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Why Quantum Machine Learning?
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Artificial Neural Network

Several important ideas in the field of ANN:

ONWNK|Z

The concept of a processing element (neuron);
The transformation performed by this element (in general, input summation and
nonlinear mapping of the result into an output value);
The interconnection structure between neurons;
The network dynamics;
The leaning rule which governs the modification of interconnection strengths

Shortcomings of ANN:

NWNK|Z

The absence of rules for determining optimal architectures;
Limited memory capacity;

Slower learning for huge data sets;

Catastrophic forgetting due to the pattern interference etc.

Abilities:
Approximation of functions with any accuracy;
learning;
adaptation;
knowledgebase design




Heuemgxue cucmemut xax YHUGEPCAIbHbIE ANNIPOKCUMAMOPI

MeTo0mOTH  HEYETKOTO MOJEMIPOBAHNA OCHOBAHA HA BAKHEIINX TeopeMax
(HeoOXOUMBIE I JIOCTATOYHBIE YCIOBIA), COITMACHO KOTODEIM HEYETKHE CICTEMBI 00IaJaroT
CBOIICTBAMI yH1I8epcatbHblx annpokcivamopos (universal approximators).

Teopenia o neobxooumvix yenoeusx: J{ 000U eIICTBHTENBHOM HElPEPhIBHOI (YHKIHIL

f Ha KOMIIAKTHOM MHOXkecIBe U - R'n HpOIISBOJIbHUﬁ & CYHICCTBYCT HCUCTKaAA JIOTHYCCKAA

cucteMa F (c HeveTKONl HMILUTHKAIME! B BHJIE HEUETKOI KOHBIOHKINN (YMHOKEHIS), C
cunznemon-(Pas3QIKaTopoM, Aedas3iQUKaToOpoM «no tewmpy msxcecmu» U 1'ayCCOBCKIMI
(PYHKIISAMII IPHHAIEAKHOCTIT) TAKAS, YTO

Fx)-f(x)<e.
Ot TeopeMbl ObLH oka3ansl Ulyanov, Wang L.-X. 1 Kosko B.
Teopena o Odocmamounvix  yenosuax: HeueTkad JOTHYECKad CHCTEMA  MOXKET
AIIIPOKCHMIPOBATH MO0YI0 AeHCTBITENBHYIO HEIPEPEIBHYIO0 () YHKIIILIO.
Ora teopeMa Oblta fokasana Buckley J.J.
OTH [Be TeopeMbl OOBACHAKT, I0YeMy HEUETKIE CICTeMBl TAK IIPIBIEKATEIBHB B

INHAKCHCPHBIX  IIPINIOKCHIIX  TCOPHH  YIPABICHIIA.  HCUCTKIIC  KOHTPOJUICPEI  MOI'VT
pacCMaTpIBaTbCA KaK YHIIBEPCAIBHBIC AIIIIPOKCHUMATOPEI CHCTEM C HeI3BeCTHOII ,I[lfIHHMIIKCIfI H

CTPYKTYDOILL.
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Type I (Fig.14a: Consequence - Constant ):

Rfi IF,I] f.&'ﬂ;‘li and X2 IS ﬂ;‘gz
THEN y=f, i=1,2,--- n;

¥ = [E: | l-lfﬁ'/zr_lfl I-lr]= Z" ﬁ:‘fr‘

=1

Type II (Fig.14b: Consequence - First-order linear equa-
tion ):

R': IFx1isA;y and x2is A2
THEN y= fi(x1,x), i= 1,2,--+,n;

= [zl W [ uf} =Y ufi,

":

fi(x, x2)= ajo+a;1 Xy +ajzxa;
a;;(j= 0,1, 2)-constant



Type 111 (Fig.14¢c: Consequence - Fuzzy variable ).

