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Y[Z]\�^`_�^`acbed8fGgihkjmlIn3o0a�prq`fsjmlIn�o0t1uGvcprf�wcp1xcy�pza�^|{Ij~}Gn1}
x · � x · � x · � x �G�3�;���`� ,d8h~p � a �E� p�n1prfsq�trq`vcy�a�pRq<fGj~�ro~^@t1uGv�f�g
a � y ��� n1prf6��t2usv�f6^ ��� a�^�dIy�p�a�� � fGgiy�u � a ��� a < � a �7������ g � w�usd�f�g`h ��� , �<�4��� g ���i�4���8� �c I¡£¢[¤¦¥¨§2©8ª«�¬�1¬8®�¯ ZM°�p2±²f6}�³

< x < �I�~� pPfGp2{mq´vcy�a3g`jkg�a3^R{Ij~}sn1peµ]p1j~x�u�j~p1¶ �`·¸�¹�8��� jkg`^ � gid � a�^ x º¼»�� pj~p � µ]�1jk½ »�·@� ¾�¿`�8��À ac^`y�^@j�b~ycjk½ � x �#� �8ÁÂ� a�^�y3g<dÃ^R{mq
x
w�p�x3usµ]p´ac^|{�jk}snr}

x · � x · ��� x � � �Ä���8�À a�^iy�^�¶2p x º��8�:� f�giy�u ��� x �#º�ÅIÁ d8h8Æ�_�ÆIn�o~^�µ � w�} � bÇvÈy�}sfs} � ¶1p ��� x �#ºÉ� ³ � hk^�v�y�gifG}�_IÆ�n�o~^�µ ^�h~okg`h
x · � x · ��� x � � ºK� · � · � ³ ��Å ³ �7À a�^`yc^´jIb8ycj~½ ��� x �;��Å g�hkq`fGp�wcp2x�uGµ]p�a�^|{�jk}sn2}

x · ��Å x ���Ê���¸Ë g� wcp1h � ^`d�f�g`h~b Å���� x < � ³ � jkp2_4^�fG} ¾�����Å x < � ³ �ÇÀ ac^ Å x < ¾`� {mÆ8n3oÇq Ë u x · �ÌÅ x � < ÍcÎÏ · ¾i�Ð�Ñ�`»~�� ac^ Å x º�¾`Å�Ë g`vcp x · ��Å x �£º Í ÏÏ · ¾`Å > Å ³ � y�g<d8¶1p ��Å x �7�Ò¾`�8Á y�p1okh8Æ Ë a�^R{Ijk}6nrp x · ��Å x �7�Ó���]� f6ÆIj~pdÃ^ijÇp2t1jk½
x � Î�ÎÍcÎ � Í�ÍÔ �kÀ a�^`y�^�¶1p � a�^�jkg`fsp Ë p1jk�
t1uGvcfs^ x � fsgiy�u

� x �4�VÕ ¾�¾��Ö ��� , ��� x �[�VÕ �����Ö ��Å , ��Å x �[�VÕ �RÅ���×Ö ��¾`� ,� hkp
v�d8b8ycp1trj~½M^ �Ø� p1h~}Gj~� ª w�p2xcp1jku �Ù�Z�Ú
^`dmg`¶�y�p � ¶1p Ë fG}6_�^R{Ã^�fsjmlIn�o¸t2y�a�jkq`n2y�} a�Û Ë jÃl8n3o � w�}6a�^ Ë p1jmlIn�o¸t1usvcp1f7f Ë p � a�^]jÇ½�dIycp1ac�Mt1usvcfG^ k �Ü�#�� k �Ý�mª {IÆm_~a�g<y;h~{Ã½zhÇ}6v � b~j~d�ycj~u k ± � ac{mdÃ^|{Ã� � ^mhkµ�j~^�¶1}sj�Æ {a Þ , a Í , . . . , a ß } g {b Þ , b Í , . . . , b ß }y3gid � gi_�ÆPv�pMvc^�bkt2yÜÆ
A � �

a Þ � �
a Í � . . . � �

a ß g
B � �

b Þ � �
b Í � . . . � �

b ßjkgR{ Ë q � p1µ�f6}sxc}GfsÆP^]µ��rj~½Mj~p1¶5³ � ³�³ ��� y �2� g<_IÆ � f�giy�}Gfs^ |A− B| < ³
,
³�³ ��� �� 8¡£¢Ç¤¦¥Ð§2©8ª«�¬�1¬8®�¯ Z
àá{mgi¶rb � µ�pz{Ix�p2n�oÑâ �1»�áã ���E»Ã�`¾ v�^�b~t2y�Û

S � �
x Þ � �

x Í � . . . � �
x Ô ,d�hkp

x Þ < x Í < . . . < x Ô � p�fs}s_4^|{Ã^�f6jÇq#vcprh~µ�}sn1p�{�Æ�_ka3gijÇq Ë h[g<j�l8n3o�t2y�a�jÇqin1yc} � w�}sa�^ Ë p1j�l�n�o�t2uGvcp1f �ÃÀ a�^dmg<¶rh8l Ë y�½1n�oÃy�^�v�^`bkt2ycÛ S � fsgiy�u7^�hkokg`h8Æ³
< S � �� � �¾ � . . . � �� ��¾)� �» � �¿ � �� < � ,

�



y�g<d8¶1p&v�p � prh~jkq¨^ ��»Ã�Ã¾�� j~p&j�b8y�j~½áa�Û Ë jmlIn�o ª tru6v�p1f Ë ^`y�p1{�wcprj~�1ok^�}sjmy�p2ac{mg`f6b � ³ , ��ª3�ÃÀ a�^`y�^�vcp&j~½1dmy�p2a��h8{mg Ë b~{Ãg`¶r^R{Ãg`jmlIn�o v�^`bkt2ycÛ fG}6x�uz^ µ]�1j~½ j~p1¶ ³
,
³�³ ��Á {IÆ8f6^�b~tru6µ�p2±²fs} Ë ^`_4^`b � w�usvcfGb8x3jÃl8n3o�vcp2hÇµ]}sn� wcu � g`h~jk�Âv � ^�fsprt1j~� � ac{IdmÆ �2Ë µ]p1j~x�umvcp�^`_Çg�v�^`bkt2yÜÆM^�y�b8y��2¶�o~^Ih~j~^`y�b � y3gid8¶2pÂv�p � p � }6n�oMa�^ Ë h~uGfmj~p Ë µ�½2j~u ªgz{]dmg`¶2h~��vcd�b � }6jk½ Ë Ûkv�y�gijkp�v�y�p � jÃl � jkp1jIb~fs^|{ml � j~p1_4^ � x3f6^5^#h~{Ã½;a�Û Ë jk��vcp2hÇµ]}snrp ª�� ^mtrp2y � ac{�dIÛ ��� usµ� p
yc{ma Ë prj~u��~fG^�oÃÆ h~^`dmq Ë q`j~^ ��7Z�Ú
^�hkg`j~�2oÇ^�t2yÜÆIw�v�yc½1jIb

ABCD � p
{Ãp � v�q`jkg�d�^�bkf6p � °Ãp � uTt1yÜÆ�w�}Tycprt1j~�Ma�^|{I}sjmÆ � dIycp1ac� � vc^�b�vcp5vÈy�½��jkg`µ�}kt2yÜÆIw�vÈy�½1jIbÐa�^R{8j~^`_�½2¶rj~� �`Ë jÇ½ � ^Ih8ycuGjkg � ukt2yÜÆ�w�}kµ]prj8x�ukt2yÜÆIw�v�yc½1j�Æ � Ú
^<dmg`¶2y�p � ¶2p�vc^�b~t1p1yEhk�1fsp2d{Ix�p1n�o ¾i»Ð� p � }sn�o�o~a3g<j � p]a�^|{`prj�h8{Ã^ � jkq`v�^`_~d8b�vc^�b~t1y�b�hÇ�2fGp2d o8a3g`j�n1prf6�ro~^¸t1yÜÆ�wcv�y�½rjmb
ABCD ��
	�¡����¤������������Ãª

B
C

D

A

K L

M

� _ka �2�

«�¬�1¬8®�¯ Z � Ë jkg`t2µ�p % � ^�f6^�µ�½�a){Ãp � vcg`jÇ�&dÃ^�b~fspMg v ��� v ��� v ��� v � y�½��fsp1vc^R{Ã��{IlmxcdIÆ�hÇgijk�1o~^
t2yÜÆIwcv�y�½1j�b � vE}sj~hkp��8Æ � ^Ih~fsp�{ma�n�o~^�fGÛ �|Ë p�d�ycp2acl8n3o{mÆ8n�okq Ë p � u ª3� � h � giyÜl�t1yÜÆ�wcv�y�½1j
AKLM � ^`_~a �r�<ª�� p]v�ycp � jk^`fGp1okf%l � ^�h~fGpvÈycw�p1hkb

A
v£nrp1f6lIµÓt2yÜÆIw�vÈy�½1jkp1µ

ABCD ��� ^�b~t1yÜÆ
h~�rf6p1d � p � }sn3o�o8a3g`j � v�^`b� ac^`y�^5{Ãpávcy�p � jk�1µ � ^�µ]½1a�b � gid�^ � p � }sn�o�yc½rf6prvc^|{Ã�á{mlIx�dIÆ Ë p&v � ^�f6prt1j~�ro~^{ma�n�o~^�fGb
A � ycprh8Æ { � ^�µ�½2a�b � v � − ¾ % ª! v ��� j~p2_4^ � ¾ % � p
{ Ë hkq`f6prj~^�v�yac^|{�}Gj

KLM
g
BCD �Ø� vc^�b�y�^`y�}6¶ a�^R{Ijk^i_ ½2¶1j~��g ^`_4½ v�p h~^`y l�dÃg � u{Ãp � v3gijk�zdÃ^�b~fsp ª3�"� y�p � jÇ^�b#�~{Ãg`oIbeµ�Û~¶1prµ�p Ë ^ � gid�^R{mgiy � a�^�^ivcy�giy�j~u�ycwc}^mh � g<y��Mt2yÜÆ�wcvcyc½rjÃÆ � � gix�u��Çf6^�o~^�b � p � a�^`y�^�h~^`dmq Ë g<y)ac^<{�j~^�vcy

v � − ¾ %
v � � v � − ¾ %

v � � v � − ¾ %
v � � v � − ¾ %

v � �Ñ¾ ,dmy�p2a�q � pMp1dm{8}6{Ãg`fGp2j�ycjku7v�a�^|{Ij~^�v�y�u
%
$ �
v � � �

v � � �
v � � �

v �&% �Ò� .
' yc^�µ�b�j[q<µ � ^�µ�Û~¶rp�jkq`v�f6prh~b � u6nru(�8{mg`okg�^P^`_ � prµ�b V g � ^R{�acn�omb S t2yÜÆIw�vÈy�½1jIb

ABCD �4À w�prh~j~½
S � S �e� S �´� S �¸� S �×� dIhkp S ) Ë jkg`t1u7^`_kv�g`o0yc�Mv�y�½1jmÆ �i� pr¶Mjkp1^`_kvcg`oIb � p
{�a�n3o~^�f X ª�� hkq`fGp

V � �� S � v � � �� S � v � � �� S � v �@� �� S � v �g¨dÃ^`jkp1t1jk½
V � �� %S �kÀ ^Ih~fGpzy�½1n�oÃy�^]{ Ë ^`a�n1Û � fGgiycu

%
$ �
v � � �

v � � �
v � � �

v �&% � � V
S

$ S �� V � S �� V � S �� V � S �� V % �Ò�g¨y�u6µ � p
nrp1fslPhkÛ8dmg Ë ok^iy�^R{ �* Z�Ú
^Ð{Ilma3g Ë b h~p1j,+.-
/�021 − a�^`dh~^�v3g Ë b � prµ�p�fs}6_4^<{�^�fsj~��h[giy�bkµ fsp1y�^`x3j~uGo~^�a�^`d�b �Ü�RÅ�Å���ª g � ^`y�� ËÜ� }%x � b � prµ]p�j~p � {Ã½2ycx�u�µ]^�nrj~}sj�bt1uGvcfGg �8� dmy�p2a3qáh~½2fGuÃ{Il�v�fsprh~j~��t2uGvcfs^ � � g � w �2� ac^ ¾I��� hkb8_4p1j5{IÆ�n�okq Ë uIt1usvcfs^ ¾I�2· − �:Å`Å��5�Ò�RÅÃ¾�»Ã���M����43 · ���R¾`Å8� n1^�¶ � p¨jkq`vc^`_�p2d¸µ�^In2jÇ}6j�Æ ��3<� jkp5{Ix3gid¸µ�^In2j~}GjÃÆ �`·��65m� }GvÈy�½2y�p�{mx�prn3oÇjÃÆ�h~jmÆ �[� a�^dIycp1ac� � p
^Ih � ^R{8u6hÇg � usnru µ]^In1jk}6j[gÐj~p � {Ã½2ycx�u � �
7
¡8:9<;�;>=?�Ãª¾



