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Reikalavimai studijuojandiajam
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Visas studento darbo Kontaktinio darbo SavarankiSko darbo
kruvis valandos valandos

Modulio apimtis kreditais

5 130 68 62

Modulio tikslas: studiju programos ugdomos kompetencijos

Modulio tikslas — ugdyti pagrindinius matematinius ir programavimo jgadzius, studijuojant skaitinius jvairaus tipo
matematiniy uzdaviniy sprendimo metodus. Taip pat siekiama ugdyti bendravimo dalykinése situacijose jgiidZius.

Bendrosios kompetencijos:
e Bendravimas ir bendradarbiavimas (BK1).
o Gebés rastu ir Zodziu perteikti informacija, idéjas, problemas ir sprendimus valstybine ir uzsienio kalba,
bendraudamas su specialistais ir ne specialistais (BK1.1).
Dalykinés kompetencijos:
o  Konceptualiy pagrindy zinios ir gebéjimai (DK4).
o Gebés taikyti matematikos pagrindy, mokslo, inzinerijos, kompiuteriy mokslo teorines Zinias ir
algoritminius principus programy sistemy karime (DK4.2).
o Gebeés abstrakciai mastyti, naudoti formalius apraS§ymo metodus, jrodinéti jy teisinguma, formalizuoti ir
specifikuoti realaus pasaulio problemas (DK4.3).

Modulio studijuy siekiniai Studijy metodai Vertinimo metodai

Gebés apibrézti svarbiausias skaitiniy metody

teorijos savokas, iliustruoti jas pavyzdziais. Tradicin¢ paskaita

Savarankiskas darbas su literatiira Egzaminas rastu

Gebés formuluoti ir jrodyti svarbiausius

e . S Konsultacijos
skaitiniy metody teorijos teiginius. !

Gebés taikyti skaitiniy metody teorijos

teiginius spresdami standartinius uzdavinius Praktiniai uZsiémimai

analiziskai ir/arba naudojant matemating
programing jranga.

Mokeés pritaikyti tinkamas Python bibliotekas
matematiniams skai¢iavimams, grafiky
braizymui ir kt.

Namy darby programavimo uzduotys
Sprendimo algoritmo parengimas, jo
realizacija ir algoritmo veikimo tyrimas

Programavimo
uzduociy atsiskaitymai
Kontrolinis darbas




Gebés spresti ir analizuoti matematinius
modelius, kompiuteriniy skai¢iavimy
pagrindu gauti i§vadas ir jas logiskai pagristi.

Kontaktinio darbo valandos

Savarankisky studiju laikas

ir uzduotys
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1. Skai¢iavimy kompiuteriu paklaidos. Programiné | 2 2 4 | 4 | Praktinis darbas skirtas
jranga matematiniams uzdaviniams pasiruosti
skai¢iavimams
kompiuteriu
2. Netiesiniy lygciy sprendimas: 4 4 8 | 8 | Namy darby uzduotys,
Pusiaukirtos metodas. Sakny atskyrimas. Paprastyjy savarankiskas
iteracijy metodas. Niutono metodas. Netiesiniy literatoros skaitymas.
lygéiy sistemy sprendimas Praktinis darbas skirtas
netiesiniy lygciy
sprendimui
3. Tiesiniy lygc€iy sistemy tiesioginiai sprendimo | 6 6 8 | 4 | Namy darby uzduotys,
metodai: savarankiskas
Apibrézimai ir taikymai. Gauso  metodas. literatliros skaitymas.
Pagrindinio elemento parinkimo budai. Gauso Praktinis darbas skirtas
metodo skai¢iavimy apimtis. LU dekompozicija. tiesiniy lyg¢iy sistemy
Choleckio metodas. sprendimui.
4. Tiesiniy lygciy sistemy iteraciniai sprendimo | 4 4 8 | 4 | Pasirengimas
metodai: koliokviumui..
Jakobio ir Zeidelio metodai. Vektoriy ir matricy
normos, taikymas  paklaidoms  skaiciuoti.
Variaciniai metodai: didZiausio gradiento metodas.
5. Funkcijy ir duomeny aproksimavimas: 6 6 12 | 8 | Namy darby uzduotys,
Funkcijy interpoliavimas: Tiesinis, kvadratinis savarankiskas
interpoliavimas. Niutono interpoliacinis literatoros skaitymas.
daugianaris. Skirtumy santykio formulés ir skirtumy Praktinis darbas skirtas
lentelés sudarymas. ISvestiniy aproksimavimas. aproksimavimo
Interpoliavimas splainais: kvadratinis ir kubinis uzdaviniy sprendimui.
splainai. Aproksimavimas maziausiy kvadraty
metodu.
6. Skaitinis integravimas: 4 4 8 | 8 | Namy darby uZduotys,
Staciakampiy, trapecijy ir Simpsono formulés. savarankiskas
Paklaidos jvertinimo buidai. Rungés taisyklé. literatliros skaitymas.
Adaptyvieji skaitinio integravimo metodai. Praktinis darbas skirtas
integravimo uzdaviniy
sprendimui
7. Paprastosios diferencialinés lygtys: 6 6 16 | 8 | Namy darby uzduotys,
Pagrindinés savokos, analizinis sprendimas ir savarankiskas
taikymai. Skaitiniai sprendimo metodai: Eulerio, literatfiros skaitymas.
prediktoriaus - korektoriaus, Rungés — Kuto Praktinis darbas skirtas
metodai.  Aproksimavimo  paklaida, metodo diferencialiniy lyg¢iy
stabilumas ir konvergavimas.




