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s�y�wN�t xW�ty �va� �s�xOQm x�ov x� QHD l� u�wva x� s��B�� x� xW�ty
xOv�� w s��xDiQ V�B �Hm �D s�DUy u� p��vO x� xm �iOy CyH QO s�v�O�
���yv �R�J l� xv w CU� �Q�H u�DU�O l� u�� �xYqN �OW Oy�wN xvwoJ
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CO�a �ys�y�� QwH u�� x� �t �O� wWv p�LWwN O�� R s�vm�t ltm �r�N w
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�Q��HM�W x� ut xm �r�qO R� �m� �s� Q�O j�iwD �wRQ� V��Q� sy CyH
C� Q�Ot QO �O�OH ��yx� QHD p��vO xm CU� u�� sOQm C� Q�Ot O�yvW�B
w CU� �Q�O� �r�N �t QwWm QO �tra ��yOL�w C� Q�Ot �sDUy �tra
V��R�Us�tYD �wv w �tra �� xOmWywSB Q�Ot �x���Q �CU� O� �r�N u��
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xm OvDUy �yv�� svm�t Qmi w sQ�O O�kDa� u�tO�OH pUv x� ��ak�w ut
OvJ �Q��HM�W QDmO �s� Q�o� �Q �yv� pe� Q� R �yQ�B �t w Ovvm �Qw�wv O���
�y�tW R� QDW�� O��W s�xOQm Q�m w� �� l�ORv R� uwJ ut xm OQ�O �oS� w
�� OQ�o� xOya x� �Q �D�rw�Ut Qo � xmv�� �m� �sW�� xDW�O �q�� �yv� R�
ODU���t V��B pt�m Qw� x� w Ovm�t �Q�o�B �Q C�rw�Ut u� OwHw s�tD
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s��B�� �iv x� �yC�rw�Ut u�� uDiQo xOya x� �OQ�o�t �Q VDkw O�� R xm
OQwt QO Qo�O �xDmv �OW�� u�OvtWv�O OwN QQ� x� CU� umtt OvJ Qy CU�
p��k C�ty� xW�ty s��B�� �tra ��y�QwW ��Q� xm CU� u�� �Q��HM�W
QO xm ��x� wYt x� xm Ow� u�� CW�O �q�k xm ���y�waO R� �m� �CU� xOw�
�xOmWywSB Qy �tra ��QwW ��Da��� �s� Q�Po� s�QDL� O��� xOW �� wYD �QwW
QO �R�Us�tYD �� �Q�os�tYD ��R�Us�tYD ��Q� CU� �� wN �r�N �wR��
�rw OQ�o�t s�tYD VOwN sO� �Q�os�tYD QO �OQ�O jQi �r�N C� Q�Ot
x� sy �� �atH xmv�� �va� �Oy�wN�t �OvtQvy xm CU� �R�Us�tYD u��
C�t�tYD �DL xm Ow� u�� O�Sv�OtL� Cq�mW� R� �m� �OvUQ� s�tYD l�
x� V��QwytH CU�� Q pw� �xQwO QO ut �Q u�� �CN�U�tv sy �Q V� wN
xH�Dv x� O� sy V� wN ��ys�tYD �CN�U�tv s�tYD uwJ w �sDio w�
��QwW C�F�L x� CUy p��k w CU�v �QwHu�� �Q��HM�W QDmO �O�UQ�t
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xOW s�tD l� R�i �xOmWywSB QO �QmUa QDmO C� Q�Ot �xQwO q�L �� �N
T��Q u�wva x� �Q �Q��H M�W QDmO Qo�O u�DUwO w VOwN CQwWt �� w
s��B�� QO �t sUQ xm s� wo� �Q u�� xD�r� �s��xOQm 	�NDv� xOmWywSB O�OH
�yCa�U �CU�v ���DOwm w OwW�tv Zwa x�Wl� R�J I�y xm CU� u��
svm�t sqa� sy ut w Ovv�O�t xty �Q VQ�N w s�vm�tC�LY u� OQwt QO
OQwt l� QO 	ki xDWPo p�U �� QO ut �OwW�t s�Hv� G� QOD x� Oa� w
QO u�QyD x�oWv�O �tra C��y R� �Q �QO�Q� �sDiQo s�tYD xv��W CQwY x�
w sOt� RwQ u�ty QYa �rw sOQm 	�NDv� ���QH� Q�Ot u�wva x� swra �xRwL
ut j�D� Ov���� xty O��� w OvDUy ut u�DU� QO �tra �xty O� wo�t xm sO�O
�R�J hqN ��k�kO u�� uwJ sOQm VrRa �kwt u�ty �OvQ�o� xR�H� ut R� w
sDiQo s�tYD xv��W ut xm CU� �OQwt �yvD u�� w s�DW�O Q�
Dv� �t xm Ow�
�CU� xOw� CQwWt w EL� �� w �H� QOD xW�ty C�Q��eD �OQ�wt �x�k� QO w

