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Problemsto Understand
Bio-Neural Networks

— short-connections everywhere

— principles of data addressing unknown

— how to redlise neighbourhood inhibition

— large receptive fields contra high location sengbility

— pulses goes on al possible ways (Daumenexperiment 1992)
— mirrored projections (homunculus)

— relations between time and space

— unexciteability by single synaptical simulus

Model Assumptions

to demonstrate smple effects reasoned by relative timing:

— timefunctions at locations (not at wires) in space

— time-functions combined in mathematically and physicaly correct manner
— distances between neurons in space produce (incremental) delays

— wiring delay includes synaptic delay

— synaptic weights are uniform, unused and unchanged

— pulses pass through soma without being influenced in timing or wave form
— neura moded with uniform weights consists of wire delays and adder

— non-linear threshold function is necessary for interference integrals
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Simplest I nterference Circuit
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(synaptic we ights are all one, not modified, not used)

Fig. 1: Basicfunctionsof a neuron or a neural group
a) Circuit structure
b) Burst generation with low bias
¢) code detection with high bias

Time function

y(t) = qx(t - t;) + x(t- t;) +x(t- ty)+... +x(t- tm)+bias)

Discussion
— OR-character (high bias): single input impulse produces a burst, Fig. 1.b
(burst- or code-generation)

— AND-character (low bias): on burst single follows output impulse, Fig. 1¢c
(burst- or code- detection)

— OR-character and delays smaller the pulse-width: see [5] and [6]
(gating potential generation).
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Bursts, Data Addressing and
Neighbourhood Inhibition

Mask M and inverse mask M*

Delay Mask M = {t,, t,,... .t }"

delays over al paths have to be equa in components

M+ M*=T (interference condition)
&, 0 &1 0 & -1, 0
with M:?.Zzand T:t§15 follows M* zgt_.tzz.
eti o elo dt-ti g
a

-""AN D-type

OR- "
x(t) - wpe d

mask M

Fig. 2: Directed, multiple data transmission via one axon. Only
that receiver is addressed which possesses the
complementary key in form of the inverse mask M* of
the sender. Signal flow only c->c¢* and c* -> ¢

Discussion
— onefibre can carry different data streams (data addressing)
— oscillations between neighbours prevented (neighbourhood inhibition).
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Delay Mask of a L ocation,

Space-Time Properties
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Expansion of neural waves in 3D-space with time

functions. Any location P burns its delay mask (its
address) into channel data stream

timefunctionwithv = {a, b, c, d}:
f) =gt- ty) =gt - v
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Fig. 4. Interference to a location. Maximum excitement

appearsif the mask of pulsesin the channel data stream
Isinverse to the mask of the location (time direction of
delays can be seen to beinverse)

time function :

e)=% Sft-t)=2 Sgt-
v=1 v=1
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Two Neural Fields Connected with some
Fibres, Interference Transformation (HIT)

Distance between any two pointsa, b tap = | (Xa- X6)? +(Ya - Yb)? +(za - 25)?

Generator Space Channels Detector Space

hp(t)
n Inputs

hk(t) p Outputs

40

hy()

Fig.5: PSI model of two neural fields, connected via some
axons. We suggest that each neuron of generator- and
detector space has a direct or indirect,
length-proportional connection to channel axons.

Transformation Generator Space into Channels:
Zi(t) = w{xa(t- to) +Xa(t- ta)+ ..+ Xnlt- tom)

z(t) = 3 é Xi(t- ti, (1)

Transformation Channels into Detector Space:
Yi(t) = m{zat- t1- ta) +Za(t- to- to) + ot Zm(t- tm- tok

yk(t)=%§zj(t- tj- ti (2)
T
hi(®) = lim 3 0 ai(D) dt | (3)

Resulting Transformation Generator to Detector:

yk(t) = %i;éll Zi(t- tj- ty) = %i;élli;sll Xi(t- tij-tj-t (4)

HIT-6

BioNet'96: Third Workshop 'Bio-Informatics and Pulspropagating Networks', 14.-15. Nov. 1996 Berlin



