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MODULIO APRASAS
Dalyko (modulio) pavadinimas Kodas
Ivadas i kvantinius skai¢iavimus
Déstytojas (-ai) Padalinys (-iai)
Koordinuojantis: doc. dr. Linas Petkevicius, Irus Grinis Informatikos institutas
Matematikos ir informatikos fakultetas
Kitas (-i): Vilniaus universitetas
Studijy pakopa Dalyko (modulio) lygmuo Dalyko (modulio) tipas
Pirmoji Pasirenkamasis
Igyvendinimo forma Vykdymo laikotarpis Vykdymo kalba (-os)
Auditoriné Antras semestras Lietuviskai

Reikalavimai studijuojanciajam

ISankstiniai reikalavimai: Algebra, programavimo pradmenys. | Gretutiniai reikalavimai (jei yra):

kreditais

Dalyko (modulio) apimtis Visas studento darbo kriivis | Kontaktinio darbo valandos SavarankiSko darbo valandos

5 130 64 66

Dalyko (modulio) tikslas: studiju programos ugdomos kompetencijos

Ugdyti pagrindines darbo su kvantiniais skai¢iavimais (KS) kompetencijas: problemy formulavimo principus, pagrindinius kvantiniy
algoritmy konstravimo ir kiirimo principus ir jy specifika, algoritmy realizavima, jy paleidima kvantiniuose simuliatoriuose ir
tikruose kvantiniuose kompiuteriuose. Komandinio darbo jgiidziy tobulinimas, kritinio ir analitinio mastymo vystymas.

Bendrosios kompetencijos:
e  Gebés rastu ir zodziu perteikti informacija, idéjas, problemas ir sprendimus valstybine ir uzsienio kalba, bendraudamas su
specialistais ir ne specialistais. (1.1)
e  Gebeés savarankiskai efektyviai organizuoti savo darbg. (1.3)
e  Gebés savarankiskai jsisavinti naujas Zinias, metodus ir jrankius bei taikyti juos praktikoje. (2.3)
Dalykinés kompetencijos:
e Supras pagrindines programy sistemy inZinerijos koncepcijas bei savokas, jskaitant kelias prieSakines sritis, suvoks galimas
taikymo sritis ir Zinos disciplinos apréptj. (4.1)
e  Gebes taikyti matematikos pagrindy, mokslo, inZinerijos, kompiuteriy mokslo teorines Zinias ir algoritminius principus
programy sistemy kirime. (4.2)
e  Gebés abstrakciai mastyti, naudoti formalius apra§ymo metodus, jrodinéti jy teisinguma, formalizuoti ir specifikuoti realaus
pasaulio problemas. (4.3)
e  Gebés derinti teorijg ir praktika programy sistemy taikymo jvairiose srityse uzdaviniy sprendimui, jvertinant technologinj,
ekonominj, socialinj ir teisinj konteksta. (6.1)
e  Gebés parinkti ir panaudoti tinkamus Siuolaikinius metodus, modelius, problemy sprendimo $ablonus, jgtidZius bei jrankius,
biitinus programy sistemy kuirimui ir prieziiirai, jskaitant naujas taikymo sritis. (6.2)
e  Gebés panaudoti esama kompiuteriy techning ir programing jranga, identifikuoti, perprasti ir taikyti perspektyvias
technologijas. (6.3)

Dalyko (modulio) studijy siekiniai Studijy metodai Vertinimo metodai
Gebés formuluoti problemas ir jy adaptavima Paskaitos, probleminis )
sprendziant jas kvantiniais algoritmais, supras KS déstymas, informacijos Egzamlna?, r.a§tu o
konstravimo metodikas, gebés kurti ir taikyti naujus | paieSka, literattiros skaitymas, Laboratoriniy darby atsiskaitymas
kvantinil.ls allgorijtmus retcllizuoja.nt juos savarankiékas Qarbas, Individualiy uzduoéiy atsiskaitymai
programiskai, bei naudojant atviro kodo karkasus. pavyzdziy analizé, Komandiniy projekty pristatymas
Gebés operuoti kvantiniy skai¢iavimy sgvokomis, konsultacijos, laboratoriniai
algoritmais, mokés adaptuoti egzistuojancius darbai.




metodus, juos panaudoti realizuojant mokslinius
straipsnius, sprendziant realius uzdavinius juos
realizuojant kvantiniuose
kompiuteriuose/simuliatoriuose.

