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1 kl
!������", #�������$��%���. !����"��������

&���, '�����. 1988 �, Spaltenstein !� [17] "(���������. �)��
�*�& A, B, +�!��� P → A  B → I, �" P � dg-  !�&, I � dg- "!�&,

�!�# A � dg-  !�� B � dg- "!��. ,", -.#/0�1$2$$3�4%, &

'� [11, 12]. ������!5�(%����)-*&/5�67�'. ��274%(�
��&�����+)*8�,&, (%8�����)-*&/5. !"�'-, ./+0

���� 8������ (9) 1,-:2.

��. 3 /274%0 X �12-3;.<��4, �*--3�&4- dg X ��, 5

��*�--3�& A 4-$� X - ��� X → A, �" X � dgX �&. $$67, )�
�!$=56788, �*93�&����!5. . 4 /+0���� K(A )  8����
� DX (A ) � (9) 1,-:2. ./)��'9�*�&- dg X ��, >*?+0����
K(A ) :@ KX -ac(A )  8����� DX (A ) �91,-:2;<�$�:=>?.

2 mAnB
; X # abelian �� A �<��. �<C! f : A → B # X - ���, '9�@�*

X ∈ X , D��=! Hom(X, f) : Hom(X,A) → Hom(X,B) ����. @ KX -ac(A ) �EF
X - GA (HomA (X,−) GA) �&�B� K

∗(A ) �:=<��. H**=! f : A → B � X -

���0>C0C!I Cone(f) �F X - GA�, DE X - ������E KX -ac(A ) ?F�

G 8@HIA. 8����� D
∗
X (A ) � Verdier B K

∗(A )/KX -ac(A ).

o 1 (1) C X =Prj−A , >8�������./DJ����� D(A ).

(2) C X = G P−A , 5# Gorenstein  !�%�B�<��, >8������� [9] "
� Gorenstein ���� DGP(A ).

(3) C A = R-Mod > X = DP−A , 5# Ding  !�%�B�<��, >8�����
�� [16] ":@ Ding E�8����� DDP(A ).

Jp 2.1 � X �KKL� (12-3�), '9 A "�*�%4- X - KKL. � Y

�KMF� (N2-3�), '9 A "�*�%4- Y - KMF. $$67, � X �@.�
(admissible), '9G$� X - KKL4�H�. � Y �9@.� (coadmissible), '9G$�
Y - KMF4�O� [3, 5].

ÆL ; T , T ′, T ′′ �:=��, :=P<�I T ′ i−→ T
j−→ T ′′ �# T 8�@ T ′  T ′′ �

$�1,-:2, '9HM?878:

(1) i �HNJ�>-$�FQK;

(2) j -$�HNJ�FQK;
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(3) ImF = Ker G.

:=P<�I T ′ i−→ T
j−→ T ′′ �# T 8�@ T ′  T ′′ �$�91,-:2, '9 (iop, jop)

�1,-:2. �:=P<�I�$�UA, '9OY�1,-:2V�91,-:2, ÆP#

T ′ i �� T
j ��

i!

��

i∗

��
T ′′

j∗

��

j!

��

WXYq ; T �)-*�Z �:=��. �@'8�% =!�:2
X0 → X1 → · · · → Xn → Xn+1 → · · · ,

���9Z3@# holim−−−→Xn, '9HM'8:=
⊕Xn

1-shift−−−−−→ ⊕Xn → holim−−−→Xn → Σ(⊕Xn),

�" shift : ⊕Xn → ⊕Xn, (% (shift)im = im+1fm �Q- m ∈ N, im : Xm → ⊕Xm �O!. �

R7, '-��Z3�F[ ([� [14, 4.1]).

3 dgX \]
Jp 3.1 ; X � abelian �� A �<��, X -ac �F X - GA�&��.

(1) ��& X ∈ C(X ) � dg X �&, '9�@�*� W ∈ X -ac, Hom•(X,W ) �GA�
\0 HomK(A )(X,ΣnW ) = 0, ∀n ∈ Z. ./@Q- dg X �&��# dg X̃ .

(2) ��& A ∈ C(A ) - dgX ��, '9�! X - ��� X → A, �" X # dg X �&.

