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R ´ ²;µ�¶�·,²H³K¸�²H¹KºSµa¶�ºF¶>³W²H»�¹�µa¼�½o·[¾¿µaºF¶�À ºF³K¸nÁ�²H¼Â½n·aÃ�Ã4¹�µ[ÄH³KºÂ·[¶�Å K Æ�Ç ² Äbµa¼F¼oµa¶ R È µa¼F»g² ´ ¹�µ Λ
À ºF³K¸

K ⊗R Λ ´ ²HºF¶o»ÉÅW²H¾�º È ÅKºF¾�Êo¼Â²�µa¹K³KºF¶oºSµa¶Ëµa¶�½ Λ ´ ²HºF¶o»yÁ�¶oºF³W²H¼FÌ6»g²H¶�²H¹�µa³W²U½ÍÊo¹W·aÎ�²UÄH³KºFÏg²�µ[Å R È ¾�·,½�Ðo¼Â²µÒÑNÄH¼Sµ[ÅWÅWºÂÄbµa¼&Ó
R È ·[¹W½o²H¹ Æ�Ô ¶ R È µa¼F»g² ´ ¹�µÕºÂÅiÄbµa¼F¼Â²U½ËÅKÌD¾�¾�²H³K¹KºÂÄ�º�Ã HomR(Λ, R) ' Λ

µ[Å
Λ ⊗R Λop È¾�·,½�Ðo¼Â²UÅ Æ�Ö ¸�² ´ ·[Ðo¶�½o²U½6½o²H¹KºFÏg²U½6Äbµa³W²H»g·[¹KÌ5·aÃ�µ�¹KºF¶o» A

ºÂÅ�½o²H¶�·[³W²U½ ´ Ì Db(A) Æ�× ·[¹{¾�·[¹W²nµa¾�Êo¼Â²¹W²H¾¿µa¹KØ�Å�³W·n³K¸�²�½o²7Á�¶oºF³KºÂ·[¶ÙÅW²U²i² Æ » Æ�ÚÜÛ/Ý�Æ
Þ�ß]àDá�âaàDãåäçæPè�è�é,ê�ëPì4í�î�ì

R ï èfð$ëKñ>ë�ò ï&ó ñ¿ñgô[ê�î ï4ó î ó ñ Λ ï è{î�è7õaênê¿ëHìNö ïN÷ R ø î[ùûú>ëbüHö�îaý*þ�öKô�ÿbë ÷ ì ï�� ëîaè
R ø ê�ôbñ[é,ùÂë������ Db(Λ) ' Db(Γ)

îaènìNö ï î ó ú[é,ùFî�ì�ëKñ ÷ î�ì�ë úgô�ö ï ë�è��Uô[ö�î ó R ø î�ù ú>ë(ü7ö�î Γ
ý ì4í�ë ó Γ ï ènîè7õaênê¿ëHìNö ïN÷ R ø î[ùûú>ëbüHö�îÉî[è
	fëHù&ù��
�fè_þoë ÷Hï î�ù&ù�õaý ï � Λ ï è�î ó R ø ô[öKñ>ë7ö�ýfì4í�ë ó Γ ï è=î ó R ø ô[öKñ>ë7önîaè�	fë7ù4ù��

��¶=Äbµ[Å�²
Γ
ºÂÅ è�é(þgþ�ô[èUëKñ=ì_ô�üWë�î ó ô�ö�ñ>ëHö î[è�	fë7ù4ù���� ºÂÄ�Ø[µa¹W½=Êo¹W·bÏg²U½$³K¸oºÂÅ]ÅW³�µa³W²H¾�²H¶>³�ºF¶ Ú �[Ý�Æ�� ºÂÅ�Êo¹W·D·aÃ½o·,²UÅ¬¶�·[³¬À@·[¹KØ�º�Ã�·[¶�²�½o·D²UÅ¬¶�·[³¬ØD¶�·(À ³K¸�µa³

