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�OvO�OQo u�DUrov� sR�a p�YLD 
xt�O� ��Q� OyWt x�oWv�O swra CQ�Rw


xN�W QO �Q ���� QTv�U�r jwi �pU�mw�v x�oWv�O QO �OD�� u�W��
uDiQo ��Q� ���� u�DU��D QO u� R� TB �OvOQm Ci�� QO �a��D R�r�v�
l�vwtQ�y R�r�v� xDWQ QO w OvDiQ u�DUrov� pwB Qw�r x�oWv�O x� �QDmO

�OvOQm j�kLD x� �wQW OQHt



u�Q�� ���� Q utHv� xt�vQ�N ��

s��N ���� Q utHv� �� ���vW�

Ckw ���a� OOt x� ��&# p�U x�tOviU� QO s��N ���� Q utHv�
�atHVqD �� w �s��N �r�aVRwt� xUU
wt� QDw�Bt�m w ���� Q utHv�
w KqY� �� xUU
wt Ckw C� Q�Ot C��tL w �v���DWB �u�� wHWv�O R�
�tra ���i w K�U ��kDQ� �rY� hOy �� pkDUt ��xt�vU�U� s�
vD

�CiQo pmW x�oWv�O w u�� wHWv�O

QO w �� wHWv�O 	�iQY �O�yv u�wva x� s��N ���� Q utHv� O�yv
QO xm OW p�mWD s��N �r�a VRwt� xUU
wt h�Oy� OQ�W�B ��DU�Q
xDN�vW xUU
wt ��yrmWD u� QDr�ai R� �m� u�wva x� R�v Q��L p�L

�CU� xOW

Q�Dat �tra Cq�kt s�
vD w x�yD utHv� �rY� h�Oy� R� �m�
uO�O Q�Qk VWwB CLD j� Q� R� u�� wHWv�O ��yWqD p�L u�a QO w
pN�O QO hrDNt �tra ��yxt�vxS� w w C�� QWv Q�WDv� R� C��tL w
xOt� OwHw x� utHv� p�mWD C�R�wt x� xm ��DrO 
x� QWv xrtH R� xUU
wt

�OW���t $ Ow�

p�mWD �� �s��N���� Q utHv��tUQ u�oQ� u�wva x� R�v �DrO x� QWv
Q�WDv� QO �aU s��N ���� Q u�� wHWv�O Q� ptDWt ��x� Q� QLD C
��y
�Q�mty �� uwvm �D xm �OQ�O �xt�vsQD� Q��m� x�t xU Qy QO OwN x� QWv
�CU� xOW xQ�tW wO �kwt x� Q�WDv� x� jiwt x� Q� QLD sQDLt C
��y

�OwW�t xYqN Q� R u� w�va QO x� QWv �rm CU��U

�CQwY x� Cq�kt GQO

C����� Q �vOv�wN 	r�t w �HQt 	Dm R� 	r��t �Qw�OQo $

�tra C
��y sQDLt O�D�U� R� Cq�kt �Qw�OQo $

xtHQD 	Dm �� CvQDv�� R� O�R� Cq�kt� ���� Q uwDt xtHQD $
�xOWv

w xOW xDN�vW u�mtq� �DL C����� Q u�oQR� �� x�L�Yt $
�QHt

�WywSB $ �� wHWv�O Cq�kt Q�WDv� u�Ovtxkqa R� CwaO $

�YYND ��yxQovm w �yW��ty ��yUv�Qivm �tra Q��N� GQO $
��� C����� Q sra

� �x� QWv �R� xDiQoQ�
s��N ���� Q utHv� �WywSB � �YYND �xt�vy�o

�UwOQi x�oWv�O ���� Q swra xOmWv�O xJN� Q�D
OyWt

xrtH R� xwQo xU �� OyWt x�oWv�O swra 
xOmWv�O ��!� p�U QO
�� Qt �Q��O�DU� 
x�DQt R� �tra C
��y w�a �O�OaD �� w ���� Q xwQo
QO xwQo u�� uq�YLDr�dQ�i u�rw� �OW p�mWD �WRwt� T�vWQ�m w

�OvOW jiwt �U�vWQ�m lQOt PN� x� !! p�U QO ���� Q xDWQ

QO w CU� xO�O xDNwt�Vv�O R�v Q�t� xDWQ QO &� p�U R� xwQo u��
Q�t� xwQo wO &� p�U QO w OW s�UkD ���� Q w Q�t� xwQo wO x� �& p�U
���� Q swra xOmWv�O p�mWD w OvOW �OH swra xOmWv�O R� ���� Q w
C
��y w�a !! ��Q�O ���� Q swra xOmWv�O Q��L p�L QO �OvO�O �Q
�� Qt w �� Qt �QwWv�O �� �Q��O�DU� �& �Q��Wv�O & �O�DU� #� �tra
xOmWv�O u�� �Q�O� QO�m �CU� �WRwt� T�vWQ�m ! O�OaD w �Q��WRwt�
p�U QO xOmWv�O u�� u�� wHWv�O O�OaD �OW���t OvtQ�m !� pt�W

�R� Ow� CQ��a l�miD x� %�$%� �r�YLD
�Q�t� OWQ� T�vWQ�m Qiv �& ����� Q �QDmO Qiv �� �Q�t� �QDmO Qiv %
�QwWv�O Qiv � ��OQ� Q�m w ZLt ���� Q OWQ� T�vWQ�m Qiv �&
Qiv �!& �Q�t� �U�vWQ�m Qiv ��% �Q�t� �QwWv�O Qiv � ����� Q
w �OQ� Q�m ���� Q �U�vWQ�m Qiv ��� w ZLt ���� Q �U�vWQ�m

��Q��O �U�vWQ�m Qiv ��

�! ��yr�U QO 	�DQD x� Q�t� w ���� Q OWQ� �U�vWQ�m ��yxQwO
&� w �# ��yr�U QO 	�DQD x� Q�t� w ���� Q �QDmO ��yxQwO w �% w

�OvOW T�U
�D
QwWm ���� Q Tv�Qivm u�twUw�U �Q�RoQ� �xD�tm
OyWt �UwOQi x�oWv�O



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

C��aq���� �Qw�OQ���o

��DU�Q QO u�Q �� �tra lQ�Ot w C�aq�� RmQt O v�UQ�t �y�o � x �
C�aq�� xa�W� w �yOv�tR�U ��Qw�OQo xv�tR QO OwN h�� w s�Hv�
QO QwWm �tra C�aq�� OQwmQ ���)��� R� V� � uwvm � D �tra
�QwWm OWQ� u�YYNDt w u�kkLt C�aq�� pt�W hrDNt ��yxv�tR
��yQ� v �tU w �yxQovm ��yV ��ty Cq� kt �u�Q �� �D rwO ��yWQ�R o
��yxR� D xO�mJ w u�Q �� ��yxt� vu� �� B x � �w � Qt C�aq�� ��rN�O
x� xm �CU� xOwtv �yOv�tR�U �Q �WywSB w �WRwt� Rm �Qt j�kLD
CU� �vDio �OW���t ���� R�� p��k www�irandoc�ac�ir ��v�Wv
TQDUO QO Q� wYD �� uDt s�tD CQwY x� C�aq�� u�� R� ���yWN�

�CU� xDiQo Q�Qk u�QoWywSB w u�kkLt

C�aq�� u� QN� p�UQ� ut�CU� OvtWy�wN Qw
vt u�ty x�
xDi�� s�Hv� �D�k�kLD ��yLQ� w u�kkLt �OQi C�YNWt x� �w� Qt
Q�WDv� u�mt� ��D�aq�� x�o��B uOQm Ot�RwQ ut� �x�oWv�O u� �UwD
�Q �t w O� Qw� s�Qi RmQt u�� ��yxt�vrYi QO �Q x�w� Qt C�aq�� u� QN�

�O���tQi �Q�� xat�H QO �v�UQ�q�� h�Oy� QDy� jkLD CyH QO

xQ�tW �� RmQt u�� u�U�vWQ�m QDW�� �y�o � xvwoQy 	Um CyH
�Ow� Ovy�wN �� woMU�B xO�t� ��� �rN�O� 	
�
��� uirD

�v�Q�W O�yQi
C�aq�� w O�vU� Q�Ot

���� Q utHv� ��yxt�vQ� R�C��tL
u�Q��

w xDUw�B ���a� XwYNt OQR nvQ� C� w�a O�OH CQ�m
R� �xQwO ���a� xty ��Q� xDU��w ���a� XwYNt O�iUnvQ

�xt�vQ�N �� x�Qty w QO�Y �� x�tQw� QyW u���B �D �� x�tQyt pw�
sQi xm �v�Um ��Q� �CU� xOW p�UQ� �� pUrUt �xQ�tW
�OwWCi�� QO �� �xt�vQ�N 	� RwD R� Oa� u�v	C� w�aCU�wNQO
CQwY x� �� Oa� �xrHt �� x�Qty w QO�Y C� w�a CQ�m ���k�aDt

�OW Oy�wN p�UQ� �O�Qiv�

C� w�a u�Q�� �
�� Q utHv� ��yxt�vQ� R� C��tL x�Q u� QDv�U	
�O�v�UQ �Q�� �Q OwN utHv� ��i�r �CU� u	 QO

�y�yo �

�C������������ Q 	x�������yO


w �OQi �oOvR uwo �vwo O�a�� QO C����� Q uwRi�RwQ C�ty� 	�U x�

xat�H xm p�rO u�� x� R�v w �Qw��vi w swra �� u�l�ORv ���DQ� w�a�tDH�
QO u�oOvvmCmQW �CU� xOw� u�yH QO C����� Q Q�OtJQB �RwQ �t
x�tu��� CUNv RwQ xO u�Q�� ���� Q utHv� �twta �tHt u�tm� w�U
CW�O�t�Qo ut� OvQ�O Q�
Dv� w Ovt�v�t C����� Q �xyO �Q p�U Qy
CyH w OwW C��tL C����� Q uOQm �twta ��yxt�vQ� R� xyO u��
QO C����� Q �r�aD w VQDUo QwWm 
x�v�H xty 
xaUwD x�Q uOQm Q�wty

�OQ�o Q�Qk �yQ�m 
xLwrQU

�L�Yt u�ULtqe 	xR��H
���� Q Q�F � u�QW�v w u�ir	wt R� CwaO

QDmO O�� xOvR �tra s�kt R� p�rHD Qw
vt x� u�Q�� ���� Q utHv�
�k�ta Q�F
�D xm QY�at Q�yW sr�a w u�O���� Q 	L�Yt u�ULtqe
����� Q Q�F� �qDa� CyH w Ov�xDW�O u�Q�� QO C����� Q VQDUo QO
QF� u� QDy� 
xOvQw� O�OB x� 	L�Yt u�ULtqe 
xR��H s�v x� ��xR��H
���� Q Q�F� u�QW�v w u�ir
wt R� xr�Uwu�O� �Ovm�t ��a� ���� Q

xrY�i QO xOW QWDvt �i�r
�D Q�F� R� xNUv wO OwW�t CU�wNQO
utHv� �v�Wv x� �%�)��)�� �Q�O� RwQ u���B �D ��Q %�$&& ��yr�U

�OvDUQi� u�Q�� ���� Q
�r�tH ��Q�ra
xR��H �tra �xD�tm T�Q

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�x�����������aq��


�k�kL sQDLt ���a� �x�rm C�YNWt CU� Q�v QO
�v�Um w �� x�tQw� QyW u���B �D �� x�tQyt pw� �xQwO
Ov���tQO utHv� C�w�a x� �� x�tOviU� u���B �D xm
utHv� x�orRvt QO u�vJty w ��a� ��tvy�Q ��Dm QO

�OwW QmP �http���www�ims�ir

�wv ��oO�wv�Ns�v w s�v �R� Ov�CQ��a C�YNWt u��
CtON pLt w �tra �x�DQt ��r�YLD �xDWQ �C�w�a
u�WD�YNWt OvDU�v p��t xm �v�Um R� ��p�YLD ���
x�tOviU� u���B �D OwW�t ���kD O���� q�� 
HQt wO QO

�OvR�U 
r	t �Q utHv� �xv�NQ��O ���Dm ����



u�Q�� ���� Q utHv� xt�vQ�N �

u�Q�� sra G�wQD xR��H u�tHvB u�wN�Qi
w sra u�H�wQt ��yWWwm R� �v�OQOk ��Q� u�Q�� sra G�wQD utHv�
�xat�H �tra K�U ��kDQ� ��Q� �R�Uxv�tR w C�r�ai x� swta j� wWD
���yu�tR�U )�v�Um x� w �Ovm�t Q�RoQ� �Q sra G�wQD �xR��H
xQwOu�tHvB
VQDUo w sra uOQm �v�oty ��Q� �Q �yC�r�ai u� QDQF
wt w u� QDy� xm
��a� ��xS� w R��wH �tU�Qt �� Ov�xO�O s�Hv� �tra nvyQi w QmiD

�OQm Oy�wN

R� sa�� �kwkL w �k�kL X�NW� x�rm R� u�Q�� sra G� wQD utHv�
��yORt�v Qo�O �� w OwN xm Ovm�t CwaO ��DrwO Q�e w �DrwO ��yO�yv
�u�R� Qxt�vQ� �u�L�Q� �u�Q�PoDU��U �sra u�oOvRwt� u��t R� Q
vOQwt
�v�Wv x� �Q xv�tR u�� QO p�ai ��yO�yv w �sra G� wQD QO u�Q�Pox��tQU

�Ov��tv �iQat utHv� xv�NQ��O

��yORt�v ��y�oS�w ��
w QmiD VQDUo �sra uOQm �v�oty CyH QO C�r�ai xk��U ��Q�O ��
�� w sra x� u� R� ���yVN� �� xat�H uOQm Ovtkqa �� w ��traVv��

��tra ��yD�r�ai
��iQat u�tR QO O�yv uOw� p�ai)uOw� C��L O�k QO ��

�OwHwt �tUQ ��yWwQ �� Cw�iDt w Qw�wv OQmrta ��Q�O ��

��yORt�v �iQat u�tR �
��%� QP��� �D QFm �OL

��yORt�v �iQat ��Q� �QwQ� C�aq����
�OwN T�tD uirD xQ�tW w O�yv s�v )OQi �oO�wv�N s�v w s�v ��

hQat uirD xQ�tW w C�YNWt
�iQat �rY� p�rO ��

CQwY QO� xv�tR u�� QO xOW �QH� ��yKQ� �� KQ� C�YNWt ��
�u�mt�

ORt�v OQmrta �UQQ� QO u�Qw�O x� xm �Qo�O C�aq�� xvwoQy �!
�Ovm ltm xOW �iQat

�xR��H ��Oy� �

��%� u�DUtR

w Gr�m u�� � �qkv� u����N �u�QyD �utHv� xv�NQ��O �v�Wv
�DUBOm ��� lqB ��u�wQ�Wwv��O�aU O�yW xJwm �QYa�rw

