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Testing the operation of the QAOA algorithm on the quantum
testbed of the HybriLIT platform
Author: Yuri Palii'

Co-author: Alla Bogolubskaya *

! Division of Computational Physics, MLIT, JINR
2 JINR

Corresponding Authors: palii@jinr.ru, abogol@jinr.ru

A simulation of the operation of the quantum approximation optimization algorithm (QAOA) on
the Cirq quantum computing simulator installed on the HybriLIT quantum polygon platform has
been carried out. The problem of finding the state with the lowest energy in the Ising model with
a longitudinal magnetic field for two- and three-dimensional lattices of various sizes was solved.
Optimization of the parameters of the variational ansatz was carried out using both gradient and
gradient-free methods. The optimization results derived by various methods were compared for a
number of parameters. In the course of the work, quantum circuits with a register of up to 30 qubits
were investigated.

Measure of entanglement production by quantum operations

Author: Vyacheslav Yukalov'

Co-author: Elizaveta Yukalova '

! JINR
Corresponding Authors: yukalov@theor jinr.ru, yukalova@theor.jinr.ru

V.I Yukalov and E.P. Yukalova
Joint Institute for Nuclear Research

A measure of entanglement production by quantum operations is introduced. The suggested measure
is general, being valid for operations over pure states as well as over mixed states, for equilibrium
as well as for nonequilibrium processes. The measure of entanglement production satisfies all prop-
erties typical of such a characteristic. Systems of arbitrary nature can be treated, described by field
operators, spin operators, or any other operators, which is realized by defining generalized correla-
tion matrices. The interplay

between entanglement production and order indices in quantum systems is analyzed. Particular
cases of entanglement production are discussed.

Grover-Diffusion operator unicity for the Grover quantum-search
algorithm

Author: Mihai-Tiberiu Dima’

Co-authors: Maria Dima !; Madalina Mihailescu

' JINR - MLIT
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Corresponding Authors: mmdima@jinr.ru, fox.alpha009@gmail.com, mtdima@jinr.ru

The repetition of Grover-diffusion operator the order of VN times is the essence of the Grover quan-
tum selection algorithm. We explore what other operators could be devised in its place and show that
they either diverge or vanish in the Grover iteration, thus making the known Grover-diffusion the
only possible operator. We present a C++ SU(2) model of the Grover-diffusion operator implemented
using our SU2 package.
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Electrostatic ion traps in Triangles

Author: Grigori Giorgadze'

! Ivane Javakhishvili Tbilisi State University

Corresponding Author: gia.giorgadze@tsu.ge

In the talk we discuss on the equilibrium points (critical points) of the electrostatic (Coulomb) poten-
tial of three mutually repelling point charges placed at fixed points. This topics are closely related
to the Maxwell conjecture for three point charges and linear electrostatic ion traps.

We show that the incenter of an isosceles triangle is a stable equilibrium point of the electrostatic
potential of certain point charges placed at its vertices. To this end, explicit formulas for these
charges are given and the hessian of their electrostatic potential is computed. The behaviour of this
hessian in a family of triangles with the given inscribed and circumscribed circles is investigated and
its extremal values are computed. As an application we prove that each point in the unit disc is a
stable equilibrium point of a certain triple of point charges on its boundary, which yields an explicit
scenario of robust electrostatic control in Euclidean discs.

The talk are based on the joint works [1] and [2] with G.Khimshiashvili.

Acknowledgments. The research supported by GNSF as part of grant No. FR22-354, titled “Problem
of factorization and invariants of holomorphic bundles on Riemann surfaces”

References

[1] Giorgadze G. and Khimshiashvili G. Incenter of triangle as a stationary point. Georgian Mathe-
matical Journal, vol. 29, no. 4, 2022, pp. 515-525. https://doi.org/10.1515/gmj-2022-2155

[2] Giorgadze G. and Khimshiashvili G. Triangles and electrostatic ion traps. J. Math. Phys. 62,
053501, 2021. https://doi.org/10.1063/5.0040735
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Evading Quantum Mechanics \‘{a} la Sudarshan: quantum-mechanics-
free subsystem as a realization of Koopman-von Neumann me-
chanics

Author: Zurab Silagadze'
' Budker Institute of Nuclear Physics
Corresponding Author: silagadze@inp.nsk.su
Tsang and Caves suggested the idea of a quantum-mechanics-free subsystem in 2012. We con-
tend that Sudarshan’s viewpoint on Koopman-von Neumann mechanics is realized in the quantum-

mechanics-free subsystem. Since quantum-mechanics-free subsystems are being experimentally re-
alized, Koopman-von Neumann mechanics is essentially transformed into an engineering science.
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On the Quantum Gates induced from Fuchsian Systems

None

Author: Nino Bregvadze

Corresponding Author: nbregvadze97@gmail.com

In the holonomic model of quantum processing [1], the role of elementary gates is played by the
monodromy matrices, which arise from Fuchsian systems of differential equations and act on the
finite-dimensional solution spaces of the system [2]. These spaces are interpreted as the regis-
ter.

In this talk, we consider quantum dynamical systems whose dynamical equations are induced from
Fuchsian systems [3] and investigate the problem of the unitarity of monodromy matrices.

More precisely, in a particular case, we will provide a solution to the problem: what conditions must
the coefficients of the system satisfy for the corresponding monodromy to be unitary. For

example, the hypergeometric equation, whose monodromy is irreducible, gives a complete basis of
two-dimensional quantum gates, and from the rigidity of such equations, it follows that

the unitarity condition depends only on the exponents. Namely, it is known that the monodromy
is unitary if the local exponents are all real numbers. We consider system non free from accessory
parameters and show that the unitarity condition depends on accessory parameters, and for the
Heun equation, we give an explicit condition.

Acknowledgements:
This work was supported by grant N FR 22-354 from the Shota Rustaveli National Science Founda-
tion.

References:

1.P. Zanardi, M.Raseli. Holonomic quantum computation. Phys. Rev.Letter A. 1999, DOI: 10.1016/S0375-
9601(99)00803-8

2. G.Giorgadze,Monodromy approach to quantum computing, Int. J. Modern Physics B . 2002, vol.
16, No. 30, pp. 4593-4605, https://doi.org/10.1142/50217979202014607

3.N.Bregvadze. Inverse problem for second order regular equations and line configuration of singu-
lar points. Proc.VIAM, 2020, vol.70, pp.17-24
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CI/IMYJISITOPBI KBEIHTOBOIIO/IO6HI)IX BBIUMCJIEHUII HA OCHOBE pacipenesI€eHHbIX
(bI/I3I/I‘IeCKI/IX CIICTEM

Authors: Anexcaunp Anomkani’; [Omutpnit HapéBl; Mapnsa Huxuruna'; ITép SaxapeHKO1

! Yuusepcumem UTMO
Corresponding Authors: 79214406690@ya.ru, dmitriy_93@mail.ru, p.zaxarencko2015@yandex.ru, alexander_ap@list.ru

B Hacrosiee Bpems pusuueckoe yckopeHme 00paboTky nHGOpMAIM eCTh BasKHeTIIIIee HallpaBIeHe
JICCIIEIOBAHUIT B KBAHTOBOI (PU3MKe, MaTeMATHKE,  TAK)KE MH(POPMALMOHHBIX HAyKaX, HAIIpaBJIeHHOEe
Ha peleHe IpobeMbl OONBIINX JaHHbBIX. Y HMBepCaTbHble KBAHTOBbIE KOMIIBIOTEPHI IIPECTABIISIIOT
co6O0IT OI¥IH, HO He e JVIHCTBEHHBII [Ty Th PeIlleHNs 9TOT Ipo0aeMbl. TeHneHIMM pasBUTIS COBPEMEHHBIX
KBAaHTOBBIX ,a TaKKe (POTOHHBIX TEXHOJIOTUII IIO3BOJISIIOT BBIENUTH IENbI KJIACC CUCTEM: T.H.,
mamasl Usunra (MU) —kBaHTOBBIE, 61 ypKaLMOHHBIE, UM(POBBIE, U TIP., KOTOPHIE IO3BOJAIOT
¢dusnuecku yckoputs perrenye psaga NP-tpynueix 3agau Kapna [1]. YekopeHne B Takux cucremax

He HOCUT Qpu3nuecKu QyHIaMeHTAIBHOIO XapaKTepa, O{HAKO, OKa3bIBAETCs BeCbMa 3 PeKTUBHBIM

