The 46th Symposium on Ring Theory

and Representation Theory

ABSTRACT

Tokyo University of Science, Tokyo

October 12 — 14, 2013






7075 A

103128 (X)
9:00-9:30 /NE KR CRECHLRLR)

One point extension of quiver algebras defined by two cycles and a quantum-like relation
9:30-10:00 /NE IEF (ZHEKRT)

A classification of cyclotomic KLR algebras of type A%l)

10:15-10:45 57 HZ (BERE) - #K X (LBZEEKS)

On some finiteness questions about Hochschild cohomology of finite-dimensional algebras
10:45-11:15 fk~ K I (FMAR)

Source algebras and cohomology of block ideals of fintie group algebras

11:30-12:00 fHl & (HEHEKZF)

Geigle-Lenzing spaces and canonical algebras in dimension d
12:00-12:30 A —ff (SZBUKY - JST CREST)

Stable set polytopes of trivially perfect graphs

14:00-14:30 flfE AH1 CRBJFSLKY) - Peter Jorgensen (Newcastle University)
Triangulated subcategories of Extensions
14:30-15:00 # # (HHEKRF)

Hearts of twin cotorsion pairs on exact categories

15:15-15:45 P EH (R TEmEH)
Serre subcategories of artinian modules
15:45-16:15 ffif] & (HHEKF)

Specialization orders on atom spectra of Grothendieck categories

16:30—17:20 Manuel Saorin Castanio (Universidad de Murcia)

Resolving subcategories of modules of finite projective dimension over a commutative
ring

10 3138 (H)
9:00-9:30 V' .z (RFIEHEKRT)

On the ring of complex-valued functions on a finite ring
9:30-10:00 #Af % CKEMRERZ§K¥)

QF rings and direct summand conditions

10:15-10:45 & T - B LT GRERT) - @8Il HAL (SR
Clifford extensions

10:45-11:15 il KL (BMRT) - BEES - 8 " GRS
Group-graded and group-bigraded rings

11:30-12:20 Manuel Saorin Castafio (Universidad de Murcia)
Classical derived functor as fully faithful embeddings



14:00-14:30 7t % (FAE T¥&EE)

Complements and closed submodules relative to torsion theories
14:30-15:00 & Z3E (KB IZARSE)

Torsion theory and ideals
15:15-15:45 <& HIE - MK S - fR8E A (R

Defining relations of 3-dimensional quadratic AS-regular algebras
15:45-16:15 FKIL 55 (R K%52)

Quantum planes and iterated Ore Extensions

16:30-17:20 Manuel Saorin Castafio (Universidad de Murcia)
The symmetry, period and Calabi-Yau dimension of m-fold mesh algebras

18:00— BH &

108148 (B %)
9:00-9:30 HHE BHE (&L HEKT)

Mutation and mutation quivers of symmetric special biserial algebras
9:30-10:00 k¥ A& (HHERY)

Support tau-tilting modules and preprojective algebras

10:15-10:45 237 S5 (BHERY)
Classifying 7-tilting modules over Nakayama algebras
10:45-11:15 fii & — CRIKF)
On the poset of pre-projective tilting modules over path algebras
11:30-12:00 #ixiH EF - B st (REERRE)
The dimension formula of the cyclic homology of truncated quiver algebras over a field
of positive characteristic

—1—



One point extension of quiver algebras defined by
two cycles and a quantum-like relation

Daiki Obara

Let k be a field, HH*(A) the Hochschild cohomology ring of a finite dimensional k-algebra A and
N the ideal of HH*(A) generated by all homogeneous nilpotent elements. In [3], using the Hochschild
cohomology ring modulo nilpotence HH*(A)/A Snashall and Solberg defined a support variety of A-
module. And, in [2], Snashall gave the question to as whether we can give necessary and sufficient
conditions on a finite dimensional algebra A for HH*(A)/N to be finitely generated as an algebra.

Let A, be the quiver algebra defined by two cycles and a quantum-like relation depending on a
nonzero element ¢ in k. In [1], we determined the Hochchild cohomology ring of A, modulo nilpotence

H' (A,)/N.

In this talk, we consider a one point extension algebra B of A,. We determine the Hochschild coho-
mology ring modulo nilpotence HH*(B)/N and show that if ¢ is a root of unity then HH*(B)/N is not
finitely generated as an algebra.

For s,t > 2, let T be the quiver with s + ¢ vertices 1 = a(1) = b(1), a(2),...,a(s), b(2),...,b(t), 2 and
s+t+1arrows v: 1 = 2, a;: a(i) = a(i+ 1), B: b(j) = b(j+1)for 1 <i<s, 1< <twherewe
regard the numbers ¢ modulo s and j modulo ¢. Paths are written from right to left.

Let B = kI'/I, ., where I, , is the ideal of kI' generated by

Xsa, Xsyt o (]YtXS, Ytb’,steru
fora,b>2,0<v<a—1,0<u<s—1land (v,u)# (0,0), X:= a;+as+--+asand Y:= 1+ Lo+ - -+0;.

Then we have the following results.

Theorem 1. If s,t > 2 and q is an r-th root of unity then

k@ kW3t 0, Warool Wi if a# 0,b#0,
k@ kW3 o0, WaroolWeoo if a#0,b=0
k@k[WOOWWMO]WOOOZfa—Ob#O
k©k[Wg o0, W3o0lWsoo if a=b=0.

HH*(B)/N =
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A Classification of cyclotomic KLR algebras of type A%l)
Masahide Konishi

Khovanov-Lauda-Rouquier algebras (KLR algebras) were independently invented by Khovanov and
Lauda [1] , and Rouquier [2] in 2008. This invention was motivated by categorification of quantum
algebras.

KLR algebras have trivial idempotents called KLR idempotents. In general, there exists KLR idem-
potents which are not primitive. It is clear that when all KLR idempotents are primitive.

On cyclotomic KLR algebras, it is not easy to determine when all KLR idempotents are primitive. In
this talk, we determine when that happen in type essentially Ag).
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On some finiteness questions about Hochschild cohomology of finite-dimensional algebras

Takahiko Furuya and Takao Hayami

Let K be an algebraically closed field, and let A be a finite-dimensional algebra over K. In this talk,
we consider the following question (1) and conjecture (2) about the Hochschild cohomology of A:

(1) Happel’s question [4]. If the Hochschild cohomology groups HH"(A) of A vanish for all n > 0,
then is the global dimension of A finite?