����	
�������	�� �DUB jwOvY

	
�
��
 �uirD

���� Q 	xk��Ut u�tDiywCU��
QwWm ��wHWv�O


xD�tm sQDLt T� �Q � ��� �O �k DOtLt ��k� %�)�%)�! M � Q� D QO
��yOL�w ��U
wQ x � QwW m � � wHW v�O ��� � Q C� k ��Ut �tra
�� wHWv�O ���� Q 
xk��Ut u�tDiy w CU�� Ov�xOvOQm sqa� ���� Q
u�Oty ��v�U �raw� x�oWv�O QO %� p�U x�t CWy��OQ� QO QwWm
QO xwQo u� sQDLt u�O�DU� CmQ�Wt xm �H v� R� �OW Oy�wN Q�RoQ �
u�� �i�m K�U ��kDQ� QO �� wHWv�O ���� Q 
xk��Ut Cq�
wU KQ�
u�Q�� ���� Q utHv� �wU R� �oOv��tv x� �CU� srUt �Qt� C�k��Ut
QO �D sQ�O �aODU� xwQo u� Ovtxkqa u�Q�mty R� �r�a��vH �Q�mty �� w
QO �Ov��tv s�Ok� C�k��Ut xt�vu��� � Ov� ���w�T�U�Q� p�
wU KQ�
�D QFm �OL �pL x�Qty x�� Cq�
wU �D OwW P�ND� ���DQD OvOQm ���kD u���B
VQ�PB 
xwLv �OOQo p�UQ� utHv� TQO� x� �Q�H p�U x�t �O u���B

�OW Oy�wN sqa� 	��k�aDt xk��Ut QO CmQW "u��r�w�O

� �

� �

���� Q utHv� C�Q�����eD �yo �
u�Q�������

u�Q�� ���� Q utHv� xUU�wt C�Q��eD �yo �
����xQ�tW x� xOW C�F

MQw t �O�a � tw ta 
 tH t �xU r H DQwY O� v DU� x �
w �rY� TQR�� CtU� wri�U u�UL ��k� ����	���
��NDv� pO�r��ra TQR�� CtU� �OwtLt u�oSt sv�N

�OvOW

�Q�HDQ�e C�UU�wt w �yDmQW C�F xQ�O�



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

���� Q �rrtr�u�� Tv�Qivm QO p�Ut� u�DU��D u�Q�� ���� Q
�OvOwtv CmQW OW Q�RoQ� u�J QwWm QO xm

��OQmyO s�vy� s�y�Q�� QDmO u���k� w Q�Wt xQyJ� QB sv�N $
p��v �oDUWvR�� Q�NDi� x� �R�Q�WxO�Rxrr�C�� �OytOtLt

�OvOt��OwtLt u�oSt
�DWy�O�yW x�oWv�O QO utHv� xOv��tv

OyWt �UwOQi x�oWv�O
u�wva x� u�� R�HL u� Q�W QDmO sv�N Q�mQU ��%� x�tu��� QO $
�OvOW ��NDv� OyWt �UwOQi x�oWv�O ���� Q xwQo Q�Ot

u��LrYtp�Y OtLt
OyWt �UwOQi x�oWv�O QO utHv� xOv��tv

xQwO ZLt ���� Q xDWQ TwQO �QovR��
�U�vWQ�m

u�� Okavt %�)�%)�� MQwt ��)&)�&%� xQ�tW O�OQ�Qk T�U�Q�
sQDLtCU�� Q w �Qw��vi w C�k�kLD �swraCQ�Rw�WRwt� sQDLtCvw�at
pw
wUt OyWt �UwOQi x�oWv�O ���� Q xwQo �OyWt �UwOQi x�oWv�O
QO wCU� xO�OQo �U�vWQ�m xQwOZLt ���� Q xDWQ TwQO �QovR��
�yv� x�QaC�i�m w R�r�v� �UQO O�wt ��wDLt KqY� ��Q� w �DU�Q u��
Q�v�tU u�tyOR�wO u�oOvvmCmQW R� �atH �HvUQ
v x� p�P Cq�
wU
OyWt �UwOQi x�oWv�O ���� Q xwQo u�Q�mty w u� ��yOQ� Q�m w R�r�v�
�OW xO�O Q�Qk CU� xOW xDN�vW QwWm �tra 	�k l� u�wva x� xm
��y��wH OwW�t CU�wNQO ���� Q R�r�v� TwQO sQDLt u�UQOt R�
Q
vx�kv xvwoQy w CU� xt�t� xm �HvUQ
v sQi QO GQOvt Cq�
wU
Q�Ot x� �CiQo Oy�wN Q�Qk xHwD OQwt �Q�os�tYD QO 	�v�t�t xm � Qo�O
OyWt �UwOQi x�oWv�O QO ���� Q utHv� xOv��tv �� ���� Q xwQo
Q��LDU� x� p�P KQW x� ���� RQ� G��Dv R� �WN� 	�vt� �Ov��tv p�UQ�
�p�
wU xQ�tW 	�DQD x� AJ x� CU�Q R� O�Oa�� OUQ�t u�Ovtxkqa
uwO� OYQO w u�ir�Nt OYQO �u�ki�wt 	�D�Uv OYQO u�ki�wt OYQO

��OyO�t u�Wv �Q Q
v

� # $ �� $ �� $ !�� $� � # $ �� $ �# $ �#� $�
� �� $# $ �%$ !�� $� � � $�� $ �% $ ��� $�
� � $ �# $ �� $ ��� $& � & $ !� $ �! $ ��� $�
��� $ �# $ �� $ &� $% ��� $ �� $ �# $ �%� $!
� # $ # $ �& $ ��� $�� � & $ �� $ �! $ !�� $#
�# $ �& $ �� $ !%� $�! ��� $ �% $ �� $ ��� $��
� � $ � $ � $ #�� $�� � % $ � $ �! $ ��� $��

�� $ !� $ �� $ �%� $�� ��� $ ! $ �� $ ��� $��

xO�UQ ��yxt�v w Q��N�

�R�Q x�oWv�O
����� Q xDWQ OWQ� �U�vWQ�m u�� wHWv�O R� �QU u�rw� $
��%� x�t Qyt QO x�Wv�tQm �R�Q x�oWv�O QO �OQ� Q�m V��Qo

�OvDN�OQB p�YLD x�

xk��U p�U �� R�V�� �� x�Wv�tQm �R�Q x�oWv�O ���� Q xwQo
�� �OQ� Q�m w ZLt V��Qo wO QO ���� Q xDWQ QO T� QOD
T� QOD �OQ� Q�mV��Qo �OWQ� �U�vWQ�m �wHWv�O ! VQ�PB

�CU� xOwtv R�e� �Q �r�YLD ��kt u�� QO
�W� wQO �kDOtLt
�R�Q x�oWv�O ���� Q xwQo Q�Ot

Q�wR�U srat C�� QD x�oWv�O
��%� x�tQyt syOiy RwQ QO Q�wR�U u�DUQyW C����� Q 
xv�N $
Qw�L �� w Q�wR�U srat C�� QD x�oWv�O QD
�D �it� pLt QO
w u�Q��O R� �O�OaD w QyW C�t�kt R� ��a� �x�oWv�O T��Q

�OW K�DDi� ���� Q xDWQ u�Rwt�Vv�O w u�� wHWv�O
�O�WQ x��Qt
Q�wR�U srat C�� QD x�oWv�O QO utHv� �xOv��tv

�DWy�O�yW x�oWv�O
p�U ��Q� �Qvy uty� QDmO w �t�y�Q�� �OytOtLt QDmO u���k� $
x� ��D�ar��t CYQi R� xO�iDU� Qw
vt x� %�$%� �r�YLD
x�oWv�O w �O�v�m QO wDvQwD QyW lQw� x�oWv�O sR�a 	�DQD
u�W�� �m�vwQDmr�CUB TQO� �OvOW �u�DUrov� QOl� wQ�w

�O���t Q� R QO
m
ebrahimi�cc�sbu�ac�ir

ebrahimi�mathstat�yorku�ca

b
honary�cc�sbu�ac�ir

honary�maths�warwick�ac�uk

Q D mO ��k� x m xwQ o �Q D mO �wHW v�O VywS B �Q �tL s v�N $
�OvQ�O xOyaQ� �Q V�xr�UQ ���tvy�Q �t�y�Q�� �OytOtLt
s�ovtQ� � sR�a QwWm R� GQ�N �WywS B 
xQwO uO v�QPo ��Q �

�OvOW u�DUrov�

�v�t�B �tra C
��y w�a u�wva x� �Q�vt ��DQt QDmO ��k� $
�OvOwtv �wQW ���� Q xwQo QO �Q OwN C�r�ai

QO ���� Q VRwt� OWQ� �U�vWQ�m �OwQw u�twO p�YLD $
�OW R�e� wHWv�O � �� �Q�H p�U Qyt

QDmO ��JKqY� R�ovJ QDmO ��v�Qwy�W OtL� QDmO u���k� $
utHv�T��Q O�Ry� �Oyt QDmO ��k� w uULr�w���H�L u�UL



u�Q�� ���� Q utHv� xt�vQ�N ��

R�r�v� TwQO ��wDLt OQwt QO �HvUQ�v sQi
���� Q xDWQ �U�vWQ�m �xQwO

�OwW x��Q� �OL�w � TQO wO CQwY x� C��
�� Q �v��t TQO ���

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

CQwY x� ��N Q�H OL�w � ��OL�w � ��NQ�H l� ��H x� ���
�OOQo x��Q� �OL�w � TQO �

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

x��Q� Q�H w R�r�v	 u�YYNDt 
UwD �w�vD x� ��NQ�H TwQO ���
�OOQo

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

O�OH l� R�i s�v �� �OL�w � TQO l� x��Q� �
�� Q xDWQ QO ���
QO �a��D R�r�v	 x�o��HV��tv w u� wvl� R�i ��yR�Ov�sWJ �iQat ��Q�

�OOQo x��Q� l� R�i

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

O�� R l� R�i x�oW��tR	 wl� R�i OL�w �� x��Q� �
�� Q xDWQ QO ���
�O��� p�rkD OL�w � x� CU� QDy� �CU�

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

w pBt ��m�Dt�Dt �lD �UQ�B Ovv�t �
�� Q ��yQ�Ri�sQv �� ���vW	 ���
�OOQo x��Q� � w � �
�� Q x�oW��tR	 s�v �� �OL�wl� TQO wO QO ���

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

�y�oWv�OV�B TQO QO xm u�� x� xHwD �� OL �t�yiD EL�t ���
�
�� Q pYiQU R� OwW�t xar��t R�r�v	 TwQO QO �yOa� w CU� xOt	

�OwW hPL � �twta

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

C�a�w Ow�y� ��Q� �Qo�O C�O�yvW�B w C�Q
v xJv�vJ �QmWD ut�
�O���tQi swkQt �O� Q�O TwQO

�x�oWv�O s�v ��oO�wv�Ns�v w s�v

� �v�Wv

E�mail�

u��LrYtp�Y OtLt
OyWt �UwOQi x�oWv�O QO utHv� xOv��tv

C�tOkt pt�W xm OL�w � VRQ� �� �D�tOkt �
�� Q R�r�v	 TQO ��
�OwW xOv�Hvo �UQO xt�vQ� QO CU� �SwrwB wD

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

X�wN u	 QO xm OL�w � VRQ� �� �D�tOkt �a��D R�r�v	 TQO l� ��
�OwW �UQQ� ��N ��yQorta w CQ�r�y ��y��i �Q�OtQv ��y��i

�OOQo x��Q�

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

sOa w xDa�U � ��yUqm QO u�� wHWv�O uOW xDUN x� xHwD �� ��
QO OL�w � ��H x� sHL �U�vt Q��eD �� R�r�v	 TQO ��wr�t ���Q�m

�OOQo x��Q� OL�w xU

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

�SwrwB wD Ovv�t���yt�v R� � w � �� R�r�v	 ��H x� TwQO �Q�Pot�v QO ��
�OwW xO�iDU� ��� w �Q�OQ� R�r�v	 xR�Ov� x� Q�v ��D�tOkt

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

�
�� Q R�r�v	 s�y�it Q� x�mD ��H x� �twta �
�� Q TwQO QO ��
�OwW O�m��D OQ� Q�m w C��U�Lt �wQ

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

QDtm �yv	 pm pOat xm �v�� wHWv�O ��Q� R�r�v	 �t�y�it TQO u�rw� ��
�OwW ��NDv� �twta �
�� Q TwQO uOv�QPo R� Oa� CU� �� R�

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

�OOQo x��Q� x��k C��F� uwO� �twta �
�� Q TwQO ��

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

�OOQo x��Q� OL�w � VRQ� �� �D�tOkt l�vwtQ�y R�r�v	 TQO l� ��

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m

uDt �� �D�tOkt l�vwtQ�y R�r�v	 w �D�tOkt �a��D R�r�v	 TwQO ��
�OwW x��Q� �UQ�i u��� �� �rw �U�rov�

�sQ�Ov �Q
v �sir�Nt �ski�wt 	�D�Uv �ski�wt 	qt�m



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

T��Q �OQm QmWD s�Ok� u�� R� �QwW �OWC��Qk u�Q�� ���� Q
�Q�RoU�BU �v�� Qk 
xO�wv�N R� �QwW hQ� R� OvOQm sqa� utHv�

�OQm Ovy�wN

�y�oQ�m �� wV��ty x� �w� Qt C��D�mt R� ��xNUv OW QQkt $
�wOyt QDmO ��k� Q��DN� QO O�YDk� w C����� Q� 
xv�tR QO
�DavY x�oWv�O QO �Q u� �Q�RoQ� C�tOkt �D OQ�o Q�Qk �Q�t�

�OvR�U sy�Qi h� QW

CyHC����� Q 
xyO uWH �Q�RoQ� �� utHv�T��Q O�yvW�B R� $
Cki�wt w p��kDU� p�U Qy x�t u��� QO C����� Q uOQm �twta
TB w OwW KQ�t utHv� �twta �tHt QO O�yvW�B u�� OW
��yu�tR�U w xv�NDQ�Rw �Q�mty �u� j�kO u�tR 	� wYD R�
uWH u�� QDywmW�� xJ Qy �Q�RoQ� QO �Q�mtyCyH �w� Qt

�OwW 	rH

���� Q VN� T��Q ���� �qwH x�t �� MQwt CwaO $
QO CmQW CyH utHv� T��Q R� u�DUwOvy 
xDmrm x�oWv�O
OwW�t Q�RoQ� %� x�t u��� QO xm C����� Q OQ� Q�m sw� RwBtU
CmQWCyH �Q�t� �wOyt QDmO �Ovtxkqa OW Q�Qkt w KQ�t