IUIAL peLleHNs MIPAKTUYEeCKUX 3a1au ONITUMI3aln B Ou3Hece, 9KOHOMUKe U puHaHCcax. B mokiane
crestaH 0630p TaKUX CUMYJISITOPOB ¥ BBIABJIEHA VX CBA3b C MMEIOIIMMIICSA aHAJIOraMy KBAHTOBBIX
BBIUMCIIATEIIe]] Ha OCHOBe KBaHTOBOTrO oTxkura. Ocofoe MecTo B HOKJIaJe yAeNeHO ONTIMU3AIIAN
rpadoBOI apXUTEKTYPBI pacCMaTpUBaeMbIX cucTeM. HamMu HeJaBHO IpesIioKeH AByMepPHBII MaTepuall,
B OCHOBE KOTOPOT'0 JIEXKIT CIIOKHBII rpad, pedpamu KOTOPOTO SIBIISTIOTCS CBETOIIPOBOIAIIIIE KAHATIEI,
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a B y3J1aX IIOMellleHbl IBYXypPOBHEBbIE CICTEMBI (ATOMBI, KBAaHTOBBIE TOUKIL, 1 T.1.) [2]. ITokasaHo,
YTO TaKas CUCTeMa, II0-CyTH, IIpecTaBisgeT n3 cebss MU, ob6aaroies JOIOIHUTENbHBIM BBIUTPBIIIIEM
110 9Heprum Gyaromapsi BBIOOPY rpadoBoll apXUTEKTYphl MaTepuaia. B 91071 CBSI3M MCCie{OBaHBbI
(a3oBble epexobl K Ta3epHOIL FeHepalyy, a TAK)Ke CBEPXM3IyUeHUIO B paCCMaTPIBaeMOII CTPYKType
[2,3]. [ToxasaHO, YTO B 3aBMCUMOCTY OT TOIoJIOruy rpacda (cpegHel CBI3HOCTH Y3JIOB), (a30BBIil
Iepexoy MOKeT HaOJIOHAThCS [PV MaJIbIX 3HAUEHMSAX OITMYECKON HaKauKyl, IPaKTUUecKu Oe3
MHBepCcuy HaceleHHoCTell. PU3muecKy Takoe II0BefAe e MOKeT ObITh 000CHOBAHO TAKKe CO CIIeIM(IKOIT
Ony>xgaHuil poToHOB Ha Tpade MaTepuaia B BUAE CIOKHOI ceTu [4].

Pa6ora BhIIIONTHEHA ITpH IO IepskKe rpanTa Poccuitckoro Hayusoro gomma 23-22-00058 “KorepenTtsre
3 eKTHI B IByXMEPHBIX KBAHTOBBIX MATEPUATAX C MHTEP(EIICOM CIIOKHBIX CETelt .

[1] N. Mohseni, P. L. McMahon, and T. Byrnes, Ising machines as hardware solvers of combinatorial
optimization problems. Nat. Rev Phys. 2022, 4, 363.

[2] A. Yu. Bazhenov, M. Nikitina, and A. P. Alodjants, High temperature superradiant phase transi-
tion in quantum structures with a complex network interface, Opt. Lett. 2022, 47, 3119.

[3] AIO. Baxxenos, M.M. Hukutuna, [1.B. lapés, A.Il. Anomxant, CiayuaiiHbIi J1a3ep HA OCHOBE
MaTepuajoB B BUJe CJIOKHBIX CeTeBBIX CTPYKTYDp, IIncbma B JKIOTD, 2023, 117, 819.

[4] Alexey Melnikov, M. Kordzanganeh, A. Alodjants & Ray- Kuang Lee, Quantum machine learning:
from physics to software engineering, Advances in Physics: X 2023, 8, 2165452.
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KBanToBbIe mpoTOoKoIbI Ha 0ase HII cocTosHMIT onpenereHHON
4EeTHOCTH

Authors: Dmitry Kuts'; Mikhail Podoshvedov?; Sergey Podoshvedov'; Sergey Kulik®

! Laboratory of Quantum Information Processing and Quantum Computing, Quantum Engineering Laboratory, South
Ural State University (SUSU), Lenin Av. 76, Chelyabinsk, Russia

? Laboratory of Quantum Information Processing and Quantum Computing, Quantum Engineering Laboratory, South
Ural State University (SUSU), Lenin Av. 76, Chelyabinsk, Russia; Kazan Quantum Center, Kazan National
Research Technical University named after A.N. Tupolev, Kazan, Russia

3 Quantum Technology Center of Lomonosov Moscow State University, Leninskie Gory 1, build. 35, Moscow, 119991,
Russia; Quantum Engineering Laboratory, South Ural State University (SUSU), Lenin Av. 76, Chelyabinsk,
Russia

Corresponding Authors: sergei.kulik@physics.msu.ru, sapodo68@gmail.com, tpmchel@yandex.ru, mikepodo6@gmail.com

KBaHTOBBIE IIPOTOKOJIBI C COCTOSHUSIMY ¢ HenrpepbiBHOIT tepemenHoit (HIT) —ocHoBa manbHelIero
Pa3BUTHS OITUYECKON I1IaT(GOpMBI KBAHTOBBIX TEXHOJIOTMIL. MBI IIpefcTaBisieM 0030p HOBBIX
HanpasieHuit pa3sutusd HII onTuuecknx KBAHTOBBIX TEXHOJIOTMIT Ha 6a3e 0JHO-MOIOBOTO CKaTOTO
BakyymHoro (OMCB) cocrosiHus, KOTOpoe y>ke DOCTATOUHO PYTUMHHO pean3yercs B PasiIMUHbIX
smabopaTopmsx 110 BceMy MUpY. B 0CHOBY peanmsariyu pasiuuHbIX IPOTOKOJIOB II0JI0XKEHBI CTAHJapPTHHIE
maHunyaauyy OMCB cocTossHUSAMY MeTORaMM JIMHETHOVM KBAaHTOBOJ OIITUKY C IIOCJIEXYIOIIVIM
n3MepeHneM yucia GOTOHOB BO BCIIOMOTATEJIbHBIX MOMAX. YCIIELIHOE yCOBEPIIIEHCTBOBAHUE B
rocjie/iHee BpeMsI TEXHOJIOT MY paspelie s uncia GOTOHOB II03BOJIIET peann30BaTh Ha IIPAKTUKe
HoBble ceMelicTBa HII cocTosHNMI onpeiesIeHHO YeTHOCTM, KOTOpbIe OIIpeAesIS0TCd HauaJlbHbIM
COCTOSIHIIEM Ha BXOJ(€ B OIITUUECKYI0 cXeMy. B paccmarpuBaeMom HaMu ToAxofe GOTOH-paspelraone
JEeTeKTOPHI BBICTYTAIOT KaK CPEJCTBO YIIPABJIEHN ITOCT-U3MEPUTEIBHBIMIU COCTOSHUAMI CJIOKHBIX
MHOTO-MOJOBBIX 3aITy TAHHBIX COCTOSHIII, PeayIN3yeMbIX IIPY IIPOXOKIeHIY HaUaJIbHBIX COCTOSHIIA
yepes CUCTeMY CBeTOAeNuTeell. MbI IToKasbIBaeM IOTEHIVAT JaHHBIX M3MEPUTETbHO-MHAYIVPOBAHHBIX
cemerticTs HIT cocTosHMII B ONITMUECKOI KBAHTOBOM MHKEHEPUM ONITIUeCKNX cocTogHmit kota Illpequarepa
(KIII), onTuueckoit KBAHTOBOI METPOJIOTUM, a TAKXKE TPV PeaTu3aly KBAHTOBOTO BHIUMCIIVTES
AHATUTUUECKNX QYHKIMI 10 BBIXOJHO M3MepeHHOI cTatucTuke GpoToHoB. Tak, MBI pa3BrBaeM
ONITUYECKUIT IIPOTOKOJI, KOTOPBIII IT03BOJIgeT peann3oBaTh ontrueckoe KIII cocTogHMe ¢ aMILIUTy 1011
12,5 (4TO COOTBETCTBYET CpefHEMY uncity GOTOHOB 156) ¢ TOUHOCTHIO >0,99. B ciryuae ucnonb3oBaHus
n3MepureIsHo-MHAynupoBanHoro HII cocTosHMS COBMECTHO ¢ KOI€PEHTHBIM COCTOSHMEM IS
OLleHVMBaHNs HemsBecTHOro Habera ¢a3bl Ha BeIxofe nHTepdepomerpa Maxa-IleHnepa oGHapyKeHO
yBeJIuueHe IpeqeIbHO UyBCTBUTEIbHOCT OlleHUBaHMs Oonblite ueMm Ha 10 16 110 cpaBHEHUIO