(2) Snashall-Solberg’s conjecture [6]. The Hochschild cohomology ring modulo nilpotence, HH*(A4) /N4,
of A is finitely generated as an algebra.

Recently, in [1, 2, 5], a negative answer to (1) and, in [7, 8], some counterexamples to (2) have
been obtained, where the authors computed the Hochschild cohomology groups or rings of several finite-
dimensional Koszul algebras. In this talk we give other Koszul algebras which give a negative answer to
(1) and counterexamples to (2). We also pose new questions as to Hochschild cohomology rings modulo
nilpotence associated with the conjecture (2).

REFERENCES

[1] P. A. Bergh and K. Erdmann, Homology and cohomology of quantum complete intersections, Algebra Number Theory
2 (2008), 501-522.

[2] R.-O. Buchweitz, E. L. Green, D. Madesen and @. Solberg, Finite Hochschild cohomology without finite global dimension,
Math. Res. Lett. 12 (2005), 805-816.

[3] T. Furuya, Hochschild cohomology for a class of some self-injective special biserial algebras of rank four, submitted.

[4] D. Happel, The Hochschild cohomology of finite-dimensional algebras, Springer Lecture Notes in Mathematics 1404
(1989), 108-126.

[5] A. Parker and N. Snashall, A family of Koszul self-injective algebras with finite Hochschild cohomology, J. Pure and

Applied Algebra 216 (2012), 1245-1252.

N. Snashall, @. Solberg, Support varieties and Hochschild cohomology rings, Proc. London Math. Soc. 88 (2004),

705-732.

[7] F. Xu, Hochschild and ordinary cohomology rings of small categories, Adv. Math. 219 (2008), 1872-1893.

[8] Y. Xu and C. Zhang, More counterexamples to Happel’s question and Snashall-Solberg’s conjecture, arXiv:1109.3956.

6

TAKAHIKO FURUYA

SCHOOL OF DENTISTRY

MEIKAT UNIVERSITY

1-1, KEYAKIDAI, SAKADO, SAITAMA, JAPAN
Email: furuya@dent.meikai.ac.jp

TAKAO HAYAMI

FAcurLTy OF ENGINEERING

HOKKAI-GAKUEN UNIVERSITY

4-1-40, ASAHI-MACHI, TOYOHIRA-KU, SAPPORO, JAPAN
Email: hayami@ma.kagu.tus.ac.jp



Source algebras and cohomology of block ideals of fintie group algebras
Hiroki Sasaki

Let G be a finite group and k an algebraically closed field of characteristic p dividing the order of G.
The group algebra kG is decomposed as a direct sum of indecomposable two sided ideals:

kG =By ® B, @@ B,.

Direct summands above are called block ideals; only one block ideal survives under the augumentation
map ¢ : kG — k, which is called the principal block and is denoted by By(G).

Let B be a block ideal of kG; let D be a defect group of B. An indecomosable direct summand of
B as k[G x D°P]-bimodule having A(D) < G x D°P as a vertex is called a source module of B. A pair
(Q,bg) of a p-subgroup @ < G and a block ideal bg of kCq(Q) is called a B-subpair if the Brauer
correspondent bQG of bg to G coincides with B. Let X be a source module of B; we can take a unique
maximal B-subpair (D,bp) associated with X and form the category F(p,)(B, X), which is called a
Brauer category, with objects the subgroups @ < D. For an arbitrary subgroup @) of D there exits a
unige B-subpair (Q,bg) contained in (D,bp). Let @, P < D; a morphism ¢ : Q — P is a conjugation
map induced by an element g € G with 9(Q,bq) C (P, bp).

The cohomology ring H*(G, B; X) of B is defined in Linckelmann [2] to be the subring of H*(D, k)
consisting of F(p,,)(B, X)-stable elements:

H*(G,B;X)={¢€ H"(D,k) | resq ¢ € H*(Q, k) is N¢(Q, bg)-invariant for all Q < D }.

A defect group of the principal block By(G) is a Sylow p-subgroup of G and the Brauer category is just
the Frobenius category so that the cohomology of By(G) is just the G-stable subring of the cohomology
ring of a Sylow p-subgroup, which is isomorphic to the ordinary cohomology ring of G.

The tensor product A = X* ®p X of the k-dual of X and X endowed with ring structure is called a
source algebra of the block B, which has so many common properties with the block. The cohomology
ring of B is also determined by the source algebra A in the following sense.

Theorem 1. ([2, Theorem 5.6], [3, Theorem 1]) An element ( € H*(D,k) belongs to H*(G, B; X) if
and only if the diagonal embedding 6p(¢) € HH* (kD) is A-stable, where A is considered as a (kD,kD)-
bimodule.

Note that as a (kD,kD)-bimodule A is isomorphic to a direct sum of some k[DgD]s, since A =
X* ®p X is isomorphic to a direct summand kG as (kD,kD)-bimodule, which is decomposed into
KG= @  klDgD].

DgDeD\G/D

We however have to confess that we do not have enough infomation on (kD, kD)-bimodule structures
of source algebras. The following is an attempt to analyse source algebras by using cohomology theory.

For g € G, the (kD,kD)-bimodule k[DgD] defines a transfer map tpyp : HH* (kD) — HH"(kD).
The image of ( € H*(D, k) under the diagonal embedding ép : H*(D, k) — HH" (kD) followed by the
transfer map tpyp is again an image under ép; we can define a transfer map, which we also denote by
the same symbol, tpgp : H*(D, k) — H*(D, k);

C— tr? resp nop 9¢.

Theorem 2. Let (P,bp),(Q,bg) C (D,bp); assume that Cp(P) is a defect group of bp or Cp(Q) is a
defect group of bg. For g € G with 9(P,bp) = (Q,bg) if the map

ty: H*(D,k) — H*(D,k); ¢+ tr” resg 9¢
is mot the zero map, then there exists a double coset DxD with the property that k[Dxz D] is isomorphic
to a direct summand of the source algebra A, @ = DN*D, *(P,bp) = (Q,bg) and t; =tpap.

Let B be a block ideal of tame representation type; it is known that p = 2 and a defect group
D is isomorphic to a dihedral group, a semidihedral group, or a (generalized) quaternion group. In
Kawai-Sasaki [1] we calculated the cohomology rings of these blocks and constructed transfer maps
t: H*(D,k) — H*(D, k) whose images are just the cohomology rings of the blocks.
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Applying Theorem 2 to these blocks, we obtain the following.

