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 � 44�/=�C" A, E� A = Ext1R(X, R) AN x�{B℄"rd�NJ� Ext1R(B, R) /=�>" C, E� C = Ext1R(X, R) �AN x*�' [1] 6�℄�:a'�Krd/��I�F RNE�! noether ℄� M N zG�E R- "��V M = M1 ⊕ M2, (E� M = Ext1R(X, R) x+3z+E� Mi = Ext1R(Y, R)  x�16 i = 1, 2.F R N℄� A N�NE (!) R- "��V&' zG�iEE (!) R- " P0 Y P1 K.
P1 → P0 → A → 0 N-Z/�(� A N z�y/��V℄ R /�N zG�E (!) 
|N z�y/�(� R NE (!) -�℄�x:�E (!) noether ℄NE (!) -�℄�*C0�:
[2]. �V�=�E (!)  z�y R- " B, Ext1R(B, R) = 0, (� R nE (!) FP- ?+E℄�8'6' [3] 6�|��� A = ExtnR(X, R) /g6E��℄. ���V R NE�!-�℄3E
FP- ?+E� n n-,V�(� z�yH�E R- " A, E� A = Extn

R(X, R) �# z�y! R- "n1x��tb�Z �Æq6/ RN2E�!-�℄�\a�/"�2 z�y"�s�� mod R

·(mod Rop) �M� z�yE (!) R- "C�/"D!�F RωR N�N R-R Y"��V RωR�B�v�Nfp�
(1) ?:g_ R → End(Rω)op Y R → End(ωR) <NgQ�
(2) �=� i ≥ 1, Exti

R(Rω, Rω) = 0 = ExtiR(ωR, ωR),(�0n7J/[?-rY"�x:� RRR N�N7J/[?-rY"�F X N mod R /�N9>D!��V X 6=�"/>">' X 6�(� X N>"�/��-,V n Y7J/[?-rY" RωR, s�qa�g6E� A = Extn
R(X, ω) /x/rd�g mod R /9>D!

En(R) =
{

Extn
R(B, ω) | B ∈ modRop

}/>"�rd�\.wVkT� [1]Y [3]6/:�wV�
2 upSvYx^�vF RωR N�NO:/7J/[?-rY"3 nN�N-,V�v�s�3O"S#E
R- "/��:���#! R- " (h Rop- ") ��O"	[/:��F A ∈ mod R (mod Rop). l.pdR(A) (r.pdR(A)), w.gl.dimR I��M A /E (!) iEoVY R /B,eoV�<�-� z�yE (!) R- " A BÆ�1/`oVYiEoVN�4/�\� w.gl.dimR = sup{l.pdR(C) | C ∈ mod R} = sup{r.pdR(A) | A ∈ mod Rop}. k
Aω = Hom R(A, ω), Aωω = (Aω)ω. ?:g_ σA : A → Aωω :�n� σA(x)(f) = f(x), 16
x ∈ A, f ∈ Aω . �V σA N)g_�(� A n ω- t)"��V σA NgQ�(� A n ω- ?C"�x:�=� zG�iE" P �g�." Pω <N ω- ?C"�h σP Y σPω <NgQ��V n ND�/-,VK.�=� 0 ≤ i ≤ n − 1, Exti

R(A, ω) = 0, (:� gradeωA = n. k
Gn(R) = {A ∈ mod R | gradeωA = n}. �V gradeωA = n = l.pdR(A), (� A n ({�# ω /)

n- m9"�� R- "-Z�� X1 → X2 → · · · → Xn N ({�# ω) �.-Z/��V�^,"/�� Xω
n → · · · → Xω

2 → Xω
1 �-Z�+ R N artin (VI�s�' [4] 6. �v�/�N�
�1J�&�/. g�O�#+ R NE�!-�℄/5��Rv�H8. W��w℄ 2.1 F A ∈ mod R (mod Rop), v��U0m�

(1) �=� 1 ≤ i ≤ n, ExtiR(A, ω) = 0;

