


Wy

Y1794388
R & % 5 9
FANKER: REXHEMLN, BRAANERITEST, ML#Tor
RIAEFBEHRR. BXPELENHSIANAEN, ERIXALEEM
N ARERELERIRELHBFTRR. MAERIMFREHEER
BN AFSE, WEEXFUHGETAGRYH. FAZEERBIFF
ERFEHANRE,

BINEE L )@f\ﬁ g og 2.0

X TR X RIR R
EANFLTRILEKREFARRE, ERZORXHRE, AEFRRE
B EFA R TR X Z A HRETRR, SRR SCRENM
f& 0 ARANBAULFRRE T LU A AR 2RI N RAF KB
FEHATRER, TURRAZH, FERHMEHFERRFRIMICELENM
R
(RSO R R T IHALE )

AN
ifewwg,w @M@W e






BT .. i i
I T o i v
BB BB RTEEIR . 1
BLL LB et 1
812 B I e 6
S=F D, B cluster FEMCE . ... 9
S2.L BIEAI e et 9
§2.2 D, B cluster fHAMCEHIETH] ... 13
§2.3 D, B cluster MBI ... 20
=% A, B mcluster fIFRE. ... 27
831 BRI o 27
§3.2 A, B m-cluster BEAIBBIE ... 31
§3.3 HEH A, B m-cluster FAHMREAIRIME ... 35
B R .o e 41
St ai b Lo 1 G 48






Contents

Chinese abstract ...........cevueeveieeiiiiiniiniiiiiiieiiinan, i
English abstract ..............coooiiiiiiiiiiiiiiiiiii v
Chapter 1. Introduction and preliminaries ........................ ... 1
§1.1 Introduction ...........oceiviiiniiiiiii e 1
§1.2 Preliminaries ............ccooviiiiniiiiiiiiii i 6
Chapter 2. Cluster-tilted algebras of type D, ..................oilln. 9
§2.1 Preliminaries ............ooovuiiiiiiiiner i 9
§2.2 Quivers of cluster-tilted algebras of type Dy ...............ccoonait. 13
§2.3 Isomorphism classes of cluster-tilted algebras of type D, ............ 20
Chapter 3. m~cluster-tilted algebras of type A, ...................... 27
§3.1 Preliminaries .........o.o.ooviroiiiiiiiie e 27
§3.2 Tilting graph of m-~cluster category of type Ap ...........coveinnte 31
§3.3 Isomorphism classes of m-cluster-tilted algebras of type A, ......... 35
BiblOgraphy ..............euuiieiiiiiiiiiiiiiii e 41
Accepted and completed papers ... 48

Acknowledgements ........... ..ottt 49






WIRK GRS

Dynkin & cluster {iF# X8 & m-cluster 7K

X X M
(WAXFERFFER, LA, Fd 250100)

PR

2002 4E, Fomin I Zelevinsky 7EXC [FZ1, FZ2] #3| AT cluster R34,
KRB FROAREMRBEN B EEZ MGKR. XHERRREABERN
HFEAZEET EYVINHKR (B [FZ3)). FHIREIUE, cluster REREARER
BHRAERBFRERTRT RAMHZW. 3 [BMRRT] §IAT cluster fEB#H cluster
FAELHES, RAEFAIEMR Fomin A Zelevinsky #7 cluster {REhy—MEBEL
BAL & HRARBAS ENARERERY, D'(H) R HWARFHTERE, cluster
il ¢ (H) & CHHuETEsE D°(H)/r71[1), K 7 & D°(H) #4 Auslander-Reiten %%
#, [1] B D(H) FHT-HETF. Cluster F#iB§ €(H) Py cluster (XRS5 cluster
R cluster —XBY.

Cluster #iB5f cluster fEHERE#H T AREREERAERTHL AR ER,
cluster {FAHRHERH HRABREFRN cluster FHAREL EER, MX—RRBHKE
WREH, CIEARESIFOER, MmXRE—%IET A 1-Gorenstein A% 21
X [BMR1, BMR2, ABSI, KR1].

#£ Dynkin ® cluster #B5MI cluster {f{#H ¥ # @, P. Caldero, F. Chapoton fI
R. Schiffler ZE3¢ [CCS1] &L T A, % cluster FIBEATJLITHA, RIS cluster
BT — AR B8, BB, R. Schiffier ZE3C [Sch] ##4#E T D, B cluster #iB%
I JLTARAL

¥4 cluster #iBEAH~, H. Thomas 7E3C [Th] FIAT m-cluster FWEAIHEE.
m-cluster {iB§ €n(H) & X EERIBE D(H)/r 7 [m]. /5, m-cluster FIAIXIZM
m-cluster JEHEHBTIA. # m-cluster {85 €n(H) LAI—A3R T HRUT#
i

o Homg,,m)(T, X[i]) =0, 1 <i<m, A X € add(T),

i
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o Homg, () (X, T(i]) = 0,1 <i<m, HY X € add(T),

W#R T Jy m-cluster fBiFIt%R. m-cluster fEHYH Ende, ) (T)® X m-cluster {54}
& T #BRSAE. EXHFEHHF, 2R [BaMl, BaM2, HJ1, HJ2, KRI, KR2,
IV, P, Wr, Zh3, Z2Z).

PG B8R, RATBFRT D A cluster {FAHY, 2K T HiAM Dy
B cluster AMBMETE, FHALTHA D, B cluster HAHHREMN TE L4
BIWS, BIFRT A, B mecluster iEHUE, AT An B m-cluster AHLH
HEENFERM, #—H BB THAEERN A, B m-cluster HARBERAHWHTES
.

FEANLIIENHERR. METEXRARNERRRMER, HEAT
RICH TAEH R B .

SE%AIM R. Schiffler ZE3C [Sch] 5 y JUTHRE— % D, M cluster fEHR
PRI, BE, RINBUTFRALUE Po HhiniDmHRA= AR S0 235,
#—, BNRAIT D, BEEE mutation SHLEFFTAHRY D, & cluster YK
R, SFERNERHTEMNHRRER. BERIAH THA D, A cluster iR}
REEAWHRERS. TBEROT

EE 2.25. #& Q& D, & cluster HIARBMTE L ANLHE Q BT 22
PR R A —F.

EIE 23.1. BWTHT R Dyn > 5) B cluster 185 €(H) FHIHEA cluster
fE#XER, T =Endgu)(T)® 5 I’ = Endgq)(T') BAERAY cluster (M. W
FAT AHNAERMREEBR iR j B T=rT KT =0T, KR T &
Auslander-Reiten #t, o & €(H) —1BFRMWETF (0 HEXR 2.3 %).

E=8, RA1AA K. Baur #1 R. Marsh 878 A, B m-cluster FIBSHYJLTHA
BB An B m-cluster AURECHTHR. RANTRT B m-cluster BB EHR
HMIRFIEREEYE, ST As 8 mecluster (FEMEER N RELRM, FEHFIEHT
PANEER An B mecluster FIARBEMHTELE. FELRDT.

EHE 327 BRIR(n+1m+2Fhk, T, Rh 16 m SHRIEH

i
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Ay m-mutation KA. W T, BiEER. Bl A, B m-cluster BEHIRERE
.

T 3.29. #® TR A, B m-cluster FBFFH—4 cluster fIFMNER, B =
Endg,, o) (T)* BARR m-cluster fAHEL W B BEES TREAMFREN T FHEE—
ARESMBEMNT M §HE T FHZ—IARTHEENT N €8 M f1 N £F/—
A ray B coray .

T 3.2.10. & 2 £H A, B m-cluster FiB&HEER m-cluster AR
BEYEEE, W I, REE.

EE 3.33. BTHT R A, & mcluster 158§ €.(H) FHFNEEN m-
cluster &5, B = Endg,)(T)® & B’ = Endg,,(iy(T")°P BAHFH m-cluster {if
£4CML. Wi B f1 B’ A RELRRAEEE 8 T = T'l, B [| BT BETF
1] 8 i KE.

X4 cluster #iB%, cluster {AHREL, =f, m-cluster #BE, m-cluster
ERH, m- SHALHH.

iii
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Dynkin cluster-tilted algebras and m-cluster-tilted
algebras

Wenxu Ge
(School of Mathematics, Shandong University, Jinan, Shandong, 250100)

Abstract

In 2002, cluster algebras were introduced by Fomin and Zelevinsky [FZ1, FZ2| in
order to explain the connection between the canonical basis of a quantized enveloping
algebra and total positivity for algebraic groups. There are interesting connections
to their theory in many directions (see [FZ3]). As a categorical model for better
understanding of cluster algebras, cluster categories and cluster-tilting theory were
introduced in [BMRRT]. Let H be a finite dimensional hereditary algebra over an
algebraically closed field and D*(H) be the bounded derived category of H. Then the
cluster category ¥(H) is the orbit category D*(H)/7~*[1], where 7 is the Auslander-
Reiten translation in D°(H) and [1] is the shift functor of D*(H). There is a one to one
correspondence between cluster tilting objects in cluster categories and the clusters of

cluster algebras.

Cluster-tilted algebras were introduced in [BMR1], which together with cluster
categories provide an algebraic understanding of combinatorics of cluster algebras.
Here, cluster-tilted algebra is the endomorphism algebra of a cluster tilting object, is
the form Endes)(T)%. A large number of research of such algebra show that there
are many good properties, see [BMR1, BMR2, ABS1, KR1].

In the type of Dynkin, P. Caldero, F. Chapoton and R. Schiffier [CCS1] have
associated a category to the cluster algebra of type A,, and proved that this category
is equivalent to the cluster category of type A,. Later, R. Schiffler constructed a
geometric model for cluster category of type D, in [Sch].
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As a generalization of cluster categories, m-cluster categories 6,,(H) were intro-
duced in [Th]. They are defined as the orbit category D*(H)/7~}[m]. An object T in
%m(H) is an m-cluster tilting object if and only if the following hold:

o Homg,)(T, X[i]) =0, 1 <i < m, if and only if X € add(T);
e Homg, (#)(X, T[i]) = 0, 1 < i < m, if and only if X € add(T).

Let T be an m-cluster tilting object. B = Endg,,(5)(T)*® is the m-cluster-tilted
algebra. Recently, there are a lot of reseach about these kinds of algebras, see [BaM1,
BaM2, HJ1, HJ2, KR1, KR2, IY, P, Wr, Zh3, ZZ|.

In this thesis, first, we investigate cluster-tilted algebras of type Dy, classify the
quivers of cluster-tilted algebras of type D,, and moreover, we give a necessary and
sufficient condition for the isomorphism between two cluster-tilted algebras of type
D,. Second, we investigate m-cluster-tilted algebras of type A,, give a necessary
and sufficient condition for the isomorphism between two connected m-cluster-tilted

algebras of type A,. This thesis is arranged as follows.

In Chapter 1, we recall some definitions and basic results needed for our reseach,
give some recent developments in this dissertation and make a systemic exposition of

our main results.

