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—_|_. O\Je(u\‘ew w\cL Con{:e_x'(:

'T})rom:jl\owb) h=E ank Chor k=0,
“All quovers will be Finte and Connecked.
- Al 0\\3eb(ms will be assumed to be asSociative and Cim'%_ dimensionn| oved R.

* Moduli oF (eptesentations of Finte dimensional algebras were introduced

b} Kir\S in EkinD \q"‘]

* Moduli of Cepresentations Can be arbitrarily Complieated



[-Hﬂle ’%) H(LiSsen—Z{Mmermann ID(‘KJ

Con\ec{;ufc [Carroll Chindeis 'lSJI
L’f (Q 1\ 1)0_ oo l)ow\l C‘LLUU’ and A— /'I_ I'I'S l;)oumok q'u NTg 0.‘3&[3(0..
If Ais Jcamc) then for any rceducible Component 2 ¢ Yepe (T,4) and

any weight © St 25, Mz)s is O Product of  projective

S paces.

'ﬂe- AUOMFOS}-}-;'on l‘\DlAS -por {jl\e_ -pouowinj C\aSSes of q\3d>ro~5:

Concmlcol Cononical A\Sebrms [Dormolzos LGz.f\j ]
* Tame —£ilted Alscbras [—Ck\na\rs '13]
* Quasi- kithed Aiqebras  [Bobinski /4]
'Au./c(ic_ Gentle Al%z.bms [Carroll-—Cl'\inolrfs 'IE]

'Spe(—ffkl Bisecio| A|3e,bro\s \:Co\rrol\——(,kinalr»'S—K\'nser, Weyman 120]

Mo Theorem (Gilbert): Let = R¥Yz be o clannish
(k\ﬂebm (for example, o Shewed- gentle a\jebra\ Then ony ircedacible

COMPone.n{: of oo modul: Space u(/t(_A, A IS [Somorphre +o
o~ Prod\w.f O-C Pm\)ecﬂve S?aces.




: ClO\nniS}\ a\sebms were  introduced.  in [-Cra.wlcxl—BocveY '%9.J /
Ohek S\zeweo\—azwﬂe. q\a{b(as ‘R EGe(SS— de la. Pera "M].

'A\?p\ico&ions for clans ank Clannish algebras have Sucfaced in
Claster u\eona, [@\Lm—Zl\ou 17, Amiot ~Plamondon 'Zl],
meanwhile  Work in\mlvl'm:) Shewed — oban(lo_ q\ﬂe’oras inclndes
L—Ckeﬂ* Lln 'I5& 7, Amio'(?-Br\IsHe_ "‘1, H&—Z‘\om-%ku ‘20,
Lmb«rdini——F:raﬁo%-S(,Lroll- Val divieso )ZZ.].

JI, Moolu.\\' o-c Repre_sw-l-aul-ions 0'(' A‘:\,Lbras
) T\I\FouaLowk this Seckion, A= IRQ/'_\'_

"For o ¥§xea o\e NQ°, wWe efine  the T epcesentation
\]a.(‘id:\(

lepq (T, d):= {/V\élc‘; Mapraeaid (R) ‘M(ﬂ: 0, for =l “Ig-

'Wi'\’»\ C‘lL(omszIGL(o\(X),k\, we havwe an ackon C-',L(A\O rcFQ(I,,O:

(2 m)(2):= P ML (62), where acar, PEGLAY.



" An irceducible. Component 2= Teps (T,d) is sad 4o be
('\‘Qe’cOMFOS"*HQ- (Sd\l&r\ i€ (+s Se,ne.ra»\ Po'm'[:S are
indeComposable (Schur)

e For 2 ¢ repa(]:,p() an  irreducible, ¢ losed , GL(A)-invariant Subvariety
md €27,

(1) ZZS= {M&Z /@(d;hﬂ\):o K Of(dmm) <o for M'SM§
({.‘)Zse = {Mé Z /é(du'm Mo & 6(dimm')<so For 0<M'<Mg

$$

*The C&{eBor-a, (e erq(I)e of  O-Semichable ¢ epresendtations of
A is  Abeclian with Simple ob')wés Cmsis-h'n:) of O-stable
re_Pr@en-}wh'Ons.

D&[{n;{—ion " For an irreducible, ©-semistaLle Vacieky Z ﬁrefo(l,ok\

we lef «
M(Z)e Prod (,,@SI(Z%Q)

OL(’.no{:e Uw_ Co(resfondin mod w(; Spatle of Z, W;\os‘e,
Po}n‘{:S dre 0 Andecﬁioh with the LIOSeol. GLCL)-orbits In Z:S.

“ From rCClS \>_]) ‘For A 'EM'"& on & Z‘-(QPQ(I,43
& O-s+able, irreducible Component, £ Z i normwl,

$s
then LAA(Z)B IS either o0 peint or (i



.lee_ Fo”owin H—\corem, C_om'binei wi +h \(’J\e_ OADove ObSe,rVa.{ior\,
$$
tllows one Lo Conclude M@)o it a Prodv\c{ of projeckive

[g

SPaces\ S l0h3 0S we Con plove 7  below is nNormal.