Theorem 3. There exists a direct summand M of the source algebra A as (kD,kD)-bimodule such that

(1) the transfer maps obtained in Kawai-Sasaki [1] are induced from M,
(2) an element ( € H*(D, k) belongs to H*(G, B; X) if and only if the diagonal embedding dp(¢) €
HH*(kD) is M-stable.

We can asign (D, D)-double cosets whose union defines (kD, kD)-bimodule isomorphic to M above. A
detailed analysys on transfer maps defined by double cosets that could give rise to (kD, kD)-bimodules
isomorphic to direct summands of the source algebra A implies that the transfer map defined by the
source algebra A itself, of cource as (kD, kD)-bimodule, is described by using the transfer maps defined
by double cosets that induce the module M.

We conjecture in general that for an arbitrary block ideal B its cohomology ring H*(G, B; X) is just
the image under the transfer map defined by the source algebra X* @p X.

A similar but more complicated calculations was also done in [1] for 2-blocks with defect groups
isomorphic to wreathed 2-groups of rank 2:

W={(abt|a® =0 =t>=1, ab=ba, tat = b).

There exists a direct summand M of the source algebra A as (kD, kD)-bimodules satisfying the property
(1) in the theorem above.
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Geigle-Lenzing spaces and canonical algebras in dimension d

Osamu Iyama

Weighted projective lines were introduced by Geigle and Lenzing. One key property is that they have
tilting bundles, whose endomorphism rings are Ringel’s canonical algebras. They have been important
objects in representation theory and studied intensively. In this talk we will introduce the notion of
Geigle-Lenzing d-spaces, generalizing the concept of weighted projective lines. In this case we obtain a
nice tilting bundle, whose endomorphism ring we call a d-canonical algebra. We will then focus on some
properties of Geigle-Lenzing d-spaces and their Cohen-Macaulay representation theory. In particular we
show that the stable category of Cohen-Macaulay modules also has a tilting object. This is based on
joint works with Martin Herschend, Boris Lerner, Hiroyuki Minamoto and Steffen Oppermann.
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Stable set polytopes of trivially perfect graphs

Kazunori Matsuda

Let G be a simple graph on the vertex set V(G) = [n] with the edge set E(G). S C V(G) is said to
be stable if {i,j} ¢ E(G) for all i, j € S. Note that () is stable. Put Q¢ = {S C V(G) | S is stable },
and we define

k[QG] = k[T : Hies Xi | Se QG} c k[Tth s 7Xn]

k[Q¢] is called the toric ring associated with the stable set polytope of a graph.

In this talk, we consider the problem when k[Q] is strongly Koszul. The notion of strongly Koszulness
was defined by Herzog-Hibi-Restuccia.

Definition 1 ([1]). A graded k-algebra R is said to be strongly Koszul if m admits a minimal system

of generators {uy,...,u,} which satisfies the following condition:
For all subsequence u;, , ..., u;, of {ug, ..., us} (i3 < -+ <dp)andforallj =1,...,7—1, (us, ..., us;_,):
ug; is generated by a subset of elements of {uy,...,us}.

The main theorem of this talk is as follows.

Theorem 2. Let G be a graph. Then the following assertions are equivalent:
(1) k[Qg] is strongly Koszul.
(2) G is trivially perfect graph.

In particular, if k[Qg]| is strongly Koszul then k[Qg]| is trivial.
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Triangulated subcategories of extensions and triangles of recollements

Kiriko Kato

This is joint work with Peter Jgrgensen. Let T be a triangulated category with triangulated subcat-
egories X and ). We show that the subcategory of extensions X * ) is triangulated if and only if every
morphism from X to ) is factored through an object of X N ). In this situation, we show that there is
a stable t-structure ( Xﬁy, X%y) in jg;%), We use this to give a recipe for constructing recollements and
triangles of recollements.




Hearts of twin cotorsion pairs on exact categories
Liu Yu

The cotorsion pairs were first introduced by Salce, and it has been deeply studied in the representation
theory during these years, especially in tilting theory and Cohen-Macaulay modules. Recently, the
cotorsion pairs are also studied in triangulated categories [2], in particular, Nakaoka introduced the
notion of hearts of cotorsion pairs and showed that the hearts are abelian categories [4]. This is a
generalization of the hearts of t-structure in triangulated categories [1] and the quotient of triangulated
categories by cluster tilting subcategories [3]. Moreover, he generalized these results to a more general
setting called twin cotorsion pair [5].

The aim of this talk is to give similar results for cotorsion pairs on Quillen’s exact categories, which
plays an important role in representation theory. We consider a cotorsion pair on an exact category, which
is a pair (U, V) of subcategories of an exact category B satisfying Exts(U, V) = 0 (i.e. Extg(U,V) =0,
YU € U and VYV € V) and any B € B admits two short exact sequences Vg ~— Up —» B and B — VB —
UPB where Vg, VB € V and Ug,UP € U. Let

Bt .={BecB|UpecV}, B :={BecB|VEcu}.
We define the heart of (U,V) as the quotient category
H:=BTNB)/UNV).
Now we state our first main result, which is an analogue of [4, Theorem 6.4].

Theorem 1. Let (U, V) be a cotorsion pair on an exact category B with enough projectives and injectives.
Then H is abelian.

Moreover, following Nakaoka, we consider pairs of cotorsion pairs (S,7T) and (U4,V) in B such that
S C U, we also call such a pair a twin cotorsion pair. The notion of hearts is generalized to such pairs,
and our second main result is the following, which is an analogue of [5, Theorem 5.4].

Theorem 2. Let (S,T), (U, V) be a twin cotorsion pair on B. Then H is semi-abelian.
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Serre subcategories of Artinian modules

Naoya Hiramatsu

Let R be a commutative noetherian ring and M be an R-module. We denote by Mod(R) the category
of R-modules and R-homomorphisms and by mod(R) the full subcategory consisting of finitely generated
R-modules. We also denote by Spec R the set of prime ideals of R and by AssgM the set of associated
prime ideals of M. We say that a full subcategory is wide if it is closed under kernels, cokernels and
extensions. A Serre subcategory is defined to be a wide subcategory which is closed under subobjects.

Classification theory of subcategories has been studied by many authors in many areas. Classically,
Gabriel [1] gives a bijection between the set of Serre subcategories of mod(R) and the set of specialization
closed subsets of Spec R. Recently, the following result was proved by Takahashi [5] and Krause [3].

