Specseminars ir paredzets latviesu un anglu valoda, més daudz darbosimies praktiski.

Specseminar is planned in Latvian and English, we will work practically a lot.
Description in English is on the next page.

NISQ Kvantu datori

Musdienu laiks kvantu skaitlosana tiek saukts par trokSnainu vidgja meéroga kvantu
laikmetu (Noisy intermediate-scale quantum era — NISQ). Tas nozimég, ka kvantu datorus
ietekmé@ troksnis, un vispariga skaitloSanas kapacitate ir ierobezota. Ir izaicinajums apiet
ierobezojumus un pielagot kvantu programmas lai stabili risinatu noderigus uzdevumus.

Specseminars paredzéts ka logisks turpinajums specseminaram "Programméesanas prakse
kvantu skaitloSana". Specseminara var piedalities ar bez iepriek$€jas pieredzes kvantu
skait]loSanas joma, jo nepiecieSamibas gadijuma 1si skaidroSu ar t€mam saistitus pamatus,
pieméram, pirmaja nodarbiba varu izstastit pamatlietas par kvantu k&zu sagatavoSanu.
Specseminara laika més apskatisim pieejamus kvantu datorus, to kapacitati un veiktsp&ju
ietekm@joSus faktorus. M@s rakstisim kvantu programmas un laidisim tas uz istiem kvantu
datoriem, analizésim rezultatus. Provizorisks nodarbibu tému saraksts:

1. Troksnis 1stajos kvantu datoros. Pieméri ar sagaidamo un realo rezultatu.

2. T1 un T2 laiki vienam kubitam. Piem&ri. T1 un T2 laiku noteikSanas
eksperimenti.

3. Kubitu savienojamiba. Plasak par kvantu datoru arhitektiram. Piem&ri ar SWAP
operacijam.

4. Kvantu operaciju un izvada kludas, to ietekme uz gala rezultatiem.

5. Kvantu datora nativas (bazes) operacijas. Kvantu operaciju transpiléSana bazes
operacijas.

6. Troksna simulacija Qiskita. Eksperimenti, salidzinaSana ar sagaidamiem
rezultatiem.

7. IBM pieejami kvantu datori. Paris eksperimentu palaiSana lai salidzinatu trok$na
simulaciju un reala datora rezultatu.

8. Kvantu tilpums (Quantum volume). Kvantu datora sp&ju noteikSanas kriteriji.

9. SpinQ makoni pieejamie kvantu datori. Eksperimentu palaiSana un veiktspgjas
noteikSana.

10. Eksperimentesana ar Grovera mekléSanu ar kvantu datora trokSna simulaciju.

11. Grovera mekl&$ana uz IBM un SpinQ kvantu datoriem, méginajums sasniegt
lielaka méroga eksperimentus.

12. Adiabatiska kvantu skaitlosana. Ideja un pielietojumi.

13. Kvantu atkv€linasana un kvantu atkvelinataji.

14. QUBO un Ising modelis. Uzdevuma formulésana prieks kvantu atkvélinataja.



15. Uzdevumu pieméri kvantu atkvélinatajiem, grafu maposana.
16. Uzdevuma palai$ana uz kvantu atkv€linataja — parametri un nianses.

Prognozgjami specseminara norises laiki un telpas:

Ceturtdienas 16:30-19:10, 20. auditorija (426. telpa, 4. stavs). Planotas divas nodarbibas
pec kartas, lidz ar to visas t€mas varam apgiit 8 ned€lu laika. Pirma nodarbiba ir paredzeta
28. septembrT, ped&ja nodarbiba var notikt novembra beigas.

Prasibas kreditpunktu iegiiSanai:

e Apmeklet vismaz 50% no nodarbibam un aktivi piedalities tajas.
e Sagatavot vismaz pa vienam eksperimentam un sagatavot nelielu rezultatu analizi
sekojosam programmam un vidém:
o Kvantu ké&de uz trokSna simulatora;
o Kvantu k&de uz kvantu datora;
o Kuvantu programma uz kvantu atkvglinataja.
e Izstradat vienu nelielu projektu par kvantu datora (datoru) veiktsp&ju.

Lai pieteiktos uz specseminaru, liidzu rakstiet man uz e-pastu: maksims.dimitrijevs@Iu.lv.

NISQ Quantum computers

Current time in quantum computation is called Noisy intermediate-scale quantum (NI1SQ)
era. This means that quantum computers are affected by noise, and overall computational
capacity is limited. Challenge is to overcome limitations to adapt quantum programs to
perform useful tasks reliably.

Scepseminar is designed as a logical continuation of specseminar “Programming practice
in quantum computation”. It is possible to participate in specseminar without prior
experience in quantum computation area; | can shortly explain foundations of related topics
when needed, for example, during the first lecture | can explain main things related to the
preparation of quantum circuits. During specseminar we will consider available quantum
computers, their capacity and factors that affect performance. We will write quantum
programs and launch them on real quantum computers, and analyze the results. Possible
list of topics:

1. Noise in real quantum computers. Examples with expected and real results.
2. T1and T2 times for single qubit. Examples. Experiments to determine T1 and T2
times.
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10.
11.

12.
13.

Connectivity of qubits. More about architectures of quantum computers. Examples
with SWAP operations.

Quantum gate and readout errors, their effect on final results.

Native (base) operations of a quantum computer. Transpilation of quantum
operations into base operations.

Simulation of noise in Qiskit. Experiments, comparison with expected results.
IBM available quantum computers. Few experiments to compare noise simulation
and real computer results.

Quantum volume. Criteria to determine performance of a quantum computer.
Quantum computers available in SpinQ cloud. Launching experiments and
determination of performance.

Experiments with Grover’s Search with quantum computer noise simulation.
Grover’s Search on IBM and SpinQ quantum computers, trying to obtain
experiments of larger scale.

Adiabatic quantum computing. Idea and usage.

Quantum annealing and quantum annealers.

14. QUBO and Ising model. Task formulation for quantum annealer.

15.
16.

Examples of tasks for quantum annealers, graph mapping.
Task launch on quantum annealer — parameters and nuances.

Possible time and place of specseminar:

Thursdays 16:30-19:10, auditorium 20 (room 426, 4th floor). Two lectures one after
another are planned, so we can complete specseminar in 8 weeks. First lecture is planned
for September 28, last lecture can be in the end of November.

Requirements to get credit points:

Attend at least 50% of lectures and actively participate in those.
Prepare at least one experiment and make a small review of results for following
quantum programs and environments:
o Quantum circuit on noise simulator;
o Quantum circuit on quantum computer;
o Quantum program on quantum annealer.
Develop one small project about performance of a quantum computer (computers).

To sign up for specseminar, please write me an e-mail: maksims.dimitrijevs@Iu.lv.
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