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	�
° ���� 
° ��� NQcFk-qFL��W,k`W,ld^`NQlFkYcFlGW(S|qFqGL`NjtvuFWsNQL`_bPR_bl=SU�fW�q]NQcFLYt;SU�ft,cF�bW,LYcFlGW»^`L�S|lFk`��NRLOTgS|^`_fNQl��¹uFNR©
TVNR^`NQqF_fW���W,l@^`LOW»rFW,c��Dt,NQcFLO\]W,k¡q NR�fpjPQNRl=SU�fW,k�PdS|cGtvuFW,k;�=KÜNRcGL�t,Wh��S(lFNQcFk�T�cGlF_fkOkONRlFk�t�u=S|ajcFWst,NQcFLO\]W
r�� cFl"LOW,q��W,LOW(TVNQ\F_b�fWQ� � NQcFk�_bl@^OL`NjrFcF_bk`NQlFk�W,lFkOcF_f^`W�cGlFW��W,adc=S|^`_fNQl�rFW�qFLONRq]S|PdS;^O_fNQl!kO_fTVqF�bW�ajcF_�W��j©
qF�b_ft,_�^OW��fW/q=SUk`k�SUPRW/W,l@^OL`W/rFW,c��!kONQTVTVWh^`k�t,NQlFk��W,t,c{^`_���k(r�� cFlGW�t,NQcFLO\]W/Wh^sr]S|lGky��SUadcGW,�f�fW�_fl@^OWhL`i{_fW,l@^
�fW�L`W,q��W,LOW�TVNQ\F_f�bWQ���ÜSs^`L�S|lFk`��NQL`TgS|^`_fNQlVW,k`^-S|�bNRLOk$W� W,th^`c!�W,W"�Ss�#�ÏSU_frFW�rGW��$� _fl@^OW,L`q]NQ��S|^`_bNRlVrFW,k�ajc=SUl@^`_f©
^��W,kYS|qGq=SULvSU_fkOk�S|ld^�r=SUlFk¡t,Wh^�^`W%�W,ajc=S|^`_fNQlVWh^$lFNQcFk$NQ\{^OW,lFNRlGk$rFW,c&�VS|�bPRNQLO_�^`uGTVW,kMW,l/��NRlGth^`_fNQlDrGc�^ pjq]W
r�� _fld^`W,L`q NR��S|^`_bNRl(tvuFNQ_fkO_dq]NQcFL¨�fW�LOW,q��W,LOW$TVNQ\F_b�fWQ��¥�W$qG�fcFk;e�lFNQcFk�r!�Wh«GlF_fkOkONRlGkÜcGlFW$TDWhkOcFLOW�rFW���SY^OLvSUlFk`©
��NRLOTgS|^`_fNQlVajcFW�lFNQcFk�TV_flG_fTV_fkONQlFkMS;«=lDrFW�r!�Wh«GlF_bL$cFlGWg ^OLvSUlFk`��NRLOTgS;^O_fNQlVTV_flF_bTgS|�bW,®FeUTVNjrF_�« S|\F�bW'�S
�$� S|_brFW�rFWsq]S|L�SUT��Wh^`L`W,k�kO_fTVqG�fW,k;�
( ´ �|� ² ��) 
° ��¶ NQcFLO\]W,k;eF¸�lF_fTgS|^`_bNRlJe ¶ ¸+*�e{¼ l@^OW,L`q]NQ��S|^`_bNRl¤e ¥,�Wh��NQL`TgS|^`_bNRlJeFª+Ndr!�W,�b_fk�S;^O_fNQl+P��WhNQT-�Wh©
^`LO_fajcFW
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� uGW/S|lG_fTgS|^`_fNQl�SUlFr�rFWh��NRLOTgS;^O_fNQl"NU��t,�fNQk`W,r�qF��S|lFW�t,cFL`iQW,ksu=S,i@W�\]W,W,l!�
_frGW,��p"k�^OcFrF_bWhr�_fl!_fTgS|PQW
SUl=SU��pjkO_fkA@ B�� � ~ Cje!B ��D �@zde]o � �|XFEMS|lGr+_fl�t,NRTVqFcF^`W,L-PRL�SUqFuF_ft,kG@ÏoGº-� ª�� = e oFº»�@zHE¦�JI
N;�¡Whi@W,L;eG_�^
kOW,W,TVkY^Ou=S|^��f_�^`^`�fW�S;^`^`W,l@^`_bNRl!u=S|k�\ W,Whl!q=S|_br7_fl�^`uFW�t,NRTDqFc{^`W,L-PQLvSUqFuF_bt,k�t,NRTVT�cFlF_f^¦p@ed^ONV^`uGW(qGL`NR©
\F�bW,T NR�J^OuFW»^`L�SUlFk���NQLOTgS;^`_bNRlVNR� = ¥ NQq]W,l£t,cFL`iQW,k;ejWhi@W,lg^`uFNQcFPQu£^`uGWhLOWyS|LOW�TgSUl@pgS|qGqF�f_bt;S;^`_bNRlGk¡��NQL
^`uG_fk$_blgS|lG_fTgS|^`_fNQl/^`W,tvuGlF_fajcFW,k;�5K{NQL�_flFk`^vSUlFt,WQedPQW,lFW,L�S|�b_f¬,W,rDthp{�f_flGrFW,LOk�NRL�_fTVqG�f_ft,_f^MkOcFL`�ÓSUt,W,k$rFWh«=lFW,r
\dp/kO�RW,�bWh^`NQlgt,cGL�i@W,k;ejTgS,p�\]W»SUlF_bTgS;^`W,rD^`uFLONQcFPQuV^`uGW�cFkOW�NR�J^`uGW,_fL�kO�RW,�fWh^ONRlL@ M��NC�O{e@��pdiG�R��E �@��W
t;SUl�S|�bk`NgSUlF_bTgS;^OWs^`uGW/S �{_�SU�¨rFWh��NQLOTgS;^O_fNQlFk�qFLONQq]NRkOW,r7_flP@ � ¶ �Q�|X�E�NRL»cFkOW(^`uFW�t,cFL`iQW(^`L�SUlFk`��NQLOTgS;©
^`_bNRlGk�^`N/q]W,L`��NQLOT5S�TVWh^�S|TVNQLOqFuFNQk`_bk¡S|k
_flL@ ��Qs�UX�E¦�

� uG_fk$q]S|q]W,L¡qFLOW,k`W,ld^`k�SUlDNQLO_fPQ_fl=SU� S|qFqGL`NdSUtvu/^`N�S|l]S|�fpj¬,W�t,cFL`i@WY^OLvSUlFk`��NRLOTgS|^`_fNQlFk¡SUlFrVqFLONQq]NRkOW,k
^ �¡N+kO_fTVqG�fW(SU�fPQNRLO_�^`uGTVk-^`u=S|^�eJPQ_�i@W,l"^ �¡N�q]NR�fpj�f_blFW,k��-_�^`uSR iQW,L`^`_bthW,k;e¤t,NRTVqGc{^`W/SUl!_bl@^OWhLOTVW,rF_�S|L`p
q]NQ��p{�f_flGWQ�

*�cFL�^OLvSUlFk`��NRLOTgS|^`_fNQlV^OW,tvuFlF_badcFW,k-u=SUk
kOWhi@W,LvSU�ÜS|rFiQS|ld^vS|PQW,kUT