Theorem 1. [5, Theorem 4.1][3, Corollary 2.6] Let R be a noetherian ring. Then we have the following
1-1 correspondences;

{ subcategories of mod(R) closed under submodules and extensions } = { subsets of Spec R }.
Moreover this induces the bijection

{ Serre subcategories of mod(R) } = { specialization closed subsets of Spec R } .

Krause [3] generalized the theorem to subcategories of Mod(R) which are closed under submodules,
extensions and direct unions after Takahashi [5] proved it.

In addition, Takahashi [5] pointed out a property concerning wide subcategories of mod(R). Actually
he proved the following theorem.

Theorem 2. [5, Theorem 3.1, Corollary 3.2] Let R be a noetherian ring. Then every wide subcategory
of mod(R) is a Serre subcategory of mod(R).

In this talk we want to consider the artinian analogue of these results. We denote by AttgM the set
of the attached prime ideals of M. We shall show the following results.

Theorem 3. Let R be a noetherian ring. Then every wide subcategory of Art(R) is a Serre subcategory
of Art(R).

Theorem 4. Let R be a noetherian ring. Then one has an inclusion preserving bijection

{ subcategories of Art(R) closed under quotient modules and extensions }
> { subsets of the set consisting of closed prime ideals of R }.

Moreover this induces the bijection

{ Serre subcategories of Art(R) } = { specialization closed subsets of } .

the set consisting of closed prime ideals of R

We consider some completion of a ring, so that all of artinian modules can be regarded as modules
over it.
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Specialization orders on atom spectra of Grothendieck categories
Ryo Kanda

The aim of this talk is to provide some methods to construct Grothendieck categories with certain
structures and to establish a theory of partial orders on the spectra of Grothendieck categories.

In commutative ring theory, Hochster characterized topological spaces appearing as the prime spec-
tra of commutative rings ([1, Theorem 6 and Proposition 10]). Speed [6] pointed out that Hochster’s
result induces the following characterization of partially ordered sets appearing as the prime spectra of
commutative rings.

Theorem 1 (Hochster [1, Proposition 10] and Speed [6, Corollary 1]). Let P be a partially ordered set.
Then P is isomorphic to the prime spectrum of some commutative ring with the inclusion relation if and
only if P is an inverse limit of finite partially ordered sets in the category of partially ordered sets.

In [2] and [3], we investigated Grothendieck categories by using the associated topological spaces
called the atom spectra of them. For a Grothendieck category A, we have a partial order on the atom
spectrum ASpec.A. For a commutative ring R, the inclusion relation between prime ideals is a partial
order on the prime spectrum Spec R, and we have an isomorphism between ASpec(Mod R) and Spec R
as partially ordered sets. Hence we can consider that the atom spectrum of a Grothendieck category is a
(noncommutative) generalization of the prime spectrum of a commutative ring, and it is natural to ask
what partially ordered sets appear as the atom spectra of Grothendieck categories.

In order to answer this question, we introduce a construction of Grothendieck categories using colored
quivers. A sextuple (Qo, @1, C, s,t,u) is called a colored quiver if (Qo, Q1, s,t) is a quiver (not necessarily
finite), C is a set (of colors), and u: @; — C is a map. From a colored quiver which satisfies some
condition of local finiteness, we construct a Grothendieck category associated to the colored quiver. By
establishing a method to obtain appropriate colored quivers, we can show the following result, which is
a complete answer to the above question.

Theorem 2 ([4]). For any partially ordered set P, there exists a Grothendieck category A such that the
atom spectrum ASpec A is isomorphic to P as a partially ordered set.

This construction of Grothendieck categories has several applications. As one of them, we can show
the following result, which shows the existence of a counter-example to the question stated in [5, Note
4.20.3].

Theorem 3 ([4]). There exists a nonzero Grothendieck category without a prime localizing subcategory.
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Resolving subcategories of modules of finite projective dimension over a commutative ring

Manuel Saorin Castafo

Given a commutative Noetherian ring R, let us denote by mod — R its category of finitely generated
modules and by DR the derived category of the category of all R-modules. I will show that the following
three sets are in one-to-one correspondence, giving the precise definition of the bijection:

(1) The resolving subcategories of mod — R consisting of modules of finite projective dimension;

(2) The compactly generated t-structures of DR containing the stalk complex R[1] in their heart;

(3) Decreasing sequences Yy 2 Y7 2 ... 2 Y, D ... of closed under specialization subsets of Spec(R)
such that Y,, N Ass(E,(R)) = 0, for all n > 0, where E,(R) is the n-th term of the minimal
injective resolution of R.

The result relates to a recent claasification of the subcategories mentioned in the set 1 given by Dao and
Takahashi, which uses grade-consistent functions. A byproduct of our result is a new interpretation of
the (small) finitistic dimension of R in terms of the minimal injective resolution of R. The contents of
the presentation appear in the joint paper with Lidia Angeleri-Hiigel, ”t-structures and cotilting modules
over commutative noetherian rings” (http://profs.sci.univr.it/ angeleri/publ.html).
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On the ring of complex-valued functions on a finite ring

Yasuyuki Hirano

Greferath, Fadden and Zumbrégel [1] considered rings of complex-valued functions on some finite rings.
Let R be a ring and let C denote the field of complex numbers. A function f: R — C is said to be finite
if {r € R| f(r) # 0} is a finite set. Consider the set C of all finite functions {f | f : R — C is finite}.
For f, g € C and for A € C, we define addition and scalar multiplication by

(f +9)(x) = f(x) + g(z)

(A) (@) = Af(x).
Then C% is a C-vector space. We define multiplication by

(frg)@) = > fla)gb).
a,be R
ab==x

Then CF is a C-algebra. For each element r € R, we define the function 4, by

1 ifz=r

Or(@) _{ 0 otherwise
Then 6; is the identity of the C-algebra CT. We can easily see that §, * 65 = J,, for each r, s € R. Also
we can see that the set {§, | r € R} forms a C-basis of the vector space CF.

Let R be a finite ring. Recall that the semigroup ring C[R] is a C-vector space with the C-basis
{7 | » € R} and multiplication defined by

75 =17rs

for each r, s € R. We define a mapping ¢ : C* — CI[R] by #(5,) = 7 for each r € R. Then ¢ is an
isomorphism of C-algebras.

Using this fact, we study the structure of C-algebras C for some finite rings R.
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QF rings and direct summand conditions
Manabu Matsuoka

In [7], T. Sumiyama studied maximal Galois subrings of finite local rings. Y. Hirano characterized
finite frobenius rings in [3]. We shall generalized the notion of QF rings. For a ring R, we consider the
condition that every finitely generated free submodule IV of a finitely generated free R-module M is a
direct summand of M. QF rings satisfy this condition. In [4], Y. Hirano studied the relation of artinian
rings and this condition.