^� 3.2 8S]TB0:

(1) dg X̃ :@-3Z ^_.

(2) C A -93Z > X :@93Z ^_, > dg X̃ ':@93Z ^_.

(3) dg X̃ :@U_P< Σ ^_. C A → B → C → ΣA � K(A ) "�:=> A,B,C "�
*V�4� dgX �&, >.:�'�.

r` (1) a#��*� A ∈ A , P< HomK(A )(−, A) `a-3Z , Q?]T�WX�.

(2) C A -93Z , > C(A )  K(A ) '-93Z , E>

HomK(A )

( ⊕
i∈Z

Ai, B

)
∼=

∏
i∈Z

HomK(A )(Ai, B).

DEYB�)�.

(3) ; A → B → C → ΣA � K(A ) "�:=> A, B ∈ dg X̃ . �@�*�F X - GA�
& W , bP< HomK(A )(−,W ) /b*:=, >./%*8S�GA:2

· · · → HomK(A )(ΣA,W ) → HomK(A )(C,W ) → HomK(A )(B,W ) → · · · .

E HomK(A )(ΣA,W ) = HomK(A )(B,W ) = 0, > HomK(A )(C,W ) = 0, 5 C ∈ dg X̃ . )c.

8S�Z$[���*� X ∈ K
−(A ) 4� dg X �&.

^� 3.3 ; A -Md� !�%> X Me !�%�� X ∈ K
−(X ), >P<

HomK(A )(X,−)
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\F X - GA�&c]. 5!�, C X �F X - GA�, >! K(A ) " X = 0.

r` ; A �F X - GA�&> f ∈ HomK(A )(X,A). ./b+0��C! h : f ∼ 0. a
# A �F X - GA�, Q? A '�GA�. fg;��* i > 0, Xi = 0, >� i ≥ 0, ^ hi = 0.

a# 0 → Ker d−1
A → A−1 → Ker d0

A → 0 �GA�, f0 : X0 → A0 �d! Ker d0
A ", Q? f0 !

HomA (X0, Im d−1
A ) ". _!(P< HomA (X0,−) /b*-S�hGA2, %*GA:2

0 → HomA (X0,Ker d−1
A ) → HomA (X0, A−1) → HomA (X0,Ker d0

A) → 0,

>�!=! h−1, (% d−1
A h−1 = f0. _!; g−1 = f−1 − h−1d−1

X . H**
d−1

A g−1 = d−1
A f−1 − d−1

A h−1d−1
X = 0,

DE(% g−1 : X−1 → A−1 �d! Ker d−1
A ".1e�`ab g−1 * h−2,(% d−2

A h−2 = g−1 =

f−1 − h−1d−1
X . DE f−1 = h−1d−1

X + d−2
A h−2. if1�jk, ./`+0��=! {hk}, (%

�@�*� k ∈ Z, - fk = hkdk
X + dk−1

A hk−1. )c.

^� 3.4 �@ X ∈ dgX̃ , 8S]TB0.

(1) �@�*� X - ��� s ∈ HomK(A )(B,B′), - HomK(A )(X, s) ���. 5!�, X ′ ∈
dgX̃ , >�*� X - ��� t ∈ HomK(A )(X ′,X) ���.

(2) lgP< Q : K(A ) → DX (A ) D����
HomK(A )(X,−) ∼−→ HomDX (A )(QX,−) ◦ Q.

r` (1) ./`( s c�* K(A ) "�:= B
s−→ B′ → Cs → ΣB. a# Cs, Σ−1Cs ∈

X -ac, Q?bP< HomK(A )(X,−) /b*:=-%*8S�GA:2
· · · → HomK(A )(X,Σ−1Cs) → HomK(A )(X,B)

HomK(A )(X,s)−−−−−−−−−→ HomK(A )(X,B′)

→ HomK(A )(X,Cs) → · · · .

HomK(A )(X,Σ−1Cs) = HomK(A )(X,Cs) = 0, DE%* HomK(A )(X, s) ���. m8d, ; t ∈
HomK(A )(X ′,X) � X - ���, �" X ′ ∈ dgX̃ , >E-S�)��! t′ ∈ HomK(A )(X,X ′),

(% tt′ ∼ idX . a" t′′ ∼ tt′t′′ ∼ t > t′ ∼ t−1.