Gebés rengti tyrimy ataskaitas, suprantamai
pristatyti kvantinius algoritmus ir jy realizacijas,
vertinti kvantiniy algoritmy sudétinguma. Mokeés
korektiskai atlikti uzdavinio suvedimg j logines
kvantines schemas, taikyti praktiskai.
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Ivadas, kurso apzvalga, kompleksiniai skaiciai 2 2 3 0
Kompleksiniai vektoriai ir matricos 2 2 3 4
Kompleksiniy matricy operacijos, savybés 2 2 3 4 N ) _
Perréjimas prie kvantiniy skaiciavimy 2 2 3 4 Say%rlilnklska lize literatfiros
Pagrindinés kvantiniy skaiciavimy savokos 2 2 3 4 paleska It anatize.
Kvagtigiq slfaié%avimq pagrindai 2 2 3 4 Laboratoriniy darby
Tarpinis atsiskaitymas 0 4 3 4 Wrsiemimuose daromos
Algoritmai: Doico algoritmas 2 2 3 4 kiekvienam uZzsiémimui
Algoritmai: Doi¢o-DZozo algoritmas 2 2 3 4 parengtos uzduotys, i§ einamos
Algoritmai: Simono periodiS$kumo algoritmas 2 2 3 4 temos, Ziniy  uztvirtinimui.
Algoritmai: Groverio algoritmas 2 2 3 4 UZdUOtYS. . Sus.lv(kda B
Algoritmai: Soro paieskos algoritmas 2 2 3 4 komp.leksmlu ska}}?lq.anahze.s,
~ = — ~ kvantiniy  skai¢iavimy  ir
Informacijos teorija kvantiniuose skai¢iavimuose 2 2 3 4 . .
— —— —— kvantiniy algoritmy.
Statistikos kvantiniai algoritmai 2 2 3 4
Naujausi kvantiniy skai¢iavimo modeliai 2 2 3 4
Komandiniy projekty pristatymas. 4 0 8 6
Pasiruosimas egzaminui, konsultacija ir jo laikymas. 2 3 4 Literatiiros studijos, pavyzdziy
analizé
ISviso | 32 | 2 32 64 66
Vertinimo strategija Svoris | Atsiskaitymo | Vertinimo Kriterijai
proc. laikas
Pirmo laboratorinio darbo atsiskaitymo metu, studentas gauna teorines ir
. L . . raktines uzduotis, kurias sprendzia atitinkamos savaités metu.
Pirmas atsiskaitymas rasant | 50 % Pirmas P P
ta‘t?oratorlnl atsiskaityma, glb(t))ratorlnlq Dvi individualios uzduotys atsiskaitomos semestro metu per laboratorinius
“! a‘?ristait mas darbus. Atsiskaitymo metu, studentas turi pademonstruoti atlikta uzduoti,
du individualiy uzduociy v sks y 7 gebéti atsakyti | déstytojo klausimus, atsiskaitymo metu pamodifikuoti savo
atsiskaitymai semestro xS programa.
tu savaite.
mety. Individualios
uzduotys
atitinkamai
atsiskaitomos
iki 8 ir 15
semestro
savaiteés.
. . Praktinis projektas: studentai yra suskirstomi j grupes po 2-3 studentus;
Komandinio projekto | 20% Semestro projesta yra sust ! BIupes p . .
. . . _ semestro pradzioje studenty grupé i§ duoto kvantiniy algoritmy saraso
pristatymas 1r gynimas pabaigoje . L .y ... . . .
(16 ité) pasirenka temga. Semestro eigoje studentai iSnagrin¢ja tema apie algoritma ja
"aSavalle) | isisavina ir realizuoja déstytojo pasiiilyta problema. Semestro pabaigoje
1 ) ytojo p yta p q pabaigoj
projekto pristatymo metu pristatomas algoritmas, bei pristatomi paleidimo
rezultatai ir iSvados.
Egzaminas rastu 30 % Pagal sesijos | Egzaming laikyti galima, jei semestro metu komandinis projektas ir bent

tvarkarastj

viena individuali uzduotis jvertinti 50% baly ar daugiau. Dalyvavimas
egzamine privalomas.

Egzamino metu galima surinkti iki 3 tasky, kurie atitinka 30% galutinio
jvertinimo. Egzaming sudaro atviri klausimai ir praktinés uzduotys.




Autorius Leidimo | Pavadinimas Periodinio | Leidimo vieta ir leidykla
metai leidinio Nr. | ar internetiné nuoroda
ar leidinio
tomas
Privalomoji literatiira
Yanofsky, Noson S., | 2008 Quantum computing for computer
and Mirco A. scientists.
Mannucci
Papildoma literatura
Jack D. Hidary 2021 Quantum computing: an applied
approach
Robert Hundt 2022 Quantum Computing for
Programmers




COURSE MODULE DESCRIPTION

Course unit title Course unit code
Introduction to Quantum Computing
Lecturer(s) Department where the course unit is delivered
Coordinator: Linas Petkevicius, PhD, Irus Grinis Institute of Computer Science
Faculty of Mathematics and Informatics
Other lecturers: Vilnius University
Cycle Type of the course unit
First Optional
Mode of delivery Semester or period when the course Language of instruction
unit is delivered
Face-to-face Second semester Lithuanian
Prerequisites
Prerequisites: Algebra, Introduction to Programming.
Number of credits Student‘s workload Contact hours Individual work
allocated
5 130 64 66

