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Darstellungstheorie endlich dimensionaler Algebren .

12.6. bis i·a. 6. 1977

Diese Tagung wurde von P. Gabriel (Zürich) und G. Michler (Essen)

geleitet.

Die Darstellungsth~orie endlich dimensionaler AIgeb~en hat in

den letzten Jahres erhebliche Fortschritte erzielt; insbesondere

gelang es Roiter und Nazarowa, die lange offen gebliebenen Ver

mutungen von Brauer und T.hrall über die Klassifikation der un

zerlegbaren ~arsteLlunqen endlich dimensionaler Aigebren zu

lösen. Es war ein Ziel dieser Tagung, die hierzu verwandten

neuen Method~n der Ring- und Modulthe6rie einem bre{te~ K~eis

von Algebraikern, die sich mit Darstellungen vori Ringen. und

Gruppen. beschäftigen, bekannt zu machen. Darüber hinaus "sollte

auch der Entwicklungsstand der Darstellungstheo~~e der Artin

Ringe und der end~ichen Gruppen den Teilne~mern dargelegt werden.

Hierzu wurden Oberblicksvorträge von A.V. Roiter (Kiew),

.E.C. Dade (Urbana), W. Feit (New Baven) und C.M. Ringel (Bann)

über diese Arbeitsgebiete der Tagung gehalten. Herr Roiter

hielt außerden an zwei Abenden zweistündige Vort~äge, in denen

er über neuere Erqebnis~e der russischen 'Äl~ebraike~ berichtete

und ~uf zahlreiche Fragen seiner Zuhörer .einging. .~

Wesentlich ergänzt wurden diese Oberblicksvorträqe durch

25 Spezialvorträge, in denen über mettiodLsche und in~altliche

Fortschritte auf dem. Gebiet der Darstellungstheorie endli~h

dimensionaler "Algebren und ihrer Anwendunge~ berichtet wurde.

Dabei zeigte sich,' daß die Darstellungstheori'e der Gruppen

methodisch erhebliche Anregungen aus der Ring- und Modultheorie

der Artin~Ringe erhalten kann, und daß sie andererseits den

Ringtheoretikern als wesentliche Beispielquelle dient. Von

diesen Wechselbeziehungen profitierten die Tagungsteilnehmer

sehr.
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VORTRAGSAUS ZUGE

Thema: Diagrams for modules

Vortragender: J. L. Alperin

The structure of modules has been described by diagrams

in work over the last thirty years. We give axioms for

these diagrams:. We conjecture tha~ if G is a finite

'group, F is an algebr~ically closed field of prime

characteristic " p, 'B is a p-block of -G - with abeliari

defect group, then every indecomposable projective

FG~module'in B has a diagram.

Thema: X-dete~ined morphisms

Vortragender: M. Auslander

My talk was devoted to abrief intraduction to the nation

of morphisms determined by modules in "the cat~gory of

finitely g~nerated modules over an Artin algebra. Basic

definitions and existence theorems were discussed as weIl as

some "applications given.
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Thema:
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Quadratic spaces with two subspaces

Vortragender: Werner Bäni

Betrachtet werden Quadrupel E = (E, $, U, V), wobei:

E endlich-dimensionaler Vektorraum über k (char k =1= 2)

mit symmetrischer Bilinearform ~ und zwei Unterräumen U, v. 4It
Es geht um das Problem der Klassifikation solcher IIRäume"

bezü~lich Isometrien T: E Er, d.h. Isometrien

mit TUT : (E , 4>") ~ (E I , $ I l

zwei Funktoren D, S

U. I, TV =: V I. Es werden

defin-iert:., so daß E in eine d~ir~kte

orthogonale S~e E = E
O
~ ES ~ E

O
zerfällt, wobei ED

von einer Potenz von D und ES von einer Potenz von

S annulliert werden. Ihre Struktur kann explizit ange

geben werden. Die Klassifikation der Räume E
o

entspricht

der Klassifikat~on von Paaren nicht-entarteter quadra-

tischer Formen, ein Problem, das bekanntlich äquivalent

ist zur Klassifizierung quadratische~ Formen über allen

monogenen algebraischen Körpererweiterungen von k •

Thema: Algebras elose to hereditary Artin algebras

Vortragender: Raymundo Bautista Ramos

We con-sider an Artin algebra with the following condition:

*} .if P and Q are indecornposable projective A-modules

and ij) E HoroA(P, Q), then q> is mono or zero.
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We prove that A 1s of finite representationtyp.e if

and only if for every indecomposable A-module M of

finite length, there exi~ts an integer n > 0 such that

(Dtr)n M = some indecomposable projective, were tr is

the transpose and D the usual duality for Artin algebras.

4It .Consider for instance~ I a finite partially

ordered set, and k a commutative field. We take A ~he

subring-of matrices. , a ..
1]

o

if i ij in I . This ring satisfies th~ *) condition.

In this case mod(Al, the category of A-modules of

finite length,i.s equivalent. ~.o the ca~e~ory k! I of.'

functors from I in the category offinite dimensional

k-vector spaces. This category has been studied by

M. Loupias •.

In the geneJ;al case if A satisfi~s the *) condition

and 1s of finite representation type"'.the'indecomposables

of A can be described as (trD)"~P with p, indecomposab.le

projective, n >0 •

The idea of the proof is first to reduce the

general case to the .case in which the following is.true:·

If not all the proper submodule~ of the projective P

are projectives ( P indecomposable

composab~e.

then rad A P = inde-

Then using the almost split sequences of Auslander-

Re1ten we get our result.
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Thema: Uniserial algeb~as and field extensions

Vortragender: H. Blau

Let A be a finite dimensional algebra over a field F ,

and K an extension field of F . If A ~ K is uni
F

serial, then so is A . This generalizes'a result of

Eisenbud and Griffith.

Thema-: 2-Darstellungen von PSL2 ,q)

Vortragender': K. 'Bongartz

Sei q rp p ungerade, k ein algebraisch abgeschl.

Körper der Charakterist-i~ 2. Sei 'q - 1 = 2_n t, 2 +t,

und n > 2. Dann gi1 t

~~:!:~: kSL2.(q) ha·t

P
1

G und man hat folgende
4(q-ll

Äquivalenzen von Kategori.en

mod BiG mod krX] / (X
2n

) < i <:
t-1

~. -r
mod P.G

,..,.,
mod k[X]/(X2 ) i g=.l

~ < "~- 4

mod B G ~ Darstellungen des Köchers 1 CL. 0 Y 2
.~ .~ .

0 ß <5

Mit den Relationen i) Zusammensetzen von 2n +"+1 Ab-

bildungen ist 0
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ii) ß a Ö (8 Ö
2n - 1_1

a y a y a)

Ö Ö a ß Ö {y a 8
2n - 1_1

(Alle Darstellungeny ö)

2n- 1_1 sind,endlich-
ß a ß ß Ö y (a ß ö y)

dimensional)

Ö a-ß (ö
2n - 1_1

y y = y y a ß)

Weiter kann man die volle Unterkate90rie mod PSL2 (q)

klassifizieren.

Für q == 3 (4) gift ein analoges Resultat.

'rhema:---. Representation ~ype a~~. quadr~tic ~9rms

Vortragender: Sheila Brenner

There is further evidence to support the conjecture,

made at the Ottawa conference, that the representation

type of commutative quivers is given by the appropriate

quadratic form. It seems ,.' too,· that ~ Coxetermatrix

~ can be constructed as a product of reflections in the

form and that a corresponding factorization of the

functor DTr can be found.
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Thema: Remarks on· blocks and subgroups

Vortragender: Michel Braue

Given a p-adic ring A, a' finite group G and a sub-

group H of G, we investigate same very general

relations between block idernpotents respectively of

ZAG (cen~re of the group algebra of G over A)