(2) ; Y ∈ K(A ), f ∈ HomK(A )(X,Y ) > Q(f) = 0, >�! X - ��� s : Y → Z, (%

sf ∼ 0. c� s *:= Y
s−→ Z → Cs

w−→ ΣY . DE-8S:=�=!
X ��

f

��

0 ��

��

ΣX ��

g

���
�
� ΣX

Σf

��
Y

s �� Z �� Cs
w �� ΣY.

1e, ./- Σf ∼ wg. a" f Dj X - GA�& Cs ��. Q? f ∼ 0.

1jd,; u = g
t ∈HomDX (A )(X,Y ),�" t�X -���. E (1)�! f ∈HomK(A )(X,Y ),

(% g ∼ ft. DE%* u = Q(f). )c.

hi 3.5 ; X ∈ K(A ), >8S]TB0:

(1) X ∈ dg X̃ .

(2) �* X - ��� s : A → B D����
HomK(A )(X, s) : HomK(A )(X,A) → HomK(A )(X,B).
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(3) �@I
A

s

��
X

f �� B

�!e$�<C! h : X → A, (% sh = f.

(4) �* X - ��� s : A → X ! K(A ) "�*fH�.

r` (1) ⇒ (2) EZ$ 3.4.

(2) ⇒ (3)  (3) ⇒ (4) �WX�.

(4) ⇒ (1) ; W �F X - GA�&> f ∈ HomK(A )(X,W ), >! K(A ) "�!:= A
s−→

X
f−→ W → ΣA, �" s � X - ���. E (4), s �*fH�. a" f = 0. )c.

Jj 3.6 ; X � A �12-3>*;.<��, >�*--3�& A 4- dg X ��

X → A, �" X ∈ K
−(X ).

r` ; A �--3�&. fg; i > 0, Ai = 0. �@ i > 0, ./F[ Xi = 0. kg$
�H�F X - no f0 : X0 → A0, �" X0 ∈ X . p;�@h� k < 0, ./l�+0�=!
di

X : Xi → Xi+1, Xi → Ai  ��*� i > k, Xi ∈ X . ij8S�qrI

T k
h ��

g

��

Ker dk+1
X

α

��

�� Xk+1

��
Ak

dk
A �� Ker dk+1

A
�� Ak+1,

(3.1)

�"ms�tk�Æu. kg$�H�F X - no Xk → T k, �" Xk ∈ X . ; dk
X : Xk →

Xk+1 � Xk → T k → Ker dk+1
X → Xk+1 �AB. DE*?F[ Xk → Ak � Xk → T k  

T k → Ak �AB. 1e$�jk*?b8S�IÆP:

· · · �� X−2

��

d−2
X

���
�������

T−1 ��

��

X−1

��

d−1
X

���
��

��
��

�

T 0 ��

��

X0

��

d0
X

���
��

��
��

�

· · · �� A−2 �� A−1 �� A0 �� 0.

./bvlI+0�$�--3�& X >-=! X → A. 8SÆ7)� X → A � X - ��

�. �@ k < 0  �*� X ′ ∈ X , (3.1) D��8S�ÆuI
HomA (X ′, T k)

h∗ ��

g∗
��

HomA (X ′,Ker dk+1
X )

α∗
��

HomA (X ′, Ak)
(dk

A)∗�� HomA (X ′,Ker dk+1
A ).

(3.2)
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8S)� α∗ �H�. 1nÆ7)��@�*� X ′ ∈ X  i > k, HomA (X ′,Xi) →
HomA (X ′, Ai) �H�. mnij i = 0 �,o. a# f0 : X0 → A0 �$�F X - no, Q

? HomA (X ′,X0) → HomA (X ′, A0) �H�, E>./-ÆuI

T−1 h ��

g

��

X0

f0

��
A−1 �� A0.

