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S�TVUXW)Y[Z]\_^a`XbcYXd>eDf�Y�gabchibjgcUXW)YXb
kmlcnpoqYXgarDntsvuvwinCl

^�dtxVxGn>lcg�wiY	ljYMyLTiYXlzyLTiY|{�}>~t�t��\��]y gcn>�VlcY�ZM�t�>��\�}>�)x9dp�tYMb

�����X�����V�t�t�J� svnDyL��bchi{VyLTVlcn>{iuv�Xdtgjuvn>{�dpsv�tnCljuvgcT9W)b�YX{9bceVlcY�gzTVdpg[xVTChibju�y�dts�svh�wiu�bcxGYXlzbjYMw�xVlcniy YXbzbcn>lzb
T9d��tY�d)y nCW[W�nC{��D{in���svYXwi�>Y�nt�;gju�W)Yt�QS�Tiu�b�ljYMx9nCljg�xVlcn>xGn>bcYXb d�bzeVlc�tY�h[nt��bjnt�¡g¢� d>ljY��£dteisvgq¤¥gjn>s�YMlcd>{Cg
y�s�niyL�1bjhi{VyLT9ljnC{iu��Mdpgcu�nC{¦dpsv�tn>lcuvgcTVW[bX§ wiYXgjYMlcW)u�{iuvbcgju�yp¨©x9ljnC�Vdt�iuvsvuvbcgju�y	dt{9wPbjgzdpgcuvbcgju�y�dts�ª«u�{CgjYXlz{Vdts�dt{9w
Y�figjYXlz{Vdts;ªidt{Vw%lcYXbcuvs�uvYX{CgQ�£lcn>W¬y�lzdtbzT[gjn��hC�Mdt{Cgju�{iY��£dtu�s�eVlcYXbX�®�]e9lmbzeVlj�>Y�h)uvb��VdtbcYXw*n>{%d�y�svd>bcbcu�¯Gy�dp¤
gcu�nC{1np�®y svnDyL��bjhi{VyLT9ljnC{iu��Mdpgcu�nC{�dpsv�tnCljuvgcT9W)b-°?dtyXy n>lzwiu�{i�[gjn%gzTiY�u�l�u�{>gcYXlz{Vdps�bjgzlceVy�gceVlcY	dt{9w�gcn%gcTVlcY�Y
nCljgzTint�>n>{Vdtsidt{Vw)u�{VwiYXxGYX{9wiYX{Cg��9dtbcuvy��VeVu�s�wiu�{i���isvniyL�Cb�� Y�TVd��>Y�uvwiYM{Cgju�¯9YXwG±L¨Cd>{Vw[n>{[d�xGYXlj�¡n>lzW[dt{Vy�Y
YX��dps�eVdpgcu�nC{²nt�adpsv�tn>lcuvgcTVW[b	y�n>{VbcgclzeVy gcYXw²�£lcn>W�gcTiYMbjY��9eiu�s�wiu�{i�²�Vs�niyL�Db��AS�TiY�xGYXlj�¡n>lzW[dt{Vy�Y%Y���dps�eD¤
dtgjuvn>{Fuvb�d>yLTiu�YX�tYMwPgcT9ljnCei�>TFgcTiY%bcuvW�eisvdtgjuvn>{Fnp� dAxVd>{iY�s�nt�m�£dteVs�gj¤?gcntsvYXlzdt{Cg]y�s�niyL�¦bchi{VyLTVlcn>{iuv�Xdtgjuvn>{
dts��>n>lcu�gzTVW[b´³ µ;µ��t�D¨irDS��C¶C¨tkQ��>~D¨C·�¸«�t��¹¥�®S�TiYadpsv�tnCljuvgcTVW[b��GYXTVd��Duvn>l�u�bQdt{Vdts�hD�XYXw�uv{)gcTVY�xVlcYXbcYX{Vy�Y
nt����d>ljuvn>e9b��>u�{VwVb�np���£dpuvs�eVljYMb%°ºyXlcd>bcT©¨;n>W)u�bcbcuvn>{«¨�gju�W)uv{i�G¨�xGYXlj�¡n>lzW[dt{Vy�Yt¨��hC�Mdt{Cgju�{iY�±0¨��9n>gcT��aTiYM{
gzTiY[{Ce9W��GYXl]dt{VwFg¢hDxGY)np�®�£dpuvs�eVljYMb�lcYXbzxGYXy g]gcTVY��£d>eis�g-dtbzbzeVW[xigjuvn>{Vb]W[dtwiY)�Ch¦gcTiY[dpsv�tnCljuvgcTVW»dt{9w
�aTVYX{��£d>eis�g[dtbzbzeVW[xigjuvn>{Vb)dtlcY�Y�fVy Y�YMwiYXw©���]eVl)bzeVlj�>Y�h¼��u�svs�TiY�s�x�gzTiY1wVYXbcu��C{iYXl�uv{´yLTinDn>bcuv{V�PgcTiY
W)nCbjgQd>xVxVlcn>xVlcuvdtgjY�bjgzlce9y gce9ljY�nt�½dts��>n>lcu�gzTVW|dt{9w�gzTiY��GYXbcgQ�VeiuvsvwVuv{i���is�niyL�Db®bzeiu�gcYXw[gcn	TiuvbL¾�TVYXl®TVd>lcwD¤
��dtlcY�d>lcyLTiuvgjYMy gzeVljY>¨9�£dtu�s�eVlcY)W)niwiYXsº¨©¿DeVdts�uvg¢hAnp�mbchD{9yLTVljnC{iuv��YXwFy svnDyL�Db�dt{Vw²W�YMbcbzdp�>Y�y nCbjg]u�{VwVeVy�YXw«�
ÀFn>lcY�n��tYMl�¨Gn>eVl-y�svd>bcbcuÁ¯Ây�dpgcu�nC{PeVbcYXb-d1eV{iu��¡n>lzWÃ{intgzdpgcu�nC{¦gcTVdtg�dpsvs�n��ab�gjn¦y nCW[xVdtlcY�Y�fDu�bcgju�{i�1y�s�niyL�
bchi{VyLTVlcn>{iuv�Xdtgjuvn>{1dpsv�tnCljuvgcTVW[b���uvgcTPlcYXbzxGYXy g�gjn*gzTiY�u�l��£d>eis�g�W�niwiYXsº¨ÂgcTVY��VeiuvsvwVuv{i�1�isvnDyL�Db�gzTiY�hAeVbcYt¨
gzTiY	xVlcn>xGYXlcgjuvYXb gcTVY�h�YM{VbzeVljY�d>{Vw�gzTiY�u�lay�n>bcg u�{1gjYMlcW[b�np�®W)YXbzbcdt�tY]Y fVyLTVd>{i�tYMb��
ÄAÅCÆ½ÇzÈ�É ��Ê��t�� svnDyL��bjhi{VyLT9ljnC{iu��Mdpgcu�nC{«¨9bcuvW�eisvdtgjuvn>{«¨Âx9YMlq�¡nClcW[d>{Vy Y�YX��dtsve9dpgjuvn>{©¨Gwiu�bjgzlju��VeigcYXwPbchibq¤
gcYXW[bX¨9ljYMdps�¤?gcuvW)Y-bjhibcgjYMW)b
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�� ���� � � µ;YMb]dts��>n>lcu�gzTVW)YXb�wiY)bchi{VyLTVlcn>{iu�bzdpgjuvn>{¦w�� TinCljsvnt�>YXb�n��«ljYM{>g-eV{iY[{in>gjuvn>{Fy�n>W[W�e9{iY)w9e
gcYXW[xVb��5wiYMb�x9ljniy YMbcbcYXe9lcb*{�� d�hCdt{Cg�xVd>b�d>y�y UMb��´eV{iY²TVn>lcs�n>�tYP�>s�nC�VdpsvYFxVd>ljgzdp�t`XYt� � Y¼lcd>xVxGn>lcg