(2) =�-Z�� 0 → K → Pn−1 → · · · → P1 → P0 → A → 0 N�.-Z/�16�N Pi
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(3) =�-Z�� Pn+1 → Pn → · · · → P1 → P0 → A → 0 N�.-Z/�16�N Pi N zG�iE"�w℄ 2.2 F A ∈ mod R (mod Rop), P1

f
→P0 → A → 0 N A /�N zG�iEIx�k

Tr ωA = Coker fω, +� fω = Hom R(f, ω). s� v�/-Z���
0 → Ext1R(Tr ωA, ω) → A

σA−→Aωω → Ext2R(Tr ωA, ω) → 0.�=� R- " C (�� z�y), s�� l.fdR(C) �M C /E/`oV�w℄ 2.3 F I N=�+E R- " (I �� z�y), ( l.fdR(I) ≤ n − 1 +3z+
Hom R

(

Extn
R(M, R), I

)

= 0, 16 M ∈ mod Rop.{ � [5] :
 9.51 “Remark” �.�.��
3 hPTLÆvs�q�|�� A = Extn

R (X, ω) /g6E�/x/rd�k add (ωR) = {C ∈

mod Rop | C N ωR / z1Y/1Y}�h&'-,V m, K. C N ω(m) /1Y} }. �=�
A ∈ mod Rop, A&'-Z�� · · · → Ai → · · · → A1 → A0 → A → 0, 16�N Ai ∈ add (ωR),(k ω-dimR(A) = inf{t | &'-Z�� 0 → At → · · · → A1 → A0 → A → 0, 16�N
Ai ∈ add (ωR)}.R℄ 3.1 F C ∈ mod R.

(1) �V C NH� n- m9"�(E� C ∼= ExtnR(X, ω)  x31=�x A �B gradeωA =

n = ω − dimR(A).

(2) �V w.gl.dimR = n, (&'�N�. ExtnR(−, ω) : Gn(R) → Gn(Rop).{ (1) F C NH� n-m9"�h gradeωC = n = l.pdR(C). �GF 0 → Pn
dn−→Pn−1 →

· · ·P1
d1−→P0 → C → 0 N C /�N zG�iEIx��n gradeωC = n, #N�/�D�/-Z����,"-Z��

0 → Pω
0

dω

1−→Pω
1 → · · · → Pω

n−1

dω

n−→Pω
n → Extn

R(C, ω) → 0.� A = ExtnR(C, ω). x:� ω-dimR(A) ≤ n 3 Extn+i
R (A, ω) ∼= Exti

R

(

Pω
0 , ω

)

= 0, i = 1, 2, . . ..<�-�=� 1 ≤ i ≤ n, σPi
NgQ�#Ns� �v/-Zr_j�

0 → Pn
dn−→ Pn−1 → · · · → P1

d1−→ P0 −→ C → 0






y

σPn







y

σPn−1







y

σP1







y

σP0

0 → Aω → Pωω
n

dωω

n−→ Pωω
n−1 → · · · → Pωω

1

dωω

1−→ Pωω
0 → Extn

R(A, ω) → 0�$ Aω ∼= Kerdωω
n

∼= Ker dn = 0 3 Extn
R(A, ω) ∼= Cokerdωω

1
∼= Cokerd1

∼= C 6= 0. #N/
n = sup

{

t | Extt
R(A, ω) 6= 0

}

. � ω-dimR(A) /:���(. �A ω-dimR(A) < ∞, (
ω − dimR(A) = sup

{

t | Extt
R(A, ω) 6= 0

}

.
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 � 44�\� ω-dimR(A) = n.�l��Dj63 2 �/-Z�/-Z�� Pω
0

dω

1−→Pω
1 → · · ·

dω

n−→Pω
n → A → 0 N�.-Z/�#N��
 2.1 /��=� 1 ≤ i ≤ n − 1, ExtiR(A, ω) = 0. BD��. Aω = 0 Y

Extn
R(A, ω) 6= 0, R gradeωA = n.

(2) F C ∈ Gn(R)
(

Gn(Rop)
)

. �n Extn
R(C, ω) 6= 0, \� l.pdR(C)(r.pdR(C)) ≥ n. *N� n = w.gl. dimR = sup{l.pdR(A)mod A ∈ mod R} = sup

{

r.pdR(B) | B ∈ mod Rop
}

, \�
l.pdR(C)(r.pdR(C)) = n. � (1) /. W�/� gradeωExtn

R(C, ω) = n 3 C ∼= ExtnR
(

ExtnR(C,

ω), ω), \� ExtnR(−, ω) : Gn(R) → Gn(Rop) N�N�.�.��<�-+ RωR = RRR I��=� A ∈ mod Rop, ω-dimR(A) = r.pdR(A). �$s� ka 3.2 F C ∈ mod R, RωR = RRR.

