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�vat x� Q�m u�	 �QDxO�U CQ��a x� �Ovm�t xar��t 	Q ��tDv	wm ��y��i �xUOvy ���H��H�v �xUOvy
u�vJ �CU	 �C 
rDNt O	Oa	 u	O�t �wQ p�Ft u	wva x�� ���H��H�v ��yQ�H ��UOvy X	wN �xar��t

�OvDUy Q� R ��yQ�H pt�W p�Ft u	wva x� ���yQ�H
�xOW �Ov�nQ� ��yxv�tN Q� p�Uv	Qi�O Q	wnQ� ��yQorta ��yQ�H �p�Uv	Qi�O x�W ��yQorta ��yQ�H �

��yQ	wywQo �	Q� �WJ�B ��yQ�H �� �yQ�H xwQo �p�Uv	Qi�O ��ysQi ��yQ�H
��yxQ�vJ Q� �� ��yxQm Q� �yCW�ov ��yQ�H Ovv�t QwyWt ��yQ�H ��xO�Dv	wm �� ���H��H�v ��yCQwY �

&�Ov�xOQ ��y��i Q� �� �mO�U ��y	tDHt Q�
��tDv	wm l�v�mt R	 xOW �W�v ��yQ�H Ovv�t O�OH ���H��H�v ��ak	w ��yQ�H �

����H��H� ��yQ�H �xr�Uw x� u	wD�t 	Q �y��i R	 �irDNt ��yxDUQ xmCU	 xDmv u�	 x� xHwD Q� Q�m T�U	
l� �xDUw�B ��yCW�ov Q�H xr�Uwx� xOQWi ��a�wt ���i l�� OQm h�YwD �qt�m �yv� Q� �yCW�ov
QO ��V	�D�YDNt �xkrL xr�Uw x� u�i� �Q�H �xD� Q	w l� �Q	wty ��yCW�ov Q�H �xr�Uw x� Q	wty xv�tN
�CU� Qov ����H��H�v ���i l� Q� �yCW�ov Q�H u	wva x� u	wD�t ���H��H Q�H l� x� �CQwY u�	
x�W ��yQorta Q�H �xv�tN l� Q� �yCW�ov Q�H x�oO�O u�	 �qFt �CU	 Q�PBh��av	 Q��U� OQm� wQ u�	

�OyO�t VWwB u�Um� Qw�x� 	Q p�Uv	Qi�O ��ytQi Q�H w p�Uv	Qi�O
��yUqm u	wD�t xvwoJ 'CU�J ���H��H�v Q�H l� ��UOvy C�Y�N �CU	 u�	 p	�wU p�L
xvwou�	 'OQm h�YwD ���H��H�v Q�H l� �	Q� 	Q �v�t� Q l� QDt Ovv�t �i��	 ��yQ�DN�U �� xYNWt
	Q ��� Rvm u(r(	 �	PH Q��U� ��Dm �Ovm�t EL� �yv� �xQ�� QO ���H��H�v xUOvy xm CU	 ��r��t �yp	�wU

�O�v���
�xQ�eDt wO l� SwrwB wD �Qw�D�K w �QwO �oDUv�t R	 Ov	CQ��a ���H��H�v �xUOvy �O��v� �Q	R�	 wO

��
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�CiQo Q�vQO �xvt	O QB G��Dv �� �l�Uqm �s	Q)O �oDUv�ty R	 �t�taD u	wva x� u	wD�t 	Q �QwO �x� Q�v
X�N �r�N Cr�L l� u	wva x� 	Q MwQ� RQy���D(	 �xQ�eDt wO l� SwrwB wD �Qw�D�K ��Qw�D�K xm�r�LQO
w OW h� QaD �yQ�H�C� �xDUQ �wQ Q� hwQ�BU�m xr�Uw x� 	OD�	 xQ�eDt wO �Qw�D�K �OwW�t pt�W
x� w Ci�� COLw u	Qo�O w Q)tr�i� TqowO �uw	Q� �MwQ� RQy���D(	 �r�k ��yQ�m j� Q� u�	 R	 �Ci�� xaUwD
C�Ft G��Dv w OQ� Q�mx� 	Q OwN �xQ�eDt wO �x� Q�v u�vJty hwQ�BU�m �OW xO	O VQDUo u�O��v� CQwY
l� SwrwB wD ��y�Qw�D�K xm OW hWm QN	w	 u�ty �OQw� CUOx� hm� wwv TOL �xQ�� QO �Qw�CQ�L
��a�wt ��yQ�H w xDUUo ��yQ�H pt�W l� SwrwB wD ��yQ�H R	 �	xOQDUo h�� Q� Ov	wD�t xQ�eDtwO

�OwW h� QaD �yQ�H�C� �� M�v�� ��yQ�H w �OLt
l� Qy xm �Ci�� xaUwD u�o�UD w Rvm 
UwD �qkDUt xm CU	 �oDUv�t �x� Q�v l� �QwO �x� Q�v
�QwO �oDUv�t xm OW XNWt �	Qwi u� R	 TB �OvOw� �Qw�D�K ��yQ�DN�U hrDNt ��yx�vH R	 QF��Dt