x9ljnCx9nCbjY�eV{�`�gcdtgQwiY�s�� dtlcg®wiYXb®dts��>n>lcu�gzTVW)YXb�wiY�bchD{9yLTVljnC{iu�bcdtgjuvn>{	w�� TinCljsvnt�>YXb�uvW[xis�dt{Cgj`Mb®xVdtl�svnt�>uvy�u�YXsº¨
¿De�� uvsvb�bcntuvYX{Cg wV`�gjYMlcW)u�{iu�bjgcYXbX¨VxVljnC�Vdt�Vu�svuvbcgjYMbmnCe�bcgcdtgju�bjgcuv¿DeiYMb�¨V¿De�� u�s�b�dtbzbce9ljYM{>g eV{iY�bchD{9yLTVljnC{iu�bcdtgjuvn>{
u�{CgjYMlc{iY¦nCe7Y figjYMlc{VYt¨�Y�g�¿De�� uvsvb*bcntuvYX{Cg*lc`Xbcu�svuvYX{Cgcb*d>eDfEwV` �£dpuvsvsvd>{Vy YMb*xVdtl�dtlzl��Xg�¨�xVdtl*n>W)uvbzbcu�nC{5nCe
�hD�Xd>{Cgju�{iYXbX� � Y�g[`�gzdpg[wiY�s�� dtlcg)lcYXxGn>bcY�bzeVl[eV{iYAy s�dtbzbju�¯GyXdpgjuvn>{5wiY1y�YXb[dpsv�tnCljuvgcT9W�YMb�YXg)bzeVl[eV{iY
`X��dps�eVdpgcu�nC{¼wVY*s�YMeVl�xGYXlj�¡n>lzW[dt{Vy�Y%Y��½YXy�gcei`XY��PxVd>ljgcuvl	wVY�y YXgjgjY�y s�dtbzbju�¯Gy�dtgjuvn>{«� � Y�gcgjY�`���dps�eVdpgcu�nC{
wVY�xGYXlj�¡n>lzW)d>{Vy Y�YXbcgmn>�VgjYX{DeiY�xVdtl�bju�W�eis�dpgcu�nC{*w�� eV{iY]bj`Xs�YMy gjuvn>{�w�� dts��>n>lcu�gzTVW)YXbQwVY�bchD{9yLTVljnC{iu�bcdtgjuvn>{
w�� TinCljsvnt�>YXb�³ µ;µ��t�i¨«rDS��C¶C¨GkQ��>~D¨«·�¸½�t��¹?��µ;Y�y n>W[xGn>lcgjYMW�YM{CgawiY�y YMb�dts��>n>lcu�gzTVW)YXb�YXbcg�d>{Vdpsvhibj`�YM{
x9lj`MbjYM{Vy Y)wiY%wiu��½`XlcYX{Cgzb�g¢hixGYXb-wiY)�£dteVgjYXb)°?dtlzl��Xg�¨«n>W)u�bcbcuvn>{«¨«xGYXlj�¡n>lzW)d>{Vy Y>¨½ hD�Mdt{Cgju�{iYXbL±0¨���s�d*�¡n>uvb
svn>lzbz¿CeVY�svY�{in>W��VljY�YXg�svY�g¢hix9YawiYMb��£dteigcYXb��>`X{i`Mlj`XYXb�s�nClcb�wiY�s�� `���dps�eVdpgcu�nC{�lcYXbzxGYXy gcYX{Cg�s�YMb®TChDxGntgzTiUXbcYXb
�£dtu�gcYXb�xVd>lmsvYXb dpsv�tnCljuvgcTVW)YMbmYXg�`X�>dpsvYXW)YM{>g�s�nClcbz¿DeiY�y�YXb�TChDxGntgzTiUXbcYXb bcn>{Cgm�Duvntsv`�YXbX� � Y�g�`�gzdpg�wVY�s�� d>ljg
YMbjg�wiYXbcgju�{i`��a�>eiu�wiYXl;s�Y y nC{Vy YMxigjYMeVl©w�� eV{	dts��>n>lcu�gzTVW)YmwiYmbchi{VyLTVlcn>{iu�bcdtgjuvn>{-w�� Tin>lcsvnt�tYMb«wVdt{9b©svY�yLTin>uÁf
wVY s�d�gjYXyLT9{iuv¿DeiY s�d]W)uvYXeDf�d>wVdtxVgj`�Y��-bjnC{�d>lcyLTiuvgjYMy gzeVljY W[dpgj`MljuvY�svsvYt¨�svY�W)niwiUXs�Y�wiY�wi` �£dtu�svs�dt{Vy�YXb��Duvbc`t¨
s�d*¿DeVdts�uvgj`�wVY�s�d*bjhi{VyLT9ljnC{iuvbzdpgcu�nC{�nC�igjYM{DeiY�dpu�{Vbcu�¿DeiY	svY�y�n! ig�lj`Mbceisvgcd>{CgaYX{¦gcYXlzW)Y�wiY�{inCW��VlcY�wiY
W)YMbcbzdp�>YXb `XyLTVd>{i�t`Mb��
"|É �M� Ç �$# � � rChi{VyLTVlcn>{Vuvbzdpgcu�nC{1w�� TinCljsvnt�>YXbX¨Âbcu�W�eis�dpgcu�nC{«¨½`���dps�eVdpgcu�nC{PwiY[x9YMlq�¡nClcW[d>{Vy Y>¨½bchibjgcUXW)YXb
wVuvbcgclcuv�9ei`XbX¨VbjhibcgjUMW�YMb�gjYMW)x9bq¤¢lj`XY�s
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7 wVuvbcgclcuv�9eigjYMw1bchibjgcYXWÝy�n>{Vbcu�bjgzb�np�®d)bcY�g�nt��xVlcniy YMbcbcn>lzbmgzTVdpgay�n>W[W�e9{iuvyXdpgcY]gzTVlcn>ei�CT�W)YXbzbzdp�tY]Y fD¤
yLT9dt{i�>YXb�d>{Vw�win�{in>g�TVd��>Y�dtyXy YMbcb�gjn�dP�tsvn>�9dps�y svnDyL�Â�98�nC{iY�gzTiY�svYXbzb�¨Qd>{�u�{Vy�lcYXd>bju�{i�F{DeVW��9YMl�nt�
wVuvbcgclcuv�9eigjYMw¦dtxVxisvu�y�dpgcu�nC{VbX¨GbzeVyLTAdtb�x9ljniy YMbcb�y�n>{Cgclcnts�dtxVxisvu�y�dpgcu�nC{VbX¨Vgclzdt{Vbzdty�gjuvn>{AxVlcniy YXbzbcuv{i�%d>xVxisvuÁ¤
yXdpgcu�nC{Vb�¨Gn>l�y n>W[W�eV{iu�y�dpgcu�nC{¦xVlcntgjniy�nts�b�¨ÂljYM¿CeVuvlcY	gcT9dpg�bchi{VyLTVlcn>{iuv��YMwAy svnDyL�Db��9Y)d���dtu�s�dt�Vs�Y�gcn�TVd��>Y
d>xVxVlcn�fiuvW[dpgcY�svh%gcTiY	bzdtW)Y-�Du�YX�Jnt��gcuvW)Yt�QS�u�W)Y�uv{1gzTiuvb�y n>{CgcY fig�W�YMdt{Vb�YXu�gzTiYXl�dt{1dtxVxVlcn�fiuvW[dtgjuvn>{
nt� lcYXdts�gcuvW)Y[n>l-bcuvW[xisvhFd>{Fu�{CgjY��>YXlj¤?��dtsveiYMwFy�n>eV{CgjYMl��)S�TiY%dpsv�tnCljuvgcTVW[b]YX{9bceVlcu�{i��gzTVdpg�xVTChibcuvyXdpsvs�h
wVuvbzx9YMlcbcYXw�x9ljniy YMbcbcn>lzb[TVd��tY²d�y n>W[W)n>{��D{in���svYXwV�tY¦np��gcuvW)Y²d>ljYPyXdpsvs�YMw:���;�<��%=3
(����)*�+����#,$��������
��� 01���
�2��)*	430�

>]YXbcu��C{iu�{i�*y svniyL��bchD{9yLTVljnC{iuv�Xdpgcu�nC{�dts��>n>lcu�gzTVW[b�xVlcYXbcYX{Cgcbad%{DeVW��9YMl�np�Qwiu#?*y�eisvgjuvYXbX�A@�u�lzbjgX¨GwVeiY
gcn%��dtlcuvdtgjuvn>{Vb�nt��gzlcd>{VbzW�u�bzbjuvn>{1wiY�s�d�hib�YXd>yLT�x9ljniy YMbcb�y�dt{9{intgaTVd��>Y�dt{1uv{9bjgzdt{Cgcd>{iY�nCeVb��tsvn>�9dps«�Du�YX�
nt�GYX�tYXlch	lcYXW)ntgcY�y�s�niyL����dtsveiY>�®rDYXy nC{Vw«¨pYX�tYM{�u��½dts�sVy�s�niyL�Db®y nCeis�w��GYabjgzdtlcgjYMw�dtg�gzTiYabzdtW)Y�ljYMdpsDgju�W)Yt¨
gzTiY�hA� n>eis�wP{in>g]lcYXW[dtuv{Pbchi{VyLTVlcn>{iuv��YMw¦�9YMy�d>eVbjY�np�mwVlcu��¡gju�{i��lzdpgcYXbX�/Bq{VwVY�YXw²y svniyL�Cb�lce9{Pdpg-d�lzdpgcY
gzTVdpg]y�d>{¦wiu��½YXl��£lcn>W ljYMdps�gju�W�Y)�Ch9C$DFEHG	bjYMy nC{VwVb�xGYXl]bcYXy nC{Vw¦dt{9w¦gcTDeVb]y�d>{¦wVlju��¡g-dtxVd>ljg��Ch1n>{iY
bcYXy�n>{Vw¼xGYXl	wVd�h>�'Bq{�dtwVwVu�gcu�nC{«¨;gzTiY�u�l	wVlcuÁ�¡g	lzdpgcY%y�dt{�yLTVd>{i�tY%wVeVY%gjn¦gjYMW[x9YMlcdtgceVlcY[��d>lju�dpgcu�nC{Vb-n>l
dt�tu�{i�9��S�TiY]wiu��½YXlcYX{9y Y-�9YXg¢��YXYX{%g¢� n�TVd>lcwV� d>ljYay�s�niyL�DbmyXdt{%gzTCe9b yLT9dt{i�>Y�dtb�gju�W)Y]xVd>bcbcYXbX�I@�u�{Vdts�svht¨
gzTiYAW�nCbjg)u�W)xGn>lcgcd>{Cg)wiu#?*y�eisvg¢h�u�b�gcn¼bzeVxVxGn>lcg��£dteisvg¢h�Y�svYXW)YX{CgcbX¨Q�aTiu�yLT5d>ljY1d²y�n>W[W)n>{��£dty g)u�{
wVuvbcgclcuv�9eigjYMw1bchibjgcYXW1�

� svniyL�1bchi{VyLTVlcn>{iuv�Xdtgjuvn>{Adpsv�tnCljuvgcT9W)b�y�d>{P�9Y[eVbcYXw¦gcn1bchi{VyLTVlcn>{iuv��Y�y svnDyL�Db���u�gzTFlcYXbzx9YMy g�gcn�d>{
Y�figjYXlz{Vdts®gju�W�Y*lcY �¡YMljYM{Vy Y%d>{VwG¾�nCl-gjn¦bchD{9yLTVljnC{iuv��Y%y svniyL�Cb�d>W)n>{i�1gcTiYMW[bjYXs��>YXbX�JBq{¼gcTiY[¯Glzbcg	y�dtbcYt¨
yXdpsvs�YMwK�+LM�N���
H����y svniyL�²bchi{VyLTVlcn>{iuv�Xdtgjuvn>{«¨�dPy�s�niyL�¼bjnCeVlcy�Y�bzTin��ab�lcYXdtsQgju�W)Y1d>{Vw�gcTiY1�tnCdps®�¡nCl�dts�s
y�s�niyL�Db uvbagjn%�9Y	d>b�y svn>bcY-gjn[gcTiu�b�gcuvW)Y	bcn>eVlzy Y-dtb�xGn>bzbju��isvYt� 7 y�y YMbcb�gcn%dt{�Y figjYMlc{Vdts«gju�W)Y	ljY��¡YXlcYX{Vy�Y
u�b�eVbzeVdpsvsvhPeVbjY��£eisQu�{FsvnDn>bcY�svhPy nCeVxisvYXw¼{iY�g¢� n>lz�Db�nCl-ljYMdps�¤?gcuvW)Y[bjhibcgjYXW[bX�4@Gn>l-u�{Vbcgcdt{9y Yt¨;gcTiY�8�S�k
x9ljn>gjniy n>sa³ ÀPuvs��VZL¹ uvb�eVbjYMw¼�¡n>l�Y�figjYXlz{Vdtsmbjhi{VyLT9ljnC{iu��Mdpgcu�nC{Pn>{�gzTiYJBq{CgjYMlc{VY�g��OBq{�gcTVY�bjYMy nC{Vw�y�dtbcYt¨
yXdpsvs�YMwP�2��N�Q�
����©y�s�niyL�)bjhi{VyLT9ljnC{iu��Mdpgcu�nC{«¨>lcYXdtsGgcuvW)Y�u�b�{intg d���dpuvsvd>�is�Ya�£ljnCW ��uvgcTVuv{�gcTiY-bjhibcgjYMW�¨Ddt{9w
gzTiY��>n>dts©uvb�gcTVYX{¦gcn�W)uv{VuvW)uv��Y�gzTiY�W[dpfDu�W�e9Wówiu �½YXlcYX{Vy�Y��GY�g¢� Y�YX{¦d>{Ch�g¢� n�y svniyL�Db�� 7 {Pu�{>gcYXlz{Vdps
y�s�niyL�¼bjhi{VyLT9ljnC{iu��Mdpgcu�nC{²dts��>n>lcu�gzTVW YM{Vdt�Vs�YMb�dPxVlcniy YMbcb�gcn²W)YXd>bce9ljY%gzTiY�wVe9lcdtgjuvn>{�np��wVuvbcgclcuv�9eigjYMw
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yLT9ljnC{iu��Mdpgcu�nC{*dpsv�tnCljuvgcTVW[b�win%{in>g�W[d>�pY�dt{Ch*dtbzbzeVW[xigjuvn>{Vb�nC{�W[dpfDu�W�e9WÝW)YXbzbcdt�tY-wiY�s�d�hib�����Tiuvs�Y
x9ljnC�Vdt�iuvsvuvbcgju�y-dpsv�tn>lcuvgcTVW[b�win*{in>gadtbzbce9W�Y	d>{ChCgzTiu�{i�*dt�Gn>eigawVY�s�d�h�wiu�bjgzlju��Veigcu�nC{Vb�¨Âbjgzdpgcuvbcgju�y�dts;dpsv�tnt¤
lcuvgcTVW[b	d>bcbzeVW)Y[gcTVdtg	gcTiY%Y�fVx9YMy gcdtgjuvn>{�dt{9w¼bcgcd>{VwVd>lcw¼wiY��Du�dpgcu�nC{Fnt� gzTiY�wiYXsvd�hFwVuvbcgclcuv�9eigjuvn>{Vb�dtlcY
�D{in��a{©�;kmlcn>�Vd>�iuvs�u�bjgcuvy�dts��>n>lcu�gzTVW[b��CeVdtlzdt{CgcY�Y�d-y�n>{Vbcgcd>{>g�W[d�fiu�W�eVW|wVY��Duvdtgjuvn>{)�9YXg¢��YXYX{)bjhi{VyLT9ljnt¤
{Vu��XYXwAy svniyL�CbX¨i�aTiuvs�Y�bjgzdpgju�bcgju�y�dps©dts��>n>lcu�gzTVW[b�win*{in>g�� Bq{¦xVlcn>�9dt�iuvs�u�bcgju�y]dts��>n>lcu�gzTVW[b�¨Vd%y�s�niyL�*�D{in��ab
dtgadt{Ch�gcuvW)Y	u��®u�g�uvb�bjhi{VyLTVlcn>{Vu��XYXw�n>la{in>ga��uvgcTAgcTVY	ntgzTiYXlzb�¨G�VeigagzTiYXlcY�uvb�d%{in>{i¤?�XYXlcn[x9ljnC�Vdt�iuvsvu�g¢h
gzTVdpg-d�y�s�niyL�A��uvs�s��>Y�g�nCeig]np��bchi{VyLTVlcn>{iuv�Xdtgjuvn>{A�aTiYM{PgjnDnAW[dt{Ch¦eV{VW[dtbz�pYMwPy nCW)W�eV{iu�y�dtgjuvn>{A�£dtuÁ¤
s�eVlcYXb�niy�yXeVlX� Bq{¦bjgzdpgcuvbcgju�y�dts©dpsv�tn>lcuvgcTVW[bX¨Vy svnDyL�DbawVn[{Vntg��D{in�� Tin��J�£d>l�dtxVd>ljg�gzTiY�hAdtlcY]�£ljnCWÝYXd>yLT
n>gcTiYMlcbX¨D�Veig�d�bcgcdtgju�bjgcuvyXdps«dtlc�>eVW)YM{>gmuvb�W[dtwiY]gcT9dpg�dpg�dt{Ch[gju�W�Y>¨Vdt{Ch[g¢��n)y svniyL�Cb dtlcY���uvgcTVuv{1bjnCW)Y
y�n>{Vbcgcd>{Cg W[d�fiu�W�eVW wiY��Du�dpgjuvn>{���u�gzTAd�y�YXlcgcdpu�{�x9ljnC�Vdt�iuvsvu�g¢h>�I8�ntgcY]gzTVdpg�� Y�dtlcY]{in>g�y n>{9y YXlz{iYMw*u�{
gzTiu�bmxVd>x9YMlQ��uvgcT*dts��>n>lcu�gzTVW[b®dpu�W�YMw%dpg W)dtuv{Cgzdpu�{iuv{V��s�n>�tu�y�dpsGy svnDyL�Db®gzTVdpg ljY��9YXy�gQxVlcn>xGYXlcgjuvYXbQnC{[gcTiY
Y�fiYXy�eVgjuvn>{1np�®wiu�bjgzlju��VeigcYXwAdtxVxVs�u�y�dtgjuvn>{VbX¨Vbce9yLT1d>bay�d>eVbzdps©lcY�s�dpgjuvn>{9bcTiu�xVb�³ µ�d>W%¶p�M¹?� Bq{AdtwVwiuvgjuvn>{©¨V��Y
wVn[{Vntg�wiY�gzdpuvs©u�bcbzeiYXb�bzx9YMy u�¯Gy-gjn%y�s�niyL�*bchi{VyLTVlcn>{iuv�Xdtgjuvn>{%u�{1svd>lj�>Y]bzy�dts�Y-wiu�bjgzlju��VeigcYXwAbjhibcgjYMW)b-°ºYt� �9�
³ÛrC^��D¶C¨ ] � ^��D¶X¹£±0�

� svniyL�*bjhi{VyLT9ljnC{iu��Mdpgcu�nC{*TVdtb��GY�YM{1Y figjYM{Vbjuv�tYXs�h*bcgce9wiu�YMw��¡n>l gcTiY�s�dtbcg�g¢��YM{Cg¢h*htYMdtlzb���S�Tin>lcn>eV�>T
bzeVlc�tYXhDb�y�dt{¦�GY	�¡nCeV{Vw¦u�{�³ÛrDyLTV�t�V¨G^]rD�����¹®dt{Vw�³Ûr	��µ�����¹¥� Bq{�³ ^]rC��
��¹¥¨½bjnt�¡g¢� d>ljY	d>{Vw¦TVdtlzwi��dtlcY
y�s�niyL�Pbchi{VyLTVlcn>{iuv�Xdtgjuvn>{²dpsv�tn>lcuvgcTVW[b-dtlcY%y s�dtbzbju�¯9YXw²��uvgcT�lcY��>d>lcwFgjn¦gzTiY*y svniyL�Py nClclcYXy�gjuvn>{FbzyLTiYMW�Y
e9bjYMw«�"Bq{%y n>{Cgzlcd>bjgX¨tgcTVY�dpsv�tnCljuvgcT9W)bmbceVlc�tYXhtYMw�u�{P³Ûr	��µ�����¹«dtlcY�s�u�bjgcYXw*d>y�y�n>lzwiuv{V��gjn	gzTiY�bzeVxVxGn>lcgjYMw
�£d>eisvgcb�dt{9w�gzTiY�bjhibcgjYXW bjhi{VyLTVlcn>{ChA°º�D{in���svYXwV�tY�nt��eVx9x9YMl��9nCeV{VwVb�nC{�y�n>W[W�eV{VuvyXdpgjuvn>{�svdtgjYM{Vy uvYXbL±0�
riyLTV{iY�u�wiYMl � b	� n>lz�5³ÛrDyLTV�>��¹ �>u��>YXb	dFbju�{i�tsvY�eV{VuÁ�¡hDu�{i�²xVd>lcd>wiuv�>W d>{Vw�y�n>lzljYMy gc{VYXbzb�xVljnDnt��gzTVdpg)y�d>{
�GY-eVbjYMw%gjn)eV{VwiYMlcbcgcd>{Vw*W)n>bcgjsvh%dpsvsÂwVY�gjYMlcW)u�{iu�bjgcuvy]y svniyL��bchi{VyLTVlcn>{iuv�Xdtgjuvn>{%dpsv�tnCljuvgcT9W)b�bce9xVx9nCljgcuv{V�
�hD�Xd>{Cgju�{iY]�£dpuvsveVlcYXbX�

�]eVl � n>lz��Y�figjYX{9wVb gcTiYMbjY-bce9lj�>Y�hib��Ch*xVlcn>xGn>bcu�{i��d�gcd�finC{in>W�h)d>wVdtxigcYXw�gjn[dpsvs½x9eV�isvuvbzTiYXw�bjnt�¡gq¤
��dtlcY	y svniyL��bchi{VyLTVlcn>{iuv�Xdtgjuvn>{Adpsv�tnCljuvgcT9W)bX§�wiY�gcYXlzW�u�{iu�bjgcuvyt¨«xVljnC�Vdt�Vu�svuvbcgju�y	d>{VwPbcgcdpgcuvbcgju�y�dtsº¨Âu�{>gcYXlz{Vdps
d>{Vw1Y figjYMlc{9dps?¨Vdt{VwAlcYXbcu�svu�YM{Cg��£ljnCW y�lzdtbzT�gjn%�hD�Xdt{Cgcuv{iY]�£dtu�s�eVlcYXbX� �]eVl�gzd�fin>{inCW	h%u�baW)n>lcY	xVlcYXy u�bcY
gzTVdt{1Y�fDu�bcgju�{i�*y s�dtbzbju�¯GyXdpgjuvn>{9b�u�{1gcTiY�bjYM{VbjY-gzTVdpg�dts��>n>lcu�gzTVW[b�dtlcY	y s�dtbzbju�¯9YXw1dtyXy nClcwiu�{i�)gjn*d[s�dtlc�tYMl
bcY�g®nt�©xVdtlzdtW)Y�gcYXlzb�§�bjhibcgjYXW bjhi{VyLT9ljnC{>h>¨��£dpuvsve9ljYaW)niwiY�s?¨DbjgzlceVy�gceVlcY�np�½gcTVY�dpsv�tnCljuvgcTVW$dt{Vw)gcT9ljYXY��Vd�¤
bcu�y��VeVu�s�wiu�{i�)�Vs�niyL�Db ��Y-TVd��tY�uvwVYX{Cgju�¯9YXw©��S�TVY�¯Âlcbcg �9eiu�s�wiu�{i�[�is�niyL�Â¨iy�dts�svYXw�gcTiY��+��3
(����)*�+����#,$��������
�Q����^��TM���N����������¼�is�niyL�Â¨9dtuvW[badtgawiY�gcYXy gcuv{V�*gcTiY�uv{Vbcgcd>{Cgadpg��aTiu�yLTAxVljniy�YXbzbjnClcb�TVd��>Y]gcn*ljYMbjhi{VyLT9ljnt¤
{Vu��XY%gcTiYXuvl�y svnDyL�Â�1S�TiY*bjYMy nC{Vw¼n>{iY>¨�yXdpsvs�YMw²gzTiY.�+�Q	'���N� �Q�#�$� %9��3����2	'��������7�is�niyL�Â¨;YMbjgcuvW[dtgjYXb�gcTiY
��dtsveiYMb np��lcYXW)ntgcY]y�s�niyL�DbX��S�TVY�gzTiuvlzw�n>{iY>¨DyXdpsvs�YMw*gzTiYJ���#�$��% �����
� � �Q������P�isvniyL�G¨Du�b�wiYXbcuv�>{iYMw*gjn[y nClq¤
lcYXy�g�YXdtyLT�svnt�tu�y�dtsiy svnDyL��dty�y�n>lzwiu�{i��gcn�gcTiYalcYXbzeisvg�x9ljn��Du�wiYXw��>h�gcTiYalcYXW)n>gjY�y svnDyL�	YXbcgju�W)dtgjuvn>{)�isvnDyL�Â�
S�TVuvb�gcdpfDnC{in>W�h)W[d>�pYXb�x9nCbcbcu��is�Y�gcTiY]wiYXbcuv�>{%nt�;dt{Ch)y�s�niyL�[bchD{9yLTVljnC{iuv�Xdpgcu�nC{)uv{�gjYXlzW[bQnt�;gcTiY�gcTVlcY�Y
u�wiYM{>gcuÁ¯GYXw%�Veiuvs�wiuv{V���isvniyL�CbX¨t�aTVuvyLT%dts�svn��ab®gjn�y n>W[xVd>ljY�gzTiY��GYXTVd��Duvn>l®nt�©dpsvsGy svniyL��bchi{VyLTVlcn>{iuv�Xdtgjuvn>{
dts��>n>lcu�gzTVW[b]uv{¼d¦y nCW)W)nC{¦�£lzdtW)Y�� n>lz�Â�4Bq{�dtw9wiu�gcu�nC{«¨©� Y%eVbjY%gzTVlcn>ei�CTin>eig]gcTVY*xVdtxGYXl�dAeV{iu��¡n>lzW
{Vntgcdtgjuvn>{)gcT9dpg�dts�svn��ab�gcTVY�y nCW[xVdtlcuvbcn>{)�GY�g¢� Y�YX{%dts�sÂdpsv�tnCljuvgcTVW[b���uvgcT*lcYXbzxGYXy g®gcn	gcTVY�dtbzbzeVW[xigjuvn>{Vb

��If��Í÷



�����������
	���������������������������� ��!"�#�$��%'&�(����)*�+����#,$��������.-/� 01���
�2��)*	43 ~

gzTiY�h�W[d>�pYt¨�gzTiY1�9eiu�s�wiu�{i���is�niyL�Db�gcTiYXh�eVbjY>¨®gcTiYAxVlcn>xGYXlcgjuvYXb�gcTiYXh�YX{VbzeVlcYF°ºYt� �9��xVljYMy u�bjuvn>{Â±�dt{9w
gzTiY�u�l�y nCbjg�u�{1gjYXlzW[b�np�®{DeVW��GYXl�nt��W)YXbzbzdp�tYMb Y fVyLTVdt{V�tYXw©�

Bq{1dtwVwVu�gcu�nC{*gjn[gzTiY]y�svd>bcbcu�¯Gy�dtgjuvn>{%nt��y svniyL�[bjhi{VyLTVlcn>{Vu��Mdpgjuvn>{�dpsv�tn>lcuvgcTVW[bX¨>nCeVl�bceVlc�tYXh[uv{Vy�sve9wiYXb
d]xGYXlj�¡n>lzW)d>{Vy Y Y���dtsveVdtgjuvn>{�np�Âd]xVd>{iY�sDnp�½wiY�gcYXlzW)uv{iu�bcgju�y y�s�niyL��bchi{VyLTVlcn>{iuv�Xdtgjuvn>{	dts��>n>lcu�gzTVW[b�³ µ;µ��t�i¨
riS��C¶C¨½kQ��>~V¨;·�¸½�t��¹Qy�n>{VbcgclzeVy gcYXwP�£ljnCW gcTiY%�Veiuvs�wiuv{V�1�isvniyL�Db�u�wiYM{>gcuÁ¯GYXwPu�{²gcTiY)gcdpfDnC{in>W�ht�	S�TiY
xGYXlj�¡n>lzW[dt{Vy�Y�YX��dps�eVdpgcu�nC{Pu�b�dtyLTiuvY��>YXwPgzTVlcn>ei�CTFbcuvW�eisvdtgjuvn>{«�aB¢gcb-nC�DoqYXy�g-uvb-g¢� np�¡n>svw«�4B¢g�dpsvs�n��ab]gjn
y�n>W[xVd>ljY)gcTiY*dts��>n>lcu�gzTVW[b��c� 0�)*�����3�31°ºuº� Yt��W)dpfiuvW�eVW wiu �½YXlcYX{Vy�Y*�9YXg¢��YXYX{¼dt{ChPg¢� nAy�s�niyL�DbL±a��uvgcT
gzTiY�u�l)°£� n>lzbjgj¤¥yXdtbcY�±��>eVd>lcd>{>gcY�YMw¦xVljYMy u�bjuvn>{©¨½d>{Vw¼dpsvs�n��ab�gjnAy nCW)x9dtlcY�gcTVY[dts��>n>lcu�gzTVW[b��GYXT9d��Cuvn>l�u�{
gzTiY�xVlcYXbcYX{9y Yant�Â�£dtu�s�eVlcYXbX� 7 {%dt{Vdts�hibcuvbQnp�«gcTiY]dpsv�tnCljuvgcTVW[b®�GYXTVd��Duvn>l®u�bmxGYXlj�¡n>lzW)YXw[u�{[gcTiY]xVlcYXbcYX{Vy�Y
nt�]��d>ljuvn>eVb%�Cu�{VwVb%nt�-�£dpuvsveVlcYXbA°?y�lzdtbzT«¨�n>W)u�bcbcu�nC{«¨ gju�W�u�{i�G¨�xGYXlj�¡n>lzW[dt{Vy�Yt¨�dt{VwE�hD�Xd>{>gcuv{VY�±0¨��GntgzT
�aTVYX{�gcTiY�{DeVW��GYXl�d>{Vw�g¢hixGY-np�©�£dtu�s�eVlcYXb�ljYMbcxGYXy�g�gcTiY]�£dteVs�g�dtbzbzeVW[xigjuvn>{Vb�W[dtwVY-�Ch%gzTiY�dpsv�tn>lcuvgcTVW
d>{Vw��aTiYX{��£dteVs�gad>bcbzeVW[xigjuvn>{9b�dtlcY�Y�fiy�Y�YMwiYXw«�

�]eVl�bzeVlc�tY�h%bzTin>eVsvw1TiY�s�x�gcTiY�wiYMbjuv�>{iYMlmu�{1yLTinDn>bcuv{i��gcTiY�W)n>bcg�dtxVxVlcn>x9lju�dpgcY�bcgclzeVy gzeVljY]np��dpsv�tnt¤
lcuvgcTVW d>{VwPgzTiY%�9YMbjg-�VeiuvsvwVuv{i�A�isvniyL�Cb-bzeiuvgjYXwFgjnATiu�b0¾pTiYXl]TVdtlzwi��dtlcY�dtlzyLTiuvgjYMy gce9ljY>¨G�£dtu�s�eVlcY)W)niwiYXsº¨
¿DeVdts�uvg¢h�np��bchi{VyLTVlcn>{iuv��YMw�y svniyL�Db�d>{Vw5W)YXbzbzdp�tY1y nCbjg�uv{Vw9eVy YMw«�S@9nCl)uv{Vbcgcd>{Vy Y>¨Qn>e9l�xGYXlj�¡n>lzW[dt{Vy�Y
YX��dps�eVdpgcu�nC{�bcTVn��ab	gcT9dpg[xVljnCx9YMljgcu�YMb�nt��bcn>W)Y��VeVu�s�wiu�{i�¼�Vs�niyL�Db�dts�svn��ab�gcn²bzeVxVxGn>lcg)W)nCljY��£dpuvsveVlcYXb
gzTVdt{�Y fVxGYXy�gjYXw1��uvgcTAW)uv{Vn>l�xGYXlcgceVlz�Vdpgcu�nC{Vb�n>{�gcTVY	dpsv�tn>lcuvgcTVWÝ�GYXT9d��Cuvn>lX�

S�TiY)ljYMW[dpu�{VwiYXlanp�®gcTiu�b�x9dtxGYXlau�banClj�Cdt{iuv��YMw�d>b��¡n>s�svn��ab���rCYMy gcu�nC{P�[wiYXbzy�lcuv�GYXb�gcTiY)eV{VwiYMljsvhDuv{V�
bchibjgcYXW eVxGn>{7�aTiu�yLT�y svniyL�´bchi{VyLTVlcn>{iuv�Xdtgjuvn>{Edpsv�tn>lcuvgcTVW[b*d>ljYP�Vd>bjYMw«� 7 xVlcYXy�uvbcYFbcgcdpgcYXW)YX{Cg*nt�
gzTiY�x9ljnC�is�YMW gjn²�GY�bcntsv�tYMw�uvb��tuv�tYM{�uv{ErCYXy�gjuvn>{�}9��rCYMy gjuvn>{S[Fu�{>gzljniwVe9y YXb�n>eVl�y s�dtbzbju�¯GyXdpgjuvn>{�nt�
y�s�niyL�AbchD{9yLTVljnC{iuv�Xdpgcu�nC{¦dpsv�tnCljuvgcTVW[bX¨Âd>{VwPuvsvsveVbcgclzdpgcYXb]uvg�nC{Fd*s�dtlc�tY)bjYXg�nt��dpsv�tnCljuvgcT9W)bX�	rCYXy�gjuvn>{²~
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C ;EDGF-H,I%J K L = MON%= F	PRQTSVUW<&MOMGK Q(F-X YZY [�D�\
C ] F-F-KGH%^%J K _ = _ F	PRQTSVUW<&MOMGK Q(F-X YZY [�D�\
C FBYZH	`$J K _ L _ F	PRQTSVUW<&MOMGK Q(F-X a�b/c-d�e [�D�\
C <�<&H,H%J K _ L _ F	PRQTSVUW<&MOMGK F	PR[G; YZY D�\fS � �
g�hC <�Q(F-H,i
J�jk;ZFBQ(l K _ L _ F	PRQTSVUW<&MOMGK F	PR[G; YZY D�\fS �,m
C \G;EL�n�`
J K _ M ;ZN%= F	PRQTSVUW<&MOMGK Q(F-X LV;VL D�\fS � h
C =o_En�i%J K _ L _ F	PRQTSVUW<&MOMGK F	PR[G; YZY D�\fS �#p