By the way, since several years, codes over finite Frobenius rings draw considerable attension in coding
theory. In [2], M. Greferath investigated splitting codes over finite rings. In [1], A. A. Andrade and
Palazzo Jr. studied linear codes over finite rings. J. A. Wood established the extension theorem and
MacWilliams identities over finite Frobenius rings in [8]. K. Shiromoto and L. Storme gave a Griesner
type bound for linear codes over finite QF rings in [6].

In this talk, we study the rings with the direct summand condition and give the applications to coding
theory.
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Clifford extension

Mitsuo Hoshino, Noritsugu Kameyama and Hirotaka Koga

Auslander-Gorenstein rings appear in various fields of current research in mathematics (see [1], [2], [3]
and [5]). However, little is known about constructions of Auslander-Gorenstein rings. We have already
known that Frobenius extensions of Auslander-Gorenstein rings are Auslander-Gorenstein rings. In this
note, formulating the construction of Clifford algebras (see e.g. [4]) we introduce the notion of Clifford
extensions and show that Clifford extensions are Frobenius extensions. Consequently Clifford extensions
of Auslander-Gorenstein rings are Auslander-Gorenstein.

Let n > 2 be an integer. We fix a set of integers I = {0,1,...,n — 1} and a ring R. We use the
notation A/R to denote that a ring A contains R as a subring. First, we will construct a Frobenius
extension A/R using a certain pair (o, c) of o € Aut(R) and ¢ € R. Namely, we will define an appropriate
multiplication on a free right R-module A with a basis {v;};c;. Then we restrict ourselves to the case
where n = 2 in order to recover the construction of Clifford algebras. For m > 1 we construct ring
extensions A,,/R which we call Clifford extensions using the following data: a sequence of elements
¢1,¢z, -+ in Z(R) and signs (4, j) for 1 <4, j < m. Namely, we will define an appropriate multiplication
on a free right R-module A,, with a basis {v;}serm. We show that A,, is obtained by iterating the
construction above m times, that A,,/R is a Frobenius extension, and that if ¢; € rad(R) for 1 <i <m
then R/rad(R) = A,,/rad(A,,).
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Group-graded and group-bigraded rings

Mitsuo Hoshino, Noritsugu Kameyama and Hirotaka Koga

Let I be a non-trivial finite multiplicative group with the unit element e. Throughout this talk, we fix
a ring A together with a family {0, }.cr in Endz(A) satisfying the following conditions:

(D1) 0,0, =0 unless v =y and ), d, = ida;

(D2) 64(a)dy(b) = 65y (d(a)b) for all a,b € A and z,y € I.
Namely, setting A, =Im 6, for z € I, A = @, A, is an [-graded ring. In this talk, we determine when
the ring extension A of A, is a Frobenius extension (see [2, 3]) using a constructed ring extension A of A.

Let A be a free right A-module with a basis {v,}.e;. We denote by {7v;}zer the dual basis of
{vz}eer for the free left A-module Homyu (A, A). Also, setting v = Y .; 7., we define a mapping
¢ : A — Homa(A, A), X — yA. Then A is an associative ring with 1 = > _, v, and contains A as a
subring, and ¢ is an isomorphism of A-A-bimodules, i.e., A/A is a Frobenius extension of first kind. The
main result of this talk is the following theorem.

Theorem 1. Assume A, is local, Ay A,—1 Crad(A.) for allx # e and A is reflexive as a right A.-module.
Then the following are equivalent.

(1) A= Homy, (A, A.) as right A-modules.
(2) There exist a unique s € I and some oo € Homg, (A, A.) such that
Gszz t Vsa N = Homa, (Avg, Ae), A = (= a(y(Ap)))
forallx e 1.
(3) There exist a unique s € I and some as € Homy, (As, Ae) such that
Yyt Agy = Homya, (A1, Ae),a > (b ag(ab))
forallx € 1.

Formulating the ring structure of A constructed as avobe, we make the following.

Definition 2. A ring A together with a group homomorphism
n: I = Aut(A),z — 1,
is said to be an I-bigraded ring, denoted by (A,n),if 1 =) _; v, with the v, orthogonal idempotents and

Ny (Vy) = Vg for all z,y € I. A homomorphism ¢ : (A,n) — (A, ) is defined as a ring homomorphism
@ : A — A such that p(v,) = v, and pn, =nle for all z € I.

We show that every I-bigraded ring is isomorphic to the I-bigraded ring A constructed above.
This talk is based on [1].
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Classical derived functor as fully faithful embeddings

Manuel Saorin Castafo

The original problem can be stated as follows. Suppose that A and B are algebras and let 7" be a B —
A—bimodule. When is it true that the derived Hom functor RHom 4 (T, ?) : DA — DB (resp. the derived
tensor product ? @5 T : DB — DA) is fully faithful?. I will present necessary and sufficient conditions
for this to happen, even in the more general context of derived categories of small dg categories. As a
byproduct, when applied to ordinary algebras, we recover several results in the literature due to Bazzoni-
Mantese-Tonolo, Yang, Chen-Xi, Angeleri-Ko6nig-Liu, Bazzoni-Pavarin, etc. Another consequence of our
results is a parametrization, for a small dg category A, of all the co-smashing subcategories of D.A which
contain the compact objects. The contents of the presentation appear in the joint paper with Pedro
Nicolds, ” Generalized tilting theory” (arxiv.org/abs/1208.2803).

DEPARTAMENTO DE MATEMATICAS
UNIVERSIDAD DE MURCIA
CAMPUS DE ESPINARDO

30100 MuRrcia - SPAIN

—17—



Complements and closed submodules relative to torsion theories
Yasuhiko Takehana

Throughout this paper R is a ring with a unit element, every right R-module is unital and Mod-R is
the category of right R-modules. A subfunctor of the identity functor of Mod-R is called a preradical.
For preradical o, T, := {M € Mod-R|loc(M) = M} is the class of o-torsion right R-modules, and
Fy:={M € Mod-R|o(M) = 0} is the class of o-torsion free right R-modules. A preradical ¢ is called to
be idempotent(a radical) if t(¢(M)) = t(M)(E(M/t(M)) = 0). It is well known that (7, F:) is a torsion
theory for an idempotent radical ¢. A preradical ¢ is called to be left exact if ¢(N) = N Nn¢(M) holds
for any module M and its submodule N. For a preradical ¢ and a module M and its submodule N,
N is called to be o-dense submodule of M if M/N € T,. If N is an essential and o-dense submodule
of M, then N is called to be a o-essential submodule of M (M is a o-essential extension of N). For an
idempotent radical o a module M is called to be o-injective if the functor Hompg(_, M) preserves the
exactness for any exact sequence 0 - A - B — C — 0 with C € T,. We denote E(M) the injective hull
of a module M. For an idempotent radical o, E, (M) is called the o-injective hull of a module M, where
E,(M) is defined by Ey(M)/M := o(E(M)/M). Then even if ¢ is not left exact, E,(M) is o-injective
and a o-essential extension of M, is a maximal o-essential extension of M and is a minimal o-injective
extension of M.