In Chapter 2, by using the geometric model for cluster category of type D, by R.
Schiffler in [Sch], we investigate the cluster-tilted algebras of type D,,. First, we give an
explicit description of the equivalence class of triangulations of the category of tagged
arces of punctured polygon P,. As an application, we obtain the mutation classes of
quivers of type D,, and deduce all the quivers of cluster-tilted algebras of type D,,
and moreover, we also give an explicit description for the relation ideal. Next, we give
a necessary and sufficient condition for the isomorphism between two cluster-tilted

algebras of type D,,. Our main results are as follows.

Theorem 2.2.5. The quiver Q is a quiver of cluster-tilted algebras of type D,
if and only if Q belongs to one of type 1, type 2, type 3 or type 4 in section 2.2,
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Theorem 2.3.1. Let T and T’ be two cluster tilting objects in the cluster
category € (H) of type Dy(n > 5), T' = Endeg(s)(T) and I = Endgq)(T")® be the
corresponding cluster-tilted algebras. ThenT is isomorphic to I if and only if T = 7*T’
or T = oTiT' for some integers i and j, where T is the Auslander-Reiten translation,

o is the automorphism of €(H) defined in section 2.3.

In Chapter 3, we use the geometric model for m-cluster category of type A,
by K. Baur and R. Marsh to investigate the m-cluster-tilted algebras of type Ajn.
We prove that the tilting graph of m-cluster category of type A, is connected, and
obtain a necessary and sufficient condition for the connected m-cluster-tilted algebras
of type A,, and moreover, give a necessary and sufficient condition for the isomorphism
between two connected m-cluster-tilted algebras of type A,. Our main results are as

follows.

Theorem 3.2.7. Let ., be the tilting graph of an m-cluster category of type
A,. Then X, is connected.

Theorem 3.2.9. Let T be an m-cluster tilting object in m-cluster category of
type An, B = Endg,#)(T)® be the corresponding m-cluster-tilted algebra. Then B is
connected if and only if for any indecomposable direct summand M of T, there ezists
another indecomposable direct summand N of T such that N and M lie on a same ray

or coray.

Theorem 3.2.10. Let I), be the tilting subgraph comsisting of connected m-
cluster tilting objects in the m-cluster category of type A,. Then X, is connected.

Theorem 3.3.3. Let T and T’ are two connected m-cluster tilting objects in the
cluster category m(H) of type An, B = Endg,,(1)(T)® and B’ = Ende,s)(T") be
the corresponding m-cluster-tilted algebras. Then B is isomorphic to B’ if and only if

T = T'[i] for some integer i.

Key words: cluster category, cluster-tilted algebra, triangulation, m-cluster

category, m-cluster-tilted algebra, m-diagonal division.
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§1.1 5|F

2002 4, HTHRBTFRHAMEENRIEBAEEKEAZTMHKR, Fomin Al
Zelevinsky 7E3C [FZ1, FZ2] 5|AT cluster REBIBEE. &R F = Quy, ug, ..., uz) 2
Ao AMETHEERE, X CFEQ LM—ARBTE, B = (by)syex RITH
FIBL X FARCH n x n FSRMHEEUER. RN, MEEN 2,y € X, RITF
bey =0 & byz = 0; by > 0.6 by, < 0; byy = 0. KAFEHM—HZT4 (X, B) H—
A seed, X BRN cluster. X{—MRER seed(X, B) F1 X H—ATR 2, B THH
ZRFIHRFRIE X~ F PRFHTE 7

27 = H b + H gt

Z€X ,be: >0 zeX,bu <0

TEXFER T, RATHK 2, 7 MR T —A3HAT (exchange pair). X' = XU{Z}\{z} &
F f— A EriacsE, RIVRER B' = (V,,):yex BEKE B 7 2 2449 mutation,
Hefr

P B % 1=z & y=2;

o { bay + 1(1baalbuy + bilbyl) HE.
T34 (X', B') #K seed(X, B) % z AbAY mutation. iTEE S ARMEDN (X, B)
E 5 i mutation BRIRIPTHE seed HEHIAEE, S FHTH seed BH; T HIBBRITHI B
T—AEE, RITLH x, EFHBRTRITMM cluster 8. Cluster {03 A(X, B)
EICHHEE x ERM F 7. ERMBECT, cluster REA X BIZERIRE,
RAEEOERE B AR, FU—RRILEHR As.

WAERE B RETHRERE, —4 sced(X, B) & T— M Qp. Qp HYTUSX
BT B i47HI5, by > 0 FRTA « Bl j MEFMEL. S48 x BARE, H4
FefiTih cluster R Ap BARBA. £ [FZ2) F, EHTHRE cluster R¥PHE
—4 seed XFFLRYHFAIR Dynkin H.
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KT cluster R REAFHHRMIRT S UXH [CFZ, FZ3, FZ4, FR1]. Xf#
RIVREAEE TR BN L4 T HMRR. EHREILE, cluster RBEEA
FERSHAREABRRERERTRAMYM. X [MRZ) HHAHT cluster 3
BREAAERSHERRYER. 5, Y cluster REFFEE—A seed(X, B) &
R Qs ARARIENRR H MFEE, B H = kQp, X [BMRRT] 5|\ T cluster
FWER cluster ABERMES, ROVE TR Fomin M Zelevinsky # cluster A%
Hy— A TR

Cluster BBFHEXMT. & H BRYAE LHARERERYE, DH)RH
WARR L #BE, 7 & D(H) B#) Auslander-Reiten %42, [1] & D*(H) 8y T-%
BF. 4 F=r17"[1], cluster 58§ €' (H) & L hBUERRE D*(H)/F, %L DX(H) +
XRE F- B, BHEICH:

Homg () ( X,Y) = @ Homps(zy(X, FY),
i€z
XHE XY & DY(H) iists, X,V S8R X, Y B F- 858 ChTHE, RiTEw
¥ X,V 62N X,Y). 13X K], cluster #Ws2=f#i85, 7 EE Calabi-Yau 43
2 ] Calabi-Yau {{i#%. Cluster #iB% € (H) Y cluster iM% T WEMTHE %
1

* Exti (T, T) =0

o %t cluster ks '(H) PEBERTIENR M, F Extyy(T,M) =0, U M £
T @EME.

B cluster FEBEE2HH acyclic B cluster R R KAAH IR, &
R [BMR, CC, CK1, CK2|. FEXMEBHLARE S, cluster fiBsF AR 2HRH
SIS IERFIC [FZ1] g Y cluster Z58, T cluster AR XH T cluster £A3
HHY cluster, 2 W3 [CK1, CK2]. #5184, XWTF cluster {347 cluster-mutation, 3¢
[BMRRT] € X T cluster {EB§HHY cluster iEH % LA —F mutation. f&8EH, &
R cluster {EBEFR—AILE cluster fiFx% T BiFH 2 AERRHHRT R
M1 M, THENES THY=HHEKE:

ML Ly—wn a1 ML S — M),

2
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Ht T'caddT, T"€add T, f,¢* W/ add T- B, f* 9 BH/NE add T-

cluster #iBs 5 HMENRBRTERTHERAFRICHLS, AT cluster i
FREEEILME, 2R [BMRI], X & cluster EHAB0E LN cluster {H#xT5E
BHRSAK, BIH Endeu)(T)®. EFK, MX—RREHABHFRRN, ENRFE
REFHHR.

X [(BMR1]iEB T cluster {iiAHUAHIRE AR KRR LR B EHXNA) cluster
fwsgIERy. & T 2 cluster #iB§ €(H) M—4 cluster RS, FAFEMBHFH

Home(x)(T,~) : ¢(H)/add(rT) — mod Endy(a)(T)*

X [BMR2] 4T cluster {RAMEERM cluster RPERZ AIMEKE. EH
T+ & T £ cluster FBsPH—AILPLHEFNR, MM M BREMFHEM, £ T =
Endg () (T @ M)®, I = Endgn(T@OM*)®, k & M 7 T xR, HAHHE
Qr M Qr, RELSMHYL, %R Br = (b;) 1 By = (b)) FETHHXRER

r_ —b;; % i=k ® j=k;
! bij + 5(|biklbr; + b [brsl) HE.

X [ABS1] 41 T cluster ARBAHSROTARBZ MHXE, EHT M
$ O A cluster FSHUECY BARSFE—MASHRE C 78 C R C MXART#
(%8

X [KR1 & T cluster AR AR, FHREHT cluster HAMEE
Gorenstein ZE¥(ZE %% 1 # Gorenstein 4. Cluster {fEMLEER B RA TR
EPHR T Eifa, i X APR- f§i#l, £R3 [BMRI).

Dynkin ® (A, D, Es, Er, Es) BEREUENREBHM —RARER AL,
EAREBRERKN K BHREEEZEMIEM. FMith Dynkin R EREERY
cluster JEBSFE cluster FiBEH cluster FAMUEAY & Bh Bl TRFMHESIER, B
34 Dynkin RIMBFIB A RATHISE cluster FWER cluster FAHALH —MEERH
A
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3 [BMR3] iE#A T DynKin B cluster {fiAHR 3 H#TEME—#E, ATix¢ Dynkin
HIRATRTAE cluster FEBERAY cluster HiRI%5 A mutation BL AR cluster
FHUEHFER mutation, BB X EFEIAY mutation RATATLAELH cluster A% LAY
cluster-mutation.

X [CCS1] Mt T —MILMLEY A, BAIHEE, 3 HIEWT XS T
A, B cluster #iB%. ¥E#:#, H. Torkildsen 7F [Tor] FFIfS (CCS1] Sy JL{ LA AL
L[UHTHA An B cluster ARBEHH SN &G, FEHTHM.

[Et, A.Buan 1 D. Vatne ZRARMAEAHT A, & cluster fiFHHH S
4§43 J. Bastian Al T. Holm 7€ (BH] #4AH T E H cluster {HAHREEY S
HHad%; X D, HHSHENIBESBRABH.

D. Vatne #£3 [Vat] FZ2 IAGMFELE T D, HEFEMY mutation ZfH3k.
R. Schiffler ZE3C [Sch] ##3E T —AJUA4LET D, BATRE, HIEH T XS
#hF D, B cluster B

FRXF_EH—SX D, B cluster FHRREGHTHR. HERINAETERN
£ P PHIFERHRG=ZAMENS; #—5, RIBAT D, HEEH
mutation FWRFMFAR D, B cluster FRHBMEE, HFARIELET EMH
RAER, BE, RINEAT: | TH T & Du(n > 5) B cluster 18 €(H) 9
A cluster {fi#x1%, T = Endg@)(T) 5 I' = Endg(m)(T')P BAINAY cluster {§is
RE WL A ARHRERGREEER iR j B T=r"T KT =0T, &
#t 7 2 Auslander-Reiten &, o & cluster {iBs € (H) F#—4 E RAHETF.

