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Congruences DEF divisibility
a Eb (mod m) alb if (7x)(ax = b)
means divides

O

-
/a23 mod

Exm congruence mod m is an

equivalence relation on E

/ classes : residue classes mod m
-
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-hemodm are (m) residue classes
-

except iti=0 GEb need m
# mod O residue 1

↳
classes is G = b md(- m)
-

---
-

a=b(m)
a b(0)() a=b



↳

#In [a] : residue bes ofm

[a]= 46 -11 b= a (m)

&F [c] + [b] : = [a+ b] (
if [a] = (a'] <
[b] =[b'] representative

nextats]=[a'+ b']
of its
equivalence

--

iv. if a al (m)

&
a

-

↓ = b (m)
ther atbea'tb' (m)
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aza(m)] => a -b =a! b e

- ⑪
. [a]. [b] := [<b] def Sound

--

-
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-
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GROUP (G , A) + : ExG->G
--

① associative (a
,b)+ a +b

(Fa,b,c)(ax(bxc)=(axb)+c)
② Ineutral elemate I comentativegroup (Abelian grp)
a(V)(ex a =0xe =a) ④ axb = bya

③ zinverses

(Va)(7a)(axa ==xa=e)
---

Examples : 12 , +] Nonexamples : (INo ,
+)

(IR , +)

RYFR1E03 (IRY , · )

derDi
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DEE Permation of a set

A

bijection y : A -A

if Ix1 = n them there are n ! permutations
-

a+> al
-- Y N

A -> +->Acomposition /
44

a+aH(aB)Y
Symmetric groupur

:

Faee I acting on A
(A/N S (n=n! Sym(A)

↳

degree
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ING (R

, +, x) I
Additive
L

neutralelement

(R ,+) Abelian group
Zero O

--

X associative

distributive over t

a(b+c) = abtac

(b+ca =batca

(a)(0=noncommutative

ring :
-

ple ( , +, + (Em
, +, + I Mr (IR)Q ,+, x) nxn matrices

(E , +, x) over R



Ring R &
F a is a zero-divisor if

aFO and FbFO s .t . ab=O
-

DiD Im has no zero-divisors> M prime

Torn12 Mu(R) has zero-dire

A=(8b)
#
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FIELDS # L
-

commutative ring I · field hass
.
t

. #Y, x) group
no zero-divisors

-

Ex ④ R
,
K

, Ep I Prime-

e

NOT 2
-
-

-

* If R isa finite com. ring-
with identity and without zero-dison-

then R is a field
@r~ counterexerh:

2



↳
DEF GET) has the prime property-
if (Nx ,y)(a/xy => (a) x valy))
a+I--

THM If a is a prime number

I Then a has the prime property
Edid'sLemo

isa field:·:



↳
otherfinite fields

#(i) = Ea +bi)a , b - #43 i= 1

For what
primes is this a field ?
-

2#2)=

P

Theorem /Galais + )
④) If I is a finite field then IF1=p

*

② Up F ! finite field of order pl-
GF(pk) Gabis field

also denoted
pr



# field ↳
DEF

Characteristic ofE :

smallest KEN s
.

t. It I + ...H =O

if no such K exists : char o
-

Ex
. char (IR) =0-

char(#p) = P
a(π+(i) =p

The char (#) is always - prime-

~
zero

"Finite char. " means honzero char
-

↳polynomids over T
@

& A /P ,1 poly. over Itse
infinite field of charp-
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# field

[]#"verspace : v ... V -> #

a:
# Linear combination : aiVi
- --

i= 1

Application area a
:
#

Theory of error. correcting codes
based on vector spaces & over finite fields

polynomials
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W is a subspace if Thm
.
All

- maximal-
-

L
(

. W+D) lin indep
closed under lin , combinations sets inW

I- same size

-

I
-

↳ empty san =0 Edimle
V, .

-Vi linearly indep. If

(Na...at)/Ea: V, =0 => <
,
= ... =a=0
-
SEV Span (5) = E< finite lin comb.3
-
v. ...Y is a is of subspace W
if lin indep & Span= W
-



CLEF dot product: vii) w = (:)
↳

v: W =Zaibi
-

vSw, +w2) =V.W ,+ViW2
aft v. (aw) = 4(vw)
-

D av =0 E> a=0 or 1=Q
-

-

DEF ~ fw if ViW = O-

↳percier+wh
SCF St= 1 v+ =(w/(kves)(v +w))

rES



(VS)/St is a subspace) ifwIa subspace# SC Sit #

↑ The -U < /F

then deUtdin Ut = U
--

DEE reF" is pic if VIO , VIV

↑ # Is
over R

F in IF2 : find isotopic vectors if IF =K

IF= Fj / IF2
* For what primes p Fisotrectors in 112Fr
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COROLLARY u+ = u
--
-n

REF
.

U is totally isotropic if U-4t
Le. (a,btU)(a+b)
-

CR If U tot isoto then dirU if &

-
If Eg and WIF din W =d
\

Pine power then (WI=q
&



↳
But these all together

TeutoroTheto Prove t

-


