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Topics in this lecure
-

> About what kind place Hangzhou is:
Introduction to Universities and Impression West Lake

> On the history of China-Japan-Korea International Conference on Ring Theory
in the twenty four years for young Japanese ring theorists
with mathematics and mathematicians in China

> Trend topics in the 7th China-Japan-Korea International Conference on Ring Theory
This includes about
derived and triangulated categories, Gorenstein projective modules, derivations.
Also outline of some invited lectures will be introduced.
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TRENDS IN MATHEMATICS

International
Symposium
on Ring Theory
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Derived Category DFEBM B L oT=

Gorenstein Projective(E&I&# 1) CBE I HEEEMHID

o EHMIZIL. AREOADS—KEASCoherent ringOAEDFHENZELATILNS

o Ringeli%: EBMIIEELB LGN o=, FIZELTH, FEMBELLD
RETH>T=o LHL. WANWALRKIRTIEESMRARTHBELSICTF
INALTWNBIC, REBICEEMNRZATE =, RA UMK, E3RE
EELN ELTERBLIBZONBCENTEAIRATKREL
Ay hidh B,

o PHEEEE  Gillespie, Estrade(sheaférecollment&MREE), lacof (ATH#R),
Christensen(mRI#)ZF DB KIBFFE.
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Zheng Pu(EEEE) Infinite ladders of triangulated categories

RecollmentZE 1 DladderEFE R . cNETRAERR TladderZ{EY.
RecollmentZHLiRL TEZ (RIZ. Gorenstein projective EDBEEHE TEREH)

C.M.Ringel The submodules of length2: a firsr encounter of

representation theory and algebraic geometry | R
Gorenstein Projecteiv [ZB89 5 AIEE 8 (-

¢ J. Gillespie AC-injective chain comples

¢ S. Estrada Gorenstein flat and Gorenstein injective sheaves

¢ A. lacob Gorenstein projective precover
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L. Guo On Integro-differential algebras

> £5—20F—< (#5518)

Fang Li (Canada Tronto)

Homological Dimension of simple modules over semiperfect rings

LMEEAROBRE ) REOS—RELEBR

B.G. Kang(ﬁ\ E.rmiﬁ) Krull Dimensiion of Power series over
nonSFT domains (Dedekind domain THEL VK S7EPrifer domain
18 E DnonSFTIR LD 1 EHARESHBIRDVILILRTTDIRTE)
—> JL.T.Arnold(1982) DRAE DK h
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S. Liv (Canada, Sherbrooke) Homological dimensions of

simple modules over semiperfect rings

":> no loop F%8 : gl.dimR < o0 — Ex’r,% (S,5)=0
strong no loop %*,.;,E\ . Ext}% (5,5)Z0 = pd(S) = =

F &8 :strong no loop FHEE K EEA{A L TAEEA
£k AL TIRREICEEL TTh R (2 AREEEA~HAA)

L.W. Christensen Tate homology far beyond group
dlgebras > HBTEREN=Tate (AREDS— DI
(RICEEHIZERBA)
e Iwanaga Gorenstein ring D45 {t+

o GotoDEEDHLE
e QGorenstein Projective M%F={T+



Gorenstein Projective(flat) modules 0D E &

[
R-INBF MAN Gorenstein Projecive module &I,
HHHEZME DL
p¥ - ... 5P, 5Py 5P, > ==
N&Y., M=Ker(P, - P,) T, EEDSEME Q [SxFL.
Hom z(P*,0) T2z >TLNBESHMEELELS,

R-INB¥ MM\ Gorenstein flat module &(&.
HHFEEMEFDTES
Fg: == —>F1 —>F0 —>F_1 —5 mamnm
MNHY. M=Ker(Fo — F—1) T. EEOAHMEE E [THL.
Foe®r E MTEEZIZHTNNSE DG MEEELD,

Gorensteiin Injective NI, Gorenstein Projective ﬂﬂi*@ﬂﬁ&bfﬁ%énéo
Gorenstein projective IIEEEKRIE. CP(R)=(M Emod-R | Ext L(M,R)=0,i> 0}
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CO)HOMOLOGY OVER GROUP ALGEB

KAa>

R = kG, k afield, G a finite group
Take a projective resolution

*‘Pm_*Pm—l“"'“"Pl —»Pn-,k_.o

and an injective resolution

W.Chirstensen % | 03k Py ey fm_y g+l _,
DFEELY

Splice them together to get an acyclic complex

T=---2PL>Pp>P 1P

DerFmiTiON (TATE 1952)
H' (G. M) = H*(Homg(T. M))
H.(G.N) = H.(T @& N)



