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cpoplmi�aeSVjkapadjvgmiVS�hRt�cejvyGgmjvi8c�a������ U�i�f�gbzRlr�8U$zbUTa@lmoe©�oeU+a#UTadc@hRiRUxS�lri�j�QToeUPU��IfTlmf�UxzRUP�BlrjvoeUxzbh�opgmhRcplr�8U
SXhRt�cejvy�g8j�i�c�U�¢byRtvjvf�j�cpU'U�cIaelmi�a���cplrcIzRlri�aVtvUTa�opgmhbcpU�hRo�aT� � t$y�UThbc���ceopU'hbcejvtvjvaeQ��£tklJ�¡g8jvaVyGgmhRoIzRh
SXhRt�cejvy�g8j�i�c�i�l�cej��DU�c�zbh
S�hRt�cejvy�g8j�i�cPlryRyRtvjkf�l�cpj��s���� mU+fxhRiRU���cph�zbUxcpO ��g8oej"!�hRUm��gmi
zbgmiRi�U¥zbU+au©GgmopiRUTa
jvib�#�ToejvU�hRopUTaXadh�oXtvU�iRg8S�©RopU�zbU
©Rj�cpaXi �Tf�UTapaelmj�opUTa�y�g8hRo�opU�yRo$�TaeU�i�cpU�o�tvUTaVlrop©RopUTa�SXhRt�cejvy�g8j�i�cpaT�%�DUTa
cpUTf�ORi�j&!�hRU+a�z'� UTi�f�gbzRlm�mU(!�hRU�t)� gmi/z��+f�opj�c�yGU�hR 8U�i�c���ceopU'hbcejvtvjva���U+a�y�g8hRo�opU�yRo$�TaeU�i�ceUToVzRU�S�lmiRjvQ�opU
U��If�lmf�U
tvUTa�lmoe©RopUTaXS�h�t�cpj�yGgmjvi�cpaVU�i�hbcejvtvjvaplri�c�zbUTa�jkzbU�i�cpj�«�fTl�cpU�hRo�a�zbU
i�g�UTh�zRa�g8hMzbU�t�jklrjkaegmi�aVU�c
aegmi�c$©�l8a*�TUTaPadh�o$tvl�adceoph�f¨cphRoeU>zbU>opU�y�o��+adUTi8c�l�cpj�g8i�z'� lrop©RoeU+aPlL mUTf[zbU+a$y�lropU�i�cpORQTaeUTaT�4Y¥i'zbg8iRiRU>hRiRU
�T �lrtvh�l�cpj�g8i¬zRUTa>yGU�oe�¡gmopS�lri�f�UTa�gm©RceU�i-hRU+a>yGgmhRo�zRUTa�lmoe©�oeU+a¥SXhRt�cejvy�g8j�i�cpa��+�Ti ��opQTa>lmodcpj�«�f�j�UTt�tvU�S�UTi8c
U�cxy�g8hRoxzbU�o$��U�tvtvUTa�ceg8y�g8t�g8�mjvUTaT�
, µ �+� ² �+- 	 �
� UTi�f�gbzRlm�mU>zbUTa$lmoe©�oeU+aPS�hRt�cejvy�g8j�i�c+�RS�hRt�cejvyGgmjvi8cxU�¢byRt�jkf�j�ceU8�Ro$�Tzbh�f�cejvgmi�z'� ��c�l�cxS�h�t�cpj��
yGgmjvi�c
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cpORopgmhR�8OIceO�U[opgmhRceU�o+�@^-jvi�f�U[ceO�U[UTi�ceopj�U+a�f�gmopoeU+adyGgmi�zbj�i���ceg�zbj��³U�opU�i�c$S�hRt�cejkf�l8asc$�mopgmh�y�a�fTlriRi�grc$©�U
lm�m�8oeUT�8l�cpUTz1�FcpORU��¡gmop��lmopzbjviR�£cplr©�t�U�aej43TU
�8oeg��xaX�$j�cpO­cpORU'i-hRS�©GU�o�gm�[lmf�cejv mU�S�hRt�cejkf�l8asc��mopgmh�y�a��
 -jvgmtkl�cpj�iR�®ceO�UJasc�l�ceUTt�U+aeaVyRopjvi�f�jvyRtvU
�¡g8t�tvg���UTzª©-`ªopgmhRceU�o�aT� �:a�ceORU'i-hRS�©GU�o�gm�¥SXhRt�cpjvfTlmadc��mopgmhRy�a
jvi�f�oeU+lmaeUm�rcpORU�f�g8adc�lmi�z�yGU�oe�¡gmopS�lri�f�Uxgr��opgmhbcpU�o�aulmoeU:l8zb mUTopaeU�tv`Xl �GU+f¨cpUTz1�4NPORU�asc�l�cpU:S�lrjvi�ceU�i�lri�f�U
y�oeg8©Rt�UTS]jka��¡hRoeceORUTo�lr�8�mo�lL LlrceU+z�©-`�ceORUI�Blmf¨c>cpO�l�c�UT mUTi!aeS�lrtvt@S�hRt�cejkf�l8asc>�8oeg8hRy�a>f�lmi®jvi�ceopgbzbh�f�U
aejv�miRj�«�f�lmi�culrS�gmhRi�c@gm�³adcplrceUxjvi�ceg�ceO�UxiRU�cs��gmop¤³��NPORU¥lrS�gmhRi�c@gm�1adcplrceU$jvi�ceopg-zRh�f�U+zX©-`�l�S�hRt�cejkf�l8asc
�8oeg8hRy�j�i�cpORU:i�U�cs��gmop¤XzbUTy�UTi�zRa@g8i�ceORU[adj53�U:gr�1j�c�a@cpoeUTUm�#NPORU:aej43TUxgr�³cpORU:SXhRt�cpjvfTlmadc@ceopU�U:j�i�cphRopi�jva
l>�¡hRi�f¨cpj�g8iIgr��©GgrcpO�ceO�U:opU�tkl�cejv mU:t�gbf�lrcejvgmi�augr�³ceO�U[aegmhRo�f�Uxlmi�z� �lropjvgmh�a4opUTf�U�jv mUTopaT�8lmi�zVceORU¥i-hRS�©GU�o
gm��opUTf�U�jv mU�o�a�j�c�adUTt��s���/adS�lrtvtbS�h�t�cpjvfTlmadc#�8oeg8hRyXf�gmi�aejkascpj�iR�[gr�GoeU+f�UTj� 8U�o�a��$ORjkf�OVlmoeUPaeyRoeU+lmz�hRiRj��¡gmopSVtv`
jvi�ceORU � i8cpU�opiRU�c¥S�lL`�j�i�ceopgbzbh�f�U>SVg8oeU�adcplrceU�cpO�lriJl�tklrop�mU�S�h�t�cpjvfTlmadcx�mopgmhRy'f�g8i�f�UTi8cpoplrceU+z
jvi'gmiRU
opU��8j�g8i£gm��cpORU � i�ceU�opiRU�cT�INPO-h�aT��U� 8U�i¬l'tvlmoe�8UXi-hRSX©�UTo>gr�$adS�lrtvt4S�h�t�cpjvfTlmadc��8oeg8hRy�a�S�lL`Jf�lmh�aeU�l
adcplrceU
U�¢byRtvg8aej�g8i�� � i­gmo�zbUTo�ceg!opUTzbh�f�UIcpORU�adcplrceU
g� mU�opORU+lmz�l�c�opgmhbcpU�o�a��#gmi�U�gr�:ceORU'lryRy�oeg�lmf�ORU+a
�¡g8t�tvg���UTzJjka¥ceg'S�g� mUXceORU�adcplrceUV�¡oeg8S¸ceO�UVi�U�cs��gmop¤
cpg�ceORU�y�l8f�¤mU�c+�1j<� Um�v��cpg'h�adU�l�oeUTyRopUTaeU�i�cplrcejvgmi
gm�DcpORU�S�hRt�cejkf�l8ascPceopU�U��$j�ceORjvi�U� mUToe`Iz�l�cplVy�l8f�¤mU�cT� · lmf�O�oeg8hbceUTo$f�lri
ceO�U�i
�¡hRi�f¨cpj�g8i'j�i'l�asc�l�ceUTt�U+aea
S�lmiRiRU�oVlri�zªy�UTod�¡g8oeS S�hRt�cejkf�l8ascX�¡gmop��lmopzRj�iR�'©-`¬oeU+lmzbjviR�Jlmi�z�yRopgbf�UTapaej�iR��y�lmf�¤mU�c�ORU+lmzbUTopaT�JNDg
h�adUXceORjka�lryRy�oeg�lmf�O�U� 8U�iJjvi®aeS�lrtvtFceg�SVU+zbjvhRS]adj53�U+zJSXhRt�cpjvfTlmadc[�8oeg8hRy�aT�Gl�f�g8S�y�lmf�c¥U�i�f�gbzbjviR�
gm�
SXhRt�cejkf�lmadcPceopU�U�jka$oeU !�hRj�opUTz��

�¥hRUPceg>zbUTyRtvg�`�S�UTi8c4yRopgm©�t�UTS�aFjvi � i8cpU�oe�ÏzRgmS�lrjviXZ�h�t�cpjvfTlmadcT�maeU� 8U�o�lrt��xyRy�t�jkf�lrcejvgmi ��U� 8U�tRZ�h�t�cpj��
fTlmadc4yRoegmcegbf�g8tvaFO�lL 8UP©�UTU�i�yRopgmyGg8aeUTz6+��.0b�8��~
-7�87xg���U� 8U�o+�LceORU$yRopgm©�t�UTS gr�Gy�UTo@�mopgmh�yVadcplrceUPS�lrjvi8cpU��
i�lri�f�U@oeUTS�lrjvi�a�UT mU�i>jvi�lmyRyRtvjvfTl�cejvgmi>tvU� 8U�t8S�hRt�cejkf�l8asc+�#^bf�oejv©GU9+��.0�-blri�z;:PlL`8U�hb¢<+ �r~2--lmoeU�lryRyRtvjkf�l�cpj�g8i
tvU� 8U�t³S�h�t�cpjvfTlmadc�yRopgrcpgbf�gmtkau�¡gmo$n4lmadceop`=+��.>�-Dlri�z
N�lmy�U+ascpoe`�+)�
&2-�g� mU�optklL`-auoeU+adyGUTf�cejv mUTt�`8��n4lmadceop`Ilri�z
c�lryGUTadceop`IlropU:tklrop�mU[aefTlrtvU¥�?7:N�g� 8U�optvlL`bau�$ORjvf�O�lrtvt�g��/cpORU�j�i�cpU�o�f�gmi�iRUTf�cejvgmi�lmi�z�opgmhRcejviR��©GU�cs��U�UTi
S�jvt�tvjvgmi�a�gm�[iRgbzbU+a�j�i l¬apf�lrtklr©�t�U�S�lriRiRUToT� N�g�j�S�yRtvU�S�UTi8cISXhRt�cejkf�lmadc�j�i�cpORUTaeU'g� mU�optklL`-aT�@©GgrcpO
^Rf�opj�©GU:lri�z<:PlL`8U�hb¢Vj�i�ceopgbzbh�f�Uxl>y�UTo@�mopgmh�yVSXhRt�cejkf�lmadc�adcplrceUx�$j�ceORjvi�ceO�Uxg� mUToetklL`�iRgbzbU+a4�$ORjkf�OIlropU
y�lroecxgr�#ceORUXS�hRt�cejkf�l8asc:zRjvadceopj�©�hbcejvgmi'cpoeUTUm�$�:h�U�ceg
f�gmi�ascpoplmj�i�cpaPgm�4y�UTo:�mopgmh�y'adcplrceU�S�lmj�i�ceUTi�lri�f�Um�
cpORUTaeU�g� mUToetklL`baXfTlriRi�grcIadh�yRy�g8odc�l!tklrop�mU'i-hRS�©GU�o�gr�¥SXhRt�cejkf�lmadcI�mopgmh�y�a�@BaeS�lrtvtxgmo�©Rjv�
A���^�c�l�ceU
S�lmj�i�ceUTi�lri�f�U�jka[l
aeU�opj�g8h�axjkapadhRUVjvi£g� mUToetklL`�i�g-zRUTa[adjvi�f�UXceO�U�`JlropU�f�gmi�adceo�lrjviRUTzJ©�`'S�U�S�g8oe`�lri�z
y�oegbf�U+aeaejviR�XyGg���U�o @¡iRg8oeS�lmt�tv`In�W�a�B�aeU�op mUTopa�A¨�

w$U+zbh�f�cejvgmi£gm�uyGU�o[�mopgmhRy£adcplrceUXjvauqsh�adc�g8iRU�gm�4ceORU�aeU� mUToplmtDS�grcpj� �lrcejvgmi�a:�¡gmo[U�i�f�gbzbj�i���Z�h�t�cpj��
fTlmadc$ceopU�U+a�� � iJ�¥jvadceopj�©�hbceU+z � i8cpU�o�lmf�cejv mU �xy�yRt�jkf�lrcejvgmi�a¥adh�f�O'l8a$tklrop�mU�apf�lrtvU> -j�oeceh�lrt�UTi� -jvoeg8iRS�U�i�cpa
@BS�hRt�cejvyRtklL`mUTou�8lmS�UTa�A4lri�z�zbjvadceopjv©RhbceU+z�jvi8cpU�o�lmf�cejv mU:aej�SXhRtkl�cejvgmi�a���y�lroecejkf�jvy�lmi8c�aul8f¨c�l8auaeU�i�zRU�o�aulri�z
opUTf�U�jv mUTopa#jvi�aeU� mUToplmtbS�hRt�cejkf�l8asc��mopgmhRy�aT�#Z�j�i�j�S�j53�jviR�>ceO�U¥f�g8i�ceopgmtRg� 8U�opORUTl8zXzbh�U$ceg��8oeg8hRy�zb`-i�lrSV�
jkf�a:jva¥l�S�l�qsg8o¥zbU+adjv�miJf�gmi�aejvzRU�o�l�cejvgmi�ORUToeUC+v��&R���2D�-7� � i'ceORU+adUVlryRyRtvjkf�l�cpj�g8i�aT��iRgbzbU+a:lropU�f�tvh�adceUToeU+z
l8f�f�gmo�zbj�i���ceg'f�g8SVSXhRiRjkf�lrcejvgmiJiRUTUTzRa�lmi�zJSXhRt�cpjvfTlmadc[zbjkadceopj�©RhRcejvgmiJcpoeUTUTa�lropUXf�gmi�adceoph�f�ceUTzJ�$j�cpORj�i
cpORUPf�tvh�ascpU�o�a����:aFiRgbzbU+a�qsgmjviVlmi�z�tvUTlL 8Um�LiRgbzbUTa#aeU�i�zXf�g8i8cpoeg8t8S�U+aeaplr�8UTaDceg[UTlmf�OXgrcpORU�o�ceg�opU�y�lmj�o�ceORU
SXhRt�cejkf�lmadc$zbjvadceopjv©Rhbcejvgmi�ceopU�U+a��uY¥i
lL 8U�o�lr�8Um�rcpORU[i�h�S�©GU�oPgr�DS�U+aeaplr�8UTa�jva�tvj�iRU+lro�cegXceORU�i-hRSX©�UTo�gm�
i�g-zRUTa#jviXcpORUPceopU�U8�#^bj�i�f�UPceORUToeU$lmoeUPl�tvlmoe�8U�i-hRSX©�UTo4gr�³S�hRt�cejkf�l8asc4�8oeg8hRy�aF�$j�cpOV�¡oeU !8h�U�i�c1qsgmjvi�a4lri�z
tvUTlL 8UTaT��aej��8iRj�«�f�lmi8c[f�gmi�cpoeg8tDS�UTapaelm�mU+a*E�g�� jviJceO�U�iRU�cs��g8oe¤³� � �4cpORUVS�hRt�cejkf�l8asc¥ceopU�UTa[lropU�UTi�f�gbzbU+z

