order io consiruct a theory, we should have in our possession
well-es.tablished'-exp'erimental results, and a well-developed body of ap-
propriate mathematical models. . ' |

A typical example'of network modeling (simulations which explore
tiie behavior of explicitly constructed single uniis copnected into large re- »
gular assemblies) is that of Farley and Clark ) 9‘ . Simplified-par#- |
meter (formal) neurons are simulated in a digital computer. A network
of '1296 units occup%es a planar array whose connectlions are well defined.
(Other similar studies, e, g., Smith and Davidsonv 2.2) ’23), use random
connections.) Experiments are run io examine oscillation and stability
characteristics, the nef exhibiting such phyéiologically noted activity as ir-
regular firing, rhythmic patterns, and "driven" firing. = These asp,(i_zcts._\ . .
of ibe network's behavipr are function’s'of conirolled variables suqh as sli-
mulus, connection pattern, and threshold. -

Although therc has been a considerable amount of work done on

1),7)-10},20) ,_21) oriented toward

mathematical and simulated models
neural organization, the relationship of such modél’s to experi.meﬁtal neuro~
physiology, .if any, remains unclear,

The question is 6pen, of course, whether the maés action studied -
in these models reflects a significant aspect of nervous system beimvior.
In the absence of such knowledge the physio'logical pertinence of this kind
of modeling is not .easily esiablished; it is interesting, however, thal some

of the results bear a strong qualitative resemblaince {o cortical activity.
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Although the "neurons' used in these models are exceedingly simplified
representations of biological neurons, it is entirely concei\-zab'le thaf the
gross behavior in both model and prototype is essentially independent of
finer unit specification. In our resear;:h we shal],‘_.‘des'ci_*i}'_ae'.- thejbeha#iour
of a neural network model with a new method of a.nalysisll.)_.

Taking into account Caianiello's work of 1961 1.5 " amodel of a
neuron quite similar to his is proposed and stﬁdie&; For this model, wheore
a temporal summation and a pei'iod of refractoriness al‘e assumed, a mathe-
matical approach and a simulation on computer were reali-zed. Particular types
of nets werc used, namely, nets with topological structures and fully random
nets., The difference between the {wo typeé is that the {irst 'type has a two-
dimensional square, structure and depends on the rules of the formation of
copneciion between the neurons, _while the second type is realized by means
of the probability distribution function governing the i‘ormation' of the struc-
ture of the net. . A - | _

_ These types of neural nets are analysed by méans of a mciﬁod which
permits usboblain various parameters which characterize their be_havidur in
time and space in terms of the trajectory of the system. Many experimehis
are also reported; the statistical analyses made on thein  show the great
importance and influence of reiractoriness on the behaviour of neural net-
works, _ -

Iﬁ the last part of the work an inter'éstin_g case is reported in which
the reaction of the net to a disturbance shows tha&_ a kind of adaptation takes
place, although the structure of the net stays L'mclhange‘d. Somé hypothesés

for this behaviour are also made.
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