'and ZAH., by studyinq elementary pz:operties of the

t.wo rnaps

ZAG ~ ZAR , defined by

r a(s)s >
sEG

1: a(sls
sEH-"

Z·AH~ ~ ZAG

GTrH (a)

defined by

1: s a s-1
sEG mod H

Thema: On calculating aImost split sequences

Vortragender: M. C. R. Butler

A method was described for calculating the almost split

sequences of finitely generated modules over an Artin

algebra, for which an existence theorem and' partial con-

struction had been given by M. Auslander and I. Reiten

in Comm. in Algebra, 1975. The method begins with the

Auslander-Reiten homological formalism and develops it

furf-her' by exploiting a suitable theory o·f traces öf

endomorphisms of sem'isimple' modules.
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Thema: Group mOdules whose endQmorphism algebras

are permutation modules

Vortragender: Everett Dade

These modules arise in the study of representations of

p-nilpotent groups. Over p-groups and rings of p-adic

integers, they have many startling properties~ Indeed,.

for abelian p-groups they can be completely classified

in some sense. Probably they can be in other cases, too.

Thema~. The pre~en~ s~a~e of repr~sentat~ons of

finite groups

Vortragender: Everett Dade

At present only situations in which same part of the

theory is classifiable can be handled. For example, one

knows much about blocks with cyclic defect gr~ups D

because one can classify all modules over FD, where F

is a field of characteristic p. The only other p-groups

D for which the modules over PD are classifiable are"

dihedral, semi-dihedral, and (generalized) quaternion

groups with ~ = 2 (see the talk of Ringel). One expects

similar results in this case, too.

There are also situations in which the groups

can be classified, e.g., groups of Lie type, groups with

abelian 2-Sylow subqroups, etc. Here the structure of

the blocks can also aften be obtained.
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In the general ease there are t~ree approaehes,

none of whieh has yet proved satisfaetory: 1) Find a

"useful" subelass of indecomposable modules,

2) Find a "useful" new equivalenee relatIon among modules,

3) Use properties such as Auslander's stable equivalence

of algebras-. •
Thema: Indecomposa-ble representations of- certain:

symmetrie- aigebras

Vortragender: P. Donovan (Kensinqton 2033 Australia)-

The- arguments of Ge-lfand and Ringel classifyin~i the in~~-

composable representations of two local algebras are ex-

tend-able to the class of graph ~lgebras. These .algebras

ean be defined by rneans of Brauer graphs (gener~lized Brauer

trees). This' is applicable to certain blocks with dihedral

defect. A more sophisticated argument does the same for

twisted graph algebras Ca further generalization). It is

possible that an extension of Ringells work on the represen-

tation type of Ioeal algebras [SLN 488] will lead to a

classification of the ~somorphisrn types of block algebras

of blocks with dihedral, semidihedral and generalized

quaternion defect graupe

•
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Thema: SeIf-dual modules in blocks with

cyclic defect groups

Vortragender: K. Erdmann

Let G be a finite group and F a splitting field,

char F =. P > Q. For an FG-right module" M , the dual"

(right) m~dule is denoted by M~. Let B be a self-dual

block of FG with cyclic defect group. 0 of order
d "

p (d"~1}, with e simple modules. Let f be"~he qree~-

cörrespond"erlce be"tween G- and NG(Do ) where" "0 .( 0
0

.e" ...

has" order p . For r 1 , 2, ... , pd_ 1 "let

B"· {MEB'/ M is indecompa.sable, not projective,r·
lefM) = r}.

Then the following hold

Let rE {1, 2, ... , d .
p -1}.

(a) If e is odd, then Br contains ~ unique self-dual

module.

(b) If e 1s even, tlien Br contains two self.-dual

modules, if r is odd, and no self-dual modules,

if r 1s even.

!~~2~~~: Assume the Brauer-tree r of B i5 known.