�OwW sqa� �v�QvNU O�Q�� w

u�Q�� �tra ��yutHv� uw�U�tmT��Q %�)��)�� MQwt 
xt�v $
w C��Oy w �v�yH p�U ��rt O�DU Qwt� �Q�o�B XwYN QO
utHv� 
xv�NQ��O x� x�t O�OQt QO xm C����� Q ��yxv�N CQ�
v
pY� R� O�OHt p��kDU� ut� �QwW �OW KQ�t Ow� xO�UQ
OwN Q�m QwDUO QO �Q utHv� 
xv�NQ��O C�v�mt� �UQQ� �O�yvW�B

�OwW P�ND� ��Dkt s�tYD �Oa� CUWv QO �D O�O Q�Qk


xv�y�t ��yV��ty 
xD�tm T��Q u�tO�W uqUQ� QDmO ��k� $
VQ�Ro OvOQm sqa� w OvO�O VQ�Ro �D� u�v�QvNU 
xQ�� QO utHv�
�U�rov� w �UQ�i Cq�kt pt�W O�rHt wO QO �yV��ty u��
CmQL u�� QmWD R�Q�� ut� �QwW �CU� A�J 
xO�t� xOW x��Q�

�CUv�O utHv� ��yC�r�ai M� Q�D QO Q�oOv�t �Qt� �Q


xD�tm T��Q w utHv� T��Q x� �DUQyi 
x��Q� ut� �QwW $
xHwD �� O�O xR�H� QwWm �� wHWv�O ���� Q C�k��Ut �tra
x�t Qyt pw� 
xQwO ��Q� �Q xD�tm u�� ���a� Q�m 	v�wH x�
u�ULtqe �QDmO u���k�� �Ovv� RoQ� %! x�t Qw� QyW u���B$%�

xN�W pw
wUt u�wva x� Q��mQ�t� �DavY x�oWv�O R� xO�RsqU�
C����� Q w �Q
vl� R�i 
xUU
wt R� �mvQwB ��QOtLt �R�r�v�
x�oWv�O R� uULr�w��G�L u�UL �Q�H 
xN�W pw
wUt u�wva x�
�kD OtLt w �Q�mD�� 
xN�W pw
wUt u�wva x� �DWy� O�yW

��QwW C��wYt �xYqN
���QH�

CUWv u�tHvB w CU�� �u�tQ�yJ w CU�� �u�twU w CU��
Qw� QyW u���B $ &# x�tQyt "p�w� 
xQwO u�Q�� ���� Q utHv� ���QH� ��QwW
Qw�L �� %�)�%)�# �%�)�&)�� �%�)��)�# ��yRwQ QO %� x�t

�OW p�mWD u�Q�� ���� Q utHv� ���QH� ��QwW sQDLt ���a�
�R� Ov�CQ��a CUWv xU u�� C�t�tYD w �yWQ�Ro sy�

��y���tyOQo�Q�RoQ�ptar�QwDUOOvOQmp�kD u��v�twD QDmO��k� $
sDiy �D sHvB R� xm �yV��ty 
xD�tm VQ�Ro x� xHwD �� �Q utHv�
p�mWD Q��mQ�t� �DavY x�oWv�OVQiD OL�w QO &% x�t O�OQN
x��Q� ���QH� ��QwW x� �Q u� 	� wYD CyH w Ovvm u� wOD OW

�OvyO

Vvtv�Q�� �ra QDmO ��k� w OwN CmQW VQ�Ro utHv� T��Q $
QO xm �Q C����� Q �v�yH 
x�O�LD� TqH� u�tyOQ�yJ QO
�v�yH 
xQovm �Q�RoQ� VQ�Ro R�v w OW p�mWD ��yov�W QyW
OvOwRi� w OvO�O x��Q� �Q umB QyW QO ����$u�v�O���� Q
xDW�Ov utHv� ��Q� �r�t Q�� xvwoJ�y �yQiU u�� xv�DN�WwN
�OvOQm �Q�RoU�BU xOt� pta x� ��yVqD R� ��a� �CU�
Q�m C����� Q Q�Hiv�� ��Dm 
xtHQD utHv� OQm Cki�wt �QwW
QO xm �Q xUv�Qi �OQ� Q�m wZLt ���� Q ��yutHv� lQDWt
�UQ�i u�Ovtxkqa Q��DN� QO CU� xOW QWDvt ���� p�U
xSwQB u��OvDiQ�PB u�tO�W uqUQ� QDmO ��k� �OyO Q�Qk u�� R
�Q u� �� QU ��QH� 
xwLv w OvyO Q�Qk OwN Q�m 
xt�vQ� QO �Q
u���k� utHv� wO u�� ��U
wQ �� OvOQm p�kD R�v w Ovvm �UQQ�
utHv� �� �Q�mty 
xwLv OQwt QO �QD pW�t wC�tW�Or�w pW�t
�OvQ�o� T�tD lQDWt ��yV��ty �Q�RoQ� w u�Q�� ���� Q
ICM wIMU �Oa� 
xUrH QO OvOQm �Q�wO�t� Q�y � u�W��
�Qw�L u�Q�� OwW�t Q�RoQ� ��v�BU� QO ���� p�U QO xm

x��Q� Qmi x� uwvm �sy R� �v�Q�� u�v�O���� Q w OW�� xDW�O p��ai

�OvW�� q�� C�i�m �� �Dq�kt

�v�U �raw� x�oWv�O sQDLt T��Q %�)��)�� MQwt 
xt�v $
u�tDiyw CU�� �Q�RoQ� CyH x�oWv�O �oO�t� XwYN QO
�QwW �OW KQ�t %� p�U QO QwWm�� wHWv�O���� Q 
xk��Ut
xk��Ut s�Hv� ��Q� �Q %� p�U x�tCWy��OQ� QN�w�T�BUut�

�CUv�O 	U�vt

O��xOvR OvRQi �v�� Qk uUL QDmO ��k� %�)��)�� MQwt 
xt�v $
C�i�r
�D R� OrHCiy��Oy�XwYN QO�v�� Qk sU�kr�w�� O�DU�
OrH Q�yJ w pyJ w C����� Q M� Q�D 
xv�tR QO O�DU� �k�kLD
utHv� 
xv�N��Dm x� O�DU� x� jraDt �HQ�N ���� Q ��y��Dm R�



u�Q�� ���� Q utHv� xt�vQ�N ��

X�YND Q��N x� �DWy� O�yW x�oWv�O uq
wwUt R� �QwW $
QmWD	L�Yt u�ULtqe QDmO 
xR��H x� p�� Q uw�r�t GvB dr�t

�OQm

pw� RwQ xO �QwW %�)��)�� QO �twta �tHt x� �wYt wQ�B $
w CUv�O 	U�vt C����� Q 
xyO u�wva x� �Q p�U Qy x�t u���
u��r�w�O u��t R� utHv� T��Q �D OQm �iQat �Q Qiv CWy

xt�vu��� x�t xU QFm �OL C�Ot hQ w OyO p�mWD ��xD�tm
��QH� 
xwL v w xyO u �� sU�Qt w h�Oy� OQwt QO �tHUvt
OwN uwOt ��yO�yvW�B w Ovm 	� wYD w u� wOD �yv� �QU�QU
Ov�CQ��a O�Qi� u�� �OvDUQi� ���QH� ��QwW x� O���D CyH �Q

�R�
�QDmO u���k� w ��DWy�O�yW x�oWv�O� �� wo �QyR QDmO sv�N
x�oW v�O� lWR B O�tL ��u�H vR x�oW v�O�O�S vu� Q� OwaUt
� v�Oy�ROy�R QO �L ��s k x� oW v�O� �J v�N R � Ra ��u�Q y D
�UwOQi x�oWv�O� u��LrYtp�Y OtLt ��R�Q�W x�oWv�O�
xrr�O��a w �u�yiY� x�oW v�O� �yrr�O�a ��Q�ra ��OyWt

��h� QW �DavY x�oWv�O� u��OwtLt

x�oWv�O ���� Q 
xOmWv�O sQDLt CUQB QU %�)�&)�& 
xt�v $
���� Q xOmWv�O ��QwW w xU��Q C
��y �oO�t� OQwt QO OR�
utHv� 
xvq�U ��yUv�Qivm R� �m� �Q�RoQ� CyH x�oWv�O u��
utHv� T��Q R� T�BU ut� ���QH� ��QwW �OW KQ�t
OtL� �QDmO u���k� �oO�t� R� �q�� 	Um R� TB CU�wN
�xvq�U ��yUv�Qivm �Q�RoQ� CyH xO�RsQm �raO�t� w �v�kL
sHvB w�U sQ�yJw�U ��yUv�Qivm u�v�� R�t ��oO�t� 	�DQD x�

�OvvmXNWt %� w %! �%� ��yr�U QO �Q sDiyw�U w

QDmO��k��iQatXwYNQOOwQy�Wx�oWv�O sQDLtT��Q 
xt�v $
Q��O u�wva x� x�oWv�O u� ���� Q xwQo sQDLt Q�Ot �vULQ�t
ut� �QwW �OWC��Qk QwWm ���� QTv�Qivm u�tQ�yJw�U
u���k� �OyWt�UwOQi x�oWv�O� u��vwDwD xR��i QDmO sv�NT�BU
s�QOB ��u�et�O 
x��B swra 
xOmWv�O� VvtQ���WN s �m �QDmO
x�oWv�O� s�vm�v xrr�OU� ���O��v� ��yWv�O x�oWywSB� �QiY
x� �Q �OwQy�W x�oWv�O� ��HQ Q�m � �ra w �OyWt �UwOQi
w O� RoQ� Tv�Qivm u�� �tra 
xD�tm QO OwN u�oOv��tv u�wva

�OQm wRQ� �Q u� jiwt �Q�RoQ�

sm R� �q��	UmCyH OQmCki�wt �QwW ��r�k C��D�mt wQ�B $
C����� Q �v�yH p�U �rt O�DU R� xOv�t�k�� ��yQ�m h�m w
OvwW �iQat CQ�Rw �WywSBCvw�at x� �ywmW QwYvt ��k�
�� x�Qty �Q �yQ�m pt�m CUQyi pw
wUt OQi �Q�mty �� u�W�� w
x�yD �QwW�Oa�CUWv QO KQ�CyH ��yxv� Ry OQw�Q� w lQ�Ot
�)���% 
xQ�tW 
xt�v x� MU�B QO 	r�t u�� OW Q�Qk �Ovvm
�OwW Tmavt �QwYvt ��Q QDmO ��k� %�)�&)�% MQwt

�tra 
xD�tm T��Q u�wva x� srat C�� QD x�oWv�O R� �����O
��Ov�xOQm Ci�� QO R�v �Q OwN s�mL� w xOW ��NDv�

C�k�kLD �swra CQ�Rw u�vw�at ��QwW %�)!)�% MQwt 
x� wYt $
�HQ�N w �rN�O C�k�kLD R� xO�iDU��wU OQwt QO �Qw��vi w

�OW C��Qk Q� R KQW x�

C� � F� w �w�wt �UQQ � w O �OQ D O�H �� R� T B
p�mW� x �� xOW s�H v� � D� k � kL D xO� i DU��wU
�t�
Dv� C�irND x� �oO�UQ ��yC
��y �hrDNt
u�a QO xOvvmxO�iDU��wU �� �tra C
��y ���a�
	U�vt w ���k OQwNQ� u�O�DU� CtQL C��aQ

�Ov��tv

QO xOW xDiQ�PB ��yD�rw
wUt �T�BU ut� utHv� T��Q $
�u�tO�W �u��v�twD �u��vwDwD �QDmO �UwD xDWPo CUWv OvJ
�Q�wO�t� Q�y � w OvOW Qw�O�� �Q �Q�t� �wOyt w �Jr�kOt
x� �Q u�WOwN C�t�Ok� 
xH�Dv QDOwR xJ Qy u�Q�woQR� u�� OvOQm

�Ovv�UQ� �QwW �q��

���� Q utHv� T��Q C�tWOr�w pW�t QwUiwQB Q�N� 
xt�v $
Q�Qk xOW s�Hv� C�t�Ok� u�� QH QO �QwW �OW C��Qk xUv�Qi
p��Ut CU�wN u�tO�W QDmO ��k� R� T�BU ut� w CiQo
utHv� uDrw�� 
xawtHt x� �w� Qt Ov� OQwt QO w OvQ�o� �B �Q
Q��U� ����QW �� xm �#&# �D ��%&�� R�e� R� xUv�Qi ���� Q
OvR�U �r�t �Q u�QyD x�oWv�O OQ�o� Q�Qk Q��DN� QO Ov�wD�t u�U�
u�QyD x�oWv�O ��NDv� �OwW xO�iDU� xOt� V�B CYQi R� �D
	� wYD ��Q� j�iD� x� 	v�wH �UQQ� R� TB Qw
vt u�� ��Q�

�OW

w xNUv ����QO Q�t� w ���� Q xt�vxS�w A�J O�OHD �� �QwW $
�UwD ��y�oWv�O QWv RmQt �wU R� �r�UQ� O�OQ�Qk ���t�

xD�tm OW QQkt ���DQ� u�� QO �OQm Cki�wt �utHv� Q�Oxv�RN
�v�� R�� �� xt�vxS�w �Oa� A�J xm OyO ���DQD utHv� �v� RoxS�w
u� QO w OW�� x�Qty O�OH ��yxS�w uOwRi� w OwHwt ��yxS�w

�OwW Q
vO�OHD �rwY� CQwY x�

OQwt QO �QwYvt ��Q QDmO ��k� %�)�&)�# MQwt 
xt�v $
��yvtHv� ��Q� QHi O��v� u�tDN�U R� xk��VW O� QN u�mt�
�� �QwW w OW C��Qk p�� Q OQ��r�t CU�� dr�t x� u�Q�� �tra
��yvtHv� ��%� p�U xHOw� R� OYQO �� �D �� X�YND
Q�y � �Q�RoU�BU ut� wCki�wt Qw
vt u�� ��Q� u�Q�� �tra
C�v�mt� R� Ov�wD� OwN syU x� C�Uv utHv� Qy OQm �Q�wO�t�

�Ovm xO�iDU� u�tDN�U u��



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

utHv� Oa� 
xQwO 
xDN�yQi ��yxQyJ �iQat w V��ty u�twU
�Ovm �i�� Vkv QF
wt Qw� x� Ov�wD� u�Q�� ���� Q

XwYN QO �QwYvt QDmO ��k� ��vH �)�#�� 
xQ�tW 
xt�v $
QO �w� Qt �v�Qov OW QQkt w C��Qk �WywSB C�Q��Da�Vy�m

