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1. INTRODUCTION

BIRIRTTE TBRIC B 1T B HE R & ISGUNE L XN 2 BT 28T H 5. EMEE
LEZ TR EOFIMEF %2 5 X SI#O—#k & U T Brenner-Butler D # X [BB] T
BASINNHTH S 355 IMENBEO B O ERBRONFE & T DS B INEEE ORI
HLHBMER DT L. Happel i & o T Z OBIRILINEERE 0 XM O REIC IR X 1 [H),
BETREZONEZERRALZTBEIN LT, TOENBEOLBEIIEERBEDO—~2 L
UTRED SN TWB. ZOHMEREIZN T 6 — DD 7 71— F A Riedtmann-Schofield
E>TEAINWEERBERTH S RS HER LI EX S W BEINEE» S BEEENE T
EoOMOBXTHLUWENMBELELBETH Y, BETIEIRL R T /o —FitkoTZ
DEERDEROMEN LRI N T WA, {1, Happel-Unger i basic ZEMBELED EiZ
HB5EIERF % ED, TD Hasse-quiver 2 5 Z 22L& W HEERODEHRVE2IETENS
Z ¥ %R L%k [HUL, HU2].

BEREEX S LCHBEL L 20OPEROERNEFZEL TEICEERFHES &
BROBWI & THD. BIy-Fl-Reiten I3 & r-EMNMBLRZENHEEZEONBDO I I A%
BALZOLOZREREBHATZZ L CLEMEL2MBAIL 2 [AIR]. £/ ES BB
EIZI3 A r-ENEEE Ingallus- Thomas #% [IT] TEA UL BIEMEEL —HT 5. 22 TR
HEMBEOLTRIEFEEORP SEMBELZIY HEIREIPEHALRERTHEHZ
DRI T IEXAVAMOERRTH 5.

Theorem 1.1. A 2 BBRRTESTBLTE. 20LE A LD basic MBS BN
ﬁ@&‘?‘¥ﬂ[ﬁ}?$§i‘é‘@&%%hf%@io’ﬁ 5h3.

2. B LE L QUIVER DRB

MF k2 REEMAL T3, Quiver LBTO& > RERLAMIISREF5 7D
Th 5. Quiver QI LT Qo, @ TENTHALLEA L ARAHLAERT Z LT 5,
FAMBa:a—o bt UT, s(a) i=a, tla) =bLEDS.

Definition 2.1. B DF w = (aiog| -+ |y) #*Q ED path (&) TH 3 & iF t(w) =
s(ig1) PEBD i TRV ERVD. ZDL E [ % path w DEX & XU s(w) =
s(lan) t(w) =0y LTEDD. £HTHRa € QoW L Te, & s(e,) =a=t(e,) RBDEX0D
path £&ED 5.
IDEE quiver QIINBELU Tk EDESTEA = kQHTOE S ICLTEH XN B:
(1) k-RZ M AEEE L TOHEER Q EOD path 24k
(2) path w = (oufag|- - ), W = (B1|Be| -+ |Br) TR UL THEZ

w-w ={ (afoe]---laz | Bilfal -+ 1Br) i t(w) = s(w')
, 0 if #(w) # s(w’)



LEDD. AU s(w) =a, t{w) =b %3 pathw KN UT ew=w=we, £T 5.

Example 2.2. 8% ROH % 217 5.
(1)Q=122-32F3. 20L& A=kQ ik k EOEZATHBLARNTH 2.
(2 ZDLEA=kQ Xk ED1EBZHARLEETHS.
UTAZ2ESTEBEQ LU Q IZERD»D cycle 2R\ (& dimA <o) £ 55, WE
HRRTTA A-MMBEDLTHE mod A IXIRTEDH S QDRFEDE rep Q LERAMEL - T
W5, :
Definition 2.3. Q DRBE D rep Q ZLATTED 5.
(&) HRIE Q PTEART 7 AT TheBRIRTARY PVERORKR V = (Vo)acg, & @
DT T RIATF E Nk kARBIBEROE f = (fa: Vi) = Vita)oca, PR (V, f).
&) (V,f), W,9) 2R ETH.ZDLE (V,f) S (W,9) ~D&f % Q DIHRTIN
WHFE N kBB BBROE ¢ = (0o : Vo = Walaeg, TH2T, Bl a:a— b
R UT 0pfa = pafo BT HD.