¢ “kimaccuueckoii paboroit C.M. Caves (Phys. Rev. D 23, 1693 (1981)) kax pa3 B 06;1acTy HEGOIBIIIIX
JIETKO peayIN3yeMbIX Ha IPAaKTIKe 3HAaUeHNIT aMIUINTYIbI CKaTud <5 HauaapsHoro OMCB cocrogHMA.
Vnes BbIumciieHNS aHATUTIUECKNX PYHKIIMII IT0 BBIXOJHOI N3MePUTETbHO CTATUCTIKe 6asupyercs
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Ha “yMHOM’ (He TPOU3BOJILHOM) BBIGOpE MOJI, B KOTOPBIX TPOBOAUTCA GOTOH-paspelaniiee U3MepeHne

c nocienyoum Habopom craructuku. HII cocTossHMsI B MOax, KOTOpbIE He IT0/IBEPKEHbI I3MEPEHIIIO,

TaK)Xe HaIIpsIMYIO MCIIOJIB3YIOTCS KaK BXOMHBIE IS CIIeAYIOIIel ONITIYECKOT cXxeMbl (Habopy CBeTOmeNUTeIel)
IUTS IIOCJIEAYIOIIIETO BBIUMCIeHNS (PYHKINIL, HO YIKe IPU APYTUX 3HAUeHUIX aprymeHTa. Hekoropsie

Ha0OpbI AHATUTUUECKUX (PyHKUMIL, KOTOPBIE MOTYT OBITH BBIUMCIIEHBI I10 BBIXOJHO CTATUCTUKE
M3MEPUTETIHHBIX ICXOIOB B PACCMOTPEHHBIX OIITMUYECKIX CXeMaX, IIPeICTaBIeHbI B paboTe.

16

Quantum fingerprinting and hashing for information transfer
and database searching

Author: Farid Ablayev'

Co-author: Aleksei Kalachev 2

! Kazan federal university

? Federal Research Center «Kazan Scientific Center of Russian Academy of Sciences»

Corresponding Author: farid.ablayev@gmail.com

Quantum fingerprinting is a family of quantum functions that began to be used in quantum algo-
rithms in the early 2000s. They map classical objects to quantum states in such a way that different
arguments can be effectively distinguished. To further highlight the additional cryptographic char-
acteristics of quantum fingerprinting, our group uses the name “quantum hashing.”

The talk presents the basic concepts of quantum fingerprinting and hashing, as well as their experi-
mental implementation. Discusses a) the use of cryptographic signatures in protocols and b) efficient
dictionary search algorithms.
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AHU30TpPONHAS MOJEJb B3aMMOAEICTBUA KyOUTa C pe30HATOPOM:
CUNTBIBaHNE, KBAHTOBBIE KOPPEJISINNI I CJIA0bII Xaoc

Author: A.M. Carauun’

Co-author: I0.E. Jlososux

! National Research University Higher School of Economics, Moscow 101000, Russia
Corresponding Author: asatanin@hse.ru

Kaxk n3BecTHO, KOHEUHAS CTAAVS PACIIPOCTPAHEHNS AMILINATY bl BEPOSATHOCTH B PETUCTPE CBEPXIIPOBOTHIKOBBIX
KyOUTOB 3aKaHUMBAETCS IIPOLIECCOM M3MEPEHMS COCTOSIHMIT KyOUTOB, KOTOPBIE CBSI3AaHBI C pE30HATOPAMN
[1,2]. TIpm aTOM B3auMoOelICTBIE KyOUTA C U3MEPUTEIHHON MO0 pe3oHaTopa ((GOTOHAMU) MOXKET

ObITH ommcaHo B pamkax momenu Pabm [3]. Ecim koHcraHTa CBSI3u KyOuTa ¢ IOJEM Maja Io
CPaBHEHUIO C YACTOTaMM KyOuTa 1 POTOHHOI MOABI, TO CIIPABEIINBO IPUGIIKEHIE BPALIAIOIIECS
BOJIHBI, [T03BOJISIOLIlee HAJITY TOYHO CIIEKTP ¥ BOJIHOBYIO QYHKUNIO CHCTEMBL: 3afaya CBOAMUTCS K

TOYHO perraemoit monenn [xeitaca-Kammusrca ([-K) [4], korga B cucreMe OSIBIISETCS DOITOIHUTETBHBIN
VHTETPAJ OBIDKEHUS (HeIlpephIBHAS CUMMETPS), OTBEUAOLIII 33 COXPAHEHEe UICIIa BO3OY K IeHIIL:
CIIEKTP COCTOUT M3 Ay0IeTOB, 00yCIOBIEHHBIX CIa00Il CBSI3BI0 MEXAY KyOUTOM U OCLHMILIATOPOM.
Cocrostanst (OTOHOB M KyOMTOB OKa3bIBAIOTCS CUJIBHO 3amyTaHHBIMU (entanglement). Mmenno

B pamKax npuOmpkeHus [-K ommcriBaeTcst MpoIece CUMTBIBAHMS COCTOSTHUIT KyOuUTa, KOTOPBIIT
OCHOBAH Ha C1ab0M paclleIlIeHN YPOBHEI [P B3aXMOEVICTBIIN C PE30HATOPOM. YCIIOBIIE MAJIOCTI
pacierieHus 06ecreunBaeTCs IapaMeTpoM, PaBHBIM OTHOILIEHNIO KOHCTAHTHI CBA3MU K pa3HOCTU
9Hepruy Kyoura u pe3oHatopa. [Js IpuIosKeHUil BasKeH BOIIPOC O CTaGMIIBHOCTY pabOTHI CUMTHIBAIOIIINX
YCTpOJICTB, T.€. BOIIPOC 00 OrpaHMUEHNAX Ha KOHCTAHTY CBSI3M, IIPY HApyIIeHN KOTOPBIX BO3MOYKHA
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XaoTM3auus rMOpUIHBIX BO3OYXIeHNII B Mogean Pabn.

MbI paccmaTtpmBaeM 6Gojiee OOy MOMEIb B3aMMOLENCTBIUS TIOJISI C MCKYCCTBEHHBIM aTOMOM —
AQHM30TPOIIHYI0 MOAeb Paby —BO3HUKAIOIIYIO B TOM ClIydae, KOTa CBSI3b KyOuTa ¢ pe30HaTOPOM
OCYII[eCTBIILETCS OMHOBPEMEHHO KaK IIOCPECTBOM eMKOCTH (aHAJIOT 3JIEKTPO-AUIIOIBHOTO B3aMOEIICTBII),
TaK ¥ IIOCPELCTBOM MHIAYKTUBHOCTY (aHAJIOT MarHMTO-AUIIOJIHHOIO B3aMMOMAEICTBII), T.€. JIMEET

MecTo rubpuaHas cBa3b. [Ipy TakoM B3aMMOMENCTBUM IIOJS C KyOMTOM B HeM OTHOBpPEMEHHO
yUacCTBYIOT 3apsiIOBBIE U IIOTOKOBBIE CTeIIeHM CBOOOIBI MK03edcoHoBCKOI MM [5]. Hecmorps