Ri: (IFxyisA; 1 and x»is A;» THEN y is By) is g, ,

= 1, 2 v 1S = 1,22

=3 o= |3 wisled /3]

2 —~
= > WB! ()
1

k=

here Tg, € [0, 1] 1s linguistic truth value of the fuzzy rule
Ri, l;, ie., the truth value of the consequence, and
B! (Li;) is the universe function of the membership function
in the consequence Bi(y), layers E through J are the con-
secutive part; M and B (i) are the outputs of the units in
layers F and H, respectively: the normalized truth value in
the consequence FLE is calculated in layer G, and the inferred
value 1s obtained as the sum of the product of rli and
B:'(1p) in layer I through J.
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Quantum Neural Network
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Fig. 1 lustration of the perceptron mechanism in neural computing (2) In this illustration of a biological
perceptron, three ‘input neurons’ (blue) feed their pre-synaptic signals into the ‘output newron’ (green).
The pre-synaptic signals are transformed into post-synaptic signals by synapses (red) and travel through the
dendrites to the cell body where they add up to a resulting signal. The output signal that propagates along
the axon and feeds into the next layer of neural cells nonlinearly depends on the strength of the resulfing
signal. (b) Artificial perceptrons are based on binary neurons of the states active/resting, represented by
the values 1, 1. The input neurons are denoted by x1,1,13 € {~1,1}, the synaptic weights are chosen
to be Wiy, W2y, w3y € [~ 1,1] and y's output is ~1 or 1, depending on the resulting signal Lixwy. ©)
This simplified perceptron mechanism leads to rich dynamics in fully connzcted neural networks (here
illustrated by a graph), where the global firing state of a neural network converges to local attractors, a
feature that gives rise to associative memory, pattem classification etc.
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d  quantum
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Fig. § Different approaches to develop a Quantum Neural Network. (a) Several authors notice the analogy
between the nonlinear stepfunction in the activation of a neuron and a measurement process, here sym-
bolised by Schrodinger’s famous cat. (b) Many contributions try to build quantum circuits with gates or
features inspired by neural computing. (c) A challenge in finding a QNN model is to translate the core
mechanism of a perceptron into a corresponding quantum version without loosing the rich dynamics of
neural networks. (d) An interesting branch of proposals understands interacting quantum dots consisting
of four atoms sharing two electrons as a QNN.
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Quantum Model Representation
of Neural Network
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Quantum computation and ANN:
Quantum Neural Network (QNN)

The main concept of quantum computation:

O~ WNPE|Z

Wave function description of quantum computing evolution
Superposition of classical states (coherence)

Entanglement

Interference

Measurement (decoherence)

Unitary transformations (reversible computation)

|2) ‘3'—" |y = F|up) —— Brixon

bilok-cxema KBaHTOBOIO HellpoHa



Quantum computation and ANN:
Quantum Neural Network (QNN)

Corresponding concepts of classical ANN and QNN

Classical neural networks Quantum neural networks
Neuronal state X; € {0,1} Qubits |X> = a|0> + b|l>
. p-1
Connection {Wij }ij:1 Entanglement ‘ X X - - Xp_l>
. p Superposition of : s s
Sy/S
Learning rule in X entanglement states leas X+ Xp—1>
s=1 5=

Interference as
Winner search | N = Max arg( f,) unitary U:'¥Y oY
! transformation

Decoherence z a
(measurement) °

Output result N x5> - ‘xk>

S




Physical Interpretation of Neuro-biological
Experimental Mechanisms
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Physical Interpretation of Macro
Entanglement & Micro Superposition
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Physical Interpretation of
Neuro-birological Measurement

Apical
dendrites

P——

S——
\ @
Basilar
dendrites

[

Thalamo- Pyramidal Basalo-
cortical cell cortical
input input

™
L R e 0 W 0 e et Mol oS e e B )

Quantum Tunneling
40Hz (25micro sec.)switching

(a)
Acetylcholine
Synaptic cleft
“ Membrane
essenger
Cytoplasm Actin
in liquid bridages
SOL state g

Classical
representation

(b)

Acetylcholine

MAP-2
phosphorylation

/ / Decoupling ‘*-..,\

MAP-2 Actin encases
microtubule in GEL
quantum isolation

TRENDS in Cognitive Sciences

Quantum
representation



Macro level description of
Entanglement in neural network

Background for Quantum Artificial
Neural Network Structure Design

Entanglement
g‘ (S ~ () -":3 e,
2 ; J : ' ﬁ : : E Superposition
11> |0> 11> 10>
z “ 1o Eﬁ‘ K‘? _ &
ARL 2 L Q ¢ ¢ AR
1VZ(01+10)
|1> 10> (1>+]0>)

possible states state superposition




Model of Quantum Neuron (ON)

r X1>w Wl
—
X2> Wz - N
I e Y)=F 2 W, |x;)
. . j=1
‘XN> V’\‘/ (Model of Quantum Neuron ]
N

A N A . - - -
Mathematical model of QN is |y> = szj ‘xj> , Where W; is 2 x2 matrices acting on the basis
j=1

{0).19}, F is an operator that can be implemented by the network of quantum gates.