�OQ	O T�Ov	 �����k w xwQo �oDUv�ty ��r Q�H �oDUv�t �s	QO x� Q�v �� �m�ORv ��y���DQ	
�	k	wQO �OvDU�v l�Uqm ��yQ�DN�U �xO�U s�taD xHw I�y x� O�OH ��yx� Q�v xm CU	 xHwD p��k
�OvyO�t x�	Q	 l�Uqm QwyWt ��yx� Q�v R	 	�O� �qt�m �Q��aD w O�OH �y�oO�O ����H��H Cr�L QO
QO x� Q�v wO Qy �qFt �CU	 xOy�Wt p��k ���H��H�v �xDUQ QO 
ki x� Q�v wO u�	 �U�U	 ��yC�Y�N

�OvQ	O pwtW C�Y�N �O	OaD xv�tR u�	
��tDv	wm ��y��i R	 �O	OaD �	Q� x� Q�v wO u�	 xm �UOvy C�aq�	 "wv x� s� Q	O �y�ov �Hv�	 QO
QO CU	 xOW QmP �yp�Ft u�	 QO xm �Qw�D�K w �QwO ��yTqm �tUQ h� QaD �OvyO�t x�	Q	 xO�U
�CU�v j�kO h� QaD x� �R��v �OwyW lQO l� O�H�	 �	Q� �Hv�	 QO �OwW�t xO	O K��wD �Oa� VN�

wO Qy u�� ���yu�m�B w x�kv n �	Q	O ��i u�	 ��
�H��H�v ��yOvw�B w x�kv n �� ��y��i ��
h�YwD n� n ��yT� QD�t R	 pmWDt Mn�C � Q�H �xr�Uw x� ��i u�	 �Q�Hl� u	wva x� �CU	 x�kv

��Ov	�Q�k ��yT� QD�t �� Q��vDt x�kv n �wQ ��y	��D� �OwW�t

Q�v QO 	Q OQi ��yxOQ w �Ovvm�t Q�v �oDUv�t GwR �xOQ l� x� wO Qy ��Qw�D�K w �QwO �x� Q�v
�� de Rham
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QDq�� Oa)� �� �y�O��v �oDUv�ty �xOQ I�y w CU	 �Oa)� QiY �y�O��v GwR �xOQ �x� Q�v wO Qy QO �OvQ�o�tv
Oa� R	 �	xOQ I�y w CU	 x�kv n �RQ	sy �xOQ Qov���tv xm OQ	O OwHw xOQ l� xm �Hv� R	 �OQ	Ov OwHw

�CU	 Ov�ty �Oa� QiY ���i l� x��W Mn�C � �OQ	Ov OwHw QDq��
�l� SwrwB wD� Q	wywQol� ��rmCr�L QO �CU	 Q	wywQol� �	Q��WJ�B Q�Hl� �Cr�Lu� QDxO�Uu�	
x� q�� p�Ft Ovv�t Ov	wD�t xm �Q�PBCWoQ�� ��yu�m�B R	 �	xO	wv�N w #��W	 ���i l� R	 CU	 CQ��a
��kv ����H��H�v �oDUv�t ��yx� Q�v x�oO�O R	 �OwW xDiQo Q�v QO #��W	 u�� ���H��H�v ���yQ�Ut u	wva
QDq�� �oDUv�t ��yxOQ �OvDUy �oDUv�t �xOQ l� R	 Ov	xOW pYw sy x� u�m�B l� 
UwD xm �irDNt
w �yu�m�B R	 pmWDt ��y�Ov� Qm�B R	 ���yu�m�B R	 �	xkw� Ovv�t� �yu�m�B R	 ���y�Ov� Qm�B R	 Ov	wD�t R�v

UwD xOW u��aD Q�H �p�Ft u	wva x� �OwW �W�v ���yR�J u�vJ ��N ��y��mQD R	 �DL �� �#��W	
�Oa��� �xOQ Q� xwqa �Q�H u�	 �O� Q�o Q�v QO 	Q Q� R h	Qo QO umtt ��yQ�Ut xty ��N ��y��mQD
TmaQ�� OQ	O Q� QO R�v 	Q xQ�	O �wQ Q�Ut R	 �W�v �Oa�l� �xOQ l� ���kv �RQ	sy �xOQ 
UwD xOW xO	O

��CU	 �y�O� Q�Ut hr�Nt Q�Ut u�	 s�vm�t ZQi �Hv�	 QO �Mn�C � Cr�L

�OwW�t h�YwD A�p� q� Q	Oxm� Q�H 
UwD ��i u�	 ��tDv	wm l�v�mt QO R�i ���i ��
�y�o � �OwW�t O�rwD �Ovvm�t jOY pq � qp � 
 nQ��v�R��y �x��	Q QO xm p� q Orwt wO ��A�p� q�
p�tmD ��� Q�H u�	 �	Q� �Qw�D�K R	 �	x�U�Lt I�y Q��L p�L QO ��OwW�t xO�t�v �p� w Q�H�Q�H u�	
�xOQ I�y w OQ	O OwHw �Oa��� �oDUv�ty xOQ l� �QwO �x� Q�v x�oO�O R	 �OQ	Ov OwHw �u� Q	wty �xOW
s� Q	O �Oa��� ���H��H�v ���i l� �t CQwY u�	 QO �OQ	Ov OwHw wO hr�Nt ��yOa� QO ��y�O��v�
�xOQ I�y �DL xmr� �OQ	Ov �	x�kv I�y ��i u�	 �yvD xv �u�	OwHw�� ���Oa��� �xLiY l� x��W ���Qi�

�� Weyl algebra
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�OQ	Ov R�v 	Q x�kv l� �RQ	sy

��y� QU 
UwD xOW xO	O A� Q	Oxm� Q�H R	 CU	 CQ��a ��i u�	 ��
�H��H�v �Oa��� �xQ�vJ ��
w uu� � u�u � vv� � v�v � 
 ��yx��	Q QO xm v w u Orwt wO QO �rwRv ��a� QU ��	Q� �� �v	wD
Q�HQ� R l� fv� u�g w fu� u�g ��yOrwt GwR Qy �Ovvm�t jOY � � �!� 
�l� �	Q� vu � e��i�

�yQ�HQ� R u�	 x�ov� �� � ! Qo 	 �Ovm�t O�rwD �xQ�	O Q� Q	wty ��yCW�ov Q�H �� CN� Qm� ���H��H
�Qw�D�K �CU	 CN� Qm� S� � S� �Oa��� �xQ�vJ Q� Q	wty ��yCW�ov Q�H �� A� w OvwW�t �H��H

�OQ	O Q� QO 	Q �Oa)��OQi �xOQ wO w �Oa)��GwR �xOQ wO A� Q�H �	Q�
�CU	 �Oa��� �Qo�O w �Oa��� GwR ��yxOQ R	 �m� xm OyO�t u�Wv �QDW�� CkO �� �QwO �x� Q�v
�u�	Q��v� ��OvwW�t xO	O V��tv v��dv w u��du ��ysQi�
 
UwD w� Ov	�Oa��l� wO Qy OQi xOQ wO

�CU	 �Oa��� �rwtat �xQ�vJ x��W ��k�kO ���H��H�v �xQ�vJ �x�oO�O u�	 R	


UwD xm OW�� �y�vDt �mO�U 	tDHt l� � O�vm ZQi ��
�H��H�v �mO�U ��y	tDHt ��



�
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xO	O �F 
 V �y�vDt ��yxawtHtQ� R R	 CU	 CQ��a xm V��ymO�U xawtHt w V V��yU�	Q �xawtHt
Q�H C� O�vm ZQi �s�vm Q��vDt Q� R CQwY x� C� ���H��H�v Q�H l� � x� s�v	wD�t �CU	 xOW

�	wQ QO xm OW�� �S � V �hs ��yOrwt QO �rwRv ��a� QU ��	Q� �� �v	wD ��y� QU 
UwD xOW xO	O Q	Om�

�Ovvm�t jOY Q� R
& �S�V hs � 
 �

�CU	 QiYhs�hs� � � �hsn �Q�rY�L x�ov� �OW��v � QO fS�� S�� � � � � Sng Qo 	 �
Q�H �� CN� Qm� Q�H l� s�vm�t �iQat 	Q �yOrwt ���H��H �i��	 �QW �t xm�t�ovy xm O�vm xHwD�
�	Q� �w�vDt �QwO �oDUv�t w �Qw�D�K ��s� Qw��t CUO x� 	Q � �UOvy Q��aD Q� Q	wty ��yCW�ov
�p�L u�	 �� �CU	 � �UOvy Q��aD GQOt�Z� u�mD �oDUv�ty w �Qw�D�K �� CN� Qm� ��DQD x� C�

xm � u� Q��v ���H��H �oDUv�t �xOQ �d� Oa� R	 QDoQR� �r�N �C� �	Q� �QwO �oDUv�ty xOQ l� Oa)�
�OLt ��a�wt ��yQ�H �oDUv�t�K �wQ �	xHQO V�q�B l� u�vJty �OW���t �CU	 �d �x�DQt R	
VQ��v ���H��H �oDUv�t �xOQ Oa� �� C� �	Q� �oDUv�t�K �xOQ l� �oDUv�t�K �xHQO �OQ	O OwHw

�CU	 Q�	Q�

xDiQ Q�m x� ���H��H�v ���i l� �pmW h�YwD �	Q� �Qw�D�K w �QwO ��yxOQ �yp�Ft u�	 QO
h�YwD �	Q� xm OvDUy �rY	 Q	R�	 u�vJty �yv� �OwW�tv sDN �Hv�	 x��y	OQw�v u�	 �OQmQ�m �t	 �CU	

�OvwQ�t Q�m x� �yQorta T�Ov	 w �y	�UwD QO u��UJ ��yxO	O Ovv�t Qo�O �m� SwrwB wD C�aq�	
s�vm�t x�	Q	 	Q �Qw�D�K �xiQ� wO �	OQw�v �x� Q�v w �QwO �x� Q�v R	 CN	wvm� �y�oO�O �t xr�kt u�	 QO
�x� Q�v u�� Cy��W Q� x�oO�O u�	 �OW�� p�ta	 p��k �yQ�H hrDNt ��yxDUQ QO Ov	wD�t Ck�kL QO xm
X	wN x� �a��� Qw� x� x�oO�O u�	 �Ovm�t O�m ��D �y	�UwD w �Qw�D�K u�� �x��	Q w s	Q)O �x� Q�v �� �QwO
�Qw�D�K R	 xm 	Q �Rv)m�uQ �J �xQ�eDt wO XN�W Q�DN�U u�vJty �t �OwW�t GDvt x� Q�v wO QO �O��v�
C�rm u�	 �� �� Q� p�O�D u�	 OwHw �s�yO�t K��wD �Ovm�t QPo �QwO xQ�eDtwO �x� Q�v x� xQ�eDtwO
�� Chern�Connes
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�CU	 xOt� CUO x� �QwO �oDUv�t w K ��yx� Q�v QO CiQW�B �xH�Dv QO Q�N	 ��yr�U u�ty QO 
ki
R	 	�Uw �t�taD u�	 ���
���
�� �Ow� xOW �UQQ� u	Qo�O w Rvm 
UwD X�N syt ��yCr�L�� ������
#��W	 �� u	wD� 	Q xYNWt ��yTqm xm OyO�t xR�H	 wCU	 p�Uv	Qi�O xUOvy QO uQJl�Uqm XN�W

