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CEDGF$HGIKJLF$MKNPO"DPQ�RSF�TSO"U�JLIWVGTSF�NPXYI�M[Z5\]Q3T]OY^�_SOYQ8VGTS^�`ba�cGdeQ�DGf"MgcPQ�DGI�HGFhVGT]F�NPXYI�MKijDPQ3T]OY^�_S^�DGOY^
M8^�Dk_]fYU�H3VGTSf"VlQ�cGF `nmbJ�RSF�TSIoiGpq`kOY^�M8^o`�ZrTSOY^�_SO"setru9Q�JL^*v*R]F[M8^�RSwrcG^q\SQxHGF `LF�TSf%y8z�{*|$}L~?��z������Sz��n���'z[�
d
X�Q�R]OYDG\�JLI�HGFWTS^�U�ikT]T]^�TS^��x`�T�Q�UeQ�s���tL��Q�\]XY^�cGi�v��GU�^qM8F�RSO�`bQ���DGI�VGT]f"JkXYQ�ckZK\]�8JkXYQ�\]OYUSJr�kM8O�VGT]f"JkXYQ�cGM8OGDPQ
RS�kRSF�M8^�RSwrcGi�QKNnF$X"O�M8Q�RS^�M3Q�RSO�JkM8OPM8DGF$HGF�JrT�a�R�`�Zr_S^�R]TSF `bQ�DGI�t

CEF�RSO�`bQ���Db��VGTSf�JkXYQ�c�DPQ?V�F���^�R�V�^�TSMKikR�a�U�O"f�mG�%O"N�F$DPQ�U�U�O"HGF8��fY\�XYF
. . .

�l���;��� ��¡ ¢�£l¤j¥l¦�§L¦
¨,F$XYOn`rZkM[Zk\�XY^�DGI�©�T�Q�DGU��Gd�\�J�Z�M/M3Q�R]^�M3Q�RSO�JLF$M«ª¬cGF$iPQ�T]cGF$M/­�iGUeQ�\]F$M®`�TSF�Jkij¯ °$°$±ktPC²a�M³^

cPQ�Db�?`L^�p�i?d�F$\�R�Qe`L^�Dr��d�°qcGOY\�JLF `nm�J�RSF�TSI¬\]�KDPQ�d�Q���O�Q�R]J�iKiGM8OY^�\�RSDG^�DGI,DPQqJLF$XYf�Jki
A

Q1iG\�V�F�TSO�Q�cPQ�DGI
VnFrcG´�QW`L^�´"JLF$\�RSO�F�c8DPQ�v*`bµ���_]OY^�HGF[VnF[DPQ�v�M8^�Dk_Sf�tb¶1XYF$HGF$iWv�^oVGT]^�DGOY^�\�s,`L^�p�i�doJLF$XYf�JbQ

A
DPQxO"Db�?JLF$XYf�J

B
mkVGTSO"��F$M;·
•

M3a�M8^1J�cGO"\�VnF$d�f"U�OYO�v�^�cG^�D;VnF$M8FrU�Db�3JLF$X"f"J
C
m

•
M8¸$p�^�M8^1VGTS^�DPa�_�Q�s�`kp�ckZhXY^�DKv�^�cG^�D5cGO"\�Jnm

•
DG^�\]M³OY^�M8^¹DGO"J�ckZ3VnF$X"F$p�O"s�`bµ���_SfºcGOY\�J»DPQ?M8^�Dk_Sf
t
­�iGUeQ�\[F�VGTSOYQ�cGF$X¬\�`LF�v�i¼HkT�Q��SJki½T]F$M3Q�DbR]OYUSJ���M¾VGT]f"Nn^�HGF$M¿F5F�`L^�´�Q»`bµ���_]^*vx¨,TSQ�HGM8F�`L^Àv�`L^�p�O
m

J�R]F�T�a3M3ah�GcPQ�v�DG^�Á�Â»cGO"\�JLF `Ed?T]��cGd�^�HGF»d�X�Q�R�Q�DPQe`kXY^���^�DL�kU�H½DPQ�±�cGO�Q�M8Q�DbRSF `���U�HjO"HGXYO"U�O�Q�U�HÃtÃ��Q
VnFr��O�Q�R�Jki;`L^�JLF `nmP`�T�Qe`kf
m�cPQ�XÄ¨�F$H;R]OY^�RSF3d�X�Q�RSI[cGO"\�J�Z�DPQ³VGT]`k�EOYHGX"OYU�ijQ8\�RSQ�DGF�`�OYXÄ\�JkikVPOYDG^xJ�ÅPQ�d�F `
VGTS^�DGO"^�\�s1O"U�H5DPQ�R]TS^�R]OYiÃmPVnF�cG´YQ³HGF�TS^Wik`L^�cG^�DL�kU�H5VGT�Q `�OYcGO"^�X�tlÆqJLF³HGF `LF�TSO�Q�\�VGT�ae`�ZLmPJkÅPQ�d�OÃVGT�Q�U�i�v��
DPQ��GX"F$HG^ÇcGÅGF$M/Q�DGFrU�F$iÃtPÈW^�É�\�JLF$DG��O�QkmG`L^�p�Q³\SQ?T]F$d�VlQ�cGDG^xQ?\�`L^�Rqd�Q�DGO"JkDG^�t

��Q5VGT]`��¼V�F$HG´�Q�cÊDGOY^xv�^�Q�DGO,d�TS^*v�M8I�m%��O,HGX�Qe`LF$M3Q�M¿M3a;`L¸�Nn^�U�T]OY^�_S^�DGOY^�t�Æ1XY^3R]T]F�U�HPQEVGT]^�Ë
M[��_S´YQ�DGO�QÌ��Q�XY^�N�F;Q�J²iGp8DG^�N�F�cPQ�v¹VGTSF�NPXYI�MÍV�F$d�DPa�M8^ ��DPa�\ÇVGTS^�\�`L^�cG��f�m p�^8M3aktºuÄ^�T�Q�d³`�Zr`k\�RSQ�DG^
F�R�a�d�JbQk·rQ�JLF[\SQÇRSF[cPa[ikTSF�NPO�s,DPQ�v�XY^�VG_]OY^ Î�ÈWF$´�JLFxVGTS^�\]iGDGF `Wv�^1DG^�`rZkHGDbikRSDb��U�H�QxVnF$\�R�Q���i�v��GU�O"U�HhDPQ
`�ZrTSOY^�_S^�DGOY^¹�GXYF$HLZPÎ