Ha TO, YTO B TaMIJIbTOHMaHe aHM30TPOIIHOI MOENIN C CAMOr0 Hauajla IPUCYTCTBYIOT KOHTP-BpalllaTeJIbHbIe
cilaraeMble, IIPY paBHBIX KOHCTAHTaX CBA3J OHAa TOUHO CBOAMTCA K pertraemMoit moxesu [I-K. syuas
ITOBefleHMEe KBAHTOBOI IayTUHBI (KBAaHTOBBIII aHANOr oToOpakeHus IlyaHkape) npyu n3MeHEHUN
rapaMeTpOB CBSI311, MbI IIPOIEMOHCTPUPOBAIIY IIPOLECC pa3pyLIeHNs MHTerpaja JBIDKEHIS, COXPAHIIOET0Cs
B cUMMeTpuuHOM ciydae. OOGHapyskeHa KOppesalus B ITOBeJEeHNN MJIMHBI JIOKIN3ALMN MO 1
HIUTeTI Tay TUHBI, COIIPOBOKAaeMasi pe3K/M BO3pacTaHeM JIMHBI JIOKaIN3aliN, CBUIETeIbCTBYOIIAs
006 06pa3oBaHNUY KaHAJIOB Ty HHEIMPOBAHNI MEKY IPYIIIIaMU COCTOSTHIIA, OTBEYAIOIINIX PA3INUHBIM
3HAUEHVSIM pa3pyLIAOIerocs MHTerpaja ABIDKeHUA. I3 IpoBeIeHHBIX pacueToB CIefyeT, UTo
HaJM4ue 3HaKOIlepeMeHHbIX MaTPUUHBIX 3JIEMEHTOB CO3aeT «CI0KHOCTb» B IIOBEAEHUN CIIEKTPa
II0JTyYaeMbIX MaTPULl aHN3OTPOITHOI Mofenn. IIpy 9TOM CTpyKTypa CIIeKTpa aHM30TPOIIHO MOTEN
Pabu He cieyer craHIapTHO KiaccupUKaLy CIIyYaiHbIX MATPILL, YCTAHOBIEHHOI AJIS IIPOCTENIIINX
aHcaMOJIeit MaTpHLY, B KOTOPBIX HaburionaeTcs mepexoxn ot pacnpenenenns [TyaccoHa K pacpefeIeHIIo
Burnepa ¢ pocToM HeOVaroHaJbHBIX 3JeMeHTOB. [T aHM30TPOITHON MOJENN IIPOCIIEKMBAETCS

CBSI3b C MAaTPULIAMM APEBOBYUIHOI CTPYKTYPBI MJIM MAaTPULAMI OCUVUIIITOPHOTO TUIIA C IUIOTHOI
CTPYKTYpOIl ypOBHeI1 (THIIa pacipeReeHNs IIPOMEKYTKOB MEKIY «IL{eKOJIAaMI CTaporo 3a6opax).
BasKHBIM BBIBOIOM I3 IIPOBEEHHOTO PACCMOTPEHMSI MOYKHO CUUTATh OOHAPY>KEHHYI0 CTa0MIIBHOCTD
CHICTEMBI TPV PAaBHBIX KOHCTAHTAaX CBSI3M, YTO II03BOJISET PACIIMPIUTH JUCIEPCYOHHBIN METO M3MepeH Uil
COCTOSIHMIT KyOUTOB B peKUMe CUIIBHOI CBI3NL.

VccemoBaHMe ocyIIecTBICHO B paMKax IIporpaMmel pyHmaMeHTaIbHBIX NccienoBanuit HIY BIIIS.

[1] Krantz P, Kjaergaard M., Yan F., Orlando T. P., Gustavsson S., Oliver W. D., A quantum engineer’

s guide to superconducting qubits //Appl. Phys. Rev. 6, 021318 (2019).

[2] BoxxakoB B. A., Bacrpakosa M. B., Kinenos H. B., Conosres U. U., ITorocos B. B., Babyxnu [I.

B., KyxoB A. A, Catanux A. M. YopasieHye COCTOSHUSIMU B CBEPXIIPOBOJHMKOBEIX KBAHTOBBIX
mporeccopax // Yernexu ¢usuueckux Hayk. 2022. T. 192, Ne 5.

[3] Rabi L. L. Space quantization in a gyrating magnetic field// Phys. Rev. 51, 652 (1937).

[4] Jaynes, E.T. and Cummings, FW. Comparison of Quantum and Semiclassical Radiation Theories

with Application to the Beam Maser//Proceedings of the IEEE, 51, 89-109(1963).

[5] Semenov A.A., Satanin A.M. Generation of Electromagnetic Pulses by an Array of Josephson
Qubits with Hybrid Coupling to a Resonator// Russ Microelectron 52 (Suppl 1), S373-S378 (2023).
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Mathematical aspects of QUBO formulations for particle track-
ing algorithms

Author: Martin Bures'

Co-authors: Gennady Ososkov 2. Tvan Kadochnikov *

! Bogoliubov Laboratory for Theoretical Physics
* Joint Institute for Nuclear Research

* JINR
Corresponding Authors: kadivas@jinr.ru, ososkov@jinr.ru, martin_bures@email.cz

SPD (Spin Physics Detector) is a planned future experiment on

the NICA megascience project developed in Dubna. Based on modeling data

of the SPD experiment, this work is the first attempt to use the Hopfield

network approach to formulate a QUBO problem and use simulated annealing

to estimate the feasibility of the future use of quantum annealing to speed up present SPD particle
tracking approaches. In this talk, we will stress several aspects of formulating particle tracking as
QUBO, especially how to implement constraints.
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I/IHTCJIJICKTyaJII)HOC YIIpaBJICHIIE€ B TEXHUIYECKNX CIICTEMAaX HAa OCHOBE
KBAaHTOBOI'O AJITOPITMA HEUETKOIO BbIBOJa

Authors: Andrey Reshetnikov'; Muxaun Karymua™"; Cepreit Yibsmos "

' Ph.D.
Corresponding Author: agreshetnikov@gmail.com

Pa6ora mocssiiiieHa IpegCcTaBIeHIIO IPOrPaMMHO-JITOPUTMIUECKOI IITIAT(GOPMBI MHTEIIIEKTYaTbHOIO
yIpaBieHus (Ha IpuMepe KBaHTOBBIX CAMOOPTaHM3YIOILMXCS PETYIIITOPOB B KOHTYPE YIIPABICHIIS)

IUTSL PasIMUHBIX TEXHNUECKUX CUCTEM.

OcHOBHOI 1jieell IpUMeHeHNS MHTEeIIEKTYalbHOTO YIIpaBJIeHNUs ABJIETC padpaboTKa yHUPUIMPOBAHHOTO
MHCTPpyMeHTapus IJIs IPOEKTUPOBAHMS BCTPAaNBAaEeMbIX CAMOOPTaHM3YIOIIMXCS MHTEIIEKTY aIbHBIX
KOHTPOJIJIEPOB C II€JIBI0 IOBBIIIEHNST 3(PEKTUBHOCTY M HANEKHOCTH ee (QYHKIMOHAIBHOCTU 1
akciutyatauuiu. IIpu aToMm obecrieunBaOTCs ONTUMAaIbHbIE IIapaMeTphI KauecTBa yIIpaBIeHNs: YCTONUMBOCTb,
YIPaBJIAEMOCTh ¥ POOACTHOCTD IIPY MUHUMAJIBHOI CJIOKHOCTH pealnyu3aliy yIIpaBIeHU .

B maHHOM [OKJIa/e IpeacTaBIeHbl MH(POpMAaLMOHHbIE TEXHOIOTMM IPOEKTUPOBAHMS MHTEJIEKTY AJIbHBIX
CHICTEM YIIpaBJIeHMs Ha OCHOBE HEU&TKOII JIOTMKY, HEPOHHBIX CeTell, FeHeTUUeCKUX alTrOPUTMOB

¥ KBaHTOBBIX BbIUMCIIeHMiT. Ha mprMepax eifcTBYIOIINX CYCTEMBI CO BCTPOEHHBIMI CAMOOPTaHM 3y FOILVIMIICS
KBaHTOBBIMI PETYJISITOPAMI PACCMATPIBAETCS ¥ 000CHOBBIBAETCSI BRIOpaHHAsI CTPYKTYpa MHTEJIEKTy aJIbHO
CUCTEMBI yIIpaBJIeHNs. JKCIIEPUMEHTAIBHO IIPOEMOHCTPUPOBaHA PAG0TOCIIOCOOHOCTH U 9P PEKTUBHOCTD
paspaboTaHHOI MHTEJUIEKTYAIbHON CUCTEMBI VIIPAaBIeHMs Ha TEXHOJIOTMAX KBAHTOBBIX MSTKIX
BBIUMCIIEHUIA.