�OwW �� RwD ��Uw K�U QO w Tmavt VQ�Ro�

�tra ��yvtHv� uw�U�tm sQDLtT��Q �)�#&& 
xQ�tW 
xt�v $
�Q�Pox��tQU swRr w C����� Q 
xv�tR QO xDmv GvB ut�Dt u�Q��
�OvyO MU�B Qw� Rt 
xt�v x� utHv�T��Q OW QQkt wC��Qk u� QO

QO �r�tmD Cq�YLD RmQt QO utHv� �oOv��tv XwYN QO $
Q�Uv�wN OL�w QDw�Bt�m w ���� Q 
xOmWv�O �u�HvR 
x��B swra
O�R� x�oWv�O u�Oty OL�w ���� Q xwQo w u�yiY� x�oWv�O
sv�N Q�mQU ��kQ���tvyQ Q�t� QDmO ��k� �� �	�DQD x� ��tqU�

�OW Cki�wt �OU� s�Qy� ��k� w CN� RwQ�i xO� Qi

���� Q R�r�v� Q�v�tU u�tyOR�U VQ�Ro A�J x�ltm CyH $
Q�Oxv�RN OW Cki�wt OwW�t Q�RoQ� u�yiY� x�oWv�O QO xm

�Ovvm R� Q�w �w� Qt ��UL x� p�� Q uw�r�t xO dr�t utHv�

C�Q�WDv� �Q xv�y�t V��ty VQ�Ro �UQ�i VN� OW Cki�wt $
j�� OrH �wQ Ct�k �Ovm A�J xNUv ���� QO �t��i
utHv� �UwD �w� Qt GQ�Nt w u��aD �t��i C�Q�WDv� p�wQ
C�O�ytD u� VwQi OQwt QO OW QQkt u�vJty �OwW u�t
�D

�OQ�PB CQwY sRq

xm utHv� ���a� ��tvy�Q A�J w u� wOD CyH OW Cki�wt $
��y�QwW ��yxQwO s�tD QN� p�U QO 	DQt Qw�x� TB u�� R�
u�� QO w Ovvm s�Ok� xv�NQ��O T��Q OW Oy�wN s�Hv� ���QH�

�OvwW OvtxQy� R�v �tU�� QDmO ��k� C�Q
v R� ���DQ�

C�v�mt� Q� xwqa OWCki�wt uDrw� Q�� QB w �kwt x� A�JCyH $
uDrw� ���QH� Q�Ot Vvtv�Q�� QDmO ��k� Q��DN� QO xm xv�NQ��O
u�wva x� p�� Q uw�r�t l� dr�t swRr CQwY QO �OQ�O Q�Qk

�OwW CN�OQB uDrw� sQDLt Q��OQU x� x�wNvD

��yW��tyVQ�Ro xm OvOv�UQ ��a� �q�� x� u�tO�W QDmO ��k� $
�U�rov� �Qo�O w�UQ�iCq�ktpt�W�m� OrHt wO QO xv�y�t
T��Q �UwD xm �yxv� Ry OQw�Q� x� xHwD �� �CU� A�J 
xO�t�
CyH u�mt� CQwY QO OQm x�YwD �QwW OW x��Q� xv�NQ��O
x� �w� Qt OrH �QW�v u�wva x� utHv� �C�Q�WDv� �R�Ov�x�Q
x� xm ���yxNUv RH� w Ovm QWDvt w A�J �Q �UQ�i Cq�kt
�Q OwN �Q�wO� Q�e C�� QWv OvwW�t ��Oy� OwOLt CQwY
uDiQo �xrtH R� CqmWt OQwt QO utHv� T��Q �OWwQi�
�OvOQm C�LY �� RwD w A�J ��rt 
xv�N��Dm 
xQ�tW �RwHt
u���k� R� xS� wx� w OW Q�DU�wN �Q �w�wt QDW�� 
xar��t �QwW
�Q�N� 
x�YwD x� xHwD �� OQm CU�wNQO u�tO�W w O�Ry� QDmO
�OvQ�o� s�tYD OvyO�t s�Hv� xm �D�ar��t w �r�k C�� wYt

w uDrw� 
x� Q� QLD C
��y ��yDUWv 
xQ�� QO Vvtv�Q�� QDmO ��k� $
R� w OvO�O VQ�Ro xOW s�Hv� ��yQ�m w ��a� Q
vOQwt h�Oy�
Cq�kt �Qw�O Qt� QO �� QUD CyH OvOQm ���kD C
��y hQ�
�Q�O� QN utHv� 
xv�NQ��O ��Q� 	U�vt QvmU� x�oDUO l�

�OW 	� wYD O�yvW�B u�� �OwW

VQ�Ro �Jr�kOt w O�Ry� �Vvtv�Q�� ��Qiv xU 
xD�tm OW QQkt $
p�U �rt O�DU R� xOv�t�k�� ��yQ�m �� ���DQ� QO xv�NQ��OT��Q
s�w w C� Qwt
�t x� �w� Qt ��yxt�vu��� R�v w C����� Q �v�yH
�Ovvm �UQQ� �Q �xv�NQ��OT��Q �O�yvW�B �u�OvtQ�m �Q�Q���
Ovy�wN �QH� p��k �QwW C�� wYt 
xrRvt x� xD�tm u�� C�� wYt

�Ow�

CyH �GQ�N x� �Qm �P u�UL QDmO ��k� CQi�Ut x� xHwD �� $
C�kiwt �wRQ� w QmWDut� �QwW ��D�ar��tCYQi R� xO�iDU�
u�wva x� TB u�� R� OQm ���kD u�tO�W uqUQ� QDmO ��k� R�

�Ov��tQi CmQW �QwW C�UrH QO �rY� w�a

�Q Q�oOv�t ��yxQyJV��ty Q��O R� xO�UQ 
xt�v O�Ry� QDmO ��k� $
��yxt�vu��� R� �q�� �Q�RoU�BU ut� �QwW �OvOQm C��Qk
�Q�RoQ� CyH OQm �Q�wO�t� Q�y � w CUv�O sRq �Q �w� Qt



u�Q�� ���� Q utHv� xt�vQ�N ��

x��B swra s��B�
�OQ� Q�m x��B swra xOmWywSB �tra 
xt�vQ�N

�OQ� Q�m x��B swra 
xOmWywSB $ �y�oWv�O O�yH �R��Dt� 	L�Y
u�ULr�p�kt ��DHt �pw
wUt Q�Ot

��%� Qw� QyW ��� 
xQ�tW $ swO p�U

�OQi ��Q��
VQwQB ��rt u�tR�U �u�QyD ��rL xtqa u�DUQ��O �WRwt� RmQt 
xt�vQ�N

u�WNQO ��yO�OaDU�
�QiaH �OytOtLt �pw
wUt Q�Ot
��%� O�OQt ��� 
xQ�tW $swO p�U

� �

�DWy� O�yW x�oWv�O ���� Q xwQo $ �tra 
xt�vrYi
�DWy� O�yW x�oWv�O ���� Q swra 
xOmWv�O �R��Dt�	L�Y

��%� Q�y� �� 
xQ�tW

��xQ�wy�t Q��U C�Q��Nt �
u�D�B wvwQ� �xOvU� wv

�Q�OH p�i�QU� $ l �mL OtLt �u�tHQDt
��%� u�DU��D �pw� A�J

� �

s��N ���� Q utHv� �WywSB $ �YYND 
xt�vy�o
s��N ���� Q utHv� �R��Dt� 	L�Y
s��N �r�a VRwt� 
xUU
wt �Q
vQ� R
Q�wUl��J OwaUt �pw
wUt Q�Ot

��%� x�tQw� QyW �� xQ�tW $ swO p�U

� Journal Sciences of Islamic Republic of Iran

Volume �� Number � Summer ���� Tabestan ����

� Journal Sciences of Islamic Republic of Iran

Volume �� Number � Autumn ���� Payis ����

C�� QWv �iQat
�Ovm�t �iQat �Q utHv� QDiO x� xO�UQ �C�� QWv w �Dm �xt�vQ�N

C�� QWv w �Dm
xt�vQ�N�

���� Q u�trat �WRwt� w �tra ��yvtHv� 
x�O�LD� �R��Dt� 	L�Y
QwWm

sOkt�v��rU u�UL �pw
wUt Q�Ot
��%� u�DU��D w Q�y� �� 
xQ�tW

xt�vQ�N�
u�DU� ��yv�DUQyW ���� Q u�trat �WRwt� w �tra utHv� �QW�v

u�QyD
�yrr�u�a ��Q�ra �pw
wUt Q�Ot
��%� R���B w u�DU��D �& 
xQ�tW

QwWm ���� Q �tra ��yvtHv� �x�O�LD� �xt�vQ�N�
u�yiY� x�oWv�O ���� Q �tra utHv� �pw� 
xQ�tW R��Dt� 	L�Y

�v�t� �i�Yt �pw� xQ�tW pw
wUt Q�Ot
��%� O�OQN �� 
xQ�tW

QO QwWm ���� Q �� wHWv�O �tra ��yvtHv� V��ty u�rw� VQ�Ro
u�yiY� x�oWv�O

QO QwWm ���� Q �� wHWv�O �tra ��yvtHv� ��yD��ai OQmrta VQ�Ro
��%� p�U

���� Q VRwt� OWQ�
��WRwt� �R� Qxt�vQ� u�tR�U �VQwQB VRwt� CQ�Rw �R��Dt� 	L�Y

�WRwt� ltm C�Q�WDv� QDiO
xO�Ru��H�L ��Q�ra �pw
wUt Q�Ot

�& 
xQ�tW $��%� p�U )syORwv p�U
u�Q�� QO���� Q VRwt��k���D xar��t s�Hv� CQwQ� �Q��OQUCW�OO��
��yx�oO�O �u�Q�� QO �UQO ��y��Dm h�r
�D xJN� Q�D ��yQwWm Q��U ��
��Q�ovs� wkD w s� wkD Q� ��xtOkt ��R�� x� Q
v �xUOvy VRwt� u� wv
C��wQ �lWQ�� O�DU� R� �O�� ���UL ��Dm u�ir
wt u�wva x� �yxJ�
x� MU�B )Q�N ����OD�� C����� Q T� QOD w Vv�O� ��Dm Okv �u�trat

�yxt�v

�r�a C����� Q ��� OrH C����� Q hQ�atr�xQ��O�
u�tr� ���� Q O�D�U� R� �atH � u�ir
wt

QwB�U�� ��Qtqe �xtHQD
��%� pw� A�J �QH�yt QWv



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

ROr�i p�Ot u�DUNv ��yRwQ �xJN� Q�D
��v�o� Q s��Q pQ�m


xJN� Q�D �t� �OvU�vW�t �Q ROr�i p�Ot �yxW�B ���� Q 
xty
�QYDNtKQW xr�ktu�� �Ovv�O�tv xty �Q u�u�DUNv ��yRwQ
�CU� C����� Q �rrtr�u�� 
xat�H QO ���yO�O� wQ w �u� OrwD R�

�OW QHvt u� OrwD x� xm

ROr�i RrQ�J u�H
��vO x� �Ckw u� ��ra ��O�v�m � w� Q�Dv� uDr�ty QO �%�� QO ROr�i
�Ov�OQo�t �Q �� Qenv�m u����N �� 
xQ�tW QO sQJ 
xR�et VQOB �Ot�
�oOvR �kQWnv�m u����N ��� 
xQ�tW QO �m�ORv u�ty V�xO�wv�N w
xm �H u� �Ov�xOW Zwa �CU�yCOt u�tDN�U wO Qy� �OvOQm�t
u�tyt sy xv�N �O� QN RmQtl� �CU� uUmH u�O�t q�L �Ow� xR�et
OW p�YLDr�dQ�i wDvQD x�oWv�O R� �%%! QO ROr�i ��xOW �O�t�Q ��QU
u�� �PH 	q�tDL� �CiQ Rv�mB�yRv�H x�oWv�O x� p�YLD 
xt�O� ��Q� w
��m� Qt� ��yy�oWv�O u�� �Rv�mB�y Rv�H x�oWv�O �kwt u� xm Ow� xOW
�Q u� ���� Q 
xt�vQ� �OQm�t O�m 
�D VywSB Q� QDW�� xty R� �r�tW
xDN�U �Ow� �Hu� xm �%%� �D �%&� ��yp�U ��� QDU"wr�U � "H� "H
��y��wH V�xt�vu���B u�wva �CiQo �QDmO �%%& QO ROr�i �Ow�
dny

dxn
� x

m
y 
xrO�at u�at p�QoDv� �� ��y��wH w �O�tv u���B ��

A�J Tm�DtDtw� p�vQwH um� Qt� QO �%%� QO xt�vu���B u�� �Ow�
QO �vor� Gr�m x� Oa� w �O�O TQO Rv�mB�yRv�H QO p�U wO ROr�i �OW

�CiQ ��vwr�UvB
Ow� ���Q�v �r�tW ��m� Qt� QO C����� Q �kwt u� ��w R� ROr�i
EQ� �� �CiQ �B wQ� x� Q��N u�ty x� ��CU� lQO p��k 	qt�m u�� w�
xOCUv�wD �V�xv�OYDkt �oOvR w �Ow� xO�UQVv�Or�w R� xm �QYDNt

