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DALYKO (MODULIO) APRASAS

Dalyko (modulio) pavadinimas

Kodas

Funkciniy duomeny analizé

Déstytojas (-ai)

Padalinys (-iai)

Koordinuojantis: prof. dr. Jurgita | Matematikos ir informatikos fakultetas
Markeviciité
Kitas (-i):
Studiju pakopa Dalyko (modulio) tipas
Antroji Privalomas
Igyvendinimo forma Vykdymo laikotarpis Vykdymo kalba (-0s)
Auditorinis Pavasario semestrai Lietuviy

Reikalavimai studijuojanciajam

ISankstiniai reikalavimai:

Gretutiniai reikalavimai (jei yra):

pageidautina zinoti pagrindinius

iSvady principus bei R paketo elementus

statistiniy | néra

Dalyko apimtis

kreditais Kkriivis

Visas studento darbo

Kontaktinio darbo
valandos

SavarankiSko darbo
valandos

10

300

70

230

Dalyko (modulio) tikslas: studiju programos ugdomos kompetencijos

Kurso tikslas - pristatyti pagrindines matematines sgvokas ir rezultatus, kurie yra reikalingi
statistinei, tiek teorinei, tiek praktinei, duomeny, gauty stebint atsitiktines funkcijas, analizei.

Programos ugdomos kompetencijos: 1 (1.1, 1.2, 1.3, 1.4),2 (2.1, 2.2, 2.3),3(3.2,3.3,3.4), 4
(4.1,4.2),6(6.2,6.3),7 (7.1,7.2,7.3)

Dalyko studiju siekiniai.
Sékmingai baiges dalyko studijas,
studentas:

Studijy metodai

Vertinimo metodai

supras ir techninius, ir konceptualius
aspektus, susijusius su duomenimis,
kurie interpretuojami atsitiktiniy
funkecijy realizacijomis,

zinos, kaip paruosti duomenis kaip
funkcijas, supras funkciniy duomeny
analizés vaidmen;] sprendziant
praktines problemas.

Teorinés paskaitos ir seminarai,
laboratoriniai darbai su
funkcinés duomeny analizés
paketais

SavarankiSkam darbui
skirty uzdaviniy
vertinimas, projekto
pristatymas,
egzaminas rastu

pasitelkiant programinés jrangos
paketus, sugebés panaudoti daugumag

Teorinés paskaitos ir seminarai,
laboratoriniai darbai su

SavarankiSkam darbui
skirty uzdaviniy




zinomy algoritminiy metody tiek

analizuojant, tiek vizualizuojant paketais

funkcinius duomenis.

funkcinés duomeny analizés

vertinimas, egzaminas
rastu

galés vertinti metodus, kurie yra
labiausiai tinkami problemai spresti;
gebés kritiskai aptarti analizés
rezultatus, gautus naudojant

Atvejy pristatymai seminaruose

Projekto parengimas ir
pristatymas

konkrety metoda.
Kontaktinio darbo | SavarankiSky studiju laikas
valandos ir uZduotys
@ | 8 g
Temos = | S| £ o | =
81 8| 2y £ = UZzduotys
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Ivadas j abstrak¢ig ir atsitiktiniy funkcijy 3 5 5 10 Skaityti [1] 1 Sk.;
statistikg, dalyko motyvacija ir taikymy
pavyzdziai. Spresti paskirtus
namy darbus
(tikslas: supazindinti studentus kaip
atsiranda funkciniai duomenys ir sritys,
kuriose su jais dazniausiai susiduriama,
pateikti motyvuojancius pavyzdzius, taip
pat pateikti funkciniy duomeny
tikimybinius pagrindus)
Ivadas j atsitiktinius procesus 3 0 3 0
(tikslas: supazZindinti ir priminti bazinius
atsitiktiniy procesy dalykus, kurie biitini
funkciniy duomeny analizés kurso
kontekste)
Funkciniy duomeny parengimas 4 3 7 20 Skaityti [1] 3,4 Sk;
(tikslas: parodyti, kaip pereiti nuo Spresti paskirtus
stebimyjy vektoriy prie funkciniy objekty, namy darbus
aptarti  neparametrinj  suglodinimg
ir parodyti, kaip bazinés funkcijos gali
buti naudojamos Kkuriant ir saugant
funkcinius objektus).
Aprasomoji analizé 10 9 19 30 gl;al-ltytl [1]. 6. 7. 8
spresti paskirtus
(tikslas: ismokti vertinti vidutines namy darbus
funkcines reiksmes, kovariacinius
operatorius ir kitus funkciniy duomeny




