/-Y(g @ ) 0%
prp TF G0 ,q(2) ove velatwely pime, the,

FLx¥] = F
x (/¥ (H400) Exl/({(xu) ) F[%m)

\ms'zF: We always have o map T FDL%%\”"F&%)" FC%)
Uy Taes  h = Ch md £ h mod 4)

well-defined becavse h+ Q'Fﬁ = (h+0/h+0>
orcavse amy molde o€ £ 15 O mod T aud md g -

P

n we nedto see e T 15 mdechve and sura;a(j‘me_
Becase T,9 ave velefutly pfime, wk cak fud a b so
1 = al) k) + )yt
w(r) = waf) + Wby = () )
| = (o m)+ (m0) 'i"f‘h@?u,m)
= (o L)+ (.‘L.,Q) pecavse som 15 (11)
9 e cam e Drs Tomda fo Bud o preimege for
any elom § B0 .. |
(C,63: c(),0)+ a(oV)
A atd iy + cCabnatd +> d(0,)+<(i9)
and T IS sucgedivt.
Taedve = hHs0 means b Jwsibe by £.9 rel prme.
= havbyfg = h=o 1, T
R/




@
Lineavr O\SQ(DW»\
navy MaIx A sahshes 13 dmmo‘emsbc poljnomcq(

Foy= oot [A-xT| ¢ FA)=0O s minees
Tis may ne be e mnma) (;oljwowuq\, wh ths ()rvped";

ex: A=(2)1 F0O= xz-; Uyt D
F(AY = A% 4AIT
- ()-(30+ 33)-(34) ¢

R e
2 £(R) = (I-A)(‘ZT_*-P\)

N [o"..‘]{l%] = (%,]

oot let g( = (x=N(x-2) dwdes £0)
a®) = (*1 ], =(%) = e

[ -

pam—

Lot M (R) be the sev of nxyv matvies o IR.

M s a nQnComth\hUQ \(\V\:j Wit Um'h-, I:, |da4{'r\\7 mﬁk
Lt RGA be e mmotthe g wf 4 o polynoma(s
wihh dz W X Lev AEM be an wey wmabtax

it ranadiac pOLc,V\omq\ f(¥)> so f(A)=0.

wWe have map ¢ RIX] — J;(IRW
X — A

1+— T




@ alJog Alj
Onhe Way T understamd A « 1 dnd@vglzuoé Tues m?f).

B(\cm = £ = O

(und@lrsfnwé why ™S mﬁ—s‘.)
eq. SuppoR F() = x2—2x+4
= XX —3x+H
50 e (Fm)= MR- eRB)ex)+ (k)
= AA -3 A + 4L
= £(RA)
Polﬂv\omlq\s Reovd Waqs % add and MUl'hPL?,

Homomorphisms  ov€sewe  + and X
e Can +and X befsce o affer appymg e

= We an form e P°l'7vlohnlql + kefore o aHer €
tegm» = F(et) = f(A) |

This woks becqose € 18 4 homomwph\g\,/ﬁqu
£ 15 o plynomal, hothend 3 a binch of 1 k.

—

Recanse.  C(F) =0, our map s well-debwed o
he qUo’ﬂqu*: Redo as

©: [RIx] - > M (R
/(%c)\ £ (R)

11— LT
X — A

———




o @
LW“’N«“M@J Mp(R) oy e non commatifue,
but ‘Me image. of TRC{%C i) ! e of a
Cot’ﬂﬂ)d('&‘h\ﬁ nﬂj, "MSJD be mmno‘k’ﬂh\e-
We can 1ghore ww,hw\uj now exeept tre Mage
Gwo for 32\‘ alooot y]gnc/_\mmutﬁhm'f'}
Jhat gues 7 fwes of A tommote

AAZ = A(AR) = (AMA < A'A

b ossoqur\W:h? qlone. Te mage of R(x) (F(A)

(R 1 Al onomel apessions m A,
Pl“ % \wmeav Oomblmfho\os Of‘ C‘Bnd‘&(-? qu-,\

powers o A, Aakg A°=T. TThese expresbIon s
form 4 commatahive ﬂv}j wi™ Um‘l‘/ evéuy ’fhodj"\

Tre \.DIS?,U’ VMﬁ mn([E) wont ke commgtahee.
s 15 lie wodewg wily ar dbelan subgvstD
S a nov abel lam gV

F" Tedwddy | € RO, & m, ()