��Q�v�XY^�VG_Sfq\�VP¸$\]F�NÏQ�JLF½`�ZrTSOY^�_SO"s�VnF�cGF�NPDb�ÐF�R�a�d�JkiÌv�^;R]T]F�U�Hri½v�iÑd�F `�_S^�F�N�^�U�DGO�set�¨ÒT�Q�HGM8F `bQ
`L^�peQ?M3a?Á�ÂGmlÓ�Q�DGF�v�\�JbaK`L^�peQ�°kÔlik`bQ�p�i�v�M8^W��F8\SQ�\�R�Q�DG^�mGJL^�É;cGO"\�JLF�`�NPiGcG^

n
t

Õ$^�cGDGF$ixdÖDG^�\�V�F�TSDL�kU�Hx`���HGF�c�R�Q�JLI�HGF�RSF�d�F `�_S^�F�N�^�U�DG^�DGOYQÖv�^�m p�^�VGTSF�NPXYI�M×\SQ�M8¸$p�^�^�_]R]^¬d�M8^�D�Ë
_SO�setG��Q�F$deQ�v�mkDGOY^�JL^�ckZxv�^¹`r�kHGF�cGDGI�DPQ�v*VGT]`�\SQKVnF$d�^�T�Q�s�DPQ»y³~�ØYÙ�Ú���ÛÜÚ�~L}�ÝPtGÕ$^WM8F$p�DGI�`L^�´YM8On´YQ�HkJLF
DPQ�HGXYOYQ�cGDriks�m%Q�JLF;VGTS^�DPa�_�Q�s[`L^�p�iÞF�NP\]Q�Hri�v��GU�iÞXY^�DÑ¯$m ��O�ß�cGOY\�J�ZLtÄà½R�TSF�_]JLF$iá^�âkV�^�TSO"M8^�DLRSF�`bQ�DGOYQ
d�O"\�RSfYM³^�mPQ�JLF?VGT]^�DPa�_�Q�so`L^�p�i;dx±?cGOY\�JLF `nt

ã Q�X"_]f�J�T]F�JÞ`ÊTSOY^�_S^�DGfoVGTSF�NPX"I�MKi²v�^5deQe`kOY^�\�s8`kHGFrcGDGI;F$d�DPQ���^�DGOY^�·1äeåGæ$}��Ãzjæ ç��n~bèE~Ìç�ä ÛêéÀ~�çkt
�1^�U�H;VnF `L^�cGd�M³^

Tn
v�^xM8O"DGOYM3a�X"DbZ8V�F���^�RoVGTS^�\�iGDrikRSf
m�JrRSF�T]�kM³OnVGTS^�DG^�\]O"^�M8^

n
cGOY\�JLF `»d�v�^�cGDGI�HGF

JLF$XYf�JbQ?DPQ?ckTSiGHL��cGFrckTSp�O�Qe`bQ�v��GUWVGTSO�RSF$M®­ iGU�Q�\]F�`L^¹VGT�Qe`kOYcGXYaktPë%F�RSF$Mìd�TS^*v�M³^
T í¬î ¯[Q

T ï�î ±kt
ðÃQ�cPQ�TSM8FÞM8¸$p�^�M³^²d�f"\�JbQ�s»^�_]RS^½DG^Àv�Q�JLI½OYDG©
F�TSM8a�U�OY^�m�Q�Jñd�F�Nn^�TSOY^�M³^²DPQ�v�M8^�Dk_]f¹VGTSf�VlQ�còd�F

`�_]^�R]J���U�HÃ·G\SQ�M8F$d�TS^Àv�M8^
T ó�îòô tkõoF$d�iGM³DGfÃM3Q�RS^�M3Q�R]OYU�Ol\SQKDG^�HPQ�DbNPOYQ�M[Zk\�XYOY^�s,`3M3Q�XYF$M�mbVGTS^�RSF$p�^

`�_]^�F�Nn^�U�DGI¹VGTSf�VlQ�ckZh\]�»´YQ�Hk_SOY^�VnFrU�HGF�VPO"RS^�´"DGI�mkJL^�É»cGF�NGTS^¹T]F$d�iGM8OY^�M8^1^�âkR�TSI�M8DLZkM«VGT]f"VlQ�cGF$MÍ��Q�v
JL^�É;\���R]TSO�`kO�a�X"DG^ ��t

uÄ^�T�Q�d�\SQWQ�X"^,\]DPQ�p�M8^,M[Z�\]XYO"^�s%`LF1`L^�´"JLF$M;t���Q�v*VGT]`xVGTS^�DG^�\]OY^�M8^
n−

¯�M³^�Dk_SfYU�H?cGOY\�JLF `[DPQ�OYDL�
JLF$XYf�JÊ�
��Fh`�Z�peQ�cGi�v�^

Tn− í VGTS^�\�iGDGF�`G��m�V�F�RSF$MöVGTS^�DG^�\]OY^�M³^³DPQ�v*`bµ���_Sf��
��F»`�Z�peQ�cGi�v�^h¯�VGTS^�\�iGDl�WQ
DPQ�JLF$DGOY^�UoVGTS^�DGO"^�\�s

n−
¯1M³^�Dk_SfYU�H�cGOY\�JLF�`�\�Vlµ�s�DPQÇ`bµ���_Sf9�
��FÇ`rZkpeQ�cGi�v�^1ÉPQ�X�_SfYU�H