BEE, cluster fEBEM cluster BB ELRAINRBEZFR L~ EEMARW
4, (FRIEHRMR, 2R3 [ABS], ABS2, ABS3, BMR1, BMR2, BMR3,
BMRT, BR, CK1,CK2, KR1, KR2, KZ, Zh1, Zh2), t47] 2 Wg5R 430 [BM, Re].

RS EIEBE m, fEh cluster #BsHHES", H. Thomas #£3C [Th] 3IAT m-
cluster RIS, ® H BRSPS EMERERIERY, D(H) R H WERSR
Hifigs, 7 & D'(H) Lfy Auslander-Reiten A58, (1] 2 DY(H) FRITHEF. 4
Fr = 77Ym], m-cluster ¥iB% € (H) € X NHUETIBE D*(H)/F,. 352 D*(H) s5¢
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RE Fp- 98, SHELH:

Homyg,, (s1)( ~,f’) = @Hompb(y)(X, F.Y),
ieZ
XE XY £ DYH) f5%, XY ARIR X, Y # Fa.- Bl CWTHE, RITE
B X, Y #idy X,Y). BiX K], Gm(H) R=FABE, FBHR Calabi-Yau 43
3% m+ 1 f4 Calabi-Yau #iB5. 4ER cluster FEBSHHET ", m-cluster {#iB%% Fomin fI
Reading & Xy m-cluster 414 ([FR1, FR2]) 24t T —Fira(AECER

B6JS, m-cluster A5 A m-cluster fAMREBLBETIA, & m-cluster FEBE
Cm(H) LB—A5% T WRUT &

o Home,i)(T, X[i]) =0, 1 <i < m, BHY X € add(T),

o Homg,, (X, TE])=0,1<i<m, LHNY X € add(T),

WIFR T % m-cluster FiBATER. m-cluster {fAHI Endg,, (#)(T)® & m-cluster ffi#}
5 T ERASRY. EXFEHTFREZETRERR, 203X [BaMl, BaM2, HI1,
HJ2, KR1, KR2, IY, P, Wr, Zh3, 7).

Z£ Dynkin B m-cluster {EBEM m-cluster fi#HME7HE, K. Baur #1 R. Marsh
T —%5I8 T, 3 [BaM1] f (BaM2] S5ISRH T A, B Dy B m-cluster #
By JL(AEAl.  Graham. J. Murphy 7£ [Mu] #F|f [BaM1] SrayJLATHRIAH T As
& m-cluster AR FHFHE. '

KB X A, B m-cluster FRREGEATHE. BERITRTH
m-cluster ST SHRAMAEMEEE. K, RIVBHT A. B m-cluster iR}
REEBENTERNE. BE, RIBEAT: | TH T £ A, B m-cluster 1585 ¢, (H)
sPEFAEER m-cluster {iSIX%R, B = Endg, ) (T)® 5 B' = Endg,@)(T')* £
FIRZH m-cluster SIAHREL. I B I B' MMM RERM-RAEER i 8 T =T,
Hep (i) BTBEF (1 8 i KF
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§1.2  F&EAHA

EVNHBREERRPH—LEERS, FIHLR.

X 1.2.1. A (quiver)Q := (Qo,Q1,5,t: Q1 — Qo), HHF Qo BRTAE, O
REHE. VoeQus(o) B p IR, to) B p ARE, B s(p) 2 t(p). H5TA
¢ HEMNFAHU ¢ FEK, BRI = K source ff; FETH = HEAFFEEL
T HER, BAF 2 K sink K.

Dynkin 2% (TRIE) RHEKE (LH7HB2IME) S TEAHE.

Al 1.2-1

EX 1.2.2. Hi mutation : XEE Q = (Qo, @1, s,t) FHE—H i, EX Q FEX i
Ab# mutation #7E Q* = (Q}, Q1,s*,t*) & Q I WM T A& ED,

o XA i FHZEHH R i,

o BH r MBI i R, K s A i Nk IR, BB s MBI kB
i, WEEMHBARE 2- I,
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——

RI1HE Q* = w(Q), B wi b Q 7E5 i 4bMY mutation fEF. EHE Q' BFHE Q
2t —£%)| mutation fEFIER), WARKIF Q M Q £ mutation FM . AT An
A% mutation ZNHHFEMBRNBEERITCH M2, FiES D, BEE mutation
SR HEMNBREEITH MD.

At 4ERES, M. Auslander, 1. Reiten, #1 S.O. Smalp ZARILT
Auslander-Reiten B3, 3ERE M A Artin B FRERH—MEEL X, 2R [ARS].
8t Auslander-Reiten 2, #ATATLLA Auslander-Reiten FiEI S E AR~
BEETRTEE. EAMEEATER, D. Happel 5IAT SHiiiBE, HRAEKXRET SH
#ibs L Auslander-Reiten . FTHEREITEEH—T A, BARLESR RIS H
HiwtHy Auslander-Reiten #7H.

D. Happel #EB8 T 51 #i5 D(A,) # Auslander-Reiten %7/ Tps(4,) FItH 5 ZA_:.,
&, Hap). §l: 4 n=30, A;: 1— 2— 3 FHEBER G RBEH Auslander-
Reiten §FEIM T HE:

F'modas

/\
/\/\

FD"(A:;) :

Sa[-1 Si[-1] Pyl Syl Si1)

\/\/\/\/\/

12[— [2 ].]

/\/\/\/\/\

- B[]

He P, Py, Py BRAAMERGHE, 51,5, 8 =P Rp8K, L=5,L,5=P
R MEPISTHR.

EFE Tova, B, —AF 0 AMFEHE M — My — . — M, EHHE
Vi € {1,2,..,n -2}, RIVEBE M; # T™Mi, RETARER—A ray K coray. &
HH T, F, FERATHELM, RIOFKY ay, FERNLETH, RITHKN



WRKFEL2ZARIC

coray. m: FD"(As) : ':P, P3 —_— P2 - P1 ﬂ] P1[—1] — [2[—1] -—_ S][—].] %l ray;
Si[-1]] — P, — S; #1 P, — I, — S, Jj coray.

WBAEFFER, WA, Ri1EEE H BRAREAR b LRFRESERE.
BRIV BIEEE R BRER (basic) i, XTREERRLTESHE XHFS,
2.3 [ARS, ASS, Hap, Rin].



$-% D, % cluster i

% k RAKAR, H R D, s k- R FEEEL=HS 5, |
KR, FENE D, M cluster fBEAJLLRER; F2, RINGHT FRLHE
P, HEIFCIHRH = AMEN 2%, #—HRITEET D, BEEH mutation %
WRFFTER D, B cluster FIEMVEBIHE; B=F, RIGEAT: RTAT £
Da(n > 5) % cluster #iB% €(H) FHIFA cluster HFER, T = Endew)(T)? &
I" = Endeg)(T')® BAIRAY cluster fiEHREL. NI T A1 I MM RERXFRFAER
Wi jEBT=1TRT=0rT.

§2.1 FIEANA

& P, REFOE—MERYFREHT, b n HEEHYHn >4 H: 4n=8
B, Ps AT

n=28

A 2.1-1

TEAENEE—T [Sch] Fay—kE CMER, IMRIEHITHRIFRLE.

% o M1 b RFREHE Po WFHMRFEMTUR,  bop REHEEH FEE LT A
a B b f—5%#, FHAR-MRERBIFRK. (0op] FmBt bop BITURHMNY (BF

9



IR KA

a f1b). M a M bEX a #e b AR, F |0,p] = 2 K |00y = n; a A2 b id B4Ha 4R,
& 10apl = 2; 0 #o b iRE A48, & 100y] = n. oo HRM o HEHERE LS HE—RA
XEZ o H—&KEE, BR bl =n+1.
L o f1 b REFRZHIE Po MFAMITUR (o F1 0 WTRHR), o RN o B b H—%
B
2. o 7 P, I, HEARHZK;
3. a5 dop MR, H |0ap] >3

K (a,0,0) M (¢, 6,d) F#MLHEMNY a=c, b=d, }H a L5 8. EXE
f E RFANNENXHRGES, BR E PE—TRAREMRM —THFA
(a,b) ME—HiRE. B, % E PRI Moy 7K (0, 0,0) HEMNE.

E={M;,| Moy €E, e=x1Fa=b ¢=1%# a+ b} HrRBIFCIMMRMY
BE. Fa#b M, ik Mop. 5t Po FEUEBR—ATUK o, 7 B PHFHEMFC
W Mo F M, o, 7 Po FRAITAN o HEBIFR SAICRERMA, Hb M) %5
B—MFTHN, ML, TRREFINN. .

A 2.1-2

AT TEIEHFE, RIAH—ERRMENL. & o £ b, RIFE Moy BIKREN
|8apl; & @ = b, ME, BIREEN 1. Moy iR G AR, HEMKEN 3; M, A &
e, FEMRKERT 3, ME—-AHKa, M, #Hh By

10



WRKEE AR

————

R A° RRFRELE Pa HE, & M = M, M N = Mg, b E' 85
AMFIEH, BX e(M,N) 3 M M N 7 A° PRI THA. FREHHE Pa
FH Z A BB RRZMIRCIA RS

3|3 2.1.1.5¢0 (1) 4 —F # $14 % P, PHEZAMEFEH n ALK,

2 HHEMEFE, e(M,M)=0, #8%
1 a#bB et

#e.
Bl %n=8H, PsHH— =MmA 213

e(M:

a,a)

Mf,lb) =

"=8 '

A 2.1-3

%€ [Sch] #1, FfiTE X Auslander-Reiten FH& T 7 4 E' | E' {yXU4t, WHEM
THR: SHEE M:, € B, & o (R V) # o(K b) WETFHAESE, A

1. % a # b, TMa,(, = ]Wa/,y;
2. Fa=b M, = My, K e= £1.

EX 2.1.2. $4{7523) (Elementary moves)

EZREHTE Po o, B c(3 d) A o(2 b) HEFEHEE, MFCH M, HRAIR
{043 3 iy T U A S e

1. £ |bap| = 3, MAFIERLLES) Mop — Mog.

11



IR K2 2R

2. % 4 S ‘6a,bl S n-— 1, ﬂBZ§EWf4‘$ﬁi§fjJ Ma,b — Mc,b ﬂ Ma,b — Ma,d~

3. % |6a,b| =n, ﬁllz d = a, #Ezﬁ‘iﬁzﬁ@ Ma,b = Mc.ba Ma,b L M:},a ﬁ]
Ma,b — M‘;:.

4 % |0apl =n+1, A a = b, FAERMLES M;, — Mo

PRICIRE C B—MR k ERNMERE, HPXRy E PIRemaERM, MR
WM BN @EHAN M BN BFTHROLGESFFIRRE k RIEZEEEMH (mesh)
KETHRZR, FAHMES N (Schl.