V � uFW»t,cFL`iQW»^`L�SUlFk`��NQLOTgS;^O_fNQlD_fkYiQW,L`pDkOTVNdNR^`u¤�

V � uFW-_fld^`W,LOq]NR��S;^`_bNRl/NR�¤^`uFW-PRW,NQTVWh^`LO_ft
Whld^`_f^`_fW,k¡k`cFt�ugS|k¡�fW,lFPR^`u¤edt,cGL�iQS|^`cFLOW-NRL$^`NQL`kO_fNQl/_fk��¡W,�b��©
t,NRld^`LONR�f�bW,r¤�

V � uFW(PRW,NQTVWh^`L`p£NR��^`uFW(_fl@^OW,L`q]NQ��S|^`W,r"t,cFL`i@Wy_fk�_flFrFW,q WhlGrFW,l@^»NU��^`uFW�LOW,��S|^`_�i@Wyq]NQkO_�^`_bNRl+NR��^`uFW
^¦�¡N/_flG_�^`_�S|�§t,cFL`iQW,k
_fl£k`q]S|t,WQ�

V � uFW�t,NQTVqFc{^�S;^O_fNQl"_fk��ÓSUk`^yW,lFNRcGPRu�^ON+SU�f�bN�� ^`uFW�ij_bk`c=SU�f_b¬;S;^O_fNQl"NU��^OuFW�t,cGL�i@W/SUlF_fTgS|^`_bNRl7_fl
��cG�f��pD_bl@^`W,L�SUth^`_�i@W»^`_fTVWQ�
¼ l�^`uF_fk¨q]S|q]W,L;e|�¡W$�
_f�b�jS|kOkOcFTVW�^`u=S|^¨^`uFW�q]NQ��p{�f_flGW,kÜu]S,iQW¡\]W,W,l�NR\F^vSU_flFW,r�\@p�L`W,PQcF��S|LO��p�k�SUTVqF�f_blFP

kOTVNdNR^`uVLOW,PRcG��SUL�q=S|L�SUTVWh^`LO_f¬,W,rVt,cFL`iQW,k;� � NU^OW�^`u]S;^�^`uG_fk
S|kOkOcFTVq{^O_fNQlV_fk�lFNR^YL`W,k`^`LO_fth^`_fiQWQedkO_flGt,W�_�^Y_fk
SU���
Shp{k�q]NRkOkO_f\F�bW�^`Ny«F^�S»q NR��p{�f_blFW¡^`N�SUlV_fld^`W,LOq]NR��S;^O_flFPskOqF�b_flFWQ��*�lFWYt;SUlgS|�bkONySUkOk`cGTVW¡^`u=S|^¡_blFk`^`W;S|r
NR��^¦��N!q]NQ��p{�f_flGW,k�e¨^OuFW+cFkOW,L�u=SUkV\]W,W,l·PQ_�i@W,l·^ �¡N�q=SULvSUTVWh^`LO_f¬,W,r¢t,cFL`iQW,k��
_f^`u¢�
uG_ftvu·uGWgNQL/k`uGW
�
S|ld^`k
^`N�PQWh^�S�thNQl@^O_fljcFNRcGkY^OLvSUlFk`��NRLOTgS|^`_fNQlDNR�¨^`uFWst,cFL`i@W,k��
¸�k�^`uFW�TVNR^`_bNRl7NR�$SDt,cFL`i@W(_bl7^`uFW = ¥�k`q=SUt,W�TgS,p£\ W(TVNQLOWyt,NQTVqF�fW��£^`u]S|l�_fl7^OuFW�qF��SUlFWQe]��W

qFLON;ij_brFW�W;SUtvu7t,cFL`iQW»�-_�^`u�SUl7SUk`kONdt,_�S;^OWhr�TVN;ij_flGP���LvSUTVWQejkON�^`u=S|^Y��W»^`LvSUlFk`��NRLOT2\]NR^`u�^`uGW»t,cGL�i@W,k
SUlFr ^`uFW,_bL���LvSUTVW,k;�J¼ l¢kOW,th^`_fNQl�z£��WDkOuFN;�ye�_fl·S�^OuFW,NRLOWh^`_bt;S|�¡��L�S|TVWh��NRLO�]e¤^Ou=S|^�^`uFW£t,cFL`i@W,k�TgS,p
\]W»L`W,qGL`W,kOW,l@^OW,r+\@p£S�qFLONQPRLOW,k`kO_fNQlgWhajc=S|^`_fNQl+_bl@i@NR�fij_flGPy^OuFW,_fL
TVN�i{_flFP(��L�S|TVW»SUlFrg��WsqFLONRq]NQkOW�^ �¡N
TVWh^`uGNdrFkY^`N�_fld^`W,LOq]NQ��S;^OW»^`uFW,kOW»��LvSUTVW,k;�
¸�k»^`uGWVSUrFrF_f^`_fNQl"NR�YSDTVN;ij_blFPV��L�S|TVW�TgS,p�kOW,W,T cGlFl=S|^`cFL�SU����W�q]NQ_fl@^sNRcF^y_fl"kOW,th^`_fNQl = e]^`uFW

LOW,��S|^`_fNQlFkOuF_bq!\]Wh^ �¡W,W,l�^`uGWVPRW,NQTVWh^`L`p"NU��^`uGWVt,cFL`iQWDS|lGr _�^Ok»��L�SUTVWQe �-uFW,l Sgq=SUL`^`_ft,cF��S|Ly��L�SUTVW�_fk
tvuGNRkOW,l¤�
¼ l�k`W,th^`_bNRl�XGe|�¡W�qFLONRq NRkOW�S
TVW;SUkOcFLOWMNR�=^`uFW�rFWh��NQL`TgS|^`_bNRl�S|lFr�rFW,rFcFt,W¡��LONRT ^OuF_fk;e;\dp�S-TV_blF_fTV_f©

¬;S|^`_fNQlVqFLONdt,W,kOk;e@S»kO_fTVqG�fW��YS,p�^ONy_fld^`W,LOq]NR��S;^OW�^`uFW-TVN;ij_blFP���L�SUTVW,k��@odW,th^O_fNRl+}�qFLOW,k`W,ld^`k�W��j^`W,lFkO_fNQlFk
^`N(TVNdrG_���p(^OuF_fk(�TV_flG_fTgSU�d_fld^`W,LOq]NR��S;^O_fNQlF®s�-uF_f�fW
k`W,th^O_fNQlWO»qFLOW,kOWhld^`k¡NRcGL�_fTVqF�bW,TVWhld^vS|^`_fNQl�S|lGr/^`uFW
LOW,k`cG��^`k;�

XYX Ô[ZU\$]�^$_
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¸�t,��SUkOk`_bt¡�YS,p�^`Nsk`^`cFr{p(^`uFW-PQW,NRTVWh^`L`pyNR�JS�t,cFL`iQWY_bk�^ONsrFWh«GlFW�S|l � � �$�!
&��� ��L�SUTVW
S|�bNRlFP�^`uGWYt,cFL`iQWQe
�
uGNRkOW»TVWhT�\]W,L`kYS|LOW»W,_�^`uGWhLY^vSUlFPRW,ld^-^`N�NQLYq]W,LOq]W,lFrG_ft,cF��S|L�^ON�^OuFWst,cFL`iQW(@ M$_fk�CQ}@eJK=S|c=� = E¦�
¸�k-TVW,l@^`_bNRlGlFW,r+_bl£^`uFW(_fld^`L`NjrFcFth^O_fNQl¤e{�¡W(t,NRlFkO_brFW,L-S�q=SUL�S|TVWh^`LO_f¬,W,r£t,cFL`i@W��MeGrGWh«GlFW,r7NRl+^`uFW