Tn− í VGTS^�\�iGDGF�`G��t
uÄ^�cPQ

n
cGO"\�JLF�`�`�OY^�M8^1VGTS^�DGOY^�\�sqDPQ�DPQ�v*`kOYQ�Uxß

Tn− íÄ÷ ¯WVGT]^�\]iGDGF `n·

Tn ≤
ß
Tn− í%÷ ¯

,
VGTS^

n > ô .
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ø¾RSF$M[RSFÌ`�d�s�Q�Hbi¼v�^Edea�M8^�TSDG^;VnF$iGp�O�RSI¼ù

≤ú DPQ�M³OY^�\�R]FÑù î�ú VGTS^�RSF$p�^EDPa�_h\�VP¸$\]F�NñikJbQ�d�i�v�^EXY^�DÃmÒp�^
ß
Tn− í�÷ ¯qVGTS^�\]iGDGF `�\�R�Q���fnDG^�ikJba�deQ�X"O�\]M8^�m�p�^¹ß

Tn− ín÷ ¯¬v�^1DG^�`�Z�HGDrikR]Db��U�HÃtG�1O"^�J�R]FÇTSF$d�iGM8DG^Àv*_Sf
NbZ»M³F$HGF$XnNrZrso\]U�HGF�VPDL��`rZkM[Zk\]X"OY^�s,V�F$\�RSikV;`rZkpeQ�cGi�v��GU�O M8^�DG^*v,VGTS^�\]iGDGF�`�t

ª�âGOY\�RSi�v�^KQ�XY^xX"^�VG_Sf \�VP¸$\]F�N�ÎKøû\�JkikRSFr��DGF$\�RSO DGOY^�tløûOY\�RS^ÀvqU�HL`kf"XYOÄMKiG\]f"M8^WVGT]^�\]iGDb�ksWDPQ�v*`bµ���_]f
cGOY\�JntLÈW^�É8HGFWNPiGcG^�M³^�VGTS^�DPa�_SQ�sem

n−
¯�M8^�Dk_Sf"U�H8cGOY\�JLF `?MKiG\]fkNrZrs¬DPQ,v�^�cGDGF$MüJLF$X"f"J�iÃm$DPQW��FW\]M8^

VnF�R�TS^�NnF `bQ�XYO�Q�\�VnF$Å
Tn− í VGTS^�\]iGDGF `ntÖÆqJáDGOY^»\]M8^�VGTSfYX"O"_?_SO"JLF `kDL�Lm%M8¸$p�^�M³^�VGT]^�\]�k`bQ�s8DPQ�v*`bµ���_]f

cGOY\�JhQ�vÒ`kOYQ�U�JrT�a�RetkÆ1X"^1VnFKVnF$\]X"^�cGDGF$MìVGTS^�\]iGDG^xMKiG\]f"M8^qVGTS^�\�iGDr�ks1M³^�Dk_SfYU�H
n−

¯WcGOY\�JLF `²�ýJ�R]F�TSI
MKiG\]O�Q¹NrZrs,F�Vlµ�sÒDPQ�v�^�cGDGF$MþJLF$XYf"J�il�Ö\�Vlµ�sÒDPQxDPQ�v*`bµ���_Sf�Ôb��F[deQ�\]^q`rZkpeQ�cGi�v�^

Tn− í VGTS^�\]iGDGF `ntkuÄ^�cPQ

Tn ≥
ß
Tn− í%÷ ¯

,
VGTS^

n > ô .
u�OY^�RSF�ck`L^WDG^�TSF�`�DGF$\�RSO
ml\�VnF$XYi�\�R]T]O"`kOYa�XYDLZkMÿTSO"^�_S^�DGf"M VGT]^

n î ô cPae`bQ�v��Ã·

T óoî ô Ô
Tn î ß

Tn− í%÷ ¯
,

VGTS^
n > ô .

��¯��

ø1_SO"M8DGOYM8^1\�O�mPp�^WR]OY^�RSFK`kd�s�Q�HbZh\]�»JLF$DGd�OY\�R]DGIÇ\]F�d�DPa�M[ZkM8OnHGFrcGDGF�R�Q�M8O
T í,î ¯xQ

T ï�î ±kt
CEDGF$p�O"DPQhTSF `kDGF$\�R]f9\SQ�DPQ�d���`bQj��z������Sz��n����~Pt�Cjahdea�J�X�Q�cGDGIKHGF�cGDGF�RÀZjQ3TSF `kDGF$\�s¹DPQ3`���V�F���^�R

`�_]^�F�Nn^�U�DG^*v[HGFrcGDGF�RÀZ½DPQ5dea�JkXYQ�cG^³VGTS^�cGU�HPa�cGdeQ�v��GU�O"U�HÃt �1O"^�JL^�ckZ½\]Q;F�ck`LF$X�ae`bQ�M8^�DPQ;\SQ�M8F$\�R�Q�Db�
`�_]^�F�Nn^�U�Dr�hTSF�`�DGF$\�s�Q�JLFKDPQKT]^�JkikTS^�DGU�OYiÃmGO�JL^�É»DGO"^�JL^�ckZ�dqRS^�U�HGDGO"U�JLI�HGF³HG´�Q�cGO"\�JbQkm�Jr`L¸$XYO��kVPX"DGF$\�RSO
m
VnF�R�TS^�NPi�v�^�M8^ÇQ�v�dea�J�X�Q�cGDGI¹HGF�cGDGF�RÀZLt

õ�^�JkikTS^�DGU�O�QjDPa�M¿iGM8F$p�Åbi�v�^h`rZ�V�F���f�R�Q�s
Tn

VGTS^�´"ikNnF `LF$´YDGI
n
t9Æ1X"^8`¼\�JkikR]F���DGF$\�R]O�mÄJL^�É;v�^

n
`L^�´"JLI�m�DGO"J5T�a�cjDG^�VnFr��f"RSQ3VGT]O�Q�M8F�d[TS^�J�ikTS^�DGU�O"^�ÔÃR]T]`ba8RSF3VGTSOYcGX"HGFGtÃõo^�J�ikTS^�DGU�OYQ»DPa�MgcPae`bQhX"^�D