T__‘r\e_orem [Ckiniris—-l(.‘n&er '\Qj:

FOf' ZE(CPQ(I,IDe n icceducthle COmFon&n{:,

£=M.Z."r---+m(zr o O-Stalle decompostion Anol

N~ . ®m
z2=2"¢g. @z we I\&ue

(l) M (’Z\’)‘: =‘/{{(Z>S: \N)\&nevor /M,(Z‘):I 1§ irreducible

(”» I—p Z’l 1S an OFH-E-—closu(e_; {:L)U\

M(z2°0 02,57 ), « ME0 25
(iiiBThm ewists o ')Cih{f&, Lirafional Mmop
VSO Ve xS ue )= M2 e

. ~\ 55
\A/l\[c,lq N /SDMD(‘PMSW) \/\/Len M(z); 1S Normal.



. B&qummi on lome Algebrag
J J

(\ ) /V]oa[udi SPa_ces of Tame A\o\“ebms

) A= hQ/I IS 'Fir\\'-l'e_—dime_ns.'onal tame a\jebm,

_\_’weorem [:C,C IS b_lfGe_;ss— Lobordini Fragoso —Schroer 'Zl] .

let 2 c Mefy (T, A\ be an \'ndecomrwqb\a, irreducble Component .
T hen ca(2)= m‘h{dh(i\“o\im@m |/V\ea§ é{o,li.

F\LchLermore,
°Ca (?:3= O iff 2 contains in}.uomposab\e M with 2= O_M .

'CA (Z\':l W Z (ondains o rationa| cwrve C Such Hat the ?g:n-}s i

C e Podrl,oiSe_ non—iSomorP\w{(_ [hllacomPpSAHes wl"H\ Z—":,.\\Q)C @N\ .

C OrOHar\l; .
I‘F Zé‘(ﬁ?Q(I,A\ IS Oh irretluc\‘bla COMPoncn‘b| H\e,n

dim2 < dim GL(A).




[ ommo: 1ot A= ROt ek B= RO/ be £ +ame
a\.lscbro.s w( T'eT. Let 2 Csre_\vQ(I.o(ﬂ, |lsi<m, be irreducble

C»mPoneml;S SaéisF\{inj:

“gach Zi is Schur )

-ca(2)=1,

* Homa (M, M) =0 for i) ook general Miezi, mjez;.
\AI\H'\ (i’.g‘ de, Ehen £=2,® 02 (s an irreducible Component
of ff-fq(I',A\ w.e.t the closed embeolo(:nj (CfQ(I,OQLV?-FQ(II, ).

(fﬂgke\)\/&ﬂ{" Ge,n'ble_ and Clo\r\n;g[.\ A \a\\,‘ebro‘s

De#in(-l—ionf A 13Ln—\-le_ pair IS o pouir (@.T) 9iven \,\[ o ({m‘uef Q
0Nk an idea] T 3e_neradcak b\/ PauH,s of )an:»){:h twe in Q Such +hat
* for each (€Qe, there are ot most twe arows with Sowce U, and

at Most twe arrows with (:a-ﬂad; L,

'—pov each prcow or:i—a:) in Q), thece 2Xists ot mogh one arrow B with
{:&(3&, b St Bx€TI and af mst one arfow B’ w) 1;0«3;{; L st BodI,

'—Co\' each arcow Ofii—?:) in &), there €XiSts ot most one arcow F with
Source 0 st ofBeT and ol mest one arfow B’ w/ Qowece | st XBéET;



‘ {ik?_ OL\3e|:ra_ A= kQ,I iS -Cin-'-l'e. d.imensicnal.

Witk & « L{\Li\!cr, we lek QTPC—Dq be & Subset of ]oors of
&\. E\Lmu’cs # @qs]’ are Called sPe_c\'o.l |oaPs.

'\l\“\u\ Ae.f\‘ninj a Set R of relations on Q, we always include the set

of (elodions : ‘
R7-fee [ecals

S
S° rR= R?UI wLe,(g I IS o Sa-& o‘F Ze—relations.

Dewcin{+ion'- An 0\‘3@1)(& A= kQ/(I+<R">\ IS Called Sktwbbjmﬂe
i (Q)I+<cz,e_&QISP>) (S o 3ux+lg peic, wWhece T is an
ideal qenefated la\/ paths of length fuwo .

De\CinH—ion'- with R-= RSTU I ad T=C(RY, the a,(jabr«
A= kQ/I is  Clanaish ohen dhe -(:o”owiv\j hold -

(Cl) A/Dne, o@ 'U\c relations n I bcj.'n or end with
o Spetio| loop .

(CZB For each vertex VERe, there ore a:E most -{:wo AviowS
with heed U and ot most fuo  arrows woith  £ail V.



((/3) For N\Y arcow bé Q(\Q\FP U\e(e iS a:é, Mot one ovrow

AER, ovth bo\ﬁ(I andk ot Most pne arrow C& R Wwith
C,bféI, Note 0,LEC (Can be oniinm( or SPe_(_u'a{.

