
Galoisfields worksheet .

GCD.ca, b) =-D

7.⇐t.fd-s.at#b .

GCD exists :

Let s = { s a +tb / a. be D)}
Pick d ES

,

Sit . fcd) is Least .

D= sa + tb

A :-D : as g.dtr

far) cfcd) , but f-(d)= least .
7=0 . a= g. d

b = 9. d.

d divides both a
,
b.



let a- gie , b=9"e

el a,b

D= 5. a +

t.b-s.qie-t.gl/e--eC)
D= multiple of e .

So d- = E- CD.

-

GCDCS
,
E) = GCDCS,

t -rs)
=Gc , Cs, t - s) =D



Compute inverses
.

A C- Zp .

a. a-1--1

F
GCDCA
,
b) =/

5. a + tip =L Cmodp)

⇒ sa =/ fmod f)
a-

Fix] Cmod Ñ)
-

§ 9? -1.59b£ Fz
f-

ab_|00

%



D= Euclidean Domain

f-- prime C- D

D Good f) = F. field

D= ☒ [ se] p=x4l
ME

☒[so Good a-+D= I
}

= complex numbers

Note
.

☒ Csi = polynomialring .
22+1 = prime/irreducible

poly .
☒Csi (mod setD= I
set of

"constants"

numbers



Get 1=07 ⇒ D= -1

a- 11--1 = i

pcx) =Rtl
Ki ) = i2+1=0}

i =root

of too .

root i ¢ R
,
root in ¢

11266'
• i

¢

• a+ib



Construction of finite fields¥

Eda = Face] Conod foes)
Fi {0,13=2/2=

base

field

Fix] = Univariate polynomial
ring MY coefficients
in Fz = {0, I }

pcx) = irreducible poly
Poo c- f-Isis, degree =K



☒code sets-11 C- Edis

tho) = I =/ 0 -Cmod 2)
pci ) = 3 (mod 2) = 1=10

Rtx-11 has no roots in Fz
= irreducible in It .

E¥¥I¥=E
⇒ = -6-+13

= Cxtl)
-1=+1 cmod ↳Jt

dgoaofpoi
←



IFE FLEES Gmod Fixed

⇒ Take anI_ polynomial
in Food , coff -- 0,1, any degree,
divide by Rtx-11

,
and take

the remainder I
degcr) < degCñ+x+D
= I

axtb
,

9bEE={913
.

let d-- root of

⇒ ☒ = ✗4-✗+1

per)-0

? § *2 ✗7×+1=0
2--2+1



Fzk DE EE

✗éi in
Complex
numbers

.

•✗2=2+1

per) --0 ⇒ ✗ C- Eat
✗ ¢ Fa

✗2=2+1

✗ 3=2-7-2 = I-11 -1£

mod¥±==%¥, food
D

=L



In Fzk= TIED Cmodfkx))
coefficients are
reduced Cmod 2), because

base field I Fz .
AMI .

All computations reduced
(mod⇒

✗ 4- ✗+ I

✗
2 (mod 24-4+1)

= ✗+1

✗
3 (mod ✗HatD= 21×+1)

mod 44×+1

= I
.



IFE __ Fix] God ✗4¥¥
Pcp)=0 pstptko
APE Ptl{
ax-tbx-ga.be -91-2

÷fO O I I → pit
0 I 0 P

O I I Ptl → ps
I 00 pin
I 01 132+1=8
I 10 PHP =p4
I 1 I p7B+l=p5



=p+1

p9=p7p
p5=p4F= (Pti) 1- it

=p
'

-113+1

p6=p(p4PtD
=p

>
+ pit P

=/Pti) + PHP
= P2 -11

PE poetD= PHP
= + 1) tis
= I .



A-- {9kt , . -
.
. -9,90}

K -bit vector .

AEZ
. A-= 90+29+492-1 - - .

ziq €+2k-19<-1
E-0

A- C-Fda .

Pk)=0 .

A-= aotqx-qx4.az
.

-23

+ . -
. .

. -1 a
,← ,
✗
K - I

= xiai
E-0



it:¥=7÷:#
Model Ckt C. in lfzk .

A-- qxi
I :O

.PK#--o.Plse)C-ECx3
irreducible

pig.&•ÑITµ
-

⇒

giv.fp→*2⑧



EK EE ED Coned paid
as a pseudo-random number

generator act .

Linear Feedback Shift register .
CL F SR )

.

( ←✗oRg-i¥¥←☒•→☒-
⇒ 1-1×-1×3

•
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