paskirstymy parametrus; pristatyti
funkciniy pagrindiniy komponenciy
analizés (FPCA), kaip vieng is
pagrindiniy funkciniy duomeny analizés
priemoniy, metodologijq,; aptarti rysius
tarp FPCA, pristatyti spektrine teoremgq,
skirtg kovariaciniams operatoriams bei
Karhuneno-Loevo isskaidymg, pateikti
vertinimo metodus ir jy savybes;
funkciniy duomeny registravimas).

Funkciniy duomeny klasterizavimas

15

Spresti paskirtus
namy darbus

Hilberto erdviy teoriniai pagrindai

(tikslas: suteikti  funkciniy erdviy ir
operatoriy teorijos bazines Zinias, aptarti,
kaip gali buti modeliuojami funkciniali
objektai ir suteikti tikimybiy teorijos
pagrindus, skirtus atsitiktiniy objekty,
kuriy reiksmeés yra funkcijos (jskaitant
skirstinius ir kitus parametrus), analizei).

15

Skaityti [2], 3 Sk.

Statistinés iSvados funkciniams
duomenims

(tikslas: pristatyti pagrindinius globaliy
ir lokaliy nuliniy hipoteziy testus: funkcinj
t testg, funkcing ANOVA, pateikti jy
savybes).

25

Skaityti [2], 12 Sk.

Spresti paskirtus
namy darbus

Tiesiniai funkciniai modeliai

(tikslas: aptarti jvairias funkcinio tiesinio
modelio formas, jskaitant
funkcija/funkcija arba

funkcija / skaliaras regresijas; pateikti
vertinimo metodus ir savybes).

25

Skaityti [1]; 9, 10 sk.

Spresti paskirtus
namy darbus

Priklausomos funkcinés imtys

(tikslas: aptarti apibendrinimus
priklausomoms funkcinéms imtims,
iskaitant funkcines

laiko eilutés).

10

Skaityti [2]; 8 sk.

Spresti paskirtus
namy darbus

Projekto pristatymas

40

Projekto vystymas




(studentai gali arba tirti funkcinés
duomeny analizés mokslinius straipsnius,
kurie nebuvo pristatyti paskaity metu

arba

pateikti naujq duomeny analize, taikant
studijuojamus funkciniy duomeny

statistikos metodus).

Viso:l3g | o [32| 70 | 190
Egzaminas 40 | perzvelgti teorijg ir
problemy sprendimo
badus, pasiruosti
egzaminui
IS viso (su egzaminu): 38 32 70 230

Vertinimo strategija | Svoris | Atsiskaitymo Vertinimo Kriterijai
proc. | laikas
Tiriamasis projektas 50% Galutiné ataskaita | Studentai padaro projekto ataskaitos
L jkeliama ] VMA galutinj 10-15 minuciy pristatyma apie
?ebkwenas .‘Studen_tas semestro gale ir galuting ataskaitg semestro gale, bei 5-10
IThS ; grupeje V|tso atliekama 10-15 minuéiy pristatymus apie semestro eigoje.
Semestro Metu. min prezentacija.
- . P Vertinimas yra 10 baly skaléje remiantis
Galutiné ataskaita bus Du tarpinial : : -
. : . ristatymo bei ataskaitos kokybe.
pateikta pristatymai P y y
igoje: semestro metu. L .
sten&esttro_ paballgOOJleé o Visi pristatymai semestro metu yra
studentai Tengs " iy Tarpinial privalomi, be jy galutinis projekto
minuety trukmes pristatymal jvertinimas yra 0.
pranesimus s€minarul. 11(611&11’11 1 VMA i3
karto po
Semestrc_J metu pristatymo.
studentai rengs 5-10
min trukmes
praneSimus apie
projektui  pasirinktus
duomenis bei projekto
eiga.
Neatlikus  pristatymy
galutinis projekto
jvertinimas bus 0.
Galutinis egzaminas 50% Sesljos metu Kiekvienas namy darbas vertinamas 10

2 valandy trukmés,
uzdaros knygos
egzaminas.

baly skaléje pagal atliktas uzduotis.