Properties of Self I nterference Projections

Grey Pictures

lim, i) = = |Sllsl Xi(t- tij- tj- tj)= central boundary (5)

Condition for Self-Interference

i = (L +t; + i)

itk =tk = '":tiik: e =tim gf |nterfqmce (6)
Proj ectivity
yi(t) = 7 élllsll Xi(t- tix total sum (7)
i=1i=
V() = X (t - ti) projectivity (8)

FA{X}® {Mor(x,y)T F

Boundary to Fremd-Interference

max(space_delay) < max(t i) diagonal condition (9)

Properties of Projectionsin Fremd-
|nterference (Outside-I nterference)

Boundary to Self-Interference

max(space_delay > max(t i) diagonal condition (9)

Condition for periodical Fremd-Interference

i) = xi(t - tie£qT), g N fremd-interference (10)

periodicd functions.  qT=7 with ql N
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Results

Moving Projections

Fig. 6:
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Moving interference projections. Moving projections
occur by variation of the delay of one channd. a)
Synthetic generator space; b) Channel data; c)...0)
Reconstructions with delayed left channel

Zooming Projections

Fig. 7:
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Zooming interference projections. a) Synthetically

generator space with speed v=50, black pixels fire one
for one; b) channd data; c)..g) projections with
different velocities v (normalized unit system)
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Conjunctive Projections

Fig. 8: Conjunction of different neural excitement maps into
one field. In relation to the channel source points the
projections appear distorted, the interference locations
vary.
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Spectral Coding
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Neural spectra of different channel arrangements in

2-dim. space. Electrode positions are marked. The
higher the channel number, the higher isthe peak of the
central interference: b) 2-chl.; c) 3-chl.; d) 4-chl. with
channel datain a); e) 8-chl. arrangement (PSI-Tools).
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Wave Fields (M ovies)
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Fig. 10. Wavefield asan interference transformation (HIT) with
four channels. The picture shows a calculation of all
pixel interference values for onetime step.

Centrally an interference appears between four waves.
Channel sourcesliein the corners (PSI-Tools)
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Proj ection, Reconstruction and
Direction of Time AXis

b
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Fig. 11: Comparison of a reconstruction (top) and a projection
(bottom) of the same channel data stream. The
projection is over-defined with highest interference
gualitiesin the central region. The picture symbolizes a
‘wired' projection between two neural fields, connected
via four channels (axons), sour ce [6]
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Summary and Discussion

incremental correct delay calculations in pul se-propagating networks

instead to follow asingle signa flow we investigate multiple signals,
location of superimposition appears as the data address

geometry of a net defines relative timing and locations of projections
shape of a nerve net defines functional properties

interferences can clear the role of specia drugs, changing the velocity
interference nets map without modifications of synaptic weights

by varying dynamic parameters, such as velocities or diameters of nerves,
we are able to modify the functionality of interference networks

interference networks appear as a second group of learning networks
behind synaptic learning networks.

interference circuits can move and zoom projections in space, overlay
different projections and mix spectral components with image parts

addressing data in stochastic (chaotic) switched networks:
delay-code of bursts as static addresses of data
moving and zooming as a form of dynamic addressing

a neuron can only excite a neuron with an inverse delay mask. But
identical geometries exclude inverse masks nearly complete. A smple
interference provides self-excitement and short-cuts between nearest
neighbourly neurons which are multiple connected.

Interference projections appears mirrored between generator and detector
gpace, while non-interferential projections appears non-mirrored

delay measurements have impact on understanding pulse processing in
bio-neura networks

PSI-Tools [10] is a smple measuring and smulating system

interference can be the method to locate mechanical events with fibres
having large receptive areas [17]

HIT - 13

BioNet'96: Third Workshop 'Bio-Informatics and Pulspropagating Networks', 14.-15. Nov. 1996 Berlin



References

[1]
[2]
[3]

[4]

[3]
[6]
[7]
[8]

[9]
[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

Konishi, M.: Die Schallortung der Schleiereule. Spektrum der Wissenschaft, Juni 1993, S. 58
ff.