m gh mrq �C XRs#H�n%J�j�Y&t$b/c#u�l K Y = ; DRF	PRQvSVQwDRFBY x-u,d�y�t$z�{-| y}t$~ LV;VL D�\fS � �%�C Q(F-H,i
J K _ L _ x-u,d�| b/c#u��}t$~ x-u,d�| b/c#u��}t$~ x�u%d�| b/c.u��}t$~ D�\fS � �%�C U&;Vn,i,�,J K _ L _ x-u,d�| b/c#u��}t$~ x-u,d�| b/c#u��}t$~ x�u%d�| b/c.u��}t$~ D�\fS � p �%g�h
C U&;Vn�`
J K _ L _ x-u,d�| b/c#u��}t$~ x-u,d�| b/c#u��}t$~ x�u%d�| b/c.u��}t$~ D�\fS � p �%g�hC <�Q(F-H,i
J�jk;ZMG[Gl K _ L _ x-u,d�| b/c#u��}t$~ x-u,d�| b/c#u��}t$~ x�u%d�| b/c.u��}t$~ D�\fS � m
C <�Q(F-H,i
J�jk;ZMGQ(l K _ L _ x-u,d�| b/c#u��}t$~ x-u,d�| b/c#u��}t$~ x�u%d�| b/c.u��}t$~ D�\fS �,m
C Q(MGH��$Joj�Q�Q(l K L L _ x-u,d�| b/c#u��}t$~ x-u,d�| b/c#u��}t$~ LV;VL D�\fS � hRh
C Q(MGH��$Joj��kQ(l K L L _ x-u,d�| b/c#u��}t$~ x-u,d�| b/c#u��}t$~ LV;VL D�\fS � � h
C MRF-n%^%J�j�YZY�l F L � ; F	PRQTSVLV�k[GX x-u,d�| b/c#u��}t$~ YZY x-u,d��$u�x-��| ~�t$y}t$~
C MRF-n%^%J�j�LV;VL�l = L � ; F	PRQTSVLV�k[GX x-u,d�| b/c#u��}t$~ LV;VL x-u,d��$u�x-��| ~�t$y}t$~
C D�yk�-n,^
J F L � L DRF	PRQvSZF-<�D�\ x-u,d�| b/c#u��}t$~ YZY D�\fS � � p
C ;Ey}|4H,n%J = Y � = DRF	PRQvSZF-<�D�\ x-u,d�| b/c#u��}t$~ LV;VL D�\fS � � p
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Algorithm [PB95] (SYNC - TT - AV)

Clock crash

Clock correction
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Algorithm [LL88] (SYNC - TT - AV)

Failure clock 2
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Algorithm [ST87] (MSG - TT - NAV)

Failure clock 2

Clocks 0,1,3,4,5,6,7
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Algorithm [ST87] (MSG - TT - NAV)

Failure clock 2

Clock correction
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Clock 1
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d>wVwiuvgjuvn>{«¨�dtb¼³ rDS��D¶X¹J���#�$��% � ���
�+����������:eQ�#�$� %JeVbcYXb1dS8 7 ] gcYXyLTV{Vuv¿DeiY>¨��aTiu�yLT�y nCW[xVeigjYMb�y�s�niyL�
y�n>lzljYMy gcu�nC{7uv{VwVYXxGYX{VwiYM{Cgjsvh�np��gzTiY²��dtsveiY¼np��lcYXW)n>gjY²y�s�niyL�EYXbcgju�W[dpgcYXbX¨�gcTVY²�hD�Xd>{>gcuv{VY²y svniyL�Euvb
lcY�u�{CgjYX�>lzdpgjYMw«�
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�¼Y�d>{VdpsvhD��Y®u�{�gcTVuvb�xVdtlzdp�Clcd>xVT�gcTiY�uv{ �ÂeiYX{Vy�Ymnt�9eV{iY fVxGYXy�gjYXw��£dpuvsveVlcYXb;n>{-gzTiY�dts��>n>lcu�gzTVW[b©�9YMTVd��Du�nCl��
^�YXbzeis�gzb�dtlcY-n>�igzdpu�{iYXw�gcTVlcn>eV�>T�gcTiY	bcuvW�eis�dpgjuvn>{�np��¯9�tY	lcn>e9{VwVb np��Y��>YXlch*dpsv�tn>lcuvgcTVW1�
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 # Å  ��ÅRQ � Å �p� Å ÊN��� É � Å �X� É �[�t���V����� �]eVl�¯Glzbjg Y fVxGY ¤
lcu�W�YM{Cg�y�n>{Vy�YXlz{Vb gcTiY��GYXTVd��Duvn>l np��y svniyL�%bjhi{VyLTVlcn>{Vu��Mdpgjuvn>{�dpsv�tn>lcuvgcTVW[b �aTiYX{1d[bju�{i�>s�Y�y svniyL�%y�lzdtbzT
niyXy�eVlzb��aTiuvs�Y�gcTiY1dpsv�tn>lcuvgcTVW uvb�wiYXbcu��C{iYXw�gcnP� n>lz�Pu�{�dPljYXs�u�dt�Vs�Y%YM{>�Du�ljnC{VW)YX{Cg%°£u?� Yt�v¨Qbju�W�eis�dpgcu�nC{
x9dtlzdtW)Y�gcYXl �¦u�b�YX¿DeVdts«gjnJDD±0� �¼Y�TVd��tY]n>�9bjYMlj�>YXw*gzTVdpgadts�s�dpsv�tn>lcuvgcTVW[b��9YMTVd��tY�y�n>lzljYMy gjsvht¨iu?� Yt�v¨VgcTiY
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�£dtu�s�eVlcY�±�TVd��>Y]�GY�YM{�xGYXlj�¡n>lzW)YXw«�®S�TiY-n>�Vgcdpu�{iYMw�lcYXbzeisvgcb�dtlcY-uvwiYM{Cgju�y�dps½gcn)gzTiY�n>{VYXb n>�igzdpu�{iYXw��aTiYM{
bcu�W�eis�dpgcuv{i�%yXlcd>bcT*�£dpuvsveVlcYXbX�
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gcnF�GYXTVd��>Y�y nClclcYXy�gjsvht¨;u?� Yt�v¨�gzTiY�gcu��CTCgc{iYMbcb�np�ay nClclcYXy�g	y svnDyL�Db�ljYMW)dtuv{9b�s�n�� YXl	gcTVd>{�gcTiY1dpsv�tn>lcuvgcTVW
x9ljYMy u�bjuvn>{ � ��S�Tiuvb	uvb	w9eiY%gjn¦gzTiY[�£dty�g	gcTVdtg�gcTiY[�£d>eisvg¢h²y svniyL�FwinDYMb�{intg	wiYXgjYMy g�bchi{VyLTVlcn>{iuv�Xdtgjuvn>{
YX�tYM{>gzb�dt{ChiW)n>lcYt¨Ddt{Vw1gcTDeVb�bcgjnCxVb�xVd>ljgcuvy�uvxVdtgju�{i�[gjn%gzTiY	y svniyL�%bjhi{VyLTVlcn>{Vu��Mdpgjuvn>{�dpsv�tnCljuvgcTVW1�

Bq{Ey nC{>gzlcd>bjgX¨�uv{Edpsv�tnCljuvgcTVW[b�eVbju�{i�¼gcTiYAÀ¼r9· �+��3�(�H� )F�+��^�#,$�������� �Q���Q�� TM���N���������� eQ�#�$� %«¨�dts�s
y�s�niyL�DbP°ºuv{9y s�eVwiu�{i�5gzTiYP�£d>eis�g¢h7nC{iY�±*y n>{Cgcuv{DeiYPgcn´wiYXgjYMy gA{iY��Ãlcn>eV{9wVb�� S�TiY²�GYXTVd��Duvn>l%nt��bce9yLT
dts��>n>lcu�gzTVW[b�gcTiYM{PwiYMx9YM{VwVbanC{AgcTiYXuvla���;�<��% �����
�+���Q�c�����eQ�#�$� %«� Bq{ 7 ] ���;�<��% �����
�+���Q�c����YeQ�#�$� %�3t¨½gcTiY
�hD�Xd>{Cgju�{iY¦y svnDyL�´y�d>{Ex9ljYX�tYX{Cg%y nClclcYXy�g%y svnDyL�Db)�£lcn>W ljYMW)dtuv{Vuv{i��bchi{VyLTVlcn>{iuv��YMw5u���u�g*u�b*eVbcYXw7�Ch
gzTiY�y�n>{C�tYMlj�>YX{Vy�Y)�£eV{Vy gcu�nC{«�.@Gn>l	u�{Vbcgcd>{Vy Y>¨�gzTiY � � 	 � y nC{C�tYXlc�tYM{Vy Y)�£eV{9y gjuvn>{5eVbjYMw�uv{5dpsv�tn>lcuvgcTVW
� ����� ���	�.H
� °ºbcY�Y�s�Y��¡g��>lzdtx9T�np��¯9�CeVljY1~>±-eVbcYXb�gcTVY���dps�eiY*nt�agcTiY� hD�Mdt{Cgju�{iY�y�s�niyL�´°ºy svniyL�²}
u�{�gzTiY*¯9�CeVlcY�±]gcnFy nCW)x9eigjY�gcTiY1dtw�ojeVbcgcW)YM{>g�gjYMlcW1ªmy�n>lzljYMy g	y svniyL�Db	gcTVYX{��GYXy�n>W)Y�y�n>lzlceVxVgjYXw��Ch

��If��Í÷



�����������
	���������������������������� ��!"�#�$��%'&�(����)*�+����#,$��������.-/� 01���
�2��)*	43 }9Z

-8e+10

-7e+10

-6e+10

-5e+10

-4e+10

-3e+10

-2e+10

-1e+10

0

1e+10

0 50 100 150 200 250 300

C
i(t

) 
- 

t (
m

ic
ro

-s
ec

on
ds

)

Real time (seconds)

Algorithm MsgRcrFTM (MSG - RCR - AV)

Failure clock 3
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Algorithm MsgRcrSW (MSG - RCR - AV)
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Algorithm [ST87] (MSG - Empty - NAV)

Failure clock 2

Clock correction
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lcYXW)n>gjY�y�s�niyL�1YXbcgju�W[dpgcYXb�gjn�y�n>W[xVeigcY)y�s�niyL�Adtw�ojeVbjgzW)YX{CgcbX¨©y nClclcYXy�g�y svniyL�Cb�ljYMW[dpu�{Pbjhi{VyLT9ljnC{iu��XYXw«�
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S�TVuvb�xVd>x9YMl���dtb�wiYX�tntgcYXw�gjn-d�bzeVlc�tY�h-nt�Gbjnt�¡g¢� d>ljY y svniyL�]bchi{VyLTVlcn>{iuv�Xdtgjuvn>{�dts��>n>lcu�gzTVW[b�� 7 ��u�wiY�xVd�¤
{VY�s9nt�½dts��>n>lcu�gzTVW[b�� d>bQy s�dtbzbcuÁ¯9YMw)gcTVd>{V�Db®gjn	d-gzd�fin>{inCW	h�gcdt�Cu�{i�-uv{Cgcn�dtyXy n>e9{>g�gzTiY�bchDbcgjYMW W)niwiYXsº¨
�£dtu�s�eVlcY]W)niwiYXsº¨ibcgclzeVy gzeVljY]np��gcTiY-dpsv�tnCljuvgcTVW d>{Vw*gzTVljYXY]�9dtbcuvy]�VeiuvsvwVuv{i�[�isvniyL�Cb � Y]T9d��tYau�wiYX{CgcuÁ¯9YMw«�
��TVu�svY*wiY�gcYXlzW)uv{iu�bcgju�yp¨�xVljnC�Vdt�Vu�svuvbcgju�y%dt{9w¼bcgcdtgju�bjgcuvyXdpsQy�s�niyL�Fbchi{VyLTVlcn>{iuv�Xdtgjuvn>{²dpsv�tn>lcuvgcTVW[b�eVbcY%gcTiY
bzdtW)Y	�VeVu�s�wiu�{i���isvniyL�Db	°ºbcY�Y�gcdt�Vs�Y*Z�±0¨ÂgcTiY�W)dtuv{Fwiu��½YXlcYX{9y Y��GY�g¢� Y�YM{AgcTiYMbjY	gzTVlcY�Y�y�svd>bcbcYXb�nt�mdpsv�tnt¤
lcuvgcTVW[b y n>{9y YXlz{Vb�gcTiYXuvl lcYXbzx9YMy gjuv�tY�n>�DoqYMy gcu��>YXbX�g>]Y�gcYXlzW�u�{iu�bjgcuvy]dpsv�tnCljuvgcT9W)b�dpu�W dpg��>eVd>lcd>{>gcY�YXuv{i�	d
� n>lzbcgq¤¢y�dtbcY�x9ljYMy u�bjuvn>{«��kmlcn>�Vd>�iuvs�u�bjgcuvy-dts��>n>lcu�gzTVW[b�gzdt�tY-d>wi��dt{Cgcdt�tY�np��gcTiY�y�e9lclcYX{Cg���nClc�Cu�{i�[y n>{9wiuÁ¤
gcu�nC{VbX¨��Ch¼uv{C�tnC�Cuv{i�PbzeVyXy YXbzbcu��>Y*ljnCeV{VwD¤¥gclcuvx¼Y�fiyLT9dt{i�>YXbX¨;gjn²ljYMdtyLT�d¦gjuv�>TCg*°?�Veig){intg	�CeVdtlzdt{CgcY�YXwÂ±
x9ljYMy u�bjuvn>{«�[rCgcdtgju�bjgcuvyXdpsQdpsv�tnCljuvgcT9W)b]bcgclcn>{i�>s�h¦lcY�svh¦n>{²gcTiYXuvl��D{in���svYXwi�>Y�nt� wiYXsvd�hPwiu�bcgclcuv�VeVgjuvn>{Vb]gjn
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