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Real Time Path Integrals, Sign Problem and so on...
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e Quantum neural network
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*The models of Biological Neuron
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e Artificial Neural Network: main idea

Main idea of Artificial Neural Network:

Artificial Neural Network (ANN) is an information system that is inspired
by the biological nervous systems, such as the brain.

*The key element of ANN is a large number of highly interconnected processing
elements (neurones) working in unison to solve specific problems.

*ANN, like brain, learn by examples or patterns.

*Typical ANN problems: pattern recognition, data classification and so on.

] TEACH fUSE

Z2

INPUTS OUTEUT

TEACHING INPUT




eNeural Network: what we need?

*Adaptive learning: An ability to learn how to do tasks based on the data
given for training or initial experience.
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eNeural Network: what we need?

*Adaptive learning: An ability to learn how to do tasks based on the data
given for training or initial experience.

*Self-Organisation: NN can create its own organisation or representation
+of the information it receives during learning time.

*High level of Parallelism

*Fault Tolerance




e Artificial Neural Network: main lesson for NeuroBiologists

*For modeling the processes in Neural Networks the elements
-of the Network must be simple.

*Main properties we must achieve are:

*Adaptive learning

. Self-Organisation

. High level of Parallelism

. Fault Tolerance
*So...

*Main Question: How these properties
* can be realized in such Big and Complex
systems as BRAIN?




Neuron: classical VS stochastic
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Neuron: classical VS stochastic
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Quantum neuron = Q-neuron
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Quantum neuron = Q-neuron
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Quantum neuron
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Quantum neuron = Q-neuron
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Quantum neuron = Q-neuron
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Quantum neuron = Q-neuron
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*Nano-technological realizations

*\We need in Nano-technological platform for realization of QNN.

*One possible way: quantum double dots.

Surface

Quantum Dot



Nano-technological realizations

Quantum double dots.

1 Vp2 Vo1 Ve

*Scientific Reports 1, Article number: 110 (2011)



*Nano-technological realizations

Quantum double dots.

quantum dot

o E,}'{

PHYSICAL REVIEW B VOLUME 59 NUMBER 3 15 JANUARY 1990-1

Coupled quantum dots as quantuin gates

Guido Burkard* and Daniel Loss’
Department of Physics and Astronomy, University of Basel, Klingelbergsirasse 82, CH-4056 Basel, Swiizerland

David P. DiVincenzo®
IBM Research Division, Thomas J. Waitson Research Center, P.O. Box 218, Yorktown Heights, New York 10598
(Recerved 3 August 1998)



Quantum neural network as quantum many body system




*AX0ONS In neural net

> Dendrites (dendritic tree)

initial segment, axon hiflock

myelin

Axon sheath

~” Terminals

\§< 'Endings
‘j‘o Buttons

*“Axon” is output information line from neuron.
*So neural net is very non-local system.



‘Role of Synepse

‘Role of Synepse is the contact coefficient, the measure of
neuron connection.

Neurotransmitter
Neurotransmitter attached to receptor
released into synapse

Dendrite

Axon

-

: ' ! " A v-: - g . .
» - , ! - ’
4 e 4 f A y
4 . il .
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Neurotransmitter Enzyme that destroys

stored In vesicles neurotranamitter



Excitation connection
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Excitation connection
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*Excitation connection: simple test
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Quantum neuron
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*Excitation connection: 3 Q-neurons transport
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Phase transition and Epileptic seizure

2.00 - + * 231 5

1.75 - ¢ 204 +
1.50 ] +

1.25 4 L 1.5

1.00

+ 1.0+

0.75 1
0.50 - ¢ 0.5+

0.25 - . . ¢
. D.D T T T T T

0.0 0.5 1.0 1. 2.0 2.5 30

Y R o A

i, I
L Y T e O /

T
Free neuran path

BRQLAN\, NTN e —N

BALh o AN e e ll Cl N ‘m\/ /EA/ i,

1 A X A TAYA AV "ﬁ' AW \
NN T RAAA \,/‘ 18 ,’ { \/
i, I A VY AW f\\"// \['\/ W

T {‘ § /\\,“//\ B TAY \
Y N R AV W ‘q~\\ NWAVATRVAVAVTAY

U il ] l : (RAVAV NIRRT
: - v‘ply‘lv; =T gh AN\ SN AN A \ v I \ A P\ V] Y
I | | [ \ N S NAVA N VeVl \\/ f WA VRY

| ‘ ‘ ,r\\r\,\ / \\'/
Fd! , / n

‘ | z/ \ ,\ \ / ‘U YAV A \v
‘ ‘ B P Yo \ J \V, -V \,ﬂ ,\fv ,‘__:\1\~‘V\,-‘ _,’Lr\/*-_ﬁ"n ~\/

A 'N A~

‘ ‘ eyt A\ oA Bl N TN N AN

. .

‘ ‘ ‘ ‘ ‘ I L W S i ‘Vl'(’\u'—'l'\:\v—,v ,.JJ.‘\MJ% W\.J,‘\'“»Jf W
|l 5

i flly ‘Hlx .’t Q00 g i ‘ ] PO\ A\ i [N O 7 Al
T e N A S A A
‘ ‘ ‘ L2 NN A o NPy f/\ AN ‘//\Jv\y ~’¢~. A\ v~J \ /’W\,\f"\.f f‘U"\ /‘f""'m\'v“ ﬁ_\f\‘

"\ f f A
: ./ , /R |'r M 2 W ’JV\ Mh N
s m@,/“\ AN /\\ 2\ /(\ INFAA ,( AIAN \ Y \Ir\
o Kok R RN

i/ ‘J \\/ \), \/; \/ AN J L“/n M'-J/ \VasiaV oW

Y e N A
W WO,

t g e e 7 hos e e

T\




Quantum neural network logical elements

sLogical AND

|If both Paths are active,
Correlation more 70 %
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Quantum neural network logical elements

sLogical AND
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If only one Path is active,
. Correlation less 20 %
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*Inhibiting potential

Meuron B
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Quantum neural network logical elements

sLogical NOT
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Quantum neural network logical elements
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*Logical exclusive OR (XOR)

Quantum neural network logical elements
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Convolution neural network

Convolution Pooling Convolution Pooling Fully Fully Output Predictions
Connected Connected
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Convolution neural network
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Convolution neural network

LRI

‘Monte-Carlo




Convolution neural network
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Digit recognition
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Digit recognition
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Digit recognition
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Digit recognition
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Yorticity
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Compact lattice electrodynamics

= _
: Uy = Uy (), Uy, EG
%
A 2 Al2 W,—p = Ux—pp
3 nx = n(x))
10 Al
> Uxu = NxUx,uMx+pu (*)
— * *
3 ) Up = Uy yUx+pyUx+v,uUxy
>
p Uy = ewx’”’;
Oy € [—T, 1)

1
P(Conf) = Ee_s(conf)

>
Ux,—p = Ux—p,p




Compact lattice electrodynamics
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Compact lattice electrodynamics
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Compact lattice electrodynamics

1
C(d) = <ZZ Mx,qu+dv,u>
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Compact lattice electrodynamics
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