









































































































Lecture Course outline Introduction b groups

Ssl Overview i

GwupThuryT s weeks

Basic definitions gpsubgroups NiCEEXAMP.ES
normal subgps homomorphisms Sin Plum onIgn µIsomorphism Thurs Dn symmof n gm

GLN K Kfieldf
mitifeshosens

i n Iikn
Group Actions Coxetergps Weylgps
Counting Lemmas Fundamentalgps I IN

p groups SylowThurs Cohomology groups

Direct I SemindirectProducts Groupof isometriesof
a metric space X d

Valued gp DVR
Automorphismsofcyclicgps manymore

Solvable Nilpotentgroups

Composition series Jordan Hilder

Simple groups 1 Example An for n s

Classificationoffinitely
generated abeliangps



RingThuryT 16 weeks

a.BE cmydlfin.ihTmhsyhmsfs sublings lefthight
ideals hums

Modules on rings 1 TO IT hours

Prime 1 Maximal ideals
Prime avoidance ChineseRemainderThem

Rings modules of fractions floualizationT
N il Jacob.sn 2a FAlg Geometry

Artinian Noetherian rings
Chg.studu_s

HilbertBasisThem Primary Decomposition
topological alg structure
of solutions to polynomialsyst

TID Modules on PID m Classification Thru

NmmbmnInhury mdiomilAPEiTnifinikabg.ps
UF D ms Gauss lemma Eisenstein hition
Euclidean Dedekind domains
Z FD quadratic integers

Invariant Thury symmetric polynomials discriminants
CA discriminants

Extras Valuationrings DVRs m non Archimedean iy
Griibner basis mo Multivariate division algorithm
computational Algebraic Geometry
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13OlimareMultilinearAlgebra 1 3weeks

Vector spaces over 1K
basis Homie Yw duals
V WeHonufV Hom tensoradjointness1

B f V XV K bilinear forms
B V x xVn K multilinear from

m 1Univusalpwpertiesdefine.mg xOVTK

Nin degenerate bilinear focus B V x V K
mo V f indefofbasis

Matrix ups n ofsymn.mn digbilinearforms
Oree IR Camdiagonalize this matrix mo rank signature

no positive clef semidef matrices Sylvester'sThru

TIget.ua Ttv Itv Ctfu Vx V

Sym IV A v
n times

symmetries
Decomposition Them Properties interplay with

Determinants minors n'a shew symmetric forms

Cayley HamiltonThm my Application Nadagamaslemme
Ain B M MM M 17 0

f g
Symplectic orthogonal gps of matrices
DecompositionThemfor matrices polar Jordan Gaussian
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1 Basics on groups some examples

Definition A grasp G is a set together with
a a function G x G G greup operationanulliplicati

a b l a b
t just notation

e an element e e G called unit 1 identity I neutralekment

satisfying the following 3 properties
i Agility i a b C a lb c forall qb.ccG
ii e Neutral i e a a e a ta EG

Ciii Existnverses forevery a c G thereexists BEG
such that a b e b a

Notation b a if is multiplication m nm ab
mm notation

b a if a is addition rn abelian
atting

Definition G is abelian if a b b a ka b C G
commutative

Examples
G Z 3 I o l z integers
a b at b e 0

Inverse of a a

G IR o positive reals
a b a b usualmultiplication e 1

Inverse of a to
Observe Both examples are abelian
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Non examples

G R but a b ab f exp blind e L

Issue Not associate chopical addition
G IRV's of a b min ha bf e N

issue No inverses except when a a

Def A monoid is a set G with 6 6 G EEG
where the operation satisfies i Cii

Obs R 03 of is a monoid

Cid IN 3 1,2 3 usual addition
e O

E set X L 3 subsets ofE PCE
A B AU B e 0

Mouexamp
G Ghz IR real 2 2 matrices with non zero dit

dit I EI ad be

gpoperation matrixmultiplication LAB ij E AinBaj
e f 9 identity Ia

I D II al
Chaim G is non abelian cofactor matrix

Eg A 91 B I o
AB L but BA L



ms Gln K k any field is a 1mm ab group

Lemmons Neutral elements on groups are unique

PY Assume e e'antwo neutral elements on a group
e e e e e e D
t

e neutral etneutral
i Inverses on groups are unique

Pf Fix x EG write y y fr Tvo inverses of inG
y y e y x y y x y e B
e dental y timers Afsoc yitmuseb Iman

3 If X E G and X x X then x e

PH e x x X X x x X x x e X
d d b t

X inverse hyp Assoc X inverse D

ss 2 Group homomodphisms.ie G G groups

Ief A map 4 G G is a geup homomorphise

algebraicstructureif 4 a b 4 a Ag 4lb is preserved

G Let4 G G be sp homomorphism
Then they e 41 7 41 1

1

Pfl 4 e P ease Yle Me
By Lemma 3 applied to X Yes we get 4le e'EG
D This fails formdroids Ex.tl N EV AEE
m Homomorphisms of monoids 4 a b tha 4lb f Me e

G G


