DALYKO APRASAS

Dalyko pavadinimas Kodas
Kategorijy teorijos pagrindai KKPS3124
Déstytojas (-ai) Padalinys (-iai)
Koordinuojantis: Ramiinas Garunkstis Matematikos ir informatikos fakultetas

Tikimybiy teorijos ir skaiéiy teorijos katedra
Naugarduko gt. 24, LT-03225 Vilnius

Studijy pakopa Dalyko lygmuo Dalyko tipas
pirmoji l1isl Privalomas
Igyvendinimo forma Vykdymo laikotarpis Vykdymo kalba (-0s)
Auditoriné V semestras lietuviy, angly

Reikalavimai studijuojanciajam

ISankstiniai reikalavimai: Gretutiniai reikalavimai (jei yra):
Matematiné analizé -

Dalyko apimtis kreditais Visas studento darbo Kontaktinio darbo Savarankisko darbo
krivis valandos valandos
5 130 48 82

Dalyko tikslas: studijy programos ugdomos kompetencijos

Ne per seniausiai (1926 m.) David‘as Hilbert‘as pasakeé: ,,Niekas maisy nei$varys i$ rojaus, kurj mums sukaré
Cantor‘as®. Taip jis kalbéjo apie galingaja aibiy teorija, kurios kalbg dabar mes visi naudojame kasdienéje
matematikoje. ,,Elementas* ir ,,funkcija“ yra vienos pagrindiniy aibiy teorijos savokuy, i$ kuriy ,,clementas* yra
fundamentalesné, nes ,,funkcija“ galima iSreiksti kaip tam tikrg elementy konstrukcija (Dekarto aibés poaibis). Taciau
pasaulis nestovi vietoje! Kategorijy teorija (KT) mums leidzia uzmirsti ,,elementus* ir viska sukonstruoti i§ ,,funkcijy*
(rodykliy, sakant kategorijy kalba). KT pateikia jspiidingg nauja pozifirj ] matematika, gerokai besiskiriantj nuo aibiy
teorijos. Kategorijy teorijos paradigma ncatlab.org isreiskia taip: ,,Skirtingai nuo aibiy teorijos, KT domisi ne aibémis
X, Y, ... —vadinamomis objektais, bet sarysiais tarp objekty: t.y. (homo)morfizmais f : X->Y tarp vieno objekto ir kito*.
,»Kategorijy teorija Zvelgia j matematikg i§ paukséio skrydzio. I§ dangaus aukstybiy smulkios detalés nematomos, tadiau
galime i$skirti rastus neaptinkamus esant ant zemés pavirSiaus® taikliai pastebi T. Leister‘is “Basic Category Theory”
knygos jvade. IS kitos pusés jau yra susiformavusi taikomosios kategorijy teorijos disciplina, kurioje kategorijy teorijos
metodai naudojami kitose sferose, tokiose kaip informacinés technologijos, fizika, kontrolés teorija, natiiraliy kalby
apdorojimas, tikimybiy teorija ir priezastingumas (2r. wiki, Applied category theory). Sio dalyko tikslas yra
supazindinti su pagrindinémis kategorijy teorijos koncepcijomis.

Dalyko studijy siekiniai Studijy metodai Vertinimo metodai
Studentai bus skatinami mastyti abstrak¢iai. Jie Paskaita. Praktiniai Apklausa rastu.

iSmoks samprotauti matematiskai, t.y. i§ prielaidy | uZsiémimai. Savarankiskas
gauti i$vadas naudojant logines taisykles, taip pat | darbas su literatiira.
iSmoks matematinius teiginius, jy jrodymus,
problemas ir jy sprendimus pristatyti kitiems.

Gebés apibrézti pagrindines kategorijy teorijos Paskaita. Praktiniai Apklausa rastu.
savokas, iliustruoti jas pavyzdziais. Studentai uzsiémimai. Savarankiskas
i8moks nuosekliai ir grieztai konstruoti darbas su literattra.

matematinius argumentus.

Paskaita. Praktiniai Apklausa rastu.
uzsiémimai. SavarankisSkas
darbas su literatura.

Gebés formuluoti ir jrodyti bazinius kategorijy
teorijos teiginius.