Ä�Ä�Å2FHG�I�I%J



~ � !�� ��������!��5#%��� 	���� �2�	� �
���2! ��
 �2�

�

�

�

�����	��� 
�� �

�����	��� 
�� �
�����	��� 
�� �

�����	��� 
�� �

�

�
�

��������� �"!$#%�&	' �)( ' �+*)�%,

-Fjv�mhRopU���.���jviR¤ � i�zbU�¢�f�gmi�f�U�yRc$.�� opgmhbcpU�oP�$j�cpO�j�c�aPt�jviR¤
j�i�zRU�¢bUTa

�$j�ceO�j�i'zRl�c�lVy�lmf�¤8U�cpaT�-f�gmi�cpoeg8tGg� 8U�opORUTl8z�jvaPopUTzRh�f�U+z�lri�z�g8ib�<cpORU���E�`�cpoeUTU[opU�y�lrjvo�jkaPS�lmzbU[y�g�aeaejv©Rt�U
lrcP�¡gmop��lmopzbjviR�ViRgbzbUTa�+v�+}�-Ï�

Z�h�t�cpjvfTlmadcVcpoeUTU�UTi�f�gbzbjviR�8a�lmtvaeg£yRopg� -jvzRU
l!f�gmi- 8U�iRjvU�i�cX�PlL`¬gr�¥f�O�g�g�adjviR�®U�¢byRtvjvf�j�c�S�hRt�cejkf�l8asc
cpoeUTUTaPjvi'iRU�cs��gmop¤ba�lmi�z
g� mU�optklL`-aT� � i
g� 8U�optvlL`�iRU�cs��g8oe¤baPadh�f�O'l8a$wxY0/:a�+v�%-Ï� �x¤�lrS�lrj7�GY[Z1/ � +)�b�%-7�
©-`�UTS�©GUTzRzRj�iR�>SXhRt�cejkf�lmadc4ceopU�U+a#�$j�cpORjviIzRl�c�l¥y�lmf�¤mU�cpaT�rS�h�t�cpjvfTlmadc4ceo�l��IfPf�lri�©GU$oeg8hbceU+z�g8i�adyGUTf�j�«�f
tvjviR¤baDcpg¥yGU�oe�¡gmopS{tvg8lmz�©�lrtklri�f�jviR�:g8o�cpoplr�If@U�i��mjviRU�UToejviR��� � iVaeUTf�hRopUu�mopgmh�y�f�g8SVSXhRiRjkf�lrcejvgmi����8oeg8hRy
¤8U�`baxSXh�adc¥©GUXhRy³zRlrceUTzJ�$ORU�i®iRgbzbUTauqsgmjviJgmo¥t�U+lL mUC+v�+��-7�[¦ ORU�i£iRgbzbUTa¥t�U+lL mU8��cpORU�hRy³zRlrceUTz£¤mUT`-a
fTlriRi�grc4©�Uxf�gmS�S�h�iRjvfTl�cpUTzV -jvl¥ceO�U$gmtkzXSXhRt�cejkf�lmadc4ceopU�U$aej�i�f�UPceO�U$t�U+lL �jviR��iRgbzbU+a4��g8hRtkz�opUTf�U�jv mU�ceORU
i�U�� ¤mUT`m�:Z�h�t�cpjvfTlmadcxceopU�UXU�i�f�g-zRj�iR�
f�lri�©GU�h�adU+z�ceg
f�gmS�S�h�iRjvfTl�cpU>ceORUXiRU�� ¤8U�`� �jklIlmiJU�¢byRtvjvf�j�c
SXhRt�cejkf�lmadcPceopU�U>f�g8i�cplrjviRjviR��gmiRtv`�cpORg8aeU�iRgbzbUTa$�$O�jvf�O�iRU�U+z
ceg�oeU+f�UTj� 8U:cpORU>iRU��§¤mUT`m�

NPORU[lr©Gg� mUxS�gmcejv Llrcejvgmi�auiRgrcs�$j�ceO�asc�lri�zbjviR���8 8U�op`Xtvj�cecetvU:jkau¤-iRg��$iIlm©�g8hbc�g8ybcejvS�lrtGU�i�f�gbzbj�i��8a@gm�
SXhRt�cejkf�lmadc@cpoeUTUTaT� � i�zbU�U+z1�mcpORU�opU:lmoeU$cs��g�yRopgmyGg8aplrtka4�$ORjkf�O�U�i�f�gbzbUxSXhRt�cpjvfTlmadcucpoeUTUTa@i�gmi�gmyRcejvS�lmt�tv`
+v�+}b� &�-Ï� � i�ceORjka�y�lmy�UToT����UJf�gmi�adjkzbU�o�cpORU�S�h�t�cpjvfTlmadc�ceopU�UTaI�$ORjvf�O/f�g8hRtkzMgbfTf�hRoIlrcIiRU�cs��gmop¤ªgmo
g� 8U�optvlL`VtvU� mUTt1lri�z
adORg���ceORU>f�g8oeopUTaeyGgmi�zbUTi�f�U:gr�DcpORUTaeU¥ceopU�UTa�cpgXcpORU�g8oeU�cejkf�lmt�cpoeUTU�z�l�cplVadceoph�f¨cphRoeU+a��
2¥adjviR��ceO�jva�f�gmopoeU+adyGgmi�zbU�i�f�Um�³��UV�8j� 8U�t�g���U�o�©GgmhRi�z�a�gmi®ceORU�i-hRSX©�UTo>gr�P©Rj�c�a�iRU�U+zbUTz®cpg�UTi�f�gbzbU
SXhRt�cejkf�lmadcPceopU�U+a$lri�z��mjv mU[U��If�j�UTi8cx�PlL`ba�gr��UTi�f�gbzbjviR��cpORU�S'�

Z�h�t�cpjvfTlmadc�ceopU�U�UTi�f�gbzbjviR�JSXh�asc�apl�cpjvad�¡`®cs��g�opU�!�hRjvoeUTS�U�i�cpaT�3-Fj�o�adcetv`m��ceORU
U�i�f�g-zRj�iR��SXh�adc�©�U
gm�$SVjviRjvS�lrt�t�UTiR�rcpO­adjvi�f�U�ceORU
j�cVjva�y�lmapaeUTz¬jvi #542# !��®SXhRt�cpjvfTlmadcXzRlrcpl�y�l8f�¤mU�cXlri�z¬y�oegbf�U+aeaeUTz!©-`
U+lmf�O¬�¡g8oe�Plro�zbjviR��iRgbzbU @Boeg8hbceUTo�g8oXg� 8U�optvlL`Ji�g-zRU.A¨��^-U+f�gmi�zbt�`8�FceORU
�¡gmop��lmopzRj�iR��g8y�UToplrcejvgmi�SXh�asc
f�gmi�aehRS�U>S�j�i�j�S�lrt�cejvSVU8� · lmf�O��¡gmop��lmopzRj�iR�ViRgbzbU>yRopgbf�U+aeaeUTa�cpORU�U�i�f�gbzbjviR��cegIzbU�ceUToeS�jviRU�ceORU�t�jkasc
gm�@zbg��$i�adceopUTlrS iRgbzbUTaxceg��$ORg8S cpORU�S�h�t�cpjvfTlmadc:y�lmf�¤8U�cxSXh�asc¥©�U>�¡g8oe�Plro�zbU+z1��N�g�S�j�iRjvS�j43TU�©GgrcpO
cpORUVU�i�z-�7cegm�7UTi�z�y�l8f�¤mU�c¥zbU�tklL`�lri�z�ceORUVy�UTo�y�lmf�¤8U�c:yRopgbf�U+aeaej�i��It�g�lmz�g8i®lI�¡gmop��lmopzbjviR��iRgbzbU8�³ceORU
UTi�f�gbzbjviR��S�h�asc:aehRyRyGgmoecPceORU>U�¢-U+f�hbcpj�g8i
gm��cpORjka�cplmae¤IU���f�j�UTi�cetv`m�

NPORUPiRU�cs��g8oe¤baFjviX�$ORjkf�OV��UPf�g8i�adjkzbUToFSXhRt�cejkf�lmadc#ceopU�U+aFfTlriV©�U$zbjv -jvzRUTzVj�i�cpg:cs��g[fTl�cpU��mg8oejvUTa$. @�	 A
/:U�cs��gmop¤bax�$ORjkf�O!fTlri16"�
� # �H��	��2���	�JaehRyRyGgmoec[�¡gmop��lmopzbjviR�I©�lmaeUTzJg8i ��	��87:9��1� #%; #��¨��NPORUVtvj�iR¤£j�i�zRU�¢
gm��lIi�g-zRUX�$j�ceO! �lrtvhRU

i
opU��¡UTopa:ceg�j�c�a

i
ceO£tvjviR¤³�<-Rgmo[U�¢RlmSVy�t�U8�³ceORUVt�jviR¤�jvi�zbU�¢Jgr��l
oeg8hbceUTo¥opU��¡UTopa

cpg�g8iRU�gm�uj�c�a:jvi�ceUTod�Bl8f�UTaT� � opgmhbcpU�o[f�lri£y�gmceU�i�cpjvlmt�tv`'gmo�zbU�o[j�c�a:tvjviR¤�j�i�cpU�oe�Blmf�U+a:lmi�zJopU��¡UToxceg�UTl8f�O
jvi�ceUTod�Bl8f�U�©-`�j�cpa[jvi�zbU�¢Jjvi®ceORjka[gmo�zbU�opj�i�� @=-Fjv�®��A¨��NPORUVtvj�iR¤�jvi�zbU�¢Jgr��lmi£g� 8U�optvlL`
iRgbzbUXopU��¡UTopa:ceg
g8iRU$gr�1j�cpauiRU�jv�mO-©Ggmo�a��>2:aej�iR�Xl�t�jviR¤Vj�i�zRU�¢1��l�i�g-zRU:f�lmi�©�Uxjvi�adceoph�f¨cpUTzVcpg��¡gmop��lmopzVl>y�l8f�¤mU�c4cpg>gmiRU
gm�1j�c�a@iRUTj��8O�©Ggmo�aT�FNPORjka@g8y�UToplrcejvgmi�f�lmi�y�gmceU�i�cpjvlmt�tv`X©GU¥aehRyRyGgmoeceU+z�j�i � n­iRU�cs��gmop¤ba��madcplrcejkf$g� mUToetklL`ba
aeh�f�O/lma�Y[Z1/ � �uwxY0/����:¤LlmS�lrj7��y�lmodcpjvlmt�tv`�hRyR�8opl8zbUTz � n iRU�cs��gmop¤ba�adh�f�O/lma :Plmi�lri�l8a +v�m� -Ï�PU�cpf
�$O�U�opUxiRU�jv�mO-©Ggmo�a@gm�Dl�iRgbzbU[zbg�iRgmc�f�O�lmiR�mU$�¡opU�!�hRUTi�cetv`m�*@ � i :Plmi�lri�l8a��8iRgbzbUTa�zbg��¡gmop��lmopzVhRiRjkf�l8asc
y�lmf�¤mU�cpa$©�lmaeUTz�g8i�t�jviR¤'j�i�zbU�¢bUTaxceg�adhRy�y�g8odc[S�hRt�cejvy�l�cpOb�Ïoeg8hbcejviR�
A���@�	�	 A � i£zb`-i�lrS�jkf�yGU�UToxceg
y�UTU�o

Ñ¡ÔFÄ�ÑÒ×



���������
	��
�
��������������	�������� �"!$#�#%� }

i�U�cs��gmop¤-a @¡U8� ���F�?7:NFaT�rhRi�adceoph�f¨cphRopUTzXy���y�a�A�©�gmceOXceORU$zbUT�mopU�UPlri�z�ceO�U�i�U�jv�mO-©�g8opaFgm��iRgbzbU+aFf�O�lriR�8U
�¡opU�!�hRUTi�cetv`®lma�i�g-zRUTa$qsg8j�i�lmi�z!t�U+lL mU�lri�z¬O�U�i�f�U��¡gmop��lmopzbjviR��©�lmaeUTz!g8i!tvjviR¤®jvi�zbU�¢bUTa�fTlriRiRgmc�©�U
aehRyRyGgmoeceU+z1� � i'cpORUTaeU>iRU�cs��gmop¤ba��-iRgbzbU>jkzbUTi8cpj�«�U�o�a;@¡U8� ��� � n lmzRzRoeU+aeaeUTa�A�gr�#iRgbzbUTa$i�U�UTz
cpg�©�U�h�adU+z
cpg�U�i�f�g-zRU�ceORU>SXhRt�cpjvfTlmadcPceopU�Um�

¦!U�adO�g���U�i�f�gbzbj�i��Vgm��SXhRt�cpjvfTlmadc$ceopU�U+a�h�adjviR��©�gmceO���jviR¤Ijvi�zbU�¢bUTa$lri�z /:g-zRU>jvzbUTi�cej�«�U�o�a��4NPORU
cpoeUTUIU�i�f�gbzbjviR�8aX��U�yRoeg8y�g�adU
lropUIj�i�zbU�yGU�i�zRU�i�cXgm�xhRi�zbUToetv`-j�iR�JceopU�U
f�gmi�adceoph�f�cejvgmi�yRopgrcpg-f�gmtka�lri�z
lmoeUX©�lmaeUTzJgmi � �
�4�2�1� #�� 6H�2!$# �H���"#%� #�� !$# 6�!$#%� #%� � �
� 	��
� ��� �2!$�
	����
� � ! # #%�¨�>NPORUXopUTadc¥gm�@ceO�UVy�lryGU�o[jva
g8oe��lriRj53�U+z:l8a³�¡gmtvt�g��xaT��^-U+f¨cpj�g8i���yRtvl8f�U+a1oeUTtvlrceU+z:��gmop¤:jvi>f�gmi�cpU�¢-cT�LadU+f¨cpj�g8i�&:adORg��xa1f�gmopoeU+adyGgmi�zbU�i�f�U
gm�>S�hRt�cejkf�l8ascIcpoeUTUTa�cpg�ceopU�U®zRl�c�l�ascpoeh�f�cehRopUTa
lri�z aeUTf�cejvgmi/~ªyRopUTaeU�i�c�a� �lropj�g8h�a�ceopU�U£U�i�f�g-zRj�iR��a��
^bUTf¨cpj�g8i­}'U� �lmt�h�lrceU+a>ceO�UIt�UTiR�rcpO�ceO�UTaeUIU�i�f�gbzbj�i��8a�g8i�oeU+lrtulmi�z¬�mUTiRU�o�l�cpUTz!S�h�t�cpjvfTlmadc�ceopU�U+a�lri�z
aeUTf�cejvgmi���f�gmi�f�tvh�zbUTaT�

� � "$������"$�	� �> �


NPO�UxU�i�f�gbzbj�i��>gr�1l>S�hRt�cejkf�l8asc4cpoeUTU:zbUTy�UTi�zRa@g8i��$ORU�cpORU�o�j�cuopU�y�oeU+adUTi8c�aFceORU<� # �%�2�����@SXhRt�cejkf�lmadc4ceopU�U
aehRyRy�t�jvUTz£©�`�h�iRjvfTlmadc>oeg8hbcejviR�I�¡o�lrS�UT��g8oe¤�gr��ceORUVhRi�zbUToetv`-j�i��
iRU�cs��g8oe¤'g8o[�$O�U�ceO�U�o�j�c�opU�yRopUTaeU�i�cpa
l � 6"#�� 	 � � �2! #%;�61��	�� 	��xceopU�U8�¥N�g�opU�yRopUTaeU�i�c¥l
adyGUTf�j�«Gf>ceopU�U8�GceORUXS�hRt�cejkf�l8asc¥ceopU�U�SXh�adc¥©GUXUTi�f�gbzbU+z
h�adjviR�JUTj�cpORU�oXceORU
iRgbzbU�jkzbUTi8cpj�«�U�o�a�gmoXt�jviR¤¬jvi�zbU�¢bU+a�gr�$cpORU�UTi�cejvoeU�cpoeUTUm�!NDg£f�O�g�g�adU�cpORU'zbU��BlmhRt�c
cpoeUTUm�bjkzbU�i�cpj�cpj�U+a$gr�#oeU+f�UTj� 8U�o�a�lmoeU�aehb�If�jvU�i�cT�u�¥U��BlmhRt�c$ceopU�UTa:f�lri�©GU�f�ORg8aeU�i�j�i�lmi�`�iRU�cs��gmop¤��$ORjkf�O
aehRyRyGgmoecpa�hRi�jvfTlmadcPopgmhRcejviR��lri�z�ceORUTj�o$S�lmj�i'lryRy�t�jkf�lrcejvgmi�jkaPopUTzbh�f�cejvgmi�gr�FS�hRt�cejkf�l8ascxadcpl�cpUm��Y¥i
ceORU
gmceORUTo¥O�lri�z1�1U�¢byRt�jkf�j�cetv`�opU�yRopUTaeU�i�cejviR��cpoeUTUTa¥yRopg� �jkzbU+axcpORUXg8ybcejvgmi®gr�@opgmhbcpj�i��
SXhRt�cpjvfTlmadc:cpoplr��fVlma
zRUTaej�opUTz1�³�$ORjkf�OJS�lL`'©�U�h�aeU��¡h�t�cpg
f�oeU+l�ceUVlISXhRt�cpjvfTlmadc[opgmhRcejviR�I�¡o�lrS�U���gmop¤'l�c[lmyRyRtvjvfTl�cpj�g8iJt�UT mUTt<�
yGU�oe�¡gmopS cpoplr��f[UTiR�mjviRU�UToejviR����g8o$S�hRt�cejkf�l8ascxadcplrceU>opUTzbh�f�cejvgmi��

� i¬¢Rf�l8asc + >2-Ï�Fl�SXhRt�cpjvfTlmadc�ceopU�U�jka�UTi�f�gbzbU+z®©-`®t�jkascpj�i��'ceORU � n l8zRzbopUTapadU+a�gr�PoeU+f�U�jv mUTopa[jvi¬ceORU
SXhRt�cejkf�lmadc�ceopU�U8� � i � n§i�U�cs��gmop¤-aT�1l�y�lmf�¤mU�c�fTlri!©�U�opgmhbcpUTzJceg�l'zbUTadcejvi�l�cpj�g8i£iRgbzbU��8j� 8U�i£j�cpa � n
l8zRzbopUTapa��
�:hRUIceg�cpORjva�oeU+lmaegmi���U�¢byRtvjvf�j�cpt�`®t�jkascpj�i���ceORU � n lmzRzbopUTapaeUTa�gr�PopUTf�UTj� 8U�o�a�gr�$l'S�hRt�cejkf�l8asc
�8oeg8hRy­aehb�If�U+aVceg!oeUTyRoeU+adUTi�cXcpORU�zbU��BlmhRt�c�SXhRt�cpjvfTlmadcXcpoeUTU�ceO�lrc�U�¢bjvadcpaV©GU�cs��U�U�iMceO�U'aegmh�opf�U
lri�z
cpORU�oeU+f�U�jv mUTopaT� -Rg8oe�Plro�zbjviR�JopgmhbcpU�o�a�yGU�oe�¡gmopS l£opgmhbcpj�i��Jcplm©RtvU
tvg-gm¤-hRy��¡g8oVU+lmf�O � n lmz�zboeU+aeaXjvi
cpORU�y�lmf�¤8U�cxlri�z��8oeg8hRyIcpORU�S ©�lmaeUTz
gmi
ceORU�f�gmS�S�gmi
gmhbcp�mgmjviR�Vj�i�cpU�oe�Blmf�U8�4NPORU>S�hRt�cejkf�l8asc$y�l8f�¤mU�c
jka:ceORUTi��¡gmop��lmopzRUTz'gmi'cpORUVj�i�ceUTod�Bl8f�U+a��GUTl8f�O�y�lmf�¤8U�c¥f�gmi�cplmj�iRjviR��cpORUXf�gmopoeU+adyGgmi�zbj�i��IadhR©�adU�c¥gr� � n
l8zRzbopUTapadU+a����xt�ceUToei�lrcejv mUTt�`8�8j��1ceORU¥tvl8asc�ORgmy�opgmhbcpU�o�a@lropU:lmt�tvg���U+zXceg�adceg8oeUxSXhRt�cejkf�lmadc�adcplrceUm�8ceO�UxceopU�U
fTlri>©GUuopU�yRopUTaeU�i�cpUTz[©-`¥tvjvadcejviR�:ceORU � n£lmzRzRoeU+aeaeUTa1gm�btvl8ascDO�gmy�opgmhbcpU�o�a1jvi�ascpUTl8z�gr�RopUTf�UTj� 8U�o�a�@¡¢Rf�lmadc�
�A��
¢RfTlmadcFO�l8aFcs��g�tvj�S�j�cplrcejvgmi�aT�#^bj�i�f�U$UTl8f�O � n�lmzRzRoeU+aea#f�g8i�aehRS�UTa &8�:©Rj�cpaT�r¢Rf�l8asc4UTi�f�gbzbjviR��jva4aehRj�cplm©Rt�U
�¡g8o>S�hRt�cejkf�l8asc��8oeg8hRy�a>f�gmi�cplmj�iRjviR��l'adS�lmt�t@i-hRSX©�UTo�gr�Ptklmadc�ORgmy!oeg8hbceUTopa @������T��tklmadc�O�gmy¬oeg8hbceUTopa
i�U�UTzI�r~r�Ï~8��:�`�ceUTa@j�i � nu �~ A¨�4^-UTf�gmi�zRt�`8�8U+lmf�OV�¡gmop��lmopzRj�iR��opgmhbcpU�o@i�U�UTz�a4ceg�y�UTod�¡g8oeS

k
� n­t�g-gm¤-hRy�a��

�$O�U�opU
k
jkaxcpORU�i-hRSX©�UTo¥gm�@tvl8asc[ORgmy£oeg8hbceUTopa:j�iJj�cpa�aehR©bcpoeU�U8����lrop�mU�UTi�f�gbzbjviR�8a:oeU !�hRj�opU�S�gmopU � n

tvg-gm¤-hRy�aP�$O�jvf�O'lropU�U�¢by�UTi�aej� 8Um�
NPORU:¢Rf�lmadcuS�gbzbU�tGjka�lmtvaeg�aehRj�cpUTz�cpg�yGU�U�o�cegXy�UTU�o�� 7¥N�aPaeh�f�OIlmaun#l8ascpoe`�lri�zIN�lmy�U+ascpoe`8�8�$O�U�opU

y�lmf�¤mU�cpa�lmoeU�opgmhRceUTz!jvi�ceO�UIg� mUToetklL`�h�aej�iR�£iRgbzbUIjkzbU�i�cej�«�UTopaT� � i�n#l8ascpoe`8�FlJiRgbzbUIjka�opU�yRopUTaeU�i�ceU+z
h�adjviR��l��+� >�©Rj�cujvzRU�i�cej�«�U�o+�8:�`VopU�yRopUTaeU�i�cejviR��S�h�t�cpjvfTlmadc@ceopU�U+a4h�aej�iR�>opUTf�U�jv mUTo4jvzbUTi�cej�«�U�o�a��mceORU¥asc�l�ceU
g� 8U�opORUTl8z!j�S�yGg8aeUTzª©-`ªaeS�lrtvt�SXhRt�cpjvfTlmadcV�8oeg8hRy�aXf�lriM©�U'lL mg8jvzRUTz¬jvi�^bf�oejv©�U'lri�z :PlL`mUThb¢1�!NPORU