wpqS�)�, ./ox p−1 : X−1 → T−1 �H�F X - no. DE-8S�qrI

X−1
d−1

X ��

f−1

��

X0

f0

��
A−1 �� A0,

�" d−1
X = hp−1  f−1 = gp−1. a# f0 �F X - no, �@�*�=! X ′ → A−1, -=

! X ′ → X0. DEEÆu�5p-=! X ′ → T−1. Va# p−1 �F X - no, Q?�!=!
X ′ → X−1. 1e, %* HomA (X ′,X−1) → HomA (X ′, A−1) �H�. if1�jk, �%*�

./q7�]9. a", E8S�qrI
0 ��

��

0 ��

��

HomA (X ′,Ker dk+1
X ) ��

α∗
��

HomA (X ′,Xk+1) ��

��

HomA (X ′,Xk+2)

��
0 �� 0 �� HomA (X ′,Ker dk+1

A ) �� HomA (X ′, Ak+1) �� HomA (X ′, Ak+2),

DE%* α∗ �H�. E-S�)�'%* g∗ �H�, y%*8S�qrI

0 �� Ker g∗

��

�� HomA (X ′, T k)
g∗ ��

h∗
��

HomA (X ′, Ak)

dk
A∗

��

�� 0

0 �� Ker α∗ �� HomA (X ′,Ker dk+1
X )

α∗ �� HomA (X ′,Ker dk+1
A ) �� 0.

wp� [19,Z$ 4.1.4], Ker g∗ → Ker α∗ ���,> Coker h∗ → Coker(dk
A)∗ '���, 1>?@

Hk+1HomA (X ′,X) ∼= Hk+1HomA (X ′, A).

)c.

1��@ dg X ����!5�]Tn�r�--3�&, rs�*�93�&t? 8Sb

/z$$6�4%. mnduv8����� DX (A ) "�:=]�.

sj 3.7 ; 0 → A
f−→ B

g−→ C → 0 � C(A ) "�F X - GA�&, 5�@�*� i ∈ Z,

0 → Ai → Bi → Ci → 0 �F X - GA�. ; Cf � f �C!I φi : Ci
f = Ai+1 ⊕Bi → Ci �

=!
(

0 gi
)
,> φ : Cf → C ��&�=!,(% φα(f) = g (�" A

f−→ B
α(f)−−−→ Cf

β(f)−−−→ ΣA)

> φ � X - ���, $E A → B → C → ΣA � DX (A ) "�:=.
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r` s) φ ��&�=!. ./-�&�=!�qrI

A �� B
α(f) �� Cf

β(f) ��

φ

��

ΣA

A �� B
g �� C �� ΣA.

1v]@)� Cf
φ−→ C �$� X - ���. H** 0 → CidA

ϕ−→ Cf
φ−→ C → 0 �F X - GA�

&, �" ϕi =
(
idA 0

0 fi

)
, >�G$� X ∈ X , -

0 → HomA (X,CidA) → HomA (X,Cf ) → HomA (X,C) → 0.

a# Hi(HomA (X,CidA
)) = 0, DE φ � X - ���. a" φ � DX (A ) "���. Q?

A
f−→ B

g−→ C
h−→ ΣA �:=, �" h = β(f)φ−1. )c.

; A ��& · · · → An−2 dn−2
A−−−→ An−1 dn−1

A−−−→ An → · · · . F[ A≤n �

· · · → An−2 dn−2
A−−−→ An−1 → Ker dn

A → 0 → 0 → · · · .

E� [14, 4.1], ./-GA:2
0 →

⊕
n≥0

A≤n
1-shift−−−−−→

⊕
n≥0

A≤n → Coker(1-shift) → 0.

E Coker(1-shift) = lim−→A≤n. DE./-8S�]T.

E� [6], � 0 → T → N → N/T → 0 �{GA�, '9�@�*�F R- E M ,

0 → M ⊗R T → M ⊗R N → M ⊗R N/T → 0

�GA�, \��*�-3ÆP R- E F ,

0 → HomR(F, T ) → HomR(F,N) → HomR(F,N/T ) → 0

�GA�. � R- E P �{ !�, '9��*�{GA2 0 → T → N → N/T → 0,

Hom(P,N) → Hom(P,N/T ) → 0

�GA�.

sj 3.8 ; A = R-Mod > X �{ !E��, >
0 →

⊕
n≥0

An
1-shift−−−−−→

⊕
n≥0

An → lim−→An → 0

�F X - GA�&.