�OQm Q��vDt �Qw�D�K
�vat I�y �yQ� wYD u�	 	Q� R �svw�Ot p���m�t w Tqm�v sv	QUB x� q�� ��yp�Ft Q� w�YD �	Q� ut

�CU	 xDU�	w �tDv	wm ��y��i s *UHD �awv 
ki �yv� hOy w �OvQ	Ov �m�vmD

s�vm G	QNDU	 �
�H��H C�aq�	 �tDv	wm ���i l
 R	 xvwoJ �
 ��
�H��H�v s	QO Ci��ty
Ov	wD�t �yQo �H��H xty 
UwD xOWO�rwD p�xO�	 x�C�Uv uDiQoCtUk GQ�N pta �� A���H��H�v Q�H Qy
�OQ��t u�� R	�r�H ��yCr�L xty QO ���� QkD 	Q �w� Qt C�aq�	 �VwQ u�	 p�L u�	 �� �OwW Q�PBZ� waD
��CU	 u�vJ 	�w �r�k � w � w 
 ��yp�Ft QO �qFt� CU	 QiY ��awv �r�� CtUk GQ�N �Ck�kL QO
�u�owO Qw� x� �� ��yQo �H��H ��N ���i Q� 
ki Q�H s�UkD R	 CU	 CQ��a VN�O� wv OQm� wQ l�
xmv�vJ A Q� f ��N la��D l� R	 CU	 CQ��a h� QaD �Hwt x� �QF� l� �A Q� �yQF	 �UQQ�

�x� y � A Qy �	Q� f�xy� � f�yx�

��yxOQ �UQQ� R	 CU	 CQ��a �m� SwrwB wD C�aq�	 h�YwD �	Q� �t �SD	QDU	 �CQwY u�	 QO
'OwW xrwtQi �Q�H CQwY x� Ov	wD�t xvwoJ w CU�J �yQF	 �	Q� �B wDwty ��yQF	 �B wDwty

�iQat GQOt p�Uv	Qi�O ��yQ�H �� ���DQ	 QO ��

� ur� wm 
UwD xm �Di��ty�X xr�Uw x� �	wHl�
�CiQ Q�m x� ��� w ��� w ��� QO l�D�tDU�U Qw� x� Ci��ty�X u�	 u� R	 TB �O���t CUO x� �OW

u	wva x� A �wQ OQHt ��ytQi�
 xty R	 pmWDt ��A ���i �OW�� Q�H l� A O�vm ZQi
w x � 
A xm OwW�t h� QaD �xd�y� CQwY x� ��yCQ��a ��N ��y��mQD R	 xOW p�mWD �pwOt�wO
�OwW�t xO	O Q� R ��yuwv�k �xr�Uw x� pwOt�wO Q�DN�U �A ��xOW u�m� R	 CU	 CQ��a 
A xm �y � A

a�xdy� � axdy� �xdy�a � xd�ya�� xyda� a � A

��OwW�t �iQat d�xy� � xdy � d�x�y �x��	Q �va��
w a � A �	Q� f�aw� � f�wa� xmv�vJ f ��N la��D l� R	 CU	 CQ��a ��A Q� QF	 l�

Q� R GQOt �Z� Ci��ty R	 CU	 CQ��a X��A� �u�owO� Ci��ty�X �w � ��A

fA Q� �yDW�ovg
�
����
�
f��A Q� �yQF	g

h� QaD ��f��xdy� � f��x� y��� ��f��x� � f�dx� ��ypwtQi xr�Uwx� �RQt ��yQorta
�CU	 CU	QQU �� � �� � � xmu�	 j�kLD �OvwW�t

GwR �oDUv�t �OQi w GwR ��y�oDUv�t R	 Ov	CQ��a xm OQ	O �oDUv�t xwQo wO 
ki Ci��ty u�	
GQ�N ��OvwW�t QiY �yQo �H��H �wQ xm A Q� ��N ��yla��D ���yQF	 ���i R	 CU	 CQ��a HXev

�� trace �� bimodule �� unitization
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Q� QF	 l� f xm f!d CQwYx� ��N ��yla��D ��yQF	 ���yjDWt ���i 
UwD xOW �Q�oCtUk
Q�vQO A Q� �yQF	 �oDUv�t ��yxOQ ���i u	wva x� Ov	wD�t �DUQO x� CtUk GQ�N u�	 �CU	 ��A