Vertinimo strategija laikantiems eksternu




Studentai, 100
atsiskaitantys eksternu,
privalo atsiskaityti uz
kiekvieng dalj:
pristatyti parengta
projekta, laikyti
egzaming rastu.

Sesijos metu

Visy daliy vertinimui taikomi tie patys
vertinimo kriterijai, bei galutinio pazymio
suformavimo algoritmas.

Autoriai Leidimo | Pavadinimas Leidéjas
metai

Privaloma literatira

J.0. Ramsay, G. Hooker and | 2009 Functional Data Analysis Springer

S. Graves

with R and MATLAB

Taylor & Francis

Piotr Kokoszka and Matthew | 2017 Introduction to Functional Data
Reimher Analysis group
Papildoma literatiira
Tailen Hsing and 2015 Theoretical Foundations Wiley
Randall Eubank of Functional Data Analysis, with
an Introduction to Linear
Operators
L. Horvath and P. Kokoszka | 2012 Inference for functional data with | Springer
applications
J. Ramsay and 2005 Fupc_:tlonal Data Analysis, Second Springer
Edition.
B. Silverman
V. Paulauskas and 2007 Funkciné analizé. I knyga. Erdvés | Vilnius, Leidykla

A. Rackauskas

Funkciné¢ analizé. 11
Funkcijos ir lygtys

knyga.

UAB ,,Vaisty
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COURSE UNIT (MODULE) DESCRIPTION

Course unit (module) title Code

Functional data analysis

Lecturer(s) Department(s) where the course unit (module) is
delivered
Coordinator: prof. Jurgita Markevicitité Faculty of Mathematics and Informatics
Other(s):
Study cycle Type of the course unit (module)
Second Compulsory
Mode of delivery Period when the course unit Language(s) of instruction
(module) is delivered
Face-to-face Spring semesters English/Lithuanian

Requirements for students

Prerequisites:

Additional requirements (if any):

Knowledge of the basic principles of statistical | No

inference is desirable, as well as some knowledge of

the R computing environment

Course (module) Total student’s Contact hours Self-study hours
volume in credits workload
10 300 70 230

Purpose of the course unit (module): programme competences to be developed

The course aims to introduce

the key mathematical concepts and results that are relevant for the

theoretical and practical development of the statistical analysis of data obtained from
observations of stochastic processes.

Programme competences: 1 (1.1,1.2,1.3,1.4),2(2.1,2.2,2.3),3(3.2,3.3,3.4),4 (4.1,4.2),6 (6.2,

6.3),7(7.1,7.2,7.3)

Learning outcomes of the course unit Teaching and learning Assessment methods

(module):

methods




after completion of the course students

will understand both technical and
conceptual aspects dealing with data
treated as samples of functions,

will know how to represent data as
functions,

will understand the role of functional
data analysis to practical problems.

theoretical lectures and
seminars, applicative R
sessions

assessment of individual
problem solutions, exam

will be able to exploit number of
algorithmic approaches, with assistance
of software packages, both to analyze
and visualize functional data.

theoretical lectures and
seminars, applicative R
sessions

assessment of individual
problem solutions,

project completion and
presentation, exam

will be able to make assessments of the
type of approach that is most

suitable for the problem at hand, and
critically discuss the results of analysis
obtained by a particular method.

research examples
presented in seminars

project completion and
presentation




introduce functional principal component
analysis (FPCA) as one of the fundamental
tools of FDA,; to discuss the connections
between FPCA, the spectral

Theorem for covariance operators, and the
Karhunen--Loéve expansion; to provide
estimation methods and their properties;
registration of functional data)

@

2 »