«�¬�1¬8®�¯ Z À a�^`y�^�¶rp �:Å�Å`�´� � 3 � � · ¾i»5��¾mª��8� p Ë dÃ^�b~µ�g`jÃl a�^ Ë h~usf d � − �TÅ�Å�� h~½rfs}6y�p1fsjml trusv�f6prµ � ·� ^ � }Gj~^�bev�}6ycbkg`nr} v�p#g`j~}7jkp1µ�bkvcuGµ]pMvÈy3gia3giy ª��k� a�qR{Ã½
dIh~Æ�¶ � p#}7µ]^�n1jk}6jÇg d � y�{mgia�b
d � ��� 3 � � k � ¾Ãª �È�iª� ac^�{Iok^mhkj~�#n1prf6�#tru6v�fs^ k � � h8y�b~h � w�p2h~jÇ½
{�Æ � fslm{mq � ¶rp � | d g�¶2p#p�� � ^�j~p1jmy m � p#fs}Gn3o~�#tru6v�fs^�µ�p1j~x�uj~p2¶ »~Á4Ë qia�^R{Ãp���{mx�g<d

m 6 � ��� j~p�_ ^ � ¶Rq`h~j~��t1usvcfG^ d ∈ { � , ¾ , . . . , �I� } jkp1j~uTyc{mgia�b � a3gr{Ã�5vcy�a�g`j�Æ �Ü�iª3�À a�^iy�^]jIb8y�j~½ m ���IÁ~� gideg`fsp Ë�� �<ªÂ� f%Æ8j~p � ¶1p � Í�� d � y�bkh~uG¶ d ���~� � n± �|ªÂ� a�^¨{8o~^�h~jÇ� Ë jkg`µ]�rj8dÃ^gÐj~½2dIycp2a��#n2p1fG�
trusv�f6^
n � Úz^�v�g Ë prj~uGµ h~^�v�y3g`j~p1µ]p

d � − �TÅ�Å��#�×� Å n± �Ãª 3 − � 3 � � · ¾|»á� ¾mª���� 3 ��� 3 n 3 ± � 3 n Í � � Í n± � − � · ¾i» − ¾<� .� jÇgihkj~^]jkg`o~fG�1hkj~p1µ]p � ¶1pMok^mhkj~^`y3g¨{�l�a�g Ë be{Po~a3gijÇgiyc� Ë qr{Ã^ia3n1p � p#h~½1fs}sycprf6jÇq¨y�w�p1µ�} � prj � w�} {mg<a�}�g`jmyc½v�p Ë jÇg`µ]�1j8dÃp1µ!µ�}sj�bkv � g`j~}ky�pro~h8Æ¨{�x3gid¨jkp1j~ukh~½1fs}sy�p2fGjkqzhÇp�{8u%y�} �Ø� p;y�^`y�}G¶�y�{mgiacb Å N− � · ¾�¿mª3��� fGp2h[g<j[qj~p � {Ã½�ycx�u�µ]^�nrj~}sjkg � p � a�^<y�^ �`· g´^�h � ^R{8u6hÇq � a�qR{Ã½�y�½2µ _~w�p Ë j~^R{Il�µ � m ����ª h~j�Û~µ � dIy�p�a���µ�g � u� ^`w3g`h~^R{Ã�Mtru6v�fs^Ðyc{mgia�b d ���k� � n− �iª�� y�p1h~Æ �8�s�T�|¿m� g ¾i»~� _~w�p Ë jmb �
��Z]\Âp�{Ijk½ � x3u~^`_kfGg`v�y�}8d�a�b~¶rj~}Gn1p k � p)hÇqij�_4^�h A � \áx3p1n3okjÃÆ]f6}Gn�o~^`_�½2¶1jku6d�Æ � d�y�p2a�� � vc^�b�h~^
dIa�b~¶1jk}6n1p k{Ãp � v�q`jmÆ]y�gid � ¶2p � p � }Gn3o � a�^Ih~fs^`bk¶1p1jÇqMa3g`µ]p1jÇg#v�p � a�^`ycusjÇg � u[{Ð_�^�h~½ A � µ�g � uÇv � ^�f6prt1jml � a�Û~v�p1t1u6d�~oÇf6^ � w�u6trp2d � Úz^`dmg`¶2y�p � �
	�¡����¤������������Ãª

A

K L

MN

P

Q

R
S

U
p

q
ϕ

� _ka �3¾

«�¬�1¬8®�¯ Z 5 qidIfGg`h~j�Æ KL g
MN

dÃg`¶1hk�1o~^ Ë b~{Ãg`¶1^R{mg`j�l�n�o�fG}Gn3ok^`_�½2¶��j~u6dIÛ
KLMN � vc^�b¨h~{�½�a�^R{8j~^`_4½1¶1jk��y�½2y�}6{�Æ#dIa�b~¶1jk}6nrp k � y3gid�¶1p�µ�g � uv � ^�fGp2t1jk^`b]^�v�bÐv�^�b~µ]½2a�jk^`vcy�} � � g&j~u8fspr¶2u8v�ycw�p2h S dIacb~¶rj~}Gn1p

k � v�ycwcp1h~Æ
P
g
Q Ë qid�f�g`h~p1j KL g

MN �k� a�Û~v�prt1usd U �~o~fs^ � w�uGt2p1d KM g
LN} � acÛÇv�p1t1usd A � a�^mhÇf6^�b~¶rp1jmlIn�o
a�g`µ�p1j � y�p1h8Æ � ^�fG^ � w�usµ�p2d ª KN g
LM� ^i_ka �3¾mª3�RÀ a�^`y�^�¶1p � ^�f6^ � w�usµ]dmg AS jkgá{Ã^�f6_�½�fG}sn3oÇ^<_ ½1¶1jku%d8b

KLMNj~p Ë qR{�}Gvcu � v�y3g`t1uIh~^`dmq Ë giy � ¶rp�jkgájk½1µ�j~p Ë qR{�}Gvcu8g`j~}Ihk�1fsd�g �~v�prt3d�Æ AU �\&Æ � qih~w�u6µ�p � }Çj~p � � ac{Ãp � ^�µ]^In1uÇhk�1fGp�d p � |AP | g q � |AQ| � b8dmq`¶2pv�p � ¶1p � p � p � }sn�o oÇgia�µ�^ijÇ}6n3dIl�µ � a�Û~µ]½2a�prµ ªc� Úz�1fsd�Æ |PU | g |QU |v�jkg`hÇj~^Ð{IÆ � ^�t2y�p1µ]p Ë hk{`^ � }sn1pMac^|{�jk}sn
|PU | � |QU | � p− q g |PU |

|QU | � |KL||MN | � p

q� a�^|{�jk^`vcyc} � ^�µ�½�a�Û � f6ÆIjk^�b Ë � ^�h~^`_Çj~^�v�y�u 4KLU ∼ 4MNUg 4KLA ∼ 4NMA ª3� \&Æ � h~p
jÇq`µ
|PU | � p � p− q ª

p � q g |QU | � q � p− q ª
p � q ,g � a�^`y�^

|AU | � |AQ| � |QU | � q � q � p− q ª
p � q � ¾ pq

p � q .� Æ�j~ukvcp1µ!h~^�v�g`h~usµ�p
p � |AK| n1^�v ϕ g

q � |AN | n1^�v ϕ � dIh~p ϕ � |<ª PAK| � g � w�}~jkq`vcfGp2hÇj~� � � a3gr{Ã½{mÆ8b~¶r} � p1µ�p
yc^�o~^ � ¶1p
|AK| � |AN | ��¾ |AR| ��¾ |AS| n2^�v ϕ,d�hkp

R � pMv�ycw�p2h0yc½1y�}s{IÆ KN � Úz^�v�y3g`j~p1µ]pMy3gid
|AU | � ¾ pq

p � q � ¾ |AK| · |AN | n1^�v Í ϕ� |AK| � |AN | ª n1^�v ϕ � |AK| · |AN ||AS| .

5 _mlI{mqP{IÆ�b~¶ru6y#µ�^mn1jk^�v�yM_4^Ih~b A d�h[g<jÇ�¨dIacb~¶rj~}Gn1}
k � S, r ª� vc^�b~tr}6j |AK| · |AN | � pÐa�^|{�prj ac^ Ë h~uGf6b

|AS| Í − r Í � y�p2h8Æ jkg {Ã^�fs_4½¸fG}sn3oÇ^<_ ½1¶1j~u6d8b
KLMN

jÇp Ë qR{I}Gvcu � � p Ë qr{8}6v�f6^�vcy�{�prf6}Gt1}sj�Æ |AU | � p0y3gidh~^`dmq Ë q`jkg �
�



�7Z � p1n�o �
a � b � c � vc^�b d8fsg`hkjkq]t1usvcf�g � Úz^`dmg`¶2y�p � ¶2pMy�ac^ � �ko~p1fsj~usd ^�vÈyca3gijÇq`n3o a � b � c p��~}6vcycb � p �~� a3qr{Ã½d8h8Æ8¶
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