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New direction: End-to-end quantum intelligent computing
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CKBO3Hble KBaHTOBble AT B camoopraHusytouwmxca NCY
(MexknabopaTtopHblie npoekTbl OUAN)

Pewaemvblie 3a0a4yu

YnpasieHne aBUKEHNEM 0OBEKTA
ynpasneHna poboTta ¢ MaHMNYNATOPOM

TOYHOCTb NOACUCTEMbBI TEXHUYECKOrO 3peHus
TOYHOCTb KOOPAUHALUM MaHUNYNATOPA
KoopaunHauua Bcex nogcucrem

KoppeKTupytowme npaBuaa c y4eTom
npupaleHma MHPOPMaLMOHHOIO PUCKa

Tanbl pabor:

MNepBblii 3Tan — CNPOEKTUPOBATb
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3pPEeKTUBHOIoO ynpaBaeHMs NapameTpamu
perynatopa B cUTyaumsax obydenus (ci1a6si0
un).

BTopo# 3Tan — CNPOeKTMPOBaTb KBAHTOBbLIN
KOHTPO/1/1EP C NOBbIWEHHbIM YPOBHEM
Ha4eXHOCTU B HENpeABUAEHHbIX CUTyaLUAX
ynpasneHua (KBaHMos8bIl CusbHbIU

8bIYUCAUMEsbHbLIU UHMesnneKkm)
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S.V. Ulyanov Patent USA 2013/0096698 A1l: Self-organizing quantum robust control methods and systems with certainty and risk.
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Physical features of the control object and the
physical process

Features of an autonomous object oo e — !
eNon-standard heat intakes ! The control task is to maintain the 1
*Eddy currents in the core (heat the core) I > ;ca_t_e_o_f_sylo_eg:_o_n_d_u_ct_l\_/lpi _____ :
*The dependence of the quality of the magnetic field on the quality The state of superconductivity
of cooling HoA Nomal state
*Flashing of the wall and uneven cooling in the connecting nodes o e

/ Supercondu(tlng
state

N
\
N\
\

\
Superconducting
state

\
\
1
1

T

c T
(a) (b)

The point of equilibrium in space and

the permissible range of changes in

current, temperature, and magnetic

field

Features of the group of magnetiC elements
*Different eddy currents in the core
*Minor differences in magnets elements

The principle of intelligent control: Compensation of the indeterminate and inaccurate parameters of the magnetic element
existing in a real object through the use of soft and quantum computing technologies



dusnyeckme n UHGoOpMaLUOHHO-TepMmOoaAUHAMUYECKUE
orpaHM4YeHna B mopenax KBaHToBbix UT



KeaHmoebie u peaamusucmcKue o2paHu4eHuUsa Ha ynpaessaeHue husuvdecKum 3KcrnepumeHmom: KoOppeKkmHocmeo mooenel
¢usuyeckoz2o ob6veKkma

1. Posb yyema K8aHMoaebIx 3ghgpeKkmos 8 NocmpoeHUuU KoppeKmHoli modenu ¢u3suyeckozo npouyecca (Xoneso A.C., 1972r.)

o Koppexmnocmo uoenmugpuxayuu mooeneii QY. B obmeit Teopun TMHAMIYECKUX CUCTEM
B ps€ CIy4aeB ONTUMAJIbHBIE CTATUCTUYECKUE MPOUEAYPHI IJId [ ayCCOBCKUX CITy4alHBIX MOJIEN
OKa3bIBAIOTCS, KaK MPABUIIO, IMHENHBIMHU. JJ1s1 CTAIMOHAPHBIX MOJIEN TUHEWHBIE CTATUCTUYECKUE
3a7a4u MPUBOAAT K UCCIeN0BaHuI0 ypaBHeHU Ppearonbma 1-ro poga tuna

y(1) :j;k(t—s)x(s)ds, t€[0,T], [x,y]=0,

u sBisoTes (1 uaentudukamuu OV uim ero BXOJIHOTO CHIHANA [x(t) ,k(t) ]) HekoppexTHEIMU

3aga4amMu o TUXOHOBY. Y4eT KBaHTOBOI MPUPOLI OMMCHIBAEMBIX MOJIEH (Hanmpumep, 0030HHBIX)
IPUBOAUT K PACCMOTPEHHUIO MHTETPAIbHOrO ypaBHeHUss Ppearonbpma 2-ro poaa tuna [25]:

t

y(t)zlg_x(t)lr [k(t=s)x(s)ds, 1<[0,T][x,y]=ih,

0

rae s - nmocrosiHHas [lmanka. Takum oOpa3om, y4eT KBAaHTOBOW MPHUPOIbI (PU3HMUYECKOTO MO
(KBaHTOBBIC OTpPAaHWYEHUS B BHUIAE HEKOMMYTAaTUBHOCTH HAOFOJAEMbIX) TMPUBOJHUT K
€CTECTBEHHOW PpEeTryJIIpU3alliid HEKOPPEKTHBIX 3aJa4, HCCIEeAYEeMbIX B TEOPUU YIIPaBICHUS
TpaauoHHbIMU OV .