_fld^`W,L`iQS|� @Ï�jeb�/E e�kvSUTVqF�bWhr �-_�^`u¢^OuFW7k�^OW,q
	� �M¼¦�� _fkDS|l�S|r]S|qF^`W,r·��L�SUTVWD��NQL��Me���W£t;S|l�W��jqGL`W,kOk
� ����� 	� �ve!����� ���;������������R�� � ��e�_fl ^`uFWg�fNjt�SU�¡��LvSUTVW%� � �!�� �"�#���$�� � �y\dp�^`uFWg��NQ�f�fN;�
_blFP7qFLONRPQLOWhkOkO_fNQlW,ajc=S;^O_fNQl �BkOW,WAKÜ_fPQcFLOW����
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� N;�yeFPR_fiQW,lg^ �¡N/t,cFL`iQW,k��),(S|lGr�� 	 �¡W»t;S|l�t,NRlFk`^`LOcFth^�S(t,cFL`iQW��)-ve{PRNQ_flFP���L`NQT.�),�^`N/� 	 � � N/rFN
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KÜ_bPRcFLOW���TJKFLONRT.� � �� �$^`N0� � �1� 	� �v�

kON��¡W»_fld^`W,LOq]NR��S;^OW�^`uGW�ajc=SUl@^`_f^`_fW,k ��*2- � �� �"�#�/- � �� � ����LONRT �3*2, � �� �"�4�/, � �� � ��^`N,�3* 	 � �� �5�#� 	 � �� � ��eGSUlFr^`uGW,l+LOW,thN;i@W,LY^OuFWsq]NQ��pj�b_flFW6� - �!�� �YS;^�SUldpV^`_fTVW�7�_flL@ �{ef��E¦e{cFkO_flFP�W,adc=S|^`_fNQl��Q�

¼ lgkOWhth^O_fNQl+zj�f�Y��W
�
_f�b�Fk`uGN;��^`u=S|^$��W�t;S|lV_bl@^`W,LOq]NQ��S|^`W�kOW,q=SULvS|^`W,��p8*2- �!�� ��SUlFr0�/- �!�� �$S|lGr/^`u=S|^^`uG_fk�qFLONjthW,kOk-_fk�LOW,�fWhiQSUl@^-�
uFW,l�^`uFW�k�SUTVqF�f_blFP�k`^`W,q 	� ^`W,lFrFk�^`Ng�{�=¼ l�^`uFW(��NQ�f�fN;�
_blFP/^¦��NVkOW,t�^O_fNQlFkzj� z�SUlFr"zj� = �¡W»�
_b�f�]qFLONQq]NRkOW»^¦��N�rF_  W,L`W,ld^Y�
Shp{k�^`N/_fld^`W,LOq]NR��S;^OW»^`uFW»��LvSUTVW��/- � �� ���

9;:=< >@?BA'CED;F)G$H'F&CEIKJLG!AM?BF)N2N
¸�k¡��W�rFW,kO_fLOW»S(kOTVNjNU^`uD^`L�S|lGk���NQL`TgS|^`_bNRlJe@�¡W�T�cGk�^�\]W�kOcFLOW-�-uFW,lg^`uFW»kvSUTVqF�b_flFP(k�^OW,q 	� ^OW,lFrFk
^`N�{e{^`u=S|^Y^`uGWsL`W,t,NQlFk`^`LOcFth^`W,r7t,cFL`iQWO�B- �!�� ��^`W,lFrGk�^`NDS�rG_  W,LOW,l@^`_�S|\G�fW»thcGL�i@WQ�¼ l NRLOrFW,L»^`N�W,k�^�S|\G�f_fkOu"^OuF_fk(L`W,kOcF�f^���W�lGWhW,r�kONQTVW(rGWh«GlF_f^`_fNQlFk;�§¸ kOW,adcGWhlGt,W/P � NR����cFlFth^`_bNRlGk�e
rFWh«=lFW,r+NQl @ �{ef��E¦e{_fk�k�S|_brg^`N ����0J6����;<�A350J� Q���������� ^ON/P+_f�
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KFcFL`^`uFW,LOTVNQL`WQe=_�� �YP �� � ,�^ � ^ � _fk»SVkOWhajcFW,lFt,W�NU�$kOW,adcGWhlGt,W,k�e]�-_�^`u�iQS|�bcFW,k»_fl7k`NQTVWs¼ [`_de]��Wy�-_f�f�ÜkvS,p
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^`N�PÜ�

�§Wh^'�B,YS|lGr�� 	 \]W�^ �¡N-LOW,PRcG��S|L¨q]S|L�S|TVWh^OL`_b¬,W,r�t,cFL`i@W,k�S|lGr6�/,YS|lFrO� 	 ^`uFW,_bLÜLOW,kOq]W,th^`_�i@W���L�S|TVW,k;e��W�qFcF^ �BkOW,WAKÜ_fPQcFLOWyz �

Γ0,i+1

n

Γ0,i

n

R0,i
n

K¨_fPQcFLOWyz<T � uFWsk�S|TDqF�fW,rgthcGL�i@WO�B,

� �,�W � � �B, � �R � SUlFr � � 	 W � �(� 	 �
�
R �L�`� � @ ����R!E

� �, W � � �/, � �R � SUlFr � � 	 W � � � 	 �
�
R �L�`� � @ ����R!E

��W(S|�bk`N�rGWh«GlFWFT

� �, W � � R��Y� �,�W ��� 	 �]� �, W � � SUlFr ���	 W � � R � � � 	 W ��� 	 � � � 	 W � ��� � � @ � ��R��·��E
* �,�W � � � �����,�W � � �,�W � S|lGr * �	 W � � � �����	 W � ���	 W � � � � @ � ��R��·��E

od_blFt,W;��� �
	8� � �����G_fk¤rGWh«GlFW,ryNQl�^`uFW�t,NQTVq=SUth^§kOWh^ @ �{ef��E¦ev��WMt;SUlsk�^O_fqFcF��S;^OW¨^`u=S|^\� ��"W � �B� ��"W � � � ��"W � �B* ��"W �t,NQl@i@W,L`PQWycGlF_���NQL`TV�fp�^ON�^`uGWyLOW,k`q]W,th^O_�i@W»��cGlFth^`_fNQlFk� � � � � ������ �� ���� eF�-uFW,LOW� � �Y[���_fk�^`uGWsi@W,�fNdt,_f^¦p
S|^L��� �=[�� 	 SUlFr �� _fk�^`uGW»«GLOk�^�i@W,th^`NQL
NR�¨^`uFWst;SUlFNQlF_ft;SU�§��L�SUTVWQ�

� N;�ye¨�fWh^(cFk�kOcFqGq]NRkOW/^`u]S;^��¡WV�jlFN;� uGN�� ^`N"_fld^`W,LOq]NR��S;^OW * ��"W � S|lFr]� ��"W � _bl�^`uGW/��cGlFth^`_fNQl¢NU�^`_bTVW�7�eFkON�^`u=S|^Y�¡W(SULOW�PQ_�i@W,l�* �-+W � S|lFr�� �- W � k`cGtvug^`u=S|^
* �-�� , W � � * �, W � SUlFr * �-�� 	 W � � * �	 W �� �-�� ,�W � � � �,�W � SUlFr � �-�� 	 W � � * �	 W �

SUlFr"kOcFtvu7^Ou=S;^* �- W � SUlFr � �- W � t,NRldiQW,LOPQW�cFlF_f��NQLOTV��pg^`NDrG_  W,LOW,l@^`_�S|\F�bWs��cFlFth^O_fNQlFk* - �=[ �-SUlFr � - �Y[��v�
I
W,lFt,W»��Wsk`W,W»^Ou=S;^ � �- W � �K� �- W � * �- W � t,NQl@i@W,LOPRW,k-cFlF_f��NQLOTV��p/^`N � - �K� - * - �JKÜ_flGW,�f��pV��Wst;S|l�rFWh«GlFW
� �- W � SUlFr��B-�\dp

� �-+W , �(�B- � � �"�`7 � @Ï������E
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� �- W ��� 	 � � �- W � % � �- W �
R � � �- W , % �R

���
� ,

���- W
�

SUlFr
� - �Y[�� �(� - �¦���&%�� T

, � - ��� �����
¼nl+¸�qFq]W,lGrF_ �£¸�e{�¡WskOuFN;� ^`u]S;^ � �- W � t,NQl@i@W,LOPRW,k�cGlF_���NQL`TV�fp�^ON0� - �=ª+NRLOW,N;iQW,L
�¡Wsu]Shi@W�� 1- � � - �
� - * - �

I
W,lFt,WQe _f� *2- � �- �� e]��Wyt,NQlFt,�fcGrFW�^`u]S;^»^`uFW(i@W,�fNdt,_f^¦p�NR�`�B-�_bk f--SUlFr7^`u]S;^�/-�_fk»SUl�SUr=S|qF^`W,r
��L�S|TVW»S|^�SUl@pg^`_fTVWL7��

KFcFL`^`uFW,LOTVNRLOWQe��
uGW,l �Y[ �47 � ab *2- �Y[��gSUlFr �Y[ �#7 � ab �/- �Y[��gSUL`W!thNQl@^O_fljcFNRcGk�e¡^`uFW�TgS|qGqF_flFP
�Y[ �47 �'ab � - �Y[��$rFWh«GlGW,k�SUl+uFNQTVNR^`NQq@pV��L`NQT ^OuFWst,cFL`iQW�� , ^`N�^`uGWyt,cFL`iQWO� 	 �

9;: 9 > C
	#CEI$FBG!JOA��� I�	=AEC N2?���F�� F��"A'G I���F�� A)D�	#C�H��"G��� F
odNg�BSULs�¡W�u=S,iQW�k`W,W,l�^`u]S;^s��W�t,NRcG�fr�k`W,q=SUL�S;^OW,��p"_fl@^OW,L`q]NQ��S|^`W�^OuFW/adc=SUl@^O_�^`_bWhk* �- W � S|lFr � �- W � � � uGW= ¥ iQW,th^ONRL * �- W � TgS,pD\]W»NQ\{^vSU_flFW,r�k`_bTVqF��p�\dp+S��f_blFW;S|L�_bl@^`W,LOq]NQ��S|^`_fNQl

* �-+W � � �O� � 7 �E* �,�W � % 7M* �	 W � � z �

kON�^`u]S;^`* �- W � thNQldiQW,LOPRW,k
cFlF_���NQLOTV��p�^`N � �`�`� 7 ���, �Y[�� % 7  	 �Y[�� � �� e{�
uFW,LOW f,��Y[�� �¹L`W,kOq¤�  	 �=[ � ��_fk¡^`uFWi@W,�fNdt,_f^¦p7S|^ � , �Y[�� �¹L`W,kOq¤� � 	 �=[ � �v�:K{LONQT ^`uF_bk-�¡WskOW,Ws^Ou=S;^ ��� ° ���  °"°�� ´ ) �¤��� ´���´ � ��� ° ) °���! ����B� )�� �J° �G�#"
� � - � � � 	

, Z � 1- Z � � 	
, � �`� � 7 �� , %]7  	 � � �`� � 7 �

"
� � , �)% 7

"
�Y� 	 �

¼¦^�NRlG��p�LOW,TgSU_flFk¨^ONy«=lFrgSUlV_fl@^OW,L`q]NQ��S|^`_bNRl/kOtvuFW,TVW���NQL�^`uGW-��L�SUTVW`� �- W � eR�
uG_ftvu/TgS,p�\ W
W,ajc=S|�b��pt,NQlFkO_frFW,LOW,r�SUkySVLONU^�S;^`_bNRlJ�§¸�k`^`cFrFp7NR�$TVN;ij_blFP/��LvSUTVW,k�kOuFN;�
k�^`u=S|^s��NRLyS|ldp7rG_  W,LOW,l@^`_�S|\G�fW�q=S|^`u
���Y[��$_blg^`uFWskOq=SUt,W%$'&)(�NR��L`NR^vS|^`_bNRlFk
��W�u=S,i@W

� 1 �Y[��'� ���=[ �+*, �Y[��
�
uGW,L`W , _fk.-$^`uFWsS|lFPQcF��S|L�i@W,�fNjt,_�^¦p�NR� �"� � NR^`W
^`u=S|^��¡W-tvuFNjNRkOW
^`NyT�cF��^O_fqF�fp� �Y[���\@p/*, �=[ �MNRl�^`uFW
�fWh��^�e§k`Ng^`u]S;^»^`uFW�t,NRTVq]NQlFW,ld^`k�NR� , � � �Y^Ou=S|^ySUqFq]W;SULs_fl0*, �=[ �-k`uGNRcG�fr"\]W�W��jqGL`W,kOkOW,r!_fl"^`uFW��fNjt;S|�
��L�S|TVW����=[ ���

I
W,lFt,Ws_bl+NRLOrFW,LY^`N�_bl@^OWhLOq]NQ��S|^`W�^¦��N�q=S|^`uGk �/, �=[ �YS|lFr � 	 �Y[��$_fl1$�& ( ��W�lGW,Whr7NQlF��pV^ON�_bl@^`W,L`©
q]NQ��S|^`W»^`uGWh_bL-SUlFPQcF��SUL�i@W,�fNdt,_f^¦p�S|lGrD^ON�kONQ��i@W�^`uGWyNQL`rG_fl=SUL�pVrF_  W,L`W,ld^`_�SU�¤W,adc]S;^`_bNRl�� *»¥+2!�

� 1- �Y[��'� � - �Y[�� *, - �Y[�� � = �

�
uGW,L`W , -�_bk�SUlV_fld^`W,LOq]NR��S;^`_bNRlVNR� , ,»SUlFr , 	 S|lFrD�
uFW,LOW
^`uFW�_blF_�^O_�SU�Ft,NRlGrF_�^O_fNQl0�/- �¦���M_bk$PQ_�i@W,lV\@p
SUl+_fld^`W,LOq]NR��S;^O_fNQlgNR�¨^`uFW»^ �¡N/_flF_f^`_�SU� ��L�SUTVW,k;��, � � �YS|lFr � 	 �¦���v�3 ÑUÒ�'hË Ô!'54 'hÔ��64 ��4¤Í ÎÏÎ�7,�`Ô,' # �%8� #:9,��Ë
Ì % �<;= 8� � - �?> � 4�9,�`Ò�� > 7!��Ô!' #��`Ö #�9!��Õ�Ò�'hÖ¹Ö %|Ò�'@7;Ú|Õ #`×
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��������� � ´ ) � � ��! ( � 1 �K� *,
¼nlVPRW,lFW,L�SU�=^`uFW-ldcGTVW,L`_bt;S|�Gk`NQ�fc{^O_fNQl�NR�¨S|l *»¥ 2�_bk�NR\F^vS|_blFW,rV\dp�^`uFW 2McG�fW,L�TVWh^`uGNdr @ K K � Qy�Qz�E �BNQL
SUl@p£rFW,LO_�iQS;^O_�iQW»TVWh^`uGNdr£�f_b�RWy[�cGlFPQW�©&B�c{^`^vS �¡�
uG_ftvu�SUr{iQS|lGthW,k
^`uGWsk`NQ�fcF^`_fNQlg��LONQT � � ^`N � �1� 	 \dp

� ��� 	 � � � % �R � � *, � �R � �BX �

ª+W;S|ld�
uF_b�fWQeFkOcFtvu�S(TVWh^`uGNdr£rFNjW,kYlFNR^
PQc=SULvSUl@^ pD^`u]S;^ � ��� 	 _bkYk`^`_f�b�¤S(LONR^vS|^`_fNQl¤� � uG_fk
S|LO_fkOW,k¡��L`NQT^`uGW/�ÓSUth^�^`u=S|^(W,ajc=S|^`_fNQl = _fk(rFWh«GlFW,r¢N;iQW,Ly^`uFWVLONR^vS|^`_fNQl kOq=SUt,W<$'& ( �¦S+TgS|lG_���NR�br!W,T�\]W,rFrFW,r�_fl
¼ [��QeFuFNQTVW,NRTVNQLOqFuF_ftY^`N�^`uFWsqFLONUmnW,th^`_fiQWskOq=SUt,W»¼ K ( ��SUlFr+^`u=S|^Y^`uGW 2McF�fW,LYTVWh^OuFNdr£kOuFNQcF�fr£NQlF�fpD\]W
cFkOW,r+NQl!S|l�NRq]W,l+kOWh^�NU�$S(i@W,th^`NQL�k`q]S|t,WQ�F¼ ����Wsk�^`_b�f�§�
_bk`ug^ON�cFkOWy^`uFW 2McF�bW,L
TVWh^OuFNdrJej��WslFW,W,r�^`N
TgSUqD_bl@^`NDS(q=SUL�S|TVWh^OWhL
k`q]S|t,WQe{^`uGL`NQcFPQu£^`uGWscFkOW�NR��S �$#-���/
 �

I
W,lFt,WQed_f���
	'�����Ü_bk¡S �$# ����
 NU� $�& ( S|LONQcFlFrDS»LONR^vS;^O_fNQl �/,�SUlFr�8����� 	 _bk�^`uFW-t,NQL`LOW,kOq]NRlGrF_flFP
q=SUL�S|TVWh^OL`_b¬;S;^`_bNRl �BkOW,WAKÜ_fPQcFLOW = �ve{��W»kOuFNQcF�br£k`NQ��i@W�_blg^`uFWsq=SUL�S|TVWh^`W,L�kOq=SUt,W� � � � �� � � 	 �  ��� � *, � } �

�
_f^`u£_flG_�^`_�SU�§t,NRlFrG_�^`_bNRl �), �����3��, ���
� NR^`Ws^Ou=S;^ � �� � � 	 �  �:� ��*, _fkYiRSU�f_br¤eFkO_flFt,W� ��� � *, �b_fW,kY_flg^OuFWs^�S|lFPQW,l@^�kOq=SUt,WsNU� $�& ( S|^� ��� ��e

�
uG_ftvu£_fk
_fkONRTVNQLOqFuF_btY^`N�^`uGWsqFLONdrFcGt�^-NU�� ��� ��\dpV^`uFWskOq=SUt,WsNU��SUl@^`_bk�p{TVTVWh^`LO_ftYTgS|^`LO_ft,W,k;�

R0

R1

V
SO3 Φ

g

Φ(V)
v0

v1

KÜ_bPRcGL`W = TF¸ tvu]S|L`^
N;iQW,L�S(lGW,_fPRuj\]NQL`uGNdNdr%Q NR��LONU^vS|^`_bNRl �/,

¼ l�NRLOrFW,L�^ON�q]S|L�SUTVW�^OL`_b¬,W $'&)(»�¡W»cFkOW»^`uFWsW��{q]NRlGW,l@^`_�S|�ÜTgS|qgrFWh«GlGWhr�\@p� ab�������� *� �'�����L% *� % *�'-
z � %K����� �����L% kO_fl Z � Z

Z � Z *�/% � �!t,NRk Z � Z
Z � Z - *� -

�
uGW,L`W Z � Z _fk�^OuFW<2McGt,�f_frGW;S|l¢lFNQLOT7� � uFW£LOW,TgS|LO�RS|\G�fW/tvu=SULvSUth^`W,L/NU�-^`uF_bk�TgSUq TgS,p�\ WDkOW,W,l·\@p
^`uGW�t,NRlRm cGlFth^`_bNRl�NR��^`uFW���NQ�f�bN��-_flFPVqGL`NQq]W,L`^`_fW,kUT _�^Ok�rFWh«GlG_�^`_fNQl�_fk»SU�fPQW,\FL�S|_ftQe§_�^�_fkySUl=S|�fpd^O_ftQe¤SUlFr"_�^
t,NQL`LOW,kOq]NRlGrFk�^`N�^`uGWyPQW,NRTVWh^`LO_ft�rFWh«GlF_f^`_fNQl+NR�¨^`uFWsW��jq NRlFW,ld^`_�SU�¨TgS|qD^`u=S|^�_fldiQNQ��i@W,kYPQWhNjrFW,kO_ft,k �¹k`W,W
@ ¶ S|L�C�O"E¦eFq¤�]zR~UX��v�
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� uG_fk�q=SULvSUTVWh^`LO_f¬;S|^`_fNQl/_fk�rFWh«=lFW,r£SULONRcFlGr/^`uFW-_frGW,l@^`_f^¦pVTgS;^OL`_ �(\FcF^$TgShp�\]WD�k`uG_���^`W,rF®�SUL`NQcFlFr
SUl@p£TgS;^OL`_ � ���-_�^`u+^`uFWsq=SUL�S|TVWh^OL`_b¬�S|^`_bNRl � ab ��� ����� ����
� uGW�W��{q]NRlGW,l@^`_�S|�ÜTgS|q£TgS,pV\]WsrF_  W,LOW,l@^O_�S|^`W,r£\@pgcGk`_blFP�^OuFW»��NRLOT�cF��S @�KGSUc=~Q�HE� ������� �� �"� � � � �� ���;� � �
�
_f^`u