Example: Learning process of quantum neuron

Letus £=i isthe identity operator: |¥)= IZW |x > i|x;)-
The quantum learning rule is provided in analogy Wlth classmal case as following:

W, (t+1) =W, (t)+7(|d)-|y(1)))(x,| , where |d) is the desired output.
This learning rule drives the quantum neuron into desired state |d) used for teaching.

Taking the module-square difference of the real and desired outputs, we yield as following:

2

Jley-lytera)l -

d>_gwj (t+1)|x,)

2

- d>i{w,<t>xj>+n[d>y<t>>]<y_12}

=1
J Hy; (1) =1

2

=1y~ )~ a1y -y (0)]

j=1

(@=m)’[la)=[y )] = @-nm)[|e)]
Conclusion: For small 77(0<f7<%j and normalized input states (x;|x;)=1

the result of iteration converges in the desired state.
The whole network can be composed from the primitive elements using standard rules of
ANN architectures.



Quantum Neuron

Ideal Gate
Output
()

1

Input

A(lor))

Wave function Gate Graphical Form
foverse B8=0
w(w,)=A-sin(w,) 1D )
’ ’ NOT ‘“\-/U T '
¥ = Asin(wg)
1—input 8=—1 ¥'= Asin[(wo+m}2]
. O +TT
y(@y)=A-SIN(=5—) | bipolar N L
TRUE AL
] na,o
(g, @) = ASin(—2 ay)
. N
xsin(—1e,)
2-input
XOR
y =A-sin(w,)
%sin W, +7T
2

Approximate Gate
Output

A o)




Computational power of Quantum Neuron

Function Type

NOT-function:
The outputis |y)=F> W, |x, (0 j pos F = ( j NOT
=
1 10
For |x)=|0)= we can get
)=Io)=| | wecan |y( e o-()-m

For ) -y=(3] Iy)=wlo=o

Thus QN has the same power as NOT gate.

The Walsh-Hadamard transformation:

NI . (10} ~ -~ ~ 1(1 1
The outputis |Y)=F) w;|x, ,W=( J=IM,F=H=—[ j
P | > JZ; j J> 0 1 NV
For |x)=|o) we obtain |y>:%(|o>+|1>).

For |x)=|1)  we obtain |y>:%(|0>—|1>).

Thus Walsh-Hadamard transformation can be implemented by a QN with 2" inputs and one

output choosing W=7 and F-—H ,andQN can implemented the superposition of

2
classical statesas 1 X

LS




Computational power of Quantum Neuron

Function Type

XOR-function:

QN have two inputs  (|x,),|x,)) and the outputis

Choosing v —fic.t(t 1) and go 1[0 Ljfsion(x) O 3
g w,=w,=H \/5(1 _J F 1 -1 0 sign (+)

Where sign(*) is sign function, we can produce the value of the XOR function as following:

XOR furl'llction
%) ) W x,) + Wy X,) y)
0) 0) (V2.2) 0)
0) 1) (v2,0) 1)
1) 0) (v2,0) 1)
1) 1) (V2,~2) 0)




Example:
Nonlinear mapping — QN with N input and one output

gt )

,\N
Theoutput |y) is |y)=F> W,

j=1
AL (W@ + Wy b,
:FZ(W a. +w,Db.
2j7] 4j~]
~ Z 1J i Z 3] J
=F
ZWZJ J+ZW4
j=1
For this case the output vector Y of classmal ANN can be written as
oy [Zlu+fzsu
Y :£ 1j=
Y
f szjaj + f szu.bj
j=1 j=1

If in QN the operator ¢ _j and the function f(x)=x ,we canobtain v =|y) .