�Ov�t� �B wQ� QO �Q Oa� p�U
QO u�vJty �rw u�rQ� QO 	�DOta� Ov�QPo �B wQ� QO xm ���yp�U
C�ty� x� VO�kDa� w CW�Po w� Q� �k�ta Q�F
�D �T� Q�B w u� "ov�D�o
��yxW�B���� Qu� QDoQR� R� �Q��U� �� �OQm QDsmLt �Q���� QVywSB
�vW� �p "Uv"y w Tmwi �T�QDWQ� w �Tw�v� Qi �u�rm xrtH R�� u�tR u�
Qta 
xOv�t�k�� �� xm �O���Qo �Q�H ���wD x� V���� Q j�qa w �OW
�DUwO �OQm QWDvt xv�tR u�� QO �O�� R ��yxr�kt C����� Q QOV� Q�m
�OQm Q�QkQ� ��O�wU 
xW�B���� Q� Qr"ir n �D�t �DUo �� sy �Qtar�s�O�t
�O�v�m x� wDvQD x�oWv�O QO xS� w TQOt l� u�wva x� ��#�� QO
utHv� w�a �#�# QO �Ov�t �H u� V�oOvR u���B �D w �CWoQ�
QDW�� �OW uOvr �Dv�rU utHv� w�a �#�� QO w ��O�v�m �Dv�rU
���vW� x�WO�B u�OvJ �� OwW�t xDio w �Ov�QPo�t �B wQ� QO �QVDq��aD
�OQmCmQW Ow� xO�O O�wU x�WO�B xm s�W �v�tyt QO �CW�O �YNW

uwo �vwo

�m�vwQDmr� CqHt
Q
v R� xJ �Q �Q�otWJ CqwLD �WywSB 
xRwL x� QDw�Bt�m OwQw
�q�� Q
v R� xJ w CU� xO�O CUO x� xm �awvDt �Q�Ri�sQv C�v�mt�

xm�W w �m�vwQDmr�CUB �Q�N� OQwt QO �CU� xO�OQo	Hwt �v�UQ
w QD �� QU �QD ��Uw ���DQ� 	Hwt �CvQDv�� s�
a 
xQDUo ��� �w �v�yH
�R�Ht ��yxv�N��DmV��O�B�iQ� R� �CU� xO�OQo u�kkLt QD K�LY
�m�vwQDmr�	Dm 
xOvQ�oQ� QO �OwN �ve xO�ar�jwi ��yw�WQ� Q� xwqa xm
��v�UQ�q�� 
xRwL QO �Q �O�OH syU �OvDUy �m�vwQDmr� CqHt w
�CU� xO�O X�YDN� OwN x� �xOW O�rwD C�aq�� xw�v� x� xHwD ��
Ciy pt�W �WN� �u�J QO u�v�O���� Q �rrtr�u�� xQovm QO R�v p�Ut�

xOvyO u�Wv xm CW�O X�YDN� �m�vwQDmr� C�Q�WDv� x� �v�QvNU

�CU� �w�wt C�ty�

���� Q �m�vwQDmr� 
xrHt u�rw� xm CU� QmP x� sRq
Cq�kt xm OQ�O s�v New York Journal of Mathematics

CQ��a u� �URL	 �v�Wv �Ovm�t A�J �Q ��q�� K�U QO �WywSB
�R� CU�http���nyjm�albany�edu

Zentral
 w Math Review QO �m�vwQDmr� �WywSB CqHt QFm �
Ovv�t �OvwW�t Okv blatt Math

� Electronic Research Announcement

� Representation Theory

�##! p�U R� �Q �yv� w OR�OQB�t CqHt u�� ����WRQ� x� R�v ISI
x
Lqt �Q http�www�isinet�com�CU� xOv�Hvo OwNCUQyi QO

��O���tQi
Ovv�t OvwW�t �Qw�O �DvU �DQwY x� 	�twta CqHt u��

R� ��a� �Documenta Math w New york J� of Math

Print� �B�J CQwY x� Advances in Geometry Ovv�t �yv�
�WywSB CqHt R� ��a� xwqa x� �OvwW�t QWDvt R�v �Version
Ovv�t OvQ�o�t Q�Qk u�OvtxkqaTQDUO QO u�o��Q CQwY x� �m�vwQDmr�

�Journal of Integer Sequences

�vqw� �xrHt w ��Dm Q�WDv� u�ovU 
xv� Ry u�Q�� QO xOvQ�ov Q
v x�
C�OwOLt ��yv� A�J ��yxQwO uOw� s
vt�v �CqHt A�J Q�
Dv� uOw�
x� Q� QLD C
��y C�UrH p�mWD Cq�at ��yxrHt C�OrHt w C�LiY
w OyO�t jwU �m�vwQDmr� 	Dm w CqHt A�J �wU x� �Q �t ��� w
�WRwt� w �WywSB ��yxRwL xm OUQ�t Q
v x� xDU��W �DU�Q u�� QO
xr�kt u�oOvyOx��Q� R� C��tL �� �r�a VRwt� C�UU
wt w �yy�oWv�O
On Line �� CD CQwY x� xm ���y��Dm R�v w �m�vwQDmr� CqHt QO

�Ovv�UQ �Q�� O�OH �vOtD xir
wt u�� VQDUo x� �OvwW�t x�Qa
u��LrYtp�Y OtLt



u�Q�� ���� Q utHv� xt�vQ�N ��

sU� x� Ot� OwHw x� �tra �D��tL O�yv l� pUmwQ� QO p�U u�
p�t� �wUv�Qi 
xW�B���� Q u� T��Q xm ��WywSB �rrtr�u�� C
��y
�u�DUQ�Ht$V� QD� �u�tr�� �RmQt ��yCQOk C� w�a �OD�� �Ow� Qm�B
�rrtr�u�� 
x�O�LD� x� �vt u�� w �Ow� �wvtt u� QO �x�mQD w u�DUQ�er�
u�rw� QO ��#�� QO x�O�LD� u�� �OQm C��QU sy �w�s���� C����� Q
xOW OrwDt nQw�T�QDU QO nvH R� TB u�v�O���� Q �rrtr�u�� 
xQovm
���yZ�QDa� �*Tma Q� xv CU� s� �U�� 
xO�R w�s��� TB� �Ow�
��yx���Q 
xty� �Cio �OQ�y I� �H �OWv jiwt �t� �OW Ovr�
Q��N x� �u�� uDio ut Q
v x� ��� OOQoQ� p�k pmW x� 	�k�kO O��� �tra

xDUHQ� ��yxQyJ R� �Q��U� (�#�%' p�UQ�B xm ��xv�ktL� 	r��t
Qrir$n �D�t �CU� �QwQ� �Ov�xOQm QWDvt xUv�Qi w u�DUrov� �tra
O��� QO xm Ow� �Qopta QOk u� �t� OQm swmLt 	�� wk �Q OQ� CU��U sy
OQU OvD C�U�UL� xm �v�tR Qot �OQm CwaO O���v �Q �RmQt ��yCQOk

�(�' �� 
xLiY �OW�� xOW
CUWv QO Ovv�wD� �RmQt ��yCQOk xm u�� QU Ow� �O�� R 
xWk�vt
�CQ�yvR�� �B p� w uUm�O �� p� �xv �� Ovvm CmQW lQ� w�v QO �Oa�
�yu� �OvOw� nQw�T�QDU 
xQovm QO w�s������m� Qt� $VN� ��yxOv��tv
Qy �OyO p�mWD lQ� w�v QO �Q V�Oa� CUWv OvOQm CwaO xQovm R�
OW swrat �#�� �D �OvOw� xOQmv CQwWt T�s��� �� OQwt u�� QO OvJ
R� �r�tC��tL OLDt Cq��� QO �xQovm 
xv���QoOQ� ��yCU��U Q��N x�
�v���DWB T�s��� u� R�TB �tm w �Ow� Oy�wNv Q�m QO lQ� w�vCUWv

�(�' �# 
xLiY �CiQo TB �Q CUWv u� R�
��NDv� �#�! xQovm ��H u�wva x� wDvQD �#�� QO ROr�i VqD ��
��yCQOk OQ� �� xQovm �Q�RoQ� R� �� wN T�UL� ROr�i 	�Qy� �OW
	��� QkD w� �OwW Q�RoQ� p�L Qy x� xQovm Ow� xDiQo s�tYD �t� �CW�Ov �RmQt
�Q�PB�v�oDUN Qw� x� Oa� p�U wO �� w O�O u�tR�U �Q xQovm xvDl�
I�y �U��U CqmWt Q��N x� ��kwt u� �OwW jiwt xQovm �D OQm Q�m

�Ow�v C�kiwt u�� ��Q� �Dv�t�
CmQW u� QO xW�B ���� Q !!! �Ow� jiwt 	�ak�w wDvQwD 
xQovm
OvJ Qy �Ow� nQw� T�QDU ��yxOvvmCmQW Q��Q� wO R� V�� xm �OvOQm
�Ow� nvH R� V�B ��yxQovm QO �yxOvvmCmQW O�OaD R� QDtm sy Rwvy
�OvOw� xO�O	�DQD uy�x�Q �� ���trmV�D� Q� x� �WOQo xQovm u�� p��vO x�
x� CWoR�� QO w �Ow� xO���wNv 	W u�OvJ w� �Ow� u� QO sy ROr�i xm
x� �Q V�B ��yp�U u�wD RoQy u� R� TB �OW pDNt V��DtqU wDvQD
xQovm 
xt�vxr�kt uqBJ�Hltm �� CUv�wD u�� OwHw �� �OQw��v CUO
�OW QWDvt nQR� OrH wO QO ��#�% QO xt�vxr�kt u�� �Ovm s�tD �Q

�RmQt ��yCQOk ��yxW�B���� Q xm Ow� ��vr� QO �#�% QO xR�D
T��Q� xrQmv�B xQD�wr�U xm u�� p��vO x� �OvDWoQ� �rrtr�u�� 
xat�H x�
OvtCQOk ���a� Qo�O xm �Q���yD�OwOLtCiQo s�tYD ���r�D�� R� w�s���
w Qm�B ��a� u�� u� QDsyt �OQ�o� xO�O�v Ovvm p�ta� OvDU�wN�t w�s���
�DUQB QU x� �v�tr� C
��y �Dkw� OvOw� �To�vm p� Q��o � w�s� �� pmQ��O

�v�rwUwt �� �YNW C�kqt l� ���v�r�� �#�% �rrtr�u�� 
xQovm QO w
�CW�O

���� Q VywSB uO�O OWQ ��Q� �Q�PB�v �oDUN Qw� x� ROr�i
�VywSB R�C��tL	rH ��Q� �B wQ� R�CWoR�� R�TB �tm �O�Wwm�t

xHOw� l� OQm �v�k �Q CrwO w� �OW xQm �Pt OQ�w w� Q�Dv�� TrHt ��
Q�QkQ� wDvQD x�oWv�O ��Q� p�U Q� QqO &���� Q�Okt x� xS� w �WywSB
u�� �Ow� QqO ���� R� QDtm O�DU�l� 
xvq�U Ot�QO xm � �kwt u� �Ovm
O��v� w VywSB �rt C
��y T�U
�D x� V��yVqD �Ow� �Diovy skQ
�rt C
��y x� 	�Oa� VywSB �rt C
��y �O�t�Hv� sy w� Q�Dv� VywSB
QO swra �rt O��v� ��Dty xm �OW p�O�D �O�v�m �UOvyt w swraVywSB
sy �OL �D �VywSB R� ROr�i ���k C��tL O��W �CU� xOLDt Cq���

xOv��tv Qrir n �D�t �OW�� xOw� Qrir n �D�t �� V��DUwO Q�F
�D CLD
x� O��� q �mU n �y�Ow� OkDat xm �Ow� srymDU �qmUny QO �Wv��
Q�oQO �Q OwN w �O��� X�YDN� K�U u� QDq�� QO O�R� VRwt� wVywSB

�(�' �� 
xLiY �Ovmv lQOt w u�LDt�
��� �UQ�� �O�v�m �Dv�rU 
xUU
wt x� ROr�i ��yQ�m R� Qo�O �m�
�Ow� xOQm T�U
�D �%!# QO nv�t"ri OQ�iv �U �Q u� xm �OwW�t �w� Qt
Q�WDv� ��Q� �Q�R�� x� �Q u� O�Wwm w Ow� u� T��Q �#�� �D �#�# R�
pwB w u�tR �Ovm p�O�D �ak�w VywSB ��Q� �RmQt R�v w��tra Qmi
���a� ��Q� Ovm �v�k �Q xDUHQ� ��yxW�B Vv�O �D OQm hQY �O�� R
x�vW ��y�v�QvNU VDU�� Q 
xQwO �� +Ovvm �v�QvNU sOQt w xUU
wt
l� u�wva x� ���UQ� R� ROr�i Q� wYD �Ow� �w�Lt Q��U� �y	W
R� �OvtWRQ� Q��aD ROr�i 
xUU
wt O��W �t� +OWv �rta ��WywSB RmQt
�tra lQO V��Ri� 
xv�tR QO sy Rwvy ���UQ� �OW�� w� ��y�� wQ
��y�v�QvNU Q��N x� xS� w x� w �CU� p�ai hrDNt ��yx�Q x� swta

�CU� QwyWt ��yQy R�Oa� x�vWm� q�L� V�twta

�x�O�LD� w �s��U��� �yxW�B ���� Q �rrtr�u�� �xQovm
C����� Q �rrtr�u��

p�U Q�yJ Qy hQ� u�� x� �%#& R� �C����� Q �rrtr�u�� 
xat�H
�rrtr�u�� 
xQovm ��v�yH nvH wO Q��N x� xikw wO �� RH� Q��l�

�Ow� M� QwR QO xQovm u�rw� �CU� xOQm Q�RoQ� �Q �yxW�B ���� Q
�D��L C����� Q QO �rrtr�u�� �Q�mty O�H�� ��Q� M� QwR CUWv
w pmW 
xQ�� QO xQovm Qy QO �OvOw� u�OQoOwN �Oa� ��yxQovm �Ow�
R� V�B �D VwQ u�� �OW�t xDiQo s�tYD �Oa� 
xQovm ��yxOvvmQ�RoQ�
�� s��U�� w �OQm Q�m �� wN x� �u� R� TB �DL w �pw� �v�yH nvH

�Ov�t� xOvR CUv�wD �#�# R� TB CqmWt OwHw



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

Q�Okt w �OWv xO�O ���DQD u�vJ 	�Qy� O���� u� 
xQy� w sRq 
x��tQU
�CU� ��m� Qt� QqO #��� OwOL� �O�v�m QqO ����� xR��H u�� �rai

�CU�v 	U�vDt C����� Q QO xR��H u�� Q��Da� �� 	qY� xm
�CN�OQB �yxR��H u�rw� ���a� ��Q� �R� Qxt�vQ� Q�m x� ROr�iTBU
V�B CUQO �OQt p�U u�ty Cw� QO w OW Q�t�� �#�� xt QO �t�
R� �m� �OQm sqa� �Q V�C�Yw ROr�i w Ow� VQ�vm Gv�U �nQt R�
�OwW xi��� p�Ot jwOvY x� QqO !&��� xm Ow� u�C�Yw u�� OQ�wt
uiO w� Q�Dv� 
xJ�� QO �� Qe 
xQvm x� hQWt uDr�ty u�DUQwo QO ROr�i
u�� Qot �OW�� CUv�wD�tv QDxO�U u�� R� VQ�knvU �CU� xOW
�wQ �ki� Qw� x� nvU u�� �Ow��tv Q�m QO �Q�k nvU 	qY� xm
xDWwv �ki V� wQ w �Iv�� �� QO Iv�� �� 	�OwOL 
xR�Ov� x� �CU� u�tR