2. KeaHmoesvie o2paHuYveHuUsa Ha nponycKkHyr cnocobHocmeo KaHana nepedavyu uHgpopmayuu (CtpatoHosuy P.J1., 1966r.)

o Keanmoegvie ocpanuuenus Ha NPonyCcKHyI0 cnOCOOHOCMb KaHaua nepeoadu uHghopmayuu.
B kmaccuueckoit teopun uH(opmaruu K. I[IIeHHOHOM MOJy4€HO BBIPAXKEHUE MPOMYCKHOM
CIIOCOOHOCTH KaHajla CBS3M ¢ cooTHomeHue P /N (curHam/mryM) M MOJOCOM MPONMyCKaHUs

27 N

N — 0 Benmumumaa (' — o0 | 94T0 (U3HYECKU Hepeaan3yemo. /s KBAHTOBOTO KaHaja mepeaadu

@ P
W =— ciaeayrwuero Buaa: C:Wln(1+—) M3 maHHOrO BBIpAXKEHUS CIEAYET, 4YTO NpHU

nHQOPMAIIMK C YYETOM KBAaHTOBBIX (DIYKTyalMid I MPOMyCKHOH crmocooHoctn (' mmeem
cleayrolee BeIpakeHue [26]:

P
C=Wln|l+———— |,
N+N,
rae N, - 'HTEHCUBHOCTh KBAHTOBOTO IITyMa.
. P .
Takum o6pasom, mpu N —0, ImC=WIn|l+— |, Te., sABIAETCI BEIMYUHOMN

T—0
0

OTPaHUYEHHOU.
PaccMoTpuM Temepb OCOOEHHOCTH BIMSHHS PEIATUBUCTCKUX OrPAHWYEHUN Ha BBIOOP
moznenu OY.



! Kamath S.G., Sreedhar V.V. Classical radiation from relativistic charge accelerated along a

brachistochrone // Phys. Review A. - 1987. - Vol. 36. - No 5. - pp. 2478-2481.

o Penamueucmckue ocpanuuenusi u rxoppexmuocmes mooenu QY. Bpioop ¢Gu3ndeckoro
Oa3zuca MpPOBENEHUs DJOKCIIEPUMEHTA H ONPEEIEHNE MaTeMaTU4YeCKOoro criocobda (3amaHust
KpUTEpUsT KOPPEKTHOro omnucaHusi) wmoaenu OV CyIIEeCTBEeHHO BIHUSAIOT Ha KadeCcTBO
UHTEPIIPETALUN pe3yJibTaTra mpolecca oOpabOTKH 3KCIIEPUMEHTAIBHBIX HAHHBIX U U3BIICYCHUS
OOBEKTUBHBIX 3HAHUN U3 IUHAMHYECKOro nmoBeaeHus camoro OVY.

IIpumep: Jlsuosicenue 3apsidicennoti wacmuyvl G0O0Jb PENSIMUBUCHICKO2O OpAXUCIOXPOHA C
VUEmOM UByUeHUst MOUHOCINU 6 3A0AHHOM dNeKmpuyeckom none. Momuocts P (1) usnydaemoii

SHEPTUM 3apsDKeHHOM YacTulpl (HalmpuMep, B CHHXPOTPOHE) IMPOHNOPLMOHAJIbHA MHOXXHTEIO

-2
2
%
1—— | , T.e,npu V—>C (CKOPOCTAX NABHMKEHUs, OJIU3KUX K CKOPOCTH CBETA) MOTEPU SHEPTUH

Ha HN3JIYy4Y€HHUE MOI'yT ObITh BechbMa OoapmmMmu. B cirydae peirsiTUBHUCTCKOIO 6anI/ICTOXpOHa,

2 2 2 2
PN (et et
T C C

coorBercTByfomas BenuuauHa P (7) umeer Bum: P(1)= , 49TO

COpaBeITUBO U IMIPOU3BOJIBHON OPOUTEI C MapamMeTpaMu g U « . B cirydae 3aMKHYTOH OpOUTHI

2
2 g*a’? v (1
umeem: P(7) _c4« . 1—# .
4 c
Takum 00Opa3oM, B PacCMOTPEHHOM Cllydae IOoTeps 3HEPruM Ha H3IydeHue (mpu vV —>C)
CTpeMsTCa K MUHUMYMY U pelleHHe 3anadd (0e3 ydera moTeph Ha JAUCCUNATUBHEIE MPOIECCHI)
OIITUMAJIBHBL.

