


I ⇤ , s
⇤

I ( , , )
I Z
I ⇤ ! End ( )
I 2 End ( ) 2

( � ), ( � ⇤), [ , ]

I [ ] := [( , , )]
( , )

( � ) 2 [ ] = [ ]



I ⇤ , s
⇤

I ( , , )
I Z
I ⇤ ! End ( )
I 2 End ( ) 2

( � ), ( � ⇤), [ , ]

I [ ] := [( , , )]
( , )

( � ) 2 [ ] = [ ]



I ⇤ , s
⇤

I ( , , )
I Z
I ⇤ ! End ( )
I 2 End ( ) 2

( � ), ( � ⇤), [ , ]

I [ ] := [( , , )]
( , )

( � ) 2 [ ] = [ ]



I

( , )⇥ ( , ) ! ( , ).

I
( , ( ) , ) ( , ( ) , ) ( , , ) = ⌦

y 2✓ ◆
,

✓
y

⇤
y

◆�
�

y : ! h 7! y ⌦ h
 k < 2

⇤[ ⌦ , ] � �k ⇤

[ ] = [ ]⌦ [ ] 2 ( , ).



I

( , )⇥ ( , ) ! ( , ).

I
( , ( ) , ) ( , ( ) , ) ( , , ) = ⌦

y 2✓ ◆
,

✓
y

⇤
y

◆�
�

y : ! h 7! y ⌦ h
 k < 2

⇤[ ⌦ , ] � �k ⇤

[ ] = [ ]⌦ [ ] 2 ( , ).



I
(A, , )

I Z
I ⇤ ! End ( )
I D 2

( +D⇤D)�

I ⇤ A ⇢ 2 A
·DomD⇤ ⇢ DomD [D, ]

I D = D⇤ (A, ,D)

I
D := D( +D⇤D)� /

( , , D)
(A, ,D) 7! [ D ] ( , )



I
(A, , )

I Z
I ⇤ ! End ( )
I D 2

( +D⇤D)�

I ⇤ A ⇢ 2 A
·DomD⇤ ⇢ DomD [D, ]

I D = D⇤ (A, ,D)

I
D := D( +D⇤D)� /

( , , D)
(A, ,D) 7! [ D ] ( , )



I
(A, , )

I Z
I ⇤ ! End ( )
I D 2

( +D⇤D)�

I ⇤ A ⇢ 2 A
·DomD⇤ ⇢ DomD [D, ]

I D = D⇤ (A, ,D)

I
D := D( +D⇤D)� /

( , , D)
(A, ,D) 7! [ D ] ( , )



I
(A, ( ) ,D ) (B, ( ) ,D ) (A, ,D)
= ⌦

y✓
D

D

◆
,

✓
y

⇤
y

◆�
�

DomD ⇢ DomD ⌦
� x 2 DomD
⌦
(D ⌦ )x

��Dx
↵
+

⌦
Dx

�� (D ⌦ )x
↵
� � hx|xi.

[D] = [D ]⌦ [D ] 2 ( , ).



I
[D,D ⌦ ]

I

I := ( , )⇥ ( , )
⇤ := ( ) = ( , ) = C

D := ∂ + sin
⇣ ⌘

, :=
�
( , ), ( , )

�
,

D := ∂ , := ( , ).

D := D s +D s
[D ]⌦ [D ]



I
[D,D ⌦ ]

I

I := ( , )⇥ ( , )
⇤ := ( ) = ( , ) = C

D := ∂ + sin
⇣ ⌘

, :=
�
( , ), ( , )

�
,

D := ∂ , := ( , ).

D := D s +D s
[D ]⌦ [D ]



I
[D,D ⌦ ]

I

I := ( , )⇥ ( , )
⇤ := ( ) = ( , ) = C

D := ∂ + sin
⇣ ⌘

, :=
�
( , ), ( , )

�
,

D := ∂ , := ( , ).

D := D s +D s
[D ]⌦ [D ]



( , ( ) ,D ) ( , ( ) ,D )
( , ,D) = ⌦

y✓
D

D

◆
,

✓
y

⇤
y

◆�
�

DomD ⇢ DomD ⌦ �
x 2 DomD

⌦
(D ⌦ )x

��Dx
↵
+

⌦
Dx

�� (D ⌦ )x
↵
� �

⌦
x
�� ( +D⇤D) / x

↵
.

[D] = [D ]⌦ [D ] 2 ( , ).



I (A, ,D)
! End ( )

I A ⇢ { } 2N

+ = 2 N

I {c } 2N

c := / , c := ( � � ) / , > .

I D := + D +

I {a } 2N ⇢ ( ,•)
(A, ,D)

eD(a) :=
•

Â
=

c a D c .

