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b�cAdecgfihkjmlonqp�rms�cgjmcAtkt u v+w�txdgyoz|{-yit}cP~�y���z|yo�rmj�cMdgyoz��

{ � hkcgskt�t � d�� � t�fy�hkcg�1yZyo���X�Xt�p�r�hk�rmf�p���rmde� � p�rms�cgjmcAt�t
deyoz|z � f�rmd � hkrmyofM{�s�y�hkyZdgy�j�t � dR� � t��`�a�a�a�o� � �m�o��r�tXrmz|{jmce�
z|cgfKhkcA~ � s�c�t�y��rm�o�jml�~�cg�Kcgjmy�{-cA~ � f�~�p�r�~�cgjml � � � r�j � �jmco�
�¡  � z|{�j�cPtBy�� � {�{jmr�d � h�rmyof�t�rmf � f � ~��y�d¡fceh�p¢yos���cAfZ�Krms�yof��
z|cgfKh#p��r�dk� � s�c�deyof�t�rmt}h#y���yofjml�z|yo�rmj�c�deyoz|{ � hkcgskt � s�c
hkcgz|{-yos � jmjml|dgy�f£�� � s�cP~¤fcgh`p¢yos���t¥rmf�deyof��ocgfKhkrmyof�t � f�~|�Dyos
~rmt � t}h�cAs�s�cPt�d � c¥r�f � f � s�c � p��cgs�c¢r¦hqrmt§~�r�¨�d � j�hOh�y+t}cghq� � t}c
t`h � hkr�yof-tgnZt}cgf-t}yosXfceh�payos���t � f�~©t}yªyof��:�«f � f � ~���yZd�f�ceh��
pXyos��1n�z|r�t�t�r�yof�¬des�r�h�r�d � j � {{jmr�d � h�rmyof�t � s�c � jmt�yt � {{�yos}hkcA~
� t�rmf � deyof���cAfKh�rmyof � j�p�rms�cA~®fcgh`p¢yos���t � f�~®dR�cAdk�Z{-yormfKh
s�cAdgy2��cgs�l�rmt#yof�c�y���h���c¤r�z|{�yos}h � fKh#z|cehk�y�~t��¯yos � dR�rmcg�K�
rmf��� � � j�h��@hky�jmcgs � fZhOcgf��Zr�s�yof�z|cgfihA�q°�y�p¢cA��cgsAnPr�f�h�s � ~�r�hkrmy�f � j
d��cPd��Z{1yor�fKh+{s�y�hky�deyoj�t��¯yos�£ �cA~�fceh�payos���tgn1r¦h�r�t � t�t � z|cA~
hk� � h � jmj�deyoz|{ � h�cAskta� � �oc�t}yoz|c�t`h � ��j�c�t`hkyos � �ocAtA�:�«f � ~~�r��
hkrmy�fOn�fcgh`pXy�s���� � f-~�p�r�~Zhk�|rmt � t�t � z|cA~ªhky���c�t}y�p�r�~�cXhk� � h
rmf�deyof-t}r�t`hkcgfKh�z|cAt�t � ��cPt � s�c�~�cehkcAdeh�cP~©��l¤t�lKf-d��s�yofrm± � hkr�yof
�-ceh�p¢cgcAf©t�cgf�~�cAs � f�~©s�cAdgcgrm�icgs�dgyoz|{ � hkcgskt�p�r�h���jmy�p!deyoz��
z � f�rmd � hkrmyof*y��ocgs���c � ~B��°�cAf�decon�r¦h©rmt©~�r�¨�d � j�h¤hky � {�{jml
hk�cPt}cMdeyof��ocAfohkrmyof � j¢{�s�y�h�y�deyojmtªr�f � z|y���rmj�c � ~��yZdMfceh��
pXyos��t�r�f-dec|s�cA² � rms�cA~�deyit`h��Dy�s � dR�rmcg�Zr�f���t`h � ��j�c¤t`hkyos � �ocAt
rmf � f�t}h � ��j�c�z|yo�rmjmc�deyoz|{ � hkcgs�t � f-~�y���cgs���c � ~x�¯yos � d���r�cA�i�
rmf�³t�lKf-dR�s�yofrm± � hkr�yof � z|yof�³z|yo��r�jmc´deyoz|{ � h�cAsktp���r�dR�
� s�c�deyoff�cAdRhkcA~ � fs�cgjmr � �jmcon � f-t`h � �jmc � f�~³f � s�s�y�pµp�rms�ce�
jmcAt�t�deyoz|z � fr�d � hkrmy�f®j�rmf��tg�·¶���cgs�ce�Dy�s�cin�rmf(hk��rmt8{ � {1cgsAn
pXc�{s�yo{1yot�c � fy2�ocAj�dR�cPd��K{-yor�fZha{s�y�hkyZdeyoj�p���rmdR� � dR��r�cA�ocAt
� t}h � �jmc8t`hky�s � �oc8��l´deyKyo{1cgs � hkr�yof � z|y�f���z � j�h�rm{jmc�z|y��
��r�jmc#deyoz|{ � h�cAskt � f�~ � ��yorm~r�f���dgy�z|z � fr�d � h�rmyof8y���cAs��c � ~
�Dy�sOt}lZf�dR��s�yofrm± � h�rmyof���ceh`pXcgcAf�t�cgf�~cgs � f�~�s�cPdecgrm�ocgsOz|yo�rmjmc
deyoz|{ � hkcgsktg�
¸ ¹ º » ¼ WZºq\µ½¾[¥Y ¿ À
v�f � ~���y�d�fcgh}p¢y�s�� Á ÂÄÃ@Å�Æ}ÇqÈ�rmt � fcgh}payos��©p�r�hk� �

t}cghaÅ´y��Bz|yo��r�jmc+deyoz|{ � hkcgskt � f�~ � t}cgh¢Çy��B��r¦�¬~r�s�cPdRhkr�yof � j
p�rms�cgjmcAt�tdeyoz|z � fr�d � hkrmy�f�jmrmf�ZtÊÉÌËÊÍ}Æ�Ë�ÎPÏ©�1ceh�p¢cgcAf(h�p¢y
z|yo�rmjmc�dgy�z¤{ � hkcgsktaË Í � f�~|Ë Î ��ceh}p¢cgcAfªp���rmdR�ªz|cAtkt � �ocAt
� s�c�ce �d�� � f��ocA~�~r�s�cPdRhkj�lK�ªÐ�cgf�cgs � jmj�lrmf � deyoz|{ � h�cAs�fceh��
pXyos����-y�hk�p�rms�cA~ � f�~8p�rms�cgjmcAt�tAn � ��jmyo� � jOdR��cAdk�K{1yor�fKh�Ñ¢Ò
p��r�d���r�t � t}ceh�y��¢j�yZd � j:d���cAd��K{-yor�f�hkt Ó Í¢c � dR��y��¢p��r�dR��r�t
h � �ocgfª��l � z|yo�rmjmc�dgyoz|{ � hkcgs¢Ë Í Ô ÅÊrmt¥dgy�f-t}r�t`hkcgfKh¡r��1hk�c
�Dy�jmjmy2p�rmf��deyof-~�r�h�rmyof8rmt�t � hkr�t`£-cA~�Õ¦�eÖ¬�
Õ ×+ce£-fr�h�rmyof�Ö
�PÈ©vØz|cPt�t � �oc Ù p��r�dR��rmt�hks � f-t}z|r�h�h�cP~��¯s�yoz � t}y � skdgc
z|yo��r�jmcxdeyoz|{ � hkcgs�ËÊÚ�hky � ~cAt`hkrmf � h�rmyofyofcªË´Û#r�t �
jmyit`h:z|cAtkt � �oc¢�Dyos � �oj�yo� � j�dR��cAd��K{-yormfZh:Ñ Ò r��OÜ ÝgÞ ßBÃ à È
{�s�cAdecP~�cAtOh�y Ó Ú r�f|Ë Ú � f�~ Ó Û {s�cAdgcA~�cPt�hky�á Ýkâ�Ý ã ä�Ý Ã à È
rmfåË Û �³°�cgs�cin�Ü ÝeÞ ßBÃÌÈ � f�~³á Ý�â�Ý ã ä�Ý ÃÌÈ � s�cz|cAt�t � �oc
t�cgf�~r�f�� � f�~©s�cAdecgrm{�h�cg�ocgfKh�tXr�f � f � {{�j�r�d � hkrmy�f�j � l�cAsAn
s�cPt}{1cAdRhkrm�icgjmlo�

� È©v;z|cAtkt � �oc Ù r�t � j�yit`h:z|cPt�t � �oc¢�Dyos¡Ñ�Ò�r�� Ó Ú¥{s�cAdgcA~�cAt
æ�ç�è§éqê-ë�ì�í�î ï ð�ñ�ò�ó�ô ï õ¤ö ÷ øaù�úxû�üZý þ üqÿ��#ó
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hkyÜ ÝgÞ ß�Ã à È�rmf�Ë´Ú � f�~�á Ý�â�Ý ã ä�Ý Ã à È�{s�cAdgcA~�cAt�h�y Ó Û
r�f�Ë Û �

H È�v·�ojmyo� � j�dR�cAd��Z{�yormfZh�Ñ Ò r�tªdeyof-t}r�t`hkcgfZhªr¦��hk�cgs�c � s�c
fy�yos�{� � f�z|cAtkt � �ocAt � f�~ � jmj¥j�yit}hxz|cAtkt � �ocAt � s�c�s�ce�
hks � f-t}z|r�h}hkcA~ � �¯h�cAs�s�cPdey2�ocAs�lo��I

v·dR��cAd��K{-yor�fZhx{s�y�hky�deyoj¢r�f!Õ H ÖXrmt�~�cAt�r��ofcP~�hky�t}h�yos�c©j�yit`h
z|cAt�t � �ocAt¢r�fKhky � z|cPt�t � �oc�jmyo�xr�f � ~cAt`hkrmf � hkr�yofMdgyoz|{ � hkcgs
ËÊÛ¡�Dy�sqs�cghks � f-t}z|r�t�t}rmyof#rmf�s�cAdey��ocAs�l � dgdeyosk~�rmf��hky�hk��rmt§~�ce�¯�
r�f�r¦hkrmyof©y�� � deyof�t}r�t`hkcgfKh��ojmyo� � jOd��cPdk�Z{-y�rmfZhP�
v�jmz|yit`h � jmjZdeyof��ocAfihkrmyof � jid���cAd��K{-yor�fZhq{s�y�hkyZdeyoj�t � s�cX~ce�

t}rm��f�cA~³yof � f � t�t � z|{�hkrmyofåhk� � hMc � de�åj�yit`h � f�~(y�s�{�� � f
z|cAt�t � �oc¤r�t#~�cehkcAdRhkcP~�rmf � ~�cAt}h�rmf � hkrmy�fÊdgy�z|{ � hkcgs�Ë Û y��
h���c�z|cAt�t � �oci� °�cgf�dgcon��Zr�s}h � � j�t}lZf�d��sky�f�r�± � hkrmyof � z|y�f��
� jmj§deyoz|{ � hkcgskt�rmf � t}l�t`hkcgz r�t�s�cA² � rms�cA~B��°�y�pXcg��cAsAn�rmf � f
� ~���yZd�fcgh`pXy�s���n���r��o�cAs¥t�lKf�de�s�yofrm± � hkr�yof�y��icgs��c � ~ªr�t¥s�ce�
² � r�s�cA~;hk� � fårmf � deyof���cgfKhkrmyof � j�p�rms�cA~³fcgh`pXy�s��*~ � chky
f � s�s�y2pXcgs�� � f�~�p�r�~Zhk��y��Xp�r�s�cAj�cAtkt#deyoz|z � fr�d � hkr�yof�jmr�f��ZtAn
s�cA~ � dRhkr�yofªy��-hks � f�t�z|rmt�t�r�yof�{1y�pXcgsqy��1p�rms�cgj�cPt�t¡t}rm�of � j@nideyof��
h�cAfKh�rmyof � f�~#dgyoj�jmr�t}rmy�f#d � � t}cA~#��l�z � j�hkr�{�j�c � dAdecAt�t � f-~��r�~Z�
~�cgf�hkcgs�z|rmf � j{�s�yo�jmcgz � f-~�j�yof�ocgs¡hks � f�t}z|r�t�t�r�yof¤~�cAj � l#rmf
z � j¦hkrm�yo{©h�s � f�t�z|rmtkt}rmyof��
J K L ºO^ ¿ M�[a_}VXW N Y[¡W�[�^1[ »