��#�� Cw� # nQt ��%�� xt $�! OrwD �ROr�i RrQ�J u�H�
xQovm x� M� QwR QO p�U u�ty Q�t�DBU QO �Q ROr�i O�yvW�B G�vU
�h�mQ � �O �H pt�W ��xD�tm w OW 	 � wY D O�yvW�B �OQm x ��Q�
��Q � �yxO vQ � u�rw� u�a D ��Q � ��o �m � D w ��Q"w "U �u�DQ�m �" ���O��"D�Q�m
w ��O vqvi TQir� TQq �yu� �OW p�mW D ��#��� wrU� 
xQovm
w OW nvH xQ�� wO xv�iU
�Dt �OvO� RoQ� �Q ���m� Qt� Tqo �O �UH
�CUwJ�U�t G� Q�tm QO� �#�� �D �yxW�B ���� Q �rrtr�u�� 
xQovm
nQ� pU xDr� w ��wUv�Qi TDQ�wW u�Qr xQovm u� QO �OWv p�mWD
��� ROr�i p�Ot ��yxOvQ� CUQyi �OvOW ROr�i p�Ot ��yxOvQ� �SwQv

QO OwW�t �Q �u�WQ�m R� �y�Dwm h�YwD
p m �� t �C i� � http���elib�zib�de�IMU�medals�

w D vQ D QO ���� u �wS QO RO r � i s � R B t U QO � m UQ � D U� v t
QF� p�rLD x� u� QO xm ROr�i RrQ�J u�H E�Q�t� u�wva �� xOQm �v�QvNU
QO syu�� �xDN�OQB sDU�� uQk���� Q wl� R�i Q� ROr�i p�Ot ��yxOvQ�
http���www��elds�utoronto�ca�aboutus�FieldsMedal


Monastyrsky�pdf

�O�vm �wHQ (!' x� u�vJty �CUy

p�Ot OwN

��� smCUO VRQ� x� ��q� pt�W O��� p�Ot Qy Ow� xDio ROr�i
&)� Q�k x� 	qFt �OW�� xDW�O sy ��x
Lqt p��k 
xR�Ov� w �OW�� QqO
x� u�� R O�UQ�t Q
v x� �p�Ot �rrtr�u�� C�y�t Q��N x� �QDt�Dv�U
�Q �y�oS� w u�� �k�w QO p�Ot �OW�� �v�vw� �� u�Dq O��� u� QO xDiQ Q�m
C�ty� OQwt l� sm CUO QO u� �rwB VRQ� ���#�� QqO x�� OQ�O
VvR R� TQir� �swO nvH u���B GQt w GQy QO �CU� xDW�O �D��L
w� �Ovm lQD �Q Ovqvi uQm �� �ki �� Ci�� xR�H� w Ow� xO�Di� �OH
CUv�wD 	�DQD u�� x� w �CW�Po wQo �Q u� w OQm j�J�k �Q VROr�i p�Ot
��yCUwO ��a� ltm �� 	�Oa� xD�r�� �OwW jLrt VvR x� M� QwR QO

��CiQo TB �Q p�Ot V��U��wU
�OwW�t�Q� �O�v�m�Dv�rU 
xv�N��Q�QO p�U Q�yJ Qy p�Otu��

u�Q��L �OW ur�U OQ�w �Ow� �vUt OQt �kwt u� xm � CQ�r�y O� w�O
�Ow� xDio CQ�r�y xm u�vJ �OvOQm j� wWD COW x� �Q �y u� w OvOW Ovr�
C����� Q C�y�t hqN ��rt ��yD�OwOLt xS� w x�� �D�OwOLt Qy�

�CU�

Ea�� w �OR u� x� �tyt 
x� Q� �w�s��� uwQO O��Dt ��yx�oO�O u��
sy �Um �OwW O�OB�v 	qta wrU� �#�� 
xQovm u�tR �D w�s��� OW
�#�� QO s�Hv�QU �OW xO�R xQ�� wO �#�� QO w�s��� �OWv hU
�Dt
V��rai x�o��H x� �srymDU 
xQovm �Q�DN�U C���RH QOVkv ��i�� ��

�Ci�� CUO
ROr�i �p�Ot

�wQW �rrtr�u�� 
xQovm 
xD�tm u� QO ROr�i p�Ot OwN 
xJN� Q�D
T��Q ROr�i �OQm CUQO �#�� Q�t�wv QO wDvQD x�oWv�O xm �OwW�t
ROr�i 	q�tDL� �OvOw� xD�tm Q��O Gv�U p"� � "H VQ�mty w �xD�tm
QO xR��H u�� 
xOW C�F QmP u�rw� �t� �xOw� ��xR��H u�vJ Qmi x� 	q�k

x� Qwi �! M� Q�D x� �CU� xD�tm ��yCUWv R� �m� 
xUrH CQwY
wO ��Q � QqO ���� OW 	 � wY D� �xUrHCQwY u �� QO ��#��
xO�O �Oa� ���� Q �rrtr�u�� ��yxQovm QO xm OwW xDiQo Q
v QO p�Ot
���� Q �rrtr�u�� xQovm ���QH� 
xD�tm �OD�� �Q �yR��H u�� �OW Oy�wN
���� �O�O Oy�wN C���� � Q �rrtr�u�� 
x �O�L D� 	�Oa � w ��yxW� B
xOv�t �#�! 
xQovm ��yxv� Ry 
xty QUm R� Oa� xm Ow� �R�J 	�Qy� �QqO
xm OQm xQ�W� ROr�i ��#�� 
x� wv�S QO �xD�tm �Oa� CUWv QO �Ow�
���r�D�� �u�tr� �xUv�Qi xOta ���� Q ��yxat�H �v���DWB R� p�Ot Qmi

�CU� Q�OQwNQ� OLDt Cq��� w �T� wU
KQ� sy �Q �O�yvW�B p�Ot CWB pwY� ROr�i �CUWv u�ty QO
xm OwW�t xO�O ���yxW�B ���� Q x� p�Ot xm xOa�k u�� �Wvt �OQm
OvJ Qy �p�Ot� xm CU� CQ��a u�� 	�DOa�k �OvW��v p�U pyJ R� QDQ�B
��Q� j� wWD CU� Q�Qk �xOW s�Hv� 	q�k xm CU� �Q�m CW�OoQR� ��Q�
R� QDW�� VqD ��Q� �m� QLD w ��yxOvQ� hQ� R� Q�m u� QDW�� OQ�W�B
QDy� ��yxOvQ� Q�m QmP QO� �OyO�t xt�O� w� �OW�� sy u�Qo�O	v�H
�QwO R�ov�Q�p�HvH �vt� �� Q�mW� ��yxU��kt R� w Ow� ��DLtCU�
uO�O x� s�tYD xm Ovm xO�U �Q Q�m CQ��a u�� �� Ov�wD�t xD�tm �OQm
�yxDi�� CUO �oDUHQ� Q��N x� �ki xv �X�N ���yxv�tR QO p�Ot
sy �yxv�tR u�� QO QDW�� ��yCiQW�B x� j� wWD xmr� �xOw� xv�tR u� QO
�Ow� sy V�B p�U xO ��yO�O� wQ Q�QmD u�Qov ROr�i� �xOw� Q
v OQwt
w �rrtr�u�� umtt OL �D O��� �yp�Ot C�y�t� �OwRi� Cra u�ty x�
� � �xUU
wt �QwW m sU� O �� � v �wL v I�y x � �OW� � �YNW Q �e
QO p�Ot �ROr�i p��tD u�� OwHw �� xD�r� �OQw� p�Ot u�� QO �Q �YNW
	r�H �CiQo s�v ROr�i p�Ot ��#�� wrU�� OW xO�O xm �Q�� u�rw�
CUNv �� O��� T��Q� �OW xDiQo s�tYD CUWv u�ty QO xm CU�
s�wO R� u�v�t�� ��Q� �y�Q u�mt� CQwY QO w Ovm C�LY �O�v�m Q� Rw



u�Q�� ���� Q utHv� xt�vQ�N �

C����� Q ��Q� p�� xR��H

p�� l� Qvy Rr�v �s�vm C� wkD �Q swra w C����� Q O��� �t�
V�B p�U CU� wO x� l�ORv xm CU� �rrtr�u�� �v�O���� Q
QO �rrtr�u�� ��xR��H �OQm jrN sra u�yH QO Q�oOv�t �Q�F�
C����� QC�ty� Q�CU� �O�m 
�D OvtWv�O u�� s�v x� C����� Q
u�QoWywSB w u�� wHWv�O j� wWD ��Q� CU� ��xO�Q� Qov�Wv w

�sra u��

QO w� �CU� wrU� x�oWv�O QO SwQv Q� Rw CUNv nQ�vDrwDU u�vNU u��
�� pO�at� uwQm uw�r�t ��� dr�t SwQvCrwO OQm sqa� �v�QvNU u�ty
�CU� xO�O X�YND p�� xR��H �Q�Pou��v� ��Q� ��m� Qt� QqO uw�r�t
Oy�wN ��a� C����� Q QO xR��H u� QD�r�a u�wva x� p�U Qy xR��H u��

�OW
xOmWv�O QO u�v�O���� Q R��ywQo�UwD xR��Hu���L�Q� w O�yvW�B
p�� xR��H O��v� �xt�vQ� j�� �CU� xOW s�Hv� wrU� x�oWv�O ���� Q
Q�m x� R�e� ���� p�U QO p�� l� Qvy Rr�v OrwD OQor�U u�tDU� wO QO
O��v� �UwD xmCU� SwQv uwQm uw�r�t ��� O��v� x�rw� x��tQU �Ovm�t
GQ�Nt w wQw� Q�Ry %�� pO�at xR��H dr�t u� OwU R� w xOW �Q�Pox��tQU
p��w� QO p�U Qy p�� 
xR��H ���a� sU�Qt �OW Oy�wN u�t
�D ��v�H
T�vWQU O�Qi� w xR��H u�oOvQ� �� xOvQ� u� QO w OwW�t Q�RoQ� u�wS x�t
u�vO���� Q R� pkDUt xD�tm l� �UwD �y�O�Ov�m �Ovvm�t �v�QvNU
xD�tm u�� �Ow� Oy�wN p�� xD�tm �� ���yv s�tYD w xOW u�at �rrtr�u��

xOv��tv l� �SwQv C���O� w swra u�DUovyQi 
xOv��tv � pt�W Qiv � R�
l� w SwQv �r�a VRwt� CQ�Rw 
xOv��tvl� �SwQv C���O� w swra utHv�
xHwD Ovm�t VqD SwQv CrwO �OwW�t p�mWD wrU� x�oWv�O 
xOv��tv

�xmU�wQ ��Q� w� �CU� �Rv "m�tC�"DQ� ����O�v�m R�UxtUHt R� u� KQ�
�OQm ��NDv� �Q TO�tWQ�Tmal� ���trm x�oWv�O QO xawtHtl� R�
OwW�t �Q u�� �xOt� Tma QwO �t�Q Qa�W Tw�r�v�t R� �v�Dq uDt
��wW u�yH Qq�U w �QPo� OwN Vv�O OL R�� �OQm xtHQD u�vJ
pw� uQk x� �w� Qt Tw�r�v�t Astronomica ����� QO CQ��a u��

�CU� u�vJ R�Qi u�� pt�m 
xtHQD �CU� xOt� �Oq�t

�w �wQ� q�� u�tU� R� �y�wN�t wD +CU� �ON wD VqD hOy
�Q CWwvQU u� Vv�O ���xOW xO�R CWwvQU x� O�kt OvJ Qy
u�yH Qq�U w �QPo� OwN Vv�O QL R� �y�wN�t wD +�����
u�vJ �Ovm�t u�Q�H �����t xm �W�O�B �Q u�� GvQ ��wW

���Ot� Oy�wNv CUO x� �y��� RoQy �oQR� ��yxDi��
��(�' R� �U�rov� 
xtHQD�

���yxW�B ���� Q� �OQm xtHQD u�vJ OwW�t �Q p�OtCWB uDt
��a� xDUHQ� Q�F� Q��N x� ��Q p�Ot u��� �OvOw� xOt� OQo u�yH 
xty R� xm
xv�wDU� uwQO xQm Q�Owtv l� w Q�e nQ� l� uDt u�� CWB �OvOQm
�CU� xOw� TO�tWQ� Qwo �wQ Ov� wo�t xmCU� �ovU p�t xm �CU�

�H�Qt
��� Elisabeth Crawford� �The beginnings of the No


bel institution the science prizes ����
������

Cambridge University Press Cambridge and

Editions de la Maison des Sciences de l�Homme

Paris �����

��� Olli Letho��Mathematics without borders a

history of the International Mathematical

Union�� Springer Verlag New York ����

��� Raymond Clare Archibald� �A semicentennial

history of the Amreican Mathematical Soci


ety ����
������ American Mathematical Soci


ety Semicentennial Publications Vol� I Amer�

Math� Soc� Providence RI ���� �reprinted

����	

��� Michael Monastyrsky� � Modern mathmatics in

the light of the Fields medal�� A� K� Peters

Natick MA ����

��� G� p� Goold Loeb Classical Library Harvard

University Press ����
�t�QN OtLt �xtHQD
u�HvR x��B swra QO �r�tmD Cq�YLD RmQt



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

�OW���t l�D�tDU�U x�oO�O QO C��F w �j�ta O�O �xO�J�B ��ym�vmD

hwQat 
xt�v QO �#�& p�U QO Q��u�rw� ��Q� xm ROvrovr 
xt�vQ�
Ovr� ��yxQ�ov� R� ��xawtHt �OW KQ�t p� w xQOv� x� ROvrovr �A
Qo�Om� x� C����� Q R� ���yxN�W xJ Ovm�t �v��V�B xmCU� xv�R�wQB
QDW�� Oa� ��yr�U pw� QO xt�vQ� u�� C�ty� �OW Ovy�wN QDl�ORv
�wULt nQR�C�kiwtl� u�CiQW�B QO �tOk Qy uwvm � w OW u���tv

�OwW�t

wQOv� �UwD �##� xyO QO ROvrovr xt�vQ� �U�U� ��ytOk R� �m�
p� w $�Qwt�W $ �t��v�D x�UOL C��F� w �tQi 
x��k u� QN� C��F� �� Rr��w
�� �UOvy ����W� xm ��w��� ��ytN xm Ow� u�� x�UOL �OW xDW�OQ�
�yv�� xm OvQ�O QqwOt ��ytQi �� �m�ORv ���DQ� �OvDUy ���ULX�wN
�Ov�xOt� ���� Q R�r�v� R� �Dw�iDt ��yxN�W R� xm OvDUy �QD�wDt ���wD
x� Q
v xm Ov���t lQ�OD �Q ���y���DQ� u�vJ R� ��xm�W ROvrovr xt�vQ�
sy x� �Q �R�r�v� R�� l�iQwtwD� ��ytQi w �O�Oa� x� Q
v R�� �wr�o V��tv