sprendimui analiziskai
ir skaitiskai

Egzaminas

2 2 | 18

IS viso | 32

2 32 68 | 62

Vertinimo strategija

Svoris
proc.

Atsiskaitymo
laikas

Vertinimo Kriterijai

Praktinés
(kompiuteriu)

uzduotys

50

Semestro
metu

Laboratorinio  darbo  metu  sprendziami  uzdaviniai,
Atsiskaitymas vyksta Zzodziu, demonstruojant ir aiSkinant
sprendima ~ kompiuteryje,  laboratorinio  darbo  metu
kompiuterinéje klaséje.

Maksimalus balas skiriamas uz pilnai ir teisingai iSspresta
uzdavinj, uZ nepilnai i$sprgsta uzdavinj gaunama dalis baly.
Galima surinkti papildomy baly i§ neprivalomy uzduociy.

Kontrolinis

10

Semestro
viduryje

Kontrolinj sudaro du - trys praktiniai uzdaviniai.

Maksimalus balas skiriamas uz pilnai ir teisingai iSspresta
uzdavinj bei gauta skaitinj atsakyma, atsakytus klausimus. Uz
nepilng sprendimg skiriama atitinkamai baly dalis.

Egzaminas (rastu)

40

Sesijos metu

Egzaming sudaro teoriniai klausimai i§ visy kurso temy ir du -
trys praktiniai uzdaviniai.

Maksimalus balas skiriamas, jei studentas atsaké | pateikta
klausimg: teisingai apibrézé klausime vartojamas savokas,
teisingai suformulavo teiginius ir juos jrodé, pateiké pavyzdzius,
i8sprendé uzdavinius. Uz dalj atsakymo gaunama dalis baly.

IS egzamino reikia surinkti bent 1 taskg i§ 4 norint iSlaikyti
kursa.

Eksterno tvarka

Reikalavimai: reikia turéti surinkus bent 50% baly semestro
metu, kad buty leidziama laikyti eksternu. Perlaikyti bus galima
tik egzaming, ankstesniais metais surinkti balai pernesami.

Autorius

Leidi
mo
metai

Pavadinimas

Periodinio
leidinio Nr.
ar leidinio
tomas

Leidimo vieta ir leidykla
ar internetiné nuoroda

Privalomoji literatiira

R. Ciegis, V. Buda

1997

Skaiciuojamoji matematika

Vilnius, TEV, 1997.

R.Ciegis 2003 | Diferencialiniy lygciy Vilnius, Technika, 2003
skaitiniai sprendimo metodai

Papildoma literatiira

A. Quarterony, F. Salery 2010 | Scientific Computing with Springer

and P. Gervazo MATLAB and OCTAVE

A. Quarterony, R. Sacco 2000 | Numerical mathematics Springer

and P F. Salery

W.H. Press, S. A. 2009 Numerical Recipes in C. The Cambridge University Press

Teukolsky, W. T. Vetterlig,
B. P. Flaneery

Art of Scientific Computing




COURSE UNIT DESCRIPTION

Course unit title Course unit code
Numerical Methods with Python SKAIT
Lecturer Department where the course unit is delivered
Coordinator: dr. Rokas Astrauskas Institute of Computer Science

Faculty of Mathematics and Informatics
Vilnius University

Cycle Type of the course unit
First Individual
Mode of delivery Semester or period when the course Languages of instruction
unit is delivered
Face-to-face Spring semester Lithuanian and English

Prerequisites

Prerequisites: Calculus I and I, Algebra, programming basics

Number of ECTS credits Student’s workload Contact hours Individual work
allocated
5 134 68 62

Purpose of the course unit: programme competences to be developed

Purpose of the module — develop mathematical and programming skills by studying numerical methods to solve various
mathematical problems. It is also aimed to develop communication skills in subject-related situations.

Generic competences
e Communication and collaboration (GC1).
o 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 (GC1.1).
Subject-specific competences:
e Knowledge and skills of underlying conceptual basis (SC4).
o An ability to apply mathematical foundations, knowledge of science and engineering, computer science
theory, and algorithmic principles in software systems development (SC4.2).
o An ability to reason at an abstract level, to use formal notation, to prove the correctness, and to apply
formalization and specification for real-world problems (SC4.3).

