Lecture 7
1) Further dhscussion of PLDs.
2) Main Thwm on modily aver PTD-s
3) /Dr‘Ooy(’ of Hhe M ah 77714
&J : ;Damm/f Z /%ofc, é%g}o-/a 72

BOoVY S: Fnte domensiona! modiles ver /;( y ]

1) Further discussion of PIDs
Let A be o PID Tace 4.4 €A el (z,.0)ed
4 olé /7//@,...%7—-(0/)) /&%ruo/ zm/'fw/é ap o iertibls %Vfbr
. o( a/)\/lo/fs‘ a,..,4, £/e a,.,., 6[{)~

.A///;Wo/ts q...,4, =—50/’c/wa45 a/(=(=Z, X o 74/ Some A’,,..X,,é/)_
Ths o s 4 ), o/ 4, &, .

(lessicek %Uﬂ‘cwbon o GCD: PID = UED.

/gﬁma/zs Deln a /0_7?@ ees /ﬁ}’//pa, /aéJ;ﬁ[ﬁ /5 /%u/mtzj'
[/)ng) <=9/0/ < lfor (p) prme] = (f)=(p) or (£)=4
* PID ?/f/af/f/af/m,

2) Main Thwm on /ﬂao/w@ over P1Ds,

2.1) Stafement.
1 LA b PTD [ed M Ee a%h.jw'o/ A- modids.
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T hm: 7) Kéf/%)/pr/ma Py e/ aé/_._,g/f el st
¢ 4
M Q/“A@@L@A/[ “)

Z) K /5 é/////wa/é p[/{w/;/mca/ éL /(/} 40,(/’), - 40/‘) are 4////7%
A/w‘fe/m/neo/ ap % /M/maz‘mfzo/z

5%0(@: For A= Z, Thm =clossifon of Fn /ewo/ wbebien jr’ s,

22) lase of ,4=f[x]/ [F s “”{7’ chosed
Alssume Mmﬂ-/({ﬁo(&z £=0). F s a_éq, ctosed =
ﬁ’/}”“ m [FL[e 1 ave X’/?, /?GE ﬂ(/o b inverdibl 741050'”),

¢
M Thn = 3 Vel o€, st /’//=(§WU/(/X~ ),-)"/‘),
Feonmier (Lec 3, Sec 2.2)

A modike over Fle] = JF~vetn spnce X an We;far X
For a //Xﬁ/ IE -vector Space /{//) gﬂemlés /f/;) /l;; /Vﬁ/%//zfe
(s omoy//r, Flxlmpdiby strutures < I coylgm’c :

- M—=M is a ﬁomomo;p/um btween e 2 mocdule  strutares
i guo/{;; J;{,;u So W s an /somowézrm & 504,‘/,;%1/(,,; So 4o
/%24 7Zm /LZ/ ows zlo cﬁzsmﬁ 5/4(@/" 90%050/; t;u fo CO/yth/f/M.
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Uoose. an [F-besis in FLI(6-0)"): 6303 fog_ ofs

X’),‘)‘jﬂ—" ;\i (X‘}; )J f//\/'<gl/~1

NP L |
X{X’),) [X’( J‘!) Al] {%/X’J,‘yl [/L/‘foé”f

So A acts as « Jordau block :

1,;}1 0
jo/‘(xc): 0 i
//llih 77}14 in ‘L%s case [s:

Jordlen NMormal Form f/m :

Z&f X /e 4 //nm/ Wdar 0N Rk gin. ﬂ4m F ~Vestor 5/‘06266,
/M, & F be “6’ 6/05’@0[ % W Some basi /(/ 4] /?/’amzz{a/
é, & " Jorlen e’ a//a} (:Z/’ (), :70[6 [)e))-

lan recover 4o pears (V) G d,) fom K=wll discass
7 ZEC f

3) /DI’O(J](, 0/ 1%@ M ah 77}%

3.1) Sf;wffj} o/ A /9}’00/7/ 0/ existence.