O � sa{s�yo{1yit}cA~�{�s�y�hkydeyojr�t¥~�cAt}rm�ofcP~ � f�~cgs¡h���c��¯yojmj�y�p��
r�f�� � t�t � z|{�hkr�yof-tQP
�PÈ�v�fZlÊ{ � rms�y���z|yo�rmj�c8deyoz|{ � h�cAsktªrmf � f � ~;�yZd©fceh��
p�y�s�� � s�cªz � h � � jmjml�s�c � dR� � �jmcxp�r�h���z � j�h�r��Ì��y�{�z|cAt`�
t � �oc|h�s � f-t}z|r�t�t}rmyofÊ~ � s�rmf��{�s�y�dgcAt�t}rmf�y��ahk��c¤de�cAdk�i�
{�yor�fKh�{�s�y�hkyZdgyoj@�

� È�v p�rms�cgjmcAt�t�deyoz|z � f�rmd � hkrmyof*jmrmf���1ceh�pacAcgf;h}pXy�z|y��
�rmj�c�dgy�z|{ � hkcgskt�r�t�~lKf � z|rmd � jmjml�deyoff�cAdRhkcA~ � f�~�~�r�t`�
deyoff�cAdRhkcA~8~ � c�h�y�h���cgrms�z|yo�rmjmr¦h�lo�

H È�� � d�� z|yo�rmj�cådeyoz|{ � hkcgs��Kcgcg{-t � jmr�t`hÊy���fcgrm�o�Z�-yos
z|yo�rmj�c#deyoz|{ � hkcgskt�p�r�h���r�f�r�hkt�z|cPt�t � �oc�hks � f-t}z|r�t�t}rmyof
s � f�oc � {��Ìh�y��¬~ � hkci�

RKÈ�v�jmjÊp�rms�cgjmcAt�tÄdgy�z|z � f�rmd � hkrmyof jmrmf��t �-cgh}p¢cgcgf h}p¢y
fcgrm�o���-y�s�rmf� z|y���rmj�cådeyoz|{ � h�cAskt � s�c³�r��¬~�rms�cAdeh�rmyof � j
� f�~8deyoz|z � f�rmd � hkrmyof � jmy�f���hk�cgzµr�tX� � j¦�¯�¬~ � {jmce B�
w�y�p�nOp�c¤t}�y�p � fÊy � h�jmrmfc¤y���y � sªd��cAd��Z{�yormfZh#{�s�y�hky��

deyoj@��v�f�l�z|yo�rmj�cMdgy�z|{ � hkcgs#r�f � f � ~���yZd¤fcgh`p¢yos���rmfr��
h�r � hkcAt � dR�cAd��Z{�yormfZh�{s�y�hkyZdeyojÌ��¶§s � f�t�z|rmtkt}rmy�f�y��Xs�cA² � cAt`h
�¯yosªh � �Krmf��jmy�d � j�d��cPdk�Z{-y�rmfZh�t � f�~��Zr�s}h � � j�t}lZf�d��s�yof�r�± � �
h�rmyofy��§hk�cgz � s�c#s�c � jmr�±AcA~8��l�S-yZyZ~r�f���Õ � Öqy��¥deyo{�r�cPt�y�� �
dk��cAd��Z{�yormfZh¢s�cP² � cAt`hXz|cAtkt � �ocUT�á Ý V � t�t}�y�pår�fXW§rm� � s�cx�o�

O f¤s�cAdgcgrm{�hay���TOá Ý Vin � z|yo�rmj�c�dgy�z¤{ � hkcgsXËÊÍ�h � �KcAt:r¦h�t
j�yZd � j§dR��cAdk�K{1yor�fKh Ó Ía��l�t}h�yos�rmf�Mr�hkt�t`h � h�c#rmf��Dyos�z � h�rmyofZY�Í
� f-~��s�y � ~d � t`h�t�dgy�{�r�cPt�y��[T�á Ý Vxhky � jmjOr�h�t�fcgrm�o����yos�z|y��
�rmj�c#deyoz|{ � hkcgskt�p�r�h���r�f8r�h�t�z|cAt�t � �oc�hks � f�t}z|r�t�t�r�yof8s � f�oco�
\ l � {{jmlZr�f��©hk�r�t+z|cehk��y�~Bn � jmj¡z|yo�rmj�c¤deyoz|{ � hkcgskt�r�f � f
� ~M�yd�f�ceh}pXyos��|h � �oc+h���cgrms�jmyZd � j�dR��cAdk�K{1yor�fKh�t�~ � c�hky � t`�
t � z|{h�rmyof��PÈR��°�cgs�cin-t}rmf�dgc�r�h+rmt�~r¦¨�d � j�h��Dyos�c � dR�8z|yo�rmjmc
deyoz|{ � hkcgs � jmy�f�c¤hkyrmz|{jmcgz|cgfKhªt`h � �jmc¤t}h�yos � �oc¤�¯yosªt`hkyos}�
r�f��]YBÍ}n¥ËÊÍ � t��Zt#f�cgrm���Z�1yosxz|yo�rmj�cMdgyoz|{ � hkcgsktªy��+Ë�Í�hky
t`hky�s�c^Y�Í��¯yos � de�rmcg�Krmf�t`h � �jmc¤t}h�yos � �oco�`_Zrmf�dec¤c � d���z|y��
�rmj�c8deyoz|{ � h�cAs��s�y � ~d � t}hktaT�á Ý V � �¯hkcgs�h � �Krmf��r�h�tªjmy�d � j
dk��cAd��Z{�yormfZhAn§rÌ� ci� � d��rmcg�Krmf��r�hktxj�yZd � j¢t`h � hkcMrmf��¯yos�z � hkr�yofOn
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M1 M2 M3

M4

M5
CReq

time

CReq CReq

CReq CReq

CReq

CReq

CReq

CReq

W§r�� � s�c|�0P¢�¢�cPdR�K{-yor�fZh��¡s�y�hkyZdeyojÌ�

f�y � ~�~�r�h�rmyof � jBz|cAtkt � �ocAt � skc�s�cA² � rms�cA~Mhky��1c�h�s � f�t�z|r¦h�hkcA~
�Dy�s�hk�c�t`h � hkc�rmf��Dy�s�z � hkrmy�f8�Zl�{�r��o�ormf�|� � dk��r�h�hky TOá Ý Vi�
°�cgs�conXz|cAtkt � �ocAt�t}cgf�hAn¢�¯yos�p � sk~�cA~ � f�~ås�cAdecgrm�icP~;~ � s}�

rmf�©{�s�y�decPt�t}rmf��y�� � d���cAd��K{-yor�f�h�{s�y�h�ydeyoj¡z|rm�o�Zh���c�jmyit`h
yosxyos�{� � f�z|cAt�t � �ocAtA��°�cgf-decon¡c � dR�´j�yit`h�z|cAtkt � �ocMr�txs�ce�
² � rms�cA~�hky©�1cªt`hkyos�cA~�r�f � decgs}h � r�f�z|yo�rmj�c�deyoz|{ � hkcAs � f-~
hky���c¤s�cehks � f�t}z¤r¦h�hkcA~ � � hkcgsxs�cAdgy2�ocgs�l�rmfÊyosk~�cAs�hky8�Kcgcg{ �
�ojmy�� � j¡t`h � hkc�y�� � f � ~���yZdxf�ceh}pXyos��8dgy�f-t}r�t`hkcgfZhP� O f�hk�c
y�hk�cgs#� � f-~Bn§r¦hªrmtxr�z|{1yit�t}rm�jmc¤hky�icgcg{ � �oj�yo� � jXt`h � h�c¤rmf
� f � ~��y�d�fceh�p¢yos���dgyof�t}r�t`hkcgfZhXr��Bhk�cAs�c � s�c+t}yoz|c�yos�{� � f
z|cAtkt � �ocAt�p���rmdR� � skcªfy�h�t � s�cgjml8skcehks � f-t}z|r�h}hkcA~ � � hkcgs�s�ce�
dey���cgs�lo��°�cgf�decin � f�yos�{�� � f�z|cPt�t � �oc�t��y � j�~��-c � �oyorm~cA~
rmf � f � t � � j�z|cPt�t � �oc�h�s � f-t}z|r�t�t}rmyof©{�s�y�h�ydeyoj@�
v+dgdeyosk~r�f���hky¤s�cAj � hkrmy�f-t}�rm{��ceh}p¢cAcgf8jmy�d � j§dR�cAdk�K{1yormfKh