� ���;� � �\� Z � Z �!kO_fl Z � Z
Z � Z ( � �E� ��� � % k`_bl Z � Z

Z � Z � % � ��thNQk Z � Z
Z � Z - ��� �

�
uGW,L`W � � � rGWhlGNU^OW,kY^OuFWyrFNR^
qGL`NjrFcFth^;�j¼nrFW,ld^`_���pj_blFP8� �� ���;� � �¡S|lGr � �, �¡Wst;SUl+W��d^OLvSUth^ �� � � � � ����� �� � � � 	 � � �, � � ���E� , �
�
uGW,L`W

� ���;� � �'� � % �z � � � % � �Z � Z - � kO_bl Z � Z
z Z � Z �`���!t,NQk Z � Z � � � � �:� �?� �

KFLONRT W,adc=S|^`_bNRlD}de|�¡W¡lFN;�·k`W,W$^`u=S|^�SV�PRNjNdrG® 2McF�fW,LMTVW�^OuFNdr(TgS,p»\]W¡q]W,L���NQLOTVW,ry\@ps^OuFW¡��NQ�f�bN;�
_flFP
kOtvuFW,TVW �� 	 � , � �

� � � ��� � � ������� *� � �� �1� 	 � � � % 	� � ��� � � , � �
� NR^`W�^Ou=S|^��¡WYu]Shi@W-k`uG_���^`W,r�^`uFW-q=SULvSUTVWh^`LO_f¬;S|^`_fNQl/SULONRcFlGr�^OuFWY_flG_�^`_�S|�Gt,NRlFrG_�^`_bNRl8���¦���v�jª£W;SUl@�-uF_f�bW
��WVt;S|l k`uF_f��^y^`uGWDq=SUL�S|TVWh^`LO_f¬;S|^`_bNRl S|LONQcFlFr]� � S|^(W;SUtvu k`^`W,q¤��od_blFt,W � ��
)� , ��� , eÜ�¡WVt;SUl kOW,W
^`u]S;^ ��� °�� � ) ° �% ° ��� ´ µ�
� ° � � ° � ° µ �{� ° �=� � �h� °�� ��B� °�� � � � � ) ° � �/� ´ � ´ � �@�Óµ ° � � � ! ���J�{�, �Ó�g� ´�� �h��� � � ´��]° � ° �=� �/� � � ° � � � ) @ �� � ��� 	� E �G¼nlFrFW,W,r¤e§^`uGW(W,ajc=S|^`_fNQl � 1 � � *, � �
_f^`u7_flF_�^O_�SU�t,NQlFrF_f^`_fNQl � � TgS,pV\]Ws_fld^`W,PRL�S|^`W,r+_bl

���=[ �'� � � �������Y[�*, � �
��W»u=S,i@W�_bTVqF�fW,TVW,ld^`W,r�\ NU^`u 2McG�fW,L$TVWh^OuFNdrGk �¹t,W,l@^`W,LOW,r£NRL�lFNR^ �¡SUlFr£kO_flFt,W-��W�u=S,i@W�lFNR^Yk`W,W,l

SUl@p+lFW,PQ�f_bPR_b\F�fW»rF_  W,LOW,lFt,WQeF��Wyu]Shi@WytvuGNRkOW,l�^`NV�QWhW,q�^`uGWyTVWh^`uGNdr+t,W,ld^`W,L`W,r�S;^
W;SUtvu"k`^`W,q¤e S|k
^`uG_fk
LOW,adcF_bL`W,k¡��Wh�¡W,L-t;SU�ft,cF��S;^`_bNRlGk��JI
W,lGt,WRe{��Wsu=S,iQWsLOW,qF��S|t,W,rg^`uGWsqFL`NQq=SUPdS;^`_blFP 2McF�fW,L
Whajc=S|^`_fNQl+X�\@p

� �1� 	 � � � �������
�
R *, � � � O��
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9;:�� � CEI F)G$J�A��� I 	=A'C A�� I���F��"G��� F(JLG$A'H G$F)N�N�	=AEC
*�lFW�t,NQcF�frDSUL`PQcFW�^Ou=S|^M^`uGWYqFLOWhij_bNRcGkMt;SU�ft,cF��S;^O_fNQl���NRL � - eR\=SUk`W,r�NRl/W,adc=S|^`_bNRl = eRlFW,W,rFk�^ON»WhiQSU�fc=S|^`W
^`uGW/S|lGPRcG��SUL�i@W,�fNdt,_f^¦p�NR��^`uGW�TVN;ij_flGP/��LvSUTVW,k�� , S|lGr � 	 �]��W�qFLOW,kOW,l@^sSDTVWh^`uGNdr�^`u=S|^»rG_fLOW,th^`��p_fld^`W,LOq]NQ��S;^OW,k�^`uGW�qFLONRPQLOW,k`kO_fNQl�� � � � � 	� � ��� 	 NR�¤^`uFW�TVN;i{_flFP»��L�S|TVWQ� � N�_fld^`W,LOq]NR��S;^OWY^OuFW�LONU^�S;^`_bNRl��- W � ��LONRT���,�W � � � � 	, W � �/,�W ��� 	 ^`N�� 	 W � � � � 		 W � � 	 W ��� 	 �¡W�TgSU�QW
cGk`W-NR��oduFNjWhT£S|�QW � k ���.�/�&�!��0<; @ÏoduFNd~ C"E
SUlFr£��W��-_f�f�§k`uGN;� ^Ou=S|^Y^`uF_bkYt,NQL`LOW,kOq]NRlGrFk�^`NDS��f_flGW;S|L�_fld^`W,LOq]NR��S;^O_fNQlgNR�¨^`uFW(SUlFPQcF��SUL�i@W,�fNjt,_�^¦p@�
¸�kYk`^vS|^`W,r+_blL@ M ¶ º I��@zdeJI�K�� = E e{^`uFWscFkOW»NU��adc]S;^OWhLOlF_bNRlGkY^ON�LOWhqGL`W,kOW,l@^-L`NR^vS|^`_fNQlFk
u=SUkYkOW�i@W,L�S|�

SUr{iQS|ld^vSUPRW,k;����c]S;^`W,LOlF_bNRlGkÜu]Shi@W�NQlF��p�X-t,NdNQLOrF_fl]S;^OWhk¨_blsthNQld^`LvSUk`^J^`N
^`uGW��Yq=SULvSUTVWh^`W,LOk¤NU�=SYLONU^�S;^`_bNRl
TgS|^`LO_ �§�|ª£NQLOWhN;i@W,L�eR^`uFW,LOW�_fk�S
kO_fTDqF�fW�z�^ON���TgS|qGqF_flFP
��LONRT ^OuFWYkOq=SUt,W�NU�]cFlF_f^�©¹�fW,lFPR^`u�ajc=S|^`W,L`lG_fNQlFk
^`N/^OuFWykOq=SUt,WyNR��^`uGW(LONR^vS|^`_fNQlFkUTF^`uGWycFlG_�^�©¹�fW,lFPR^`u7adc]S;^`W,LOlF_bNRl ��	�� � ��
 ����'� ��	������¡_bk
T£S|qFq Whr+^`N
^`uGWsL`NR^vS|^`_fNQl

�O������% z�	 �� %·z �� � �&C �

¶ NQl@i@W,LOk`W,�fp@e$^`uGW�L`NR^vS|^`_fNQl NR��SUlFPQ�fW�� SU\]NRcF^�cFlF_f^�©¹�fW,lFPR^`u S��j_bk£i@W,th^`NRL � t,NQL`LOW,kOq]NRlGrFk£^ON¢^`uFW
ajc=S;^OW,L`lG_fNQl