° C\(Lhn[g)« 0L| e,lmxs se,ne,ra'\'z-e_ SPe,c,\'oLl L.'So_rio.l aljel»ms
in that all but Lintely  man \( inolecom PoS&LlL
represen tofions of o Clann I'Slx Qa jﬂLm\ Are

oleferm;nw( Ly walks D'p U)e. jco Howinj -COrrnS:
S7£ (inqS - Bands :

—_—
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Obsrstion Wit Q= |57 st To<er-o>,
hQ/ﬁ: 1S /'SomorPk:‘c, {:o ‘“\e, Pa.ﬂ,, O‘lj-eg\’o\ O'F Q,'3= 1:12-
With B <% 2 ke x k(1)) :

2t 2




'Ex tmdmj the above method. ?)Ves [\ Uu“f lh Which one can
Consdruct bownd quiver A\J-dﬁ'ks iSomorphic o Clanaigh a|3-el>ro.s /Mo(c_ detasl

o be fowrd jn [ Amict—Bristle \q]
EX&m?)ai (,ons'.Aar A= kQ,T_ whee @ s the L‘(w’vef S;Vm

by f
1 QE>‘

>
ond T=Cba,cbfa, £-F) The O\lscbrm L is iSomerphic

> Y

{:o He ox\Bcbm Jl__l =hQ‘/‘I' 3&\10\ b\(

/\c
\/

and  relations T'=<{bateba, c bTat)

>4

Q=

'AS C,I)+ andk Lb' e nontrivial, 'U\(S a\aeb(tx S Kot o
Quo-Han{: of o je.nﬂe_ alﬁ{’_bra‘



_I, Frosf of Moin T heotem

'ivf JL" IRQ/—-‘: BQ o Clannish Q‘jﬁbﬂx.

;2£mm0\: T hece ®xists an ideal FeT ckQ Such £hat
A kgx/s- (S o Skam&—-aan'ﬂz og\je\aro\ AS Sw_)\) (lh\/ Clannich
a(Seb(m M is a ciuo-lrien{ of o Skewecl—janﬂe alﬁebrm,A_‘_

F(O?o&’c‘non : Ld: JU = hQ/S IDe [N Skeweo\—jen-]rle_ cl\ﬁebfos and
(1 be & dimension vector. TE 2 < (CPQ (3', A) IS an irreducibe
ComPone_nk, U\cn Z iS normal.

P [ ooﬁ Iole&" 0ne_ Can AecomPoSe. Z as o Fraduo& O'IC

L t
-y & H ( W
\/aCieies A = izt S JI ?‘k
whece  the ZZ are Vacieties of ['demro-écn-é matcices and +he 2}
0re irreAuLiblc LomFonen*_S of ({,P(eSen-I—a‘l:ion vaCieties o-p 3£n'|'|o- q'jebro.s.
AS SW—L, Z is a F(Ooluc{ of Normal Vacieties .



Z—ﬂmrno\: l.z‘ﬁ _/l_ :ha/l Ond JL‘=\<Q/3 be as

D\Eove. Le-b Zi eran(:c.m, |si<m, be irreducble C,omPoneﬂ'l’IS

Scd:is{:\{inj :
*gach Zi is Schur )
“Ca (2;\ =11 )

° HOMA(M'\\M:D-:O for i*) ek T“le MieZi, MjeZ ;.
With (i’é di, Elen 2= 2,®-®2., is an irreducible Compenent
of f{fQ(j,A\ w.et the closed embealo(inj (cfQ(I,o\SC(an( S, DL\

AS Swch, Z& s Normal,

ﬂﬁofﬁm .
id? ﬂ_ IDZ— Clann(sk. Then ony irceducible  Component of o

SS

Moduli S'P&c& Vu(.ﬂ., A\e 1S [Somorphic fo o product of preyective
S?C\.(ES.

Prooﬁ l‘det:s" I+fY iS an irfeducible (_omPonen{: o+
ML, Ao, then thee exiss Zerepe(T,d) with T=M(@),

.\I\IQ may Welike 2= Z‘QM\G"'@Z?N ) Where the 2i are ©-3table.

-I:\’Jﬂse/, we MOA{ aSSume hone ot Hne Zi ore orbit CloSures,



'WC have \mbm(Zi,?_)‘\:O cor all \Silji m.

‘B\/ the )ﬁ”""”\‘k above, Z iS normel. As Such, l/u(z\

IS Normal oo

* Bl/ moduli d.&composl'ﬁon tLo_o( em,

@Y = TS Mz T~

I.s‘

VAR A Fubure Dicection

. Wl h kQ/—L Jcame a_c_\{(_\ic ond,

B(&\‘{merq?&('i,ol\ | pimy M < 1€

One has {Lat CA ((ﬂ= fPA(A\ IS an vrreduc ble Coh?onen'b.
The Lol\ow\'r\cj ?(ob)em INTAS ?oSw\ bY Calin Chindris.

Poblem: Leb A be acyclic and tame, TH de V™
Such 'Uf\o.{: ?A(&\iﬁ dQSC(IbQ_ (_/{A(CA(OU\G;\ ->.