�kiwt w O�OaDU� �� w u�wH w lQLD QB OvtWv�O sy �QoUa QDmO
s��B�� OY�kt ��Q� w xOw� 	wN Q��U� VD� Q�Ot ut Q
v x� sy w CU�
xm ���yOw�tm �OQ�wt �r�N QO xD�r� �CU� xOQm �O�� R VqD xOmWywSB w
VDtLR u�W�� �rw OW�t xDWwv �QoUa QDmO 	�UL x� CW�O x�oWywSB
CW�O jiwt C� Q�Ot xQwO wO �xDiQsy�wQ �OQwN sy �Q V� wJ w O�Wm �Q
s��B�� �tra C��y �RH xm �v�OvtWv�O xm CU� ut EL� u� O� �wt u�� w
xOya x� �Q C� Q�Ot C�rw�Ut w OvW�� xDW�O xrYwL w Q�Y Qo � �OvDUy
QO �t ��tra xm s� wo�t sy R�� �rw �CW�O Ovy�wN �� wN �x� QHD �OvQ�o�
�QoUa QDmO R� ut �Q�Ot u�wva x� xv Ov�KQ�t �t ��Q� sr�a u�wva x� pw� �xryw
��xSwQB �yvD xSwQB u�� �Ovm u� wOD �Q p�oJ �xO�t x�oW��tR� �xSwQB �D sDU�wN
xWkv u�� �x�k� �OQ�O XNWt ��vat xm CU� QwWm �tra �xat�H �xWkv QO
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�Q u�� s�v�wD� xm s�UQ�t ���H x� s� Q�O G� QOD x� �rw O���� xm OW�tv
�Q��HM�W QDmO �Q�m u�� s�Hv� ��Q� OvW�� Ovtxkqa �O�Qi� w s�vm KQ�t
Qy xm CU�v Qw� u�� w OQ�O O�� R sy R�v CU� �a��k sO� xm u�� ut�
��Q� s�r�a �sDUy ��xiQL VmR�v sy ut �rw �Ovm pw�k �DL�Q x� �Q �DtU
R� Oa� �Q u�tDN�U u�� �CU�v u�tDN�U �t ��Q� s��B�� �CU� pY� �t
svm�t Qmi ut �OvR�U�t Vv�OvtWv�O �Q s��B�� �s�DN�U �t p�U �
�t w OWN��t jkLD sDio xm �Q �D�Q�
Dv� �Q��HM�W C� Q�Ot �xQwO u��
xm Ow� s�y�wN wQx� wQ K�LY C�OvDUt �� C� Q�Ot R� �O�OH Qv�S l� ��
wRQ� j�iwD w CtqU sy VOwN ��Q� w CU� x�oWywSB u�� ��Q� ��x� QHD
xv�a��k �rw OvRv VwH O�� R xm svm Vy�wN u�W�� R� sy�wN�t �svm�t
Q�o�B �Q��H M�W sDio �O�Ry� TOvyt x� RwQt� u�ty �OUQ� VQ�m x�
C�Ft MU�B �Q �y�Q�o�B u�� w ��� x�Q w� �� sOk x� sOk sy �tW �CU� Q�m

�xO�

xm l� R�i �xOmWywSB ��Q� s��B�� u�UU�wt �xty w �tW �xty pFt ut
j�iwD �wRQ� CU� �Qw�wv Q�OsJQB xW�ty w CU�t jiwt w nQR� u�tDQ�BO
ut Q
v QO ���� Q u�tDQ�BO xm CU�v u�� V��vat xD�r� �sQ�O QDW�� xJ Qy
�Qt �xk� �H QO �y�WwQUN xvQow s� wo� �Q u�� O��� xW�ty �CU� wO �xHQO