DG^�VGTSOYQ�MKi � XYF�Jba�X"Dri��»OYDG©
F�T]M3a�U�OYiÃt��1`L^�´YQE_�s�Q�\�RSDG^*v*_]fYM8O,DPa�\K\�VGT�Qe`kf����'z�� z��P�'z3�Sz����r��z��n���'z�t�uÄF³v�^
RSFGml��F8NbZ;\SQ8DPa�M®Vla���OYX"FGm�M³OYX"�hM3Q�X��hiGdeQ `rTS^�RÀ��R�`bQ�ToVGTS^

Tn
mlV�F$M8F�U�F$i�J�RSF�T]I�HGF³NbZ;\]M8^WM8F$HGXYO

T]��U�HGX"F�V�F���f�R�Q�semGHGF�U�O Q�vÒVGTS^W`L^�´�JLI
n
t

ÆqJLFÌR]^�cPQ²TSO"^�_SOYM³^hTS^�JkikTS^�DGU�OY^ ÎjÕL^�cG^�D \�VP¸$\]F�NÌv�^;iGHPa�cGDbiks�\�VGT�ae`kDG^»TSOY^�_]^�DGOY^5QjVnF�RSF$M F
ÅGF$M®cGF�Jba�deQ�semPp�^Òv�^ÇDPQ�F$deQ�v,\�VGT�ae`kDG^�tlÆqJ�U�HGU�^�M8^¹RS^�cPQ³HPa�cPQ�semkV�F$d�TSO"M8^W\]Q�F�Vlµ�s�DPQ�DPQ�v�M8^�Dk_SO"^
VGTSf�VlQ�ckZLt�u9Q�J¼RS^�cPQEVnF���f"R�Q�v�M8^3VnF$\�RSikVPDG^�·

T �;î ß
·
± ÷ ¯ î
	 Ô T �5î ß

· 	x÷ ¯ î ¯
��Ô
T �;îß

·
¯
� ÷ ¯ î ±k¯$Ô

T �oî ß
·
±k¯ ÷ ¯ î Á$±ktGÆ1HPQkmG`rZkd�^�TSa?RSF³Q�JLF

�'ß$�
Tn î ß n

−
¯
,

VGTS^
n ≥ ô .

ÈWQ�p�cGF�Vla�cGDG^ÇRSF�©
iGD��$i�v�^[Q�\�VnF$Å»VGTS^
n ≤

Ákt
��Q�v*`kHGFrcGDG^*v*_Sf"M \�VP¸$\]F�NnF$M VGTS^�cG¸�JbQ�d�\�VGT�ae`kDGF$\�RSO�TSO"^�_S^�DGOYQ,v�^�M3Q�RS^�M8Q�RSOYUSJbaoO"DGcGikJLU�O�QktbàrV�F�Ë

M8f"DPQ�RS^3\]O
Îh¨�a�deQ²Q5O"DGcGikJL��Db�áVGTS^�ckVnF�JkXYQ�c��%¨�a�deQ³v�^�R�TSO"`�O�a�XYDPQkm�VGTS^�RSF$p�^
T ó�î ß ó

−
¯ î ô t9ÆOYDGcGikJL��Db�3JrTSF�J³`rZ�VPX"�r`bQÇVGTS^

n > ô m�Q�J8VGTS^�ckV�F�JkXYQ�cPa�M8^�m�p�^³��ß$� VPX�Q�RSf
mrJL^�É
n

DPQ�HkT�Q�cGfYM8^
n−

¯$·

Tn î ß
Tn− í9÷ ¯ î ßG�'ß n− í

−
¯�� ÷ ¯ î ß n

−
¯
.

uÄ^�cPQ��'ß$�ÒVPX�Q�RSfºQ�v,VGT]^
n
t���F�NGTSI��P��Q�_S^ÇHG´YQ�cPQ�DGOY^

Tn
\SQ�\�JLF$DG��OYXYF��G\�Vn^�_SDG^��

Æ1X"^WVGT�a�UeQ³J�ÅPQ�d�F `�\SQ�DPQ�VGTSF�RSOºRSF$MKi;DG^�\�JLF$DG��O"X�QktlÆqJLF8F$d�DPa�M8O"X�QKRSX�Q���F `ba³Q��$^�DbRS�kTSQ���u�È¹Æ[m
\�R�a�X"^ÒiG\]O"XYF `kDG^¬VGTS^�DPa�_�Q�v��?cGO"\�J�ZxQq^�_]RS^¬U�HL`kO"´Yi?Q�v�NPiGcG�Ãm�VGTS^�R]F$p�^ÒVGTS^

n î Á�ÂqR]TS^�NlQo`rZ�JLF$DPQ�s9ß ���
−¯³VGTS^�\]iGDGF�`�tÄÆ«Q�v1VGTSO DG^�iG\�JkikRSFr��DGO"R]^�´YDG^*v¹T��kU�HGXYF$\�R]OÖVGTS^�\]�k`bQ�DGO�Q�cGO"\�JLF `nmºJbQ�p�cG�½M8O�J�TSF$\]^�JkiGDGcGi

¯KcGOY\�J�m�NbZ5VnF�R]T]^�NnF `bQ�XYO�`kO�Q�UÇDG^�p�� ô$ô$ô \�RSF�TSFr��fÄDPQ3VGTS^�DG^�\�^�DGOY^?U�^�X"^*v�¨ÒT�Q�HGM³F�`L^*v�`L^�p�^�tn­�iGUeQ�\]F `
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VP¸ `LF�cGDL�¼VGTSF�NPXYI�M v�^3R]TSFrU�HriÊVGT�Q�J�RSO"USJL^*v*_Sf�t9ø1Z�peQ�cGi�v�^�ß��
−

¯ î ß����;VGTS^�\]iGDGF `nm���Fjd�TSiG��DGI�M?i
R]T]`ba�Q�\]OÃ_]RÀZ�TSOÃM³OYDb�kR*ZLt