PesyspTaTsl MCCIIeIOBAaHUIT 1 9KCIIEPMMEHTOB IIOATBEPKIAIOT, UTO pa3paboTaHHbI MHCTPYMEHTAPUIL
ABIIAETCS 3PPEKTUBHBIM U TO3BOJISIET:

(1) ocy1ecTBUTH MPUHLIKI IPOEKTUPOBaHNS onTuManbHoit VICY ¢ MaKCMaJIbHBIM YPOBHEM HALEKHOCTI

U yrpasisieMocTs cIoKHbIM OY B yCIOBUAX HEONpeneIeHHOCTY MICXOMHOI nH(popManmny;

(2) apdexrTuBHO MCIONB30BATD €r0 IS IUIOXO POPMAIN30BAHHBIX U CIA0OCTPYKTYPUPOBAHHBIX

00BEKTOB yIIpaBIeHNs, M3BJIEeKasl 3HAHNUS HEITOCPECTBEHHO 13 CUTHAJIOB C pEaIbHOTO (PU3IUECKOTO

00BeKTa.

(3) He M3MeHSST HIDKHUIT yPOBEHD CHCTEMBI YIIPABIEHS IOBBICUTD €€ po6acTHOCTH U 3¢ (PeKTMBHOCTS.

20

KBaHTOBBIE aJITOPUTMBI JUISI BBIYMCINTEIbHBIX 3afa4 (PU3NKM I
xumMunin B 3noxy NISQ xommbrorepos.

Author: Buxrop IOmanxait'

Co-author: Jlrogmmia Cropakimsa 2

! BLTP JINR
2 MLIT JINR

Corresponding Authors: yushankh@theor jinr.ru, siuraksh@jinr.ru

CosgaHHbIe K HACTOSIII[eMy BpeMeHH [{11(ppOBbIe KBAHTOBbIE KOMIIBIOTEPBI OTHOCAT K Kitaccy NISQ
(Noisy Intermediate-Scale Quantum) ycrpoiictB. OrpaHuueHHBIE II0 UMCIY KYOUTOB, BpeMeHU
KOT€PEHTHOCTI VI TOYHOCTI BBIIIOJIHIEMbIX JIOTMUECKIX OIlEPaLMil 9TI YCTPOIICTBA, TeM He MeHee,
HaXOMST IIPMMeHeHNe [ YNCIeHHOTO aHaIi3a PACTYIIero KPyra MOJeIbHbBIX BBIUMCINTEIbHBIX
3ajaq (pU3NMKY U KBAHTOBOI XMMMM. B 3TOT KpyT BXOAAT MOMENI TEOPIY IIEKTPOHHOTO CTPOEHIS
BeIL[eCTBA, BKIII0YAS CUCTEMBI C CYUIBHBIMIU 3JIEKTPOHHBIMI KOPPEJISILMUSIMIL, KBAHTOBOT'O MarHETU3Ma,
CUJIPHO HEPAaBHOBECHOI JUMHAMMKI KBaHTOBBIX CICTeM. B IOKJIane ImpencTaBiieH KpaTKuit 0630p
KBAHTOBBIX AJTOPMTMOB JUIS PeLleHNs yKasaHHBIX 3a[au Kak ¢ IpuMeHeHueM peasbHbIx NISQ
KOMIIBIOTEPOB, TaK I C IIOMOILBI KBAaHTOBBIX CUMYJIATOPOB, peaM3yeMbIX Ha KOMIIBIOTEpaX C
KJIACCUYECKOI apXUTEKTYPOIL.
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Hamiltonian simulation in the Pauli basis and some physics ap-
plications

Author: Alexander Tsirulev'

' Tver State University
Corresponding Author: tsirulev.an@tversu.ru

We propose a new method for computing operator exponentials for Hamiltonians that can be spanned
by a set of n-qubit Pauli operators closed with respect to the composition. The method is based on
the use of the Cauchy integral formula, in which the resolvent is represented in the form of a linear
combination of the same Pauli operators, as the Hamiltonian under consideration, with unknown co-
efficients. The final result can be obtained by the method of residues. As examples of the application
of the method, we consider some toy models of condensed matter physics.

22

KoHcTpyKTHBHOe pa3jio)KeHNe KBAHTOBOI CYICTeMbI Ha O CUCTEMBI

None

Author: Biragumup Koprsak

Corresponding Author: vkornyak@gmail.com

JIro6oe pasiokeH1e KBAHTOBOI CHCTEMBI Ha ITOJCUCTEMBI IIOApa3yMeBaeT IpeAcTaBiIeHe ee (ITI06aIbHOrO0)
IMIIBOEPTOBA IIPOCTPAHCTBA B BI/I€ TEH30PHOTO IIPOM3BeAeHNS (JIOKAIBHBIX) IMIBOEPTOBBIX IIPOCTPAHCTB
rmogcucTeM. DTO IPEAIIoIaraeT, UTo pa3MePHOCTH INI00AIBHOIO IMIIEOEPTOBA IIPOCTPAHCTBA MOXKHO
PasJIOXKUTH B IPOM3BeeHe (B3aMMHO IIPOCTHIX) JIOKAIBHBIX Pa3MePHOCTEIL.

Mo’KHO IT0Ka3aTh, UTO B CTAHJAPTHO KBAHTOBOI MEXaHIIKeE [JIs1 JAHHOI (PaKTOPIM3aLIy pa3MePHOCTHI
r7106aIPHOTO rUIb0EePTOBA IIPOCTPAHCTBA BCE PA3JIOKEHNS, JIeXKall/ie Ha OpOuTe 00111eil yHUTapHOI
TPYIIIBL, AEMCTBYIOIIEN B [II00AIBHOM IIPOCTPAHCTBE, SKBUBAIEHTHEI.

ApryMeHTBI KOHCTPYKTMBHOCTY IIPUBOISAT K BEIBOAY, UTO €CTECTBEHHOI IPYIIIION 9KBUBAJIEHTHOCTI
pasiioKeHys SIBIAETCS IpsiMoe rpousBenenue rpymn Kingdopna - KOHEUHBIX IPYIIII, BaKHBIX B
KBaHTOBOIT MH(POPMATHUKE, - JEVICTBYIOIINX B IOKAJIBHBIX TMIB0EPTOBBIX IIPOCTPAHCTBAX.

Kuraitckas TeopeMa 06 ocrarkax oGecreunBaer CBSI3b MEKAY KBAHTOBBIMY UMCIAMI CUCTEMBI U
KBaHTOBBIMI YVICJIAMII €€ ITO[ICUCTEM.

23

Single-qubit gate decomposition stable to Rabi-frequency fluctu-
ations

Authors: Gleb Struchalin'; Varvara Mikhailova®

! Lomonosov Moscow State University, Quantum Technology Centre

? Lomonosov Moscow State University

Corresponding Authors: glebx-f@mail.ru, varvara.mihailova@mail.ru

Single-qubit quantum gates in neutral-atom quantum computers are implemented via Rabi oscilla-
tions. An atom is excited by radio-frequency pulses or Raman-laser beams. From one execution of a
quantum circuit to another, the Rabi frequency may fluctuate leading to degraded accuracy of single-
qubit gates. One of fluctuation reasons is the thermal motion of an atom inside a dipole trap and the
dependence of the intensity of the control radiation on the coordinate of the atom in space.
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We explore decompositions of single-qubit gates into sequences of rotations about the X and Y axes,
seeking stability against Rabi-frequency fluctuations. By considering small perturbations in the Rabi
frequency, we develop a robust decomposition for gate operations that minimizes the sensitivity to
such fluctuations, extending the fidelity of quantum gates beyond traditional decompositions.

We evaluate different decomposition strategies through numerical simulations using the NLopt opti-
mization library, comparing their performances and stabilities. Additionally, we present experimen-
tal results, evaluating our decompositions on neutral-atom computer developed at MSU.

24

Quantum Information Scrambling and Entanglement: A Mathe-
matical Connection

Author: Kapil Sharma'

! DY Patil International Univ
Corresponding Author: iitbkapil@gmail.com

Quantum Information scrambling is a measure of quantum chaos and attracted the huge attention
of the quantum information community now a days. To perform this measure,the out-of-time order
correlator (OTOC) operators are used.On the other hand, Wooter’s bipartite concurrence is a measure
of bipartite entanglement, in this work we establish the mathematical connection between quantum
information scrambling and Wooters concurrence and investigate the mathematical challenges to
establish such connections in higher dimensional Hilbert spaces. By such a mathematical connection,
one can directly measure either one of the quantity, once any one quantity is known.