Paskaita. Praktiniai Apklausa rastu.
uzsiémimai. SavarankiSkas
darbas su literatura.

Gebés taikyti bazinius kategorijy teorijos teiginius
spresdami standartinius uzdavinius.




Kontaktinio darbo valandos Savaran!mkﬂ SCHELEE
ir uzduotys
2
£ *
Temos g :g X )%‘ )

Wl T s £ |8 |=Z UZduotys

al 8| S| al|sS = =

2| S| E| 8|S < 8 g8

2 5| 5| EI8E 5|55

el ¥ Bl ala8S Slao
1. Aibiy teorija. Poaibiai. Rusell‘oc paradoksas. | 18 18 | 30 | Literataros studijavimas,
NBG and ZF aibiy aksiomos. Funkcijos kaip aibiy Uzdaviniy sprendimas.
sandaugos.
Kategorijos apibrézimas, pirmieji pavyzdziai: Set,
Finset, Poset, Finord, sandaugy Kkategorijos,
rodykliy kategorijos.
2. Bazinés kategorijy savybés. Iso rodyklés, | 24 24 | 50 | Literattros studijavimas,
pradiniai ir galiniai objektai, sandaugos ir Uzdaviniy sprendimas.
kosandaugos, ribos ir koribos, lygintoja ir
kolygintoja, atitraukimas, i$stimimas,
eksponentijavimas (Iso arrows, initial and terminal
objects, products and co-products, limits and co-
limits, equalizers and co-equalizers, pullback,
pushouts, exponentiation).
3. Funktoriai ir nataraliosios transformacijos. | 6 6 2 | Literattros studijavimas,
Yoneda lema.
Konsultacijos
Egzaminas 2
Kontroliniai 4

ISviso | 48 | 6 48 | 82

Pastaba. PasiruoSimui kontroliniams ir egzaminui reikia viso savarankiSskam darbui numatyto laiko.

Vertinimo strategija Svoris | Atsiskaity | Vertinimo kriterijai
proc. | mo laikas
Kontroliniai darbai (rastu) ir | Apie Semestro Kontrolinio metu sprendziami uzdaviniai. Paskaitos metu
aktyvus dalyvavimas teori- | 50 metu rasomas trumpas kontrolinis. Uz kontrolinius galima gauti iki
jos paskaitose 10 tasky.
Egzaminas (rastu) Apie Sesijos Egzaming sudaro teoriniai klausimai ir uzdaviniai (skirtingo
50 metu sunkumo). Egzamino metu galima gauti iki 20 tasky.
Egzamino perlaikymas
eksternu yra leidZiamas.

Autorius Leidi | Pavadinimas Periodinio Leidimo vietair leidykla
mo leidinio Nr. ar internetiné nuoroda
metai ar leidinio

tomas
Privalomoji literatara
R. Goldblatt 1984 Topoi. The categorial analysis North-Holland Publishing Co.
of logic. Second edition. Pasiekiama internete
Tredias ir devintas skyriai. https://projecteuclid.org/eBoo

ks/books-by-independent-
authors/topoi-the-categorial-

analysis-of-
logic/toc/bia/1403013939
P. Smith (University of | 2022 Beginning Category Theory https://www.logicmatters.net/c
Cambridge) ategories/

Papildoma literatiira



http://www.logicmatters.net/c

Brendan Fong, David I. | 2018 Seven Sketches in Cambridge University Press,
Spivak Compositionality: An https://doi.org/10.1017/97811
Invitation to Applied Category 08668804,
Theory https://arxiv.org/abs/1803.053
16
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UNIT DESCRIPTION

Course unit title

Course unit code

Fundamentals of Category Theory

KKPS3124

Lecturer(s)

Department where the course unit is delivered

Coordinator: Ramunas Garunk§tis

Naugarduko St. 24
LT-03225 Vilnius

Faculty of Mathematics and Informatics
Department of Probability Theory and Number Theory

Lithuania
Cycle Level of course unit Type of the course unit
15 (BA) loutofl Compulsory

Mode of delivery

Semester or period when the course
unit is delivered

Language of instruction

face-to-face

Second year of study
Spring semester

English

Prerequisites and corequisites

Prerequisites:

Corequisites (if any):

