
x�oWywSB QO �r�YLD p�U R�e� sU�Qt

���������

�CU� xO�UQ sy swra CQ�Rw �� wYD x� u�Q�mty
xm Ow� swHv �xOmWywSBT��Q�y�WwQUN Q�Qk���L QDmO �Oa� u�QvNU
�xOmWywSB ��yC�r�ai �xQ�� QO �sr�i w Tma uO�O u�Wv �� x�Qty� ��r��t
�CU� xO�UQA�J x� Q��N� �xQ�tWu�tyQO xv�o �OHu�uDt xmCW�Ou��� swHv
sU�Qt u�� �Q�RoQ� �xwLv �xQ�� QO xm O�O K�	wD �y�y�W�ra QDmO TBU
xm CU� u�� �y�WwQUN �	Qtqe QDmO Q�v 
qFt w CUy �irDNt C�Q�v
u�� wHWv�O xm s�W�� xDW�O �student session� �� wHWv�O CUWv l�
Ov���� u�kkLt xm CU� u�� �Q��H M�W QDmO Q�v �� �Ovvm C�LY Ov����
xOv�t RwQ wO�m� �Q�O�r�NC�Q�v u�� xv�iU��Dt�rw �u�Q�Ot xv OvvmC�LY
u�QvNU Q��DN� x� 
qai �CU� pmWt u� uOQm ���QH� w OwW�t R�Q�� �sU�Qt x�
�y�WwQUN ���L QDmO 
qFt �Ovm C�LY �OQwt xJ QO xm s��xDW�Po
�Ovvm C�LY �Qo�O �QwH CU� umtt �aiQ� QDmO w �OvOQm �tra �v�QvNU

� �

� �

x� x�oWywSB u�QoWywSB R� ���� p�U QO xm �Dq�kt O�OaD

w ISI Q�e QO xr�kt ��� w ISI QO xr�kt ��� �xO�UQ A�J

�CU� xOw� �yTv�Qivm 	�yxt�vxr�kt QO sy xr�kt ��

QO ��� x�t Qyt sDWy RwQ K�Y �r�YLD p�U R�e� �DvU sU�Qt
�atH wT��Q sU�Qt u�� QO �OW Q�RoQ� x�v�tQi QO x�oWywSB O�OH u�tDN�U
w �tra C	�y ��
a� w x�oWywSB C�t�kt R� ��xOa w u�DwUmW�B R�

�OvDW�O Qw
L �QDmO ��yxQwO u�� wHWv�O
xUrHT��Q w�WywSB uw�at �y�y�W�rauULt QDmO sU�Qt u�QvNUu�rw�
w �yxOmWywSB QO�irDNt sU�Qt xr�U Qy OvJ Qy �Cio�v�vNU ut	 xm Ow�
u� QD�tUQ�r�YLD p�U R�e� sU�Qt �OwW�t Q�RoQ� x�oWywSBhrDNt Rm �Qt
w OwW�t Q�RoQ� x�oWywSB OwN hQ� R� xm CU� ��xt�vQ� u� QD�twta w
XwYN x� �� u�� wHWv�O w �tra C	�y ��
a� w OWQ� u�Q�Ot �xty R�
QO s�DW�O Q��Dv� �t �Ov��� Qw
L u� QO OwQ�t Q��Dv� �� u�oOWCwaO
Qw
L �Hv�� QO Qiv �� OwOL �ki �rw Ovvm CmQW Qiv �� xUrH u��
� �

� �

QoWywSB 
� w �tra C��y w�a �� Q�L p�L QO x�oWywSB

x�oWywSB �� QoWywSB ��� u�vJty �OQ�O wHWv�O �
 w 	QDmO�UB

�yx�oWv�O�traC��y w�a Qiv ��� �O�OaDu�� R� xmOvvm�t	Q�mty

�Ov�x�oW��tR� u�UvmD �� Q��DUO 	wHWv�O �x�k� w

x�oWywSB C�Q�WDv� w u�� wHWv�O w�tra pvUQB R� �Q�t�TBU �w �Ov�xDi��
w �tra C	�y w
a � Q	�L p�L QO x�oWywSB �Q�t� u�� j�� �O�O x��Q�
QoWywSB ��� u�vJty �OQ�O wHWv�O �� OwOL w �QDmO�UB QoWywSB ��
�tra C	�y w
a Qiv �� �O�OaD u�� R� xm Ovvm�t �Q�mty x�oWywSB ��
xm �Dq�kt O�OaD �OvDUy x�oW��tR� u�UvmD �� Q��DUO �wHWv�O x�k� w
QO xr�kt ��� �xO�UQ A�J x� x�oWywSB u�QoWywSB R� ��� p�U QO
�yTv�Qivm ��yxt�vxr�kt QO sy xr�kt �� w ISI Q�e QO xr�kt ��� w ISI
O�OH �xOmWywSB T�U��D x� TBU u�QvNU �CU� xOw� �Proceedings�
pY�L w �xOW xi�	� �r�k �xOmWywSB � �tH x� xm OQm xQ�W� �DU� R swra
p�mWD QDw�Bt�m �xOmWywSB QO xm CU� l�D�tQwiv�w�� xwQo pt�mD w OWQ
w �v�H� Qq QDmO �a�Ut �� xOmWywSB K�U x� u� ��kDQ� xv�DN�WwN w OW