Teaching and

learning methods Assessment methods

Learning outcomes of the course unit

Define and illustrate the main concepts

related to Numerical Analysis. Lecture

Individual reading Exam on paper

Formulate and prove main propositions .
P prop Consultations

related to Numerical Analysis.

Presentation of practical
exercises and defense of
their solutions

Apply propositions of Numerical Analysis to
solve standard problems analytically and/or
using computer software.

Solutions to practical problems with a
computer




Apply relevant Python libraries for
mathematical calculations, graphing, etc.

Solve and analyze mathematical models,
reach conclusions based on computer
computations and justify them logically.

Implementation of the algorithmic
solution, analysis of algorithm

performance

Midterm exam on paper

Individual work: time and Self-study work: time and
assignments assignments
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1. Computational errors. Programming tools for | 2 2 4 | 4 | Practical exercises for
mathematical problems introduction into
computational science
2. Rootfinding of nonlinear equations: 4 4 8 8 | Individual readm_g,
e . L . . homework, practical
Bisection method, Fixed-point iterations, Newton's lution of nonli
method. Solution of systems of nonlinear equations solution of nonfinear

. : equations
3. Direct methods for the solution of linear | 6 6 8 | 4 L .

. Individual reading,
systems: homework, practical
Definitions and applications. Gaussian method. solution of’sp stems of
Basic element selection method. LU Factorization, linear e uati)(;ns
Cholesky Factorization. e ara?ion for fhe
4. Iterative methods for the solution of linear | 4 4 8 4 | Prep

midterm exam
systems:
Jakobi, Gauss-Seidel methods. Norms of vectors
and matrices. Gradient decent method.
5. Approximation of Functions and data: 6 6 12 | 8 | Individual reading,
Polynomial Interpolation;  linear, quadratic homework, practical
interpolation, Newton's interpolating polynomial. solution of interpolation
Finite differences and approximation of derivative. problems.
Interpolation polynomial remainder term. Spline
interpolation: quadratic, cubic splines.
Approximation by the method of least squares
6. Numerical integration: 4 4 8 | 8 | Individual reading,
Newton-Cotes quadrature formula: rectangle, homework, practical
trapezoidal, Simpson formulas. Estimation of the solution of numerical
error of numerical integration. Adaptive integration integration problems.
algorithms
7. Ordinary differential equations: 6 6 16| 8 Individual readin
Main concepts of the theory of differential g
. : - S homework, analytical
equations, analytical solutions and applications. and numerical solution
Numerical solution methods: Euler, Predictor- . . .
R of ordinary differential
Corrector, Runge—Kutta methods. Approximation equations
error, stability and convergence. q
Exam 4 | 18
Total | 32 32 68 | 62
Assessment strategy Weight % | Deadline Assessment criteria
Practical tasks 50 During the | For the laboratory work, five problems have to be solved
semester with Python (or equivalent). During assessment, students




have to demonstrate and explain their solution in the
computer class.

A maximal number of points is given for the full and correct
solution; some points are given for partial solutions. Bonus
points can be scored for optional tasks.

Midterm test 10 Middle of the | The midterm test consists of two to free practical problems to
semester be solved on paper
A maximal number of points is given if the student solved the
task fully and correctly, calculated numerical value. Part of
the points is scored for the incomplete solution.
Exam 40 Exam session The final exam consists of theoretical questions and two to

free practical problems to be solved on paper.

A maximal number of points is given if the student answered
the questions: correct definitions and examples were given,
correct statements and their proofs were provided, and
practical problems were solved. Some points are given for
partial answers.

At least 1 point out of 4 (at least 25% of the exam score) has
to be scored to pass the exam.

Rules of external

Prerequisites: at least 50% of points during the semester must

studies be scored to be allowed to take the external studies. Only the
exam can be retaken, scores earned in previous year will
carry over.
Author Publis | Title Issue No or | Publishing house
hing volume or Internet site
year
Required reading
R. Ciegis, V. Buda 1997 Compyvt!ng.mathgmatlcs (orig. Vilnius, TEV, 1997.
V.Skai¢iuojamoji
matematika )
R.Ciegis 2003 Numerical ~ methods  for Vilnius, Technika, 2003
solution of  differential
equations (orig. Diferenciali-
niy lygciy skaitiniai
sprendimo metodai)
Optional reading
A. Quarterony, F. Salery 2010 | Scientific Computing with Springer
and P. Gervazo MATLAB and OCTAVE
A. Quarterony, R. Sacco 2000 Numerical mathematics Springer
and P F. Salery
W.H. Press, S. A. 2009 Numerical Recipes in C. The Cambridge University Press

Teukolsky, W. T. Vetterlig,
B. P. Flaneery

At of Scientific Computing




