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Information Processing in the Nerve Nets (Part I)

— Structure and Function—

Shuji .ENDO
Department of Technology, Fukuoka University of Education

Abstract

_The nervous system, such as the representation of a human brain, is a high order information
processing system. We take an interest in the information conversion, transmission and pro-
cessing in this system from the engineering point of view. Although there are numerous unknown
problems of this system, the structure of it has been revealed little by little as to neuron connections
and the neuronal control circuits of preserving a posture. Resently the reports dealing with
these problems are tend to increase gradually. o

Although the nervous system is very large system, this system consists of the nerve nets oper-
ating on some basic logics obtained by a life evolution.

Therefore an approach to the nervous system must start to make many models of it. Con-
sequently it is necessary to investigate them in detail and consider them from the possible points
of view. Through this way, we are able to analyze a life system and apply it to an engineering
field. We will take.the position such as a structural method is used for this rgsearch.

In this report the strutture of nerve nets is described and also it is considered that how oper-
ations exist in this system; the nervous system. Arranging the nerve nets, it will be easy to explain
the functions of the nervous system.
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Fig. 1 Information processing in the neuron level, (a) neuron model and their terms,
(b) the conversion mechanisms and (c) the signal form of neuron.
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Fig. 2 Basic synaptic connection, (a) excitatory

synapse, (b) inhibitory synapse and (c) ARIFEREI, (o) DXIIRTHEY v
pre-synaptic inhibition; namely B synapse FRICPD v+ F A BEETEEDTH
inhibits A synapse. Of course synapses B, CHhiZ@»PSLORERY +F FRiCk

connect not only soma and also dendrite.
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Fig. 3 Mono-synaptic reflex circuit, stretch Fig. 4 Three neurons chain circuit, (a) multi-
reflex circuit, the afferent group la synaptic excitation, (b) multi-synaptic
fibers from the muscle spindle con- inhibition, (c) disfacilitation and (d)
nect a motoneuron in the spine and disinhibition. White neuron is excita-
‘ directly the neuron sends the excita- tory and black repmants inhibitory
tory synapse to muscle, neuron,
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Fig. 5 1:n neuron chain circuit, (a) normal Fig. 6 n:1 neuron chain circuit, (a) normal
diversence, (b) reciprocal and (c) convergence feature, (b) facilitation,
diffuse connection. Arrow means the (c) competition and (d) cooperative
signal flow, and black neuron is inhibi- inhibition. White neuron is excitatory

tory in the figure. and black’s inhibitory.
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Fig. 7 Lateral connection circuit, (a) lateral Fig. 8 'Mutual inhibition circuit, the same kind
excitation, (b) lateral inhibition and of lateral inhibition, (a) forward inhibi-
(c) lateral inhibition with the interposi- tion, non-recurrent and (b) backward
tion of the inhibitory neuron. inhibition, recurrent type. These con-

nections are important in the sensory
organization.

<33> @M B B

EREMEREMET S 2 —n VBRI, EHEEAOANSTH U AR EEE
REKE LD LD TH 3 HBUTROBHOBBBRICOVTHERS,

OSEMNEE ; EBED = - — v YR HEABERRTS v+ 72HEAO0AK, ThbH
Za—n YHHOMES 2 — v VICHBERET BHICABRLEET ERBICREY ZE
Zoh3dt Fig. 9 KWRFEBHERLTH S, (@) FL2THEEHR = -2 VY TTETEH
BEBEED, (b) & (©) KBNWTR, A=~ — v Y EHHEL O OBEOMTH S,



MREOIEAOERBE B 1#H) 75

Fig. 9 Multiple neurons chain circuit, these forms the closed circuits. In this figure
the principal examples of this circuit are described, arrow shows signal flow
and black neuron is inhibitory.
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Fig. 10 Self-recurrent circuit, in this typé the

neuron recurrently connects thé axon 'fhm oy
of itself to the input terminal, (a)ex-- - neurun
citatory and (b) inhibitory neuron

Fig. 11 Recurrent circuit with the intertitialne-
uron, in this type there are four circuits.
Especially (a) type is termed the rever-
berating circuit and these connections
exist numerously in the central nervous
system.

respectively.

4. FWEROWEE

B TR ARSI IBEEERELS 202 RENSHREREHNTELT
%50 HKOHRRIL, Mﬁé—f-@ﬂﬁ]@'ﬂtﬁmﬁﬁfiﬁﬁ%ﬁf&9 HbOTHYLUTIRBRBH
HRZNEDVEDDEFATSHD ERLEBEHTY - ‘

<41> R - REESCEES

EHO=a—v rERAL DS MEEBETRIE, RED=2— v EENEMMICHE
HoT B, HLDLS CORBMICIIENLEZMHREORRHASNTNS MY CO
3% Fig. 12 2> CRERT 5. AHGR I v —7 A 3= = — v VEARD o OHBHC
#h, —Fra—7BREANT B IKES>TNBE LTS, ABIC a & B LIZ—-HESD
&S558 (o, B) BbDObDET B, (2) KRTRICANA B kA KEL, ABAK
Ihoa—n HBARNDza—a v a, e, e, B BAEL, AHN B iKY Za—w¥ g,
B, 8", o DEHVRET S LTS, COWA B ARKANZEZA LA, BADAS
W a, B D=a—mrhdbid, AHNABEEMCELILBACRAESTS=a—nY
OREIMED NILBB: ChHEBHENSHERTHS. —F (b) KRBRIC, A, BD
ANBEDPORBEEORINKIKRELNEL, AHDATR a« BAD=a—0 Y IRET



FE I By R O LR

(% 18) 77

(a) Occulusion

Pool

( b ) Spatial Facilitation

Fig. 12 Function of containing many divergence and convergence connections, the neuron pool.