Γ
ºÂÅ

R È Êo¹W·aÎK²UÄH³KºFÏg² Æ�Ç ² »g²H³¬³K¸oºÂÅ¬Ã µ[ÄH³fµ[Å@µdÄU·[¶�ÅW²��DÐ�²H¶�ÄU²·aÃ$³K¸�²ÒÅKÌD¾�¾�²H³K¹KÌ � À ¸oºÂÄW¸çÀ@² Êo¹W·bÏg²ÙÁ�¹WÅK³ Æ�Ö ¸�²Ò²��,ºÂÅW³W²H¶�ÄU²Ù·aÃ�µ ½o²H¹KºFÏg²U½ç²��>ÐoºFÏ�µa¼Â²H¶�ÄU² ºF¶�½�Ð�ÄU²U½
´ Ì µ6½o²H¹KºFÏg²U½ËÃNÐo¶�ÄH³W·[¹$ÃN·[¼F¼Â·(À�Å ´ Ì µ5³K¸�²U·[¹W²H¾ ·aÃ��i²H¼F¼Â²H¹ÉÑNÄ7Ã Ú��HÝ ·[¹ ÚÜÛ � Ö ¸�²U·[¹W²H¾! ÆÜÛ�Æ#"/Ý Ó Æ �%$[¶oºF»½�ºÂÅWÄU·(Ïg²H¹W²U½ ³K¸�µa³�³K¸�²H¹W²�µa¹W²�¹KºF¶o»gÅdÀ ¸oºÂÄW¸Íµa¹W²�¶�·[³P·[¹W½o²H¹WÅ ´ Ðo³d½o²H¹KºFÏg²U½ ²��>ÐoºFÏ�µa¼Â²H¶>³d³W·Õµ�¸�²H¹W²U½�ºF³�µa¹KÌ·[¹W½o²H¹ Ú#"aÝ�Æ
Ö ¸�²U·[¹W²H¾ � µa¶�ÅKÀf²H¹WÅ µ&�DÐ�²UÅK³KºÂ·[¶y·aÃ'� ÆDÇ Æ � ·[»�»g²H¶oØ�µa¾�ÊyÊ�·�ÅW²U½Õµa³;³K¸�²�·,ÄUÄbµ[ÅKºÂ·[¶ ·aÃ]³K¸�²(*) µa¹WÅK³W²H¼F¼FÐo¶o»gÅK³�µa»,+ µUÌ,¹W²HÐo³K¸ ��-.-�� ( Æ
/10�243 á65874à:9';�à,ãÍà 3=<?> Ö ¸�²=µaÐo³K¸�·[¹ À ºÂÅK¸�²UÅ ³W·n³K¸�µa¶oØ@+;²H¹K¶o¸�µa¹W½A�i²H¼F¼Â²H¹;ÃN·[¹ ¾�Ð�ÄW¸É¸�²H¼FÊ5ºF¶y¶DÐ È¾�²H¹W·[Ð�Åf½�ºÂÅWÄHÐ�ÅWÅKºÂ·[¶�Å � ²UÅKÊ�²UÄHºSµa¼F¼FÌ=Ã ·[¹
»�ºFÏDºF¶o»=³K¸�²{µ[½�ÏDºÂÄU²�³W·i³K¹KÌ�³W·�Êo¹W·bÏg²{µiÅW³�µa³W²H¾�²H¶>³�¼FºFØg²{±j²H¾�¾¿µ �Á�¹WÅK³ Æ
B ¯$ªDC� �¡i¡�®
+@Ìyµ=¹W²UÅKÐo¼F³ ·aÃ��i²H¼F¼Â²H¹ Ú��7Ý ³K¸�²H¹W²iµa¹W²iµ�ÄU·[¾�Êo¼Â²�� X

ºF¶
Db(Λ⊗R Γop)