£ S o

Content: breakdown of the topics g g g E Assignments

& . = >

| 8 & 5| 3

= = o o (%)
Introduction to abstract statistics and 3 5 5 10 |TO study [1, Ch. 1];
statistics of random functions, examples
and motivation to solve homework]

assignments  obtained
(objective is to provide students with an during computer
understanding of how functional data arises Sessions
and the areas where it is commonly
encountered, to present motivating examples
as well as to provide a basic probabilistic
structure for how functional data are
enerated)
Introduction to random processes 3 0 3 0
(objective is to introduce and recall the
basic concepts of random processes, which
are essential in the context of a course on
functional data analysis)
Smoothing and curve fitting 4 3 2 20 |10 study [1,Ch. 3,4];
(objective is to demonstrate how one moves to solve homework]
from observed vectors to functional objects, assignments  obtained
to discuss the basics of nonparametric during computer
smoothing sessions
and in particular, to demonstrate how basis
expansions can be used to create and store
functional objects).
Descriptive analysis 10 9 | 19 | 30 [TO study [1, Ch. 6, 7, 8],
to solve homework

(objective ate to learn how to estimating mean assignments obtained
functions, covariance operators and other during computer
distributional parameters of functional data; 10 sessions




Clustering of functional data

15

to solve homework]
assignments  obtained
during computer,
5essions

Hilbert space framework

for functional data

(objective is to provide a basic introduction
to function spaces and operator theory, to
discuss how functional objects can be
modelled using this framework, and in
particular, explore the basics of probability
theory for function space valued objects
(including distributions and other
parameters)).

15

To study [2, Ch. 3]

Statistical inference for functional data

(objectives are to introduce permutational
inference, global and local null hypothesis
testing, functional t-test, functional ANOVA,;
to provide their properties).

25

To study [2, Ch. 12]
to solve homework]
assignments  obtained
during computer
sessions

Functional linear models

(objectives are to discuss the various forms of
the functional linear model, including function
on function regression or

function/scalar regression; to present
estimation methods and properties).

25

To study [1, Ch. 9, 10]

to solve homework]
assignments  obtained
during computer
5essions

Dependent functional data

(objectives are to discuss generalizations to
dependent sequences, including functional

time series and space-time functional data).

10

To study [2, Ch. 8]

to solve homework]
assignments  obtained
during computer,
5essions

Project presentations

(Students may either investigate an FDA
research paper/methodology

not described in the class or
to present a novel data application

where they apply FDA methods).

40

to work on a project;




Written closed-book 2 hours duration
exam.

session period

Total 38 0 | 32| 70 | 190
Exam 40 Review theory and
problem solutions;
prepare for the exam
Total including final exam 38 32 | 70 | 230
Assessment strategy Weigh | Deadline Assessment criteria
t,%

Project/Presentation 50% A final Students will give a final 10-15-minute

report will be presentation based on the final report
_ _ _ submitted an.d two pre§entat|ons of duration 5-10

Each student will work in a group with minutes during the semester.

other students on a project throughout at the end of

the semester. the semester
to the Moodle | Evaluation in 10 points scale based on
and final quality of presentation and report.

A final report will be submitted presentation

at the end of the semester tgr:"eelr;gt“””g All presentations are mandatory;

and students will give a 10-15 lecture. Wltflloutt_ t_heg] the final project

evaluaton Is 0.
minute presentation based on that
report.
P Two
During the semester each student '”rzesrgf:t'fsss
will  give a 5-10 minutes’ pres
. during the

presentations about the selected cermester

data for the project and the progress '

on the project.

. Intermediate

All presentations are mandatory; presentations

without them the final project will be

evaluation is 0. submitted to
the Moodle
just after the
presentation.

Final exam 50% during  exam Evaluation in 10 points scale according to

the tasks solved.

Evaluation strategy for extern exam

Students must 100
complete all the tasks :
prepare the project
and take the exam.

During session

The evaluation criteria for all the tasks are
the same as for other students.

10




Author Year of | Title Publishing place and house
publication or web link
Compulsary reading
J.0. Ramsay, G. 2009 Functional Data Analysis Springer
Hookerand S. with R and MATLAB
Graves
Piotr Kokoszka | 2017 Introduction to Functional Taylor & Francis group
and Matthew Data Analysis
Reimherr
Optional reading
Tailen Hsing and 2015 Theoretical Foundations Wiley
Randall Eubank of Functional Data Analysis,
with an Introduction to
Linear Operators
L. Horvathand P. | 2012 Inference for functional Springer
Kokoszka data with applications
J. Ramsay and 2005 Functional Data Springer

B. Silverman

Analysis, Second Edition.

11




