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 � � O�M;uY^Y]e`JK Mea�Z�sJhj^fsx^_X\Mr`Ja%aJ^f`t�fMLdf`�sJhj^lZ\^Y]e^fnpM¥uYM
�mhj^f`YZ8dl�_M¥uYM¥sx^Y]8HJM¥MLa�sx^Y]8HJM�����`Jb
¡¢^_`JhjaJb�Zi`taJMru��!¡¢MLatX\M�]e^fa�Z\hjM�n¨M?Xid&Z\Zjd��_`tMLX«uYMru��LaJbtuYM
X\Mehj�Wbp]eM(s=dfXjX[b¨¡mª��,M
sJhj^lZ\^Y]e^fnpM(uYM
hj^f`JZjdl�_M���`JM
nÀ¼ ^faNsJh\^_s=^�X[M�]ed_]8HJM(n¨M
]8HJMLKNbpa uYM�h\^_`YZjdf�fM�uYMLX�`YZjb¨npbcX\dlZ\Me`thjXDbpa_ZjMehjK��LuYbcdlbph\M?Xeª��¥M�sJnp`tXL¾lbpnJ`YZ\bpnpbpX\M
uYMLX
]8HtMeK b¨a=X'Mea ¡¢^_h\K M­uYM�]eh\^Y]8HJMeZ'M!ZPX\Mehjs=MLa�ZLª O�¼ M?XmZ\£��l£±uYbphjM���`7¼ `Ja `YZjb¨npbcX\dlZ\Me`th�b¨a�ZjMehjK��?uYbcdlbph\M sxMe`YZ
�L�_dfn¨MLKNMLa�Z��eZ\hjMPncd%uJMLX[Z\bpatd&Zjb¨^_aÊ¦ta=dlnpMNuYM?X'uY^fata��eM?Xeª�g«dfh�]e^fatX��	��`JMLa�ZL¾¿`Ja3`YZ\bpnpbpXjd&ZjMe`Jh�K�dlnpbp]eb¨ML`� 
��`Jb¿hjMmkmMeZ[ZjM�uYMLXruJ^faJa��LMLX"! dl`0n¨bpMe`ÄuYM'npMLX�hjM!ZjhjdfatX[K MeZ[Z\hjM$#ohjbpX%��`JM'uYM's=MLhjuJh\M'X\MLX�sJhj^fsJhjMLX�uY^_aJa��LMLXLª
& È �?� Æ �(' � ��� q)�LX\MLdl`� *�[uYM;sx^W]8HtM;MLa�sx^Y]8HJM��·¾Ju��eatb¤uJM�X\Mehj�Wbp]eM¥std_X\X\b¨¡m¾JXmZjb¨KP`JnpdlZ\bp^fa0uYM�npdN]!^W^fs+�!£
h8d&Zjb¨^_a7¾W©Jnp`YËD¾x]!hjVWsYZ\^_�fh8dlsJHJbpM
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g�^Y]8�fMeZDX\�
b�Z8]8HJMLu¯aJM!Zm�(^fhj�Wb¨at� !¢g�U���#�� |���� {��YbcXDd¥h\M?]!MLa_Zjn¨V�©Jhj^f`t�fH�Z `JsPaJM!Zm�(^fhj�Wb¨at�¥stdfhjd_uYb¨�_K dfb¨K M?u
dlZ'Meatdf©Jn¨bpaJ�ºaJMeZm��^_h\� X\Mehj�Wbp]eMLX¥¡¢^fh'K ^f©JbpnpMN`=X[MLhjX�ML�fMea3�
HJMLaÊZjHJMeV3dlhjMPaJ^fZ'b¨a hjMLdf]8H�^l¡(°Áa_ZjMehjaJM!Z
]e^faJatML]·Zjb¨�Wb¨ZmV¥bcX[ncdla=uJXeª,°Áa�g�U��¯¾LuJdlZjd