�¹thNQk������Rz �"�-k`_bl �����Rz � � �
SUlFr!^`N£_�^`k»NRqGq]NRkO_�^OWQ� � uF_bk���NQL`TVW,L�TgSUqFqG_flFPV_bksSD�fNjt;S|�M_fkONRTVWh^`L`p:TF^`uGW�PRW,NjrFW,kO_ft,k(S|LONQcFlFr S/ajc=S|©
^`W,LOlF_bNRl�SUL`WsTgSUqFq]W,rD^`N�^`uFWsPQW,NdrFW,kO_ft,k�SUL`NQcFlFrg^OuFWst,NRLOLOW,k`q]NQlFrG_flFP�LONR^vS|^`_fNQl¤�

¼¦�G�¡W�lFN;�¢tvuFNdNQkOW�^`uGW�t,NRLOLOW,k`q]NQlFrF_blFPYajc=S|^`W,LOlF_fNQlFk��5,�W � S|lGr�� 	 W � NR����, W � SUlFr�� 	 W � k`cGtvu(^`u=S|^J^`uGW,_fLkOt;S|��S|LsqGL`NjrFcFth^ �B_bl"¼ [�� ��_fksq]NQkO_�^`_fiQWQe]^OuFW,l�� - W � � [�� ��������� ,�W � �� 	 W � �#7 �Y�
_b�f��LOW,qFLOW,k`W,ld^s^`uFW/LONU^�S;^`_bNRl� - W � �¼nl�¸�qGq]W,lFrF_ � M�e=��WyPQ_�i@W�S|l7NQc{^`�b_flFW(NU��^OuFW�L`W;SUkONRlGk-�
u@p£^OuFWyTVN;ij_blFP���L�SUTVW�/-$NQ\{^vSU_flGW,r"\@p7S
�f_bTV_�^`_blFPyqGL`Njt,W,k`k �Ó�
uGWhl+^`uFWsk�SUTVqF�f_blFPyk`^`W,q£^OW,lFrFk�^ONV������LONRT ^OuFWsW,adc]S;^`_bNRl

� - W �1� 	 � � -+W � � - W � �¦~��

t,NQL`LOW,kOq]NRlGrFk�^`N/W,adc]S;^O_fNQl = e{�-uFW,LOW , -¡_fk
S��f_flGW;S|L�_fld^`W,LOq]NR��S;^O_fNQlgNR� , ,�SUlFr , 	 �I
W,lFt,W�adc]S;^OW,L`lF_bNRl �/�.��� �!��0<; qFLON�i{_frGWhksS/kO_fTVqF�bW��
Shp£^OND_fld^`W,LOq]NR��S;^OWy^OuFW�TVN;ij_flGP���L�S|TVW,k;� *�l
^`uGW(NR^`uGW,L�u=SUlFr¤eGlGNVt,NRld^`LONR�¨_fk�SU�f�fN;��W,r�N;i@W,L-^`uFW(_fl@^OW,L`q]NQ��S|^`_bNRl7NR��^`uFW�SUlFPQcF��SULYi@W,�fNjt,_�^ p£kO_flGt,Wy_�^
_fk�S|�f�YS,pjk
�f_flGW;S|L;�

& � �! 	M�#"d������� ���
1"��3��

¼nl�^OuFW�qFL`Whi{_fNQcFk£kOW,th^`_fNQl¤e¡�¡W"u=S,i@W!rGW,k`t,LO_f\]W,r S PQWhlGW,LvSU��_bl@^OWhLOq]NQ��S|^`_fNQl qFL`Njt,W,k`kg^Ou=S|^£LONQcFPQuF��p
SUTVNRcGl@^`kÜ^`N»W,adc]S;^`_bNRlGkY�QeRz�SUlFr�~j�FI
W,lFt,WQeU_fl�NQLOrFW,L¨^`N»_flF_f^`_�SU�f_b¬,W�^`uFW¡qFLONdt,W,kOk�e|��W��
_bk`uy^`N�WhiQSU�fc=S|^`W
^ �¡N � � �$�!
 ��� ��LvSUTVW,kM�/,(SUlFr�� 	 eFPR_fiQW,l£^ �¡N/t,cFL`iQW,kL�B,Qe � 	 �M$W,�fN;�ye���W�rG_fkOt,cFkOk/^¦��N�^¦p{q]W,k£NU�(S|r]S|qF^`W,r ��L�SUTVWQeMq]NQ_fld^DNRc{^g^`uFW,_bLDLOW,��S|^`_fNQlFkOuF_bq·�
_f^`u ^`uFW
PQW,NRTVWh^OL�pDNR�¨^`uFWst,cFL`i@W,k-S|lGr+PQ_�i@WsS�t,NRlGk�^OL`cFth^O_fNQl+NR�Ü^OuFW,k`W»��L�S|TDWhk;�
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�`:=< � ��F�� G$F&C�F I �"G �� F
� uGWGKFL`W,lGWh^
��L�S|TVW @ ¶ SUL/C�OUE eGNQL K[K$e]_fk
^`uFW�TVNQk�^Yt,NQTVTVNRlG��pDcFkOW,r���L�SUTVWQ�{¼¦^�_bk
tvu]S|L�SUth^`W,L`_b¬,W,r"\@p
^`uGWDljcF�f�b_�^¦p!NR�Y^OuFWVkOW,thNQlFr¢t,NQTVq]NRlGW,l@^(NR��^`uFW+SUlFPRcG��SULsi@W,�fNdt,_f^¦p W��jqGL`W,kOkOW,r _fl�^OuFWD�bNdt;SU����L�S|TVWQ�
¼nlFrFW,W,r¤e _f� � � � �2� !���SUL`Wy^`uFW�S��j_fk-NR�M^OuFW(��L�SUTVW�"eF^`uGW�SUlFPQcF��S|L
i@Wh�bNdt,_f^¦p , T�cFk`^
\]W(NU��^`uGWs��NRLOT
��� � %�� !¨�{¼ rFW,ld^`_���p{_flFP � �¤SUlFr , �D� ��Wsk`W,W�^`u=S|^

�� � �	� �
^`ujcFk ���
 � ! ��
 � � ��
 �� �/��
 �

�
uGW,L`W)��e � e�]e��DSUlFr��DS|LOW-L`W,kOq]W,th^`_fiQW,��p�^OuFW�lFNQL`T£S|�¹e|^OuFW-\F_flFNQLOTgS|�¦e|^`uFW
iQW,�bNdt,_�^ p@eQ^`uFW�t,cFL`iQS;^OcFLOW
SUlFr£^OuFW»^`NQL`kO_fNQl£NU�¨^OuFWst,cFL`iQWO�M�

I
W,lFt,WQeRcGqy^ON�^OuFW�i@W,�fNdt,_f^¦p@e|^`uGW¡t,NQTVq]NQlFW,l@^Ok�NU� , SULOW$W,adc]S|�{^ON�^OuFW�t,cFL`iRS|^`cGL`W
SUlFr(^`uFWY^`NRLOkO_fNQl
NR�¨^`uFWst,cFL`i@WR�

� N;� _��»�¡W�_fl@^OW,L`q]NQ��S|^`W , � ��LONRT , 
 ^`N , � e¡�RW,W,qF_blFP�^OuFW � ° � ´�� µ t,NQTVq]NQlFW,l@^DW,ajc=SU�-^`N
¬,W,LONFe]��W��
_b�f�¨NQ\{^vSU_fl S���L�S|TDWO�/-Y�
uF_btvu!_bk �����2�{� ° �]� � �@�  °!S|lGr"^`uGW�t,cFL`iQS;^`cGL`WDSUlFr"^ONRL`©
kO_fNQl�NU�
^`uFWV_bl@^`W,LOq]NQ��S|^`W,r t,cFL`i@W/�
_f�b�M\]WVrGWh«GlFW,r \dp!^OuFWDt,NQTVq]NQlFW,l@^yNR� , � eJcFq ^`N7_�^`k(i@W,�fNdt,_f^¦p
f- � �`� � 7 �0�,`% 7  	 �

KFNRL�S(q]NR�fpj�b_flFWQeGS(PRNjNdr�SUqFqFLON �j_bTgS;^O_fNQlVNU�¨^`uFW K K TgS,p/\ W�NQ\{^vSU_flFW,rg�-_�^`u�SUl�S|qFqGL`N �{_fTgS|^`W,r
^vSUlFPQW,l@^ � � ej^`uGWsSUqFqFLON �j_bTgS;^`W,rV\G_flFNQLOTgS|� � � � � � � ��� ��� 	 � � Z � � �V� ��� 	 Z SUlFrg^`uFW»lFNQL`TgSU� � � �V� � �
�`: 9 � ��F G!F �� I 	 DEF ��� J)\G �� �=F � ��)\J�I F�� �"G �� F
� uGWyLOW,��S|^`_�i@W,��p£q=S|L�SU�f�fW,�ÜSUr=SUq{^`W,r7��L�S|TDWRe=NRL�[-K=¸ K¡eG_fk�SUl"SU��^OW,L`l]S;^`_fiQWy^`N/^`uGWGK K$�§o@^vSUL`^`_flFP/�-_�^`u
SUl�S|LO\F_f^`L�S|L`pD��L�SUTVWQeF�¡W�qFLONQq=SUP@S|^`W(^`uFW���L�SUTVW(S|�bNRlFPD^`uFW�t,cFL`i@W�\@p+LONU^vS|^`_blFPD_f^sS|k��f_�^�^O�fW�SUk»q]NRk`©
kO_f\F�bWQed�-uF_f�fW��RW,W,qF_blFP�^`uFW»��L�S|TVW � � �$�!
&��� ^`N�^`uFW»t,cFL`iQWQ�F¸�kYk`^vS|^`W,r�_flL@ M$_fk�CQ}@eJB��fNd~�O"EJ_f^Yu=S|k
k`NQTVW
SUr{iQS|ld^vSUPRW,k/N;iQW,L�^OuFW K[K$�Ü¸�q]S|L`^���LONQT�_�^Ok(TV_blF_fTgSU��LONU^�S;^O_fNQl qGL`NQq]W,L`^¦p@eÜ_f^�_fk�rFWh«GlFW,r S|^�Whi@WhL`p
q]NQ_fld^���NRL»WhiQW,L`p�LOW,PRcG��SUL�t,cFL`iQWQe]^ �
_ft,W�t,NQl@^`_bldcFNQcFkO��p7rF_  W,LOW,l@^O_�SU\F�fWQ�=¼ l"q]S|L`^`_bt,cF��SUL;eG^OuFW/[-K=¸ K·_fk
rFWh«=lFW,r£�
uGW,L`W�^`uFWst,cGL�iQS|^`cFLOW»iQS|lF_bk`uGW,k�e=SU��^OuFNRcGPRu+^`uF_fk
_fk�lFNR^Y^`uGWst;S|kOW»��NRL
^`uFWAK[K$�

KFL`NQT @ M$_bk/CQ}�E¦eÜ_f^�TgShp�\]Wgk`W,W,l ^`u=S|^/S"[-K=¸ K _fk�tvu]S|L�S|th^OW,L`_b¬,Whr¢\dp�^`uFWgldcF�b�f_�^ p�NR�-^`uFWD«GLOk�^
t,NQTVq]NRlGW,l@^�NU�§^`uFW�S|lGPRcF��S|L�i@W,�fNjt,_�^¦p�W��{qFLOW,k`kOW,r�_bl�^OuFW-�fNdt;SU�{��L�S|TVWQ�dª£NQLOWYqFLOW,t,_fkOW,��p�^`uFW,_bL�SUlFPQcF��SUL
i@W,�fNdt,_f^¦pg^vSU�RW,k
^`uFW»��NQL`T , � �� � e{�
uFW,LOW  ����S|lFr � SUL`W»rFWh«GlGW,r � SUk���NQLY^OuFWAK K$�

� N;� _��¤�¡W»_fld^`W,LOq]NR��S;^OW , - ��LONRT , , ^ON , 	 e{�QWhW,qG_flFP�^`uFW�� �R�h� t,NQTVq]NRlGW,l@^YW,adc]S|� ^`N/¬hW,LONGed��W
�
_b�f�JNQ\{^�S|_bl�S/��L�SUTVW6� - �
uF_btvu"_fk � 	�� ��� �{� ° �=� �����  °]�¤ª+NRLOW,N;iQW,L»^OuFW�t,cFL`iRS|^`cFLOW�_bk�PR_fiQW,l
\dpD^`uGWslFNRLOT NU�¨^OuFW�SUlFPQcF��SUL�i@W,�fNjth_f^¦p , - eFcFq£^ON�^OuFW»iQW,�bNdt,_�^ p  - � �`� � 7 �0 , % 7  	 �
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KFNRL�S(q]NQ��p{�f_flGW���W�t;SUl+t,NQlFk�^OL`cGth^�S�PRNjNdr7SUqFqFLON �j_bTgS;^O_fNQlDNR�Ü^OuFW([Y¸»K K$�-K{NQL�^`uG_fk;e{«GLOk�^YlFNR^`W
^`u]S;^

�f_bT� R ,
SULOt,t,NRk � � �Y[��"� � �Y[;% � � �� �  �Y[�� � �Y[��

I
W,lFt,WQe{_���� � rFW,lFNR^`W,k�^`uGWsSUlFPQ�fW���NQLOTVW,rV\@p � �!�� �¡SUlFr � � �1� 	� � �BkOW,W7KÜ_bPRcGL`W�X �ve{_�^Y_fk¡kOWhW,lg^Ou=S;^ R � �t,NQl@i@W,L`PQW,k�cFlF_f��NQLOTV��p�^`N  �=[ �&� �=[ ���JK{LONQT�^`uG_fk
S|lGrDW,adc]S;^O_fNQl Os�¡W�NQ\{^�S|_flD^`uFW�L`W,t,cFLOkO_�i@W
W,ajc=S|^`_fNQl

Γi+1

Ri

αi

t i
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Figure 7:   A transformation with method A. Interpolated curves are 
visualized at time  t= 0, 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, 1.

Figure 9:   Top view  of  Figure 7.

Figure 11:   A transformation with method A. The first curve is 
twisted.

Figure 8:   A transformation with method Q. Interpolated curves are 
visualized at time  t= 0, 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, 1.

Figure 10:   Same as figure  8, but the curves has only 10 points.

Figure 12:   A transformation with method Q. The first curve is 
twisted as in Figure 11.
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