�OyO Ovw�B

x� Q
v QO j�ta G��Dv R� �m� QO u�wD�t �Q ROvrovr 
x� Q
v 
xW� Q
syOiy uQk QO �tQi u�tR x� xm Ci�� �a� Qt pO��D uwv�k �va� O�Oa�
xOW C��F� �%�� p�U QO Tw�o V� QOQi pQ�m �UwD w OOQo�tQ�
s�UkD QO Ckw xJ l CU� u�� O�Oa� x� Q
v QO �tyt p�
wU �CU�
�a� Qt pO��D uwv�k �CU� pt�m �� Qt xOv�t�k�� �Qo�Om� x� pw� OOa wO
xOv�t�k�� uOw� pt�m �� Qt �OvW�� pw� OOa wO q w P Qo � xm Ovm�t u���
�CU� p Q� q s�UkD xOv��k�� uOw� pt�m �� Qt �� ��DQt q Q�p s�UkD
C��F� � Tw�o OwN� xOW �O�B xr�Ut u�� ��Q� �O�� R ��yD��F� xmv�� ��
O�Oa� x� Q
v R�t�Q�QU� s�mL� R� �m� uwv�k u�� ��Ow� xOQm x��Q� Cw�iDt
Q�m x� QD�twta ��yDr�L ��Q� xm Qo�O pO��D u�v�wk �OwW�t �wULt
�OWhWm �#�� xyO QO u�DQ� p�t� w �o �m �D �H ��D �UwD OvwQ�t
�Q pO��D �rm uwv�k xvwoJ xm Ow� u�� ROvrovr xt�vQ� ��yxR�ov� R� �m�
xm ROvrovr �QU�QU Q �vD� �OwQ Q�m x� Ov�wD� OQwt Qy QO xm Ci��
QO �yvD xv �Q pO��D u�v�wk R� pt�m lQO u�� �OW C��F� nQwiq �UwD
u�O�t l� �OyO�t CUO x� �a��D ��yv�O�t QO xmr� O�Oa� x� Q
v
QUm CQwY x� ���wD pt�W xmCiQo Q
v QO ��xawtHt u�wD�t �Q �a��D
sy �� u�wD�t �� wo O�Oa� Ovv�t �Q �yQUm u�� �CU� ��xrtHOvJ wO
l� �a��D u�O�t Qy ��Q� nQwiq �OQm s�UkD w j� QiD w �Q� w �tH
l�iQtwD� ��ytQi w u� �v�wr�o xwQo V��tv u�� j�kO ����DQ� 
xkrL

�Ovm�t x��Q� u�O�t u� x� xDU��w

Q�t�Oqw �UwD xOW s�Hv� ��yQ�m Q� �Q OwN Q�m T�U� nQwiq
u�rw� nQwiq �CU� xOQm Q�wDU� ��##� ROr�i p�Ot xOvQ�� Oriv� QO
xm O�O s�taD �Qw� �Q Oriv� QO G��Dv u�wD�t xvwoJ O�tyi xm Ow� �Um

�OyO CUO x� �Q �a��D ��yv�O�t QO ROvrovr Q �vD R� �rt�m Q� wYD

�Q�Pov��v� �Ovm 	rH swra w C����� Q x� V�B R� V�� �Q �twta
xOW s�Hv� h�Oy� u�� x� uO�UQ O�t� �� SwQv CrwO �UwD p�� xR��H
����� QVywSBC� wkD �swra p�YLD x� u�v�wH xkqaV��Ri� �CU�
�VRwt� w sra �t�L QwWm u�wva x� SwQv QwWm x� �rrtr�u�� xHwD	rH

x� swta 
xkqa u�Oki Oy�W �Qe u�yH R� �oQR� VN� xRwQt�
Ov�wD�t p�� xR��H �Q�Pou��v� �CU� swra p�YLD x� u�v�wH xS� w
p�YLD Q� OW�� ���eQD w C����� Q w sra C�ty� Q� OW�� �O�m 
�D
w O��
�D OQwt CaQU x� xR��H u�� p�rO u�ty x� �u� QO VywSB w
x�O�LD� w �B wQ� ���� Q utHv� �CU� xDiQo Q�Qk �tra pi�Lt C��tL

�OvDUy xR��H u��t�L u�rw� �RH C����� Q �rrtr�u��

x�W �UwD �#�� p�U QO s�v u�ty �� ��xR��H xm CU� QmP p��k
TB �rw Ow� xOt� OwHw x� �SwQv w O�wU x�O�LD� ��wQv�tQi �swO Q�mU�
CUO x� �#�� p�U QO xk�vt wO uOW �OH w x�O�LD� u�� CUmW R�
�� l� x� u�wS x�t p��w� QO p�U Qy p�� xR��H �OW xOQBU �Wwt�Qi
wQw� Q�Ry %�� pO�at xR��H dr�t �OW Oy�wN ��a� u�O���� Q OvJ

�CU�
�Ovyv�Q�R O�WQ �xtHQD
u�HvR �x��B swra QO �r�tmD Cq�YLD RmQt

���� �v�rv�wv �xR��H w ROr�i p�Ot u�oOvQ�

�� QO u�v�O���� Q �rrtr�u�� xQovm x�L�DDi� sU�Qt �� u�tRty
�v�rv�wv 
xR��H w ROr�i p�Ot u�oOvQ� �u�J umB QyW QO ���� CUwo �
OwD� Cwy wD�DUv� R� nQwiq u�Qwr x� T�U� u�� Q� �OvOW sqa�
xDiQW�B C�ar��t wD�DUv� R� �mUO�ww Q�t�Oqw w xUv�Qi l�i�Dv��U
�SwrwvmD wD�DUv� R� u�OwU wyO�t x� w ROr�i p�Ot �m� Qt� uwDUv� QB
�QYDNt KQW �CiQo jraD �v�rv�wv xR��H �m� Qt� �MIT�CUwJ�U�t

�O���t Q� R QO O�Qi� u�� �tra ��yQ�m R�

ROr�i p�Ot �nQwiq u�Qwr
�yHwDp��kCiQW�B 
xOvQw�O�OB �Laurent La�orgue� nQwiq u�Qwr
ROvrovr Q�o �Qi Q �vD C��F� �� �Q Q�m u�� w� �CU� ROvrovr 
xt�vQ� QO
R� xO�iDU� nQwiq Q�m xYNWt �CU� xO�O s�Hv� �a��D ��yv�O�t ��Q�



u�Q�� ���� Q utHv� xt�vQ�N ��

lJwm ��yxmD xvwoJ xm OvyO�t u�Wv �Swrwtywm ��yywQo �CU�
��yWwQ �OvQw��t OwHw x� �Q QDoQR� ��Wl� w OvwW�t pYw sy x�
�yv� R� �m� xm OQ�O OwHw QDmJwm ��yxmD u�� h� QaD ��Q� �vwo �vwo
w s�y�it xDi�� s�taD �Swrwtywm x� Q
v �OW���t u�mD �Swrwtywm
�m� �Ov�OQo�tQ� �yywQo x� Q
v u�� R x� �Q l� SwrwB wD ���W� ��yxO�O
pm��t �UwD xm CU� K �m� SwrwB wD x� Q
v �Swrwtywm x� Q
v ��wv� R�
xHwD 	r�H 	r�t �CU� xOW ��O�� ��#�� ROr�i p�Ot xOvQ�� ��D�
�m� SwrwB wD x� Q
v w u�mD �Swrwtywm u�� �wk ���DQ�l� xmCU� u��

�OQ�O OwHw K

�OvDUy �Q�H ��yxD� Q�w xar��t OQwt ���W� ��Q�H xUOvy QO
�O�OaD lQDWt ��yxW� Q xawtHt �xO�U u�� R x� �Q�H xD� Q�w l�
h��av� p��k �m� SwrwB wD ���W� pFt �yxD� Q�w �CU� ��xrtHOvJ
Ov�xOt� OwHw x� �SwrwB wD QO xm �Swrwtywm ��yx� Q
v xH�Dv QO w OvDU�v

�OvDU�v �Q�H xUOvy 	U�vt

��yx� Q
v �D Ov�xOQm VqD u�v�O���� Q p�U pyJ 	��� QkD COt x�
x� Q
v COt u�� QO �OvR�U� �Q�H xUOvy ��Q� ��U�vt �Swrwtywm
G��Dv T�U�Q� �mUOww xmv�� �D Ow� xOW xDN�vW pOt u� QDy� K �Q�H
l� w�Dwt �Swrwtywm O�OH 
x� Q
v u�rUwU xQOv� �UwD xOt� CUO�
�Swrwtywm u�� l�ORv ���DQ� l� ��SwrwB wD Ovv�ty �OQm ��O�� �Q
��xv�tR u�vJty �mUOww �OQ�O OwHw K �Q�H x� Q
v w l� w�Dwt
��yxD� Q�w ��Q� �Swrwtywm O�OH ��yx� Q
v u�wD�t xmCU� xOQm sy�Qi

�OwW h� QaD XNWt ��yR��v T�U�Q� �Q�H

Q� �v�t l�OvDwQo x� Q
v O��
�D QO nQR� s�o l� �mUOww Q�m
xm �mUOww ��yWywSB G��Dv R� �m� �CU� C����� Q �ov�o�
xm CU� Qvr�t 
xQ�ov� pL OwQ�t Q�tW x� w� ��Q� �Q�otWJ C�kiwt
xH�Dv u�� �Ow�K �Q�H x� Q
v QO �Qmi 
xreWt u� QDtyt xyO xU ��Q�
��wr�o �Swrwtywm xrtH R� hrDNt ��yxv�tR QO R�v ��r�H ��yOQ� Q�m
�mUOww �OQ�O�rDNt �Q�H ��yxD� Q�w �Swrwtywm w �a� Qt ��ytQi
�SwrwB wD QO OwHwt �wk ��yQ�R�� R� u�wD� xm CU� xOQm ��O�� �WwQ
QO 	q�tDL� w� Q�m p�rO u�ty x� w OQm xO�iDU� R�v �Q�H ��yxD� Q�w QO

�CiQo Ovy�wN Q�Qk ��HQ� OQwt QDW�� xOv��

Tv�U�r �OW OrwDt x�UwQ QO �#�� u�wS ! QO�mUOww Q�t�Oqw
�Q ���� Q QDmO w �#%# p�U QO wmUt �DrwO x�oWv�O R� �Q ���� Q
hrDNt C�UU
wt w� �OQm PN� �##� p�U QO OQ�wQ�y x�oWv�O R�
wD�DUv� w OQ�wQ�y x�oWv�O ��uwDUv� QB� xDiQW�B C�ar��t wD�DUv� Ovv�t
x�oWv�O�traC
��yC� w�a x� �##� p�U QO w xOQm Q�mlvqBTm �t
xUQOt x� Ckw s�tD O�DU� xHQO �� ���� p�U QO w Ot�QO CUwEQwv

�OW pkDvt uwDUv� QB xDiQW�B C�ar��t wD�DUv� C����� Q

x��Q� O�OH �UOvy Q�DN�U l� OwN Q�m u�� �� ���DQ� QO nQwiq
�OwW XNWt QDW�� xOv�� QO u� C�ty� CU� umtt �DL xm OQm
���RU� Q�F
�D QY�at C����� Q CiQW�B QO nQwiq G��Dv w C�k�kLD

�CU� xDW�O

�OW OrwDt xUv�Qi �vwDv� QyW QO �#�� Q�t�wv � QO nQwiq u�Qwr
w OW p�YLDr�dQ�i �#%� p�U QO T� Q�B Qw� QB wU p�tQv pwm � R� w�
xUv�Qi �tra C�k�kLD �rt RmQt QO jkLt u�wva x� �##� p�U QO
�Q�H xUOvy �wQ OwU $T� Q�B x�oWv�O R� �t�D x�Qty x� Q�m x� pweWt
x�oWv�O R� �Q ���� Q �QDmO �##! p�U QO nQwiq �OW ���UL w
C����� Q �O�DU� xHQO x� ���� p�U QO w OQm PN� OwU $ T� Q�B

�O�UQ xUv�Qi l�i�Dv��U OwD� C�w�O wD�DUv� QO

ROr�i p�Ot ��mUOww Q�t�Oqw
R� �m� jr�N �Vladimir Voevodsky� �mUOww Q�t�Oqw
w� �CU� Q�N� 
xyO OvJ QO �Q�H xUOvy QO RQ�� w syt ��yDiQW�B
�OyO s�taD �Q�H ��yxD� Q�w x� �Q �Swrwtywm O�OH 
x� Q
vCU� xDUv�wD
w �R�UxO�U w OQHt 	qt�m s�y�it �� Q�m QO ���v�wD �mUOww xYNWt
CUOx� G��Dv �OW���tTwtrt p��Ut x� p�O�D w �yv� uOQm Q�PBh��av�
p�Ot xOvQ��l�OvDwQo QOv�Umr� ��yQ�m QO xW� Q �mUOww �UwD xOt�
Q�tW x� wQW�B w QwUH �v�v�O���� Q l�OvDwQo �OQ�O ��#�� ROr�i
�OH Qy� x� 
xN�W OvJ Ov�wD�t �OQHt s�y�it j�ta lQO �� xm OwQ�t
����W� CW�O xO�ka l�OvDwQo �Ovm jLrt sy x� �Q C����� Q sy R�
��yxN�W QO hrDNt s�y�it xW� Q xm OvQ�O OwHw �motive	 s�v x�
u�� ��yw�Dwt uDi�� QO �aU l�OvDwQo �OvDUy C����� Q Cw�iDt
�ov�o� Q� �v�t l�OvDwQo x� Q
v �CW�O xUOvy w O�Oa� x� Q
v
��yQ�m lQLt u�vJty w xDW�O C����� Q pm Q� �a�Uw Q�F
�D C����� Q

�CU� xOw� �mUOww

����W� �CU� xOW Qy� �SwrwB wD QO CUNv �Swrwtywm swyit
w xQ�vJ �xQm Ovv�t ���yR�J OvQ�o�t Q�Qk xar��t OQwt �SwrwB wD QO xm
OwW�t xar��t ���W� u�� R� �Y�wN wCU� QDq�� O�a�� QO �yv� C�y��Wt
Q��eD �uOW xO� Q� xv w� uOW sN �� w uOW xOQWi �uOW xO�Wm QF� QO xm
�� x� RHD ��Q� CU� �WwQ �Swrwtywm x� Q
v �xO�U u�� R x� �Ovvm�tv
QDxO�U �yv� lQO xm QDmJwm ���RH� x� �m� SwrwB wD ���W� uOR 	� QkD



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

swra QO xQtRwQ ��yQ�m QO hrDNt p�mW� x� q�� �wv R� p��Ut
C�ty� u�OwU ��yx� Q
v p�rO u�ty x� w OvwW�t Qy� �Qw��vi w