25

Long-time Markovian dynamics of open quantum systems in all
the orders of perturbation theory

Author: Alexander Teretenkov’

! Department of Mathematical Methods for Quantum Technologies, Steklov Mathematicallnstitute of Russian Academy
of Sciences, Moscow, Russia

Corresponding Author: taemsu@mail.ru

Usually the Markovian dynamics of an open quantum system arises in the Bogolubov-van Hove
limit, which assumes the small coupling between the open system and its environment and appro-
priately long time-scale. For some specific physical models, namely, generalized spin-boson mod-
els in the rotating wave approximation, we show that under some natural conditions on so-called
reservoir correlation functions the similar thing is true in all the orders of Bogolubov-van Hove per-
turbation theory. Markovian dynamics in the quantum case is typically defined as validity of the
Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) master equation for the density matrix and regres-
sion formulae for multi-time correlations functions. We show that the GKSL equation is valid in
all the orders of Bogolubov-van Hove perturbation theory. But to reproduce the right asymptotic
precision at long times, one should use an initial condition different from the one for exact dynamics.
Moreover, we show that the initial condition for this master equation even fails to be physical. It par-
ticular, it may have negative populations. The regression formulae are not valid exactly, but should
be renormalized in the similar manner as the initial condition. We call such a dynamics long-time
Markovian one, because strictly speaking it is not Markovian, but all the non-Markovianity could
be taken into account by such renormalization due-to non-Markovian dynamics in an initial layer,
which is small with respect to the long time-scale separated by Bogolubov-van Hove scaling.
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The influence of the polaron effect on the single excitation migra-

tion in the molecular chain from donor molecule: non-adiabatic
polaron model

Authors: Alexei Chizhov'; Dalibor Chevizovich?; Denis Shulgas; Sergey Shirmovsky3; Slobodanka Galovié?; Vasil-
ije Matic?

' Laboratory of Radiation Biology, Joint Institute for Nuclear Research, Dubna, Russia
? Vinéa Institute for Nuclear Sciences, Belgrade, Serbia

3 Far Eastern Federal University, Vladivostok, Russia

Corresponding Authors: cevizd@vinca.rs, bobagal@vinca.rs

There are many processes inside living cells that are necessary for their functioning, during which
different types of excitations are transmitted over long distances. Often, the transfer of excitation
occurs at the submolecular level. For example, the energy required to carry out various physiological
processes of the cell is generated by the hydrolysis of ATP to ADP. It is believed that the generated
quantum of energy transmits to the place where it is used through a so-called molecular bridge —
usually a polypeptide (protein) molecular chain. At the same time, although it travels a long distance,
this energy is not lost in any dissipative process or in any other way. The mechanism of energy
transfer is still the subject of vivid scientific discussion. The appropriate theoretical model must
consider the quantum mechanical nature of the process and explain its stability and high efficiency.
In the report, we will consider a single excitation injected into a structure consisting of a molecular
chain, in the vicinity of which an additional molecule is located. An additional molecule interacts
with the molecular chain and forms a unique quantum system with it. It also can inject or absorb
excitation [1]. We will present the distribution of the probability of finding excitation along the
molecular chain. The results were obtained using a model based on the assumption that excitation,
due to interaction with thermal oscillations of the structural elements of the molecular chain, forms
a state corresponding to a non-adiabatic polaron [1,2].

We will consider the process of excitation migration and the degree of correlation, including quantum
entanglement, of the quantum states of different structural elements of the molecular chain. We
will compare the results obtained using the polaron model with those predicted by the model that
does not rely on the assumption of the polaron formation. In this model, the so-called quantum-
classical formalism is used. According to the latter the excitation energy is a linear function of
the molecules displacement from equilibrium positions [3-6]. In this case the classical dynamics of
the molecules and environment affects the quantum dynamics of the excitation and vice versa, the
quantum dynamics of excitation affects the classical dynamics of the molecules. In this approach,
the signs of chaotic behavior of the excitation in the molecular system are clearly visible.

1. V. Matic, Z. Ivic, Z. Przulj, and D. Chevizovich Phys. Rev. E 109 (2024) 024401,

2. D. Chevizovich, in Nonlinear Dynamics of Nanobio-physics, edited by S. Zdravkovic and D.
Chevizovich (Springer, Singapore, 2022).

3. Lakhno, V.D., 2002. Dynamics of the Hole Transfer in the Nucleotide Sequences. Moscow -
Izhevsk, Russia.

4. Lakhno, V.D., 2005. Dynamical theory of primary processes of charge separation in the photo-
synthetic reaction center. J. Biol. Phys. 31, 145-159.

5. Shirmovsky, S.Eh., 2016. Quantum dynamics of a hole migration through DNA: A single strand
DNA model. Biophys. Chem. 217, 42-57.

6. Shirmovsky, S.Eh., Chizhov, AV, 2023. Modeling of the entangled states transfer processes in
microtubule tryptophan system. BioSystems 231, 104967.

27
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On the dichotomy of “elementary versus composite” in Stratonovich-
Weyl correspondence for qudits

Author: Apcen XBemenumuze'

Co-author: Ilia Rogojin 2

! Joint Institute for Nuclear Research

2 JINR
Corresponding Authors: virus-atl@inbox.ru, akhved@jinr.ru
The issue of evidence of a quantum system to be an elementary or a composite one is discussed
within the Stratonovich-Weyl correspondence for finite dimensional systems.

The numerical experiments with a 4-level quantum system are performed in order to understand how
its virtual 2-level subsystems manifest themselves in the properties of the Wigner quasiprobability
distributions of quantum states.

The results of our studies show that “compositeness of a quantum system” is encoded not only in the
density matrix of quantum state but in the structure of the Stratonovich-Weyl kernels as well.

28

Quantum Evolution through the prism of operator growth

Author: Igor Ermakov'

! Steklov Institute of Mathematics
Corresponding Author: ermakov1054@yandex.ru

Quantum circuits consisting of Clifford and matchgates are two classes of circuits that are known
to be efficiently simulatable on a classical computer. We introduce a unified framework that shows
in a transparent way the special structure that allows these circuits can be efficiently simulatable.
The approach relies on analyzing the operator spread within a network of basis operators during the
evolution of quantum circuit. Quantifying the complexity of a calculation by the number of operators
with amplitude above a threshold value, we show that there is a generic form of the complexity
curve involving an initial exponential growth, saturation, then exponential decay in the presence of
decoherence. Our approach is naturally adaptable into a numerical procedure, where errors can be
consistently controlled as a function of the complexity of the simulation.
https://arxiv.org/pdf/2401.08187

29

Using quantum wavelet transform to calculate the Allan variance
of noisy signals

Author: Mikhail Basarab’

' Bauman MSTU
Corresponding Author: basarab@bmstu.ru
The Allan variance [1] is now widely used in the analysis of noisy time series data in metrology,

astrophysics, radiophysics, biomedicine, gyroscopy and navigation, et al. From a computational
point of view, it is critical to calculate the Allan variation for real-time signals as well as for high
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dimensional signals (e.g., noisy images). Previously, a relationship was established between the Allan
dispersion and the coefficients of the Haar wavelet transform [2]. On the other hand, algorithms for
quantum wavelet

transforms (QWTs), including the Haar transform, are well known [3]. In this report, for the first
time an

algorithm for calculating the Allan variance for noisy time series using the quantum Haar transform
is proposed. Complexity of the New algorithm is based on the analysis of computational cost of
executing QWTs. Generalizations to the multidimensional case, as well as to the case of calculating
other types of wavelet-like variances, are possible.

1.DW. Allan. Historicity, strengths, and weaknesses of Allan variances and their general applica-
tions. Gyroscopy Navig. 2016, vol. 7, no. 1, pp. 1-17. DOI: 10.1134/52075108716010028.

2.D.B. Percival. A wavelet perspective on the Allan variance. IEEE Trans. on Ultrasonics, Ferro-
electrics, and Frequency Control. 2016, vol. 63 (4), pp. 538-554. DOI: 10.1109/TUFFC.2015.2495012.

3.M. Bagherimehrab and A. Aspru-Guzik. Efficient quantum algorithm for all quantum wavelet
transforms. 17 September 2023. arXiv:2309.09350v1.

30

HCKOTOPI)IC MaTeMaTIUYeCKIEe aCNIeKThI ICIIOJIb30BaHIA BEIUMCINTEIEN
Ha OCHOB€ KBAHTOBOTO OT>KUTA AJIA PEIIICHIA 3aJaY OIITUMU3 AL

CJIO>KHBIX MHOTONIapaMeTpudyecKnx ¢pyHKIUin

Author: Huxooait Bragumuposira Marerun’

' IOYpI'Y, na6opamopus "Keanmosas umsicernepus ceema”
Corresponding Author: maletinnv@my.msu.ru

CoBpeMeHHbIe KBAHTOBBIE BBIUMCIIMTENN IIpeAcTaBisioT n3 cebs NISQ-ycrpoiictsa (Noisy Intermediate-
Scale Quantum devices), 1 T09TOMy Ha HIX MOTYT ObITh peajii30BaHbl JINIIb AITOPUTMBI, YCTOIUMBbIE
K BBIUNCIIUTENBHBIM OLINOKAM, a, CJIeOBATENbHO, 11 PU3UUECKUM IIIyMaM, HanboJjiee MHTepeCHbIMU
713 KOTOPBIX C IIPAKTIUECKOI TOUKY 3peHNS ABJISIOTCS aJITOpUTMBI onTuMu3anuy. HecmoTps Ha To,
YTO B JOJITOCPOUHOII IIepCIeKTUBe 6osee Y OOHBIMIY VIS pealn3aliy yHUBEPCATbHBIX MAaCIITa0OHBIX
FTQC (Fault-Tolerant Quantum Computers) IIpecTaBIIIIOTCS CETOHS BBIUNCIUTENN BEHTUIBHOTO
tumna (GTQC - Gate-Type Quantum Computers), B KpaTKO U CpeJHECPOUYHOII IepCIeKTUBax 6ojee
IIpUBJIEKATEIbHBIMI [JIS PeLIeHNs MPAKTUYECKUX 3aJau ONTMMM3AL BBITJISIINT APYTOI THII
KBaHTOBBIX KOMIIBIOTEPOB —afinabaTiuecKie KBAaHTOBbIE KOMITBIOTEPHI, JUIN, TOUHEE, MIX TeKYIIIII
BapMaHT peajnsal(i, Ha3bIBAEMBbIIl KBa3M-aAMa0aTIUECKMI KBAaHTOBBIMY OT)KUTaTeJIIMM, Ha
TEKYILMII MOMEHT CYIIIeCTBEHHO OII€PEXAOILIIMI I10 KOJIMUECTBY KyOUTOB KBAHTOBbIE KOMITBIOTEPHI
BEHTIUJIBHOTO THUIIA.

JlonoTHNTEIBHBIM IPEUMYII[eCTBOM aHHNUIIEPOB SBJISETCS I TO, UTO IIOMMMO COOCTBEHHO KBAHTOBBIX
omkuraresneli (Hanpumep, Diraq [1]) Ha ceromgHALIHMIT TeHb NMeeTCS OIIpefeleHHOe KOJIIMYEeCTBO
IOCTAaTOUHO MOILHBIX TMOPUAHBIX OTxKHUraTeseit (Hampumep, D-Wave [2]), iudbposbix oTsxurareseii
—CIenMaNN3MPOBAHHBIX IPOTPAMMHO-AIIIAPATHBIX KOMILIEKCOB, IpeHA3HAYEHHBIX JUIS PeLLIeHIS
3amau ontumusauun (Hanpumep, Toshiba [3] u Fujitcy [4]), a Takke IpOrpaMMHBIX SMYJIATOPOB
KBaHTOBOT'O OT/KITA.

JlaHHBIE YCTPOJICTBA M IIPOrPaMMBI IIpeAHA3HAUEHBI IS PELLeH s JIIIh OHOrO KIacca 3afad —
3amau QUBO (Quadratic Unconstrained Binary Optimization), T.e. 3agaun HaX0KJeHUs [II00AIBLHOTO
MUHUMYMa KBa{paTUUHON POpMBI

0(q_1,9.2,",q_ N)=a_00+X a_ijq_iq_j,

rme q_1, q_2, **, ¢_N —OuHapHbIe ITlepeMeHHbIe, KOTOpble MOTYT IPMHUMATh 3HaueHus 0 min
1, a a_ij —meiicTBUTENbHbIE KO3 UUIMEHTHI CBSI3M, Koqupylowmue ycnopue 3amaun. OmHAKO K
3amauaM QUBO MoryT ObITh CBEI€HBI MHOTYE 3aaUl ONITYMU3ALUY U, KPOME TOTO, CYLIECTBYIOT
cTaHapTHBIE 6a30BbIe METO/BI, TO3BOJIAIOIIIE CAENATH ITO.

B Hay‘IHOﬂI JUTEPAType pacCMaTPpMBAETCI BO3SMOXHOCTD IIPVMIMEHEHVISI KBAHTOBOI'O OTXXNTA K PEIIEHI IO
pAna 3agav ONITVMM3alNV, KOTOPbI€ YCJIOBHO MOKHO Pa3aeyINThb IT10 TPEM OCHOBHBIM HaIIpaBJI€HUAM
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MPaKTUUYECKOTO U HAYUHO-IIPAKTIUYECKOTO MCIIONb30BAHUS:
* OIITMIMAJIBHOE YIIpaBIIEHNIE U 3aJaUM MCKPETHOI ONITUMM3ALIMY B SKOHOMMKE (JIOTUCTIIKA, MapILIPy TU3aIIs,
CLIeHapHOe IUIAHMPOBaHUe, ONTUMAIBHOE YIIpaBIeHus moprdeaeM u 1.11.) [5];

« TapaMeTpU3aLsi MOJeIIel] CII0KHBIX CHCTEM PasIMUHOI IPUpPOIbI (MaTepuanoBenenne [6], reodpusnka

[7], meTeoposorus u mp.);

« obyuenne cucrem AI/ML.

OpHako mpuMeHeHNe JaHHOTO MHCTPYMEHTapM K 3a/lauaM IlapaMeTpU3aluy Mofiesiell, 3a1aBaeMbIX
CIIOXKHBIMM QYHKUMSMI ¢ GOTBLUINM KOJIMYECTBOM ITePeMEeHHBIX, CTAJIKMBAETCA C CYLIeCTBEHHBIMI
TpyaHocTaMu. C OJHOI CTOPOHBI, IPUMeHEHe CTAHJAPTHBIX 0a30BBIX METONOB CBEeICHMS 3aqau
onruMusanuy k sagauam QUBO compoBoskaaeTcsa Ipy MaclITaOMpOBAaHMY 3a0a4Ul HeJIMHeTHbIM

POCTOM KOJIMYeCTBa HeoOXOMIMBIX NOIIOJIHUTEIbHBIX OMHAPHBIX IIepeMeHHbIX. C IPYToli CTOPOHBI,
BO-TIEPBBIX, IMEIOIyecs BBIUMCINTEIbHBIE CUCTeMBI MIMEIOT OTPaHIUEHN 110 KOJIIYeCTBY OMHApHBIX
repeMeHHBIX q_k 1 KommdecTBy HeHyIeBBIX K03 GUIMeHTOB B3 o_ij. Bo-BTopshIX, pu MacirabupoBaHmnm
3aJjaun KauecTBO ITOJy4YaeMbIX pellleHIIT JOCTATOUHO ObICTPO MTafaeT, a BpeMs pacueTa B ITHOPUIHBIX

U UPOBBIX OTXKUTATENIIX HEJIMHEHO PacTeT.

B cBeTe cKa3aHHOTO aKTyaJIbHOII IPeACTABIETCS IIpobaeMa pa3paboTKy METONOB CBEJEHNS 3a4au
MHOTOIIAPaMeTPUYECKON ONTUMM3ALNY CIOXKHBIX GyHKUMI K 3amauam QUBO ¢ HamMeHBIIMX
KOJINUECTBOM OMHAPHBIX [TIEPEMEHHBIX. B TOKIane npecraBieH Kak KpaTKuit 0630p CTaHJaPTHBIX
6a30BbIX METOOB CBEIEHNS 3aau OTUMuM3aryu K 3agauam QUBO, Tak 1 aBTOPCKUIT METO, 06J1a1af0IIIi
CYILECTBEHHO JIYULINI MacIITabupyeMOoCTh0. Mest MeToa COCTOUT B MCIIOIB30BAHUI PA3JIOKEHIST
CJIOKHOJI ONITUMM3NPYeMOT PyHKINN B psif Teriopa, UTo II03BOJISIET JEKOMIIO3MPOBATH MICXOIHY IO
3aJavy ONTMMM3ALUNU Ha HeCKOJIBKO IT0CJIeOBATENBHBIX I10/1331aU, UACTh /3 KOTOPBIX pelllaeTcs
Mmetogamu ML, a wacTe mpocTo cBoguTcs K 3agauaM QUBO cyliecTBeHHO MEHBIIIETo pasMepa, 4eM

3TO OBLIO GBI IIPU MCITOJIB30BAHMM CTAHNAPTHBIX 6a30BBIX METONOB cBefleHMs . Meron pa3paboraH

Ha IIpuMepe OQHOI 113 BasKHBIX 3a71aU BBIUNCINTEIBHOTO MaTepHaIoBeIeHIA —3a1auyl lTapaMeTpu3aIumn
IIOTEHIMAJIOB MEKMOJIEKYJIIPHOTO B3aIMOAEIICTBIA, OOHAKO, KaK IIpefcTaBiseTcs, IPUMMeHUM K
JOCTATOYHO IIMPOKOMY KPYTY 3afau OITUMU3ALII CIOKHBIX (PyHKIMI OT GOJIBIIOTO KOIMUECTBa
TepeMeHHBIX.