Tate (3)7REQO o—DHsRDEER

LDEYOND GROUP ALGEBRAS

©® Generalizations of Tate's construction (

Gorenstein rings)
@ An application

@ Stable cohomology (Associative rings)
Auslander-Gorenstein @ Stable homology (Associative rings)
—Iwanoga-Goren;’rem + © An application
J(M) = min{ i | Extlh(M, R) # 0} Id R=Krull dim R<®
ICEA9 54 H Tate cohomology generalizes to

e QF-rings (Nakayama, 1957-58)
o Commutative Gorenstein local rings (Buchweitz, 1986)
? |wanaga-—Gorenstein rings (Avramov—Martsinkovsky, 2002)

H. Tate homology generalizes to

G tein rings SIacob "'OOTI ﬁﬁ“*_a
o lwanaga—Gorenstein ring L & % id R b"ﬁBE

Auslander -Regular

=Auslander Gorenstein

+ KBRTEHR

SETUP

~

R mandulac are left mOdUlES



Tate (co)homology M ExFRHYTE &
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DEFINITION

LA complete resolution of an R°-module M i

s a dia
— gram

T—SPIM
® T IS a projective resolution
® 7; Is an isomorphism for i > 0
e [ is a complex of projective R°-modules with
H(T) =0 = H(Homg:(T.Q))

for every projective R°-module Q

DEFINITION

Extiy(M. N) = H*(Homg(T. N))
TorR(M.N') = H.(T @g N




J:FE %(S’rable cohomology) t I IFEEE 1

R-modules M. N

Projective resolutions P - M Q=N Homp(X,Y), = [ [ Hompe(X:, Yiin)

0 — Homg(P. Q) —s Homg(P. Q) —s Homg(P. Q)

—0

DEFINTTION (P. VocEL (1980s) AnD GolcHoT. 1992)

Extik(M. N) = H*(Homg(P. Q)

THEOREM (CORNICK AND KROPHOLLER. 1997)

Whenever F:;t;a(M . —) is defined

Extip(M.—) = Exth(M.-)




(Stable homology)

FIRTOERTEHE
e

~ 'ABLE HOM( WOQGY

R°-module M. R-module N

Projective resolution P — M Injective resolution N — |

0 —_— P R I S— Y P : R ’ ~——Y P Q R I stanad 0 (x" "_./}It’ Y’)n ][‘\,l nr }J’n v -

1Sy A

" - . " ATTS ' LayY 14 )3
DEFNITION (P. VOGEL (1980s) AND GOICHOT. 1999

TorR(M.N) = H.(P &g ) |
|

TaeOREM (GolcHOT. 1992
For a finite group G

TorkS (k. —) = Tor®(k.—) = H.(G.-)
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< GENERALIZATION OF TATE HOMOLOG .
THEOREM
If TorR(M. —) is defined, then the following are equivalent

® T;rf?(M, —) = T’(\)rf?(M. -)

® Every Gorenstein projective R°-moduy

le is Gorenstein flat
|

[HEOREM

Let R be noetherian and M be a finitely generated R°-module.
If TorR(M. ) is defined, then

Tz)rf“(f\ﬂ. ) = TorR(M. -)
SETUP
e R now noetherian (on either side)

e Modules are finitely generated
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(lwanaga Gorenstein RO E4T)

lwanaga Gorenstein ¥ Tl
BuchweitzZZZEMOXME AR S
: GP(R)=DP?(mod-R) /K" (proj-R)

U

B3 -

) i’iff)ir!_” [

Llet R be

. .
an Artin r:f-JgE'Df&

r COmm » T .
condition Mutlative I he followin
ANV 1T I ~ - - o |'s !
L »J-'S drf' '.‘C;'_.'-,‘jlﬁ_,‘"."‘ ’g
o R s wanac
[ = dE 1 >0ren &ir
= ]
L] F'_—,f 2 N M e L 4 — r
o > ¥ » - . . Al
i
T JITHE ~ &
L} A ¥
V. N
: 2 = " —~ .
> = gs
A 2 : ,,
J sEroent _3',- & > -
T '
1ni
- o -
Let XK be commutative. Th ng cond - & o0 o
ot = > - ¥ =
- o =
o~ — - - - - .
Thf o3 r‘; f‘: s Lorensiem Or eYery rme i0ea vy mn "




REBA T ERELI-EH

(GoTo., 19892)
The following are equivalent
® Ky, is Gorenstein for every prime ideal

® Every R-module M has 3 complete resolution T — P —s M

Fact (FoxBy. UNPUBLISHED 2010)
The following are equivalent
® M has a complete resolution

® M = RHomg(RHomg(M. R).R) in the derived category

Proor

(1) = (ii): Let M be an R-module, by Goto's result it has a
complete resolution T — P — M, so one has

TorR(M. R) = TorR(M. R) = H(T @g R) = H(T) =0



Contravariant finite 737_':i"J_

approximation
[

Projective cover, Injective hull FZEEIEIRZ DE X
Pre-cover, cover ELNDIEEIZHEEE

C % R-mod DERHRHTI)—&L T, C-precover &lFE
EBEOMBEMIZHLT. f: 6 > M BBY Hom (N, f) K& ELEHED

C-cover &l BIZ, p:G -G T QDf = f’ &@ZagaliEE'. A ﬂ—éﬁés
ELVSEHZETBm-TELD

3T H: Flat cover MDFFETE(E. Enochs, 2001 )



Pre-coverD{FFE
(Estradafti @ 3t B %%

DIWIWRTE R AR —RIRTIE
GP(R)IZ pre-covering T#H B
Gorenstein Projective 0D B 7545
v o Z/4Z > 7/47 > =u-
(BERIF25T 51 D)
~ing locobitsA) Gorenstein flat II&#(E. GP-RITHR

$;~£ ° ) ° °
GP(R) EChIZERT Gorenstein Projective MNEE(L. Gorenstein flat

DEDRTMN — ~ = o o
hée:f;di'rqry ;eri\on hhb O)ﬁﬁﬁéiﬁf:j-iﬁlis ECOhe ren’riﬁ?ﬁ‘
*hemyim‘ﬁ},‘;#) D n-perfectlif T Do T=1=L. ML RLIL
‘ e EANELDIZA SR B TR L R EE > Tl hf

coaE LB ARKELERGEOMN? Llzhl. BEZETNhEM T

THLN? EHROFENNEKT, ZBEDFICIXEMT-,



Cotorsion pair(theory)
(X[1], y[1]) T torsion theory

Gillespie KM
AIM4F&Y

® A pair of classes (X V) of objects in A'is a cotorsion pair if |
the following conditions hold-: - —]
* X € X iff Extl(X.y)

=0 for all Y )
* YEViff Bxth(X.Y) =0 forall X c ¥

® We say the cotorsion pair is complete if for any A
exist short exact sequences Y — X — A with X
YEY and A— Y’ . X with X' € X and Y’

€ A there |

€ X and |

€.

® We say the cotorsion pair is hereditary if each of the
following hold: L ]

@ Foranyses A— X' — X_if X. X' € A then also A .l'._
Q@ Foranyses Y —Y ~B ifY.Y e Y then also Be Y.
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GorensteinffZ Scheme L TEE I H1HE (Qcoh(X)DIH
AT =) &L T, Asent-Decent properties(AD) Z& A

(Zalisky local(Z-L)EEHED—RBILELTER)

Gorenstein flat sheaves & Gorensterin projective

shaeves DADEHZim-THEHZEE
S.Estrada(Spain) :E,t':%é%a:% -

o Krause: 2015

X Z Noeterian semi-separated scheme &9 % &, GI(R) &
NICTERXTHEDEDRTH Qeoh(X)T complete hereditary
cotorsion theory ZRLTLVS

e Hartshone 1966
P: injective THHIEHIE. 72-L EHE BT
e Gorenstein projective THHIEHIE. 2-L EHEHET




AD&EN-totally complex

FEHPh : flat-epi CHHIRERF o: R - S [THIL.
R-MNBEMM M € P 755 M Qp S € P

FHPH : flatiRIRZERIE @: R > S [SHIL.

R-MEEMMM R S € P 5 M € Py

R-MEEDEA F -
AcyclicZ2 W INBE DR T, B DO AFINEEE T
EQ®grF bacyclic (IZ72 > TWDH H D

N-totally acyclic #EIAREIRZ N, (FLAT(X)) & F<,

TP © N-totally acyclicilZAD




FiHER

Z#—AXﬁ‘squqsi-compqc’ri)‘?semi-sepq ra

tedi 5

&M € Qcoh(X) [£Gorenstein flat pre-cover ZHFD

TI242 AFXT—LXITH L.
o — (X right adoint =%

>,

e RH¥coherenthDN-perfect 725 & MNEF(L Gorensten

projective cover Z¥>

(lacobDFER DMK T HIHFEE LML)

Rl N:

(1) D;,.(FLAT(X))& D(FLAT(X))IZ right adoint %:

FDh

(2) D,,.(FLAT(X)) = D(FLAT(X)) = D.(X) [&recollments



Gorenstein Scheme

T 74>/ quasi-compact semi-separated AF¥—LXIZ
X L. XD Gorenstein Scheme T dEIL.