Remark 2.4. M € mod A iZffUTRZ PVBREE L TSR

M = D Mea

a€Qo

%223 . QOEMU a:a—bD M ANDERIIREUES u, : Me, > Me, 2 FHT 5
W IDEEEED Q ORE (M- €0)acqo, (Ua)ocq) BMITHIETE Q DRHEATH 3.

Example 2.5. Q=13253 35 . 20 % QOERRIUTOL S KERI N3,
| viisv, By,
BFCIAIBEE Q OERBEER LR, £7 AHIBE M = (V, ) KR LT
dim M = ((dim M),)aeq, = (dim V2)aeqo
EEDINE M DIRFTARZ hLE KX

Proposition 2.6. a € Qo (23X L THIEE S(a), P(a), I(a) ZENENUTDESIZEDS.

(1) dim S(a) = (5a,z):c€Qn~

(2) P(a) = ezA.

(3) I(a) = D(Ae.).
TITSRIURyH—§ THY, DI k-TN Homy(—, k) THSB. ZDL X, UTOR
2 {S(a) | a € Qo}, {P(a) | a € Qo}, {I(a) | @ € Qo} XN FNEBEK 22 BERIINEE, S
mEE, ARMBEOREEOREREREERS.

Example 2.7. Q=1—22¢935. DL &
P()=I2)=k>k P2 =502 =0k I(1)=S1)=k—0.

3. {EINE, AT

Z OHICIMENE, SENEB LU Eh MR TEIEFRE2EATS. M cmodA D
ELRER 2 7 ,
M~ @2 M7 (14§ = M % M;)
ERHUT |M|:=m LBE, r,=1 (Vi) D& E M % basic £IEX.



Definition 3.1. T € modA ﬁ‘@f]ﬂﬁfi’)é CIHUTOMENRIDE EIZWS,

o Ext}i(T,T) =
o |T| = #Qo.
L7z tilt A T basic % A LOMIIE (DRLE) 24E2RTLIZT 5.

DL EtitA EORFEFHBUATOLSZLTEES.
Definition-Theorem 3.2. [HU1, HU2] T > T & Ext}(T,T") = 0.
WE M € modA XL Tsupp(M) := {a € Q | (dimM), > 0} 2B E, QM) T

supp(M) ZTHREAIZH 2 Q O full subquiver 2§ 5. £/ AM) := kQ(M) £BL.Z
DrE M Ik AM-NEELARESZ LICERLTEL
Definition 3.3. T € modA BEEMHTHELIEUTOREEZBEETLEIZNS,
(1) Exti(T,T) =
(@) IT| = #SUPD(T)
% 7= s-tilt A T basic %2 A EOEMEMEE (OFRBE) %ﬁiéﬁ'f iz 5.

SE D THAT) LOEMBT 2B L & T RAENNE XIZh20TH 5. EMEO
ELRABIZUTOLSIZL Tstilt A LIZEIEREREE S.

Definition-Theorem 3.4. [AIR, IT]| T > T" & Ext} (T, T") = 0 & supp(T”) C supp(T).
Example 3.5. Q=1-52275%. 20D ¥ stilt A DEEFHEEIUTTEIONS.

P(l)® P(2)

/\.

PL®I(1)
I(1) 0
4. FHHDHE
EFTEBLORMPES ZLIZERT 5.

T € s-tilt A DMENE « T > I = @agqol(a).

U o W TREEZRTIZIE stilt A DRIEFEEDP S Iy ZRETESZ I LEVRIF IV,
ZFDHOMRME UTEIEEER IR U T, HRES Q OHIEEV, 2UTTEDS.

o Vp=0.

e Vi=VisU{a€Qola i Q\Viiy ® source}.
Ele I = Qaevil(a) (Ip=0) LEL. ZDLE LestitA THAHZ L ITERY S, iEH
DFEHE Ip =0 ORI L ZHEZRELTW Z L TH S, RBNLEER T 8L
REBDIIRDODEBETH 5.
Lemma 4.1. i >0 £ §5. ZDL & [, ZIROEBEDOER/NTTHS.

() {TestitA|T > X},
Xeidp(l;)

ZZCidp(L) & L ® AFIZ direct predecessor EEDRTEETH 5.




BT L 15 I, BREHRZEERTICI idp(l) H% s-tilt A DHIEFBHEE D S HE
HEZZLE2WXIEE W, 22T ABBTRN I; © direct predecessor T iIZIZIXD 22D
type D% 5.