�OQ�o�t

p��kDU� Cmrtt �O�� wo� sy �v�N�RQ�t sv�N x� �H�Q ��y�WwQUN QDmO
�OQmv w� C�kiwt R� �� wN

QO xm s�W�� xDW�O �tU�Qt �t xOW Q�Qk �v�N�RQ�t sv�N x� �H�Q xD�r�
Q�NDi� w� �tra C�k�iwD x� �t �OwW� EL� u�W�� ��yOQw�DUO �xQ�� QO u�
w �Q�NDi� QDmO w u��OytQwB QDmO w �tW �xOya x� sQ�Po�t �Q u�� �s�vm�t
x� �Q�m OQwt u�� QO �O� Q�o�t xOya x� �Q sU�Qt u�� �yOv�tR�U xm �v�Qo�O
O�vmv �HaD �rw sO�DUQi l� Q�D s��B u�W�� ��Q� ut �s�W�� xDW�Ov Cmrtt
R� p�U l� �yvD xm CrwO u�� �Ov�xOQmv �yHwD xr�Ut u�� x� u�OQtDrwO xm

R� u�DOwN OQwt QO �Q VQ
v �tW �O� wo�t K� QY �Q VQ
v �rw ��tra
�yDvt OQ�O CUwO �Q xty w OQ�O h�r Q
v xty x� �O�vmv ���vDU� V��yOkv
�O�� R s�QDL� �rw �CU�v l�D�trB�O �CU� �L� QY �r�N u�� R Vv�� R
��Q� �tra C��y smL QwOY QO xm �OQwt QO �qFt �CU� p��k xty ��Q�
xm OR nvR ut x� Q�� VW pk�OL �Q��HM�W �Ow� xOW Q�N��D Tm uqi
�xDmv �CW�O �RwUrO 	ki �CW�Ov sy �D�rw�Ut �xOW Q�N��D �QJ w� smL
�CU� �R�UOvDUt CU� XN�W �Q��HM�W �D� Q�Ot �Qv�S QO xm �Qo�O
xOQm OvDUt O� wo� Oy�wN�t xm �Q ���yR�J �xty O���t ut ORv xm �y�o
�OOQo�t �J p��vO w O� wo� Oy�wN�t xJ Ov�O�t ��k�kO sO� �va� �CU�
�R�UOvDUt OQwt QO s��B�� QO �t �CU� 	wDmt xW�ty sy V��ys�tYD
�Ow��y�WwQUN QDmO OQm qtQ� xty R� p�k �QXkv u�� xm�Um �s� Q�OXkv
s��B�� �N� Q�D ��yR�J �r�N ��R�UOvDUt w OQm �wQW �Q �mQLD VOwN
QO �OQ�O sy T�wUw �CUy sy xk�rUVwN �s�DUy u�W�� C�tLR uw�Ot �Q
s�xDU�wN �O�Ry� TOvyt R� ut xm ���yR�J R� �m� ��Q�O���r�t CtUk
sy �� wN C�k�iwD w xOQm �wQW u�W�� �Q Q�m u�� �CU� j�kO O�vU� �x��Q�
�tyt Vkv �R�UOvDUt �Q��HM�W ��D� Q�Ot �Qv�S QO �CU� xOQm �Um
OwN ��yx� QHD s�y�wN�t �t  sDUy �R�UOvDUt p��vO ut �QJ q�L �OQ�O
VQ��eD s�O�O sRq Qo � w s�vmEL� u� �wQ ��Oa� w s�vmC�F ��xrLQt Qy QO �Q
xm s�xDU�wN �Q��HM�W R� Q�� u�OvJ p�L x� �D �s�vm VLqY� w s�yO�
T�wUw w CkO �� w �ok�rUVwN �� ��i�Yv� w Ovm x�yD �Q �Y�N �xt�vu���
xH�Dv u�� x� �y�y�W�ra QDmO w ut w CU� xOQm �Q Q�m u�� �O�� R Q��U�
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u�� R� �O�OaD �� u�wD�t �OwRi� Oy�wN �yxt�vQ� u�� Q��Da� w C�i�m Q� �yv

w �Qw�Wt �� �xDU��w O�DU� Ovv�t ���y�r�k QO xm O�UQ ji�wD x� u�QwWv�O
�rN�O ��yx�oWywSB w �yx�oWv�O �� �tmLt w xOWh� QaD ��oDU��w 	xQ�e
x� �kQ� x� Ovv�wD�t sy GQ�N QO Ct�k� u�L �DL �yv
 �OvW�� xDW�O
w 	RD ���tvy�Q 	uO�O CQwWt p��k R� 	Ovvm ltm VywSB ��rN�O u�� QH
�yx�Q u�� R� �CU� xOQm u�U
 Q��U� �Q ���DQ� �Q�QkQ� CvQDv�� xRwQt� �xQ�e
CtON QO �Q GQ�N s�kt u�o�Nv �YYND w �tra u�wD R� �WN� u�wD�t

�O�O Q�Qk QwWm QO VywSB OQ�W�B
�wrwt pwk x�

O�WJ O��� �ovWD QOk x� sy O�W m u�w D v Q o � �Q � � QO �


�aU VD�v�mt� w xHOw� OL QO xQ�wty �O��v� ��yVv�O x�oWywSB
umtt ��yxt�vQ� w �y�r�k �xty w OwQ� OW xDio xm �Q ���yx�Q �xty xOQm

�� �B��B �xQ�tW ��



��v�N�RQ�t s� Qt Q�m

xO�t�v �rDNt sN �y�o w OQ�O �rDNt Oa� l� �ki CU� �k�kL O�Oa�
�OyO�t �� Q �Q�H �xUOvy x� �Q u�t� Q ��yx� wQ �x� Q�v �Q� R �xDmv 	OwW�t
OQHt Qw
 x� OvJ Qy�rDNt sN �va� �CU� �Q�H sNl��rDNt sN Qy
xm CU� OQ�Ov�DU� �xOvvmx
�L� ���i l� QO jkLD p��k �OwW�t h� QaD
	U�vt Qw
 x� xm CU� ��xrtH OvJ l� ��yxW� Q �xawtHt ���i u� QO
��Wl� �v�W�B Qw
 x� u�t� Q �x� wQ OvJQy �	�DQD u�� x� 	OW�� xOW ��NDv�
u�� �OwW�th� QaD OQHt ��yx� wQ Q� �rDNt R�r�v� u�� R x� xmCU� �R�r�v�
	OQmh�YwD u�wD�t sy��xrtHOvJCqO�at	ULQ� �Q�H u�� R x� �Q x� wQ

�Q�oxR�Ov� xmCU� ��xUOvy R� xO�iDU� u�t� Q �x� wQl�h� QaD Qo�O x�Q
�xUOvy �wv u�� R� xUOvy u� QDtyt 	Ovm Q�PBu�mt� �QCL�Ut w �pw
 �x� w�R
w �Tw�o ��� w� w� xm �UO�rk��v �xUOvy �rY� �xvwtv �va� CU� �wrwrPy
�wrwrPy w�rDNt �Q�H��yQ�DN�U�RQ�sy 	OvOQmhWm �Q u��mUiJ��r

	CU� u�t� Q ��yx� wQ �x� Q�v �v��t wRH �yx� wQ Q�

�wrwrPy �x� wQl� �xDU� ��ym� ROw�S x� hw
at�v�N�RQ�t �x�rw� C�k�kLD
�� u�wD�tv �Q u�Wrw
 xm OvDUy ��xDU� ��ytN �ym� ROw�S u�� 	CU� xOw�
�k�kO x�Q �p�k p�U �� x� jraDt �l�Uqm ��x��k 	OQm sm �yv� pmW Q��eD
ZwQit u�Qm l� R� QDtm u�Wrw
 xm ��xDU� ��ym� ROw�S O�OaD OQw�Q� ��Q�
L Q�Okt �����tv Qw
 x� xDU� ��yl� ROw�S O�OaD 	OyO�tCUO x�CU�L
p�t eL�L x� nQR� ��yL��Q� O�OaD u�� �XNWt Qw
 x� 	O����tV��Ri�
��k�kO �Q� RCU�hwQat ��ym� ROw�S ��Q� pw� O�Oa� �x��k� x� x��ku�� 	Ovm�t
��yOOa O�OaD xm CU� K�LY ��yOOa ��Q� �pw� O�Oa� �x��k� �� x��Wt
��yOOa O�OaD �OQwt u� QO� Ovm�t OQw�Q� �QZwQit OOal� R� QDmJwm �pw�
	�CU� eL�L Q��Q� ��v�Ht Qw
 x� nQR� ��yL ��R� x� eL R� QDmJwm pw�

w xUOvy QO �r�Y� xO�ar�jwi w Q�otWJ ��yOQw�DUO �v�N�RQ�t s� Qt
w u�t� Q ��yx� wQ QO w� C�k�kLD G��Dv 	CU� xDW�O �m�t�v�O ��ytDU�U
R�r�v� ��wrwrPy �xUOvy �� C����� Q �xN�W u�OvJ �yv� �V��tQB ��y��i
Q�F��D �yv� �xty Q� w OvR�t Ovw�B sy x� �Q �� l�t�v�O w ��SwrwB wD ��rDNt
�O�� R CQyW �wrwrPy �xUOvy QO V�x�rw� ��yQ�m Q
�N x� w� 	OQ�Po�t
��ytDU�U �x� Q�v QO ��xOta CiQW�B VQ�m u� QDO�OH w OQw� CUO x�

	O���t Q�tW x� �m�t�v�O
xDiQo syORwv uQk u�O���� Q u�t� Q OQ�yvQ� s�v R� u�t� Q ��yx� wQ s�v
�� OQHt ��yx� wQ C�ty� x� xm Ow� �v�O���� Q u�DUNv w� 	CU� xOW
xQm K
U Ovv�t �X�N �xOvvmx
�L� ���i QO �Twtrt� ��yx� wQ p��ktQO
uQk l� R� V�� �yv�O���� Q 	OQ� �B �� �Oa� xU �UO�rk� ���i QO
Qw
 x� u�wD�t �Q ���yx� wQ u�vJ xm OvDi�� QO u�t� Q x�oO�O T�U�Q� p�k
�deformation� pmW Q��eD OL QO �DkO �� �va� OQm �Ov�xOQl� SwrwB wD
u�� 	CU� x� wQ ��y�handle�xQ�oDUO O�OaD xm OOa l� �yvD �xr�Uw x�
�x� wQ w CU� QiY xQm ��vwo �qFt 	Ovt�v�t x� wQ �genus� ��vwo �Q OOa
pmW j�kO C���RH R� xmv�� �QW x� 	CU� l� ��vwo ��Q�O xwyk u�Hvi
x� wQ l� ��k�kO g C�Ft K�LY OOa Qy ��R� x� �OwW Q�v hQY �UOvy

	OQ�O OwHw g ��vwo ��
�i��� �UOvy Q�DN�Ul� xm OwW�t u�t� Q �x� wQ x� p�O�D �Dkw x� wQ
CiQo Q�v QO�rDNt Q�DN�Ul� u�wD�t �Q �Q�DN�U u�vJ 	OwW xO�O u� x�
	OR�U�t sy�Qi OQHt ��yx� wQ OQwt QO �Q �rDNt R�r�v� R� xO�iDU� u�mt� xm
QO Oa� wO ��Q�O xm x� wQ �CU� �k�kL QDt�Q�B wO pt�W�rDNt OOa Qy uwJ
�� The work of Maryam Myrzakhani� Notices �������� ���	
�����

�O�vm x�ov xt�vxS� w u�� pw� uwDU x� Kq�Y� u�� ��Q� ��

�� ���� u�DU��D



��yx� wQV��tQB ���i �OW xDio �q�k xmv�vJ 	CU� xDN�OQBV��tQB ���i
Q�DN�Ul� xmCU� �Oa��g�� �UOvy ��Wl� OwN g ��vwo �� u�t� Q
CU� �m� QDt ��Q�OV��tQB ���i �xwqa x� 	OQ�O �Q�H �k�w QO w�rDNt
Vv�Q�mty w �v�N�RQ�t 	OUQ�t Q�v x� �a��
 u� ��ym� ROw�S �xar�
t xm
xm Ov�xOQm C��F �xDU� ��ym� ROw�S ��Q� pw� O�Oa� �x��k� x��Wt ��x��k
V��tQB ���i QO xmr� �yvD �x� wQ l� �wQ xv xDU� ��ym� ROw�S �u� QO
�m�t�v�O ��ytDU�U R� ��a� �xar�
t x� u�vJty w� 	OvwW�t VQ�tW
xDN�OQB V��tQB ���i �wQ �Ov����t pwLD u�tR �� xm ���ytDU�U �va��
s��r� w xm �xrRrR VQ�W� s�v x� �tDU�U xm CU� xOQm C��F XwYN x� w
	CU� l �v� wW� �xOQm KQ
t �Q u� ����� QO ROr�i p�Ot �xOvQ�� uDUQD

w �Alex Eskin� u�mU� Tmr� �Q�mty �� �v�N�RQ�t ��oR�Dx�
�wQ �Qo�O �m�t�v�O sDU�U CN�vW QO �tyt C�kiwt x� �OtLtQ�t�
�� QV��tQB ���i QO �ym� QOw�S Q�DiQ x� xmCU� xDi��CUOV��tQB ���i
w OvUQ�t Q�v x� s�vt�v Q��U�V��tQB ���i QO xDU��v ��ym� ROw�S 	OQ�O
�QYDNt Q�JO �Dkw �yv� Q��eD �xwLv w Q�DN�U R� �DN�vW uOQw� CUO x�
xm Ov�xOQm C��F Vv�Q�mty w �v�N�RQ�t �rw 	CU� Q�wWO OvwW pqDN�
Qw
 x� �k�w QO V��tQB ���i QO �yv� ��yQ�DU� w �rDNt ��ym� ROw�S
��ym� ROw�S xm OwW�t swrat 	OvDU�v s�vt�v �� �r�DmQi w Ov�s�vt ���Ha
h� QaD p�Uv�Qi�O �xUOvy w R�r�v� u�� R x� xm Ov��r�aDt����W� OvJ Qy�rDNt
h� QaD �y��xrtHOvJ 	ULQ� xm Ov��Q�H ����W� �yv� ��yQ�DU��OvwW�t
	OvQ�O �rigidity� C��rY ��Lr R� �v�at ��y�oS� w u��Q��v� w OvwW�t

xDN�ov�Q� Ovvm�t j�kLD xv�tR u�� QO xm �Q �v�QoWywSB u�ULD Q�m u��
l� 	CU� xOQm 	�eQD xR�D G��Dv hWm w O�OH �xH�Dv u�� �U� x� �Q �yv� w
x��Wt Ov�xOQm C��F u�mU� w �v�N�RQ�t xm ��x��k xm CU� u�� Vr�rO
QvD�Q 	CU� ���� �xyO QO �Martina Ratner� QvD�Q �v�DQ�t QwyWt �x��k
OQm C��F uoty ��y��i �wQ �m�t�v�O ��ytDU�U ��Q� �Q uOw� 	rY
�o��Uty Ovv�t CUQO x
kv Qy �o��Uty �yv� QO xm ���y��i �va� ��
�CU� uoty�v qt�m V��tQB ���i �rw 	OUQ�t Q�v x� �Qo�O �x
kv Qy
xm xDmv u�� hWm 	OW���t VQo�O VN� Qy �� Cw�iDt �qt�m u�VN� Qy
OQ�O V��tQB ���i uoty�v ���vO QO ���DR�� uoty ��y��i QO C��rY

	CU� R�ov�CQ�L Q��U�

�xQ�� QO s�kDUtVywSB �V��tQB ���i �voty�v w �oO�J�B x� xHwD ��
xv �t� �CU� xOwtv�t umttQ�e u�v�O���� Q R� �Q��U� Q�v QO ��i u��
Ov�wD�t u� ltm x� xm OQ�O �OvtwQ�v �UOvy OwyW w� 	�v�N�RQ�t Q�v QO
�xawtHt Q� �rUt ��v�N�RQ�t 	OR�OQB� V��tQB ���i �xUOvy x� ��t�kDUt
����� Q uwo �vwo EL��t nvyQi w ���� Q ��ym�vmD R� �awvDt Q��U�
�R�wQBOvr� ��r�a K
U QO �m�vmD ���v�wD R� �QO�v 	�mQD �xOvvmsUHt
�L�wv xmCU� ����vOV��tQB ���i 	CU� xOQDUo Q��U�Vv�� w xv�QwUH
C�i�WDm � u�Q�yQ R��m�lW uwO��v�N�RQ�t s� Qt w OQ�O Q��U� �xOWvhWm
� 	Ow� Oy�wN ��vO u�� QO

�Dr�L QO j�kLD x� ��ym� ROw�S ��Q� pw� O�Oa� �x��k� QO �v�N�RQ�t
�va � O vwW x DiQ o Q� v QO xO�U �x DU � ��ym � ROw �S �ki x m CN�OQ B
Q� �U � ��w �OQwt u �� QO 	Ovvm�t v �
k �Q u�WOwN xm � ��ym � ROw �S
���tv OWQ Qo�O L QFm �OL pw
 �� ��ym� ROw�S O�OaD OWQ �CU� Cw�iDt
	OW���t �vwo g u� QO xm CU� L�g�� �x�DQt R� xmr� CU�v L 	ULQ�
�� 	v�Ht nQR� ��yL ��R� x� O�OaD u�� �k�w QO xm O�O u�Wv �v�N�RQ�t

	OQ�O �wrwrPy Q�DN�U x� �oDU� c C��F xm CU� c � L�g��

Q� �x�wNrO OvJQy� X�N �wrwrPy Q�DN�Ul� �xQ�� QO smL u�� xJQo
sy �� �Q �yQ�DN�U xvwo u�� �xty u� C��F� QO �v�N�RQ�t �rw CU� x� wQl�
�xDUw�B ���il� g ��vwo �� ��x� wQ Q� �rDNt ��yQ�DN�U 	CiQo Q�v QO
�x� wQ OvJ Qy 	OvQ�O xDUw�B ��yrmWQ��eD uwJ OvyO�t p�mWD �xDUUo �v ��
Zwa pmWQ��eD �
 u� �UOvy pmW �Ov�t�t u�Um� xv�tR l� SwrwB wD
�xv�t�B� �� QDt�Q�B �g�� x� �ypmWQ��eD u�� xmCUv�O�t u�t� Q 	OwW�t
���R�U�Q Dt�Q� B� V ��tQ B ���i� �va � O vQ�O �oDU � �modulus�

	CU� �g � � Oa� ��Q�O g ��vwo �u�t� Q ��yx� wQ�moduli space�

xO�J�BC��e x� xm V��tQB ���i �rm Q�DN�U �xQ�� QO �R�J �Hv�� R� �rw
��Q�O OwN �V��tQB ���i 	O���tv CUO x� �CU� R�t�Q�QU� Q��U� Rwvy w
x� QHvt u�t� Q ��yx� wQ x� uwo �vwo ��yDi��yQ w CU� ��xO�J�B �xUOvy
Q�v QO ��qFt 	OwW�t ��i u�� Q�DN�U w xUOvy �xQ�� QO Cw�iDt ��yx�oO�O
Ot�Hv��t �Q�oxH�Dv u�� x� �Q�H ��ytN u�wva x� u�t� Q ��yx� wQ �uDiQo

	CU� �Q�H �xD� Q�w x� swUwt �Q�H ��W l� OwN �V��tQB ���i xm
�Qo�O Q�DN�U �xOQm x�Qa OwN�WQ�tW smL R��v�N�RQ�t xm�D��F� QO
�symplectic� �xDi�Dty� �Q�DN�U �OwW�t KQ
t V��tQB ���i �wQ
	Ovm�t Q�PBu�mt� �Q ��yrw
 xv �rw� �ytHL �Q�oxR�Ov� XwYN x� xm
sHL C��U�Lt u�� �Ovw�B �G� McShane� u�Wlt Q�m s�taD �� w�
�yvD �x� wQl� �wQ �xDU� ��ym� ROw�S VQ�tW �xr�Ut wV��tQB ���i �wQ
smL w Ovm�t x�U�Lt �QV��tQB ���i QO �v�at ��ytHL �Ovm�t Q�QkQ�
	OQ�o�t xH�Dv x�U�Lt u�� R� �Q xO�U �xDU� ��ym� ROw�S �xQ�� QO �WQ�tW
���i �xQ�� QO ��xR�D ��yCQ�Y� �wU x� �Q �v�N�RQ�t �x�oO�O u��
TOL l� R� ��xQ�DvtQ�e C��F� �u� G��Dv R� �m� w OQm C��Oy V��tQB
	Ow� �u�tU� Q �x� Q�v u�wQW�B R� w ���� QO ROr�i p�Ot �xOvQ�� uD� w OQ�wO�
�� Q��vDt xm OQ�O OwN uwQO QO �Y�N �UOvy ��yv�mt V��tQB ���i
Qo�Om� ��CU�umtt �yv�mtu�� w OvDUy �X�N��y�oS� w �� �u�t� Q ��yx� wQ
�OvW�� xOW ��NDv�	U�vt Qw
 x� xm ���yv�mt OQwt QO �OvW�� xDW�O �
�kD
xm �D��U�Lt w �m� R�i OwyWT�U�Q� uD� w 	OvQ�O�m� R�i Q���aD �ya
�kD u��
x� �yv�O���� Q Q�v xm OQm KQ
t �ya
�kD u�� �xQ�� QO�UOL �Ow�v j�kO u�OvJ
�Q uD� w TOL ����� QO ROr�i p�Ot �xOvQ��I� wUDv�m s�Um �t 	OW	rH u�
j�ta TOL ��v�N�RQ�t �Oa� p�U xORv�B w OQmC��F s�kDUt x�Q R� ���� QO
	OR Ovw�B �yx� wQ��ym� ROw�S�WQ�tWp��Ut x� �QV��tQB ���i �xQ�� QOuD� w
�xUOvy R� �Qo�O ��yx�vH QO Vw�m x� �v�N�RQ�t �Q�N� ��yr�U QO

�� �B��B �xQ�tW ��



���� Q ��yVywSB Q� �QwQt

�v�N�RQ�t s� Qt
��Q�NDi� u�t��

�u�� OwHw �� �O�r��t �Q ���� Q ��yx� Q�v R� �NQ� �� xOvv�wN QDW��
�� �rk�OL 	���vW
 �xr�kt u�� �xar��t �� Ovtxkqa �v�Q�� �xOvv�wN s� Q�wO�t�

�Ovm �O�B �v�N�RQ�t ���� Q ��yQ�m
�s�vm�t R�e
 OvQ�O ��xO�U ��yCQwY xm xr�Ut wO KQ� �� �Q EL�
�Q p��Ut u�� xm OQm s�y�wN VqD � w �� �� ��yVN�� VN� OvJ QO

�s�vR� xQo �v�N�RQ�t ��yQ�m x�

Cw�iDt ��yQy�� �� xr�Ut wO ��

l� Q O�vm ZQi�Oppenheim conjecture� �s��yvB� TOL ����

uyP QO xOvv�wN CU� �wN xm �r�Ft �OW�� Q�eDt � pk�OL �� �a� Qt sQi
�a� Qt sQi �OW�� xDW�O

Q��x� y� z� � x� �
p
�xy �

p
�z�

w CU� x�� � � � � xn ��yQ�eDt ��Q�O Q �a� Qt sQi ��rm Cr�L QO �CU�
CQwY x�

Q�x�� � � � � xn� �
nX

i�j��

aijxixj � aij � R

aij � aji �w�UD �j w i Qy ��R� x� xm OQm ZQi u�wD�t �OwW�t xO�O
�CU� Q�QkQ�

u�mD�v w CU� Q��vD QO A � �aij � uQ�kDt T� QD�t �� Q �a� Qt sQi
Q�O�kt �xty OW�� u�mD�v Q Qo � �OW�� u�mD�v AT� QD�t Qo � OwW�t xOv�wN

xtOkt ��

O�OH�qt�m ���yxO�� �iQat �� OwN ���� Q ��yQ�m QO �v�N�RQ�t s� Qt QDmO
�Q �tyt Q��U� ��yCiQW�B �C����� Q R� �irDNt ��yxN�W uO�O Ovw�B w
Q��v ���yxN�W �CU� xOR skQ �yv
 �xO�wv�N w u�t� Q ��yx� wQ �xar��t QO
�xUOvy w ��m�t�v�O ��ysDU�U ��SwrwB wD �	rDNt R�r�v
 ��wrwrPy �xUOvy

�OvQwN�t Ovw�B sy x� �v�N�RQ�t ��yQ�m QO �WQ�tW �Q�H
��y�Qw
wv w Qo�O �xOvRQ� wsytG��Dv Q�vm QO ��v�N�RQ�ts� Qt�QDmO �xr�UQ
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