� f�~©hks � f�t�z|rmtkt}r�yofy��¡z¤cAt�t � �ocAtAn � frmfZhkcgs�z|cA~r � hkc�z|y���r�jmc
deyoz|{ � hkcgs � jmyof� � z|cPt�t � �ocªhks � f�t�z|rmtkt}rmy�f�s�y � h�c¤~�cgh�cPdRh�t
� z|cPt�t � �oc Ù � p��r�dR��r�t�{-yit�t�r���j�c|hky��-c � j�yit`hxz|cAt�t � �oci��¬�¢hk�r�t#~�cehkcAdeh�rmyof�rmtxs�c � j�rm±gcP~�yof�j�l�r�f � ~�cAt`hkrmf � hkr�yof�z|y��
��r�jmc�dgy�z|{ � hkcgsMË Û nXË Û � � t � jms�c � ~�l´��s�y � ~�d � t`h�t TOá Ý V
hky � jmj�z|yo�rmj�c�deyoz|{ � hkcgskt�p�r¦hk��r�f � z|cPt�t � �oc�hks � f�t}z|r�t`�
t}rmyof#s � f���cXy��1Ë�Ûa��cg�¯yos�c�á Ýkâ�Ý ã ä2Ý Ã à �¯ÈOp���cgs�c�ËÊÛXs�cAdgcgrm�ocAt
Ù � ���«fhk�r�t+d � t}con Ù � � � t�hkyM�1cx�s�y � ~d � t}h�cP~8hky � jmj§z|y����r�jmc�deyoz|{ � hkcgskt¥p�r�h���r�f � z|cPt�t � �oc�hks � f�t}z|r�t�t�r�yof¤s � f�oc�y��
Ë Û rmf©yosk~cgs¢hkyª�1c�t}h�yos�cA~MrmfZhky�hk�cPt}c+z|yo��r�jmc�dgyoz|{ � hkcgsktA�
°�y2p¢cg�ocgsAnZË Û rmtafy�h � �jmc�hkyx~�cAdgrm~c�f � zª��cAs¥y��Oz|cAt�t � �ocPt
p��r�d���t}�y � j�~��1c���s�y � ~�d � t`hkcA~ � f�~Mhkcgs�z|rmf � hkc�ce ZcPd � hkrmyof
y�� � dR�cPd��K{-yor�fZh�{�s�y�h�ydeyoj@�
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W§r�� � s�c � P¥×+cgj � l�cA~ u yit`h$#�cAt�t � �oc�×+cehkcAdeh�rmyof�¥s�y���j�cAz8�

¶��cAs�ce�Dy�s�cin¡r�f*y � s¤{s�yo{1yot�cA~*d��cAd��Z{�yormfZh|{s�y�hkyZdeyojÌn �
z|cAtkt � �oc Ù � p��r�d��Mr�t�{�yotkt}rm�jmc+hkyª��c � jmyot}h�z|cAt�t � �oc¤ÃDp¢cd � jmj Ù � � % &eÝ(' ß ) * )�& + à|Ý�&,&(- . Ý È¥r�t¢~cehkcAdRhkcA~M��l � fMr�f�h�cAs}�
z|cA~r � hkc8z|yo�rmj�cdeyoz|{ � h�cAs � jmyof� � z|cAt�t � �oc8hks � f�t}z|r�t`�
t}rmyof¤s�y � hkc�y�� Ù � �1ce�¯yos�c+r¦h�t}cAf�~t T�á Ý V � tXt��y�p�fMr�fUW§rm���
� s�c H �
�«f W§rm� � s�c H Ã � Èen Ù � rmt+s�cAdecgrm�icP~�1ce�Dy�s�c � jmyZd � j¡d��cAd��K�{-yor�fZh Ó Î � f-~�� � t�fy�h�licgh��Dyos�p � sk~�cP~�1ce�Dy�s�c Ó Îo�#°�cgf-decon