Example:
Nonlinear mapping — QN with N input and one output

Conclusion:
The QN has the same computational power as the classical ANN with 2N input nodes,
four (4) hidden nodes and two (2) output nodes.

-
E
Q
=3P, > 2 Output
- nodes
| )

\_




Quantum Neural Network
(General)

CLASSICAL QUANTUM

Detector screen
(pattern interference)

Output neurons
(level n)

Connections Superposition and phase shifting

Slits
(unitary evolution/
entanglement)

Input neurons
(level 1)

input




Quantum Learning &
Adaptation

Quantum Recurrent Neural Network

(|w(0)> —'@-
U +—— M *—

‘l//(0)> —( f




QNN as efficient unitary approximator

Ui(z; £)10;) = /1 = f(z5)[0;) + 1/ flz;) |15) -

1.0
0.8}
0.6}
0.4
0.2}
0.0f—

.

Layer O (input) Laver 3 (output)

FIG. 1. (a) Quantum perceptron as a qubit that excites coher-
ently according to (1) with a probability PP, = 2(1 + {63})) =
f(x;) that grows nonlinearly with the activation potential =, .
(b) When this perceptron is integrated in a feed-forward neu-
ral network, the potential depends on neurons in earlier layers,
e.g. Tio = D _p_s Wio.xGk + fro.




QNN Application

e |ntelligent control of inverted pendulum

e Visual-Motor Coordination using a Quantum
Clustering based Neural Control Scheme

e Pattern recognition



Example: Inverted pendulum

3)— args) (> £(3)

n N
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Comparison QNN with CNN Control

1.5

trial1

s 19T QNN I L T
o I 1 ______ Al = 1.0 trial2 -
S 4o 4 . Y
T trial2 =2
=3 ! ) =
" o5FH-——————————— — =
E - - 3
= 00| @
= o
[ — o .
© oMo — I . .
1 . ] 5) 500 1000 1500
o =00 1000 Sampling iteration
Sampling iteraticn
3.0 . - . . _
— 2.0F Jr +Xiimit - e 1
E f| QMM _ £ =20 " -
5 10F | —————— trialt £ 10 /Y 1
2 0 J trial2 = 0 < ‘u\i
Q '
S oo} a8 10 CNN I
5 = -20 1"..L —————— trial1 1
= 1.0 © -30 i} trial2
' 40+ oy \ .
50 _ﬂ"_”L____'."L _____________________ -
-2 0 | 1 | M L1
0 200 1000 a 500 1000 150C

sSampling iteration

Sampling iteration




Quantum Clustering

"300




Quantum Clustering

Average Error
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IIpo6iema pacno3HaBaHus JIUIl HA OCHOBE HOBOIi TEXHOJIOTHH
NHTE/UIEKTYAJIbHBIX KBAHTOBBIX aJITOPUTMOB

YBeanvyeHne 4eTKOCTH U300paKeHUs PU MACKUPYHOIIUX
MPU3HAKAX;

IToBbIIICHME HAACKHOCTH paClio3HABaAaHHUA U BbBIJACJICHUS 06pa3a
Juaa npu IMHAMAYCCKUX UBMCHCHUAX IMOSUIIMH U ITOMCEXAX,

Pa3pa0doTKa HHTEJJIEKTYaJIbHOI0 KBAHTOBOI0 KOHTPOJLJIEPA CiKATHUSA
U PACIIO3HABAHUS U300PaAKEHUH

Pemrenue npodeMbl HA OCHOBE HOBBIX KBAHTOBBIX AJITOPUTMOB
Pacno3HaBaHUA U300paKeHUN

Tpu BuIa nocjie10BaTeJIbHOIO NPUMEHECHNS KBAHTOBBIX
OIIEPATOPOB: CYNEPIO3ULUA, KBAHTOBAS KOPPeEJIalnd U
UHTEepPepeHuu.