Sinee M is %ﬂ/fe? jeﬂe/ufe/) Horess 2 Suyéd/l/e A-Uinear
mep a: A 9”’—»/4. LeA //‘=K€i », ‘L%/_r 5 R Saémaa/w& m M
7Zc MaLn /aﬂz a/ ’LZ[& /)’00/ /s to 5400./ Z%z;f g basis f,,/...f,q/

'ﬁ% /16:7 I <h, and {..{é/\fof st M- SFMA[Z{Q/{Q)
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Wow nite Ust if £, L ave A-modides § N <Ly (=12
are Suénw/u/es) f[w ’L%Zrc s A4 mz,lw’aj /501140//’0/)5)14
G (Led)/Hek) = L0 L,
%o Construct /é 5 an L ) \
S AW (D Ael ) (@ A e?) = D e/’ D Ae
A@ﬂé @A/[/i)‘_, ¢=) =) /¥

/%:2.‘ 1 of e Heoren witl Hen Follow Fom

ZE/W/WL: /or 7/ = 8/040/1 P:/S ( E /s /ﬂVerf/o/él /g /0_3, AWe a/;z//nm(
prmes of . o.70) we howe /4///) ) %(6? ,4/40,-0/")
19/007?:
Tts eﬂaucjé %o Show That for /;{éﬂ w. /7{175)=,4 =
CCDWA)=1), we have A/EL) <> A0 AJE), an A-meddid,
dy ds. ds
/SDMO)PA)SM o we tare £= Eﬂ..’./as_, , 75=/03 and fgue oé
ndluition on's)
(onsider Hlo meturel /)fc{/’eyﬁbﬂ 7 4//7% ) — A/lF),
d+[[;{) (*->a+/7lf), s A-Cnear. Wo claim Hat
7=l m): AL = A )@ A
Smee [CDEL)=7 3 4,8l af+al-1
9 s //y'eyz‘h/ef J)“(a+/7f/:))=0(:$ 46[;{7/)[71/) =
a-(2frq1)a -4 /0rcfa ctf) 4 aell) = facllh); faedf)
So 4+[7§7§)=0_
N/ Su{/'eﬂflvc: d x e 3 xed st x-x;elf) Tare
ira/f 5+ A X, So x-% = 4hnt 4% ~(afre ST =41 feyelfl
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Eom: Sim,/ayé, Qne Con prove o Version of He Chmese
I/ellfa/iha/er Thm: for /ﬂ/&?//s L,.Z;C/{ /(75/76’42/ ///707) . -2;7“_22‘/4)
fove LOL=T L, & A/T,I, 2 A/ <A/ L, las rmgs £ as

A-modiles)

3.2) Basis vectors and %/eiy maﬂ/p{%s.

e /omccao( Zo /ﬂmwn} z% existence /aaz‘ 0/ Thm. We stadt
W. ’fL /of/awz'ng fm?f sz /Va?f/cc ‘f/d 6«6/’0-1 HNONEEro Ve&far th
a vector space can be moluded into a basis. Fren for free
modules  aver /s, “hs ey fail : fare A7 M- & m=2€/M
So, we can ase a more jmc’m/ vestion: whn s an eloment
n A" 2 Mu//ffﬂz 0/ a asis 0/emm7f /WAIJ 5 mfwwsﬁ th case
n—our exem/né ajow,). We wmll  see ‘fn/zz;f ‘f/é ayswer /s /VE 5,
as /anér, 45 /4 /s Q p—ZlD

Lt m=lo,.0,)€A" meg St (CDm):= DL, a,)

Zemma ; ﬂe /oﬁawzhj &é/mx /o&/

(i) // /ﬂ=£é be' for some busis 61,’_,_(?’0/ /4@)” Hou
Gfﬁ(é,.., 6,)=20CDm) L. & /nuerz%ﬁ)

(i} —rfA/e s a basis ;,’._.@' W. ll//=a/f,’ 74, o/é/ﬂ/(/}/ Mfowﬁf/c%
ek to GCD(m) (b (i)

g’iaj[’: Ubserve 7!/42‘ +we /ases m A mw/e //f//a;feo/ Ve an
__fl}y:/m‘/éﬁ ma v : in Pmlzlca/w: wm (i) /é{,,)T~ X /g,...g)T fo
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Xe Mot (A) inetibts. Ths s fr e same /’za&w s For / elals.
In fﬂr{)wja/, /, CC.@(@,[ZH) S/m//a/§ /g, a,? X // é)
>4 65@(4,4,) = ((D(s,.q)= & ffﬁ/éé,,), e mverbél.
This  shows (i) Tl /)’ao/ of ) s om two 57{?05

Sé 1: /a) Jor n=2. Wk need +to fnd invetibts e Mot (A)
W, ( ) X/ w. - 5[.@/@,42 ) (Hon /e’ are columns 0//()
Led 05— Xﬂo/ /t 12X, é%f) Ten fj)/)g zz) /s /Werz‘//é

2,,)(22 /4/ O T W G'C?/ £,) (Can assume = 7)
Wow toxe N=(1 Xn)

S‘Z Z2: (i) for mmZ n. We h/aﬂ'f b fnd wertible. Y
c/%;f (4) w. y/a, )= (do.0) o of- CCDG,. 2,) b (i)
h/eﬂe/)’esehf ) as Y. Z,,,VM ZV h//ere 4

7, = dlas (57,4,.,1) w7, mertdl m Mty 0) . ;’;) (5')
o= KC@(& &), 1%5 v’ ensts }S‘ff’f/ So y(‘z) ( )

- Z = O(Iag(f [10)1 1) : mutf 6’”5 2, weps Zm/X_?ro/
emfr/es So gz(a>:(0>

7 a,

73

) /4
e (00), whee 3 (2)+ (2 )5”5/"( ) ()

271

Zz (5 /aermw{a;f;o,, mazrx /ﬁermufm} ‘fle ,@/ 4? 47,[/ fﬂfn@&

E‘fc } fé Conszzmﬂf roh S/ Aas /€7'u)}’€/ /070/8)’1‘/83 TAM € e

15 2le  columns 4 O
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Eﬁ/{/M\S F/mz‘z %W!/om/ MQM vey i—[)_gjj

/‘_/_x as 7/70. %{r /&/fﬂ‘/om &é 53775 fﬁg j]—ﬂmdoé 74[[2/1‘ /Mc
a//md:’—'/ﬁ @ ZZA. /cwjaafc 0/ //ntwf wﬁe/{m: &/255/75 /m’rj a/
ca/mu%mﬂe metrey N Y ﬂ{/a o SImulAaneous coy’cya;é/on ).

for @c waag/ , Zore s 1w 1eesonakls. Soltion. /%wez/ec
VRrious jepmﬂfhc 0?&&55 yelited o Y /}’mf@ we of j/a,é

ZmPoy‘fawcz, am/ we A doscyss z%;m {%A/

Set (- [//{,//V)é/t/a/‘f,,(f)m[ X7=/"Xj /pw/a/w A
Subset [cht c ([ 0/ ﬂﬂ/pwr For whk f/ae 65 2
70154 vector ve € meamng that v 5 RJWW of
6'0/4%500/70{}9_ f&(/]%a&Z 72/1/0«/0 (4 (T) acts

on C § simudtaneoys coly'cyaf/on : (7 [,{j ¥)= é/t’jﬁ j{/o')
Lyeveise: %4 s stalls wlr £ gction £ alL A
stab)lizers fv Y, /{;wéé»g_ G4 (C) ~acton ave thmind.

Femium  eeercse: £l set of f/n (C)-0rb1¢s 1n [;70( /5
(entified with He set of codm n idects in C[A;Jj,

T tuns at et ths et of wbits epuvetontl, 4 st o
/'ﬂ/fa,é s a Studuwe of wn %og Yedc Vdmﬂ?ﬂ. o Var/.%?/
(s C&ZZZ/ Z‘A %%ﬁz‘ S&/aw— a/ ﬁ/yo/lyfy ” L? ww/ Vg
Henoteo! § Wth, (C°). T 15 extremed, mee & very importent
for exam/aﬁ) s Csmodt]” Peaing K hes Jo f//yu/am‘/e/.
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1A, [ C?) o '
e [ m{;&/}m f?) 7Z)L (nte Mydmf wnon af aflome
1 , 2/ ne gz are (abelleo
/OM'LZIZL/OMS of n (<5 weeds m Cly,] c 0}’ -
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Oe'of Ho vezsoms wky, Hith )
% /”(f)/s//ﬂakfﬂmf et /
Bpears iy Vorious Aéml?ammf 4 A y ¢
W s }’ac(/j[omZ Wﬂf/&ﬂd( ' 4 0(
Geomery (0t swpvisims), Lo e g o
D/ P 15, ?/aen ‘et (o Bheory Net] /0/
Mmﬂ/ﬂn A{}M{}’m Com6imatorics & bwf/'z)% [ //)(/U/U/
eory (!
o 5{/;%2”— of Lo bt gpnce A 4. zw//onayo/ (2 (T)
0 /3 more. Compleated
ﬂéawé s stll o anM/Z J%( “ /Qﬂ"%/}?i j@/«dm