Let M E Br " be self-dual." ~f r <pd - 2 (2 < r) , . then

one can. derive from M the complete submodule structure

of a unique self-dual module in B r +2 (Br - 2 ) .

The self-dual modules in. 8, and B are the
" pd_ 1

unique self-dual modules affording characters whlch corres-

pond to the end-nades of the real stern of r .
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Thema: Same computations in the theory af

modular representations

Vortragender: W. Feit, Yale University

Let ~~ be the principal indecomposable character corres-

ponding to the trivial character and let c~ ~ be the

corresponding Cartan invariant .. The following formu1as

are proved:.

If G_ = S-P4 <-2~-l,' Cl = 2m t.hen 4>ttl) = q4 (q4_q~ T-
2tn

+l)

Suz (.22S:+1 l ,q= 22s+1 then 4>~(1) = q2'(q2_q T
2s

+
1

-:-1l

who.:re - (.1-+/S}k ·fl-0).k....; Tk - --2-' +.---y-

Let q = 2n • Define

where K
n

....

Then f(2s+1) C for suz(s.2s+')... = rJ {d

f (.2 In) = c~ rJ In
for SP4 (2 ) •

The fOEnulas for Suz(22s+,) are due to Chastkofsky. They

imply that

1im c~ f4(q) for SP4(q), q 2m

q~co q6

lim Cf6 ~(q) for Suz (q), q 22s+1-
q-+co 3q:
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Thema: Algebras of finite representation type

Vortragender: E. Green

A study of representations of quivers satisfying relations

was given. The full subcategory of representations of a

qulver (which is a tree) which satisfy certain relations

given by paths in the quiver is equivalent to th~ category

cf. f~nitely ge~era"ted:.inod~iesof ~ homC?morph~c itnäg~_of a

te~s~r algebra'~"A ~ajor"g~al in the subject i5 to 9lassify

when ·such·catego~ies·areof finite representation type.

Thema: Modules with cores

Vortragender: Robert Gardon

Same of the basic prope~ties and theorems about modules

with cores'were described. Also, this conjecture was made:

If M is a nonlocal R-module, R a left Artin ring,

such that the socle of the core of M 1s not simple,

then R has infinite representation type. Let f:l1P.~M
1

be a- projective cover of M , where the ·P.
1

are indecom-

posable project"ive R-modules. If there are indices i * 1 '.

such that (Pi' fP i ,) = 0 = (Pi' ,fPi ) and EndPi' End Pi'

ar~ both division rings, an affirmative answer to the con

jecture was given.
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Thema: Irreducible Specht Modules

Vortragender: G. D. James.

Consider the problem : whieh ordinary irreducible represen

tations of the symmetrie groups remain irredueible modulo

a prime p? Sinee the ordinary representations are indexed

by diagrams, .and the p-regular diagrams give rise to all

·the p-modulai irreducible representations, there is littl~

lass in restricting the problem to ask wh~ch p-regular

diagrams give ordinary representations which remain irredu

cible modulo p. R·.W. Carter has conjectu!ed tha-t the·

answer is : thos'e diagrarns whose p-power diagrams have no

columns containing two' .different numbers. Here the 'p-pawer

diagram is obtained fram the hook graph by replacing each

intege'r by the exponent of -p d-ividing that· integer. The

state.of this conjecture 1s that the given condition is

necessary, and iso sufficient in a large class of cases;

in particular for p = 2, or when the diagrarn has 2 rows.

The condition in the Carter canjecture involves the

'p';""quotient (?r "star diagramn), and ~t appears that there

are resu-lts stronger than the Carter conjecture 'which

in particular cases associate composition factors of a

diagram with composition factors of its p-quatient.
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Thema: . On principal 2-blocks of finite groups

with an abelian Sylow 2-subgroup

Vortragender: Peter Landrock

Only the principal 2-block of J, , the smallest Janko

group, is not desribed by general results. The decompo-

sition numbers have been determined by Pau-l Fong.