�s� Qw��t CUO x� �OQi �oDUv�t �	Q� �y��Wt EL� �� �OwW xDiQo
HXev�A� � fA Q� �yQF	 �B wDwty ��yxOQg
HXod�A� � f��A Q� xDU� ��yQF	 ��yxOQg

�f!d � � Qo 	 CU	 xDU� f QF	 xm
��va� �OW���t u� u�owO X��A� xm OQ	O OwHw X�A� �a��� Ci��ty l�

A
�
����
�

��A�


 � ��A� ��A� w �yQo �H��H
UwD��A R	��A��A���A�CtUkGQ�NR	CU	CQ��a��A� xm
�OvwW�t h� QaD Q� R ��yx��	Q 
UwD �RQt ��yQorta w CU	 CtUk GQ�N CW�ov

��x� � 
�dx� w ��
�xdy�� � �x� y��

QO 	Q s	QO Ci��ty Vkv O��� X�A� �xO�U xO�ar	jwi Ci��ty xm CU	 Qw��HaD �	xR	Ov	 �D ��trUt
�O����tv p�rkD s	QO Ci��ty x� Ci��ty u�	 Kw�wx� ���H��H Cr�L QO �Ovm �i�	 ���H��H�v �xUOvy
R	 O�OH Q��aD l� x� GDvt u�vJty K��wD u�	 �OwW�t xO	O K��wD uwvm 	 s	QO Ci��ty u�	 Cy��Wt

�OwW�t l�Uqm s	QO �x� Q�v
�CU	 uOQm�r�� VwQ x� C�Uv QDpODat �xw�W l� �yQF	 �� uOQmQ�m xJQo 	 xm CU	 u�	 "wQW �x�kv
��yQ�H R	 �a��� ���yp�Ft 	k	wQO �OwW�t GDvt �y�O� G��Dv x� ���H��H�v ��yQ�H R	 �r�N �	Q� Rwvy

�OQ	Ov OwHw �y�O��v QF	 �CW�ov� I�y �yv� �	Q� xm OQ	O OwHw A
�OwW�t uwtvyQ �Ov	
�DQt 	�UwD j� Q� R	 A �� xm ���yQ�H Q� �yQF	 �UQQ� x� jkLt p�rO u�ty x�
QO �I p�xO�	 l� xr�Uwx��CtUk GQ�N l� u	wva x� 	Q A xm E Q�Hl� R	 CU	 CQ��a A ��UwD l�
�yQ�H ��y�DN� Qty �yVri xm �� I � E � A� � j�kO �xr��vO l� �xYqN Qw�x� ��� OQ	O Q�

�Ovvm�t �i�	 ���H��H�v �xUOvy QO �U�U	 �Wkv �y	�UwD �OvDUy
�	Q� IK � ��va�� CU	 u	wDIwB I p�xO�	 xm A 	�UwD Qy QO Qo 	 OwW�t xO�t�v O�R��x�W A Q�H
�OW�� E � A CtUkGQ�N CW�ovAJ uwQ	w l� xm OW�� xDW	O OwHw E � A �DN� Qty ��K l�
��yxD� Q	w w ���H��H ��yQ�H �	Q�l�OvDwQo
UwD xm uOw� Q	wty �QW �� ���� QkD �QwY��Lrx� �QW u�	

�CU	 O	R��x�W O	R� Q�H Qy �CU	 �m� �xOW �iQat �Q�H
CtUkGQ�N u	wva x� A V��tv R	 �	 � ev�od xm HP ��A� �A Q�H �� w�vD �QwO �oDUv�ty

s�U� wv�t CQwY u�	 QO w O���t CUOx� �I p�xO�	 l� �xr�Uwx� T O	R��x�W Q�H l�

H�P ���A� � lim
�
n

HX��T�In��
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HX��T�In� �oDUv�t �OQ	Ov T O	R��x�W Q�H��NDv	 x� �oDU�h� QaD u�	 xmCU	 u�	 sytCk�kL
�HC�n���A� ��� w�vD�v� �rwtat �QwO �oDUv�ty R	 CU	 CQ��a �rwY	 Qw� x�

u� QO xm Q� R pwtQi xr�Uwx� Qo�O j� Q� x� u	wD�t 	Q HP � s�v��� xm CU�v pmWt �r�N
�OQw� CUOx� OW���tev � 
 � od

HP ��A� � lim
�
n

HX����In�

	�UwD l� QO p�xO�	 s	�n u	wD Q� QF	CW�ov l� 
UwD ��n� 
 Oa� R	��QwO QwOsy l� Q� wYD u�	 QO
�OwW�t h�YwD A

�CU	 Cw�iDt �qt�m u (o�UD �� Rv)m 
UwD xOWx�	Q	 �x�rw	 h� QaD �� 	Q�mW� �QwO �oDUv�t h� QaD u�	
�	Q	O A Q�H Qy xm O�vm xHwD �CU	 �y�O��v OvyO�t CUOx� 	Q xH�Dv l� h� QaD wO Qy xmv�	 C��F	