r` �@�*�-3ÆPE M , ./-
HomA (M, lim−→An) ∼= lim−→HomA (M,An).

bP< HomA (M,−) /b*
0 →

⊕
n≥0

An
1-shift−−−−−→

⊕
n≥0

An → lim−→An → 0,
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./-

0 �� HomA

(
M,

⊕
n≥0

An

)
��

∼=
��

HomA

(
M,

⊕
n≥0

An

)
��

∼=
��

HomA (M, lim−→An) ��

∼=
��

0

0 ��
⊕
n≥0

HomA (M,An) ��
⊕
n≥0

HomA (M,An) �� lim−→HomA (M,An) �� 0.

a# {An}n≥0 �GtA, Q? {HomA (M,An)}n≥0 '�GtA, y83�GA�, DE-3'
�GA�, 5{GA�. a"

0 →
⊕
n≥0

An
1-shift−−−−−→

⊕
n≥0

An → lim−→An → 0

�F X - GA�&. )c.

E� [20, H 2.4, 2.6] o, ��& A �{GA, '9�& A �GA�>�@�*� n ∈ Z,

0 → Ker dn
A → An → Imdn

A → 0 �{GA�. WX, �& A �{GA�0>C0�@�*�F
R- E M , M ⊗R A �GA�0>C0��*-3ÆP R- E F , HomR(F,A) �GA�. �& A

�{GA�0>C0��*�{ !E P , HomR(P,A) �GA�.

sj 3.9 ; A = R-Mod > X �{ !E��, > X - ���:@Z ^_.

r` ��*� i ∈ Z, ;-$u X - ��� Xi
fi−→ Ai, �" Xi  Ai ∈ C(R).

��*� X ∈ X , Cone(fi) � HomA (X,−) GA�, 1>?@ Cone(fi) �{GA�. DE⊕
i Cone(fi) ∼= Cone(

⊕
i fi) �{GA�, 5'� HomA (X,−) GA�. a"⊕

i

Xi

⊕
i fi−−−−→

⊕
i

Ai

� X - ���. )c.

Jj 3.10 ; A = R-Mod X �{ !E��,>�*�& A4- dg X �� X → A,

�" X ∈ K(X ).

r` �* R- E4-$�{ !KKL;> !E'�{ !�. EFw 3.6, G$�--
3�&4- dgX ��. ; A � K(A ) "��*93�&. �@ n ≥ 0, A≤n �--3�. DE

EFw 3.6, ! K(X ) "�!--3�& Xn, (% υn : Xn → A≤n � X - ���. xJ-, ./

bvlI Fw 3.6, vwpZ$ 3.4, *?%*8S�&�qrI
X0

��

υ0

��

X1
��

υ1

��

X2
��

υ2

��

· · · �� Xn
��

υn

��

· · ·

A≤0 �� A≤1 �� A≤2 �� · · · �� A≤n �� · · · .

DED�����Z3�=! holim−−−→Xn → holim−−−→A≤n >-qrI⊕
n≥0

Xn 1-shift ��

⊕υn

��

⊕
n≥0

Xn ��

⊕υn

��

holim−−−→Xn ��

h

��

Σ
⊕
n≥0

Xn

Σ⊕υn

��⊕
n≥0

A≤n 1-shift��
⊕
n≥0

A≤n �� holim−−−→A≤n �� Σ
⊕
n≥0

A≤n.
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E(w 3.9,
⊕

n≥0 Xn
⊕υn−−−→ ⊕

n≥0 A≤n � X - ���. bP< HomK(A )(X,−) /b*-I, *

?%* h � X - ���.

y$tS, E(w 3.8, -F X - GA�&
0 →

⊕
n≥0

A≤n
1-shift−−−−−→

⊕
n≥0

A≤n → Coker(1-shift) → 0.

vE(w 3.7, - X - ��� g : holim−−−→A≤n → Coker(1-shift). a" f = gh. Ewp� [14],

Coker(1-shift) = lim−→A≤n = A. DE f : holim−−−→Xn → A � X - ���. a#�@�*� n ≥ 0,

Xn � dgX �&, > ⊕
n≥0 Xn '� dg X �&. EZ$ 3.2, holim−−−→Xn � dg X �&. DEYB

�)�.