% H R D, it k- R¥1, €(H) BB H SR cluster #05. M4
W, €(H) —MMiEYy €. & (BMRRT] & cluster 85 ¢ B—=fins,
H % = DY(H)/r[1]. cluster #8§ € 8 cluster fgHIR T WRMTFAH: (1)
Ext(T,T) = 0; (2) X cluster #8% ¢ FERRTAMEMR M, % Exth(T, M) = 0,
W M & T $ERT.

TEMFHAFIERE (Sch], RIVEEAIEAEAZ.

G138 2.1.3. #RizAELE C # D, ¥ cluster 8% € Z %54, FH&Fi2
Ho:C—®, LCEEBEHTF 1] =1

FEARCIAERE C B, RITEXFEMRTHENER M 1 N Z MY KET Ext!
WF: Extl(M,N)=Home(M,TN).

SIF 2.1.4. & M 4o N RAFRARZE C PEEANTTHMAL, RANA:
dim,Ext.(M, N) = e(M, N).

R T, RFRZIE P FIAZAHRAYEES. EA5E 213 M5 214, &
filam: 3HE— T, F=f A, MEH o(A) B € F cluster FFRTR.  cluster LS
4 cluster [IFIXTRHHFASAL, K Ende(p(A))®, RFERITEH Qa. BR,
B Dn A cluster {SIEMREAEFE 7T RUEMD X o B3

—A=f A ELREHIMDK M K mutation B XMTF: ZEXMEEHIRT
WM, BmA—MrcK M ERNEZEBEN A MRE-=/, HAMHER
B [Sch). & Qa & A XRM cluster FIAREMNEE, BR, = A EHCA M
48 mutation FEFHT Qa S M MMTK i AAFE mutation. H—, &AM

12



WRKZE AR

———

EH-A=ATLUESH—4 cluster HIRHUBASE, HFHE— cluster AL
MR N ES—=A.

& MP BFiE 5 D, BEE mutation LN HFEWRMAES, Hd D, HiffE
B S mutation £MAFEMEHE. B LEMRE, ROESH v: T - M2,
3 T, FEHE—Z/ A, BX 1(A) = Qa, BR v RS, #& Ho B Do B cluster i
B RHMAM R EE, B (BMR3] & 42— D, B cluster IAHBERMKE
XTHEHGEE-FE, BAH + BSHTEH Y : T - Ha, BR ¥ RS

X 2.1.5. &% C RERENT P PHIRCATBE, EXEF 0:C—CHE:
(1) o(Myp) = Map, & a # b;
(2) o(Mg,) = M5, F a=b, it e= £L.

# 0o RCHCHERAWET, Ho? =1 X T, #0E—ZH A RITA
7(A) =v(cA), 3#H o i 7 BEFHEXHE, B 70=07.

£ T, PRITEXENELR ~ W H A =N RA=or N, HF i, j HIEE
B, W A~AN RITET, b T PHENRARNEE, BARIED 1 v
FERHBH 7: T, » MP, BRE 1(A) =1(0d) [, TREEXM, B 4 A~A
i, Qa=Qu. BiyREHRNSE T WRWES, % 23 FRIVHESN: %n>5
B, 5t

§2.2 D, & cluster {EHREHISTE

&E ERIAGIE, RITH T, POTEST T A%, #—HR1% D, B cluster
MRS AT T AR ZE, TR T .

#ART FH—ZA, Qa RMEM cluster FARY Ende((A))™ 1%
B, MEAFH—MRENR, RITE Vi HE Qa F5 M MEHTUR. iRk
M £ A pREER, NRITRHRATUR Vi £ Qa FHE £ @4; FIUR Vy M
Vi TefiE Qa PA—HIEE, NRITEHMMITCHE M A N BR At

B ART FH—AZMH, M=M, € AR A PH—NEENTCHR, B4
M BFREHE Po FBRFETS, —H4 P EETEBREFAR, H—8F P E

13



WRKZEE AR

HAHAFRS. FEl, MOE=fH ASRTRESY, —8B8 M E P+, H—
W Ao P B, FFEAE A=A UM UM} X Ay 1 Ay, RITEWTSIE.

BI38 2.2.1. Ay Ay Rk, i My € Ay, My € Do, Vi 2 Vi £ Qa ¥
HEHTA R Vig b Vi £ Qu PLRAFORE, BN Vi, o Vi, 2%
b RERE V.

W RiEM:. AR—RYE, BIORHREFEE—% Vi, Bl Vi, B9%FH, URR
m, EXt(IZ(MhT_lM'-’) = HomC(Ally M?) # 0; ml‘l$§lﬁ 214 ﬂ‘ e(Ml,T-lAIZ) # 07

CWRER, M R IM, EFERESHE P, ATHE. X M4 A RAFDA,

B, FEH M € Ay, My € Ay 81, M FI771M, EFRZHE P, HATLHE.
W e(M,77Ma) # 0. FEh 3|2 214 A, Exte(M,77'M;) = Home(M, M) # 0. ]
B, RATFTLHER: Home(My, M) # 0. fi Home(M;, M) # 0 1 Home(M, My) # 0
R EHE Qo b, FE—FN Vi, BV BB Vi, 2 Vi o Voo, o Vi Vi f
—%M Vi Bl Vs, BB Vi = V] o, ..., V] > Vi, ANTTRITE—A Qa WTFHTE.
A 2.2-1.

A 2.2-1

FEHE Qa P, WKIERHE mutation pv,, pv, iy Wy B 5 vr, BT
HBEIA—% Vi, Bl Vi, 097, X5 Dn B cluster AR HEBAEH AT
J&, MTaERIE. o

& RIVA P A8 P/, Kb m #5 P TN EHE Qa PEHE A,
MMH TR BEITFHE Q,, t [CCS1) 51 Q) 2 An B cluster IRHRAHHFA.

14



MRKEFEE LR

5l 2.2.2. ®# M R=Zf A PH—MEBWHFEA, @, R Qr ¥FHA, &
Xdok. Rl Q, ¥h Vi MEGTEANKA—AZBAN, ENMKHHAN, RTA Vi
feX A RRE TR —ANKREA 3 HHHE.

JEHE: % Vv BIEE Q, ThAl Viy MER—ATA, 1513 221 8, RIIRFE
EBUT=fgm e, me 2.2-2.

& 2.2-2

BIFRMER, M Vy HENTERE Vv, S=FER, Vv EREDY 3 (R
Vg =V = Vy = Vg . a

| MP B A BFER mutation Z438, FrA mutation F4K MEk>1)
HGERBHESRITTHY M. # Q B—4 MA FHEiE, | BV 1 Q RAMW
THHE.

1. FrAfm B K ES R 3;
2. MEE A TSMHEN TR MRS HEA

3. FERFATAATER SO, WHAFAFRET—MREN 3 1%
FE, AWAHHRTIMRER 3 MHEE;

4. BERFATEAEGOFRAMOIEAD, NEFRAFRRT—MREN 3 #H
[, A—AEE—E AR TREMEN 3 B

i Ha R Ao B cluster- iEHUS, e (BMR2, BV] AF-E M, Hi— 1M Q,
§ Ha=kQ/I, P X REAE | A KEN 3 WFRETHARKEN 2 (BHRN
SaER. HMERS N [BMR2).

15



IWRK 2L

RERNFEEENK T, = T,/ ~ ¥R, R T RRENZLE P, g
ZAMBRIES, SR ~BXUT: A~A SERY A=7TAKA=0r/,
B, WERER. HEESORFE, RIASA A X5HF A SN @l—
TR, FEHH 7 To — M2, F—HRIEN 7 LRES. FERIME MD &
TERHATA.

HTEERFE, RATFEL H— R 8 L. RAITHRFSEAAIRHEN ML,
ML K A (double). ETRA a R b EESRIZHIE P, BHISE, RATHFHMNEL
BIRRITIR M5, F1 Mgy X A4 (pairing). % A & T, FH—TE, 7(A) = Qa
XM MD PE—A TR, BR A PESSEHMRLMRON. &ERiTE
B—T T, FLEMER.

31 223. AR T, Pe—ALE, M, M, & A FHBEIBME
2. £ ABREHHFHE ML, R MY, LRARA LT GBAMIFR, MR
Ma,b ')'lt‘is'f A.

W RiEE. BREIFEN Moy RETF A, REZANEL, BasFiE—4
A PIEBRUHIFCH Meg, B e(Meg, Map) # 0. HBLFTH, e(Mcg, ML) # 0 &
e(Mea, M}y) # 0, X5= A B SFE, BABBIL. O

B8 224 K ART, PH—AALE.
LEZAATH-ANKAEHD n 43728, R A F RARHNELGIFIZN, LE
ARSI KA.

2 BZH AT RAANGEALGIFIREARREY, 28 M, *o ML B A ¢
EAKEA n t9iRizdh. RMAFH SAH Py TLALE—~ANTRE b # a), % My
*’ Mb,a lﬁl‘]’-—z—ﬁ A.

8. ZEZR AP RAANMBGREHRETRARY, HH A PEAREH n &if
. X ARG IRILPL T R R A 45,

4 BEZH A FPHEEZAREANRLGELGIRILN, B A PLEAKEN n #iFie
.

e 1. B35 2.1.1 55,

16



WRKEHLEAIRX

2. % Moy B=£H A B o BEHKRERKIIRCH, TERITER My, WE=
fi Al A BRERER n ITRCIA, Mo AR b—BAFIRS o #I38. F M,
AE=f A B, BALFE—D A PRIERIEMIREN Mg, B e(Meg, Mya) # 0.
BLEA, e(M.g, Map) # 0, SERCK Moy BF=A A FIE. BHL Moy F1 My 8
BT=#A.

3. f15]# 2.2.3 515

4 MEANEXSE. 0

#ART, FH—TE, Qa=7(A) BAEM MD HHEE, Ha BME
B cluster (EHREL. M 224 4, RITAME T, TR HNE. Exdx T,
AR TR RIS FEIE 2.1.3, RATAUM MD TEH#TRIS, XM [Vat] 7 MP #
RSB, 3 HRITXFFS KRBT LAY cluster HEHRE, B4
1 cluster REHESENHIE Qa FARILRIEME, X5 [BMR3] s th prmig R—Bi.

ER— = ABEFERER n BREK M = My, WA 2.23.

Vn
ay-
Vi
Vu
-
Vi
M Vy
@y
Vi

& 2.2-3

£4 Q= Qa\{Vw, Vi} B MA iffll, Tl Va BEEH. cluster HAHUEL
Ha = kQa/I, PR RHEA | BA To £, BE o Frl @ THAKEN 3
RSB RN 2 MBI,

¥BI=, = ARFEREN n WIRCK, BRFREFRMRLRCIEY

17



WRKFELEARX

.