� ���� R���B



�W � �CU�v R�� 
qY� x�oWv�O �QO �CU� R�� xDa�U �� �Hv�� �QO 
qFt
O�DU� �C�xv�N wQ� wW Ovr� ��tL�Rt �QJ �k� O� wo�t u��yov OwW�t xm
x� Ov�xOQm p�O�D �Q �t ��yx�oWv�O �va� �OwQ� O��� OyO�t xm �Q VUQO
���H �xOv�t �k�� smLt �D�k�kLD RmQtl� s��B�� xm �r�L QO �xOmWRwt�
u� QDy� �� xU��kt p��k xm OwW�t Q�OQwNQ� �D�v�mt� R� �Hv� QO wHWv�O xm
�tra Rm �Qt u� QDy� K�U x� �t sra 
�ak�w xm ��xrLQt �D �CU��vO ��y�H
��ysOk xm Qw�u�ty s� Q�wO�t� �rw �s� Q�O V�B QO �R�QO x�Q OUQ� ��vO
QwWm x� �QCvQDv�� xm Ow� �RmQt u�rw� s��B�� �s� wQ�V�B s��xDW�OQ� �Q pw�
�Q u� sDU�U �t �CU�J p�t�� CUv�O�tv Tm I�y xm �v�tR w �OQw�
uqw�wUt �s�OQm �wQW �Q u�� wHWv�O R� �r�t C��tL �t xm �Dkw �s�DW�O
RH R�JI�y �p��kt QO �t �xJ p��kt QO OvO�UQB�t �t R� �r�t ��yCtUk
Ov� wo�t �OvyO� u�Qk l� Qo � �yx�oWv�O xm�r�LQO �s�DU�wN�tv �tra Q�m
�y�wN �t �x�UQw� �OQm �y�wN �t x� �DtON xJ �Qo�O p�U xO ��yOa� wD
VQ�mty R� �rw �OQ�O Qo�O ��y�H �� �O�� R ��yCw�iD s��B�� �xv �� OW
OQwt xm Ovm Q�m �L�U QO OQ�O Q��Dv� xOW sy�Qi V��Q� C�v�mt� u�� xm
�Q��U� QO O�v���t �tW �OW�� QoWywSB �Ckws�tD �va� �CU�Hv�� pw�k
hYv �OvyO�t TQO Qo�O ��H �Q u�WDkw hYv u�O�DU� �yx�oWv�O R�
�	w u�� sQ�wO�t� �OvQ�O Ckw hYv �D OvJ xD�r� �OvDUy �R�wQB u�WDkw
QO xm CU� u�� Q� s��B�� O�m ��D �Ovm �O�B xt�O� w Ov�t� �k�� x�oWywSB QO
�yxOmWywSB �xty QO u��� �N w �OW�� ��vO �x�k� �� s�oty w Ovm Q�mVv�O RQt
R� QDW�� O��W �yQo��DW w C�QP w �swHv �xOmWywSB wO QO �rw CU� Qwr�Dt
�rrtr�u�� ��yV��tR� �� �YNWt ��y�Q�mty �t uwJ OW�� Qwr�Dt x�k�
�t �xty x� �v� wQ�O xr� �� �v� wQ�O s� wo�t ut �� �Q�Wi l� u�� w s� Q�O
w xDiQW�B ��y�H �� s�vm R�QDty �Q u�tOwN �va� �s�vm CiQW�B xm �OQw��t
� �

� �

QO 	QF�wt Vkv uQU �� OwN 	Q�mty QO �yQo��DW w C�QP �xOmWywSB

w �LAT x�oDUO R� ���yCtUk 	�kDQ� QO w CMS 	�yV��tR�

�CU� xDW�O Ro�y �xQP hWm u�� QH QO Qw�u�ty

Q�m OOaDt ��yxv�NOYQ �� �Dkw swHv �xOmWywSB u�DUwO 
qFt ���vO pw� R�QD
s� Q�J�v sy �t �Ovvm�t u�Qo�O xm �L�U QO Ovvm �Q�m OvQ�J�v Ovvm�t
s� Q�O Qo��DW QO �t �OwW�t s�Hv� OQ�O uQU QO xm �L�U QO s�vm� �Q�m
CU� �rrtr�u�� nQR� �xSwQB wO �yv�� �N ��l�v�r �� w s�vm�t Q�m l�rm ��
Qo��DW ��y�O�Ov�m R� �m� l�rm �CU��vO ��yQo��DW pw� �N QO xm
xm CU� LAT x�oDUO ��kDQ� w uOQm RwQx� ��Q� ��l�v�r �CU��vO �Oa�
CQ��a u�� ut �Dkw �CU� xOW xDN�U ��vO QO xmCU� �y�oDUO u� QDoQR�
Cio w OQm K�LYD �Q ut hQL uQU T��Q �sDio �Q  x�oDUO u� QDoQR�!
xSwQB u�� x��W �va� �OW�� �t �� xU��kt p��k ���
i x�oDU�� �xSwQB O��W
Vkv u� R� ���yCtUk ��kDQ� QO �t w �OW�� ��vO QO �DwO �� �m� O��W
�s�DW�O ���OH Q��U� Vkv CMS V��tR� QO Qw�u�ty �s� Q�O �QF�wt
Vkv ��yV��tR� ��Q� s�OQm xm ���yp�rLDwx� RHD w C��U�Lt Q� xwqa w