&M eX T Qx(M) hGorenstein

TE I : Gorenstein Schem|ZBL CTRIZRETH D,
(1) MDD Gorenstein Injective

(2) HEXDEHRT7 71 BB D HY.
FEED Jeu 12X L. M) [£Gorenstein injective

QX (@Jﬂﬁ*f&éo



Abosulte Clean(AC)-Injective module

ristorical Background and Motivation

@ 2005: Krause shows that for a Noetherian ring R, we have a
recollement of compactly generated triangulated categories

Ke\(’nj) — KU”” - D(R)

J. Gillespie(USA) |
e 2012: Using abelian model categories, Becker shows that the

. .. ecollement holds for any ring R.
Gorenstein Projective & :

[N Brecollment &
ACOBZ TEHE

model categories, Stovicek shows

. in using abelian :
e 2014: Again using d for any coherent ring R.

that K(Inj) is compactly generate

What can we say for an arbitrary ring R?



EFHER

Recollment of compactly generated triangulated category

Abelian model structure
DIBEF Etosion thery D
HEMOBER

AR 5ER:

Cotosion pair




Gorenstein Projective =254

Gillespie: FP,-projective
D. Bennis: infinitely presented module
J. Trilify: strongly finitely presented

Gao: super finitely presented module

FICEEZ 1A, ESETEMmL TS,

GaoKDIER: THIRR TG-gl(R)< > DEE
RHY G-hereditary(FHE2 N DER 73 MBEMS gorenstein projective )
@==) RODBAT 7 ILH Gorenstei projective

(RER : ATREVSREIFETE?)




thng Pu &0)%$

s, |
Lemmg. A : a Gope

. istein algehyq Then Q'P(ﬁ\_) has AR
NMangles. and hence |y A Serre functops.

Theorem. Let B

and ' he Gorenste
A (-'-B-l)‘llllmhll(‘. s

in algehras and ~Mp
ich that 4 = ($2)is Gorenstein, Then
3 a two-sided infinite ladder

GP(B) - GP(A) — . GP(C)




On Homological properties and (m,n)-cluster tilting in

n-abelian categories
000007
n-cluster tilting subcategoryMIAF L EL TG.Jasso
Ef.)‘)‘.'ﬁ%n-oblian cc:’regoryl:ex’rension group‘b
derived functor, tilting theoryZF DL Z B ARIZTE
FEandEERLE

—NZHHLVT. n-cluster tilting subcategoryh?
FOBMMESZHOMICL. TDHER.
n-abelian categoryDEZENZH LU EZFBHSH
[CLTULS(HAEKEE)

Deren Luo(FREIZERKE)



n-abelian category
-

D@ han calege

n-abelian categories

B e e = e

An n-abelian category is an additive category A which satisfies:
@ AO. The category A is idempotent complete.

@ A1. Every morphism in A has an n-kernel and an n-cokernel.
@ A2. For every monomorphlsm 7 X% = X' in A 3 an n-exact

]

sequence: X° 5 x1 L, ... 1T xn I yene1.
@ A2°_ For every eprmorphlsm f" X” — X" 'in A3 an nexact ,
sequence: X° L x1 L ... ™5 X” : X" i i

@ 1-abelian categories < abelian categories{n > 1).
® An category is both m-abelian, n-abelian(m = n)< semisimple.




n-abelian category TTMTilting DESE

(m n)-cluster tilting

Let A be an n-abelian category and D a generanng-cogecm
| subcategory of A. D is called an gm nj-cluster tilting s
A if D is functorially finite in A 2



W IRICEI I KD DR E

Li Guo(USA)

Integro-differential algebras

M hoFEE LT differential algebra &
BEAhoFELELT- Rota-Baxter algebra
*EhE-HEH

1B B .0)—D Grsbner-Shirshov basis DNEIRBG(/MRFEEEE)

COFEEICET At DEE
(2) Yuqun Chen (South China Normal Univ., P. R. China)
Grobner-Shirshov bases for extensions of associative and Lie algebras
(3) Yu Li (Huizhou Univ., P. R. China)
Linear bases for free Lie algebras and pre-Lie algebras
(4) Qiuhui Mo (Huizhou Univ., P. R. China)
Grobner-Shirshov bases and embeddings of algebras
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