ÅKÐ�Ä�¸y³K¸�µa³
X ⊗Γ Γ =: T

µa¶�½
µ�ÄU·[¾�Êo¼Â²��

X ′
ºF¶

Db(Γ ⊗R Λop)
ÅWÐ�ÄW¸É³K¸�µa³

Γ ⊗Γ X ′ ' HomΛ(T,Λ)
µa¶�½yÃ4Ðo¹K³K¸�²H¹K¾�·[¹W²

X ⊗ EΓ − : Db(Γ) −→ Db(Λ)

µa¶�½
−⊗ EΓ X ′ : Db(Γop) −→ Db(Λop)µa¹W²i²��DÐoºFÏ[µa¼Â²H¶�ÄU²UÅ ·aÃ2³K¹KºSµa¶o»�Ðo¼Sµa³W²U½ÉÄbµa³W²H»g·[¹KºÂ²UÅ Æ¬Ö ¸�²PºÂ½o²H¶D³Kº�Á�Äbµa³KºÂ·[¶6·aÃ Γ

µ[Å ²H¶�½o·[¾�·[¹KÊo¸oºÂÅK¾�¹KºF¶o»�·aÃ
T
µa¶�½Éµ[Å ²H¶�½o·[¾�·[¹KÊo¸oºÂÅK¾ ¹KºF¶o»�·aÃ

HomΛ(T,Λ)
ºÂÅ ½o·[¶�²iÄU·[¸�²H¹W²H¶>³K¼FÌGFoµ�Ã_µ[ÄH³ À ¸oºÂÄW¸5½o²7Á�¶�²UÅ

X ′
ºF¶

µ ÄU·[¸�²H¹W²H¶>³dÀ@µbÌ5·[¶�ÄU²
X
ºÂÅPÄW¸�·�ÅW²H¶ Æ
H ¶�²=ÅK¸�·[Ðo¼Â½Ù· ´ ÅW²H¹KÏg²�³K¸�µa³�ÅKºF¶�ÄU² Λ

ºÂÅ
R È Êo¹W·aÎK²UÄH³KºFÏg²$·aÃ
Á�¶oºF³W²

�
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XZY�[�[@KWVN[\ORQUQ

³lÌDÊ�² � ·[¶�²PÄbµa¶ Ä�¸�·D·�Å�²Pµ�Êo¹W·aÎ�²UÄH³KºFÏg²�¹W²UÅW·[¼FÐo³KºÂ·[¶ ·aÃ
X
µa¶�½y·aÃ

X ′
µ[Å ´ ºF¾�·,½�Ðo¼Â²UÅ � µ[Åf½o²UÅWÄH¹Kº ´ ²U½ ºF¶ ÚÜÛ �]
¹W·[Ê�·�ÅKºF³KºÂ·[¶_^ ÆÜÛ�Æ�� µa¶�½É±j²H¾�¾¿µ\^ ÆÜÛ�Æ���"/Ý � ¹W²HÊo¹W²UÅW²H¶D³KºF¶o» ³K¸�²=Å�µa¾�²�· ´ ÎK²UÄH³{ºF¶É³K¸�²�½o²H¹KºFÏg²U½6Äbµa³W²H»g·[¹KÌ Æ

Ô ¶>Ì Êo¹W·aÎK²UÄH³KºFÏg² Λ ⊗R Γop
¾�·D½�Ðo¼Â²5ºÂÅ�Êo¹W·aÎ�²UÄH³KºFÏg²Ùµ[Å

Γop È ¾�·,½�Ðo¼Â²ÉÅKºF¶�ÄU² Λ
ºÂÅ¿Êo¹W·aÎ�²UÄH³KºFÏg²Ùµ[Å

R È¾�·,½�Ðo¼Â² Æ
Ö ¸�²�µa¶�µa¼Â·[»g·[Ð�Å@ÅK³�µa³W²H¾�²H¶>³@ºÂÅ
Ï�µa¼FºÂ½�Ã ·[¹ X ′ Æ`� ²H¶�ÄU² � ³K¸�² ¼Â²7ÃN³�½o²H¹KºFÏg²U½ ³W²H¶�ÅW·[¹¬Êo¹W·,½�Ð�ÄH³fÄbµa¶
´ ²d¹W²HÊo¼Sµ[ÄU²U½ ´ Ìy³K¸�²i·[¹W½�ºF¶�µa¹KÌÕ³W²H¶�ÅW·[¹{Êo¹W·D½�Ð�ÄH³ Æ¬Ö ¸�²H¶ � ·[¶�²i»g²H³WÅ