Ä�Ä�Å2FHG�I�I%J



� � !�� ��������!��5#%��� 	���� �2�	� �
���2! ��
 �2�

¢RfTlmadcxSVgbzbUTtDjkaxlmzR Llmi�cplr�8U�g8h�aPj�iJ�?7:NFa:aejvi�f�U>cpORU�`��mh�lro�lri�ceUTU¥opgmhbcpj�i���j�i'cpORU�yRopUTaeU�i�f�U�gr�³qsgmjvi�a
lmi�z
t�U+lL mUTa�©-`Ijvi�ceU�opS�UTzbjkl�cpU�y�UTU�o�a��

� i���jviR¤�f�lmadc*+ &2-7��l�S�hRt�cejkf�l8asc#ceopU�UPjka4U�i�f�gbzbUTzVh�aejviR�[ceORU$tvj�i�¤�jvi�zbU�¢bU+a#gr�³t�jviR¤ba#j�iVcpORU$S�hRt�cejkf�l8asc
cpoeUTUm� · l8f�O��¡gmop��lmopzRj�iR��iRgbzbU¥opUTl8zRa 	����¥f�gmopoeU+adyGgmi�zbj�i���t�jviR¤�jvi�zbU�¢-U+a�lmi�z��¡g8oe�Plro�zRa@ceORU[S�hRt�cejkf�l8asc
y�lmf�¤mU�cT��NPORUISXhRt�cejkf�lmadc�cpoeUTUI�$ORjkf�O�jvaXU�i�f�gbzbUTz¬jka�l�opU� 8U�o�adU�y�lrceO�SXhRt�cpjvfTlmadc�cpoeUTU�f�g8i�ascpoeh�f¨ceU+z
h�adjviR�Pqsgmjvi�S�UTapaelm�mUTa4aeU�i�c4�¡opgmS tvl8asc@O�gmy�oeg8hbceUTopaFcpg���lmopz�aFceORUxaegmhRo�f�U8� · lmf�O�oeg8hbceUTo4oeU+f�UTj� -jviR��ceORU
qsg8j�i¬S�UTapaplr�mUVjka>U�¢byGUTf¨cpUTz®ceg'�¡g8oe�Plro�zJj�cpa�jvzbUTi�cej�cs`®lrtvgmi��
�$j�ceO¬cpORU�t�jviR¤®j�i�zRU�¢®gm�ucpORUIjvi8cpU�oe�Blmf�U
�$O�jvf�O�opUTf�U�jv mUTz�cpORUxqsg8j�i£SVU+aeaplr�8Um�xNPO-h�axceORUVadg8hRopf�U�f�lmi�U�i�f�gbzbU>ceO�UXSXhRt�cpjvfTlmadcxceopU�U�h�adjviR�
t�jviR¤
jvi�zbU�¢bUTaT� -Rg8o��¡g8oe�Plro�zbjviR���@l®y�g8j�i�cpU�o�j�i­ceORU'UTi�f�gbzbjviR�!y�g8j�i�cpaXcpg£cpORU't�gbf�lrcejvgmiMgr�xcpORU�f�hRopoeUTi�c
opgmhRceU�o¥j�iJceORUVU�i�f�gbzbj�i���� · l8f�OJopgmhbcpU�o:h�adU+axcpORU�yGgmjvi�ceU�o¥ceg
oeU+lmz'j�cpa¥gmhbcp�mg8j�iR��t�jviR¤'j�i�zbU�¢bUTa[lri�z
h�yGzRlrceU+a4ceO�U:yGgmjvi8cpU�ou�¡gmo@cpORU:i�U�¢-c�ORg8y�oeg8hbceUTopaT���xt�ceORg8hR�mO�cpORU:i-hRSX©�UTo�gm�³tvjviR¤ba@jvi�ceORU¥S�hRt�cejkf�l8asc
cpoeUTU�jvaPtklrop�mUToucpO�lri�ceO�U[i-hRSX©�UTo$gr�#oeU+f�UTj� 8U�o�a���t�jviR¤Ijvi�zbU�¢bUTa$f�lmi
©GU>opU�yRopUTaeU�i�ceU+zIh�aejviR�V�¡U���U�o$©Rj�cpa
l8axf�g8S�y�lropUTz�cegC&��V©Rj�c�aP�¡gmoxceORU � n�l8zRzbopUTapaPgr�@l�iRgbzbU8� �xtkaeg���U�¢by�UTi�adjv mU>opgmhRcejviR�Vcplr©�t�U�tvg-gm¤-hRy�a
lmoeU>lL 8gmjkzbUTz�j�i �Dj�iR¤�f�l8asc+�4¦®U�y�oeg8y�g�adU�l�iRU��§U�i�f�gbzbjviR���¡gmo �Dj�iR¤�f�l8asc$�$ORjkf�O'oeU !8h�j�opUTaPtvUTapaxaey�lmf�U
lmi�z�cs��g�iRUT��UTi�f�gbzbjviR�8a�gm�FSXhRt�cpjvfTlmadcPceopU�UTaPh�adjviR��tvj�iR¤�j�i�zRU�¢bUTaT�

� i +��L}.-7�blmhbceORg8opa�yRopgmyGg8aeU$cs��g�ceopU�U¥U�i�f�gbzbj�i��8auceg�opU�y�oeU+adUTi8c�lryRyRtvjkf�l�cpj�g8iItvU� mUTt�SXhRt�cejkf�lmadc�ceopU�UTa
gbfTf�hRopoejviR�'�$j�ceORjviªf�tvh�adceU�o�a>gm�P�¥jvadceopjv©RhbceU+z � i�ceU�o�lmf�cejv mU �:yRyRtvjvfTl�cejvgmi�a���NPORUIS�h�t�cpjvfTlmadc>ceopU�UTa�lropU
UTi�f�gbzbU+z�h�aej�iR� � n®lmz�zboeU+aeaeUTa�gr�by�lroecejkf�jvy�lrcejviR�xiRgbzbU+a����xhbcpORgmo�a�yRopgmyGg8aeU#cs��gxU�i�f�gbzbj�i��8a1�Gn#U�oDtvU� 8U�t
O�UTlmzRU�o@UTi�f�gbzbjviR��lmi�zVn@oeUTgmo�zbU�ouORUTl8zbU�o@UTi�f�gbzbjviR��a�� � iIlmzRzRj�cpj�g8i�ceg � n­l8zRzbopUTapadU+a#gr�1iRgbzbU+a��8ceORU+adU
UTi�f�gbzbjviR��a�adyGU�i�z�adjv�mi�j�«�fTlri�c�i-hRS�©GU�o�gr�Rlmz�zbj�cpj�g8i�lrt8©Rj�cpaT� � i�l$SXhRt�cpjvfTlmadc�ceopU�Uugr�bS�l�¢bj�SXhRS zbU��8oeUTU
d
��cpORU�yGU�oe�7tvU� 8U�t4ORU+lmzbUTo[UTi�f�gbzbjviR�Jaey�UTi�zRa

log d
©Rj�cpa�y�UTo�iRgbzbU�lri�z!yRopU�g8opzRU�o�ORUTl8zbU�o�UTi�f�gbzbjviR�

aeyGU�i�zRaulryRyRopgL¢bj�S�lrceU�tv`
log n

©Rj�cpa@yGU�ouiRgbzbUm�#¦!UxadORg��/lri�UTi�f�gbzbjviR�>h�aej�i��>gmiRtv`V��l8zRzbj�cejvgmi�lmtR©Rj�cpa
yGU�o$i�g-zRUm�

� ���
�¨��	�����
1���! #"$"$
������ �! #"$" �
�>��� 
1�D #�
�u���
 F"$


-Fjv�mhRopU:�"@Bj AuadO�g��xa@l>S�h�t�cpjvfTlmadc@ceopU�UxgbfTf�hRopoejviR�>jvi�lriIlmoe©�j�cpoplmoe`�i�U�cs��gmop¤�gmoug� mU�optklL`m�DNPORU:y�g8odcpj�g8i
gm��ceO�U¥SXhRt�cpjvfTlmadc�cpoeUTU:�$ORjkf�O�i�U�UTz�aucpgX©GU[U�i�f�g-zRUTzIjkaPadO�g��$iIORjv�mORtvj��8O�ceUTz��#NPO�U¥tklmadc�O�gmyIopgmhbcpU�o�a��
�$O�jvf�O�adUToe 8U¥g8iRU¥g8o�S�g8oeU[oeU+f�UTj� 8U�o�a�lmoeU[adORg��$i
�mo�lL`mU+z1�FNPO�U¥tvj�i�¤Ij�i�zbU�¢bUTaPf�gmopoeU+adyGgmi�zRj�iR��cegVgmiRU
gm�DcpORU>iRgbzbUTa$lmoeU�aeORg��$i�� -Fj��8hRoeU���@Bj�j�A¨� @¡jvj�j�APlri�z @Bj� "APaeORg�� ceO�U�� ! �2	����
� ��!$#�#���� �2! �2	����
� ��!$#�#>lri�z
� ! � 	���!$�2!�	��	� �5� � #%�5# � ��!$#�#�zRlrcpl�ascpoeh�f¨ceh�oeU+a$f�gmopopUTaey�g8i�zbjviR��cpg�ceORU�S�h�t�cpjvfTlmadc$ceopU�Um�

�:i®Y¥opzbjvi�lmt³ceopU�U>jka:lVoeg-gmceUTz @<l�hRiRj"!8h�U�iRgbzbU>jkaxzbjkascpj�iR�8hRjkadORU+z'lmaPcpORU�opg�gmc�A��RhRiRtklr©GU�tvUTz
ceopU�U
jvi£�$O�jvf�O®UTlmf�O£iRgbzbUXO�lma�lri£lmoe©�j�cpoplmoe`'zbU��8oeUTUm� � ©Rj�i�lrop`'ceopU�U�jka�lri®gmo�zbj�i�lrt�ceopU�U�jvi!�$ORjvf�O£ceORU
S�lr¢-jvS�h�S�zbU��8oeUTUxgr��lXiRgbzbU[jva�cs��g��#NPORU[i�h�S�©GU�oPgr�Dg8opzRj�i�lmt�cpoeUTUTa�gmi

n
iRgbzbUTaPfTlriI©GU�©�g8hRi�zbU+z

©-`
On =

(

2n+1

n

)

/(2n+1)
��NPO-h�aT�

lg(On) ≈ 2n
jkaulriVjvib�¡gmopS�l�cejvgmiVcpORU�g8oeU�cejkfPt�g���U�o#©GgmhRi�z�g8iVceORU

i-hRSX©�UToxgr�4©Rj�cpa:iRU�U+zbUTz�cpg�oeUTyRopUTaeU�i�cxgmo�zbjvi�lrt1cpoeUTUTa;@
lg
jva

log2

A¨� ·  mUToe`
gmo�zbjvi�lrt³cpoeUTU�gr�
n
iRgbzbUTa

fTlri�©GU¥opU�y�oeU+adUTi8cpUTzVh�aej�i��
2n

©�lmtvlmi�f�U+z�y�lropU�i�cpORUTaeUTaT� -Fjv�V�H@¡ "A@aeORg��xa4cpORU:©�lrtklri�f�UTz�y�lmoeUTi8cpORUTaeUTa
opU�y�oeU+adUTi8c�l�cpj�g8i�gr��cpORU¥g8opzRj�i�lmt�cpoeUTU:jvi -Fjv���H@¡jvj A��@NPORjva�opU�yRopUTaeU�i�cplrcejvgmi�jka�gm©bc�lrjviRUTz�©�`�lXyRopU�gmo�zbUTo
@<zbU�yRceO!«�o�asc�A¥ceo�lL mU�o�aplrtFgr�ucpORU�ceopU�U8��gmhRceyRhbcecejviR�Jl���@����$O�j�tvU� �jkaej�cpj�iR�Jl�iRgbzbUV�¡g8o�ceORU�«�o�adc[cpj�S�U
lmi�z�l�S�l�c�f�ORjviR���$A
	[�$ORjvt�U� -jkadj�cejviR�VceORU�iRgbzbU>lr�ÒceU�o$ -jkadj�cejviR��j�cpa$aehR©bceopU�U @BNPO�U�f�gmopopUTaey�g8i�zbU�i�f�U:gm�
aegmS�U>y�lmoeUTi�ceORU+adU+a�ceg�iRgbzbU+a$jva¥adO�g��$i A¨� :�`�oeUTyRopUTaeU�i�cejviR��l��
@
�:©-`���lmi�z'l�� A��[©�`�����©�lmtvlmi�f�U+z
y�lropU�i�ceORU+adU+aPf�lri�©GU>oeUTyRoeU+adUTi�ceUTz�h�aej�iR�

2n
©Rj�cpaT�

Ñ¡ÔFÄ�ÑÒ×



���������
	��
�
��������������	�������� �"!$#�#%� D

�

!

#

* � �

�

�

� �

�

�

�

�
&	' �+( ' � *��%,

� �

� � �

� '	'	'��

����� ��� ��� � � �����

�
!
#

��� �

� ' � �� '	'	�� '	�

��
 ����#�� ' � ���
� 
�
�������#��

�

� !$�

-Fjv�mhRopU$�8. @Bj A#ZJhRt�cpjvfTlmadc@NDopU�U�j�i�l /xU�cs��g8oe¤ @Bj�j�A@Y¥opzRj�i�lmt�ceopU�U @¡jvj�j�A@W�lro�zbjvi�lrtbN�oeUTU @¡jv �A��:oe©Rj�ceo�lropjvt�`
tklr©GU�tvUTz�ceopU�UC@B "A�:�lmtvlmi�f�U+zIy�lmoeUTi�ceORU+adU+a�opU�y�oeU+adUTi8c�l�cpj�g8i�gr�#gmo�zbjvi�lrtGcpoeUTU

-Fjv�mhRopUV�H@¡jvj�j�A:aeORg��xaxceORU�f�lmopzbjvi�lmtDcpoeUTU��$ORjkf�OJopUTaehRt�c�a:�$O�U�i®l�S�hRt�cejkf�l8asc[ceopU�UXjva¥opU�yRopUTaeU�i�ceU+z
h�adjviR��t�jviR¤Ijvi�zbU�¢bUTaT���{W�lmopzRj�i�lmt³ceopU�U�gr�#zbU��8oeUTU

d
jva$lmi
hRi�tvlm©�UTt�U+z�cpoeUTU[jvi��$ORjvf�O'U+lmf�O�i�g-zRU>O�lma

d
y�g�adj�cejvgmi�a[�¡g8o�lri!UTzb�8UVcegJl'f�ORjvtvz @¡j��$l�f�O�j�tkz!jva>lrc>ceORU

i
ceO¬yGg8aej�cpj�g8i��1ceO�UIf�gmopopUTaey�g8i�zbjviR�
tvjviR¤

�8U�c�a[ceORU�tklr©GU�t
i
A���NPORU�opU�lropU

Cd
n =

(

dn+1

n

)