McCulloch, W.S,; Ritts, W.: A logicd cdculus of the ideas immanent in nervous activity.
Bulletin of Mathematical Biophysics 5: 115-133

Rumehart, D.E., McCleland, J.L.: A Digtributed Model of Human Learning and Memory. in:
Pardld Digtributed Processing. Bradford/MIT Press Cambridge, Massachusetts, vol. 2, eighth
printing 1988.

Hodgkin, A.L., Huxley, A.F.. A Quantitative Description of Membrane Current and Its
Application to Conduction and Excitation in Nerve. Journ. Physiology, London (1952), 117,
pp. 500-544

Heinz, G.: Neuronde Interferenzen. Uber die Rddivitat eektrischer Impulsausbreitung in
neuronalen Netzwerken. GFal-Report 1993-1995. 300 pages

Heinz, G.: Projections and Coding in Pulsepropagating Networks. GFal-Report, March
1996, 25 pages. To Appear in Elsavier's "Neurocomputing”

Heinz, G. Internet-Homepage http:/Aww.gfa .fta-berlin.deiwww_open/perspg/heinz.htm
(25MB)

Henz, G.. Reatvitd dektrischer Impulsausbreitung: Schilissd zur Informatik biologischer
Systeme. 39. Int. Wiss. Kollogium an der TU IImenau, 27.-30.9.1994, S. 238-245

Heinz, G. Interferenztransformation. Private communication only. GFal 1993, 6 pages

Hofs, Sabine Heinz, Gerd: Paralld and Serid Interference-Tools (Software PSI-Tools
V.1.0). Downloadable via Internet-Homepage. See the enclosed Help-file PSI.HLP for
further informations

Dobesch, H., Sulanke, H.: Zetfunktionen. Verlag Technik Berlin, 1964

Henz, G, Hofs, S, Busch, C., Koepp, I., Kittner, D. u.a: Verfahren und Prototyp zur
Rekongtrution enes dreildimensionaen, neuronaen Interferenzraumes.
Projekt-Abschluf¥ericht BMWi 415/94 (Bundesminigterium fur Wirtschaft), GFal-Berlin,
20.12.95, 60 S.

Heinz, G., Hofs, S, Koepp, |.: Padld Interference Transformation to Smulate Nervous
Activity. PowerX'plorer User Report, 2nd Edition, June 1995, Jan Knop, Ingo Schreiber,
Heinrich-Heine-Université Dissaldorf, June 1995, S. 131-136

Henz, G., Hoefs, S, Koepp, I., Kittner, D., Busch, C.: Verfahren und Prototyp zur
Rekongruktion eines dreidimensonden, neuronden Interferenzraumes. GFal Jahresbericht
1994, Seiten 63-72

Heinz, G. , Hofs, S, Busch, C.: Vefahren und Prototyp zur Rekonstruktion neuronder
Interferenzraume (NEURO-3D). GFal-Jahresbericht 1995, Seiten 78-87

Heinz, G.: Moddling Inherent Communication Principles of Biologicd Pulse Networks.
SAMS 1994, Vol.15, No.1, Gordon & Breach Science Publ. UK, Printed in the USA.
Maruhashi, J., Mizuguchi, K., Tasaki, |.: Action currentsin single afferent nerve fibres dicited
by stimulation of the skin of the toad and the cat. Journd of Physiology (1952) 117, 129-151

HIT - 14

BioNet'96: Third Workshop 'Bio-Informatics and Pulspropagating Networks', 14.-15. Nov. 1996 Berlin



Gesellschaft zur Férderung angewandter Informatik e.V. (GFal)
Dr. G. Heinz Phone: +49 (30) 6392-1624
Rudower Chaussee 5/13.7 Fax: +49 (30) 6392-1602

D-12484 Berlin, Germany e-Mail: heinz@gfai.FTA-Berlin.de

HIT - 15

BioNet'96: Third Workshop 'Bio-Informatics and Pulspropagating Networks', 14.-15. Nov. 1996 Berlin