IlepeunciieHHbIE OMIEPATOPHI OTCYTCTBYIOT B KJIACCHYECKUX
AJITOPUTMAX U PeaJM3yIOTCS MPOrPAMMHBIM CIIOCO00OM

IIporpaMMHBIA POAYKT U HHTEJICKTYAJbHbIN KOHTPOJLIIEP
SIBJISIIOTCH 00beKTAMHU MHTEJICKTYaJabHOU co0cTBeHHOCTH (OUC)

OUC 3amunianTcd naTeHTaMu



Encoding Frocessing Decoding

Classical
0110...01
2" hits

G=PFQ _

FIG. 1. Companson of image processing by classical and quantum
computers. F and « are the input and output images, respectively.
Oin the classical computer, an M = L image can be represented as a
matrix and encoded with at least 2™ bits [n = [log,(ML)]]. The
classical image transformation i1s conducted by matrix computation.
In contrast, the same image can be represented as a quantum state
and encoded in n qubits. The quantum image transformation is per-
formed by unitary evolution 7 under a suitable Hamiltonian.



SNEeKTPOHHbIN XypHan «CUCTEMHbIWM aHanwus B Hayke 1 obpasoBaHum» Boinyck Ne1, 2012 roa

Y¥IOK 004.415.2, 004.588

KBAHTOBOE PACNO3HABAHWE MU N KBAHTOBAA BU3YAJIbHASA
KPUNTOrPA®UA: MOOENUN N ANNTOPUTMbI

. . 1 . . 2
Yabanos Cepreil BukrtopoBH4 , IlerpoB Ceprei IlaBosHY

Taxkke. B 3aBHCHMOCTH OT JaJdbHeHIITHX HpeOﬁpa3OB8HHﬁ, MOMAET BOZHHEHYTE HeOoOXOIHMOCTE CcOzaa-
HHHA CYVIICPIIOZHITHH MHKCEIeH BXOIHOTO I’I'306])E]}EE‘HHH. C‘}TJGPHO'SHI_[H}[ cCO3daeTcia B HECKOIBKO MIAT OB !

— KO,I[HPOBEIHIIE‘ LBEeTOB IHKCeIeil (I[])e,Z[CIElBJIeHHHX B BHO¢ BCIIeCTECHHEIX ‘:.[I/]CE‘.]'.[) B KOMILIICKCHEIC
AMIIITHTYIEI KBEAHTOBEIX COCTOAHHIA:

o L 3 :rr'ﬂz . LTy fﬁﬁ:)
S:R>—Cy, (xl,xz._.h)l—)(rle e ),

rae XX, X, —  KOMIOHEHTEI  IBeToBoii  momenn  RGB  (red,  green,  blue).
¥ - -
no=All—xy, ni=x,, ¢ =arcsin(2x,—1), ¢, =arcsin(2x, —1).
i &

. __2 == 1'281 -, TOorma MMeeM HBET IIHKCSIIA B BHIIE:
) = =1[0)+ 1),

OGpaTHOe mpeodpa3oBaHHE BEITOIHASTCS IO CIISAVIOIIEH cXeMe:
\ l+sing 1+sing 1
- (2 a3 - - 1 2 |
y:C; >R (z.2,)— SRR E— |

rne ¢ =arg(z,). ¢ =arg(z,).
— KommpoBaHie KOOPANHAT MHKCETel OCYTITeCcTBIASTCS CASTYIONIHM 05pa3oM:

|k> = x>|y> = x}r—lxn—i"':’r{))‘ .]',n—1~1,n—2"'.)'50>? x. %, € {0, 1}

rome cCoCcTodHHA |.T> H ‘_}‘> KOOHPYEOT KOOPIHHATEL IMHKCEeIeH (Homepa cTOI0Ima H CTPOKH ITHKCEIIAd COO0T-

BETCTBEHHO).

B utore [moaryiaceM CYVIIECPIIOZHITHEY KBAHTOBEIX COCTOAHHH IMHEKCEIeH BXOOHOT O IIBOﬁpa}I{EH[/IE[ B BHIOC:

1 2
=23 |a) ®[k).
k=0



Source 80071000 image Decoded quantum 80071000 image

Puc. 3. [lexoouposariie Ucx00H020 U300DAXCEHIA U3 KEARNMOBOI CYNEPNO3UL1L.