Ë�Îª~�cehkcAdehkt Ù � hkyM�-c � {�t}c � ~�yMjmyot}h�z|cAt�t � �oc � f-~ Ù � r�t{rm���ocP~M� � de�|hky TOá Ý V��Dyos�s�cgh�s � f-t}z|r�t�t}rmyof©rmf8s�cAdgy���cgs�li�
O f�hk��c�y�h���cgs¢� � f�~�nZr�fUW§r�� � s�c H Ã¯�1ÈenK�1ce�Dyos�c+s�cAdgcgrm{�hXy��

Ù � n�Ë Î � � tBh � �Kcgf � jmyZd � jKd��cAd��Z{�yormfZh Ó Î � f�~��s�y � ~d � t`hkcA~T�á Ý VK� _Zrmf�dec Ù � rmt¡t}cAfZh¡�ZlªË Í ��ce�Dyos�c � j�y�d � j�d��cPdk�Z{-y�rmfZhÓ Í`n�Ë�Í�~cehkcAdRh�t Ù � hky��-c � {�t�c � ~y�jmyot}hOz|cPt�t � �oc¥�Zl�s�cAdgcgrm{�hy�� � f � d��©�Dyos Ù � p�r�hk��rmf��Dyos�z � hkrmyofhk� � h Ù � rmt+s�cAdecAr��KcA~� �¯hkcgs Ó Î�p���rmdR��r�t�s�cg{s�cPt}cgfKhkcA~©��l0/#rmf W§rm� � s�c H ÃD�-Èe�
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(b)
W§r�� � s�c H P u yit`h1#cAtkt � �oc�×+cehkcAdRhkrmyof|r�f¤�«fZhkcgs�z¤cA~�r � h�c2#y��
�rmj�cx�¢yoz|{ � hkcgsA�

v�f´rmfZhkcgs�z|cP~�r � hkc¤z|yo�rmjmc©deyoz|{ � h�cAsªyofjml��¯yos�p � sk~t �
z|cAt�t � �oc�hk� � h�r�t�{1yit�t�r���j�c�hky��1c � f©yos�{� � f8z|cAt�t � �oco� \ l
~�cgj � lZrmf� � dgdgcg{�h � f�dec¤y���hk��c|z|cPt�t � �oc�rmf � f � {�{jmrmd � hkrmyof
j � locgs�rmf � ~�cPt`hkr�f � hkrmyof�z|yo�rmjmcªdeyoz|{ � h�cAsAn�r@� co��á Ýkâ�Ý ã ä�Ý ÃÌÈ
cg�ocgfKhPn�r�h�r�t � dR��r�cA��cA~Mh�y � �oyor�~©y�s�{�� � f8z|cAtkt � ��cPtg�
3 K [¢V�^ » ]+\+_`V 4 ¹ º65 ¼ Y ¿ À
¶���rmt�{ � {�cgs�� � t�{s�yo{1yot�cA~ � fy��ocgj � ~©�yZd�dR�cPd��K{-yor�fZh