��Q�_�QWQ�DPQ�X"��deQ¹Ó�Q�DGF�v�\�Jr�kU�H�`L^�p�fPDPa�\ cGF `kO"^�cGX�Q�JK\�VGT�ae`kDG^�MKi�T]OY^�_S^�DGOYiÃmrQ�XY^�M3Q�XYO�\]M8^�d�TSF `kDPQ
_]s�Q�\�RSOY^�VGTSOGRÀZ�VnF `bQ�DGfk`���\]XY^�ckJkiÃm$J�RSF�T��[\SQWikJba�d�Q�X�Q�JLFW\�VGT�ae`kDLZLtLÕ$^�cGDb��Mþd�HGX�Qe`kDL�kU�H³U�OY^�´"F$MûR]^*v*RSF
�eQ�\�R]O¬VGTS^�cGDPa�_SF�JÌNPiGcG^h`rZk\�`L^�R]XYO"s�mÄQ�JLF5\SQ5cPQ�v��¼TS^�J�ikTS^�DGU�O"^�T]OY^�_SO�s»��Q�XY^�NnFEQ�\�V�F$ÅÞQ�\�ZkM³VGRSF�R]OYUSJ�Z
F�cGHPQ�cGDb�ks��ÄNn^�dÒRSF$HGFGm�Q�NbZ[\]M8^ NnF$XYOev�Q�\]DGF `kOYcGU�O�t���Q�VGTSf�JkXYQ�c[ik`kOYcGf"M8^�m�p�^ÒTS^�J�ikTS^�DGU�O"i;�*¯�� M8¸$p�^�M³^
d*v�^�cGDGFrcGik_SO"soVGTSO"V�F���f�R�Q�DGfYMg¯¹J»F�N�F$M®\�R]T�Q�DPa�MìTSF `kDGO"U�^�·

T ó ÷ ¯ î ¯$Ô
Tn ÷ ¯ î ß

Tn− í9÷ ß
,

VGTS^
n > ô .

uÄ^�TSQ�d�mlQ�JhV�F$XYF$p�f"M8^
Un î Tn ÷ ¯$mGcGF$\�R�Q�DG^�M8^

U óoî ¯$Ô
Un î ß

Un− í , VGTS^
n > ô .

ÆüDG^�MKiG\]fYM8^xNbZ�s¹d�T]F�`�DPQ��$I�DGO"iG\WDPQ�RSFGmnQ�NrZE\]M³^?d�OY\�RSO"XYO
mnp�^[TSOY^�_S^�DGOY^KRS^*v*R]FhTS^�JkikTS^�DGU�OY^�v�^[VGT�ae`L^
Un î ß n ÔGRS^�cPQ Tn î ß n −

¯$tP��Q?RSF?NrZh\]DPa�É�VGT]O"_SO"^�X�Q�vÒVnFr��f"R�Q���t
�x�! �{
�$z�ç�åb���P��{
�'z

õ�^�JkikTS^�DGU�O�Q¹Ó�Q�DGF�v�\�J��kU�HK`L^�p�f�v�^�RÀZ�VPO"U�JbaqVGTS^�M8DGF$HGI,TS^�JkikTS^�DGU�OY^�m�JrRSF�TSI,\SQ1`�Z�\�J�ZrRSi�v��[`?Q�VkË
XYO�Jba�U�O�Q�U�H[`�_]^�R]J���U�H?ckT]iGHGF�`�t�ë TSOrHG´�Q�cPQ�DGfkiGd�Q `rTS^�RÀ�kU�H?©
F�TSOY^�M VGT]^,deQ�i�v�fYM3Qe`LIÒ`L^�X"OY��O"DbZx`rZkd�^�T�Q�v��GU�^
Q�JLF

Tn
mGVGTS^�U�HPa�cGdeQ�M8^¹R]TSF$M8OÃ^�R�Q�VlQ�M8O�·

¯$t�ë%F$d�TSOY^�M³^¹\]Q?DPQ?M3Q�XYIqVGTSf�VlQ�ckZLt#"�f"Mÿ`kDGO�JkDG^�M8^1cGF?VGTSF�NPXYI�M?i»Q[VnF$M8¸$p�^�DPa�MÿRSF��
M8F$p�DGFb� `
ß�tlQ�±ktl^�R�Q�Vn^�t

ß�t���a�v�cG^�M³^�QÌcGF�Jba�p�^�M8^hM3Q�RS^�M3Q�R]OYUSJ��½`�d�s�Q�H VGT]^»`L^�X"OY��O"DriÃm�J�RSF�TSa²DPa�\³d�Q�i�v�fYM3Qkt%ø VGT]f"VlQ�cG^
Ó�Q�DGF�v�\�Jr�kU�H»`L^�p�fGv�^�RSF?TS^�JkikT]^�DGU�O�Q;��¯���mkJ�R]F�T�a?DPa�M iGM8F$p�DGfÃ`rZ�VnFr��f"RSQ�s

Tn
VGT]^¹JbQ�p�cGI

n
t

±kt���a�v�cG^�M³^�QxcGF�Jba�p�^�M8^1iGdeQe`�T]^�RS�h©
F�TSMKi8VGTS^�DPa�_�M3Q�RS^�M3Q�R]OYUSJ��K`kd�s�Q�HÃtkë T]^1Ó�Q�DGF�v�\�JLIq`L^�p�^ v�^
R]F�TSO"^�_S^�DGO"^WTS^�J�ikTS^�DGU�O"^3�'ß$��t
C5Zh\SQ�NPiGcG^�M³^Ç\]�G\�R�TS^�ÉGF `bQ�s�VGTS^�cGF�`r_S^�R]Jr�kM DPQ?R]TS^�RSOYi»^�R�Q�VPiÃt

$��&%('*)ý�#+½£�,Ñ¥-'��k¥.)ý�Ä¦
��Q�\]X"^�cGi�v��GU�OÃVGTSf�JkX�Q�chM3ax`L¸$ÅbihVGT�Qe`L^*vÒR�Q�XYOYQ�DG\�JL^qVPOYd�d�ZhQKVGTSf"U�HriksoQ�T]RSO"��F�JLF�`�·kDPQ[JLF$´"JLFKDPQ�vÀË