BEY, RATERMAIHTIN ML, 1 ML, Bl 2.2.4 51, LK b(b # a)
BB Moy M1 Moo BT=H A 3EH Moy M1 Moo 8258 A FR=F5, AL A H
{Ma,bv Mb,m Ml Ma_,; .

a,a’

) e
& 2.2-4

WP 2.2-4, 58 Q1 M Q2 BT MA. cluster FBMRE Ha = kQa/I, Hh %R
B 1 BBEE o, UZe, U{f1fo — 0192, 111, fo2h, hgy, g2h} K.

U= = A RFERER n MRS, BT RAERMIBARDRER
R, WA 2.2-5.

-

A 2.2-5

s, RATCHMBARIFCIY M, M1 M;,. 551 2.2.3 A 2.24 4,
BTN o F1 b —EAHINIEE Moy M M, RT=/ A

FEE 2.2-5 1, 48 Q1 F Q2 BT MA. cluster iHYEL Ha = kQa/I, Hd13
B T BE Lo, USg, Ul 1201, fo192, 119211, 92 f1 o} R,

HEM. =f A FH ¢ NRUBIFCK, Hpe>3

SERY, Bl BT RAHEX ¢ MEALEEREIRIIEND MG, o) M2, 030 s M3, g
ATHRE, RANWE ¢+ = i( mod t), & a; M ain M4, B Mooy, = 0. B

18



IRAHASARY

?IIE 223 ﬁ“]’fﬂ, Ef-’ﬁ Mal,nza Mag,ag,---, Mm_l,m, Mm,al *Bﬁiﬁ?fsﬁilﬁ?iﬁ A.
#E- Mal,az,Maz,asa-'-aMac-x,GnMac,m EE% A ﬁﬁ‘i t+ 1 ﬁ;ﬁ, AlaA2a--'7 At *ﬂ
{May 03, Moy a3y oy May_y a0r May 015 M,}w, vey Mjm}, mE 2.2-6.

&l 2.2-6

R 226 H1, Vi, MV, 2RV 8 Vi SHOHE Qa #FH
B Q1 Q2 ... Q: BT MA, B, # o M aipy M, WHE Q FEEMTL; &
Moigirr BRI |00i0inl = 3, W Qi REFM—M—TR. XRH cluster FAHN
¥ Ha = kQa/I, KPR REE T e (Uio Do) UT'US" R, Kt T HRE
{f191, F92, -, fege, 91h1, Goha, ..., geha, B fu, hafo, . e fi}, B AT EBAEEHIH,

{fifinrfiszJire P 1 <0 <t a4 F 0 FHAE }

M {fifirrfira-firgory, EP 1 <<t aige F 0 HHER }

B B RBTEMEE, 7 [Vat] F D. Vatne BARAA—FINASH TIE
H.

TR 2.2.5. 58 Q & D, ¥ cluster iSRS FRSAMNLFE Q BT LE
e Ah £ A — A,

19



WRKE AR

82.3 D, B cluster {iFMEAIREIHSE

AV, FEHEENKH [Tor] § H.Torkildsen XF A,  cluster {AMCEMYITiL,
RIBCERS 3 D, & cluster HEHLE.

B Pu(n 2 5) RERSHE, BalietetHaRIHE P TAIEH (1,2, ,n).

% ¢ BRAK H 518 cluster {88, T M T' & cluster #iBE € HEYTHA cluster
BIBIXR, EFRITEXT cluster HiFEMUEL Endg(T)® f1 Ende(T")® H2RHMER#4
BN BERME.

T&E, REVEFREB—T cluster #B% € # Auslander-Reiten FFRIGHIR, &%

[Hap]. it ¥ #y Auslander-Reiten &% Ty, CRMEHE Qn EX n KiTRAREH

. RATE Ty TS V(F) = Zo x (L2 on), fiiny 0 70Dy ue

(i,0) = (i+1,1)
Qn FHE—A j — | HHffIE,

RS, Auslander-Reiten 5+ 7 E XMW

(i—lin’—l)) %izoaj=n.ﬁ.n%ﬁﬁv
mi,j)=9q (i-1n), #FHi=0, j=n—-1HnRHHK,
(i—l,j)’ ﬁr‘g

B CR 21 ¥E NHmoRns, B51% 2. 1.3 8, FEARBNEN 0: C> .

€ FRITEXRITMENR Ti; 5§ € WHE T PHTUR (4, 7) HME. BRMA
ZARUBHFENRIA, o(Mii2) = Ty, (ML) = Tony M (M7} = Tin.

EE—FRIEXT R0 C LHERBETF o, FERITTUSH cluster
s ¢ L— 1 ERMETF, RIMRAILE 0. BR o & ¢ LHERDT.
o(Tij) = Tij, B 1< <n =2, 0(Tin) = Tin-1; 0(Tino1) = Tip.

20



WRAZEE AL

——

® TH &R cluster W5 € FHH cluster FIRMEHRHES, BRE=ATE
W& o BRUTISH ¢ : T~ T 5 T #RM, £ T FRIBTURIEF
HERZ" ~"WTF: T~THANET=7T KT =0T, ¥ i Ml j HIEFE
B R TH i?f TH (RSN EHRAES. B ¢ T, - T7 &8,
a0 T TR

TEEMNS HETRERN—MER.

T 23.1. % TH4T R D,(n>5) & cluster i¢ % € T &9HA- cluster st
%, I =Endg(T)® 5 I' = Endg(T")® A8 &5 cluster AR, RIT fo [V Fl#94§
AEABRELEK i j BB T=7T KT =07T, ¥ 7 & Auslander-Reiten
T

ATEHEHE 2.3.1, RIVERIEH AT

Bl 2.3.2. HEAART, ve—Aik, Qa=7FA)RAEG MD Te55
B, £24 A Peiricdh M REEARY, Rl M A Qa PHERTAL Vy 244
source 8., £4% sink b, BLL—AFEHEP.

W X M E=A A FREETMT, BEUTARERL, mE 231

@Q?E

F T

™ ®

A 2.3-1

21



WIFRKEZEE 2R

BT 222 [, EF—FMEN, TE Vi £ source &; FEHE_FFR, & Vi
R sink &; FTRAMER, A Vv RRENTERE S,

VM—PVNI 9 VM»VNI N VM—_)VNI N VM*—VNI s VA[-—PVNI ﬁ VM—)VNI'

NN NN N

VNz 2 VNz - VMI VNz -~ VM1 VNz - VM1 VN2

M i RRARHE. g

A 2.3-2

& A RFMEHFE Pu(n 2 5) PH—IZM, Qa = 7(A) RMMAHE, M
R A PH—MEEN, TR Vi B M Qa MEHR. BIBXE=/H A/M X=
A KHE MBAN=MA. BRE M BESDAROIREN, W A/M RENZHE
Pooy PE—A=S, WA 2.3-2. B Qa/Vu 5 A/M XRHHHE, B3l 2.3.2
A, RIEMTHRL.

#i 2.33. RAR T (n2>5) PH—AZM, Qa=7(Q) RMHEHFE. £ M
REM A F-AREBRGIRER, Ve R M £ Qa PHEHTL, RIFE Qa/Vi
REFHAET MD .

53 2.34. R AR T(n 25) P —AZf, Qa=7A) RAAHFAE. #
MRZB A P-ARHITEZNR, Vi M A Qs FHENTL, MFHE Qa/Vu
REBHEET My,

A mE 225 [, RIOAFFEUTOHEFRL, WHE 2.3-3.
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WRXZE E AR

——

.
W
C "¢ 9@2 ) ( &AZ )
1]
(04} (€)]

Vu

“

A 2.3-3

B (BV] A, WML O

e EME=f A PNEEHRCHE, BARRKE, MEHTR Vv RE Qa
FREER, 5 221 M3 222 8, HE Qa/Vy LAEE.

&3 235 HART,(n25) PH—A4=A, Qa=74) RHAAYFE. £
MEZB A d—AMgieh, Vu R M A Qa PHENTAS, RIKNA:
L 58 Qa/Vy REBHALET MD_ | A E M REGHRGIRIEN;

2. 58 Qa/Vy REFGHBET ML, SARE M REBAMIFTA.

W ik 233, 31 234 ML ERHEES B (=

B3R 2.3.6. &H7: T - MP s

EW: f 2.1 W, S8 7 RS, TERIDGE 7 hRR8. 22 FiteR
g, T = mms. %, RIOVBASME T PEFE—-HRRN=fl
AMECHHEA, FHEBRTITELAH 7 N ETRRMAE &5, RIVIHT
T FIARTE AR, S HSRA SRR = /AU R T XA §5,
WA 2.34. BR, ENMEEERRWNGE, Bass7: & - MD RES, A
i ERHE. O
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WRK%EE AR

O QSO
@--Q-O -0
-0 -0- -
Q- &)

A 2.34

Rte, RIVEEH 2.1 HRERINER.
HE 237 A#7: T, MD Ans, APE¥H n25.
B #2195, B4 5 RES, FTERINARE 7 LRl BitE M2 H
Qs =4(8) = (&) = Qu, FERMAEMEIERE T, & A= A"
Yn=58, HIIE2365, 7: T - MP REL.
i 7: Toor —» MD, RES, RIVRELN n HHBRL.

EZf A PRASEELARMFTN, K2 A PHFTHS R, BRY
B, 8 Qa = Qo WH n AMHEHRGSGHE. NHRITTE, = A FHFE
ARk, HAET. &, A=A

HSH A FEH-MBEHREN, REEH M, Vi B M % Qa ME
MTE. BRE Qa = Qa MGE 235 W, =/ A FHLEE—-MSLHRRE
T M, EE M FERE Qa = Qu FXBMTA Vir = Vi iR 233 4,
Qam = Q/Var = Q'/Var = Qupe BBRFEE MD. gERRANM, % Ty o,
A/M = N/M.

RMNEA=S A/M = A'/M' BE=F A M A, ROVRFLFREHE Po_y £
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WFRKZH AR

YRR ML FHRCIRETE. Ee=A A PH—MRg N ERTR
Vi 1 Vi 7 Qa PHETHAE. B Qa = Qa RINA, =M A" PLE—MFLH
N' FITUR Vv XERL.