Let B be a submodule of a module M. It is said that B is a complement in M if there exists a
submodule X of M such that B is maximal in {Y C M|Y N X = 0}. It is well known that B is a
complement in M if and only if B is essentially closed in M. We call B is o-essentially closed in M if
B has no proper o-essential extension in M. In this talk, we generalize this by using left exact radical o
and state the related results. Following proposition generalize Proposition 1.4 in [K. R. Goodearl , Ring
theory, Dekker,1976].

Proposition 1. Let o be a left exact radical and B be a submodule of a module M. We denote B/B :=
o(M/B). Then the following conditions from (1) to (9) are equivalent.
(1) B is essentially closed in B.

)
) B is a complement of a submodule in B.
) If X is a complement of B in B, then B is a complement of X in B.
) It holds that B = E,(B)N M.
) If X is an essential submodule of B containing B, then X/B is essential in B/B.
) It holds that B = E(B) N B.
) There exists submodules My and K of M such that K C My, M/M; € F, and B is a complement
of K in M.
(9) If X is a o-essential submodule of M containing B, then X/B is o-essential in M/B.

Next we consider C; modules relative to torsion theories. For C; modules, see [S. H. Mohamed and
B. J. Muller, Continuous and discrete modules, Cambridge Univ. Press, 1990]. We call a module M
o-quasi-injective if for any o-dense submodule N of M, Hompg(_, M) preserves the exactness of a short
exact sequence 0 - N — M — M/N — 0.

Lemma 2. Let o be a left exact radical. Then A is o-quasi-injective if and only if f(A) C A for any f €
Homp(E,(A), E,(A))

Lemma 3. Let o be a left exact radical. If A is o-quasi-injective and E,(A) = M & N, then A =
(MNA)y® (NNnA).

Proposition 4. Let o be a left exact radical. Any o-quasi-injective module M satisfies the following two
conditions.

(0-Ch) Every o-dense submodule of M is o-essential in a summand of M (or o-CS module, or o-
extending module)

(0-Cs) If a o-dense submodule A of M is isomorphic to a summand of M, then A is a summand of
M. (or o-direct injective)

—18—



Ideals and torsion theories
Hiroyuki MINAMOTO

We introduce ideal theoretic conditions on an ideal Z of an abelian category A, which are show to be
equivalent to the condition that the ideal is associated to a torsion class (resp. pre-torsion class, Serre
subcategory) of A. We also discuss an ideal which is associated to a radical (a sub functor of the identity
functor id 4 which has a special property) of A.

This work came out from an attempt to obtain a formalism of the argument which is given in the proof
of the following theorem on 2-representation infinite (2-RI) algebras ([1]): Let A be a 2-RI algebra and
To, T, be 2-Auslander-Reiten translations. A A-module M is called §-minimal if the canonical morphism
M — 79715 M is injective.

Theorem 1. Let M # 0 be a 0-minimal indecomposable A-module. Assume that Hompa(M,A) = 0.
(e.g., M is a non-projective 2-preprojective module or 2-regular module.) Then the Auslander-Reiten
component I'p; containing M is of type ZA . unless it contains projective module or injective modules.
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Defining relations of 3-dimensional quadratic AS-regular algebras
Gahee Kim

M. Artin (2 & D 1990 FFERUZAIER X N7z IEATHRBCE M2 D EEBTERH R D —D & U T Artin-Schelter[1]
k Ko THEAI N AS-regular algebra 23d 5. FEE, FEFTHUREE(]F1F Artin-Tate-Van den Bergh [2]

Z& % 3 ¥Rt AS-regular algebra DN SR FE S THD. D AS-regular algebra DWFFLIZBIIE
T%E%/u UTHNTV S [4],[5]. ABFFEDHMIX, 31XIG quadratic AS-regular algebra % REKIZ T B
2L THD. DUFEE 0 OREAIBA k &2 [EET 5.

Definition 1. [1] f— & —EHEREAT S REA PR %724 & ¥ d RE AS-regular algebra THD &\
e gldimA =d < oo

i ~ k (Z = d)a

o Ext!y(k,A) = {0 (i £ d).

Bl Z1E, 0 Xt AS-regular algebra I& k DA TH Y, 1 IRIt AS-regular algebra i k[z] L[AHITH 5.

W1 DL TERI N 3 ‘{7(71: AS-regular algebra D4} ¥l geometric pair % i > 7z B[R FILT
Artin-Tate-Van den Bergh [2] IZ& D ZEHINT VS

ZIZTIE, P OIS AF—AL E & o€ Autp B ﬁ‘b’&%zﬂ%ﬁ@%ﬁ (E,0) &—X—IZx)§5 9 % algebra
A(E,0) % geometric algebra & 59 (EMAEEIL 3] 22). ZD& X, fLED 3 kIt quadratic AS-
regular algebra (& geometric algebra TdH Y, TN 72 K 5122 D 3 IKJt quadratic AS-regular algebra

BEDORAOM (B, 0) (2 &k 2B RDBUIZRINTWT 2, 2O L XD E DAffett e UTIE P2 »
P? N 3 RilifR T,

(1)P? (6)cuspidal cubic curve

(2) =ML 21ES =ZADER (7)nodal cubic curve

(3) —R TR DD =ZADEFR (8)elliptic curve

(4) “RTR DD kiR & E#R (9) ==HE#M

(5) =R TR DD kR & E#R (10) —EH[ERk & EFROH
DOVTNNTDHD.

fERED 3 ¥RIE quadratic AS-regular algebra &
k<xl,l’27$3>/(f1, f27 f3) ) (deg T = ]-7 f] : ﬁ:‘{ﬁ\’ 2 ?ﬁ%lﬁﬁ )

TRINDM, RKIFZETIE, EIZABEINTVWEH EIZx LT, geometric pair (E,0) 2 5ENND 3 IRIT
quadratic AS-regular algebra A = A(E,0) WED & 5 BREBRRZFEONEZFN, TN o0

(1) WOREAT SRE L UTHBLZR S D,

(2) WOUEAS S AR FEIZ R D 2
ZRRADNTI A =R EHNTHET LI L2 HEL LTS,
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Quantum planes and iterated Ore Extensions

Ryo Akiyama

Throughout my talk, we fix an algebraically closed field k of characteristic 0. An AS-regular algebra
defined below is one of the main objects of study in noncommutative algebraic geometry.