In a joint work with Gerhard Michler, we determine the

vertices of the simple modules, which turn out to be

the whole Sylow 2-subgroup in all cases, the Green - ..

correspondents, and the Loe~ (equal--'to'the socle-)

series of all the projective·~o~ul~s. The Loe~ ,leng~h

turns out to be seven in all cases and thus is bounded

by 1 plus the order of the Sylow 2-subgroups.

Thema: Deformation von' Algebren

Vortragender: Gueririo Mazzola

Wir untersuchen die Geometrie des folgendes Schemas

Al9n / ~: Seine ~-rationalen Punkte bilden die Menge

der Strukturen A auf ~ an, die assoziative ~-Algebren

mit bilden.

Die irreduziblen Komponenten für n(·4 Wurden von Gabriel

beschrieben. Die A19s-Komponenten sehen so aus : .

1) ••• • • 2) • • e..-+.

7)· -=t.

3) - M2x2 (Cf)

8) • ==J-

s)·~·

10) • Oö
A
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Thema: Blocks of defect 0

in fi.nite groups was given. Among others, these results

z€G

P e:.·Syl (G)
'p

for all

P x K , then we

D ( G ).( D ( G.) •
q p

and

1ff 0 (G) = r .
p "

0p' (CG(z»

then D (G.) * (2Jp
p

If 0 ,(G) * 1
P

then Dp (G) * ~

1s cyclic and TI and if CG(P}

have:

with Izi

1 •

2. "lf p, q are primes dividing tGI and

sufficient for the existence of p-blocks of defect 0

3. If G 1s p-solvable with cyclic p-Sylow subgroup,

Vortragender: Jörn S". 01550n

werediscussed :" Let D (G). be the set of p-blocksp

of defect 0 in the group G.

auf einer guten Parametrisierung dieser Strukturen.

2 2'·wo ~.~"~ k <X,Y>/(X ,Y ,XY - AYX) . Die ~omponenten
A

selbst sind die Zariskiabschlüsse der GLn-Bahnen obiger

Strukturen.

Das abgeschlossene Unterschema Alcomn der kommutativen

Strukturen' ist irreduzibel für n ~ 6. Der Beweis beruht

"A. survey on results on. conditions, necessary and{or
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Thema: Coxeter functors without d~aqrams

Vortragender: Idun Reiten

Partial Coxeter functors and Coxeter functors have played

an important role in the study of the representation

theory of hereditary Artin tensor algebras by Gelfand ,

~ Bernstein, Ponomarev and by Dlaband Ringel. We study

for basic -Artin algebras A~ with a simple· projective - non

injective module S' I' the functor HOIDA(X I ): modA -+ mod .r .

~eJre X '= TrDSUP, ~he_re P 15 given· by A = S 11 P, and

r = EndA(X).OP. When HeroA (TrDS,A) = 0, the functar HamA(X,

has properties similar to the partial Coxeter functors

studiedfor heredita~y"tensor algebras·, and there is cl

close connection between the functars· in this case.

Far hereditary algebras the functar DTr i8 in

a'certain sense a cempasite of functors of the abov~ ,type.

The talk was based upen joint work with M. Auslander

and M~I. Platzeck~

Thema: Selbstinjektive Algebren, die stabil äquivalent

sind zu selbstinjektiven Nakayama-Algebren

Vortragender: Christine Riedtmann

k ~lqebraisch abgeschlossener Körper

A selbstinjektive Artin'sche Algebra

N selbstinjektive Artin'sche Nakayama-Algebra
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mod A /{proj} ~ mod N
L'

Beh. 3 exakte Funktoren F, G
G

mod·N =t mod A , so daß F
F

L,Q -1L .

Beweisidee :

Klassifikation aller Algebren, die stabil äquivalent

sind zur Kategorie. der Darstellungen einer Vektorraum-

krone. Hilfsmittel: Gitter von irreduziblen Morphismen

für die stabile Kategorie der unzerlegbaren Darstellungen

der Vektorraumkrone.