Komuvecmeo nenpagiuioHo dexooupoearHorx mikceneil: 64973 uz 800000 (~8.1%)



KBaHTOBBIN HHTEJJIEKTYAJbHBIA KOHTPOJLIEP

AnnapaTtHaAa 4YacTb

i =
L',M(I)pOBaH BaAHTOBBII ) dNsLL-
— HHTEJJIEKTYAJIbHbIH
Kamepa KOHTPOJLIIEP MNMAMATDb
KBaHTOBaA anropurmmyeckan aueika lNMporpammHbIA NPOAYKT
Space domain Frequency domain Space domain
-~
‘\\
Original Input / \ Outputimage
E:ma Ep > FFT —hfl-“mcessingll—lr KII® » readytobe
g \ / analyzed
N4

|

KBaHTOBbIN aNrOpuTM pacno3HaBaHUA anL,

Anroputmuueckoe obecneueHue
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MpmeHeHMe KBaHTOBOM Cynepno3suuum

Table 3: Running time (seconds) of geometric transfor- Color

mall}lou.nif qubits | Flip | Swap | Rotation | Others Y Axis (8 wires) —— N 1270 B
1 110 | 1.05 | 246 | 6.3 X Axis (8 wires) ——  |— |
16 1.51 5.6 6.80 15.40 R ‘L
8 511 | 2147 | 2556 | 56.60 Fxtra ¥ —— [
20 20.57 | 93.61 116.30 | 243.51 Extra X — O
22 00.11 | 428,52 | 517.09 | 1116.9

| KBanToBas siuerka

I'eomeTpuyeckue NpeodOpa3zoBaHusi M300paKeHHs B IPYIIIE JIMII
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Quantum algorithm of
vision image compression



The illustration of the properties of image that is applied to design the hybrid algorithm:

Many
Points

re &

Few poitits
of near
edges

reT — 5

Very few detail
points
el-T

Yig

Hielkl)

cotpti ses

application

Xy 255

Quantum algorithm

' ol

Notation 1 z: mput vector

Notation 2 dy = min{d(c[i|,clj]) | i # 5,0 <i,j <N}

Notation 3 I: whole encoding space

Notation 4 § = {z | d(x,clig]) <%} and T={z | d(z,clig]) < b}, where § > L
Notation 5 Q(c[i]) = {c[j] | d(c[i]. c[j]) < 26.¢[j] € C}

Notation 6 Info = min{| Q[c[i]] || 0 <i < N}

(Image Lena with size256 x 256 is divided into 2 x 1 image blocks to form veetors [1].)

1. Almost feature vectors  concentrate on themselves centroids generally. And the solution is
unique for r £ §

2. The set T— S comprises the points of near edges of mage and it mcludes few points in practice.
And the solution is included in a small set (c[h])for 2 € T - S.

3. The set [ - T comprises special points such as very detail points or points at edges maybe.

4. Statistically, | 5 |[>>| T -8 [>>>|I-T

The ahove four statistical properties of image for V() are applied to accelerate the quantum algo-
rithm;

1. Sub-procedure 1 acts on the set S with time complexity [}VT} approximately.

2. Sub-procedure 2 acts on the set T — S with time complexity less than vV approximately.

3. Classical full search algorithm acts on [ - T.

The phenomenon should be noticed, that these properties are not powerful for classical methods
to solve the open problem of the fast encoding of VO, by contrast, it is powerful for quantum

methods,




Efficient description

QPEG

* Read image by blocks
e Fourier transform (@)
* RG address and fill {F }

* Set compression level: ) <—
e Find optimal

e gzip (lossless, entropic compression)

¢(define discretize s to improve gzip)

e diagonal organize the frequencies and use 1d RG
e work with diferences to a prefixed table

X= 1 X = 4 v = 8
PSNR=17 PSNR=25 PSNR=31



Visual Quantum Cryptography
Original binary image Shadow image S1

Shadow image S2
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Puc. 7. Pe3ytsman paoomst KeaHMOoG020 KpUNNOpaguuecko2o areopummd.; Haonics UcX00H020 U300pa-
HCEHUA NPOAGTACINCA MOTLKO NPU HATONCEHUU 0VX «TNEeHeEbIX» U300PAXCEHIT]