{s�y�hkyZdeyojxrmf p��r�dR� ~�cgh�cPdRhkr�yof y��¤jmyit`h�z|cAt�t � �ocPt�rmt�f�y�h
� � t}cA~�y�f�cgf�~��@hky��Ìcgf�~�� � h���y�{�Ì��lK�Ì�yo{�n-r@� co� � f�rmfKhkcgs�z|ce�
~�r � hkc�z|y���rmj�c¤deyoz|{ � h�cAs�~�cgh�cPdRh�t � f�~�t`hkyos�cAt�{�t}c � ~�y8j�yit`h
z|cAt�t � �ocAt�p���rmdR� � s�c¤{1yit�t}rm�jmc¤hky�1c¤jmyot}hxz|cPt�t � �ocAtg� \ l
r�fKhks�yZ~ � dermf�Mhk�r�t+z|cgh���yZ~BnBc � dk��z|yo�rmj�c|deyoz|{ � h�cAs�r�t+s�ce�
² � r�s�cA~|h�y#�s�y � ~d � t}h � dR�cPd��Z{1yor�fKh¢s�cA² � cAt}haz|cAtkt � �oc�yofjml
y�f-decXr�f � dR�cAdk�Z{-yormfKh§{s�y�dgcA~ � s�co�q¶�� � h§r�tgnoj�y�p¢cAs§deyoz|z � �
fr�d � h�rmyof � f-~�t}lKf-dR�s�yofrm± � hkrmy�f�y��ocgs��c � ~�r�t�s�cA² � r�s�cP~B���¬�
p�r�s�cAj�cAtkt¢deyoz|z � f�rmd � hkrmyof¤j�rmf��ZtX�-cgh}pXcgcgf¤z|yo��r�jmc�dgy�z¤{ � h��
cgskt � s�c+deyof�fcAdRhkcA~ � f�~87PyosX~�r�t�dgy�f�fcAdeh�cP~�~ � s�r�f�� � dR��cAd��i�
{-yormfZh�{s�yZdgcA~ � s�c|~ � c�hky�z|yo�rmj�r�h�lon�hk�cgs�c|z � lce �r�t`h�jmyot}h
� f-~87Pyos:yos�{� � f|z|cPt�t � �ocAt¡p��r�dR� � s�c�f�y�ha~�cgh�cPdRhkcA~�r�fªhk�r�t
{s�y�hkyZdeyoj@���«f�� � h � s�cxp�yos��1n1p�cª~�cPt}rm��f � f�ce Zhkcgf�~cA~�{�s�y��
h�y�deyojahky � de�rmcg�ocMdeyof-t}r�t`hx�ojmyo� � jXde�cAdk�K{1yormfKhkt#cA�icgf´p�r�hk�
t � d���z|cAt�t � ��cPtg�
¹ º:9�ºOYºOV+^�ºOÀ
;=<?>A@CBEDGF H IKJMLON PQNRDGF H STDVUOW XGY"Z[J:S6N=J$\�]1^`_aZ"Yb^`cedfZbg H hKFiDGWfj

_"BeXGZb_,kl]1g?Zbg?YbUm^`Fe^=FEn�o1p`XVcEDGpMh�Z�D(Zbg,_qXVrR]1^`_aZ"Yb^`cedfZbg H h�If_aj
Z"g,Um_[J sutq@qPwv8Y�DGFE_,NxXVFy@CXVUmWedeZ"g?Yzh�If_aZbg,Um_,J|{6XVp�N~}fJ
� XeNT<VJfWeWTNE��}��f�V���a<[�V���V��N

; ��>A@CXGYb_bXVF�JmPQN h N|DGF H �6WeBfYbg,Um^ H g,_,JOt�N=JQ\at�]|^=_"ZaYb^`cedfZbg H
� XVdeZb^=Fen�t�p=nVXGYb^=ZbBeU�r�XGYQP�XVce^`p=g0��^�Ybg,p`g,_"_ � g?Z � XGYb�K_,J s
t�@qPw�VXVdeYbFEDGp|XGr$��^�Ybg,p`g,_"_ � g?Z � XGYb�K_,J�{6XVp�N1<VJ � XeN|<VJ
WeW�Ni�f<��K�f<m�a<[�V���V��N

; }(>m�:p`FeXV�[DGBKI�J|�~N � N1DGF Hy� � DVg,Feg,WEXKg,p�J|��N`J�\"� FyZ"BEgQ¡1_"g
DGF H ¢�UmWep`g,UOg,FKZ�D(Zb^`XVF£XGrmP�g,_"_bDGnVg0STXVnVnV^=FEneJ s�¤RYbXK¥VN~XGr
Z"BEgA¦ DGdep=Zaj�vMXVp=g?Y�DGF�Z§@CXVUmWedeZ"^`Fen�h�IfUmW XV_"^`deU¨JTWEW�N8�G�V�(�
}V©��f�a<[�V�Gª���N

; ªG>A� FEXeJ|P0NqDGF H « ^`n�DG�K^�J1«$N`J¨\"@CBEg,¥��KWEXV^`FKZ¨¤:YbXGZbX�¥,XVp|r�XGY
P¨XVce^`p`g�t H j¬BeXK¥ � g?Z � XGYb��_[J s2¢�¤Chf��hf¢aouP�xS6JV{lXVp�N��G©V©V}fJ
� XeNi�V}fJfWEW�Ni�f<��K�V�¨�¬�G©V©V}���N
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