Calculus -
Number of ECTS credits Student‘s workload Number of contact work Number of stand-alone
allocated hours working hours
5 130 48 82

Purpose of the course unit: programme competences to be developed

Not very long ago (1926) David Hilbert said “No one shall expel us from the paradise which Cantor has created for us”.
This is about the powerful Set Theory, which we all use in our everyday mathematics. Fundamental terms of the set

EEINT3

theory language are “element” and “function”,

element” being the more fundamental of the two, while “function” can

be understand as a certain construction of the elements (subset of Cartesian product). The world does not stand still.
With Category Theory (CT) we can forget “elements” and construct everything from “functions” (arrows, in the
category language). CT proposes a new impressive view to mathematics, rather different from Set Theory. The
paradigm of CT described by ncatlab.org: “As opposed to set theory, category theory focuses not on elements [of sets]

X,y,... —

called objects — but on the relations between these objects: the (homo)morphisms between them f : x->y.”

“Category theory takes a bird’s eye view of mathematics. From high in the sky, details become invisible, but we can
spot patterns that were impossible to detect from ground level.” would be a felicitous phrase from the Introduction of
“Basic Category Theory” by Tom Leister (University of Edinburg). From other side there is an academic discipline
Applied Category Theory in which methods from category theory are used to study other fields including but not
limited to computer science, physics, control theory, natural language processing, probability theory and causality (see
wiki, Applied category theory). The purpose of this course is to introduce the basic concepts of Category Theory.

Learning outcomes of the course unit:
students will be able to

Teaching and learning
methods

Assessment methods

The student abstract thinking ability will be
developed. The students will learn to employ
mathematical reasoning, that is, to proceed from
assumptions to conclusions following the patterns
of logical inference, to present mathematical
statements, their proofs, problems, and their
solutions for others.

Lecture. Practice. Individual
reading.

Tests (written). Exam (written).

Define and illustrate main concepts related to
Category theory.

Lecture. Practice. Individual
reading.

Tests (written). Exam (written).




Formulate and prove basic propositions
(statements) related to Category theory. The
students will learn to rigorously construct their
mathematical arguments.

Lecture. Practice. Individual
reading.

Tests (written). Exam (written).

Apply basic propositions (statements) related to

Lecture. Practice. Individual

Tests (written). Exam (written).

Category theory. reading.
Individual work: time and assignments
<
Course content: breakdown of the topics g S
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1. Set theory. Subsets. Russell’s Paradox. NBG | 18 18 | 30 | Individual reading.
and ZF set axiom systems. Functions as product Problem solving.
sets.
Definition of Category, first examples: Set, Finset,
Poset, Finord, product categories, arrow categories.
2. Basic properties of Categories. 1so arrows, initial | 24 24 | 50 | Individual reading.
and terminal objects, products and co-products, Problem solving.
limits and co-limits, equalizers and co-equalizers,
pullback, pushouts, exponentiation.
3. Functors and Natural transformations. Yoneda | 6 6 2 | Individual reading.
lemma.
Consultations
Exam 2
Tests (written) 4
I§ viso | 48 6 16 48 | 82
Assessment strategy Weig | Assessment | Assessment criteria
ht(%0) | time
Tests  (written)  during | Aprox | During There is a short test during the lecture. It is possible to collect
lectures. 50 semester up to 10 points.
Exam (written) Aprox | Exam after | Exam consists of theory questions and exercises (of diverse
50 the difficulty). During the exam it is possible to collect up to 10
semester points.
External exam retake is
allowed.
Author Year | Title Number or | Publisher or URL
volume
Reading
R. Goldblatt 1984 Topoi. The categorial analysis North-Holland Publishing Co.
of logic. Second edition. Aviable online
Chapters 3 and 9. https://projecteuclid.org/eBook

s/books-by-independent-
authors/topoi-the-categorial-
analysis-of-
logic/toc/bia/1403013939




P. Smith (University of | 2022 Beginning Category Theory https://www.logicmatters.net/c
Cambridge) ategories/

Additional reading

Brendan Fong, David I. | 2019 Seven Sketches in Cambridge University Press,
Spivak Compositionality: An https://doi.org/10.1017/978110

Invitation to Applied Category
Theory

8668804,
https://arxiv.org/abs/1803.0531
6
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