€ i oly 1pdwe i F6D s Pe mmimgl
p@“a,hom\q\ foc A. 53 q SM‘-H‘y A“Jldlﬂﬁ ‘F S 145f€ad
e momal @y B A ey the’ideal (q) 15 e

Kerel & € (Ofen we cau [gmore s lssue,>




A\g B /0%
We put tms Togeimer*
TF A has chae poly £ = G0 h0D whewre
ah ae refghvely prime,  thev

——

Tw. R, = Rl x REG, — Ma(R) |
A N N

Néw we're actually Lsing some ing Theory 1o befter vndeysfeud
A, Tf e factors § e dwect pred ud”
IR[)Q/(::D , ﬂa{x}/&\ ave easvey 1o understand than
fmen we qaw levevage by kg ™S
IRCx) /(Cj"b " ) gam ge vy wgwmy.
Mohva’ﬂlaﬁ prblem :[ﬁnd A“j Some lqvge,n]
( ™ 15 doely velated fo e Pmchtqk preblen of rudteg
A

eﬂf‘ el 1o \ve btfg}ems o diffevefial eytf{f)ws
o] o matax ﬁ, but has less Serhesd  to Un der3tan

exempe: fnd A™ B A=(EA].
et molhply oot AAAAAAAA AAAA
el 1 Aind x'Z mod xE Ly 43, map vsg X=A,

repeqted Squavivg ™k
1Z i base 2: 3+4% = 1100

<0 x'2 = x3x1 as pmé(lc,\‘ ot rePPqieJ S4uares



©
o Keep dndn T 5122 o T palgyeals, redue mod
s we O

X =X
& = Yy—23 oo x—4x+3
xt = (Urx-%\z

Il

16x% - 24x+ 9
16(4x-3) - Ltx + 9
HOx -39 mod x=Uxx+3

nomoy

Check: X? = (40x-39)" = (40 (x-1) +1)"
\
A SERR® 1690 (i +80(x-) +
always Gve L = 1600 x* - 3|20x + ¥EgA 152]

——
—

(600 (4x-3) ~2120x + 284 152|
= 3280x - 3279 mod XZ=Yx+3
so x'2= x¥x"= (2280x-2279)(40x-39)
= (3280 (x-) + 1 )Y(H4O(x-) + 1)
= 328040 (x-1)* + (328044Q) (x-1) + 1
= 322040 (Y4x-3-2x4+1) + 1o~

_ 2*x-2
= (2:32%0-40 + 3280+ 40)(x-) + L

L\

50 [A‘Z = (2.3790-46 +3780+*40) (A~-I) + L)

e was velghwely pabyl, evan witnest smpltyi7g,
becasse Wt dont wse stcdve of e n:zj,



a\go /og

Muck)
W ;Qf;vn&‘\'a do e calcoldNovs m eqch ‘F‘?Ctb\ra

AnY, e dr st ques e ansuer 50 well ki r\~
Uhon we e T

#= Lot =34 A (8Y) AL

an. N ldaa 37 (N3
(lj ’ll | 1 l
13
215 19 E
3114 79 14
414 | 8l Y4

So AN = { i-\z—('s"-ll) 1(3h) o
@) £ e

Nicer way to Wwate s !
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Bade +o drect P(O'z\t)c.'\'!

m{“}(ﬂm = [RLx) ( Ay X RC¥] /(\..)

x]
TRX/(.,_

= |
X=tx +3) 5 D‘]/CX—I) 8 ch:l/(x_ E)

What d0es X” ook hke 1n fREX]/C o
S What does x" ok like whey X=1 7 1/ qlways

_

What does x" logk Wke 1n m[xj% B 7
S hat does ¥ lookc like when x-_—_'g? g“

e "[-‘R“““L o glve these auswers hgeMar o g an answer
n txj/(s\'h 5 men uvse X+ A ) Map Pus qnswer
o My (R L%ch“g a maNI%
T meod: ue hed b Pwd ald), bl o
1= al®)g0d + b)) h(x)

Lsing The fack That g W avt rtlathuey oR.
One could w2 exdemied evdyd@an algocitm, or gk
Sqwe Qr&o\@M as Paﬂ\q\ fachons :
/‘L = @ S \2_(_)_(2

——

Q0% (D) W g0




@) aly 908
Lweox a\aebval from Qavhak'ﬁfﬂc‘h oS, We expect
a() =4, b()=b to be cmsPAl3.
1 = a(x-1) + b(x-3)

Llledt Yerms, equate oefls -
a+b =0

—a-%b =1 .
solton = L = 3 (x-1) 3(-3) (qé-.-.lyb

e

Fodoean a\go-'ﬂ‘nw)‘ fache on 1= a:6E+b'7
Have basis for plane > 5= aApooh

oen oy (AR 2547
(QI\O,23 = (1|OJS) fvom 5= 15
= (O] 11‘7) ‘7 = 17

o o\ we have t do 15 fmd a vectsr me plaue
£ e Bt (30,1) aud welve fovnd 0f a,b.
Use eudicean q(goﬁ%m D edie 15 o 1, folbw
aong 1 fat fwo wos 1o i ab.