@ @
-
F—@ 8@
E—8 5— &

A 235

WA 2.3-5, AEAMERE= A A/M LI R EE IR OIRCREREN N
HiE BASRIEXEY ARN=AELSS 7 6AE, BRAEARHHTE. [
B, BREARERE=A A/M L R EEAFHRCIEREN N AE,
¥ EXEy RERG=AENSH 1 AR, BAERRMRNERE. Hit, &i1E2
EEAT. 4, A=A ]

. W 23.7 X% Dy AROL, WA 2.3-6.
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INRKEF 2R

E 2.3-6

EXE 2.3.1 B9iEER. B T M T & cluster {iBERAIP/ cluster SIS, AM
ART, FHEN=/H. & T~T, BABRE T = Endg(T)® Ml [ = Endg(T')®
FIH. Rk, HT~T, B4 A~ AN HFE 237 [, FHEH Qr 5HE Qu A
FiH, XERX D, B cluster- ffi#HEH EHFTEME—FE, T4 cluster FAMLE
I' = Endg(T)® il I = Endy(T")® RRE#H, MiiEHEBIL. O

&& YRNE-ERAGEME, A Buan A1 H. Torkildsen &4 IHM T
KEl%R, 1 [BT).
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s=& A, & m-cluster {HifH

@k BABAR, H R A, Hite k- RH. FEEEH=87: F—7, FHEN
R, FEME A, B m-cluster TREH JUEAALIE; 1, RNEBHRT m-cluster
BRI B ERE, F=W, RITGHTRAEER An B m-cluster FEAEEFE
R R,

§3.1  FI&ANA

EX 3.1.1. & HBREMAE b LAERERERY, RIISXAE HH
m-cluster #iB§ €n(H) := D*(H)/r7}[m], & D*(H) %y H LRTER S HTNE, 72X
DY(H) L Auslander-Reiten 254, (1] 4 DY(H) LRIVBETF, [m] K [1] 1 m K
B, B (1™ =(m]. RAITA ind€,(H) B Cn(H) FART] SRS B H LR T
i85

# m-cluster 8§ €n(H) LH—AXR T WREUT %M

(1) Homg,,a)(T, X[i]) = 0,1 < i <m, ¥ HAVY X € add(T);
(2) Home,,(a)(X, Tli]) = 0,1 <i < m, B HY X € add(T).
WIFR T R m-cluster 4t £. '

BATHR m-cluster FFXR T HERBSRE Endg, @) (T)P b m-cluster HIFHME
¥ AE, KRNEEHR H B A, BREARBEH .

TERIIEHE—T [BaM2, My, Th, Tz, Zh3] F—E XMER, XM&E
HHER R LE.

BORE—A (n+)m+2 2, KPmneN, Hn>2 RIHESHE K
TS HIRE B RKATIER 1,2, ..., (n + 1)m + 2. TR 32k D KAKEH (i, 5),
Hebi,j b D AR BRRITE (,5) = (,1). BIVH vi; Fm i M j 2K
KRBT 2E TSR (BP0 ).

EX 3.1.2. RITEX LT T iE B4 R0 ymie R Wnsrymez(67) =
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(i-1,5-1), K i, € Zpsmez- BRBR, winrnymeo BIALR (4, ) ILETEHEE
BT —RUMER. FEHHEA, wnrmez —REEH w.

RANE w™t = WD Hop UM 252 0 ) (n+ Dm+ 1 RE. BARIN
HwrtIm =1, 0746, §) = (i + 1,5+ 1). RATBR ™" AREHEH A8,

ﬂx % n= 3,m =2 B‘j‘, u10(1,4) = (10, 3), m@ 3.1-1.

10 ! o)

A 3.1-1

X 3.1.3. F I HExfHL DR DR mj+2 ZHFEM m(nt+1-j)+2
MK, KPj=12..,[n/2, MR D KX m- & figk 5 m- 5L D = (i),
BATEEMRKE |D| = vij, it T PREB/M m- XARY #iELRG, BREN
BRER m+2.

MEB I Rl m- XK, RITALAE LHE 7.
EX 3.1.4. #E 7 PHTUSAMEREE T
(1) &8 7, PRTRAZHE 1Tl m- AR

(2) 48 7, PdEaE X & D D' h 0 FEES m- HAR, HEN
SRS i, &Mk FE DA D EA MR EWEE TR, TR
i, j, k LN 1T KARABEA, 655, 05, O, WA 3.1-2CH T HE, RITAER
R ). BXMAL DM D' R 65 B~ m+2 %387, HEHDUKi K
s, EEBE 0 AR SHHTTLEE D, WARIRAE I, FHEE—ZN D
B D' gy
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———

ik

A 3.1-2

& (1) & DR D AKE I}, PHEATR, BAENZERSHFE—RHH
. B 7 B EE .

(2) £ I, PRITEXEH 1 = ™
Tm : [, = T4,
D-D
o D' |1 D et meEsh m ALBE, BR mm AR,
TERNSE [BaM2] FHFHNEE, EIVRIEEAHRRHETERZR.

EIE 3.1.5. (I, Tm) REBGRL Y translation F 8, BY A, B m-cluster i€
% Gn(H) % Auslander-Reiten % B B} #.

T 3.1.6. @ tronslation % B ['7 4 mesh EFLRGMELF Cr 5 A B
m-cluster &% €n(H) 4.

. %XTFREM translation FFE mesh HiBEHE XS% [BaM2, A, Hap|. JETH
MBERERGH, RIHE Cn(H) EH Cn.
Bl % n=3m=28, §E (], WFE 313,

6,9) (1,8) (3,10) (2,5) (4,7 6,9) '
N N % O
/N )/’\( )/’\ 7N\ )/’\ )/’\

( 1,8
(1,4) (3,6 (7,10) (2,9 (1,4

5,8
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EX 3.1.7. F 1 PR —A408 T 3R INTF %A
1. T A n M T ERHRH m- 3 AEAR;
2THRISR n+14m+2 Bk,

WFR T H m- = f 4448,

T BEE 316 4, TS m- WAL ER m-cluster i85 €. T8 m-cluster
BRI R——X R, BNFFAEUSt

Y T = S
T-T

K 7, #n 1 FRIFAE m- HAZHEHNBRAEE, S TR Cn THE m-
cluster A RHBAIES.

8T B 0 Hd—4t m- SAEE, RiTEXHE Qr WHA——XMRES T &
) m- X% X Qr PHITUR ¢ M j, FE—IMEE i - j YHNEMERN T4
e

1. i 0 j MRG m- ALK D; 1 D; FEZWE 1T PH—MEREERK;
2. 5% T 1€ D; # D; H¥I#ER— m + 2 i+,
3. D; % D: BINRETE 7).
%t Qr FH—&KEN 2 0B d:i— j— k, EXNE D, D; #1 D ¥ T 4%

ER—A m+2 Z0EH, WARNZE XL, d AT, EBRRY kQr PHITEXH
REERHERRAINCH Ir.

J Murphy 2 (M) #5ES TR, ok m = 1 g0, &4ee P. Caldero,
F. Chapoton, R. Schiffler 7€ [CCS1] iEBH.

EHE 3.1.8. T & m- HA%S>D T & m-cluster &% 6, P * Eé# m-cluster
WA £, R kQr/Ir Fi#sh m-cluster W44 3 Endg, (T)*.

E1 HEHQr PEATAREE 4 MR, SFERERER m+2 HEFHE.
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# 2: # [BMRRT) #l [BMR3] 4l cluster iFHREREEH (FRAERYEED
HERE 1047 E%:8), 3 H Dynkin ZA) cluster HIFHH ERMATE%E—FiE. E
Bt m-cluster FIEHAE (m > 2) %if, A—EEE, WARACHEEE—FIEH.

Bl: 34 Az B 2-cluster {f{EMREMAE 3.1-4.

©C

(1) @

A3)

&l 3.1-4

& (1) 71 (2) 5 2-cluster IFHREA AT —4E, (EAFIXBIRY 2-cluster fTRHREK
BRTFEM, B (3) MR 2-cluster FRHULBRAREER.

§3.2 A, & m-cluster JEBAY{TFIE

EX 3.2.1. # T & I #—4 m- HALRME, EE To #H—4 m- AR
Dy. 7 1§t Do FEMIEA m + 2 ZWEME A 2m + 2 B, EREBWEFR
et iEs Do #KBE| m- AL D1, Ds, ..., Dy B, BAVEXMER pim:

pm(Di) =Dy, 0<i<m~1
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il

BT py = pm, Bl K o B m KFE. WIRATE Di = pi (Do), pmt=1.%
m=25, W& 321

A 3.2-1

BIHE T =T\ {Do} U{D; = pir, (Do)}, HF 1<i<m, BR T BRE T
# m- AR H, RINCEE 0={T,T,...Tn}.

#—, BEER pm, ROTTRESE—A 7, LREA, RIMBRIER pm:

T =Topp, 0<i<m—1

pn(Tm) =To
il
in(T) =0, T40

RIT1E pt = wm, B pp B pm B9 m KB, ROVR g A ! KA m-mutation
fEH, uk(k € Z) $H m-mutation {EA.

#: (1) m-mutation fEf uf,(k € Z) M1 To AR Do BIBERE 2.

(2) m-mutation fEFIM [2Z)[11) AEYJLE m-cluster BN E m +1 M E—
B

(3) fEEAA m-mutation fEfH, RATTUHRRE LENMTEER.

EX 3.2.2. X TN HEREFN m- ARSI T R T, HHE—FP m-mutation
fEH AL AL e M B T = ML M (T7), BRARIISR T M T' B m-mutation 4
#.

EX 3.2.3. TEE{IE XA 0+ m- M AZHEHHBRA m-mutation THE T,,:
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1. S, BT E——HTF O P8 m- L83,

2. L, HEYRATE i # j, BHEE—A m-mutation fEH pf, FEXNE m- X%
SEWR T, = pb(T), BARNTRAE T PHE—FER M1 5 958

p: TR DT
g In— S

T-T

4, T,.5Y.Zhou, B. Zhu % [ZZ] FHE LK m-cluster {EBFHHIAIE R —FH).
EX 3.2.4. 3 Ty m- AR E T, F T FOIFE m- HAZEF A
BsR s, RO T HOH AE m- A A% 8, WE 3.2-2(% n=3,m=2H).

‘ A 3.2-2

#F OEAMALSE T P m- 5 HEXHYE] Auslander-Reiten §FE Iy,
B— ray & coray.

51 3.25 # T R v#4— m- ¥ A%9 8, B T ESLABEANRELLR
8 m- & A,

iEH: B m- AR ENE XSGR,

%R 3.26. BT R P&4E— m- #A%Hd, B T 5aGRs 1 HARRA
#HE K m- # A %498 m-mutation FH.

W X n AEEANE. % n =28, m HARFIEFIEFERDS m- A
£, HEBRRL.
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MARRZE AR 3

BB n R, B (n+ 1)m+2 S FIFAE m- X AL EE m-mutation
TGRS 1 AR SHEE m- HHKAH, TEIEY (n+2)m +2 ik
WAL

R (n+2)m + 2 ZHE Nniomee FHI—P m- HALSE T, hi5IHE 325
R, TEEMELAFH m- 3% D = (i,5), ATUK 1 FEBSEMHRN 6, F
). ERHFRK 6, X% D BR—l, WA THRBEZT —4 (n+1)m+2
ZI Mnsiymez, 3FH T\D W Minriymez B—A m- SARSH, mREH, FE
—MNEER m- W HLLE U 5T m-mutation 24y, A 3.2-3.