�OvQ�O �O�� R �OQ� Q�m

CU� xO�O s�Hv� u� QO ��xOta ��yQ�m u�OwU xm �Qo�O CtUk
QO �O�� R Vkv �yRtQ u�� �OW���t ��N K�LYD ��yRtQ x� Q
v
�wQ �k�Uwt ��� R� CQwY Qy x� �yv� uOQm xQ�NP w �yt��B C�vt�
Qy QO �OvQ�O ��xQ�wy�t w �DvQDv�� C����DQ� �D xDiQo xOQWi lU�O
QO ���y��N Ov�wD�t xm OQ�O OwHwC� R�Q�B �v�at Q�Okt ����DQ� p�v�m
�Q�ovRtQ �y��N uOQm sm ��Q� VwQl� �Ovm O�H�� �r�UQ� ��yt��B
�rw� s��B ��wDLt u�ty �� QD�vqw� ��yt��B p�UQ� w �yt��B uOQm Om ��
xOvQ�o �OwWv O�� R �r�N ��y��N Q�JO xOW RtQ s��B l� Qo � �CU�
u�� �O��� CUO x�rw� s��B x� w OQ�� u�� �Q �y��N ���WoRtQ �� Ov�wD�t
��N K�LYD� sra Qvy �Ovm�t O�� R �Q �r�UQ� ��yt��B pw� VwQ
QO OwHwt C� R�Q�B Q�Okt w s��B pw� V��Ri� u�� �rO�aD xm CU� u��
��yRtQ OvwW�t xO�iDU� Qwiwx� xm �yRtQ R� ��xDUO �Ovm O�H�� p�v�m
!� COt x� �Ov�xOW �iQat �#�� 
xyO QO xm OvDUy uwtrwU$O� Q
xm OvwW K�LYD Ovv�wD�t �Dkw �ki �yRtQ xm Ow� u�� Q� ZQi p�U
��ytD� Qwor� O�rwD �� u�OwU �OvW�� ��N �v�at Q�Okt ��Q�O QFm �OL
�QDW�� Q�Okt �� �Q uwtrwU $ O� Q ��yRtQ xm O�O u�Wv O�OH ���WoRtQ

�OQm K�LYD u�wD�t R�v �y��N R�

w� �OW OrwDt Ovy TQOt QO �#�� Q�t�DBU �� QO u�OwUwO�t
�Qw��vi wD�DUv� R� �#%& p�U QO �Q QDw�Bt�m swra QO B�Tech� 
xHQO
x�oWv�O R� �##� p�U QO �Q QDw�Bt�m swra �QDmO xHQO w wv�ryO QO Ovy
xOmWv�O Q��Wv�O Q��L p�L QO u�OwU �OQm PN� �rmQ� QO ��vQi�r�m
�MIT	 CUwJ�U�t �Qw��vi wD�DUv� QDw�Bt�m swra w jQ� �UOvyt

�OW���t
�Ovyv�Q�R O�WQ �xtHQD
u�HvR x��B swra QO �r�tmD Cq�YLD RmQt

�v�rv�wv xR��H �u�OwU wO�t
swra hrDNt ��yxv�tR QO �Madhu Sudan	 u�OwU wO�t
�Ov�xrtH u� R� xm CU� xO�O s�Hv� �U�U� w syt ��yQ�m QDw�Bt�m
w Q�PB	� QkD Q�e �R�Uxv�y� p��Ut ��Dq�tDL� 
xOvwW ���� RQ� ��yD��F�

���N K�LYD ��yRtQ

�CU��Dq�tDL� 
xOvwW���� RQ� ��yD��F� u�R�OQBx� Q
v R��m� u�OwU
u�� j�� �CU� xOW xO�O ���� Q 
xQ�Ro l� ��Q� �D��F� O�vm ZQi
CQwY x� C��F� j�vt xm OQm �U� wvR�� �Qw� �Q u� u�wD�t x� Q
v
�� Ov�wD�t ��� RQ�� l� �OwW xQ�NP QDw�Bt�m QO �ymwr� R� xr��vOl�
C��F� xm Ovm u�at q�� �r�tDL� �� xr��vO u�� ���a� R� �NQ� �UQQ�
��� RQ� �UwD xm ���ymwr� O�OaD xm CU� 	r�H �Q�N �� CU� CUQO

�CU� lOv� �ymwr� pm O�OaD x� C�Uv OvwW�t �UQQ�

�T� �j�i �w� ��QwQ� �T� �u�OwU ��yxr�kt QO x� Q
v u��
�s� w ��Qi�U �T� ��v�wDwt �Q� �T�w�r �p� �Ovwr ��U �QU�wOro
u�W�t utHv�� ���� p�U QO �CU� xDi�� xaUwD w KQ�t �Q"o"R
sqa� pOwo 
xR��H xOvQ� lQDWt Qw� x� �Q q�� QO xOQ�t�v O�Qi� x�U�Lt

�OQm
Q�PB	� QkD Q�elQO QO�tyt ��yQ�m �Qo�Ou�kkLt x�Qty x� u�OwU
�� ��DQt Q�m u�� �CU� xO�O s�Hv� X�N p��Ut R� �NQ� ��wH uOw�
P �CU� NP Q��Q� P ��� �CU� QDw�Bt�m swra QO �U�U� p�
wU l�
�oO�U x���D��U�Lt OwHwt ��yWwQ �� xmCU��r��Ut 
xty 
xawtHt
�oO�U x�� �CU� QDCNU� p��Ut pt�W NP w OvDUy pL p��k
��ysD� Qwor� C��U�Lt �oO�J�B x� xm OQ�O �vi �vat l� xO�U� ��
CU� ��xr�Ut NP QO CNU� xr�Ut l� �OQ�O ���DQ� �QDw�Bt�m
I�y �rw CU� ���� RQ� p��k �oO�U x� uOW �O�B R� TB u� ��wH xm
xOWv xDN�vW uwvm �D ��wH u�� uOQw� CUOx� ��Q� ��xO�U sD� Qwor�
��Q� xv�y� ��wH uDi�� OvtR��v NP CNU p��Ut R� �NQ� �CU�
��xDUO O�vm ZQi �p�Ft u�wva x� �OvDUy C����mQD QO ��xr�Ut
xDUOQ� R u� QDoQR� �CU� xOW xO�O �y�vDt ��yxawtHt R� �y�vDt
�R�J �OQ�O w�a OvJ CU� �yD u� QO xawtHt wO Qy l �QDW� xm
��Q� 	� QkD uOQm �O�B xm CU� u�� Ov�xO�O u�Wv u�Qo�O w u�OwU xm
��wH OwN uOQm �O�B �DNU u�ty x� p��Ut �wv u�� ��Q� xv�y� ��wH
xOvwW ���� RQ� ��yD��F� �� �m�ORv ���DQ� xH�Dv u�� �OW���t xv�y�

�OQ�O �Dq�tDL�



u�Q�� ���� Q utHv� xt�vQ�N ��

u�Q�� ���� Q utHv� �kwkL ���a� w u��t�L
R� u�Q�� ���� Q utHv� ���QH� ��QwW �Ov�xOQm C��tL u�Q�� ���� Q utHv� ��yC�r�ai R� OwN ��y�v���DWB w �ymtm �� Q� R ��yO�yv w C�UU
wt

�CU� Q�RoU�BU xv�t�tY OvtWRQ� ��yC��tL u��

�Qw� vi w C�k�kLD �swra CQ�Rw �tra ��yvtHv� uw�U�tm�
�OyO�t X�YND OwN VWwB CLD �tra ��yvtHv� R� s�Om Qy x� Zwaq� ltm u�wva x� �Q �er�t xr�U Qy uw�U�tm u��

u�QyD 	 �xk	vt �Q�OQyW �

xO�O Q��eD C����� Q u�DUw� x� �Q lQ�B u� s�v w X�YND utHv� 
xv�NQ��O x� �Q u�QyD O��� CHy� lQ�B QO �k�w u�tDN�U u�QyD � 
xk�vt �Q�OQyW
�CU�

QwWm �tra ��yWywSB ��QwW �

�CU� xOWCN�OQBltm u�� R�v p�Ut� �Ovm�t �Oy� u�Q�� ���� Q utHv� x� �er�t p�U Qy QwWm �WywSB w �tra ��yD�r�ai R�C��tL QO �QwW u��

��� u�UL s�t� x�oWv�O �
s�t� x�oWv�O C�Q�WDv� �x�oWv�O u� sQDLt T��Q Cki�wt w u�UL s�t� x�oWv�O ���� Q xwQo sQDLt ���a� �Q�o�B w utHv� T��Q O�yvW�B x�

�CU� xDiQo xOya Q� �iQYt Pe�m x� �w� Qt ��yxv� Ry RH� �yxv� Ry 
x�rm p�kD �� �Q utHv� 
xt�vQ�N A�J w �i�QowD�r pL�Qt s�Hv� u�UL

�kwkL ���a�
x�tQyt �D ��%� x�tQyt xQwO ���%� x�tQyt �D ��%� x�tQyt 
xQwO QO Q� R �WywSB w �WRwt� ��ovyQi Rm �Qt w �r�a VRwt� C�UUwt w �yx�oWv�O
�OwW�t�v�OQOkC�UU
wtu�� QOutHv� u�oOv��tv w uqw
wUt ��U
wQ R� �Ov�xOQmC��tLu�Q������ QutHv� R� ��kwkLC� w�ajLCN�OQB �� ��%�

���� x�tQyt �D ���� x�tQyt �xQwO ���� x�tQyt �D ���� x�tQyt �xQwO

�wvH u�QyD OL�w �tqU� O�R� x�oWv�O � l �Q� OL�w �tqU� O�R� x�oWv�O OyWt OL�w �tqU� O�R� x�oWv�O � Q�Uv�wN QDw�Bt�m w ���� Q �xOmWv�O

�RmQt u�QyD OL�w �tqU� O�R� x�oWv�O �tra ��yQ�v�tU QDiO u�Oy�R OL�w �tqU� O�R� x�oWv�O � u�oU�QwN OL�w �tqU� O�R� x�oWv�O

u�oU�QwN OL�w �tqU� O�R� x�oWv�O � O���sQN OL�w �tqU� O�R� x�oWv�O R�Q�W OL�w �tqU� O�R� x�oWv�O � QDU�W OL�w �tqU� O�R� x�oWv�O

xmQ��t OL�w �tqU� O�R� x�oWv�O � R�Q�W OL�w �tqU� O�R� x�oWv�O xmQ��t OL�w �tqU� O�R� x�oWv�O � x�Wv�tQm OL�w �tqU� O�R� x�oWv�O

��RmQt u�tR�U�Qwvs��B x�oWv�O � OyWt OL�w �tqU� O�R� x�oWv�O Qwv OL�w �tqU� O�R� x�oWv�O � OvQt OL�w �tqU� O�R� x�oWv�O

�Q�Uv�wN QDw�Bt�m w ���� Q xOmWv�O� u�yiY� x�oWv�O �QyRr� x�oWv�O � x�twQ� x�oWv�O � u�Oty OL�w �tqU� O�R� x�oWv�O

TQOtC�� QD x�oWv�O � R� Q�D x�oWv�O TQOt C�� QD x�oWv�O � OyWt RmQt Qwvs��B x�oWv�O

Q�wR�U srat C�� QD x�oWv�O � u�QyD srat C�� QD x�oWv�O u�QyD srat C�� QD x�oWv�O � u�H��� QP� srat C�� QD x�oWv�O

Oy�W x�oWv�O � u�HvR x�oWv�O � �R�Q x�oWv�O �DWy� O�yW x�oWv�O � u�HvR x�oWv�O � �R�Q x�oWv�O

u�yiY� �DavY x�oWv�O � u�tQm Qvy�� O�yW x�oWv�O Q��mQ�t� �DavY x�oWv�O � u�yiY� �DavY x�oWv�O

�Uw�u�Or�Q�YvxH�wN �DavY x�oWv�O � Q��mQ�t� �DavY x�oWv�O h� QW �DavY x�oWv�O � �Uw� u�Or�Q�YvxH�wN �DavY x�oWv�O

u�W�m x�oWv�O � sk x�oWv�O � OyWt �UwOQi x�oWv�O OR� x�oWv�O � sk x�oWv�O � OyWt �UwOQi x�oWv�O

���y� M�W �r�a VRwt� xUU�wt � OR� x�oWv�O � u�oRtQy x�oWv�O u�HvR �x��B swra QO �r�tmD Cq�YLD RmQt ����y� M�W �r�a VRwt� xUU�wt

R� Q�D x�oWv�O u�Q�� �x��B swra C�k�kLD RmQt

�



�� ���� x�tQP� 	� 
xQ�tW 	�� p�U

� �



u�Q�� ���� Q utHv� xt�vQ�N ��

utHv� ��yQ�v�tU w �yUv�Qivm �s�wkD
u�Q�� ���� Q

�SwrwBwD w xUOvy Q�v�tU u�twO �
Q��mQ�t� �DavY x�oWv�O ���%� x�tuty� �! $ ��

���� Q R�r�v� Q�v�tU u�tyOR�U �

u�yiY� x�oWv�O ���%� x�tOviU� �� $ ��

QwWm ��wHWv�O ���� Q C�k��Ut u�tDiy w CU�� �

u�Oty �v�U�raw� x�oWv�O ���%� x�tCWy��OQ�

u�Q�� Q�H Q�v�tU u�tyORv�B �

uq�o x�oWv�O ���%� x�tQ�D �% $ �#

u�Q�� ���� Q Tv�Qivm u�tQ�yJ w �U �

OwQy�W �DavY x�oWv�O ���%� x�tQw� QyW % $ ��

u�Q�� R�r�v� Q�v�tU u�tyOQ�yJ �

u�Q�� CavY w sra x�oWv�O ���%�

u�Q�� Q�H Q�v�tU u�tyORv�W �

R�Q�W x�oWv�O ���%�

���� Q R�r�v� Q�v�tU u�tyORv�B �

u�DUJwr� w u�DU�U x�oWv�O ���%�

�SwrwBwD w xUOvy Q�v�tU u�twU�

R� Q�D srat C�� QD x�oWv�O ���%�

QwWm ���� Q Tv�Qivm u�tHvB w �U�

R�wy� u�QtJ O�yW x�oWv�O ���%� x�tuty�

Q�H Q�v�tU u�tyOiy �

u�DUJwr� w u�DU�U x�oWv�O ���%!

QwWm ���� Q Tv�Qivm u�tWW w �U�

OR� x�oWv�O ���%! uty�

QwWm ���� Q Tv�Qivm u�tDiy w �U �

R� Q�D srat C�� QD x�oWv�O ���%�

�SwrwBwD w xUOvy Q�v�tU u�tQ�yJ �

x�twQ� x�oWv�O ���%�


