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dakTopu3allis yucell Ha OCHOBI anroputMmy [ poBepa

OOroBopeHo, 110 PO3BUTOK KBAHTOBUX OOUMCIIEHb € 3aJIEKHUM BiJl MOB IIPOrpaMyBaHHS, K1
BUKOPHCTOBYIOThCS JJIsl pO3POOKH KBAHTOBUX CXEM Ta MEPEBIPKH PE3y/IbTaTiB HAa CUMYIATOpaXxX Ta
peanbHUX KBAaHTOBUX KOMIT foTepax. Po3misiHyTi 61061i0TekH A1 po3pOoOKH KBAHTOBHX CXEM, SIK1
noOy0BaHI Ha MOBI MporpamyBanHs Python.

Hagano ctucno ommc anroputmy IpoBepa nansi MOIIyKy e€J€MEHTY (€JIE€MEHTIB) B
HECTPYKTYpOBaHiii 0a3i JaHUX Yy 3arajlbHOMY BUIVISII Ta IMPUBEAEHI 0COOIMBOCTI BUKOPUCTAHHS
JUTSL PI3HUX 337124 3 PI3HOIO KIJTBKICTIO 33 IITHUX KyOIiTiB.

OOrpyHToBaHO BHOIp omeparlii miHECeHHsI 10 KBaJpary y AKocTi opakyna («black box») mms
JOCITIDKeHHS (paKTOpHU3aIlisl YMCET Ha OCHOBI anroputmy [poBepa.

Omnucano ocobnuBocti podotu 3 cumymnsitopom IBM Composer Ta ocobnuBocTi poboTH Ha
pearbHOMY KBaHTOBOMY KoMIT toTepi. OKkpeMo mokazaHa poboTa 3 0e3KOITOBHUM akayHToM IBM
Ta 3a3Ha4eHi OOMEXEHHS BHKOPHUCTAHHS TAKOro akayHTy. YacTuHy peamizaliii 1moka3zaHO Ha
pearpHOMY KBaHTOBOMY KoMit totepi hipmu IBM.

Hanano oOmexenns BukopuctanHs 0i0miorek CIRQ, QISKIT must cumynsiiii KBaHTOBHX
00uKrCIIeHb Ha IEPCOHATBHUX KOMIT FOTEp BIJIOBIIHO /10 X XapaKTEPUCTHUK.

Ha peanbHOMY KBaHTOBOMY KOMII IOTEepi MPOAEMOHCTpoBaHa (hakropu3allisi 4-0iTHOTO YucIia
(Ha TpuKIIaAl YKCIa, MiJHECEHOTO /10 KBajpaTa) 3 BUKOpUCTaHHAM 6 KyOiTiB. [loka3aHo, 1o ajs
peamizariii cxemu dakropu3zailii 4-01THOTO YMCIIa TOCTATHBO 4 KyOiTiB 3 BUKOPUCTAHHIM CXEMU in-
place.

[IponemoHcTpoBaHa cxema (axropu3zallis 6-0iTHOTO yncia (Ha MPUKIAAl YUCia, MiJHECEHOTO
JI0 KBaJpara) 3 BAKOPUCTAHHAM 9 KyOiTiB.

[IponemoncTpoBani cxemu (pakropusamii ymcina (Ha TPUKIAAI YUCHA, MiAHECEHOTO 0
KBaJpara) JOBKHUHOI Yy 18 0iTiB Ha ocHOBI MeTony I’ poBepa 3 BukopuctanHsMm 6iomiorexku CIRQ
MoBH rnporpamyBanHsi Python. Hamana cxema peamizanii omepamii miHeCeHHsI 10 KBajpara Ha
ocHOBI kBaHToBOro mneperBopeHHsT Dyp’e (KIID) Tta ommcana cxema omnTuMizailii, B SKii
BukopucToByeThCsl KIID 1mojI0OBHHHOI JOBKHMHHU, IO 3HAYHO 3MEHINYE KITBKICTh 2-KyOITHHX
BEHTHWJIIB Ta KUIbKICTh BEHTUJIIB TOBOPOTY (ha3H.

[Toka3zani mpakTHYHI HABUYKU 3 PO3POOKM KBAaHTOBHX CXEM JJIs peajizarmii apudMeTHIHHX
orepaliif Ta MeTO/IM NepeBIPKU KOPEKTHOCTI CXEM.

Hanano npuknaau sukopuctranss LI 1us npuckopeHHs 10CTiKEHHS, 110 3HaYHO 3a011a KY€
qac Ta npuKJIaau, ae pesyasratu LI norpeOyroTh 101aTKOBI EpEeBIPKU BCIX MOXKIIUBUX CLIEHAPIiB.
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Number Factorization Based on Grover's Algorithm

It discusses how the advancement of quantum computing relies on programming languages
used to design quantum circuits and verify results on both simulators and actual quantum
computers. Libraries for quantum circuit development based on Python are examined.

A brief description of Grover's algorithm for searching for an element (or elements) in an
unstructured database is provided, along with details on its application to various tasks involving
different numbers of qubits.

The choice of the squaring operation as an oracle ("black box") for investigating number
factorization using Grover's algorithm is justified.

The operational specifics of the IBM Composer simulator and actual quantum computers are
described. The use of a free IBM account is demonstrated, and the associated usage limitations are
noted. Some implementations are shown using an actual IBM quantum computer.

Limitations regarding the use of the CIRQ and QISKIT libraries for simulating quantum
computing on personal computers are outlined based on their respective characteristics.

The factorization of a 4-bit number (using the example of a number raised to the square) using
6 qubits is demonstrated on an actual quantum computer. It is shown that 4 qubits are sufficient to
implement a factorization circuit for a 4-bit number using an in-place approach.

A factorization circuit for a 6-bit number (using the example of a number raised to the square)
using 9 qubits is demonstrated.

Factorization circuits for an 18-bit number (using the example of a number raised to the square)
based on Grover's method are demonstrated using the Python CIRQ library. A circuit for
implementing the squaring operation based on the Quantum Fourier Transform (QFT) is presented,
along with an optimization circuit utilizing a half-length QFT, which significantly reduces the
number of 2-qubit gates and phase-rotation gates.

Practical skills in developing quantum circuits for arithmetic operations and methods for
verifying circuit correctness are illustrated.

Examples are provided of using Al to accelerate research, thereby saving significant time, as
well as instances where Al results require additional verification across all possible scenarios.