A 3.2-3

BRUU{D} B Npioymea B—A m- HARNH, HAEE m HAZ D M
m-mutation fEf pf, {8 pk,(UU{D}) =UU{D'}, \Tii T f1 UU{D’} & m-mutation
B, X UU{D'} R Tniopmez PRI 1 AR SHES m- AR,
M R B RHE. 0

Y. Zhou 1 B. Zhu 7£ [ZZ] FHEM T B m-cluster IIXT S BAY R FHE 2 %8
B, FIRGE 3.2.6, RETHITLHER A, B m-cluster FiBERIREIEREEE, BIED
TR

TR 3.2.7. £ 5, RO I ¢ m- A AL DHAY m-mutation £ 5HE, R
Em REHY. B Ax ¥ m-cluster £ FGMHB L L ).

B E—FRITAE, & m- FAZHBMNE m-cluster FEHMEAF—ER%EE
B, & m- SARSE T MRH m-cluster FFEHE kQr/Zr B&:EW, BRI
T R&ifd).



AR KA

SI3 3.28. m- HALS Y T RABHLEARSE T PHEE~A m- HHEHR
AET PHH—% m- HALRBCNA-ANLRGH A

M m#E Qr My XTE. o

T 3.2.9. % T & A, & m-cluster &% ¥ 6—A cluster HHMH L, B =
Endg, (T)® A48 m-cluster 4 REK. R B REBHLEARRH T Fag—4
TT9BEFRAM BELT PEF—ATTHLMERRANEM & N R4
ray & coray .

L mecluster fEMUH Endg,, (T)® BB, WHARK, MK m- 3 HL%
S8 T EER, B3I 3288, RAX T PRAEE— T m- MAX M BEET
FHH—% m- AKX N EEHENFAREMRA. BEX 3.1.4 48 I g
&1, M # N #£ Auslander-Reiten %7 % 7ER—4 ray 5 coray . O

RINE Ty, R T PHEER m- SHAHRDHHREFE. FRHGE 3.2.6 A
R BB, RATLLER I, WREEN, ATFNTEE.

SEH 3.2.10. & T, &4 A, ¥ m-cluster i P £ 6 m-cluster HEHH R AR
GHEAE, R I &4,

§3.3 EIEH) An B! m-cluster IFHEERIEI#IE

&%, RNTFERI cluster FHBHMUERY—2ABEHET 2] m-cluster IAHRE, B
3.1 ¥ER 3.1.8 41, RITELBEEN m-cluster FAREMIER, RITELTUE
BIEEN m- XA EER.

3.1 WA, FE—MA T B o K 6,

¢: Ip—> S >,

T—>T— kQT/ZT = Endgm(T)OP
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R T, &R 0 PRRE m- HARDPERBRAES, S FR Cn THE m-
cluster IFRHBHIES, o ZRHA A B m-cluster FEHME R HIIHIR,
MRS, » BWH.

RINE 77 0 PHFTHEEN m- X AKSHHRGES, W ¢ £ I Ly
R,
0=0ls: I —"F—>d;

Sy BR Cn PAEER m-cluster IEMNRMREE, o ZRTEEE
B A, B m-cluster IEHUEHRMAHRAES.

BRSSO RS, HAREH. TERNE I, PEX—MENXER, Nl
0 FH—RUH.

T HEL—AENEE ~:
Ti~%h<T=uvTh
HE T, e icl, whEik Il fsntet Bpises).
BR, ET~T, B4 0(T) =0(%). it T H T bFESNIHRGES, ‘
RLRNTE S 0:

-
G —dy

>

T—kQr/Zr

THERITEERSH 0 B0, HARITEE 5H.

5331 RT RN ¥4 m-#HAKSHN, DR T P-AMREIR
#Hm-HA{%. RAHEGTL Vp AFE Qr PHEE AAUTwAHRA

1. Vp & source $,, LRH—HWU Vp ARIHFH;
2' VD 7% Sink aéw j-)j\%-"éyx VD %%é\ﬁﬁ-ﬁi
S Vp =AM KAEA M+ 28 % eHBP;

4 Vo FEROET, RA—RX Vp ARSA—KW Vp ARLHGFA.
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@Q@
> QC

(5)

A 3.3-1

EH: I EMAERA m- S AL EIHE XA, REUTAMELRNEESE,
mA 3.3-1.

B, B (1) (2) F, MERIK Vp & source X, BRAE—%U Vp HRIM
g, B (3)F(4) P, Vp Bsink F, HRA—ZU Vp FE R B (5) F,
Vo E—MREN m + 2 WiEES; B (6) F, Vp REHAES, EF %LU Vb
RREM—%&U Vp A& IR, 0

BT R (n+1)m+2 ZHE 0 py—AEEH m- ALK, i€ Br = kQr/Ir
AXRMY mecluster FAHRE. & D B T F—MELARM m- HAR, Vo REH
B Qr TR, KITEX—ESHE T/D K%x# D BEIN m- XAXNH, W
& 3.3-2, T/D s B &I 1iC A Br/Vp. 88 Br/Vp B—4 An-i B m-cluster
fAHREL.

A 3.3-2

T 3.3.2. AH 0: T > o 2K,

37



WRKEE 2R

EW: 0 BREWS, £E (n+)m+2 S0 I, KX n FIESHETEST 0 to
R4,

%n=20, MEBRRL. B4/ n i, RERYL. B0 R4S, TER
IHER Y Y n BHURSL. BIEGES Br= Br, WAk Ty # T=T'.

£ (n+1)m+2 ZHE Npnpymez F, BHTIE 3254, T EFMELLFH
m- ML, i£H D, Vp REME Qr FHNMTK, HRE Br = Br M5 331
A, T POLSEIELURE m- AL D, #E D #£5E Qr = Qr FHM
MR Vo = Vp, WARKNTE Brjp = Br/Vp = Br/Vp = Bryp. M5 3311
RN, T/D REAHMELME 3.3-1. WHAMER, T/D MRAREEN, B~
ffiel, D MALEAMXERE, B Brjp = Bryp AWAEER m-cluster MR
B, FoldAsERe, % 2, T/D="T/D"

) (2)
‘ .
dn—*‘\ J —>1
N — —

3) 4)

' /4 /4

AN
%) (6)

&l 3.3-3
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RNEAT/D=T'/D' BE T M T, RFUE nm + 2 SHHM— MO 704
AR E m- HALKE. BE T 1 m- AR E FRIA Ve Ml Vp ZHE
Qr PAEMEME. WA 3.3-3, RAUTARER. RASRIEX/SFHLMNER
FbsT %, WRBKEIIX & RFR m-cluster ARY, NTRI, £ T
T=T. a

R

¢la: Tn — &

’ TERIHEEHE 3.3.2 XME| m-cluster #BE LAHFHR, B AEE 316 A, 7
FEHwE S
7: Cp— b
HAC,, PRIETF T MRTF €, HHY Auslander-Reiten A5 7. 7 C,, ¥, #§ Auslander-
Reiten 7 'y, M1, £380F 1 R8RS04 E) w SN T €n BPBEF (1.
FIF e 3.3.2. RiNF

FEHE 3.3.3. T 4 T & A, & m-cluster &% €, PHANLEREY m-cluster
#M4t# %, B=Endg, (T)® 5 B = Endg, (T')% &4a K% m-cluster R4, R
B# B ML AHRALEK i B T=T1) £+ [| £ FSHF 1] Hik
.

F YU m=15R, BN A, B cluster FEUEAIHES, H. Torkildsen 7
[Tor] HFEL4H TIEH.

39






SE
[A] M. Auslander, Representation Dimension of Artin Algebras. Queen Mary College
Mathematics Notes. Queen Mary College, London, 1971.

[ABM] I. Assem, A. Beligiannis, N. Marmaridis, Right triangulated categories with
right semi-equivalences. CMS Conference Proceedings. 24 (1998), 17-37.

[ABS1] I. Assem, T. Briistle, R. Schiffler, Cluster-tilted algebras as trivial extensions.
Bull. London Math. 40 (2006), 151-162.

[ABS2] 1. Assem, T. Briistle, R. Schiffier, Cluster-tilted algebras and slices. J. Algebra.
319 (8) (2008), 3464-3479.

[ABS3] I. Assem, T. Briistle, R. Schiffler, On the Galois coverings of a cluster-tilted
algebra. J. Pure and Applied Algebra. 213 (2009), 1450-1463.

[ABST1] I. Assem, T. Briistle, R. Schiffer, G.Todorov, Cluster categories and dupli-
cated algebras. J. Algebra. 305 (1) (2006), 548-561.

[ABST2] I. Assem, T. Briistle, R. Schiffler, G. Todorov, m-cluster categories and
m-replicated algebras, J. Pure and Applied Algebra. 212 (2008), 884-901.

[AH] I Assem, D. Happel, Generalized tilted algebras of type A,, Communications
in Algebra. 9(1981), 2101-2125.

[A]] 1. Assem, Y. Iwanaga, On a class of representation-finite QF-3 algebras. Tsukuba
J. Math. 11(1987), 199-210.

[APT] I. Assem, M.I. Platzeck, S. Trepode, On the representation dimension of tilted
and laura algebras. J. Algebra. 296 (2006), 426-439.

[ARS] M. Auslander, I. Reiten, S.0. Smalg, Representation Theory of Artin Algebras,
Cambridge Univ. Press, 1995.

41



WIRK# 2R

[ASS] I. Assem , D. Simson , A. Skowroriski, Elements of the representation theory
of associative algebras. Vol. 1. Techniques of representation theory, London
Mathematical Society Student Texts, 65. Cambridge University Press, Cambridge,
2006.

[BaM1] K. Baur, R. Marsh, A geometric description of m-cluster categories of type
D,. International Mathematics Research Notices, (2007).

[BaM2] K. Baur, R. Marsh, A geometric description of m-cluster categories. Trans.
Amer. Math. Soc. 360, no. 11 (2008), 5789-5803.

[BH] J. Bastian, T. Holm, Derived equivalences for cluster-tilted algebras of Dynkin
type E. preprint, arXiv:0906.3422, 2009

[BM] A. Buan, R. Marsh, Cluster-tilting theory. Trends in representation theory of al-
gebras and related topics. Edited by J. de la Penia and R. Bautista. Contemporary
Math. 406 (2006), 1-30.

[BMR1] A. Buan, R. Marsh, 1. Reiten, Cluster-tilted algebras. Trans. Amer. Math.
Soc. 359 (2007), 323-332.

[BMR2] A. Buan, R. Marsh, I. Reiten, Cluster mutation via quiver representations.
Comment. Math. Helv. 83, no. 1 (2008), 143-177.

[BMR3] A. Buan, R. Marsh, L. Reiten, Cluster-tilted algebras of finite representation
type. J. Algebra. 306 (2) (2006), 412-431.

[BMRT] A. Buan, R. Marsh, I. Reiten, G.Todorov, Clusters and seeds for acyclic
algebras, with an appendix by A. Buan, P. Caldero, B. Keller, R. Marsh, I. Reiten.
Proc. Amer. Math. Soc. 135, no. 10 (2007), 3049-3060.