�yQo��DW wC�QP �xOmWywSBT��Q�aiQ�u�Or�s�UL QDmO ��Oa� u�QvNU
�y�y�W�ra QDmO �Cio u�� wHWv�O x� �r�YLD p�U R�e�l� Q�D R�TB xm Ow�
�y�WwQUN Q�Qk QDmO ��yhQL x��W ut ��yhQL �OvOR TOL CUQO
sOQm Qmi �svm C�LY O��� �Hv�� QO xm sOW Q�OQ�N RwQ� QB �Dkw �CU�v
RwQ R� xm �OQtQ�B u�wva x� xmr� xOmWywSB T��Q u�wva x� xv ut R� xm
p��k CtUk w CU� x�oWywSB �� VrO w xOw� x�oWywSB u�� Q�oQO pw�
�svm �v�QvNU Ov�xDU�wN �Ovm�t u� hQY �Q V��Q�m C�kw� R� ��x�Lqt
�CU�v �yQo��DW w C�QP �xOmWywSB �xQ�� QO 
�Y�YDN� s��yC�LY xH�Dv QO
xm O�O x��Q� skQ OvJ u�W�� �O�O u�mD �Qt �y�y�W�ra QDmO ��k� C�LY
V�B p�U OvJwCU�� �s� Q�O Q�mty jkLt ��� �t �Ow� Qw�CQ�L ut ��Q�
x�Q TB �s�OW�t Qiv CWyCiy QwR x� s�OQm �wQW �Hv�� QO �Q Q�m �t xm
u� QO xm�r�LQO �s��xOQm A�J xr�kt ��� p�Ut� �t �s��xOt� �R�QO Q��U�
A�J p�U QO xr�kt �Q�tWCWov� O�OaD w Ow� ���Ha Q�m �U� wvxr�kt �kwt
w
a �� q�L �s��xOt� �R�QO Q��U� x�Q xm OyO�t u�Wv sy u�� w OW�t
QO �yv�� �xty w �s�DW�Ov sy Qiv l� �kwt u� �s� Q�O x�oWywSB QO Ckws�tD
w p�U w uU �OvQDwrH xm ���yv� �OvDUy �v�WNQO ��ysO� OwN x�o��H
�QDq�� s�kt 
�Da��� �Ov�xOW xmQat OQ�w QDOwR w CU� QDW�� u�WQ�m �xk��U
wHWv�O �� �OvQ�O �Q q�� ��ys�kt u� p�Uv�DB OvQ�mxR�D xm sy ���yv� w OvQ�O
xm CU� "wN w �CU� x�oWywSB l� ��Q� ��q�� Q��U� skQ xm s� Q�O sy
�Q��U� �� s��B�� �xOmWRwt� x� xOWv p�O�D w �CU� x�oWywSB �Hv�� sU�
ut �Ovm�t x�ov sra x� �QDj�ta w Qo�O Qw� uwJ OQ�O Cw�iD C�UU�wt R�
xm sOQm�tC�LYuQU��yxSwQB u�ty x� �H�Q x�oWv�O QOV�BCkw OvJ
OvDio�t �rw �OwW� xt�vQ� u�� OQ�wCU�wN�t VrO �r�N �v�tR x�oWv�O

qY� s��B�� xm CU� �R�J u�� w �OQ�O �t ��Q� ���ROt�QO xJ u�� �� �N xm
CU� syt V��Q� xm CU� �tra CiQW�B w sra uwJ �Ovm�tv Qmi u� x�
O�� R ��yjQi s��B�� �CU� Qo�O �tra Rm �Qt �� �Hv�� �U�U� jQi u�� w
�OwW�t �W�v C�k�kLD w sra x� x�ov Cw�iD u�ty R� xm OQ�O sy �Qo�O

�� �B��B �xQ�tW �



O�Q�� KQW u�� x� �v�vNU x�oWywSB T��Q �v�H� Qq O�wHOtLt QDmO x�ov�
�OvOQm

xro �y�y�W�ra QDmO xmv�� �O�Ot� VwN �r�N �� �N �s�LQr�utLQr�xrr�sU�
�Ow� C�Lt �wQ R� �sU�Qt u�� QO X�NW� �
a� Qw
L sOa R� OvOQm
T�UL� RoQy �rw s�v��� sy �� �H l� QO �Q �tW s� Q�O CUwO �t �va�

�O����� sU�Qt QwH u�� x� O� Qw�Ht xm O�vmv
w s��B�� �xQ�� QO sQ�Po� u��t QO �tW �� �Q xDmv OvJ sy�wN�t ut
s��B�� u��Q��v� �s� wW�tZQkvt s� Q�O xm s�DUy�rUv �t �k�w QO �V�xOv��
x�oWywSB u�� OW Q�Qk xm �v�tR �OQ�� V�B x� VO�OH w u�wH pUv O��� �Q
CW�Po xHOw� u�twD uw�r�tl� w Ow� swra Q� Rw �O�yQi QDmO �OwWT�U��D
�O�O �QVv�twD Q�RyOYv�B �ki sy u�twD uw�r�t l� u� R� w x�oWywSB ��Q�
KQW �Q x��B swra C�ty� p�qO w sDWwv �Q�yQ s�at s�kt ��Q� �WQ�Ro ut
CU�v �v� Qo � w �sQ�o�t �OH �Q �yQ�m xm sDUy �tO� ut xm sDWwv w �sO�O
QO u�W�� �Qo�O Q�m l� p��vO s� wQ� �D Ovvmv hrD �Q �t Ckw �OwW� Q�m u��
x�oWywSB�r�H O�vU� wRH xt�v u�� w OvDWwv syt �xDmv �D OvJ ut �xt�v �x�W�L
�traCiQW�B lQLt w lQLDt QwDwt x��B swra xm Ow� u�� xDmv u�rw� �CU�
QO xv�tR u�� QO �a�Uw �Q�Pox��tQU xm sDUy stYt ut w CU� QwWm
u�wH pUv �wQ O��� �tW �Q�Pox��tQU xmv�� swO �xDmv �OwW� s�Hv� QwWm
�xDU� �xkrL l� xmv�� swU �Ovvm �Q�Ou�O�t �D O�yO� VQwQB �Q �yv� w OW��
O�vm �v�OQOk u�DOwN R� u�DOwN w O�vm O�rwD �R�J xm O�vmv CUQO �rN�O
w �O�yO� Q�Qk �rrtr�u�� w �v�yH C��kQ ZQat QO �Q u�DOwN O��� xmr�
xDW�O �W��Qo �va� �Ovm R� QQU CavY x� u�D��yQ�m O�vm VqD xmv�� sQ�yJ
�y�t OvO�O QwDUO w O�vm ltm �yOQ� Q�m x� O�v�wD�t xm ���Hv� �D xm O�W��
u� Qo � xm OQ�o� Q�Qk s��B�� Q��DN� QO ��xHOw� pLt R� u�twD uw�r�t �
Ow� x��tQU u�ty �� �Ot��tv OwHw x� 
qta x�oWywSB �Ow�v u�twD uw�r�t �
�Qo�O ��yR�J �r�N w �O�Di� x�Q xv�N��Dm �O�Di� x�Q �Hv�� CvQDv�� �DL xm

xrr�O�a QDmO �t u�DUwO R� �m� �s�DW�O Ro�y �xQP hWm QO �yHwDp��k
u�� �� �Q svNU sy�wN�t �CU� xOQm Q�m xv�tR u�� QO 
�YNWt �OtLt
�v�yH C�UU�wt �� R�QDty w �rrtr�u�� #��DQ� uDW�O xm svm s�tD �r�t
xW�ty #��DQ� u�� sQ�wO�t� w CU� s��B�� OWQ QO �U�U� C�mv R� �m�
ut �OvRv xt�r x�oWywSB �xt�vQ� R� CtUk u�� x� �R�J I�y w �OwW iL
u� QDCNU QO CyH u�� QO �Q �t xW�ty xm x�oWywSB C� Q�Ot R� sQmWDt

�Ov�xOQm C��tL ���QW
O�WN�� �Cio Q�
L u��t R� �y�WwQUN Q�Qk ���L QDmO �kwt u�� QO
u�� x� sDU�wN�t ut �rw �CU� �Y�N ��H �Hv�� O�Dio �tW �QDmO ��k�
x� �OQ�O sy �Q VOwN "�O� �Y�N ��H Qy xm OwW xQ�W� sy �w	wt
QO �Q u�WOwN ��y�	�kD O��� �tra C	�y ��
a� w u�� wHWv�O p�L Qy
O���t �� wHWv�O 
qFt �Ovvm OwOLt �Hv�� C�v�mt� w QwWm ��ysQv "wJQ�J
sy�wN�t �HQ�N �q�� K�U x�oWv�O uqi R� �Q O�DU� uqi ut O� wo�t w
�wHWv�O Qy ��Q� �t
qFt xmCU��rta 
�ak�w ����rw �OW�� s��tvy�Q O�DU� xm
O�DU� ��vO ��yx�oWv�O u� QDy� R� s� wQ� �Y�N TQO Qy ��Q� �� w �QDmO

�CU�v OwOLt�v p�L Qy x� xm �t C�v�mt� �s� Qw��� TQOt �� �tvy�Q

�v�kkLt w u�OvtWv�O ��Q�O s��B�� ut Q�v x� �O�O MU�B �aiQ� QDmO
w s�OQo� �Q ��vO �xty �t xm OQ�Ov �twRr w OvDUy xDU��W Q��U� xm CU�
s��B�� �xOw� sRq xm ��x��L Qy QO w u�tR Qy �s�vm �O�B �tvy�Q O�DU�
w �OQ�O O�DU� VOwN �Dkw �rw �xOw� sy jiwt w xDiQo ltm u�Qo�O R�
QO �v�tR �t �OQw��� O�DU� �Qo�O ��H R� O��� �QJ �OQ�O sy �� wN ��yO�DU�
uQOt Q�m sy u� �Ovm Q�m xm s�DW�Ov �Um I�y �� QHD C�QP l� R�i �x��L
u�Q�mty ut�Ox�CUO xDWPo QO �s� Q�O ���wk Q��U� �wQ�v uq� ��RwQt�
�s� R�Ov�� x�Q �Q xDWQ u�� O�vm ltm �t x� O����� xm �s�OW�t QwWm R� GQ�N
�Q u�� wHWv�O Ovv�wD�t �DL�Q x� xm s� Q�O xDU��W O�DU� �O�OaD uq� �rw
QO xm �v�Q�mty Vv�O w x� QHD w Q�v R� �t xm CU� �a��� �Ovvm C��Oy
�rw �s�vm�t xO�iDU� xW�ty �s�DUy l�ORv �yv� x� w OvDUy u�Q�� R� GQ�N

