7.9The arithmeticadepresenatiomfGEF (9)

Example7.5.2Remark 7.5.Fxample7.2.Xxample7.7.3ubmirizche
computationapproarval mingtopralucean arthmeticmd delfom Ga—
loifleldfcharacterisktic

W e discudserean arithmetiamldelfora flnitdleldr ;charf ) 6 2,
usin@sexamplecheeasybutnottriviahseofGEF (9)

Forn= 9= 3> wehaven ; 1= 8= 2% sothat

B ®):=x%;1225K]

factorizaes
98 = 1 2 4 8

wherethefourfactomrethecyclotomipmlynomialkserZs; whid have
thevalues

'y = X i1
' P 50 B .
2 : ) X + 1;
'aoi= XY = X4
e o= ', (X?) = X%+ 1:

AccordingoTheorem7.2.2%, ° i X 2Z3K J]factoridesothe3 trivial
lineafractoss;'; = X j land ', = X + 1 anditoallirreducilpbdy—
nomialsfdegre overZs; an obviouslegreeourt alws todeducethat
theyareg‘z—3 = 3 anditissu cienhtolis&l® polynomials

hX) :=X2+ ax + brab2 Z;= £;1;0;1g

andpreserwthosevhih satisfi(; 1)h(Oh(1)6 0 inorderxoobtaimhe
requiredirreducilfbetoxsfdegre’ ofi—ig—i ,hamely:

2

X%+ X il X797 X +landX?+ 1= ",:

Of cours@e have
"e= X%+ 1= XP+X 1T X+ 1)

asitiseasytoverify

Remark thateah raot» ofa factoaf'; = X2+ 1 isnota primiteév
elemeh ofGF (9)since? = 1; infacﬂ:heysatisﬁ>§ = ;1 and,hence,
»=1.

Inorderoobtaim primitéewlemehwe thusselecfactoawt'y, e.qg.
f:=X2+ X ; 1sothatany rot» off satflestherelatioh= ;»+ 1.

Thusa recursdapplicaticmftheformla
riX)=Rem Kzrj;;f)2 23K )=f

usindheseedr(l)= X, giesusthelogarithmiablefGF (¥) repmrted
inTab.7.1lwhosecorrespind¥Zmgh tablesremrtednTab.7.2



2

Table7.1.Logarithmabl&oGF (9)

i| r(i) i]| r(i)
1| » 5| i»
2| i»+1 6| »il
31 i»; 1 T »+1
41 ;1 8|1

Table7.2.Zet tabl€oGE (9)

i z2(i) i z(4)
117 04
2|3 716
3|5 6|1
4] 5] 2

To completeuranalysimse needtoassoiatéhefourcyclesi 3ig of
thepermutations :Z2g ! Zg withthecorresmdingirreducilfbetorst
gs, whih canbe obtaineldy computingX ; »') ¥ ; »°*!) ;we obtain:

f1;3g | X2+ X ;1
f2;69 | X2+ 1

fig X +1
£5;79 | X2 ; X +1
f0g X i1

Howewr,therelaticanbe directdgducedy an easyargumer :

t The cyclé€l;3g ofcoursesrelatabtheminimalpolynomiafl of».
t+ Remarkindghattheotherfactogy= X2 X + 1 of'g satflestherelation

X2g(2)= [ &)
g X i
sothat
£()=0 () £(iH=0
and thatforeah = » wehave ! = »% % thecyclassoiatedo

g=X2; X +11is8; fl;3g= £5;7g.
t+ Finally= »* necessarshrisfy= »® = 1 soitisa raootof'y,.