(X ⊗Γ −) ⊗Γ X ′ ' X ⊗Γ (−⊗Γ X ′)

µ[Å;ÃNÐo¶�ÄH³W·[¹
Db(Γ ⊗R Γop) −→ Db(Λ ⊗R Λop) Æa� ²H¶�ÄU² � ³K¸�²iÃ4Ðo¶�ÄH³W·[¹

G := X ⊗ EΓ − ⊗ EΓ X ′ : Db(Γ ⊗R Γop) −→ Db(Λ ⊗R Λop)

ºÂÅ{µa¶6²��>ÐoºFÏ�µa¼Â²H¶�ÄU² Æ
b àDãËãdc äfe�ëHì

R
ü�ë î ÷ ô[ênêné,ì_îgì ï�� ë ó ô(ëHì4íoë7ö ï î ó ö ï&ó úiî ó ñPùÂëHì Λ üWë�î ó R ø î[ùûú>ëbü7öKî�	�í ïN÷ í ï èPg ó�ï ì�ë7ù�õú>ë ó ë7öKî�ì�ëKñ�þ�öKô�ÿbë ÷ ì ï�� ë�îaè R ø ê�ôbñ�éDùÂë���e�ëHì G

üWënîyñ>ë7ö ï�� ëKñÉëNhHé ï�� î[ùFë ó�÷ ë�î[è�ñDë�è ÷ ö ï üWëKñÉî>üWô � ë��ji]íoë ó ý
G(HomR(Γ, R)) ' HomR(Λ, R).

]
¹W·D·aÃ Æ2Ö ¸oºÂÅ�ºÂÅ
µPÄU·[¶�ÅW²��DÐ�²H¶�ÄU²;·aÃ*µ[½aÎ�·[ºF¶D³K¶�²UÅWÅ2Ã ·[¹K¾=Ðo¼Sµ[Å¬µa¶�½$³K¸�²fÃ µ[ÄH³2³K¸�µa³ T
ºÂÅ2Ê�²H¹�ÃN²UÄH³
·bÏg²H¹

Λ Æ�l¶�½o²U²U½ �
HomDb(Γ⊗RΓop)(Γ ⊗R Γop, G−1(HomR(Λ, R)[n]))

' HomDb(Λ⊗RΛop)(T ⊗R HomΛ(T,Λ),HomR(Λ, R)[n])

' HomDb(Λ)(T,HomΛop(HomΛ(T,Λ),HomR(Λ, R))[n])

' HomDb(Λ)(T [−n],HomR(HomΛ(T,Λ) ⊗Λ Λ, R))

' HomDb(Λ)(T [−n],HomR(HomΛ(T,Λ), R))

' HomR(RHomDb(Λ)(T,Λ) ⊗Λ T [−n], R)

' HomR(HomDb(Λ)(T, T [−n]), R)

'

{

HomR(Γ, R)
º�Ã

n = 0
0

º�Ã
n 6= 0

� ²H¹W²5³K¸�²5Á�¹WÅK³ ºÂÅW·[¾�·[¹KÊo¸oºÂÅK¾§ºÂÅyµaÊoÊo¼FÌ,ºF¶o»
G
� ³K¸�²6Å�²UÄU·[¶�½ ºÂÅÕµa¶ µ[½aÎK·[ºF¶>³K¶�²UÅ�Å¿Ã ·[¹K¾=Ðo¼Sµ ´ ²H³�À@²U²H¶