(1) �V C NH� n- m9"�(E� C ∼= Extn
R(X, R)  x31x�n n- m9"�

(2) �V w.gl.dimR = n, (&'�N�. ExtnR(−, R) : Gn(R) → Gn(Rop).ka 3.3[3] F R NE FP - ?+E℄3 0 6= C ∈ mod R. (E� C ∼= ExtnR(X, R) � z�y! R- " B n1x�3 r.pdR(B) = n ⇔ Hom R(C, R) = 0.�:
 3.1, s�^�.- Gn(R) Y En(R) 0n/�v�XSu�dg 3.4 (1) �V w.gl. dim R = n, ( Gn(R) ⊆ En(R).

(2) F C∈mod R (mod Rop). �V l.pdR(C)(r.pdR(C))=n(≥ 2), ( gradeωExtn
R(C, ω)≥2.{ (1) F 0 6= C ∈ Gn(R). � Extn

R(C, ω) 6= 0, \� l.pdR(C) ≥ n. * w.gl.dimR = n,R gradeωC = n = l.pdR(C). #N�:
 3.1 /�&' A ∈ mod Rop K. C ∼= ExtnR(A, ω), h
C ∈ En(R). R Gn(R) ⊆ En(R).

(2) F C ∈ mod R 3 l.pdR(C) = n(≥ 2). �GF 0 → Pn
dn−→Pn−1 → · · · → P1 → P0 →

C → 0 N C /�N zG�iEIx�� B = Cokerdn. ( -Z��
0 → Pn

dn→ Pn−1 → B −→ 0 (3.4.1)�^�,"-Z��
0 → Bω → Pω

n−1

dω

n→ Pω
n → Ext1R(B, ω) → 0 (3.4.2)x: Ext1R(B, ω) ∼= Extn

R(C, ω), \��-Z�� (3.4.2) �,"�v/-Zr_j�
0 →

[

Extn
R(C, ω)

]ω
→ Pωω

n

dωω

n−→ Pωω
n−1





y
σPn





y
σPn−1

0 → Pn
dn−→ Pn−1�n σPn

Y σPn−1 <NgQ�\� [

ExtnR(C, ω)
]ω ∼= Ker dωω

n
∼= Ker dn = 0.q�
 2.2 ��#-Z�� (3.4.1) �.�v-Z��

0 → Ext1R
(

Extn
R(C, ω), ω

)

→ B
σB−→ Bωω → Ext2R

(

ExtnR(C, ω), ω) → 0.� B N Pn−2 />"�\� B N ω- t)/�h σB N)g_��$ Ext1R
(

ExtnR(C, ω), ω
)

= 0.R gradeωExtn
R(C, ω) ≥ 2. .��ka 3.5 �V w. gl. dimR = 2, ( G2(R) = E2(R).



30 `)��h7F� 5{ �!d 3.4(1)/ G2(R) ⊆ E2(R). yF 0 6= C ∈ E2(R), h&' A ∈ mod Rop K. C ∼=

Ext2R(A, ω). �n Ext2R(A, ω) 6= 0, \� r.pdR(A) ≥ 2. * w.gl.dimR = 2, \� r.pdR(A) = 2.�!d 3.4(2) /� gradeωC = gradeωExt2R(A, ω) ≥ 2, %B gradeωC ≥ 2 ≥ l.pdR(C). m9	[:
 3.1 /. �.�&'H� Rop- " B K. Ext2R(C, ω) ∼= B 6= 0, R gradeωC = 2. %B
E2(R) ⊆ G2(R), #N E2(R) = G2(R). .��
4 E

n
(R) O�eHr�Æ6/ Auslanderrd1J0m#�+ RωR = RRR I�E1(R)N>"�/��'Æv/�L�s���PT/5��O" En(R) N>"�/�N��fp�'\	>�s�q} RωR��0# RRR /��5��a� En(R) /�5�F

0 → RR → I0
α0−→ I1

α1−→ I2 → · · · → Ii
αi−→ · · · (4.1.1)N R GnE R- "/f�+EIx�R℄ 4.1 F RωR = RRR 3 w.gl.dimR = n. v��U0m�

(1) l.fdR

(

⊕n−1
i=0 Ii

)

≤ n − 1; (2) Gn(R) = En(R) 3 En(R) N>"�/�{ (1)⇒(2) F l.fdR

(

⊕n−1
i=0 Ii

)

≤ n − 1. ��
 2.3 /��=� 0 6= A ∈ En(R),

Hom R(A, Ii) = 0, 0 ≤ i ≤ n − 1. q�-Z�� (4.1.1) Ix�=-Z���
0 −→ Kerαi −→ Ii −→ Kerαi+1 −→ 0,16 0 ≤ i ≤ n − 1, R = Kerα0. #N �v/-Z���

0 → Hom R(A, Kerαi) → Hom R(A, Ii) → Hom R(A, Kerαi+1)

→ Ext1R(A, Kerαi) → 0 (0 ≤ i ≤ n − 1).�$ Hom R(A, Kerαi) = 0 (0 ≤ i ≤ n − 1) Y Ext1R(A, Kerαi) = 0 (0 ≤ i ≤ n − 2). <�-�=� 0 ≤ i ≤ n − 2, Ext1R(A, Kerαi) ∼= Exti+1
R (A, Kerα0) = Exti+1

R (A, R), \��=�
0 ≤ i ≤ n − 1, Exti

R(A, R) = 0, h gradeRA ≥ n. v. gradeRA = n. J(��V gradeRA > n,( ExtnR(A, R) = 0. �n w. gl. dimR = n, \��=� i ≥ n+1, Exti
R(A, R) = 0,%B/�=�

i ≥ 0, ExtiR(A, R) = 0. #N� [6]k� 4.3/ A = 0, �A�R A ∈ Gn(R), h En(R) ⊇ Gn(R).�!d 3.4 / Gn(R) ⊆ En(R), �$ Gn(R) = En(R).F B N En(R) 6#N" A /H�>"��n�=� 0 ≤ i ≤ n− 1, Hom R(A, Ii) = 0, �/
Hom R(B, Ii) = 0, 0 ≤ i ≤ n − 1. m9	[D�/a��s� B ∈ Gn(R). %B B ∈ En(R),h En(R) N>"�/�

(2)⇒(1) w. l.fdR(I0) ≤ n− 1. A l. fdR(I0) > n − 1, ��
 2.3 /�&' 0 6= E ∈ En(R),K. f : E → I0 NH�g_��n R N I0 /Æ5>"�\� f−1(R) N E /�NH�>"�3T# En(R) (�n En(R) N>"�/), %BT# Gn(R). #N Hom R(f−1(R), R) = 0, �A�R l. fdR(I0) ≤ n − 1.v. l. fdR(I1) ≤ n − 1. A l. fdR(I1) > n − 1, ��
 2.3 /�&' 0 6= E′ ∈ En(R), K.
g : E′ → I1 NH�g_��n Kerα1 N I1 /Æ5>"�\� g−1(Kerα1) N E′ /H�>"�3T# En(R). �n l. fdR(I0) ≤ n − 1, #N��
 2.3 /� Hom R

(

g−1(Kerα1), I0

)

= 0.
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 � 44��-Z�� 0 → R → I0 → Kerα1 → 0 �,"-Z��
Hom R

(

g−1(Kerα1), I0

)

→ Hom R

(

g−1(Kerα1), Kerα1

)

→ Ext1R
(

g−1(Kerα1), R
)

→ 0.�n g−1(Kerα1) ∈ En(R), B��/ En(R) = Gn(R), \� G−1(Kerα1) ∈ Gn(R), %B 
Ext1R

(

g−1(Kerα1), R
)

= 0 (<�$I n ≥ 2). R Hom R

(

g−1(Ker α1), Kerα1

)

= 0, �A��$ l.gfR(I1) ≤ n − 1.�$2�1Fv8�h l.fdR(Ii) ≤ n − 1, 0 ≤ i ≤ n − 1. :
.��ka 4.2 F RωR = RRR 3 w.gl.dim= 2. v��U0m�
(1) l.fdR(I0 ⊕ I1) ≤ 1; (2) E2(R) N>"�/� (3) G2(R) N>"�/�{ �:
 4.1 Yk� 3.5 h.�.��� 'v��v�s�qO">Z �&'℄ R �B w.gl.dimR = 2 3�Bk� 4.2 6/fp (1), ($I E2(R) N>"�/��l�^O">Z � E2(R) �AN>"�/�v��s�} RωR ��0# RRR /��5��a�%� R- "' En(R) 6dN En(R) 6/"/>"�wO"�v/�
�w℄ 4.3 F A ∈ mod Rop. s� -Z��

0 → Extn
R(A, ω) → Tr ωΩn−1(A)

σTr ωΩn−1(A)
−−−−−−−→

[

Tr ωΩn−1(A)
]ωω

→ Extn+1
R (A, ω) → 0 (4.3.1)16 Ωn−1(A) �M A /3 n − 1 iZ "�{ F Pn

dn−→Pn−1 → · · · → P1 → P0 → A → 0 N Rop- " A /�N zG�iEIx�<�- Coker dn = Ωn−1(A), #N -Z�� Pn
dn−→Pn−1 → Ωn−1(A) → 0. k An =

Tr ωΩn−1(A), (s� -Z��
k Cokerdωω

n = Bn, ( -Z��
B3 �v/-Zr_j�

Pn
dn−→ Pn−1 → Ωn−1(A) → 0





y
σPn





y
σPn−1

0 → Aω
n → Pωω

n

dωω

n−→ Pωω
n−1 → Bn → 0



30 `)��h7F� 7�n σPn
Y σPn−1 <NgQ�\� Ωn−1(A) ∼= Cokerdn

∼= Cokerdωω
n

∼= Bn. ��v�/-Zr_j�
0 → M

i1−→ Pω
n → An → 0





y
g





y
σP ω

n





y
σA1

0 → Nω πω

2−→ Pωωω
n → Aωω

n → Ext1R(N, ω) → 016 g N�N,"g_�� σP ω
n
NgQ�� Snake �
/� KerσAn

∼= Coker g 3
CokerσAn

∼= Ext1R(N, ω) ∼= Ext2R(Bn, ω) ∼= Ext2R(Ωn−1(A), ω) ∼= Extn+1
R (A, ω).�n σP ω

n
· i1 = πω

2 · g, \� (σP ω
n
· i1)π1 =

(

πω
2 · g

)

π1, h σP ω
n
· dω

n = πω
2 · g · π1. "�

σP ω
n
· dω

n = dωωω
n · σP ω

n−1
, \� dωωω

n · σP ω

n−1
= πω

2 · g · π1, h πω
2 · iω2 · σP ω

n−1
= πω

2 · g · π1. B πω
2 N�N)g_�\� iω2 · σP ω

n−1
= g · π1. x:� Im

(

iω2 · σP ω

n−1

)

⊆ Im g. � [7] :
 3.6 /�&',"g_ h K.v�/-Zj�_ (<�� σP ω

n−1
N�NgQ�\�vj6/D�-Z):

Pω
n−1

iω

2 ·σPω
n−1

−−−−−→ Nω → Ext1R(Bn, ω) → 0




y
π1

∥

∥

∥





y
h

0 → M
g

−→ Nω → Coker g → 0




y

0� Snake �
/ h N�NgQ�\�
Coker g ∼= Ext1R(Bn, ω) ∼= Ext1R(Ωn−1(A), ω) ∼= Extn

R(A, ω).R KerσAn

∼= ExtnR(A, ω), %B.-\�/-Z���.��� <�- Ω0(A) = A, \�+ n = 1 I���
 4.3 �.-Z��
0 → Ext1R(A, ω) → Tr ωA

σTr ωA

−→ (Tr ωA)ωω → Ext2R(A, ω) → 0.'-Z�� (4.3.1) 6�s�k An = Tr ωΩn−1(A), T n(A) = Im σAn
.w℄ 4.4 F A ∈ mod Rop. (��g_ An → T n(A) �,"gQ [T n(A)]ω → Aω

n ; 0m2��)g_ Extn
R(A, ω) → An ,"/g_ Aω

n →
[

ExtnR(A, ω)
]ω N�g_�{ F σAn

 �vIx
h σAn

= i · π, \� σω
An

= πω · iω. � [8] !d 23.5 / σω
An

· σAω
n

= 1Aω
n
, �$ σω

An
NI��g_�%B πω N�g_�B πω x:N)/�\� πω NgQ���� 0 → [T n(A)]ω

πω

−→Aω
n →

[

ExtnR(A, ω)
]ω /-Z�g πω NgQh/ Aω

n →
[

Extn
R(A, ω)