Definition 1 ([1]). A noetherian connected graded algebra A is called a d-dimensional AS-regular algebra
if

o gldimA = d < oo,

i ~ ) k i=d
Iterated Ore extensions of k in the title are known as examples of AS-regular algebras. They are
defined as follows:

Definition 2 ([2]). Let A be a connected graded algebra, o a graded algebra automorphism of A and
0 a graded o-derivation (i.e.,, 6 : A(—m) — A, for some m € N, is a graded linear map such that
d(ab) = §(a)b + o(a)d(b) for all a,b € A). Then o, ¢ uniquely determine a connected graded algebra S
satisfying

o S = Alz] with deg(z) = m, as a graded left A-module, and

o for any a € A, za = o(a)z + (a).

The algebra S is denoted by A[z;0,d] and is called the graded Ore extension of A associated to o and

0. Then we define an n-iterated graded Ore extension of k by

k[z1;0,0][z2;0,0] - - - [2n; 0, 0].

For example, 2-dimensional AS-regular algebras are 2-iterated graded Ore extensions of k ([3]). In this
talk, we will try to answer the question which 3-dimensional quadratic AS-regular algebras (quantum
projective planes) are 3-iterated graded Ore extensions of k. We obtain a classification of quantum affine
planes by using 3-iterated graded Ore extensions of k.
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The symmetry, period and Calabi-Yau dimension of m-fold mesh algebras

Manuel Saorin Castafo

A m-fold mesh algebra A, as introduced by Erdmann and Skowronski, is defined as the orbit category
of the stable translation quiver ZA, where A is a Dynkin quiver of type A,,, D,, or E,. (r = 6,7,8), under
the action of a weakly admissible group of automorphisms. The class of m-fold mesh algebras properly
contains that of stable Auslander algebras of standard selfinjective algebras of finite representation type.
In this presentation, we will give the full list of all the m-fold mesh algebras which are symmetric and
weakly symmetric. Due to a result of Brenner-Butler-King, the m-fold mesh algebras are known to be
periodic, that is, for any such algebra A, there is an integer m > 0 such that the m-th syzygy of A as a
bimodule is isomorphic to A. The smallest of these m is called the (Q-)period of A. In the presentation,
we will give the precise formula for that period. Also, we will give necessary and sufficient conditions
of the stable category A — mod to be Calabi-Yau, in the sense of Kontsevich, calculating explicitly the
Calabi-Yau dimension of this triangulated category. This completes and extends earlier work in this
direction by Erdmann-Skowronski, Dugas and Ivanov-Volkov. The contents of the presentation appear in
the joint paper with Estefania Andreu Juan, ” The symmetry, period and Calabi-Yau dimension of finite
dimensional mesh algebras” (arxiv.org/abs/1304.0586).
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Mutation and mutation quivers of symmetric special biserial algebras

Takuma Aihara

The notion of mutation, which is an operation to make a new object from a given one, plays crucial
roles in representation theory of algebras. Three kinds of mutation are well-known: quiver-mutation
[6], cluster tilting mutation [5, 7] and silting/tilting mutation [1]. From Morita theoretic viewpoint, the
class of tilting complexes is one of the most important classes, that is, tilting complexes induce derived
equivalences which preserve many homological properties. We focus on tilting complexes and tilting
mutation. In the case of finite dimensional algebras, we know two famous tilting modules and complexes:
Auslander-Platzeck-Reiten tilting modules [3] and Okuyama-Rickard tilting complexes [9, 10]. These are
special cases of tilting mutation. Now it is a crucial problem to find the combinatorial structure of tilting
complexes. For example, we know reflection of quivers [4] and mutation/flip of Brauer trees [2, 8.

In this talk we wrestle with this problem for symmetric special biserial algebras, where there exist a
one-to-one correspondence between the following two classes:

(1) Symmetric special biserial algebras;

(2) Special quivers with cycle-decomposition (SB quivers);
Introducing mutation of SB quivers, which can be regarded as an analogue of derived equivalences asso-
ciated with Bernstein-Gelfand-Ponomarev reflection of quivers [4] and Fomin-Zelevinski quiver-mutation
[6], we explicitly give the combinatorics description of tilting mutation of symmetric special biserial
algebras. The main result of this talk is the following:

Theorem 1. The following two operations are compatible:

- Tilting mutation of symmetric special biserial algebras;
- Mutation of SB quivers;

In classification of derived equivalent classes of algebras, ‘reduction’ theorem plays a crucial role. It
means to give one of the ‘simplest’ algebras which are derived equivalent to a given algebra. We give
‘reduction’ theorem for symmetric special biserial algebras, by applying the main theorem.

Theorem 2. Any symmetric special biserial algebra is derived equivalent to a symmetric special biserial
algebra with the same number of vertices and the same multiplicities (> 1) of the cycles, and having two
cycles C,C" such that every vertex belongs to either ‘only C’, ‘C and C'’ or ‘C and a loop’.

Moreover, we will observe the behavior of the tilting quiver of a symmetric special biserial algebra.
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Support tau-tilting modules and preprojective algebras

Yuya Mizuno

The aim of this talk is to study support T-tilting modules over preprojective algebras.

Preprojective algebras first appeared in the work of Gelfand-Ponomarev [2]. Since then, they have
been one of the important objects in many branches of mathematics and studied from various viewpoints.

On the other hand, the notion of support 7-tilting modules was recently introduced in [1], which is
defined as follows.

Definition 1. Let A be a finite dimensional algebra, 7 the Auslander-Reiten translation and X a A-
module.

(a) We call X 7-tilting if Homy(X,7X) = 0 and |X| = |A|, where |X| denotes the number of
non-isomorphic indecomposable direct summands of X.

(b) We call X support T-tilting if there exists an idempotent e of A such that X is a 7-tilting (A/(e))-
module.