HomΛop(HomΛ(T,Λ),−)
µa¶�½

− ⊗Λ HomΛ(T,Λ)
� ³K¸�²Õ³K¸oºF¹W½ ºÂÅ�µa»>µaºF¶ µ ÅKºF¾�ºF¼Sµa¹¿µ[½aÎK·[ºF¶>³K¶�²UÅWÅ

Ã ·[¹K¾=Ðo¼Sµ � ³K¸�²{ÃN·[Ðo¹K³K¸ ºÂÅ�³K¸�²�Ã µ[ÄH³f³K¸�µa³
−⊗Λ Λ

ºÂÅ@²��>ÐoºFÏ�µa¼Â²H¶>³@³W·�³K¸�²{ºÂ½o²H¶>³KºF³lÌ�ÃNÐo¶�ÄH³W·[¹ � µa¶�½¿³K¸�²H¶ À@²
Ð�ÅW²iµa»>µaºF¶ ³K¸�²iµ[½aÎK·[ºF¶>³K¶�²UÅWÅ�·aÃ

HomR(HomΛ(T,Λ),−)
µa¶�½

HomΛ(T,Λ)⊗Λ − Æ
× ºF¶�µa¼F¼FÌ¿À@²PÐ�ÅW²³K¸�²$Ã_µ[ÄH³i³K¸�µa³
T
ºÂÅ�µy³KºF¼F³KºF¶o»ÉÄU·[¾�Êo¼Â²�� ÆnÖ ¸oºÂÅdÊo¹W·bÏg²UÅ=³K¸�µa³i³K¸�²n¸�·[¾�·[¼Â·[»�ÌÙ·aÃ G−1(HomR(Λ, R))ºÂÅ�ÄU·[¶�ÄU²H¶D³K¹�µa³W²U½ÍºF¶Í½o²H»�¹W²U²

0
µa¶�½ ºÂÅW·[¾�·[¹KÊo¸oºÂÄ�³W·

HomR(Γ, R) ÆnÖ ¸oºÂÅdÁ�¶oºÂÅW¸�²UÅi³K¸�²nÊo¹W·D·aÃ ·aÃf³K¸�²¼Â²H¾�¾¿µ Æ
]
¹W·D·aÃ�·aÃ�³K¸�²U·[¹W²H¾ ��Ælk ºF¶�ÄU² Λ

ºÂÅ¬ÅKÌ,¾�¾�²H³K¹KºÂÄ �
Λ ' HomR(Λ, R)

ºF¶
Db(Λ⊗R Λop) Æ`m ·[¹W²U·(Ïg²H¹ �

HomDb(Γ⊗RΓop)(Γ ⊗R Γop, G−1(Λ)[n])) = HomDb(Λ⊗RΛop)(T ⊗R HomΛ(T,Λ),Λ)[n])

= HomDb(Λ)(T,HomΛ(HomΛ(T,Λ),Λ[n]))

= HomDb(Λ)(T, T [n])

=

{

Γ
º�Ã

n = 0
0

²H¼ÂÅ�²
µaÊoÊo¼FÌ,ºF¶o»

G−1 »�ºFÏg²UÅ{³K¸�µa³ Γ ' HomR(Γ, R)
ºF¶

Db(Γ ⊗R Γop) Æ�_Ã
R
ºÂÅdµa¶ÙºF¶>³W²H»�¹�µa¼¬½o·[¾¿µaºF¶ �

HomR(Γ, R)
ºÂÅ

R È ³W·[¹WÅKºÂ·[¶ÙÃ4¹W²U² � ¸�²H¶�ÄU²nÅW· ºÂÅ Γ ÆdÖ ²H¶�ÅW·[¹KºF¶o» ³K¸�²½o²H¹KºFÏg²U½ ²��>ÐoºFÏ�µa¼Â²H¶�ÄU² ºF¶�½�Ð�ÄU²U½ ´ Ì T
À ºF³K¸ ³K¸�²ÕÁ�²H¼Â½ ·aÃ�ÃN¹�µ[ÄH³KºÂ·[¶�Å

K
·aÃ

R
ÑNÅW²U² ÚÜÛ � ]¬¹W·[Ê*·�ÅKºF³KºÂ·[¶^ Æ#"�Æ �[Ý Ó � ·[¶�²�»g²H³WÅPµ m ·[¹KºF³�µ ²��>ÐoºFÏ�µa¼Â²H¶�ÄU² ´ ²H³lÀf²U²H¶ A := K ⊗R Λ

µa¶�½
B := K ⊗R Γ Æ%k ºF¶�ÄU² Γ

ºÂÅ
R È ³W·[¹WÅKºÂ·[¶ ÃN¹W²U² � Γ ºÂÅ�µa¶ R È ·[¹W½o²H¹�ºF¶ B Æ
Ö ¸oºÂÅ�Êo¹W·bÏg²UÅ{³K¸�²i³K¸�²U·[¹W²H¾ Æ
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Ú��7Ý + Æ �i²H¼F¼Â²H¹�F Ô ¹W²H¾¿µa¹KØ$·[¶n³KºF¼F³KºF¶o»i³K¸�²U·[¹KÌ$µa¶�½ DG È µa¼F»g² ´ ¹�µ[Å�F m µa¶>Ð�Å Æ|m µa³K¸ Æ~}U� Ñ ��-.-�Û Ó "����(È�".��Û�Æ
Ú#"/Ý1k*Æ ��$[¶oºF»�µa¶�½ Ô$Æ:� ºF¾�¾�²H¹K¾¿µa¶o¶4F Ö ºF¼F³KºF¶o»=¸�²H¹W²U½�ºF³�µa¹KÌ¿·[¹W½o²H¹WÅ�FU�@·[¾�¾ Æ ºF¶ Ô ¼F» Æu�U� Ñ ��-.- ^gÓ �  -~�(È

��-u�bÛ�Æ
ÚÜÛ/Ý1k*Æ ��$[¶oºF»Íµa¶�½ Ô$Æ'� ºF¾�¾�²H¹K¾¿µa¶o¶4F ) ²H¹KºFÏg²U½����>ÐoºFÏ�µa¼Â²H¶�ÄU²UÅ$ÃN·[¹��P¹W·[ÐoÊ � ºF¶o»gÅ�F¬À ºF³K¸ ÄU·[¶D³K¹Kº ´ Ð È³KºÂ·[¶�Å ´ Ì\+;²H¹K¶o¸�µa¹W½A�i²H¼F¼Â²H¹ � m µa¹KØ,Ð�Å ±�ºF¶�ÄWØg²H¼F¾¿µa¶o¶ �Z� ²H¹W²H¾=Ì � ºÂÄWØ�µa¹W½Éµa¶�½ � µaÊo¸�µ|�H¼ � ·[ÐP�DÐoºÂ²H¹ Æ

k Êo¹KºF¶o»g²H¹P±j²UÄH³KÐo¹W²��P·[³W²UÅ ºF¶ m µa³K¸�²H¾¿µa³KºÂÄUÅ � ^. � � k Êo¹KºF¶o»g²H¹%�¬²H¹K¼Sµa»8+;²H¹K¼FºF¶ È*� ²HºÂ½o²H¼ ´ ²H¹K» ��-.-  Æ
Ú �[Ý � Æ � ºÂÄ�Ø[µa¹W½�F ) ²H¹KºFÏg²U½ ²��DÐoºFÏ[µa¼Â²H¶�ÄU²UÅ�µ[Å$½o²H¹KºFÏg²U½ÍÃNÐo¶�ÄH³W·[¹WÅ�F � Æ ±j·[¶�½o·[¶ m µa³K¸ Æak ·DÄ Æ��Z� Ñ ��-.-u� Ó
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