�OW���t �OwW�t xO	OA �wQ TA �QwUv�D Q�H xr�Uwx� xm ��O	R� �DL� O	R��x�W �D	P ��x� RHD l�
�lJwm C��yv�� �oDUv�t R	 l�OvDwQo swyit w �� w�vD �QwO �oDUv�t u�� Q�otWJ Cy��W l�
��yQ�H �xU��kt u�	 QO �OQ	O OwHw �Ovm�t h�YwD �Q�H �xUOvy QO 	Q Q	wty�v ��yxD� Q	w �SwrwB wD xm
Ci��ty�X w OvQ	O xOya x� ���H��H�v �QwoD�m QO Q	wty ��yxD� Q	w xm Ovvm�t �i�	 	Q �Wkv O	R��x�W

�CU	 s	QO Ci��ty �� Q��vDt
�xkrL xm OwW�t h� QaD CQwY u�	 x� lJwm C��yv�� �oDUv�ty �Q�H �xUOvy QO �Ck�kLQO
x�ov� w s�U� wv� S Q	wty xD� Q	w �D�YDNt �xkrL S�I CtUkGQ�N u	wva x� 	Q A �xD� Q	w �D�YDNt
h� QaD u�	 xm O	O u�Wv u	wD�t �s�vm x�U�Lt 	Q �  S � lim

�
S�In �va� S �xOWpt�m s	QO �oDUv�ty

�QwO �oDUv�ty h� QaD x��Wt ��k�kO VwQ u�	 �OQ	Ov �oDU� Q	wty �xD� Q	w l� QO uOv�Wv ��NDv	 x�
T O	R��x�W Q�H l� R	 �DtUkGQ�N u	wva x� 	Q A �t �h� QaD u� QO �OW x�	Q	 q�� QO xm CU	 �� w�vD

�s�vm�t x�U�Lt 	Q HX��  T � �oDUv�t TBU w s�U� wv�t
�� w�vD �QwO �xQ�eDt wO �x� Q�v s�v	wD�t u�vJty �t �Ov	xOW xO	O A�� A� Q�H wO O�vm ZQi
x� xDU�	w ��yCi��ty�X u�� �DN� Qty Ci��ty ��oDUv�t u	wva x� 	Q 	 � !� 
 xm �HP��A�� A��

�OQ	O OwHw Q� R CQwYx� �a��� ���mQD� �Q� l� �s�vm h� QaD A� w A� O	R��x�W ��y	�UwD

HPi�A�� A�� �HPj�A�� A�� �� HPi�j�A�� A��

�Ovm�t XNWt 	Q HP��A�B� QO HP ��� w�a l� � � A �� B �yQ�H �DN� Qty Qy
u�	 xm O	O u�Wv u	wD�t �OQ	O �� wN �r�N ��yC�Y�N HPi�A�� A�� �� w�vD �QwO �x� Q�v
x� u�vJty �CU	 	OQw�v �Q�eDt wO Qy QO ���DQ)t �	OQw�v �� w �Q	wty� Q�PBjDWt �B wDwty QF	 CLD x� Q�v

�Ovm�t jOY �Q� R �vat x� ��uOv(m pY	 QO x� Q�v u�	 ��� 	HQt �Hwt
�� resolution �� Mortia �� excision
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QO j�kO ���yxr��vO � � I
i� A

q� B � � 	�UwD Qy �OW�� Q�H l� D O�vm ZQi
�Ovm�t �kr	 Q� R CQwY x� HP���� D��HP��D� ��

HP��D� I�
�HP �i��� HP��D�A�

�HP �q��� HP��D�B�


 �

HP��D�B�
�HP �q��� HP��D�A�

�HP �i��� HP��D� I�

w

HP��I�D�
HP �q���� HP��A�D�

HP �i���� HP��B�D�

� 


HP��B�D�
HP �i���� HP��A�D�

HP �q���� HP��I�D�

�m� �yv�	 �Ow�xOt� CUO x� �
�� w �
!� ��y	HQt QO �q�k j�kO ��yxr��vO u�	 R	 X�N ���yCr�L
�OvDUy �QwO �oDUv�t ��y	OQw�v �x�U�Lt QO �rY	 ��yQ	R�	 R	

�Qw
D�K w �y	�UwD�Q	wty ��y��i QO �tDv	wm ��y��i uOv�Wv
QO swyit u� QDtyt xm CU	 xOW RQLt �O�v��� 	Q ��� w �
� � �

� w ��� �qFt� �yp�U pqN QO
�xr��vOl� �Q�H l� 	�UwD �OW xDio q�� QO xmv�vJty �	�UwD swyit R	 CU	 CQ��a ���H��H�v �SwrwB wD
w u�owO Qw�x� �OvDUy �yQ�H ��y�DN� Qsy �yu�m�B xm CU	 � � I � E � A � � j�kO
�CU	 E x� xDU�	w �tDv	wm ���i QO A x� xDU�	w �tDv	wm ���i uOv�Wv �� Q��vDt �a�UwD u�vJ �OwyW
�	wDLt xm s� wW�t QmPDt �CU	 xDiyv 	�UwD l� QO xm �m� SwrwB wD C�aq�	 "wv K��wD �	Q�
x�W ��yQorta 
UwD xOW h� QaD 	�UwD Tqm u��aD u	wva x� CU	 umtt �
� Qov�U���D(	T�Ov	 �x��k
�OvDUy
�DQt QDxO�J�B ��y	�UwD ��T�Ov	 ��yx��k Qo�O �OwW Q��aD �xOQWi xv�tNl� �wQ p�Uv	Qi�O
s	Ok	 �y	�UwD Q� �v�t xQ�eDtwOl� SwrwB wD �Qw�D�K R	 �rm Q�DN�U l� s�UQD x� s�y	wN�t uwvm 	
�x� Q�v h� QaD QO �� wNx� w Ovm�t Q�m ���H��H�v ��yQ�H R	 �Q��U� ��yxDUQ �	Q� Q�DN�U u�	 �s�vm
�xYNWt ��a��� p�O�D l� xH�Dv QO �OQ�o�t �H �OW xO	O CUO x� q�� QO u� R	 �LQ� xm �QwO