`kOYQ�UWJ��G\�JLF�`»M8F$p�DGF?TSF$d�TS^�deQ�s v�^�cG^�D5J�iG\oVPOYd�d�Z»JL^�É;NPiGcG^�M8^ÇJ�TSa�v�Q�s
n

TSF `kDL�kM8OÃTS^�d�M8O�t �
È¹�G\�JrZ
DG^�MKiG\]OYQ¼NbZ�s3T]F�`�DPQ�JLFá`L^�´"JLI�mÖRSF�v�^jd�Q�\hO"Db� d�DPa�M[Z VGTSF�NPX"I�M \�VGT�Qe`LF�cGX"O"`LI�HGFácG^�X"^�DGO�Q

n
´YiGcGf
t

ë%F$d�DPa�RS^,v�^�HGF³TSO"^�_S^�DGO"^ Î��
ëÖTS^�©
F�TSMKiGXYi�v�M³^³�GXYF$Hbi¼M3Q�RS^�M3Q�RSOYUSJL^*v*_]OY^�·ºQ�Jr�3v�^³M3Q�âGO"M3a�XYDLZ;VnFr��^�R

Ln
F�NPXYQ�\�RSf�ikTS��^�Db��U�H

n
VGT]O�Q�M³JbQ�M8O�`hT]F�`�OYDG^ ÎxÆqJLF�VGT�`���RS^�DLRSF�VGT]F�NPXYI�M®`�ZrTSOY^�_]OYXÃTSF�Jki²¯ °Lß�Á?_]`bQ�v���OYQ�TS\�JrZ�M3Q�RS^�M3Q�R]O"J

ÕLQ�U�F�NjàrRS^�OYDG^�Tet
��QhdeQ���O�Q�R�Jkij\SQ»F�Vlµ�s�VnF$d�TSOY^�M³^?DPQhM3Q�XYI[VGTSf�VlQ�ckZLmnVGTSOY��F$MÍDG^�deQ�NPiGcGDG^�M8^3Q�DGO%DPQhU�^�X�JLF$M

DPQ�v�M8^�Dk_SO"^�t�ð�TS^*v�M8^�·
L óoî ¯$Ô

L í¬î ß�Ô
L ï�î ÂGt

ë%F[R]TSFrU�HG^�T]F$d�M[��_S´YQ�DGO�QÇ\,R]TS^�sSF$i3VGTSO�Q�M³JLF$ij�
L ��î/	 � `�Z�JLF$DPa�M³^�`kHGFrcGDGI1d�F `�_S^�F�N�^�U�DG^�DGO"^�t

n
Ë'RSa³VGTSO�Q�M³JbQ��ýVGTS^

n > ô ��d�`r��_SO�VnF���^�R1F�NPX�Q�\�RSfÄF
k

VGT�ae`L^Ç`rRS^�ckZLmPJL^�É5VGTS^�RSDG^xVGTS^�cGU�HPa�cGd�Q�v��GU�^
VGTSOYQ�M³J�Zj`

k −
¯3TS¸$d�DLZkU�H¼NnFrcGF�U�HÃt9ÈWQ�p�cPa5DGF�`ba;VGTSOYQ�M³JbQ�M8¸$p�^³VGTS^�s�Q�sx^�âGO"\�RSi�v��GU�iáVGTSO�Q�M�Jki
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DPQ�DPQ�v*`��r_h`½v�^�cGDGF$M NnFrcG^�t�ð×RSF$HGF�R]FÞcG¸ `LF�cGiñM8¸$p�^EDGF�`baáVGTSO�Q�M�JbQ¼VGT]^�RSDb�ks
n −

¯Ì\�R�Q�T]�kU�H
VGTSOYQ�M8F�Jx`?DPQ�v*`kO�Q�U

n−
¯�TS¸$d�DLZkU�H³NnFrcGF�U�H3Q¹M?iG\�fkRS^�cPQ¹VPXYQ�RSO"s

k ≤ n
trðÃf"\�JbQ�XYOG\�M8^�HGF�TSDb��F�cGHPQ�c

Ln ≤ Ln− í9÷ n,
VGTS^

n > ô .
��Qe`�Z�_]^?\]QhcPa�´�Q�HkJLFhDPQ�d�TSO"^�semÃp�^[`5RSF$M[RSF3`��rT�Q�d�^[M8¸$p�^�M8^[cGF$\]OYQ�HGDriks¹TSF `kDGF$\�set

n
Ë�RS�EVGTSO�Q�M³J�i

iGM8O"^�\�RSDGO"M8^�v�^�cGDGFrcGiGU�HGF�R�Q�J�mrp�^1DGO"^Öv�^1\]FKp�OYQ�cGDGF$ihO"DGF$i8TSF `kDGF�Nn^�p�DPah�ýRS^�cPQ[OYU�H8`r_�Q�cG^qVGTS^�RSf"DPQL�
Q;R�Q�JnmÄQ�NrZáDG^�VGTS^�U�HPa�cGdeQ�X�QjU�^�d�p�OYQ�cG^�D O"U�HáVGTSO"^�\]^���DGf�Jñ�ýRS^�cPQ5O"U�HáVGTS^�R]fYDPQ5`�_S^�R�J�ZÌ`½DPQ `�dea�v�F$M
TS¸$d�DLZkU�H�N�F�cGFrU�Hl��tlõ�^�JkikT]^�DGU�O�Q¹v�^¹VGTS^�RSFG·

Ln î Ln− í%÷ n,
��±L�

î Ln− ï¬÷ �
n −

¯�� ÷ n,

î Ln− �Ò÷ �
n −

ß$� ÷ �
n −

¯�� ÷ n,ttt
î L ó ÷ ¯ ÷ ß ÷ · · · ÷ �

n −
ß$� ÷ �

n −
¯�� ÷ n,

î ¯ ÷ Sn,
J�cG^

Sn î ¯ ÷ ß ÷ ± ÷ · · · ÷ �
n −

¯�� ÷ n.