[BMRRT] A. Buan, R. Marsh, M. Reineke, 1. Reiten, G. Todorov. Tilting theory and
cluster combinatorics, Adv. Math. 204 (2006), 572-618.

[BR] A. Buan, I. Reiten, Acyclic quivers of finite mutation type. International Math-
ematics Research Notices, Article ID 12804 (2006), 1-10.

42



WRKFEHL AR

[BT] A. Buan, H. Torkildsen, The number of elements in the mutation class of a quiver
of type D,,. arXiv:0812.2240.(11-Dec-2008). the electronic journal of combinatorics
16 (2009).

[BV] A. Buan, D. Vatne, Derived equivalence classification of cluster-tilted algebra
of type A,. J.Algebra, 319(7)(2008), 2723-2738.

[CC] P. Caldero, F. Chapoton, Cluster algebras as Hall algebras of quiver representa-
tions. Comment. Math. Helv. 81 (2006), 595-616.

[CCS1] P. Caldero, F. Chapoton, R. Schiffler, Quivers with relations arising from
clusters(A, case). Trans. Amer. Math. Soc. 358 (2006), 1347-1364.

[CCS2] P. Caldero, F. Chapoton, R. Schiffler, Quivers with relations and cluster-tilted
algebras. Algebras and Representation Theory. 9, no. 4 (2006), 359-376.

[CHU] F. Coelho, D. Happel, L. Unger, Complements to partial tilting modules . J.
Algebra. 170 (1994), 184-205.

[CFZ] P. Chapoton, S. Fomin, A. Zelevinsky, Polytopal realizations of generalized
associahedra. Canad. Math. Bull. 45, no. 4, 537-566, 2002.

[CK1] P. Caldero, B. Keller, From triangulated categories to cluster algebras. Invent.
Math. 172 (2008), 169-211. -

[CK2] P. Caldero, B. Keller, From triangulated categories to cluster algebras II. Ann.
Sci. Ecole Norm. Sup. 39 (4) (2006), 983-1009.

[CP] F.U. Coelho, M.1. Platzeck, On the representation dimension of some classes of

algebras. J. Algebra. 275 (2004), 615-628.

[DR] V. Dlab, C.M. Ringel. The global dimension of the endomorphism ring of a
generator-cogenerator for a hereditary artin algebra. To appear in Mathematical

Reports of the Academy of Science of the Royal Society of Canada.

[EHIS] K. Erdmann, T. Holm, O. Iyama, J. Schroer, Radical embedding and repre-
sentation dimension. Adv. Math. 185 (2004), 159-177.

43



WARKE 2R

[FR1] S. Fomin, N. Reading, Root system and generalized associahedra. Lecture notes
for the IAS/Park City Graduate Summer School in Geometric Combinatories, 2004.

[FR2] S. Fomin, N. Reading, Generalized cluster complexes and Coxter combinatorics.
IMRN. 44 (2005), 2709-2757.

[FZ1] S. Fomin, A. Zelevinsky, Cluster algebra I: Foundation. J. Amer. Math. Soc.
15 (2002), 497-529.

(FZ2] S. Fomin, A. Zelevinsky, Cluster algebra II: Finite type classification. Invent.
Math. 154 (2003), 63-121.

[FZ3] S. Fomin, A. Zelevinsky, Cluster algebras: Notes for the CDM-03 Conference.
CDM 2003: Current Developments in Mathematics. International Press, 2004.

[FZ4] S. Fomin, A. Zelevinsky, The Laurent phenomenon. Adv. in Appl. Math. 28,
no. 2, 119-144, 2002.

[Hap] D. Happel, Triangulated categories in the representation theory of finite dimen-
sional algebras. Lecture Notes series 119. Cambridge Univ. Press, 1988.

(HJ1] T. Holm, P. J@rgensen, Cluster categories and selfinjective algebras: type A.
Preprint, arXiv: math. RT/0610728.

[HJ2] T. Holm, P. J@rgensen, Cluster categories and selfinjective algebras: type D.
Preprint, arXiv: math. RT/0612451.

[HU1] D. Happel, L. Unger, Partial tilting modules and covariantly finite subcate-
gories. Communications in Algebra. 22 (1994), 1723-1727.

[HU2] D. Happel, L. Unger, Complements and the generalized Nakayama conjecture.
CMS Conf. Proc. 24 (1998), 293-310.

[HW] D. Hughes, J. Waschbiisch, Trivial extensions of tilted algebras. Proc. London.
Math. Soc. 46 (1983), 347-364.

(I1] O. Iyama, Higher dimensional Auslander-Reiten theory on maximal orthogonal
subcategories. Adv. Math. 210 (2007), 22-50.

4



WRKFEEEAR X

[12] O. Iyama, Auslander correspondence. Adv. Math. 210 (2007), 51-82.

[IY] O. Iyama, Y. Yoshino, Mutation in triangulated categories and rigid Cohen-
Macaulay modules. Invent. Math. 172 (2008), 117-168.

[IT] K. Igusa, G. Todorov, On the finitistic global dimension conjecture for artin
algebras. Representations of algebras and related topics, 201-204. Fields Inst.
Commun., 2002, 45, Amer. Math. Soc. Providence, RI, 2005.

[K] B. Keller, Triangulated orbit categories. Documenta Math. 10 (2005), 551-581.

[KR1] B. Keller, L. Reiten, Cluster-tilted algebras are Gorenstein and stably Calabi-
Yau. Adv. Math. 211 (2007), 123-151.

[KR2] B. Keller, I. Reiten, Acyclic Calabi-Yau categories are cluster categories, with
an appendix by Van. Den. Bergh. Compositio Mathematica. 144 (2008), 1332-
1348.

[KZ] S. Koenig, B. Zhu, From triangulated categories to abelian categories: cluster
tilting in a general frame work. Math. Zeit. 258 (2008), 143-160.

[Mu] Graham.J. Murphy, Derived equivalence classification of m-cluster tilted algebras
of type An. arXiv:0807.3840v1 [math.RT] 24 Jul 2008.

[MRZ] R. Marsh, M. Reineke, A. Zelevinsky, Generalized associahedra via quiver
representations. Trans. Amer. Math. Soc. 355, no. 1 (2003), 4171-4186.

[P] Y. Palu, Ph.D Thesis, in preparation.
[Re] I. Reiten, Tilting theory and cluster algebras. Preprint.

[Rin] C.M. Ringel, Tame algebras and integral quadratic forms, Lecture Notes in
Math. 1099. Springer Verlag, 1984.

[S] D. Smith, On tilting modules over cluster-tilted algebras. Preprint, arXiv: math.
RT/0710.4329, 2007.

45



WRKZELEAR X

[Sch] R. Schiffler, A geometric model for cluster category of type D,, J. Algebraic
Combinatorics. 27(1)(2008), 1-21.

[Sev| A. Seven, Recognizing cluster algebra of finite type. Electron. J. combin.,
14(1)(2007).

[Th] H. Thomas, Defining an m~cluster category. J. Algebra. 318(2007), 37-46.

[Tor] H. Torkildsen, Counting cluster-tilted algebras of type A,, International elec-
tronic Journal of algebra, 4(2008), 149-158. v

[Tz] E. Tzanaki. Polygon dissections and some generalizations of cluster complexes.

Journal of Combinatorial Theory, Series A, 2006.

[Vat] D. Vatne, The mutation class of D, quivers. Communications in Algebra,

Volume 38, Issue 3 March 2010 , pages 1137 - 1146

[Wa] T. Wakamatsu, Stable equivalence of self-injective algebras and a generalization
of tilting modules. J. Algebra. 134 (1990), 289-325.

[Wr] A. Wralsen, Rigid objects in higher cluster categories. J. Algebra. 321 (2009),
532-547.

[Z1] S. Zhang, Tilting mutation and duplicated algebras. Communications in Algebra.
37(2009), 3516-3524.

[Z2] 8. Zhang, Partial tilting modules over m-replicated algebras. J. Algebra. 323(2010),
2538-2546.

[Z3] S. Zhang, Generalized cluster-tilted algebras. Preprint, arXiv: math. RT/0902.3047,
2009.

[ZZ]) Y. Zhou, B. Zhu, Cluster combinatorics of d-cluster categories. J. Algebra.
321(2010), 2898-2915.

[Zh1] B. Zhu, BGP-reflection functors and cluster combinatorics. J. Pure Appl. Al-
gebra, 209(2007), 497-506.

46



IFRAF AR

—

[Zh2] B. Zhu, Equivalences between cluster categories. J. Algebra. 304 (2006), 832-
850.

[Zh3] B. Zhu, Generalized cluster complexes via quiver representations. J. Algebraic
Combinatorics. 27, no.1 (2008), 35-54.

[Zh4] B. Zhu, Cluster-tilted algebras and their intermediate coverings. Preprint, arXiv:
math. RT/0808.2352, 2008.

¥

47



WRKFHLZAL X

T AE SE A AN XX

B8R F—FH)

2 m-cluster-tilted algebras of type A,,
EfM F—fH)

3 m-cluster-tilted algebras of type D,

1 Cluster-tilted algebras of type D,, Communications in Algebra,
B (F—EE)

48



WRAHHEFIRY
B

EXZRZI, BAEBOERHRNSMKINESR. ANFEEIHE, MmN
HaEiR, BEMBEEE, BRNEELRNTSENRESE, $EROBRIER
ETR, ERZEXY. FRIRAKEMHBLESNEH TR, RnskEm
FEEFHE, IALEFES TFHHBNBGORERZRLE.

AR RIS, WEPHE, TFLER, SHER, S ENHE,
BAHER, mITFEe GO , IR , € Hopf R¥D SifEH
BT EEMRA, HETmAE.

Rk ET, BSH, BoU8, RNELE, BEKE, SHiIBREFHENY
i ERZRER.

BHROESERH, XX8, %58, TE&£F THEHSNERSTHTFEE
LR, ‘

REBH R BHRAHH, ERANMERMZR, ERERLEY, WA

e tre——————

|

ST

REERBAMUFKFHEF RO S UTASNEIN RO X ONBE, BHTAH
Bt R RAA.

49






FARNFHRERER X

ELHEA (REHS L RIS
"4 B 4 | (m3) Bt & & v s
o B2 ;
x| #4 A
NEE :
TUEAR | 25RE >
yea ;g - 9} (m%) HTE-%"—@-
R\ 4 (B | A BRI
. ¥ | R# | R LFR
Wl |Wer | BE | K | Lzk%
é Y,
a2 |fiw | BE | A UF K ¥
&
i | RAE| L | wpstcs
R
R
&t ‘

XREH A7 REFN “B™; 44K “C"; Fe#kN “D”.







	Dynkin型cluster倾斜代数及m-cluster倾斜代数(第1部分)