]ω N�g_�.��
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 � 44�w℄ 4.5 F A ∈ mod Rop, N ∈ mod R 3 0 → N
f

−→An N�N R- "-Z����V
Aω

n

fω

−→Nω N�g_�( Im f ⊆ ExtnR(A, ω).{ F�-Z�� 0 → N
f

−→An
g

−→K → 0 (16 K = Coker f) ,"/g_ Aω
n

fω

−→NωN�g_�( Kω gω

−→Aω
n N�NgQ�%B Aωω

n

gωω

−→Kωω �N�NgQ�#N��v/D�-Z/r_j (4.5.1):

0 → N
f

−→ An
g

−→ K → 0




y
σAn





y
σK

Aωω
n

gωω

−→ Kωω/ σAn
= (gωω)−1 · σK · g, �$ Im f = Ker g ⊆ Ker

[

(gωω)−1 · σK · g
]

= KerσAn
= Extn

R(A, ω)..��dg 4.6 F N ∈ mod R.

(1) &' A ∈ mod Rop, K. N ⊆ ExtnR(A, ω) +3z+ -Z�� 0 → N → An K.
Aω

n → Nω N�g_�
(2) &' A ∈ mod Rop, K. N = ExtnR(A, ω) +3z+ -Z�� 0 → N → An K.

Aω
n → Nω N�g_3 An/N N ω- t)"�{ (1) ��
 4.5 /�I��Æ�yF N ⊆ Extn

R(A, ω). ��
 4.4 /� Aω
n →

[

ExtnR(A, ω)
]ω N�g_�\��Z�/)g_�N � Extn

R(A, ω)� An ,"/g_ Aω
n → Nω�N�NZ�g_� Aω

n →
[

Extn
R(A, ω)

]ω
→ Nω, %BN�g_�

(2) �I��F 0 → N → An → K → 0 -Z (16 K = An/N) K. Aω
n → Nω N�g_3 K N ω- t)"�$Is�> j 4.5.1 3 σK N)g_�R N ∼= KerσA = Extn

R(A, ω).����F N = Extn
R(A, ω). �n -Z�� 0 → Extn

R(A, ω) → An → T n(A) → 0 K.
Aω

n →
[

Extn
R(A, ω)

]ω N�g_3 T n(A) N ω- t)" (�n T n(A) ⊆ Aωω
n ), R/w��Æ�.��v��s�} n = 1 /5��a� En(R) /�5�k Sub E1(R) n� E1(R) 6/"/>"C�/"D!�dg 4.7 (1) Sub E1(R) Y E1(R) �NC"�/ (<��N"D!ZNC"�/�N2K"D!6/"/C">'16).

(2) F M, N ∈ mod R. ( M, N ∈ Sub E1(R) +3z+ M ⊕ N ∈ Sub E1(R); M, N ∈ E1(R)+3z+ M ⊕ N ∈ E1(R).

(3) F N(1), N(2) N R- " N />"�A N(1), N(2) ∈ Sub E1(R), ( N(1) + N(2),

N(1) ∩ N(2) ∈ Sub E1(R); A N(1), N(2) ∈ E1(R), ( N(1) + N(2) ∈ E1(R).

(4) F N ∈ mod R, N(1), N(2), . . . , N(n) N N />"3�N N(i) ∈ Sub E1(R), ( N /� N(1), N(2), . . . , N(n) G�/ N />">' Sub E1(R) 6��V�N N(i) ∈ E1(R), (�
N(1), N(2), . . . , N(n) G�/ N />">' E1(R) 6�

(5) �V R- " N ∈ Sub E1(R), ( Nω ∈ Sub E1(R
op), Nωω ∈ Sub E1(R).{ (1) F N ∈ Sub E1(R). �!d 4.6(1), &' A ∈ mod Rop, K. -Z�� 0 →

N
f

−→A1 → K → 0 3 Aω
1

fω

−→Nω N�g_�� N /=�>" N ′, ���v/-Zr_j
(4.7.1):
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0 → N
f