4 wxyzt{u (v) recollement

�/+0$����� K(A ) :@ KX -ac(A )  DX (A ) �m recollement, ;<�$�:
=>?.

sj 4.1 ; s : X → A  t : X ′ → B 4� X - ���> α : A → B ���>?, >�!
e$���>? u : X → X ′, (%! K(A ) " αs = tu.

r` EZ$ 3.4 "� (1) s). )c.

Jj 4.2 ;�*�&4- dg X ��, >�!m recollement,

KX -ac(A ) inc �� K(A )

i∗

		
can �� DX (A ).

j!





r` ./mn+0z|*�P<. ; A ∈ K(A ), >�! X - ��� X
s−→ A, �" X ∈

dgX̃ . DE./-:= X
s−→ A → Cs → ΣX, �" Cs ∈ KX -ac(A ). E(w 4.1, A � dg X �

�!��>?�*[8�e$�. y Cs '�e$�.

y$tS, ; 0 ∼ f ∈ HomK(A )(A,B), >./- K(A ) ":=�=!
XA

s ��

g

���
�
� A ��

��

Cs
��

h

���
�
� ΣXA

��
XB

t �� B �� Ct
�� ΣXB ,

�" XA, XB ∈ dgX̃ > s, t � X - ���. ./%* g ∼ 0. y h ∼ 0. DE*?F[P<
i∗ : K(A ) → KX -ac(A ) # i∗(A) = Cs.

; E �F X - GA�&, >./-GA:2
· · · → HomK(A )(ΣXA, E) → HomK(A )(Cs, E) → HomK(A )(A,E) → HomK(A )(XA, E) → · · · .

E HomK(A )(ΣXA, E) = 0, DE%*

HomKX -ac(A )(i∗(A), E) = HomK(A )(Cs, E) ∼= HomK(A )(A,E).

a" (i∗, inc) �$�QK�.

; A ∈ K(A ). Ep;%* X - ��� XA
s−→ A, �" XA ∈ dgX̃ . ; 0 ∼ f ∈
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HomDX (A )(A,B), >./- K(A ) "�qrI
XA

s ��

g

��

A

f

��
XB

t �� B,

�" XA, XB ∈ dgX̃ > s, t � X - ���. ./- g ∼ 0. DE./*?F[P< j! :

DX (A ) → K(X ) # j!(A) = XA. EZ$ 3.4, ./-
HomDX (A )(A,B) ∼= HomDX (A )(XA,XB) ∼= HomK(X )(j!(A), j!(B)).

./'-��
HomK(A )(j!(A), B) ∼= HomK(A )(XA, B) ∼= HomDX (A )(XA, B) ∼= HomDX (A )(A,B).

DE (j!,can) �QK�, a"+0�Fw"�m recollement. )c.

Jj 4.3 ;�*�&4- dgX ��, >,X�ABP< dg X̃
inc−−→ K(A )

Q−→ DX (A ) �

:=>?.

r` 1�,X�ABP<}WX�:=P<. a"nÆ7)�O����>?. �@�*
�& A, - X - ��� X

s−→ A. DE s �8����� DX (A ) "���. 5!�, Q(A) �
Q ◦ inc(X). a"1�ABP<�~�.

�@�*� X ∈ dgX̃  F X -GA�& E ∈ K(A ),- HomK(A )(X,E) = 0. E dg X̃ ⊆⊥

KX -ac(A). wp� [18, Z$ 5.3], ABP<�NJH�. DE1�����>?. )c.

hi 4.4 (1) �!m recollement,

K
−
X -ac(A ) inc �� K−(A )

i∗

��
can �� D−

X (A )

j!

		
.

(2) ,XABP< dg X̃ ∩ K
−(A ) inc−−→ K

−(A )
Q−→ D

−
X (A ) �:=>?�.

r` EFw 3.6  Fw 4.2 s). )c.

H**!� [4] ", 0 R �{|�>�*U}E4--3 !~�4, Gorenstein  !E

�� G P � R-Mod �12-3<��. 0 R � Noether �4, � [7, +T 2.7] "[��
Gorenstein "!E�� G I � R-Mod �N2-3<��. �@1=, ./-8S�+T.

hi 4.5 (1) ; R �{|�>�*U}E4--3 !~�, >�!m recollement,

K
−
G P-ac(R-Mod) inc �� K−(R-Mod)

i∗

��
can �� D−

G P(R-Mod)

j!

��
.

(2) ; R � Noether �, >�!F recollement,

K
+
G I -ac(R-Mod) inc �� K+(R-Mod)

i!


can �� D+

GI (R-Mod)

j∗

��
.

wp� [10], ! n-FC �-, Ding  !E�� DP  Ding "!E�� DI �!#12-
3 N2-3<��, >./-8S�]T.
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hi 4.6 ; R � n-FC �.

(1) �!m recollement,

K
−
DP-ac(R-Mod) inc �� K−(R-Mod)

i∗

��
can �� D−

DP(R-Mod)

j!

��
.

(2) �!F recollement,

K
+
DI -ac(R-Mod) inc �� K+(R-Mod)

i!


can �� D+

DI (R-Mod)

j∗

��
.

Jj 4.7 ; X � A �12-3 *;.<��, >
(1) (K−,X b(X ), KX -ac(X )) � K

X b(A ) "��F t- ]�.

(2) �!m recollement,

KX -ac(X ) inc �� KX b(X )

i∗

��
can �� Db

X (A ),

j!

��

�" inc �lg�c�P<.

r` (1) EZ$ 3.3, HomKX b(A )(K−,X b(X ), KX -ac(X )) = 0. ; A ∈ K
X b(A ), >�!

h� n ∈ Z, (% A X - ���@�&
A′ := · · · → An−1 → An → Im dn → 0.

EFw 3.6, A′ - dg X �� X → A′, �" X ∈ dgX ∩ K
−,X b(X ). a"./%*�:=

X
s−→ A → Cs → ΣX,

�" Cs ∈ KX -ac(X ). DEYB�)�.

(2) wp� [13]  (1), ./-m recollement,

KX -ac(X ) inc �� KX b(X )

i∗

��
can �� K−,X b(A ).

j!

��

EE� [1, Fw 3.3], K
−,X b(A ) ∼= D

b
X (A ). DEFw%).

o 2 ; Y # abelian �� A �<��. �<C! f : A → B # Y - ���, '9�@
�* Y ∈ Y , D��=! Hom(f, Y ) : Hom(B,Y ) → Hom(A,Y ) ����. @ KY -ac(A ) �E
m Y - GA (��*� Y ∈ Y , HomA (−, Y ) GA) �&|B� K

∗(A ) �:=<��. H**
=! f : A → B � Y - ���0>C0C!I Cone(f) �m Y - GA�, DE Y - �����

�E KY -ac(A ) ?F�G 8@HIA. A �:@ Y �8����� D
∗
Y (A ) � Verdier B

K
∗(A )/KY -ac(A ).

>./-:

Fw 3.6 ��R:

C Y � A �N2-3>9*;.�<��, >�*8-3�& B 4- dg Y �� B → Y ,

�" Y ∈ K
+(Y )

Fw 4.2  4.3 ��R:
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(1) ;�*�&4- dg Y ��, >�!F recollement,

KY -ac(Y ) inc �� K(A )

i!

��
can �� DY (A ).

j∗

��

(2) ,XABP< dg Ỹ
inc−−→ K(A )

Q−→ DY (A ) �:=>?�.

+T 4.4 ��R:

; Y � A �N2-3>9*;.<��.

(1) �!F recollement,

K
+
Y -ac(A ) inc �� K+(A )

i!

��
can �� D+

Y (A )

j∗

��
.

(2) ,XABP< dg Ỹ ∩ K
+(A ) inc−−→ K

+(A )
Q−→ D

+
Y (A ) �:=>?�.

Fw 4.7 ��R:

(1) (KY -ac(Y ), K
+,Y b(Y )) � K

Y b(A ) "��F t- ]�.

(2) �!F recollement,

KY -ac(Y ) inc �� KY b(Y )

i!

��
can �� Db

Y (A ).

j∗

��
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