/(dn + 1)
fTlro�zbjvi�lrt#cpoeUTUTa�gr�$zbUT�mopU�U

d
gmi

n
i�g-zRUTaT�

lg(Cd
n) ≈ (lg d+lg e)n

jkaulmi�j�ib�¡g8oeS�lrcejvgmiVceORUTgmopU�cpjvf$tvg���U�o4©�g8hRi�z�g8iVceORU¥i�h�S�©GU�ougm�1©Rj�c�a@iRUTUTzbU+z
cpg�U�i�f�gbzbU>ceO�UTaeU�ceopU�UTaT� � S�hRt�cejkf�l8ascxcpoeUTU>j�i��$O�jvf�O�ceO�U�S�l�¢bj�SXhRS�t�jviR¤�jvi�zbU�¢�jka

d
jka:l�fTlro�zbjvi�lrt

cpoeUTU�gm��zbU��8oeUTU
d
� -Fjv�mhRopUV�H@¡jvj�j�A:jva�l�fTlro�zbjvi�lrtDceopU�UVgr�uzbUT�mopU�U

5
�[NPO-h�aT�

(lg d + lg e)n
jva[l�tvg���U�o

©Ggmh�i�z�gmi
ceORU>i-hRSX©�UTo$gr�#©Rj�c�a$iRUTUTzbU+zIcpg�oeUTyRoeU+adUTi�cPlVS�h�t�cpjvfTlmadc$ceopU�U�h�aej�iR��tvj�i�¤�jvi�zbU�¢bU+a��
-Fjv�mhRopU���@Bj� "AXadO�g��xa>ceO�U
�xop©Rj�ceo�lropj�tv`!tvlm©�UTt�U+z¬ceopU�UI�$O�jvf�OªopUTaehRt�cpaX�$ORU�iMlJS�h�t�cpjvfTlmadc�ceopU�U
jva

opU�y�oeU+adUTi8cpUTz�h�aej�i��IiRgbzbU�jkzbUTi8cpj�«�U�o�a�� /:g-zRU � zbUTi8cpj�«�U�o�a
a
�
b
�GU�c�f�lropU�U+aeaeU�i�cejklrtvtv` � n l8zRzbopUTapadU+a�� �

�5� � #%�5# �¬ceopU�UIgm�
n
i�g-zRUTaXjvaXlri�gmo�zbjvi�lrtuceopU�UIjviª�$ORjkf�O�UTl8f�O�iRgbzbUIjka�tklr©GU�tvUTz!�¡opgmS

1
cpg

n
� �xi

�
! � 	���!$�
!�	��	�C�4� � # �4#�� ��!$#�#[jka$lri�g8opzRj�i�lmtGceopU�U�j�i��$ORjkf�O�U+lmf�O�i�g-zRU[O�lmaPl ���H	�� �H#�lrop©Rj�cpoplmoe`�tklr©GU�t7� � �
U+lmf�O�iRgbzbU[jkauopU�yRopUTaeU�i�cpUTz�h�aejviR�Xl

k
©Rj�c�tklr©GU�t7��ceORUTiIceO�U�opU¥lropU

Ak
n =

(

2
k

n

)

n! On

adh�f�O�ceopU�U+aug8i
ni�g-zRUTaT�#NPO-h�aT�

lg(Ak
n) ≈ kn + 2n

jka$l�tvg���U�oP©�g8hRi�z
gmi
ceORU>i-hRSX©�UTo$gr�F©Rj�c�aPiRU�U+zbUTz�ceg�opU�yRopUTaeU�i�c
lVSXhRt�cpjvfTlmadcPceopU�U>h�aej�i��Vi�g-zRU[jkzbUTi8cpj�«�U�o�a��

� ���
�¨��	�����
1���! #"$" � " �� #"$
D"$�X������	����

 �

�	��
���¬	�� 
 ( ����"���"$


-�gmoPUTl8adU[gr�FU�¢byRtklri�lrcejvgmi��-��U�h�adU¥ceO�U��¡gmtvt�g��$jviR��i�grcplrcejvgmi����:t�t�i�g-zRUTa�j�i�cpORU�S�hRt�cejkf�l8ascPceopU�U[O�lL 8U
g8iRUujvi�f�gmS�j�i��¥tvj�i�¤C@¡U�¢Rf�U�ybc#ceO�U�opg-grc�A�lri�z;3�UToeg¥gmoFS�gmopUugmhRce�mg8j�i��:tvj�iR¤baT��� � #%!�
<	����
�H�2!��4#�����iRgbzbU
O�lma83�UToeg[gmhRce�mg8j�i��¥tvj�i�¤-aT�8l<!$# �4����iRgbzbUPO�lma#g8iRUPgmhbcp�mg8j�iR�[tvj�iR¤Vlri�zVl � ! �2��� ��i�g-zRU�O�lma#S�gmopU�ceO�lmi
g8iRU�g8hbce�8gmjviR�Itvj�i�¤-aT� � i -Fj�� &"@¡j�A¨��l��GU8��O!lri�z£zJlropU�©Ro�lri�f�O�iRgbzbUTaT��q��G¤³�³S'�1fr�G��lri�z��
lmoeU�tvUTlr�
i�g-zRUTa#lri�z�©��rj7�mlri�z�tRlropUuopU�tklL`�iRgbzbUTaT�#NPORU�tvjviR¤ba�gm�Gl¥S�hRt�cejkf�l8ascFceopU�UPf�lmi�©GU$zbj� -jkzbUTzXjvi8cpg¥©�oplmi�f�O
lmi�z
oeUTtvlL`ItvjviR¤ba����:t�t�gmhbcp�mgmjviR�Vt�jviR¤ba$gm�#lV©Ro�lri�f�O�iRgbzbU�lmoeU�©Ro�lri�f�O�tvj�iR¤ba$lmi�z'lrtvt�gmhbcp�mg8j�iR�Vtvj�iR¤ba
gm�Dl�opU�tklL`Xi�g-zRU[lmoeUxopU�tklL`Vt�jviR¤ba�� -�gmo�U�¢RlrS�yRtvUm�

ac
jva�l�©�oplmi�f�OItvj�iR¤�lmi�z

lm
jka�l�oeUTtvlL`Vtvj�iR¤³����U�c

l

Ä�Ä�Å2FHG�I�I%J



> � !�� ��������!��5#%��� 	���� �2�	� �
���2! ��
 �2�

zRU�iRgmceU�ceO�U�i-hRS�©GU�oxgm�FtvjviR¤baxlri�z
n
zbU�i�grceU�cpORU�i-hRSX©�UToxgr�#iRgbzbUTaT�

n = l + 1
� ��U�c

b̄
zbUTiRgrcpU>ceORU

i-hRSX©�UToPgr�D©Ro�lri�f�O�tvj�iR¤baPlri�z
r̄
ceO�U[i-hRSX©�UToPgr�DopU�tklL`�t�jviR¤ba��

l = b̄ + r̄
����U�c

b
zbU�i�grceU[cpORU¥i-hRSX©�UTo

gm��©Ro�lri�f�OIi�g-zRUTaT�
r
cpORU[i�h�S�©GU�o�gr�DopU�tklL`Xi�g-zRUTaT�-lmi�z

t
cpORU¥i-hRSX©�UTo�gm�DtvUTl���i�g-zRUTaT�

n = b + r + t
�

-�gmo�cpoeUTUVjvi -Fj���&H@Bj A���cpORU�yRopU�gmo�zbUTo[i�g-zRU�ceo�lL mU�o�aplrtF�mjv mUTa
a, b, e, h, j, k, i, l, m, c, d, f, g

lri�z®ceO�U
y�oeUTgmo�zbU�o�t�jviR¤�ceo�lL mU�o�aplrtG�mjv mUTa

ab, be, eh, hj, hk, ei, il, lm, ac, ad, df, dg
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