−→ A1 → K → 0




y
h1





y
h2

∥

∥

∥

0 → N/N ′
f ′

−→ A1/N
′ → K → 0





y





y

0 0( f ′ · h1 = h2 · f , %B hω
1 · f ′ω = fω · hω

2 = 0. �n hω
1 N�N)g_�\� f ′ω = 0. ���
 2.2, 	[�
 4.5 /. �s� N/N ′ ⊆ Ext1R(Tr ω(A1/N

′), ω) ∈ Sub E1(R), h Sub E1(R)NC"�/�yF N ∈ E1(R). �!d 4.6(2) /�&' A ∈ mod Rop K. -Z�� 0 → N
f

−→A1 →

K → 0 3 Aω
1

fω

−→Nω N�g_� K N ω- t)"�� N /=�>" N ′, g� -Zr_j
4.7.1. 	[D�/a��s�/ 0 → N/N ′

f ′

−→A1/N
′ → K → 0 -Z3 f ′ω = 0, K N ω- t)"����
 2.2, 	[!d 4.6(2) �I�/. /� N/N ′ = Ext1R(Tr ω(A1/N

′), ω) ∈ E1(R),h E1(R) NC"�/�
(2) �.�+ M, N ∈ Sub E1(R) (d E1(R)) I�M ⊕N ∈ Sub E1(R) (d E1(R)). B��?

(1) h/�+ M ⊕ N ∈ Sub E1(R) (d E1(R)) I� M, N ∈ Sub E1(R) (d E1(R)).

(3) <�-A -Z�� 0 → N(1) ∩ N(2) → N(1) ⊕ N(2) → N(1) + N(2) → 0. #N��? (1) Y (2) �/w��Æ�
(4) F N(1), N(2), . . . , N(n) n R- " N />"3�N N(i) ∈ Sub E1(R) (d E1(R)). �#� N(1), N(2), . . . , N(n) G�/ N />"N N(1) ⊕ N(2) ⊕ · · · ⊕ N(n) /g_��#N��?

(1) Y (2) /w��Æ�
(5) F N ∈ Sub E1(R). �!d 4.6(1) /�&' A ∈ mod Rop K. -Z�� 0 →

N
f

−→A1 → K → 0 3 Aω
1

fω

−→Nω N�g_��n Aω
1

fω

−→Nω → Ext1R(K, ω) N-Z/�\� )g_ 0 → Nω → Ext1R(K, ω), h Nω ∈ Sub E1(R
op). ����h/ Nωω ∈ Sub E1(R). .��

5 `�'Æv�s�q~Z E1(R) Y E2(R) ��N>"�/�*&'(V�K. E2(R) N>"�/�F K N�N$3� RωR = RRR._ 1 F R N�N zo�# K- (V�h gl. dimR ≤ 1. F A ∈ mod R, A =
⊕n

i=1 Ai N
A /��IIx�� τ �M Auslander-Reiten �_ (translate). <�- τ ��3���Ix" :��+�:� τA =

⊕n

i=1 τAi. k D = Hom K(−, K). � [9, 3 76 �] /� Ext1R(Ai, R) ∼=

D Hom R(R, τAi) ∼= D(τAi), 1 ≤ i ≤ n, �$ Ext1R(A, R) ∼= D(τA). R E1(R) N>"�/0m#"D! {τA | A ∈ mod R} NC"�/�yF Γ N�voj�



10 W 
 
 � 44�
2 3








�

J
J
JĴ

1� R = KΓ. �. gl.dimR = 1 3"D! {τA | A ∈ mod R} �NC"�/�%B E1(R) �N>"�/�_ 2 F Γ N�voj�
? -?

-1 3

42

α

γ

δ

β� R = KΓ/(βα). �/ gl.dimR = 2, P (4) = 4 N95 4 ��/��IxiE"�^N RR /1Y}�"�n P (4) /+E��gQ#95 4 ��/��Ix+E" I(4) 3 l.fdR(I(4)) = 2,�$ RR /+E��//`oV0# 2. #N�k� 4.2 /� E2(R) �N>"�/�_ 3 F Γ N 2 6/oj�� R = KΓ/(βα − δγ), ( gl.dimR = 2. A 0 → RR → I0 →

I1 → I2 → 0 N R GnE R- "/f�+EIx�( l.fdR(I0) = 0, l.fdR(I1) = 1, l.fdR(I2) = 2.#N�k� 4.2 /� E2(R) N>"�/�|q G*���sQY1
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