1-14.-5=2 (0,1,7)-1(1,9,5) = (-I,IJZ)
5_2'2':1- (‘lols) _2(",11:7-) = (3)“2)\)

and Suk enough,
26+ -27 = 1s44=1 &
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Now for va, (1,0, 1) dane. (4,2

0,1, %3

44 A0+ b(x3) = 2
[5{:—2“(’: ("_\) ,2_)
Lnor (g%, Y)

| = 3 2 (x-3)

as efore # Flr—) mod X med X-3

Sy — 0, m
1> m, O

bt som 4 +— |, |
=) T(x-D = (o,
<+ (x-3) = (1,0

and we kow how malth Up  answers I
R[ﬂ/ﬂ\‘ it I'RC@/( -y iR [x'_l/({_a)

xt = (,0) + 2 (0, 1)
U= R (3 o+ ?,“[e,;(x-\)]
now semd XA mod  (x-1Y(x-3)

:D:s
I
| ...i
_ L
N
NS
+
W,
. |
— —
S



alg (1) %08
Same app\aach works Tor ofit
o R, iy X 15 ke £, so et o ke of
1 I'R[xl/(x_ﬂ) X no w3 Xt o o3t

Mmasing AN SV back 1o Wld‘nCéS via the \('M3 (RCK%—N%%)

we oet T [ E e :]/2

T Mhe i3 examples are alveady m Jordan canomeal o™,

fo keep ‘e C&U(WS smpe. Me beasty oF e méhod

5 Da we evaluate the same glywomuals T get e VIght-
aduwer, even iFE A 15 i fhe wong cod System, not Aegonhzg
Or dmiam folm :

A= [23 has chardenstic polyomial (x—?_)(x-g)

(we e e sigr) but muwa oy nomeal

(%-2)(x—3.
SUP?QQ we ke s, We'd wovke with
R ~ RO, *RK
ﬁ-zu cx—a) 6—2) / —3)—} My (®)

amd Semo x F> A b mpoR fondhons %A.
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Fudidew q(gor?ﬂ'lm . () Y X-2)
(o4, x-3)

(,-1, 1)
o 1= (x-2)—(x-3)
— [RC
an = (n+ (10 m KU % H%%)
et los like (% 5 &3F)

ext= (eP5e%%) = ¢ (1,9) + €3t(q))
= (-t + 3* (%-2)

x+>A 2
oAt = o2t (-(a2D) +€*(A-21)

2

- = o2t [ 3t(0

A[a‘%} - [OO] te Y'n]

oht - [92;34: ] as wrexpedtd,

ot

exnedidg o dlagenal matx Jeggsmadtagr-
exponentiafes tre eaigs.

Had A beon messty nondiaganal matax, gloue fdmdlss

Would have sared s g \6F oF wouk,



dlq @ ufok
Lhat 1f we hed been wodmy wi (DD 7

(x-2)  C x-3)" are vehkhvely pAMR, 5o as befove,
i T

[RCx) , = R[x] ®Od, , — ML (R
L 4(-2) (3 x%(—z)x )%«3) M 74)

maltes sense fBr wottng wit any A s, (A)(A3Y =g,
whekber oc ot (D35 15 he mama) solynomal v A

The. methed sl wovks/ s ddj+ U/W)E’CGSSGV‘[ At when
we're ot lISI‘fj e Mgl (QllmPMIql,

’P&;&-&) s bee 1’\2&3]/(}(_3)2 s e

|R[x;/(x%)2 has as vedwrspce basis oty R {1, x §

e can vedoe any Wgher muwdr of x W) (x3)*
sy (30 O 6950 © s 6x-g

So U\')q:&‘ 1S eX{— In TRD(]/(*%\-L ?