We can show that (classical) tilting modules are 7-tilting modules, so that this concept gives a gen-
eralization of tilting modules. Moreover, it is shown that there are deep connections between support
7-tilting modules, torsion classes, silting complexes and cluster tilting objects. Support 7-tilting modules
also have nicer mutation theory than tilting modules’ one and admit interesting combinatorial descrip-
tions. Furthermore, it is useful to study support 7-tilting modules for giving derived equivalences. It is
therefore fruitful to investigate these remarkable modules.

In this talk, we investigate support 7-tilting modules over preprojective algebras using a connection
with the Coxeter groups. We also discuss a relationship between support 7-tilting modules and certain
categories of a module category of path algebras.
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Classifying 7-tilting modules over Nakayama algebras
Takahide Adachi

In this talk, we give a combinatorial description of 7-tilting modules over Nakayama algebras. Recently,
to improve a difficulty of mutation of tilting modules ([2, 3] for details), the notion of 7-tilting modules
was introduced in [1].

Definition 1. Let A be a basic finite dimensional algebra.
(1) A A-module M is called tilting module if pd M < 1, Extj (M, M) = 0 and |M| = |A|, where |X]|
is the number of non-isomorphic indecomposable summand of a A-module X.
(2) A A-module M is called 7-tilting module if Homa (M, 7M) = 0 and |M| = |A|, where 7 is the
Auslander-Reiten translation.
(3) A A-module M is called support 7-tilting module if there exists an idempotent e of A such that M
is a 7-tilting (A/(e))-module. In particular, if e # 0, M is called proper support 7-tilting module.

7-tilting A-modules are a generalization of tilting A-modules. Indeed, we can easily check that any
tilting A-module is 7-tilting. Moreover, if A is hereditary, every 7-tilting A-module is tilting.
Before we give the main result, we recall the following well-known result.

Theorem 2. Let A be a path algebra of Dynkin quiver of type A, with linear orientation. There are
bijections:

(a) The set of isomorphism classes of tilting A-modules.

(b) The set of triangulations of an (n + 2)-gon.

() {(ar, -+ san) €280 | 3y ai=mn, 3iyai<j (j€{1,2,- ,n}}.

Since the path algebra A is hereditary and Nakayama, Theorem 2 gives a combinatorial description
of 7-tilting modules over the Nakayama algebra. We give an analog of Theorem 2 for 7-tilting modules
over Nakayama algebras. Namely, the main result of this talk is the following theorem.

Theorem 3. Let A be a Nakayama algebra with n = |A|. Assume that the length of each indecomposable
projective A-module is at least n. There are bijections:

(a) The set of isomorphism classes of T-tilting A-modules.

(b) The set of isomorphism classes of proper support T-tilting A-modules.

(c) The set of triangulations of an n-gon with a puncture.

(d) The set of non-negative integer sequences (a1, az, -+ ,an) with Y i, a; = n.

(If time allows, we give more general result for any Nakayama algebras.)
As a result, we determine the number of support 7-tilting A-modules.

Corollary 4. The number of isomorphism classes of support T-tilting A-modules is equal to (21?)
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On the poset of pre-projective tilting modules
over path algebras

Ryoichi Kase

To classify tilting modules is an important problem of the representation theory of finite dimensional
algebras . Theory of tilting-mutation introduced by Riedtmann and Schofield is one of the approach to
this problem. Riedtmann and Schofield defined the tilting quiver related with tilting-mutation. Happel
and Unger defined the partial order on the set of (isomorphic classes of) basic tilting modules and showed
that tilting quiver is coincided with Hasse quiver of this poset.

In this talk we consider the poset of pre-projective tilting modules over path algebras. First we give
an equivalent condition for that the poset of pre-projective tilting modules 7,(Q) over a path algebra kQ
is a distributive lattice:

Theorem 1. Let Q) be a finite connected acyclic quiver which is non Dynkin. Then T,(Q) is a distributive
lattice if and only if Q satisfies the following condition (C);

(C) for any vertex x of @, there are at least two arrows starting or ending at x.
We define a poset P(Q) as follows:
e P(Q) = {indecomposable pre-projective modules over kQ}/ ~.
e X >Y ihereis a path from X to Y in Auslander-Reiten quiver of kQ.

The second main result of this talk is the following;:

Theorem 2. If Q satisfies the condition (C), then there is a poset isomorphism

To(Q) =~ Z(P(Q)) \ {0},
where Z(P(Q)) is the ideal poset of P(Q).
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The dimension formula of the cyclic homology of truncated quiver algebras
over a field of positive characteristic

Tomohiro Itagaki and Katsunori Sanada

Let K be a field and A a finite quiver. We fix a positive integer m > 2. The truncated quiver algebra
A is defined by KA/RR, where RY is the two-sided ideal of KA generated by the all paths of length m.
In this talk, we show the dimension formula of the cyclic homology HC,,(A) of A over an arbitrary field.

In [4], Skoldberg gives a minimal left A°-projective resolution and computes the Hochschild homology
of A over a commutative ring. He also gives the projective resolution of quadratic monomial algebras and
computes their Hochschild homology. On the other hand, Cibils gives a useful projective resolution for
more general algebras in [1]. In [5], Skoldberg gives the cyclic homology of quadratic monomial algebras
by computing the E2-term of a spectral sequence determined by the mixed complex due to Cibils in [2].
On the other hand, Taillefer [6] gives a dimension formula of the cyclic homology of truncated quiver
algebras over a field of characteristic zero by means of [3, Theorem 4.1.13].

We compute the cyclic homology HC,,(A) of A by means of a spectral sequence, and we have the
following theorem.

Theorem 1. Suppose that m > 2 and A = KA/RR. Then the dimension formula of the cyclic homology
of A is given by, for ¢ >0,

c—1 m-—1
dlmKHCQC( #AO + Z Aem+e + Z Z br
=0 e=1 r>0

s.t. TC\C m+e

>3 b+ > > (ged(m, ) = 1)b,,

c/'=1 r>0 /=1 r>0
s.t. r|c'm, s.t.7¢| ged(m, r)c’
ged(m, r)¢|m

dimg HCo.41(A) = Z (ged(m,r) — 1)b, + Z Z Z b,

r>0 /=0 e=1 r>0
s.t.r[(c+ 1)m s.t.r¢ld'm +e
c+1
+ Z >+ Z > (ged(m, ) — 1)by.
r>0 r >0
s.t. r|c'm, s.t. r¢| ged(m, r)c’
ged(m, r)¢|lm
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