ë%F `L^�cPQ�DGI,´YiGcG\�JrZLm
Ln

v�^ÒF v�^�cGDPQ1`kOYQ�U¬DG^�p,\]�G��^�R
Sn

VGT]`���U�H
n
J�X�Q�cGDL�kU�H[U�^�X��kU�HK��fY\�^�X�t�ë%F�R]T�a�VPOYM³^

R]TSFrU�Hri8VlQ�M3µ�s \ÒQ�T]O"RSM8^�RSOYUSJLF$i�V�F$\�RSikVPDGF$\�s]F$i�QÇ\�VnF$M³^�DGOY^�M³^�\]O
mrp�^
Sn î n 1 n 2 í43ï tb��Q�_S^�T]OY^�_S^�DGOY^

v�^WR]^�cPQ

�
Âb�
Ln î n

�
n ÷ ¯��
ß ÷ ¯

,
JkcG^

n ≥ ô .
ÆqJLF²F�ckNnF�T]DGfYU�O�M8¸$p�^�M³^�NbZ�s³\�RÀ�kM[RSFjF�ck`LFrcG^�DGfYM \�V�F�JLF�v�DGf�QjV�F�`bQ�p�F�`bQ�s�HGF½deQÌcG¸�JbQ�d�m

`L^�ÉÊ\]M8^3\SQjQ�vWVGTSOÒTSF$d�`�f v�Q�DGf,Q;VGTS^�M[�r_S´�Q�DGfÒd�Q�VnF�RSO"XYO�t Æ1XY^8_]R]iGcG^�DbR]O�M8Q�RS^�M3Q�RSO�J�ZENbZ¼M3Q�XYOÖNrZrs
\]U�HGF�VPDGfºcGF$\SQ�HGF `bQ�s�`rZ�_]_]f�_]R�Q�DGcPQ�TScÃmG��F?R�Q�J�RS^�cPQ[`�ZrR]`LF�TSO"s¬TSO5�$F�TSw$d�DbZ3cG¸�JbQ�d�O"DGcGikJLU�OY^�tGÈ¹´Y�G��F�`r�
OYDGcGikJL��Db�hJ�TSF�JÇv�^

Ln î Ln− íÄ÷ n î
( ¯
ß � n −

¯��
n ÷ ¯ ) ÷ n î

¯
ß n

�
n ÷ ¯�� ÷ ¯

.

uÄ^�TSQ�dWDG^�M³¸$p�i�NbZ�s�F³DPQ�_SF$Mì`���\]XY^�ckJki�p�O�Q�cGDG^WV�F�U�HLZ�NPDGF$\�RSO
t
��æ�y8z��P{6 ��

��Q[deQ���OYQ�R]Jki�\]M³^q`�T�Qe`L^�XYO�FKiGdeQ `rTS^�RÀ�kU�H�R]`bQ�TSFrU�H3N�^�d1RSF$HGFGmkQ�NbZ�\]M8^q^�âPQ�J�R]DG^qVnF `L^�cPQ�XYO
mk��F
RÀ�kM M[Zk\]X"fYM8^�t��1NbZk�eQ�v�DG^�v�^ÇR]F³U�^�X�JLF$M v�Q�\�DGI�t�õ�^�JkikTS^�DGU�OY^xRÀZ�VPi¼��¯���Q5�
±L��DGO"^Ç\]�;`»iGdeQe`�TS^�R]F$M
R]`bQ�TS^1�h`�Z v�Q�ckTSi�v��;`L^�XYO"��OYDLZ»\SQ�M8OÃVnF$M8FrU�F$i;\]^�NlQkÔnQ�XY^¹TSOY^�_S^�DGO�Q³RÀZrVPiÊ�'ß$��QE�ýÂb��\]�;`»iGdeQe`�TS^�R]F$M
R]`bQ�TS^�tlà�iGMKZhQ�JLFh¯ ÷ ß ÷ · · · ÷ n

DGOY^¹\]�»`hiGdeQe`�TS^�RSF$MÿR]`bQ�TS^q�8J�X�Q�MK� � . . .
�LÔPQ�X"^1`���TSQ�d�Z3RÀZ�VPi

n 1 n 2 í43ï \]�ÃtºàrJ��G\]M8^ÇRSF3cG^87PDGF�`bQ�se·�`���TSQ�dW`�Z v�Q�ckTSi�v��GU�OÄ`L^�XYOY��OYDbi
f
�
n
�9v�^x`�iGdeQ `rTS^�RSF$M/R]`bQ�TS^�m�Q�J

HGFáM8¸$p�^�M³^»`�ZrVnFr��f"R�Q�s�DPQ�DPQ�v*`��r_3\8JLF$Dk_]R�Q�DLRSDL�kM V�F���RSF$M � cGF�NGTS^5d�DPa�M[ZkU�H��;_]R�Q�DGcPQ�T]cGDb��U�H
F�Vn^�T�a�U�OYf
m�DG^�dea `�OY\]X��kU�H Frc

n
t���Q�VGT]f"JkXYQ�cÃm�ß n −

¯½Q n 1 n 2 í43ï \]� `ÐiGdeQ `rTS^�RSF$M R]`bQ�TS^�m,VGTS^�RSF$p�^
`�Z�peQ�cGi�v��;^�â�VPXYO"U�O"RSDG^¹XY^�D;\]��f�R�Q�DGOY^�mPFrcG��f"R�Q�DGO"^�mGDPa�\]F�N�^�DGOY^�mlcG^�X"^�DGOY^ÇQ�iGM8FrU�ÅGF�`bQ�DGO"^�t
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: ^�X"JLF `��ÞVnFr��^�RWv�^�cGDGFrcGiGU�Hb��U�HÏiGdeQ `rTS^�RÀ�kU�H R]`bQ�TSF `5v�^5F�NPM8^�cGd�^�DL�LtÒª�âGOY\�RSi�v�� TS^�J�ikTS^�DGU�O"^�m
J�R]F�TSI�DG^�M3Q�v��[v�^�cGDGF�cGiGU�HGIxiGdeQe`�TS^�RSI1R]`bQ�T]ZLtkÈ¹^�É�\]Q?DGO"^�J�RSF�TSa?d1RÀ�kU�HLRSF�TS^�JkikTS^�DGU�OYfnNPiGcG^ÇikJbQ�d�F�Ë
`bQ�s%cG¸$X"^�p�O"RSakm�VGTS^�RSF$p�^,\SQqNPiGcG^,F�VlQ�JLF `bQ�DG^Ò`�Zk\�J�Z�R]F�`bQ�semeTSF$d�_Sf"TSO"M8^¬DPa�_%T]^�Vn^�T�RSFLa�T%F1DGF `LI,F�VGT�a�U�OY^�Ô
RÀ�kM[RSFW\�VP¸$\]F�NnF$MþM8¸$p�^�M³^�_SO�TSF�JLFÇTSF$d�_]f"TSO�s¬_]Jba�X"i³VGTSF�NPXYI�M8F�`�mbJrRSF�TSI�`kOY^�M8^�`rZ�TSO"^�_SO"sÖ` � v�^�cGDGF�cGi�ËU�HG^*v8��iGdeQe`�TS^�R]^*vW©
F�TSM8^�t���Q�VGTSf�JkX�Q�cÃmº\]�G��OYD½VGT]`r�kU�H