Purpose of the course unit: programme competences to be developed

To develop the basic competences of working with quantum calculations: the principles of problem formulation, the
basic principles of constructing quantum algorithms and their specifics, the realization of algorithms, their running in
quantum simulators and real quantum computers. Improvement of teamwork skills, development of critical and
analytical thinking.
Generic competences:
e An ability to present, information, ideas, problems, and suggested solutions convincingly in official and second
(foreign) language for specialists and non-specialists in written and verbal form. (1.1)
e An ability to organise their own work independently (1.3)
e An ability independently to acquire new knowledge, methodologies, and tools and to apply them in practice
(2.3)
Specific competences:

e Knowledge and understanding of the key aspects and concepts of software engineering, including some at the
forefront of the discipline, insight into possible application fields, and an awareness of the wider spectrum of the
discipline. (4.1)

An ability to apply mathematical foundations, knowledge of science and engineering, computer science theory,
and algorithmic principles in software systems development. (4.2)

An ability to reason at abstract level, to use formal notation, to prove the correctness, and to apply formalisation
and specification for real-world problems. (4.3)

An ability to combine theory and practice to complete software engineering tasks from different application
areas while considering the existing technical, economical and social context. (6.1)

An ability to select and use appropriate current techniques, models, solution patterns, skills, and tools necessary
for software engineering practice involving emerging application areas. (6.2)

An ability to use existing hardware, software and application systems, to identify, understand and apply the
promising technologies. (6.3)

Learning outcomes of the course unit:

students will be able to Teaching and learning methods Assessment methods

They will know how to formulate mathematical Lectures, problem-oriented teaching, | Written exam
problems to adapt quantum algorithms, their information retrieval, literary Midterm evaluation,




construction methodologies, will be able to create reading, individual work, tutorials,
and apply new quantum algorithms by laboratory work. Laboratory assignments
implementing them programmatically and using

open source frameworks. Defending team project

Will be able to manage understand algorithmic and
practical realisations of quantum calculations, use
it when reading/implementing scientific articles,
solving real problems by implementing them in
quantum computers/simulators.

Will be able to prepare research reports, present
quantum algorithms and their realizations in an
understandable manner, evaluate the complexity of
quantum algorithms. Will be able to correctly
perform the reduction of the problem into logical
quantum schemes, apply it practically.

Course content: breakdown of the topics Contact hours Individual work: time and
assignments
Assignments
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Introduction, course overview, complex 2 2 3 0 Individual literature search
numbers and analysis.
Complex vectors and matrices 2 2 3 4
Operations, properties of complex matrices 2 2 3 4 Solving of practical tasks
Transition to quantum computing 2 2 3 4 in laboratory work.
Basic concepts of quantum computing 2 2 3 4 For each lecture exercises
Basic concepts of quantum computing 2 2 3 |4 from current topic is
The midterm evaluation 0 4 3 |4 assign. Tasks involved
- - complex numbers and
Algor%thms: Deutsch's algorlthm. 2 2 3 4 vectors, quantum
Algorithms: Deutsch-Jozsa algorithm 2 2 3 4 computations and quantum
Algorithms: Simon's periodicity algorithm 2 2 3 4 algorithms.
Algorithms: Grover's algorithm 2 2 3 4
Algorithms: Shor's factoring search 2 2 3 4
algorithm
Information theory in quantum computing 2 2 3 4
Statistical quantum algorithms 2 2 3 4
Recent models of quantum computing 2 2 3 |4
Presenting and defend team project. 4 0 8 6
Preparation for exam. Exam. 2 3 4 Literature and examples
analysis.
Total | 32 | 2 32 64 | 66
Assessment strategy Weight % | Deadline Assessment criteria
The midterm evaluation, The midterm | During the midterm evaluation, the student receives theoretical
50% evaluation and practical assignments, which are solved in the respective
laboratory assignments will be on 7" | week.
No. 1,2 week, and the
laboratory Two individual assignments are reported during the semester
work through laboratory work. During the defense of program, the
assignments student must demonstrate the completed task, be able to
will be settle




up to 8" and | answer the lecturer questions, modify his / her program during
15" week of | the evaluation.
the semester.

Presenting and defending | 20% 16th week of | Practical project: the team of 2-3 students do the project; In

team project the semester | the begin of the semester the team select topic from the given
quantum algorithms list. In hole semester team analyze the
quantum algorithm and applying to given task. In the report
defense the methodology from paper, results on algorithm
realisation and conclusions must be presented.

Written exam 30% Exam can be taken only when at least one laboratory
assignments and team project evaluated more than 50% of
grade.

Maximum 3 points can be collected, which attribute to the
30% of the final score. The exam consists of open questions
and practical exercises.

Author Publishing | Title Number or | Publisher or URL

year volume

Required reading

Yanofsky, Noson S., | 2008 Quantum computing for

and Mirco A. Mannucci computer scientists.

Recommended reading

Jack D. Hidary 2021 Quantum computing: an

applied approach
Robert Hundt 2022 Quantum Computing for

Programmers