KomMepueckasi NpuBJIeKaTEJIbHOCTh Pa3padoTKu

O0s1acTh NPpUMEHEHUS
* nTennekryanbHas poOOTOTEXHUKA C IIU(POBBIMU BUCOKaMEPaMU
*CHUCTEMBI JUCTAHIIMOHHOTO HAOJIIOICHUSI U KOHTPOJISI B YCIOBUAX ITOMEX

IIpenmyuiecTBa HOBOM pa3padoOTKH

*[IpoeKkTUpOBaHUE KBAaHTOBOI'O aJIrOpUTMa B BHUAE KOMIIAKTHOW IMEPENPOrpaMMUPYyEMOU
KBAaHTOBOM aJITOPUTMUYECKON SYEUKU JaeT BO3MOXKHOCTH pa3pabOTKM U pealn3aiuu
MHTEJUJIEKTYaJbHOTO  MHOTO(YHKIIMOHAJIBHOTO KOHTpoJUiepa 00pabOTKH, CXaTusi U
pacro3HaBaHUs U300paKEHUM B YCIOBUSX TTOMEX.

*KOHKYpPEHTHO CITIOCOOHOCTh Ha PHIHKE MHTEJJICKTYaJIbHBIX TPOTYKTOB;

KoMmMepueckasi IpUBJIEKATEJIbHOCTh Pa3padO0TaHHbIX MPOAYKTOB

*TupaxxupoBaHue pa3pab0OTaHHON CTPYKTYPbl CUCTEMbI MHTEIICKTYJIbHOTO KOHTPOJIIEPA;
*TupaxxupoBaHue pa3paOOTaHHOW alMapaTHOW pealn3allui UHTEUIEKTYaIbHOTO
KOHTPOJLIEPA;

*TupaxxupoBaHue pa3pab0TaHHOW TEXHOJIOTUU MPOESKTUPOBAHNS KBAHTOBOTO POOACTHOIO
VHTEJUIEKTYAJIbHOTO KOHTPOJUIEpA paCO3HABAHUSA JIULL ;

*[IporpaMMHBII IPOAYKT MOAAEPIKKU UHTEIUIEKTYaIbHON CUCTEMBI YIIPABJICHUS
KOHTPOJIIEPOM;

e[laTeHThI, TOBapHBIN 3HAK U JIMIIEH3UHU HA Pa3paOOTaHHBIEC MPOAYKTHI.



Deep Learning Applications

1. Robotic New Experiment Design
2. Cognitive intelligent control
with QNN based on EEG
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Fig. 1. The learning agent. (4) An agent is always situated in an environment (9). Through sensors it perceives optical setups and with actuators it can place
optical elements in an experiment. Note that, in this paper, the interaction between the agent and the environment was entirely simulated on a classical com-
puter. (One could imagine that in the future, a real robot builds up the experiment designed by the computer) On the side, an analyzer evaluates a proposed
experiment corresponding to the current optical setup and gives rewards according to a specified task. Image of the optical table courtesy of Manuel Erhard
(University of Vienna, Vienna) and is a part of the (3, 3, 3) experiment. Image of the agent reproduced from https://openclipart.org/detail/266420/Request.
(B) The memory network that represents the internal structure of the PS agent. Dashed arrows indicate possible transitions from percept clips (blue circles)
to action clips (red circles). Solid, colored arrows depict a scenario where a sequence of actions leads to the experiment {BS;,, DPy, Refly, By, Refly, Holo, ;.
Arrows between percepts correspond to deterministic transitions from one experiment to another after placement of an optical element.
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Meuronal lattice

Aquantum
Unified response process predicts
is a pdf or the average
a wave-packet response of the
wave-packet

Fig. 1. Conceptual framework of RQNN model.

I oy Wit

Fig. 2. Signal estimation using RQNN model.
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Quantum Neural Network-Based EEG Filtering
for a Brain—Computer Interface
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Quantum Genetic Algorithm



Quantum massive parallel computing

———————————————————————————————————————

' Quantum KB optimizer ' SCO

______________________________________
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Answer QC output QAG design §<Classical input Problem
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