�OQ	O OwHw �QwO �x� Q�v x� l� SwrwB wD �Qw�D�K R	 �xQ�eDt wO Rv)m�uQJ
s�tD �Q�DN�U ��l� SwrwB wD ��yQ�H u�t��yQ�H �xty xm �s�vm�t ZQi Oa� x� u�	 R	 �QDXNWt Qw�x�
p��xy� � p��x�p��y� x��	Q QO xm �p�� �yp�tQvs�v R	 xO	wv�N l� 
UwD xm OvDUy �OLt ��a�wt

�OvwW�t xO	O �Ovm�t jOY Q�H QO y� x Qy �	Q�
�a��� �xOWp�tmD l�A � A	� �A	� � � � � �QwUv�D Q�H �A �OLt ��a�wt Q�H u�vJ Qy �	Q�
xm OQ	O OwHw TA � A �yQ�H �D	P �DN� Qty l� �CU	 �OLt ��a�wt Q�H l� xm OQ	O TA
V��tv JA �� 	Q �DN� Qty u�	 �xDUy �Ovm�t Q� wYD x�x� � � �xn �Q�rY�L x� 	Q x� � � � �� xn
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xm O���tCUOx� �� JA� TA� A� �CQwYx� A �	Q� O	R� �x� RHDl���DQDu�	x� �s�yO�t
Q��aD TA x� xDU�	w Q	wty �tDv	wm ���i x� A x� xDU�	w �tDv	wm ���i R	 xOvv�Wv l� u	wva x� Ov	wD�t
��a�wt Q�H l� R�v JA uwJ �CU	 Q��vDt A �	Q� �tDv	wm ���i Q� wYD ptmt �� p�xO�	 u�	 �OwW
	Q JnA � J�Jn��A� ��	QkDU	 Qw�x� w J�A � J�JA� VwQ u�	 Q	QmD �� s�v	wD�t �CU	 �OLt

�s� R�U�
�bij�i�j�NC��yv�� ��yT� QD�t R	 pmWDt M��B� Q�H s�v	wD�t �B �OLt ��a�wt Q�Hl� ��
R	 �
� p�Ft x��W Q��vDt �tDv	wm ���i �CU	 �rwRv ��a� QU B QO �yv� ��yx�	QO xm s�vm 
�DQt 	Q
��kv u�� ��yVri R�v w Ov	xOW Q	Ov�Wv N xr�Uwx� xm CU	 x�kv C��yv�� �	Q	O ��i u� �CU	 xtOkt
��yQorta uOQ� Q�mx� �� ��O��v� 	�UwD l� �Ov	xOW Q	Ov�Wv B umtt ���a	 xty �xr�Uwx� xm �Q	OT�Ov	
OwHw J�A � M��B� �D	P �DN� Qty A Q�H Qy �	Q� xm OyO�t u�Wv �xQ�	O �wQ p�Uv	Qi�O�x�W

�OQ� Q�mx� Q� R h� QaD QO ��	QkDU	 OL p�mWD �	Q� u	wD�t 	Q CW�ov u�	 �OQ	O
s�vm�th� QaD �	 � !� 
 w OvW�� �OLt ��a�wt ��yQ�H B w A O�vm ZQi

KK��A�B� � lim
�
K

�J�k��A�M��B��

��y�DN� Qty �Q�PBjDWt� �B wDwty ��yTqm �xawtHt R	 CU	 CQ��a�J�k��A�M��B�� xm
��yT� QD�t QO �yCW�ov �O�a s�kDUt 	tH pta �� �KK��A�B� �J�k��A � Minfty�B�

�CU	 �r�� xwQo l�
u�	 �CU	 �B wDwty ��yTqm �x�U�Lt R	 �Q�H CQwY l� Ci��ty�X �oDUv�t �x�U�Lt uwJ

�CU	 �r�k VN� R	 �
� �xrO�at QO �� w�vD �QwO �x� Q�v h� QaD x��W �yHwD p��k Qw�x� h� QaD
�XNq�� ��O�v��� 	Q p�k VN�� OQ	O 	Q HP � OQHt X	wN u�ty KK� Qoa��D �wO u�	

�Ovm�t �kr	 	Q KK���� w�a l� � � A� B �DN� Qty Qy �
w �i� j �Z� xm � KKi�A�B��KKj�B�C�� KKi�j�A�C� Q�PBCmQW �Q�l� �
�x��	Q QO wCU	 �atH Q�eDt wO Qy QO xm OQ	O OwHw �OvDUy �OLt ��a�wt ��yQ�H C w B w A

�Ovm�t jOY � w � �DN� Qty wO Qy �	Q� KK���KK��� � KK��� ��

#��Q	 Q�eDt wO Qy QO 	Q uOv(m pY	 w �CU	 	OQw�v �B wDwty CLD� CU	 �B wDwty �	OQw�v KK� �
�DN� Qm� l� B � M��B� �D	P CW�ov ��OW h�YwD p�k VN� QO xmv�vJty� Ovm�t