�s� Q�Ov u�Qo�O ltm x� �R��v u�� wHWv�O ���tvy�Q �� T� QOD ��Q�

V�m �Cio Q�
L u��t R� �CwUmW�B O�DU� �uqOQ� O�yQi QDmO �kwt u�� QO
uwJ �OvDUy �Hm uq� xm OwW� �t uq�YLDr�dQ�iC�k�a x� ��xQ�W� OW�t

Ovv�O� Ovy�wN�t u�� wHWv�O xQNq��

uq�YLDr�dQ�i R� O�OaD xJ xmv�� �xQ�� QO �D�aq�� �y�y�W�ra QDmO �MU�B QO
QO O�OaD xJ �Ov�xOW Qo�O ��yx�oWv�O "PH hrDNt ��yxOmWywSB
xm OQm O�m ��D �rw O�O x��Q� Ov�xDiQ GQ�N x� O�OaD xJ w �OvDUy s��B��
VQ�Ro xOv�� p�U sU�Qt QO O�O pwk w Ovm�t pkv x�i�L �wQ R� �Q �yv��

�OyO x��Q� xQ��u��QO �rt�m w j�kO

�xOmWywSB w �WywSBCvw�at QO u�Q�mty R� xUrHT��Q s�ovy u�� QO
�Q�mty sU�Qt u�� �Q�RoQ� QO xm �v�Um �x�rm w wv�v �xOmWywSB w l� R�i

�Owtv CwaO �v�QvNU O�Q�� ��Q� x�oWywSB T��Q R� w OQm QmWD Ov�xOQm

� ���� R���B



�Ov�xDiQ �Hm �t uq�YLDr�dQ�i xm OQm KQ�t �� wN p��wU uqOQ� QDmO
QwWm "wN ��yx�oWv�O x� ��xOa �OvDUy s��B�� QO �yv� R� ��xOa �� �N
R� s�Om I�y R� �t �Ov�xDiQ GQ�N "wN ��yx�oWv�O x� sy ��xOa �Ov�xDiQ
�t �tra CqwYLt CQwY Qy QO uq�YLDr�dQ�i u�� �s�DU�vCL�Q�v �yv��
�Y�N Cir�Nt OvwQ� ��vO ��y�H u� QDy� x� Ov�xDUv�wD xm �O�Qi� �� �OvDUy
q�� ���H QO �Q u�W�tra ��yQ�m Q�Ot ��xQwO l� QO CU� "wN �s� Q�Ov
Qo � 
�Oa� w �s��B�� x� Ov���� xQ�� wO ��xQwOl� R� Oa� s� Q�OCUwO �yDvt �OvQ��
�r�N $�Lr u�� R� �t w OW�� Q�QkQ� Ot�wCiQ u�� �va� �OvwQ� xQ�� wO OvDU�wN
T�UL� OwQ�t GQ�N x� �Hv�� R� xm �r�YLDr�dQ�i �s�vm�t OQwNQ� CL�Q
"wN ��yx�oWv�O xm s�DUy sy p�LWwN 
�k�iD� �
�O�� �s� Qyk w� �� �t xm Ovmv
w� �rw �Ov�xOW C�� QD u�Q�� �QDmO �xQwO QO �m� �xHQO O�Qi� xJ Ovv��� ��vO

qt�m OOQo�tQ� xm �Dkw w xOQm p�YLD �Hv�� QO xm OW�� xDW�O xHwD O��� sy
O��� �y�y�W�ra QDmO O��W �OwW�t xDio Ot�WwN w� x� w CU� xkqa OQwt
�t xW�ty w Ov�xDiQ �Qo�O ��H x� u�Q�� R� xm ���yv� R� Ovm CUQO ��xm�W
w O�v��� �Q s��B�� xQ�� wO �Ov���� QwWm pN�O x� Ovv�wD� �yv� xm s�vm�t ltm
�CU��tr�U�r�NVOQou�� �OvwQ� R�� OvDU�wN Qo � w �OvW�� xDW�O �Q�mty

�CU�J 
qY� s��B�� �svm xQ�W� sy�wN�t sy �Qo�O �xDmv l� x�
�� � �OQm Q�m x� �wQW s��B�� xm �v�tR �OwW�t h� QaD Qw�J u� C� wy
QO �D�k�kLD Rm �Qt �� OvOQm Q�m x� �wQW QwWm QO sy Qo�O x�oWywSB �
pweWt R�e� R� �yv� uqw�wUt �� Ov�xOW T�U��D "qkv� R� Oa� 
�DOta u�Q��
x� O�vm �wQW OvDio w OvO�O �oQR� ��H sy �t x� �OvOW �R�Uu�tDN�U
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i�r�N w OvQ�O �Q�m ��
i
Qo � s�Dio �DL w �hwkwt pw� p�U xO QO �R�Uu�tDN�U xm Ow� u�� �t Q�v
C� wy xm �R�J �t Q�v x� �OQ�Ov �r�mW� s�vR� sy QO�J ���H QO OW�� sRq
xm �D�k�kLD �CU� jkLt xmr� �CU�v u�tDN�U Ovm�t h� QaD �Q s��B��
R� �Q�m nvyQi u�� w �Ovm�t R��tDt �Q s��B�� xm �Q�m nvyQi w �Ovm�t
u� x� xm �s�DN�U sy u�tDN�U xD�r� �t q�L �CU� QDsyt �r�N u�tDN�U
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Cq�YLD RmQt l� xm xOw� u�� xW�ty �t s�tYD �wHWv�O VQ�PB OQwt
uDiQo $�Lr R� OvDio�t xm swra CQ�Rw Q�QY� OwHw �� �s�W��v �r�tmD
�s�W��v �RmQt u�vJ s�DiQo s�tYD �t �CU�tW �iv x� �r�N xHOw�
� �

� �
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�CU� Qo�O Rm �Qt R� R��tDt xm �Hv�� Q�

�oQR� �r�N �xUQOt s��B�� sQ�v x� �wHWv�O O�OaD u�� �� �RwQt� OvJ Qy
xmv�� �m� �CU� xOw� xDmv wO �QDmO ��yxQwO u�� �R�Ov�x�Q p�rO �CU�
�D�k�kLD �xQwO l� �k�w QO w CU�v �t�raD �xQwO l� 
�iQY �QDmO �xQwO
CtUk u�� QO �Q�Pox��tQU �QOk �Pr �VOwN X�N ��y�oS� w �� CU�
QO �Q �yxQwO u�� xmv�� swO �Ovm�t ltm s��B�� �D�k�kLD %wH C� wkD x�
w Ov�xOw�v Q��O u�Q�� ��yx�oWv�O QO xm s��xOQm T�U��D �O�OH ��yxRwL
xm sr�LWwN ut ��DN�vW swra pFt �OvDUy �Q�Ox�D� w xOvRQU ��yxDWQ
�� �ODi��t x�Q QwWm QO OQ�O �DN�vW swra QO �Qo�O ��yxOmWywSB q�L
�CU� OQix� QYLvt u�Q�� QO 
qai �t �xOmWywSB xm �r�rLD �xiUri 
qFt
�� �t w OwW� C�r�ai xv�tR u�� QO sy Qo�O ��y�H QO xOv�� QO s� Q�wO�t�
hrDNt ��yxDWQ QO w �C��	�� Q �l� R�i QO u�vJty �s�vm C��kQ �yv�
��Q � �Q VOwN w OW� � R�wQ BOvr � xm CU� u �� wHW v�O R� �t �kw D �Qo �O
w �ywHWv�O C�� QD QO sy �t �Ovm xO�t� nQR� ��yC�kiwt x� uDi�� CUO
TQ�Ot �t�Ok CvU O��� �t �s� Q�Po� s�tD nvU O��� �yv� x� ltm QO
�wLv x� Vv�� wHWv�O CqmWt �xty x� O�DU� �Hv� QO �s�vm ��L� �Q x�tra
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u�tOwN u�wD �xR�Ov� x� �s� Q�O Qw
L �wO Qy QO �V��y�oW��tR� ��yC�r�ai
�s��xOw�v uQU �rY� u�� QH �t xD�r� �QDq�� �QOk sy O��W �s� Q�O Qw
L
xm s�vm�tv �aO� RoQy �t �Ovvm�t Q�m �Hv� QO Qiv u�Q�RyCU� xm ���H uQU
�atHxDUO �tra Q�ml� u�� �yDvt �OOQo�t �tCWov� �wQ �yv� C�i�WDm �
QO xm �v�Um �OW��v u�Q�� R� �tU� Ow� "wN ��� �CU� �v�yH K�U QO
x�mQD R� �t w Ov�xOQm �v�OQOk u�Q�� Qw
L R� OvDUy uQU �q�� ��yC� Q�Ot
�va� �CU� OQw�DUOl� VOwN u�� �s�DU�v QDtm Qo�O ��y�H w u�DUm �B w

�s�� wo� s�y�wN�tv sy u�� R� QDtm �s�vm�tv �aO� u�� R� QDW�� �t
Qo�Om� Okv QO �t u�kkLt xm CU� u�� s��B�� nvyQi QO Qo�O �xDmv
�t �va� �OvW�� sy j�iQ sy �� p�L u�a QO w �OvW�� K� QY �r�N Ovv�wD�t
RmQt! l� R� ut Q��Dv� �s�yO� �YNW �x�vH �tra Okv x� O���v CkwI�y
sy �� �Qo�O R�J Qy QU CU� umtt O�Qi� �Hv� QO xm CU� u��  �v�WNQO