n
U�^�X��kU�H¼��f"\]^�X�m

n
�Ymº\SQ;ikJba�deQ�X�NbZ�sxcG¸$X"^�p�O�R*�Lm

R�Q�J�HGF³NPiGcG^�M8^WV�F�`bQ�p�F `bQ�s�deQ³dea�J�X�Q�cGDb��F�V�^�T�a�U�O"iÃt

;��Sæ�<�ØYÙ�y
ëÖTS^�cG\�R�Qe`kM³^�\]O
mÃp�^³DPQ�M³OY^�\�R]F�VGT]O�Q�M8F�J5V�F$iGp�O v�^�M³^�X"F$M8^�DGIK��O�Q�T�ZLmnJbQ�p�cPa»\Òv�^�cGDL�kMÍU�f"V�F$M

`�ZrR]`ba�T�Q�v��GU�O"M F$\�R]T]�?iGHGF$X
t$ÆqJ��ov�^�M3Q�âGO"M3a�XYDLZÇV�F���^�R
Zn

F�NPX�Q�\�RSfGikTS��^�DL�kU�H8R�Q�Jr�kM8O�RSFqX"F$M8^�DL�kM8O
��OYQ�T�Q�M8On`3TSF `kO"DG^ Î
=Ã�?>Ã�A@L¦CB��k¥��EDGFý�AHÄ�

��Q�v�\�JL¸�T�R]TSF�U�HbiEHGOY\�RSw�T]OY^�tl��Q�\]XY^�cGi�v��GUeQ3�GXYF$HPQ³NnF$XYQ�VnF$M³^�DGF�`bQ�DPa³V�F8d�DPa�M8F$M HGOY\�RSF�TSO"JLF `kO
VGT]`LI�HGF�\�R]F�TSF���OYQkm��%XYQ `�OYiG\]F `kOrÕ$F$d�^�©
F `kO�t�ë%F�cG´�QqX"^I�$^�DGckZLm�NrZ[�%XYQ `�OYiG\ÄN�^�d,M3Q�RS^�M3Q�RSOYUSJLI�HGFoDPQ�cPQ�DGO�Q
DG^�VGTS^�p�OYXÖQ3DG^�\�R�Q�X%\]Qh\]XYa `�DbZ�M ��Q8R�Q�JrRSOY^�pxNbZEDPa�MgDG^�M8F$HGF$X VnF�TSF$d�VGTSa `bQ�s¹\�`LF�v�VGTSf"N�^�Hl��tÃë%Fr�eQ�\
J OYcGF `k\�JLF�Ë'õof"M8\�JL^*v�`LF�v�DLZLm�NnF$XrM8^�cGd�OrÂG¯,p�OYcGF `k\�J��kM³Ob`�d�NP�kTS^�DGUeQ�M³O�m�JrRSF�T]��U�HKõ�OYM3Q�DGOYQoU�HbZrRSOYX"O�cGF
VlQ�\]U�^x`[v�Q�\�JrZkDGO�tPø�d�NP�kTS^�DGU�O9\SQ³TSF$d�HGF�cGXYO
m�p�^ÇT�Q�ck_S^*vqQ�JLF³NbZ»\SQ³`kd�cPQ�X"O�ml\�Vla�U�HPQ�v��jF�T��LQ�DGOYd�F `bQ�DG^
\SQ�M8F `�TSQ�p�cGi DPQ�\]X"^�cGF�`�Db��M \�VP¸$\�F�NnF$M;·%`�ZrR]`LF�TSOYQEJrTSiGHÑQ²VnF$\�RSikVPi�v��GU;` ÅGF$M J�T]F�JÞV�FÌJ�TSF�J�i
JbQ�p�ck��R]TS^�RSf$\�Vla�U�HPQq\SQ�M8F `�T�Q�p�cGiÃm Q�pÖV�F�J��kMòDGO�J�RSF�DG^�F$\�R�Q�DG^�t�Æ1X"^¬Õ$F$d�^�©k^�_]RS^ \Gv�^�cGDb��M VGTSOYQ�RS^�´YF$M
DG^�\]�GHGXYQ�\]OYX¬\xRSF$ikRSF5DG^�d�M[Z�\]^�XYDGF$iá\SQ�M³F�`rT�Q�p�cGF$iáQ�T]��U�HGX"F5\]O¬`rZ�VnFr��f"RSQ�X�JbQ�M \SQ5M3a�F$DÊQ?v�^�HGF
VGTSOYQ�RS^�´Ã`hdeQ��eQ�TSF `bQ�DGF$MìJ�TSiGHbi�VnF$\�R�Q `�O"set

øþDPQ�_SF$Mö`bQ�TSOYQ�DbRS^[d�Q���DG^�M8^K\
n

´"iGÉGM8O�m�F���f"\]XYF `bQ�DL�kM8O�`;J�TSiGHbiÌFrcá¯³Q�p[VnF
n

Q8NPiGcG^�M8^
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