�Ovm�t �kr	 KK� Q�eDt wO Qy QO
�OLt ��a�wt ��yQ�H �xDUQ R	 �v�yH Qoa��D R	 CU	 CQ��a KK� xm O	O u�Wv u	wD�t Ck�kL QO

�Ovm�t jOY swU C�Y�N QO xm �atH �xDUQ l� x� q�� Ovv�t
��ypwOt �� �yVvmi	 xm CU	 �rwtat OQm� wQ R	 Cw�iDt ��ak	w �Qw�D�K CN�U VwQ u�	 xJQo 	
�s�vm p�O�D x�kv l� x� 	Q pw	 Q�eDtX�NCr�L QO xm�t�ovy OwW�t xOy�Wt �OQ��t Q�m x� 	Q �Wvmi	
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M�v�� Q�Hl� B xm�Dr�L QO �rwtat xwQo�K RH �R�JKK��C � B� �
rDNt O	Oa	 R	 C Q�H x� �va�
��CU	 xOW h� QaD �rwtat �Qw�D�K �yv� QO xm ���yCr�L� CU�v �OW�� �
�� �xWQi Q�H l� �� ���
CQwY x� 
�	xrLQt��n 	�UwD Qy QD�rm Qw�x� �� �	�UwD Qy xm CU	 u�	 Qo�O syt C�Y�N l�
n xm OyO�t CUOx� 	Q KKn�A�B� R	 �w�a � � B � E� � � � � � En � A � �

�Q� s�vx� �y	�UwD u�	 �wQ QwyWt �Q� l� u	wD�t �Swrwty Q�H QO �OwW�t xOQtW � �xv�t�B x�
�Q� �� �Q� u�	 �"wv u�	 R	 	�UwD wO �uDU� sy x� R	 CU	 CQ��a xO�U Qw�x� xm OQ� Q�mx� 	Q 	O�v)�

�CU	 Q�oR�U KKn�A�B��KKm�B�C�� KKn�m�A�C�

	�UwD l� x� xOQWi Q	wty xv�tN l� �wQ p�Uv	Qi�O x�W ��yQorta
��yQorta ��yQ�H ��DQD !��!�� xm OwW�t QHvt � � !�� � !� � C��S�M � � �

�wQ Q	wty ��yCW�ov Q�H R	 CU	 CQ��a C��S�M � w OvDUy ! w �
 ��yx�DQt R	 p�Uv	Qi�O x�W
u��aD R	 CU	 CQ��a ��k�kO OW pL Qov�U���D	 T�Ov	 �x��k xr�Uwx� xm �	xr��Ut �M �wQm�sy hqm

�OwW�t h� QaD 	�UwD u�	 
UwD xm KK��C��S�M ��!��� QO �Uqm
Rv�m�uQJ �xQ�eDt wO �xYNWt

xDUQ Q� HP� �xQ�eDt wO �x� Q�v x� KK� R	 �� Q� �xQ�eDt wO p�O�D l� uDN�U QO VN� u� QDtyt
�OW u��� �r�k VN� u���B QO xm KK� uOw� �v�yH C�Y�N R	 CU	 CQ��a �OLt ��a�wt ��yQ�H
	Q Q� R p�O�D �	Qwi �CU	Q	O �CU	 �v�yH �yv� �	Q� KK� xm 	Q �Y	wN HP� uwJ

�s� Qw��t CUOx� �CU	 xU��kt p��k �Q�rY�L �� xm Ch � KK��A�B�� HP��A�B�

�� �HP� x� KK� GQOt�Z� �x� Q�v R	 �� Q� p�O�D l� x� p�O�D u�	 VQDUo �	Q� VWwm QO
h� QaD hrDNt ��yCQwY x� HP� w KK� QO OQi �xQwO �Q�pY�L xm s� wW�t xH	wt xr��Ut u�	
�QW u�	 �� �OQm �iQat 	Q

p
�
i �x	wNrO x� �	xR	Ov	 �D� �� Q� O��� pmWt u�	 	iQ �	Q� �OvwW�t

�O���t CUOx� CU	 �� Q� s�tD C�twta �� xm Q� R p�O�D

Ch � KK��A�B�� HP��A�B�

���kr	 ��yOL u	wva x� uwJ �KK��A� C � �oDUv�t�K w HP ��A� �QwO �oDUv�ty �x� Q�v wO Qy
�vt� Qw�x� xtOkt QO �Oa� V�q�B u�	 x� �OvDUy �a��� ��Oa)�� V�q�B l� �	Q	O �OvwW�t h� QaD

�OW xQ�W	
j�kO �xr��vO �RQt CW�ov h� Q� �r�N �UQQ� Q��Nx� Rv)m�uQJ XN�W CLD �yV�q�B u�	 Q�DiQ
QO � w�a �	R	x� �CU	 xOW �UQQ� �� wNx� Q���t �Q w nv�WwB �s 
UwD �QwO �oDUv�t QO
xv�y� u�tND u�	 �CU	 �Qw�D�K QO � Oa� d xm CU	 �d u	Qm �	Q	O Ch��� Oa)� � KK��A� C �
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