I [eD(a)] = [ D ] 2 ( , )



I (A, ,D)
! End ( )

I A ⇢ { } 2N

+ = 2 N

I {c } 2N

c := / , c := ( � � ) / , > .

I D := + D +

I {a } 2N ⇢ ( ,•)
(A, ,D)

eD(a) :=
•

Â
=

c a D c .

I [eD(a)] = [ D ] 2 ( , )



I (A, ,D)
! End ( )

I A ⇢ { } 2N

+ = 2 N

I {c } 2N

c := / , c := ( � � ) / , > .

I D := + D +

I {a } 2N ⇢ ( ,•)
(A, ,D)

eD(a) :=
•

Â
=

c a D c .

I [eD(a)] = [ D ] 2 ( , )



I (A, ,D)
! End ( )

I A ⇢ { } 2N

+ = 2 N

I {c } 2N

c := / , c := ( � � ) / , > .

I D := + D +

I {a } 2N ⇢ ( ,•)
(A, ,D)

eD(a) :=
•

Â
=

c a D c .

I [eD(a)] = [ D ] 2 ( , )



I (A, ,D)
! End ( )

I A ⇢ { } 2N

+ = 2 N

I {c } 2N

c := / , c := ( � � ) / , > .

I D := + D +

I {a } 2N ⇢ ( ,•)
(A, ,D)

eD(a) :=
•

Â
=

c a D c .

I [eD(a)] = [ D ] 2 ( , )



I (A, ,D)
! End ( )

I A ⇢ { } 2N

+ = 2 N

I {c } 2N

c := / , c := ( � � ) / , > .

I D := + D +

I {a } 2N ⇢ ( ,•)
(A, ,D)

eD(a) :=
•

Â
=

c a D c .

I [eD(a)] = [ D ] 2 ( , )



I (A, ( ) ,D )
(A, ( ) ,D ) (A, ,D)

:= ⌦ A ⇢
{ }

I
2 N ·DomD ⇢ DomD ⌦

n > � x 2 DomD
⌦
(D ⌦ ) x

��D x
↵
+

⌦
D x

�� (D ⌦ ) x
↵

� n
⌦
(D ⌦ ) x

�� (D ⌦ ) x
↵
�

⌦
x
�� ( +D⇤D)� / x

↵
.



I (A, ( ) ,D )
(A, ( ) ,D ) (A, ,D)

:= ⌦ A ⇢
{ }

I
2 N ·DomD ⇢ DomD ⌦

n > � x 2 DomD
⌦
(D ⌦ ) x

��D x
↵
+

⌦
D x

�� (D ⌦ ) x
↵

� n
⌦
(D ⌦ ) x

�� (D ⌦ ) x
↵
�

⌦
x
�� ( +D⇤D)� / x

↵
.



(A, ( ) ,D )
(A, ( ) ,D ) (A, ,D) := ⌦

A ⇢ { }

[D] = [D ]⌦ [D ] 2 ( , ).



I (A, ( ) ,D )
(B, ( ) ,D ) S := D ⌦

:= ⌦ T
D := S + T
D (A, ,D)

y A ·DomD✓
T

D

◆
,

✓
y

⇤
y

◆�
�

A ⇢ { }
·DomD ⇢ DomS \Dom T

I



I (A, ( ) ,D )
(B, ( ) ,D ) S := D ⌦

:= ⌦ T
D := S + T
D (A, ,D)

y A ·DomD✓
T

D

◆
,

✓
y

⇤
y

◆�
�

A ⇢ { }
·DomD ⇢ DomS \Dom T

I



(A, ( ) ,D )
(B, ( ) ,D ) S := D ⌦

:= ⌦ T
D := S + T

F ⇢ DomD 2 N

I · F ⇢ DomST \Dom T S
I � h 2 F

��[S , T ] h
�� 

��( +D⇤D) / h
��.

[D] = [D ]⌦ [D ] 2 ( , ).



(A, ( ) ,D )
(B, ( ) ,D ) S := D ⌦

:= ⌦ T
D := S + T

F ⇢ DomD 2 N

I · F ⇢ DomST \Dom T S
I � h 2 F

��[S , T ] h
�� 

��( +D⇤D) / h
��.

[D] = [D ]⌦ [D ] 2 ( , ).



(A, ( ) ,D )
(B, ( ) ,D ) S := D ⌦

:= ⌦ T
D := S + T

F ⇢ DomD 2 N

I · F ⇢ DomST \Dom T S
I � h 2 F

��[S , T ] h
�� 

��( +D⇤D) / h
��.

[D] = [D ]⌦ [D ] 2 ( , ).



⇤

⇤