It is known (a) occulusion and (b) spatial facilitation.

A and B are input fibers, input.

A ends to @ neuron part and B ends B part. Additionally A and B contain the same

neuron part, a” and 8’.
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Fig. 13 Function of mutual excitatbry circuit,

--(a) two neurons structure and (b) with

the interposition neuron. (c) is input-
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Fig. 14 Function of lateral -ighibition circuit, Fig. 15 Some models of generating the alterna-
this type has the alternating rhythm. ting rhythm, (a) Reiss’, (b) Harmon's

(a) is generation circuit of alternating and Wilson’s model respectively. The

rhythm and (b) shows mput output lower part of figure represent output

feature. of these models.
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Fig. 16 Function of the uniform neuron net, this

L THEDES G () =R (b) lateral-inhibition circuit-has the ability of
CEPTREI L2 HObDET S, T edge reinforcement. ¥, and Z, are input
bbb o - and output respectively in th%s circuit. (a)

’ : is the uniform structure circuit, - (b) input
G(x)= Go/2x1-exp( - x/5’1) ¥(x) and function G(x), (c) the spatial

: distribution of inhibition and (d) output
ET5, 2T G iA0—ERE, n1: Z(x).



HENHOBERTH S,

ZDOEEAHELLT, y@)=1 (220), y(2) =0 (z<0) & ZHEEMEKEEZLH5ELTL
RO 2(x) ZFHEL, 5L (D) WRLREHABERE#RZ. COBShIAEA
Heho, COMBRILBELLUTANO T »y VBGERBUICHERLEL >TWE &M
bbb, COMBRIBHEL 7 I F=DEBICETLHMBOMRICHEHETH S, AN
RBOEABFCHET 2 ERBEOEADRILERRCOIZ(RONE D THYDET N
PORYTRELSDTH S, '

<4-5> SEMEE®

o —n VEHHEBERRT 5 EESRRICOVTIR<3 3> T ZBLT $ 5,
zzTil, ehSsDOEBOFOEHICD T Fig. 17~Fig. 19 F TORBILDONTDR3B,
Ik, P02 - O D>V 7RBERRAL : c THBL9 5, ¥4 Fig. 17 (@)
DOEIBICRAIBRIC =2 -0 ALSOHANRC KANTELEBICHENSHE L= 2 =0
YBRBANTE, COBS5OH N C KEHMIKOMEIN, =2a—vwr C FENL
DHSMATRERMAEBS, —a—u> A B COBMNEV, V.V, ELTH5.
(b) BAH At CHEBARKEB =2 - BERHLTKRB A2V, kb b
XSt HFBhB T EITED, Mh V, BRICHETREREL S, (0) 1RV, O r 2R
743 OB, (d) 12 </3 DIBAIKOVT, FHHOBHAERLTH S, COBKELTH,
ANBIEEMEBECBHOMNES 2HEAEK LS,

WiC Fig. 18 (a) WWRd, k= — o o Bi0GHE S ORTHANBKOBEOA-HH%
BIDONWT EXATHS, (b) K AZTEY Vi iAW =a—vw> C RAHNTIHE,
Za—urYy Bk, vFLREBE « BicHHBE v AN B DI C OBV,
BRARKO LS k2THHIhT LI WHES ’

3T <785, (¢) TRV, D=k
(a) (3 A vy
e —— =
chain circuit kS T
ol O O O O T
o ERLLL
Signal T
| RINTNR NN
B i O I
it I O
(e} Stgnal ¥==1
NI T S AT
t Signal k=T .
T ‘ U
5(!\!J¥
tar i h_’l L . Fig. 18 Characteristics of the multiple neuron
MHUMML . chain circuit, in this way closed circuits
- exist. (a) is named reverberating
Fig. 17 . Characteristics of the multiple neuron circuit, (b) its input-output charac-
chain circuit, (a) net structure, (b) teristics, (c) muiti-closed circuit and
impulse interval equals synaptic delay (d) its characteristics. (c) is considered
z, (¢) interval=3z, (d) interval=z/3 the kind of amplifier in this charac-
characteristics respectively. All neu- teristics. In this figure = is synaptic

rons have same synaptic delay . delay.



M DREOERAE B1#) 81

W3 ERENTHDIAMHTE AR
ZaFhTsh V, AT <THLZ
h3, (d TR/ rvxEETH
bt ShHNI B BEDOHKRI
MO LELIHETHS,.

Pl ko Fig. 17 % & (f Fig. 18 o##
PHEZT= 2—w EGHEEHMOE
DX RERTHHEITIE, ATH
BicagshaEoB@ssmtihicy,
L3N BB EFLHEDOHHRO
HBEBTBEOBFRHEELIODBDE
WA XS, B> THEEMRRILHL-TD
ZDL DR EABER,OHEDERILZ
BEINTHEBINICY LIgHo FHHRM
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(a) Classical Condition Reflex

noise generator

retreat attack

Fig. 20 Reflex model circuit, (a) classical conditioned reflex and (b) opefant conditioning.
Neuron E in the (a) and F in the (b) are noise genarator and also inhibitory neuron.
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