(type 1) #supp(T) = #supp(L;) + 1.
(type 2) #supp(T) = #supp(l;).
Z 2T N(1), Mi(2) TENTH type 1, type 2 IZ/BT 3 I; D direct predecessor 24 %
RYZLITT 5. £33 idp(0) ZHRETE H I LARD Lemma 2502 5.
Lemma 4.2. a, b€ Qy & T3. 2D, ¥Ea Db b IZEMIANRDZZ L E X €dp(S(a)),
Y € dp(S(b)) BWEHELTX <Y HPHEHULDZ LIXAMETHS.
ZZT S(a) BAHKTHSEZL L a € Qo A source THDZ LIXFAMERDTER
(idp(0) HREHEKLE) HIMES. AT i>0 27 3.
Lemma 4.3. Te N;(1) £95. 20t &H3 T e dp(l), X € dp(T), Y € dp(T') ¥
ELUT X>Y DERDIALD.

Lemma 4.4. T € idp(;) £ T3. 2O EAEBD T Edp(l) X € dp(T), Y € dp(T")
HUT X 4 Y THB.

4 Lemma 4.3, Lemma 4.4 & b dp(I;) »5 N'(l) HIEBRHIE B & c‘:ﬁE'D Wiz dp(L;)
B8 Ni2) RHIRT B AT OBAEBAT 5. T € dp(ly) B 7 € Zoy KILT
F(i, Tor) = {((Xereto o1 (Tedeeto, 11 (Yidkeqyr-13) | (0}

Xo=15), Ty =T

X, € dS(Ii), X1 E dS(Xk)
T, € dp(Xk) \ {Xk-—l}'

Y; € dp(Tx)

127, Ve 2T

Lemma 4.5. Te Ni(2) £§3.Z20&EH5 r € Ly KU (X)), Tx), Y)) € F(i,T,r)
BEAELT, EEO T, € dp(X,) \ {Xr1} RO Y, € dp(T,) KA LT Y, # T, L3 5.
5, ¥RD Lemma H3EK D 3L D.
Lemma 4.6. T € idp(l;) £935. ZOLEERBD 7 € Zy1 R ((X), (Tk), (Yx)) €
F@i,T,r) U T, 3 T, € dp(X,) \ {Xi-1} BV Y, € dp(T;) BPEELT Y, > T,
&3,
BLEX D N;(2) HHEBRHIES Z L Abdr o 7 BHTIRHDRES .
Corollary 4.7. A, T 2 ERRTGES TR, p ZHIEFHRE
p:s-tilt A ~ s-tilt T
9B DL E p D tilt A ~OHIIFR plt;M IENER E R
Plirea : tilt A >~ tilt T

ZZTHRME (x) BUATOEY THS: (x):=

 RFETSB.
Remark 4.8. s-tilt A ~ stiltI' = A & T XYL\, EB Q(r) 2BATTEE S
quiver £93%: Qo ={1,2}, Q1 ={ai:1—22|1<i<r}.
ZDLE,
s-tilt kQ(2) ~ s-tilt kQ(3) >~ - - - .
TH3.



5. EXAMPLE
WX Q & UTIRD quiver 2 & 5.

1
ZDE Estit A DYIEFEEIIUTTCEZI SN S

3

[BU BT OE 5 T B IR EBIZ DR A > TV RVAKNERD S B (L > T).

stepl £F X1, X, Xz OFTAHKTHEEDEROFB. 0, Xy, Xo, Y1, 23 1T
Lemma 4.2 2@ THIE X, BAFWTRWZ &B¥bh 5. BRRIZLT X3 A
HETRWZ L DNV RoT X, BAHWLETHS.,

step 2 IRIZ Yy, Yo DR TAHKLLDERDIIS. X,, Y1, Ya, Z5, W, IZ Lamma 4.3

‘ FEATHE Y, PARKTRWIZ LAlbhs. ULEd>T Y, RARHKTHS.

step 3 MRIZ Zy, Z, DELOHRDZAHKEMBEIZRETS. F(1,Z,71) >
(11, X5),(Z1),0) 2FZX 5. \WE X, @ direct predecessor iX Yo DATH D, Y, D
direct predecessor I& Wy, Wy, THENRE L HH Z; OHWIEIZK/NERIZEEL
R HFIZ Lemma 4.5 2 FWVWHIE Z; BRAFHNTREWIZ 2 83bH»5. LizdisT,
R P2 b o 7 ABHHENER Z, THB.



BEXD tiItA DRBARETE FTORIEFEEIUTOEY TH 5.
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