PaccMoTpuM 1 cpaBHUM aHAJIOTHYHBIE PE3YABTAThl AJIsI PEISITUBUCTCKOTO MAYMOXPOHA.

B sTom CJIydac BBIPAKCHUEC OJIs1 PaCCCAHUSA SHEPIrU UMECT BUQ

3
> 3

2 g*a’ v (1)) _
P(z):EZ;; 1- C(z) V(&%) et (P - A7) 1—2—2

rZie IMeeT MEeCTO COOTHOIIIEHUE \/(772 —A° )S = \/(52 + /12) , v=xi+yj=x(i+sj).

Takum o00Opa3oM, pe3ynabTaT CyLIECTBEHHO OTJIHMYAE€TCs OT Ciydas PeasiTUBUCTCKOIO
6paxucToxponal.

CnenmoBarenbHO, Oojiee KOPPEKTHBIN ydYeT (QU3UYECKOW  OCOOEHHOCTU  JABHIKEHUS
peHﬂTHBHCTCKOﬁ CHCTEMBbI TaKXXE€ MOXET TMIIPUBOAWUTHE HCEIMOCPECOACTBCHHO K OITHUMAJIbBHBIM
peueHusaM.
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Benchmark simulation:
1. Cart — Pole system
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Motion equations

Control
force u

Noise = -
— Z(1) s UHEO +{—a;i—asz} + mO sin6 —HcosO)

m_+m
Model parameters
Damping B Elastic force
m_, m, I, m o coefficient z
z
1.0 1.0 0.5 0.54 0.1 5.0
T e T e -
| ) Carriage position: —1.0<z<1.0[m] |
| Constraints Control force: -5.0<u<5.0[N]
! I
(b)
Constraint
|l = 5 on control
Quastum force
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Model of control object
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External noise
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Multi-objective
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Visualization process
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(b)
Control object.

Type of unstable behavior:

local instability;
global instability,

instability with respect to generalized coordinates and nonlinear constraints.
Random structure or parametric perturbations.
Type of model description:

mathematical model,
physical model,

weakly structured mathematical and fuzzy physical model

O

External random perturbations:
different probability distribution
functions,
time-dependent probability distribution
functions
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DitTerent types
of master signal
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Measurement system:
NoOise in Sensors,
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Pendulum motion Control laws

for gains
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Accumulation of quadratic deviation angle
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2. Robotic Unicycle

Intelligent Robust Control System
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3. Mobile Robot for Service Use
7 DOF manipulator with three intelligent FPID and
one intelligent PD on vehicle
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5. Example of hazard situation:
Fair of locomotive engine
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Appendix: Toolkit Example

Quantum Genetic Search Algorithm



,[Sup,Ent,Int] | A

GA—-operators

OGSA = {C, Ev,P°L[Q, y, 1]

QA—-operators

where C is the genetic coding scheme of individuals for a given problem; Ev is
the evaluation function to compute the fitness values of individuals; P? is the
initial population; L is the size of population; (2is the selection operator; 7 is
the crossover operator; u is the mutation operator; Sup is the quantum
linear superposition operator; Ent is the quantum entanglement operator
(quantum super-correlation); Int is the interference operator; A are
termination conditions that include the stopping criteria as a minimum of
Shannon/von Neumann entropy and the optimum of fitness functions.
Logical combinations of operators of QGSA create different models of
o ptimization al g or it h ms



||||||| I
“ |
g
! p— ﬁ |
, 28!
: S L7~ _
I | _ N |
| I _ | _
_
............ BERS) |
I i | . |
“ “ = ° e
1 1 | U/ _
| 1 | _ I
| 1 | |
I I I~ _
“ “ | S— _
i i | « |
| | |
=T NS |
I I _ _ O o _
4 | =l |
I I _ — | N |
“ ! | ~— i
| & _ | |
I = I | N _
[ o G ! _ N _
|2 | X e |
1 & 1 I ul _
I I I _ ) -} _
; ; .~ | _
| |
1 1 I — _ (Q\ _
| N
| A | | |
“ = “ | N
| 2 I _ _
| 7)) ﬁ | I _ |
1 N _nla V 1 | |
| 2 BN _ _ 3. N ol _
I = 2 | _ a |
= s I | — _ _ — |
1 <@ 1 _ — _ o — _ e\ u: |
| I _
I I < _ _ |
_
! » 7)) _ —
I I @) _ N~—
1 1 0 p) | I
L ____ . _ I _
_ I
C
= | = |
s | |
) .- ___J
<
o
=
g
[3)
(=)
—(
=)




Quantum Genetic Search Algorithm
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Evolution of Generalized Quantum Search Algorithm (QSA)
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rover Search Algorithm Simulator
ype "Grover.exe h" for more help
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