Dissertation, Zürich 1977

Thema: Tarne group algebras

Vortragender: C. M. Ringel

!h~9~~~: The semi-dihedral and the generalized quaternion

groups are tarne in characteristic 2: a complete classifi- ~

cation of all indecomposable representations ean be given,

and there exists an algorit~ decomposing any given module

into a direct SUffi of indecomposable modules.

This solves the question which p-groups are tarne,

since Bondarenko and the author have (independently 1975)

shown that the dihedral 2-groups are tarne, and these ·three

elasses are the only possible eandidates. More general,.

one gets in this way a cornplete classification of tarne

loeal algebras over an algebraically closed field.
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. Thema: I~tegral representations via diagrams

Vortragender: K. W. Roggenkamp

Let T be a complete valuation ring with residue field k,

A an R-order in a separable Algebra. Let N(A) denote a

full set of non~isomorphic indecomposable A-l~ttices.

(1) If k is infinite and IN(h) I = 00, then there exist

infinitely many indecomposable lattices of fixed rank n

for infinitely many nEIN. (ii) If IN(A) I = m, then

there exist infinite chains of indecomposabl~ lattices

.MOA c M1A c ... c MiA C Mi+1 A ' "indexed tl by polynomials

iff there exists

a large indecomposableR-free· A-module".

In case A is a Bäckström order; i ~ e ., rad A = rad r ,

when r in a hereditary. order containing A , then one can

associate a valued graph G with A and then· there is

a bijection between ·the indecomposable A-lattices and the

non-simple indecomposable repre~entations of r .

'This is joint work with C. M. Ringel.

Thema: Quadratic forms and diagrarns

Vortragender: A. V. Roiter

If f 15 a quadratic form f (Xl · · • Xn ) =
n

x. 2
L. a i + L a ij Xi Xj and a

i
J:aij (\Ii, j)

i=l 1
i <j
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then under some restricti<?ns, for example if f is

positive, a vector X is a root if and only if

(Vi)
aixi E Z.f(X)

If f (X,y·) is a bil:i;.near form corresponding to a quiver

of finite type, then any positive vector X may be

uniquely decomposed into the form X,+ ..• + ~t ' where

Xi are positive roots, and f(X.,X.) ~ 0 for all (i,j).
~ J

Thema: Pure serni-simple .Grothendieck .categories

and rings of finite.represent~tion type

Vortragender: Daniel Simson

'Let ~ be a Grothendieck category. ~ is pure semi-simple

if every object in ~ is a direct sum of finitely presented

objects. Quivers ~ such that their categories of linear

representations are pure semi-simple can be described.

If ~ is pure semi-simple and M is a noetherian object

in ~ then there exists a full subcategory of ~ con-· ~

taining M and equivalent to the category of all finitely

presented modules over a ring of finite representation type

(under the assumption that the endomorphism ring of any

injective noetherlan object in ~ is an Artin algebra).

The structure of a locally finite-pure semi-simple category

can be described.
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Thema: Induced representations of finite,

algebraic groups

Vortragender: Detlef Voigt

Let. G' ~G' be two finite algebraic groups over an alge-

braically closed ground field of characteristic p > 0 •

Let M be a· finite dimensional H(G')-module. Then we

ask for the induced module H(G)· Q -M. There seem to be
. H.(G')

many theorems concerning induced representations in the

theory of finite,' abstract groups which ca-rry over to

the general case, though the methods used to prove them

totally break down in the infinitesimal situation .

.Examples of results of this typ~ are generalizations of

theorems due to Blichfeldt, Morita-Hamernik, Green, Shoda,

Taketa and Dade. Besides these result~ there are typically

infinitesimal phenome~a without any counterpart 'in the

abstract case. So for example it is possible to give

representation theoretic characterizations of solvable,

super-solvable and nilpotent infinitesimal algebraic groups,

which become incorrect in the situation of finite, abstract

groups.

K. Bongartz (Zürich) und R. Knörr (Essen)
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