Crucox JaurepaTypsl:
1] https://diraq.com/
2] https://www.dwavesys.com/
]
]

[

[

[3] https://www.global.toshiba/ww/products-solutions/ai-iot/sbm.html

[4] https://www.fujitsu.com/global/services/business-services/digital-annealer/
[

5] Sheir Yarkoni, Elena Raponi, Thomas Back, Sebastian Schmitt, 2022, «Quantum Annealing for
Industry Applications: Introduction and Review», https://doi.org/10.1088/1361-6633/ac8c54

[6] Nikolay V. Maletin et al., 2023, «On the possibility of using quantum annealers to solve problems
of parametrization of intermolecular interaction potentials», Laser Physics Letters, 20 115205, DOI
10.1088/1612-202X/acfd8e

[7] H.B. Manerus, 2023, «O BO3MOKHOCTH PELIEHNsI MACIITAOHBIX OJJHOMEPHBIX 3a[au NHBEPCUU
CeICMMYEeCKIX JAHHBIX Ha COBPEMEHHBIX KBAHTOBBIX OTKUTATEJIAX», Teod)msMKa Ne 2-2023, ctp.
102, DOI 10.34926/ge0.2023.59.58.012

31

OJ_IHOHaIIPaBJIeHHI)Ie KBAaHTOBbBI€ BBIUNCJICHUA VI IIPITHITNIL acausal-
ity
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CTaHIIapTHLIe KBAaHTOBbI€ BbIUMICIIEHIIA OCHOBBIBAIOTCA HA ITOCIIEAOBATEJIbPHOCTY YHUTAPHBIX KBAaHTOBBIX

JIOTMUECKUX IepeKIioUaresell 06eceunBaIunx IPoXoKaeHe KyouTos. OXHOHAIPABIEHHBII
KBaHTOBBIN KoMItbioTep ( one - way quantum computer min Measurement Based Quantum Com-
puter, MBQC) npennosxenusiit Payccennopdom ( Raussendorf) u Bpeitrenem ( Briegel) npencrasinser
COBEpIIIEHHO HOBYIO MIEK TOrO, KAK KBAHTOBBIE BBIUMCIEHNUS MOTYT padorarb Boobine. OCHOBY
COCTABIISIOT KJIACTEPHBIE COCTOSTHISI MHOKECTBA KyOUTOB ( OHM MOTYT BOSHMKATH V3 I[ETI0UEK CIITHOB
yepes UBBECTHBIE B PUSMKE TBEPOTO Tejla B3auMoeiicTBus V3uHra ), u3MepeHUs KOTOPBIX CO3MAI0T
BPEMEHHYIO IIOCIIEOBATEIBHOCTD IIPU YHIUTOKEHIY PECYPCHOTO M3HAYAIBHOTO cocTostHust. MBQC
MOT'YT CTaTh OCHOBOJ yHVBEPCAIbHBIX KBAHTOBBIX KOMIIBIOTEPOB, TaK KaK KJIACTEPHBIE COCTOSHIUS
00JIaIaf0T CIIENMATBHBIMYU KOPPETALMAMY MEKAY KyOUTaMM U JIETKO 0GOOILIAIOTCS ¢ TIOMOILIBIO

FP1+FP2 npuuumnmna Haiinnurepa ( Zeilinger, 1999,2010). Cornacto LlaiinHrepy KiiacTepHbIe COCTOSHUA

MBQC nanomuHuaot BaBunonckyro Bubnnorexy Bopxeca m MOryT moHuMaThCs Kak cirydan acausal-
ity (He kaysampHOCTHM ). MaTeMaTiuecky, Takas acausality IopasuTenbHBIM 06pa3oM OMUCHIBACTCS

petrenneM ABC mpo6:emsr B HTep - YHUBepcanpHoit Teopun TeiixMroiepa COBpeMEeHHOTO SIIOHCKOTO

maremarnka Mounasykmu. SkcnepumeHTaipHble npubmmxkenus Kk MBQC Haiinarepa n gpyrue
MIPIIIO’KEHVS OJJHOHAIIPABJIEHHBIX KBAHTOBBIX BBIUMCIIECHII TAK)Ke 00CYKIAar0TCS.

32

Quantum computing with qudits

Authors: Aleksey Fedorov'; Anastasiia Nikolaeva'; Evgeniy Kiktenko'

' Russian Quantum Center
Corresponding Authors: anastasiia.nikolaeva21@gmail.com, e kiktenko@rqc.ru, lex1026@gmail.com

Recent progress in a development of quantum computing platforms operating with qudits (d-dimensional
quantum particles with d > 2) rises important questions of how such platforms can be used in the
most efficient way for implementing known quantum algorithms. We are going to discuss possible
approaches for implementing quBit-based circuits with quDit-based hardware. These approaches in-
clude (i) employing “higher” qudits’ levels for substituting ancillary qubits in decomposition of multi-
qubit gates, (ii) encapsulating computational space of several qubits in a single qudit, and (iii) combi-
nation of (i) and (ii). Special attention will be given to implementation of the approaches for trapped
ion-based qudit systems with Mglmer—Sgrensen gate as a native two-particle gate, and transmon-
based superconducting qutrits. Recent experimental results will be also highlighted.

33

Advancements in Quantum Computing in Egypt: A Journey with
the Alexandria Quantum Computing Group

Author: Ahmed Younes'

' Faculty of Science, Alexandria University
Corresponding Author: dr.a.younes@gmail.com

Alexandria Quantum Computing Group (AleQCG) has been at the forefront
of quantum computing research in Egypt since 2016. Situated in the
Department of Mathematics and Computer Science at the Faculty of
Science, Alexandria University, Egypt, AleQCG focuses on various aspects
of quantum computing:

1. Quantum Algorithms: AleQCG designs novel quantum algorithms to
address complex computational problems, leveraging the unique properties
of quantum systems.

2. Quantum Circuit Synthesis and Optimization: The group conducts
pioneering research in optimizing quantum and reversible circuits,
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ensuring efficient utilization of quantum resources.

3. Quantum Machine Learning: AleQCG explores the intersection of
quantum computing and machine learning, aiming to unlock new
capabilities through quantum-enhanced models.

4. Quantum Cryptography: Investigating secure communication protocols
based on quantum principles, AleQCG contributes to the field of
quantum-safe cryptography.

5. Quantum Dot Cellular Automata: The group explores alternative
quantum computing paradigms, including quantum dot cellular automata,
which holds promise for future quantum technologies.

AleQCG has made significant contributions to integrating quantum
computing into the curricula of various institutions in Egypt at the

BSc, MSc, and PhD levels. Many Master’s and PhD students from Egypt
and the Middle East have graduated under their guidance. Additionally,
AleQCG has successfully completed several projects funded by the ASRT
(Academy of Scientific Research and Technology).

The group has established the Center of Excellence for Quantum
Computers at Alexandria University, serving both the community and
researchers. AleQCG played a key role in establishing and coordinating
the Professional Master’s program in Quantum Computing and Quantum
Informatics offered by Alexandria University.

Furthermore, AleQCG collaborates extensively with institutions across
Egypt, the Middle East, Africa, and worldwide. They organize workshops
and participate in global events to raise awareness about the importance
of quantum computing. Notably, the group represents Egypt in initiatives
such as QWorld and World Quantum Day.
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