�OQm Ovy�wNv xrt�at Ck�kL �QU �rw �Ovvm xrt�at
�OQ�Po�t �t���QH�CtUk �xOyaQ� �Q�i��&w x�oWywSB  �QwLtjkLt!
�Dkw �OW���reViQL xm �akwt �DLCU�  T��Q QO! s��B�� QO jkLt
�rw Ovm�t pta u� x� ���QH�CtUk CU� �y�O� xm OW�� CUQO ViQL
�QwH O��� ���QH� OQi �OW�� xDW�O sy p�mW� OvR�t xm �iQL �Dkw �DL
umtt OL �D Ovm�t �aU �rw �CU�hr�Nt w� hQL �� OvJ Qy xm Ovm Q�DiQ
w� x� xty s��B�� QO xm Ovm T�UL� O��� jkLt �va� �Ovm u�t��D �Q w� Q�v
�t �OvR�Ov�� x�Q �Q VQ�m w Ovvm Vmtm Ovvm�t �aU xty �OvQ�Po�t s�QDL�
O��� sQ�v x� w s� Q�O O�� R sy Xk�wv �rw s��xDW�O C�kiwt CtUk u�� QO
u�� wHWv�O �t� �Ovvm �O�B �� wN T�UL� u�vJ �t u�kkLt xm s�vm Q�m �r�N
Q�O�vat w ��Uw w "wN pt�aD u�W�tra ��Lt �� O��� pwYq��ra sy �t
O��� �t �OQ�O OQwt u�� QO �� wN C�t�raD �t �tqU� nvyQi �OvW�� xDW�O
�va� �s�W�� xDW�Ov Vrw�k �D�yH R� Qo � �DL �s� Q�Po� s�QDL� u�tO�DU� x�
xU wO �s�W�� xDW�O xv�tQDLt �x���Q �rw �s�W�� xDW�Ov �O�Qt w O� Qt �x���Q
u�WO�DU� �� �t "wN u�� wHWv�O xm s�DW�O �yxOmWywSB R� �
a� QO OQwt
w QwQe u�� xm sOQm C�LY 
�YNW �yv� �� �OvOQm�t Q�DiQ QwQe w CwNv ��
u�� QO �Q u� O��� 
qY� �CU�v s��B�� nvyQi wRH �CU�v nvWk �Q�mD
��� s�W�� xDW�O sy �� �a�Uw C�FL��t s�v�wD� �D s� Q�OQ� u��t R� u�tOwN
CQB sy hQ� x� sy u�rav �y�o �Ovvm�t xFL��t �o�r� sr�a QO �yx�r�

xm xOW hwQat w �s� R�U�t xrr�'�Wv� sy �Qo�O ��yu�tDN�U �sOQo�tQ�
�Qo�O QO �OOv�� xm �Q �QO Ovw�ON � �N �s� Q�O �Q u�QyD ��y�H u� QDy� �t
�O� ��H uq� xD�r� �VywSB lQyW QO O� wQ� OvDio p��w� u� �Ovm�t R�� �Q
�
�D��yv Ot� u�tQ�o �QDy� ��H w �s�DiQv �t �yDvt �Cty u�� wD� Q�vm �xOWv
OR�U�t �Q x�oWywSB u�� xm �R�J u� s� wo� sy�wN�t �t� �OQ�Ov ���a u��
�OvDUy �D�k�kLD QmWr u�� R� �WN� sy �ywHWv�O w OvDUy �t �u�kkLt
iL O��� w OQ�O �Uwt�v �x�vH u�t��Q� �yR�J �
a� �t �Q�m nvyQi QO
x� �OW�� �no�nonsence� �OH O��� �tra Q�m xm CU� u�� �m� �OwW�
��y�aO� w h�Rowhq xmv�� Qo�O �s� Q�O� xov xW�ty O��� �Q Q�aW u�� sQ�v
�Q w� COW x� O��� OQm �Ov��r�N �Um Qo � O��W �DL �hwkwt T�U���
u�ty QO xDiQ V�B u�t�tra Q�m xm ��xR�Ov� x� 
�k�kO �t �va� �s�vm x��vD

�s�W�� �aOt O��� OL
�svm�t Q�NDi� �yv� x� ut xm xOW s�Hv� �� wN �r�N C�k�kLD xD�r�
�OwWv O�rwD �R�J Qo � 
qY� w �CUy sy h�a	 w �UwDt ��yQ�m 
�Da���
� �

� �

u�tU� x� �Q u�tR �t xmv�� p��k R� R�t�xer��t �tra 	�yVQ�Ro

u�� w �OwW�tv �O�B VQ��v sy GQ�N QO xm s��xOQm 	Q�m �s��xDNwO

	�xR�Ov� u�ty x� ��k�kO �t �CU�v s��B	� nvyQi wRH ��y�aO� QwH

�s�W�� �aOt O��� OL u�ty QO xDiQ V�B u�t�tra Q�m xm

Cq�kt ��vO u�kkLt u� QDy� �O� s�Om wCU� "wN Q�m s�Om xm OwW�tv swrat
OvDUy sm �r�N �OvQ�O sy u���B K�U C�k�kLD 
�vt	 w �OvQ�O "wN �r�N
���vO xm Ov�xDWwv u�W�tra �oOvR pw� QO xr�kt �D VW xm ��xe��v O�Qi�
�OW Oy�wN �O�B sy �yv�� R� �t u�kkLt u�� QO xrr�'�Wv� �xOQm pwLDt �Q sra
uOQm �OH ���� RQ� w uDiQo �OH �svm�t O�m ��D u� �wQ xm �R�J �rw
�tra ��yVQ�Ro �s�vm�tv xrt�at �Um �� C�ak�w w �DUQO �QU �t �CU�
R� xm s��xOQm �Q�m �s��xDNwO u�tU� x� �Q u�tR �t xmv�� p��k R� �R�t�xer��t
u�� R� w OwW�tv �O�B VQ��v sy GQ�N QO �� CU� QDy� V��HQ�N �wv
O�kDa� O��� �V��ak�w OL QO �u�t�tra Q�m x��rw �s�W�� xDW�O O���v ��yR�J
�CERN� uQU u�� QH u�ty �OW�� �mJwm Q�m Qo � �DL �s�W�� xDW�O
w uQU �Q�v��tra ��yC�r�ai QO �t �CU� �� wN lqt �r�N sQ�v x�
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�k�w sr�a x� s�v�wD� O��� �t �CU� �k�w sr�a �OwN �CUy sr�a Q�QU� �xty
�pw�CUO C�k�kLD �va� �pw�CUO CiQat CU� j� Q� u�� R� �s�vR� �kv
VN� �experimental� �� QHD V��Qo CyH u�ty x� �OwW�t umtt
u�� wHWv�O O��� sQ�v x� �CU� s��B�� �tra ��yV��Qo R� �tyt �r�N
nQR� �xSwQB �D wO �OvwW u� Q�oQO u�mt� OL �D w OvwW� �vW� VN� u�� �� �t
�OvDUy �t��a �r�N ��yxSwQB �Qo��DW sy w xv�NOYQ sy �s� Q�O �� QHD
sy�Qi u�� wHWv�O �Q�mty ��Q��� wN Q��U� u�mt� xm s� Q�O sy �Q uQU �xSwQB
CU� Q�Qk xm s� Q�O �tUqB x�oW��tR� �s� Q�O �irDNt ��yx�oW��tR� �Ovm�t
pweWt �ovyQi "qkv� ��QwW �OwW� �rt ��yKQ� R� �m� w Ovm �O�B xaUwD
�yx�oW��tR� u�� uOW Q��O �s� Q�O sy wv�v x�oW��tR� �CU� �w	wt u���UQQ�
Vv�O ��yXN�W x� ����DUO ��Q� �� QHD �xv�tR QO �t �CU�v �iO�YD
�DU� R swra �xOmWywSB u�� �xQ�� QO �s� Q�O �Q�Pox��tQU w �R� Qxt�vQ� pw� R�QD
u� �xi�v xm syO� K�	wD CU�v O� �OvOQm xQ�W� u� x� �y�y�W�ra QDmO xm
xOmWywSB x� u� VQDUo �t �tra ��QwW QO xm CU� l�D�tQwiv�w�� xwQo
�� wYD �Q xOmWywSB u��T�U��D sy swra CQ�Rw xv�DN�WwN w �OW�� wYD
s��B�� R� �tyt Q��U� VN� �DU� R swra VN� sQ�v x� �CU� xOQm
CU� uQOt swra �xOvRQU Q��U� ��yCtUk R� �m� xN�W u�� �OW Oy�wN
"�NDv� �xv�DU� QO q�L �OQm s�y�wN u� �wQ �a�Uw �Q�Pox��tQU sy �t w

�tUQ �Q OwN Q�m �OwR x� OL�w u�� xrr�'�Wv� w s�DUy xOmWywSB T��Q
C��	�� Q �mQt Q� Q�wU xm CU� u�� �t �x�rw� V��Qo xD�r� �Ovm�t �wQW
�OwW�t �O�B ���H QO C��	�� Q �xrm w QU xW�ty s��B�� QO �s�vm CmQL
u�rw� CU� �	�� Q ��ypOt Q� �mDt xm �U�vWCU� R R� ���yV��Qo �Pr

sy �� �R�tD CWwo�� w Ovvm�t �NwW sy �� xty QN� CUO �rw �Ovvm�t
w pta QO Kt�UD nvyQi u�� sQ�v x� �OvDUy j�iQ sy �r�N w OvQwN�t
u�tOwN ��yxO�� s�v�wD�t xty �CU� �� wN �r�NnvyQi �Q�v QO pqkDU�
O��� C�v�mt� �xQ�� QO �s�W�� Kt�UDt sy �� pta QO O��� �rw s�W�� xDW�O �Q
CU� umtt xJQo � �CU� h�a	 �t �� wHWv�O VN� C�v�mt� xm s� wo�
d�Qi w s�yO s�Hv� �QD��Uw �R� Qxt�vQ� O��� �t w �OW�� QDy� Qo�O ��y�H R�

�s�vm sy�Qi wHWv�O ��Q� �QDW�� �Qmi
� �

� �

u�a QO w OvW�� K� QY �r�N Qo�Om� Okv QO Ovv�wD�t �t u�kkLt

�YNW �x�vH �tra Okv x� O���v Ckw I�y �OvW�� j�iQ sy �� p�L

�CU� ��wN �r�N nvyQi �Q�v QO pqkDU� w pta QO Kt�UD �s�yO�

x� sy �� pta QO �rw s�W�� xDW�O �Q u�tOwN 	�yxO�� s�v�wD�t xty

�s�vm Q�DiQ Kt�UD

xm �v� wQ�OC��kQ u�� �OW�� xDW�O OwHw u�vJty O��� �tra Q�Wi �rw
hPL �s�vm C��kQ s�v�wDv Qo � �va� CU� CUQO �OL �D Cio �aiQ� QDmO
R� s� Q�Ov ����� I�y �t Ovm C��kQ Ov�wDv ��xOmWywSB Qo � �DL �s� wW�t
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