X=(x3)+3 o ext = p(x3)t o3t
(=3t _
C e = 1+ 3 + (x4 s -g(x-g)gtﬂ
W

O med (x2)*
SO ech.-:. {‘lirm

e R CX%_B)'L \
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outhing s Fepher
3t
Xt = (e, (iratle™) m YR%XE%%)(

o o2(1 0) + [1+6DE]EF (0,

i aha ) havewt e done  Cudidean qlﬂorf\\'\m:
(1,0, x-2)
(0, \y X=6x+%)
(-x,1, ~Yx+9) )
(L{'-_x)l) 1 ) =2 (Ll'"'?‘D ()("7_) -l*(;(—%) =1 M

" \

I

(9" (1,0) "y
e - —
Xt = et (x3) & (l+(x-3){:]€’t (4-X)(x-2)

= oz + € () +£€£[(4—x)6<?]
(<3

\DEE"'e aretm Pluﬂfj‘% M X= A, F_J\_/s,

Wwe cm see gt e €3t fem
ques O whenever (A=2)(A-3) =0.

So whem (x-2)(X3) 15 acMe muwal 610‘7"\""““"(/
e 31 et work by st usmg  (ED D

we should shll 8£)L'bz \ng\fb GUSWEN™ 2




a\s @ ‘9/ /0%
m;% [( 22 1 ' e3t[(4-x)( x—?-)] +tet [_ (4-x)(%-2) (@

(mod (x-2)(x-3%)
how x+— A= [233]

S SO R AR VA

- ZJC[ o]J' { qsw%’e )

What alout an examel&'lm’r needs (+D(A-3) 7
That 15 e chagd@nshe 7V\9mm\ of

A= [3‘]

ik 16 M Jordan Torm but caneyst be Jigqonalzd:
how X A T same T

e"‘*’=é&{f‘%ﬁ*“% i "1+tﬁT i °'}
= 7,%[\001 " e : 1-] N te%t[ Oclb]

7t
oWes famiav ePd: = [e o%t te%]
e%-l-.

and S fast metod whew A wnt W) gudy nice m'”%



Summawy st what we've done:

¥ f(A)=0 foro maik A awnd poly nomial £(x)
(such asMe chamceishc poly det(xIT-A))
then we have a4 gy homowmor e 1em

. [RIK]
L & /(-F) — Mh([R)

QW) oy 1 — L
x —> A
1€ nou k(,() IS Q loolu/homm( M X, W Ce

ompute. K (A) by fisr Gmputng k() mod 1),
12, compshag in he Ving TR&]/(O then Gedqmg e,

(S\')o?‘“ vwoon: If F(A)=0 we cam compuk auy
KOO for x=A by Fat workimg mod 6,

—

IF nowfwt(vt):ﬁ&)h(x) for g,k relahwely
pame, they for some 4G, b(x),
[1 = a(qM® + b(OhK) |

e ——

“Then "
RIx] x], —> RI[x
20X Ty Yo

15 an exphut ISamavghism, LoM4 O and b



QL’:S @ 4/M/0%

we know what e omorphism [ooks like e

sher- way
. [RIx — -
m []/(F) fE[x%j\x qE %/"0
X wmod £ 5 x mod (4,
1 | — C ‘) l)
ol > (o %)
+ bh S R G
(#,0)
So o} o (o,
oh =

(),0)
Now we can Map any element (C,& bback
Ry R, 0 R
(¢,d) = c(1,9)+d (1)
> c(bh) +4(aq)
Puting s fooemer) we can ompute. KX sepavately

arer iyl .
/Cg\ ’ /Ch) D(/({:> n )

. (¢,8) + c‘o\n-kéqg 3 XA
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This meams we L[An reduce The COM(DUULZP‘\M g k(A)
for o ndm k&) To  comptiag KK mod (x-X)"
for eath &8ﬂhv’ﬂt\/€ » of A gt mufhe\lq@ w).
(We way need fo mowe from iR o € to fimd all
s A F FR)

SUPGOSQ that %} K(?<> IS a conNUoss furdhon
<:RDIR, sffuetly  diffeeutiabe ot Yo x=M.

Then W aan QKEJGV)A k()i) as 4G TQ?[O(’ sexnes I

(x=X) ¢
k(<) = KO+ PR

\ I 2z
k(N (x=N) + k(,% (X-N) t 1

T he. g HZM/(X a2 A foims of deg 2m
mis sees \mnisly, an k(x) becomes g polynomal.
Downg s T eadh ot X of (), ue can ve
‘e P"e“’-f)“'lﬁ theswy 4o Cbmekﬁﬁ K(A).

(The\'ﬂ art. onvVegemce 155UeS T Tadde wn an 4%4{7515
Ve  but T Mere 15 an amser o k(A), s
Hnos :Jf.>