bcX,]Ldlhjh\bpMLu�b¨a'^_aJMf¼ X¤Zjh\^_`tX[MLh7sx^W]8�_M!Z?¾Lbpa�drX\K dfn¨nf�
b¨hjMenpMLXjX7uYML��bc]!M
M_ª �=ª
d­]!MLn¨np`Jncdlh¥stHJ^faJM_¾t^_hrg �r�¯¾=¡¢hj^fK5np^W]Ld&Zjb¨^_a%Zj^­np^W]Ld&Zjb¨^_a7¾JZjhjdfatXm¡¢MLh\M?u0Z\^�dfaJ^lZjHJMeh¥`tX[MLhL¾=�
HJbc]8H
ZjhjdfatX\s=^_h[Z8X�Z\HJM�uJdlZjd'ML�fMea­¡ dlh\Z\HJMLhL¾_`Ja�Z\bpnxb¨Z�hjMLd_]8HJMLX«Z\HJM;uYMLX[Z\bpatd&Zjb¨^_a7ª ��dlZjd�Z\h8dlatX[¡¢Meho¡¢h\^_K sx^Y]8�fM!Z
Zj^Psx^Y]8�fMeZ�]Ldla­�_MeaJMLhjdfn¨npV ©=M;s=MLh[¡¢^_h\K M?u­`tX\b¨at�P�
bph\MLn¨M?X\X�sJhj^lZj^W]e^fncXoM_ª �=ª��f~_�Jª¨�_�
^fh
½(n¨`tM!Z\^W^fZ\H­ZjHtd&Z
sth\^&�WbcuYM n¨^Y]edfno]!^_aJaJM?]·Z\bp�Wb�ZmV_ª��t^fh�M� JdlK sJnpMf¾�½�^_© ]edla3ZjhjdfatXm¡¢MLh­�LR uJdlZjd0Zj^Ê�rnpbp]eMf¼ X�g �¥� `tX\b¨aJ�
�_~_�Jª¨�_��bpaÊdfuºHt^W]�K ^YuYMNd&Z¥uYbcX\]e^t¾xdlatuÄ�¥n¨bc]!M¯]LdlaºZjhjdfatXm¡¢MLhrb¨Z¥Z\^���dE�Wbcu�! �rnpbp]eMf¼ X¥©x^&V­¡¢hjbpMeatuº�
HJ^
X[ZjdEV_MLuÄdlZ¥HJ^fK M¯Z\^fatb¨�_H_Z�#·¾¤�Wbpd�½�np`JMeZ\^W^lZjH7ª�G�HJbcX�sJh\^fZ\^Y]!^_n,K�dEV0©=MN`tX\MLuºb¨¡m¾¤¡¢^fh¥M� JdlK sJnpMf¾ ��dE�Wbcu
H=dfX(aJ^ °Áa�Z\MehjaJMeZ
]e^faJatML]·Zjb¨^_a0dlZ(Ht^fK Mf¾Y©xML]Ldl`tX\M�HJM�aJMe�_Meh�`tX\MLX�°Áa�Z\MLh\aJMeZrd&Z
HJ^fK M'dla=u�HJM�sJhjM!¡¢MLhjX
�_^fbpaJ�PZ\^­d ]!VW©xMeh8]ed&¡ ���
HJMLa0df©tX\^fnp`YZ\MLn¨V­atML]!M?X\XjdlhjV��Lª

G ��^0�fMLVÄ��^_hjutX;dfh\MP�fMLaJMeh8dlnpn¨V d_X\X\^Y]!bcd&ZjMLuÄ�
b¨Z\H3g�U����,uYMencdEVºZ\^_n¨MLhjdfat]!M! &¾,dfatu ^_sJs=^_h[Zj`JaJbcX[Kºª
g(U�� bcX
^faJnpV%X\`Jb¨Zjdf©Jn¨M�¡¢^_h¥uYMLnpdEV�Zj^fnpMeh8dla�ZrdlsJstn¨bc]edlZ\bp^fatXLª �;d&Zjd bcX�ZjhjdfatX[sx^fh\Z\M?u�bpaÄ`tX\Meh
sx^Y]8�fM!Z8X
bpa
`taJsJhjMLuYbc]·Z8dl©JnpMP��dEVYX¥dfatuÄZjHJM�uJd&Z8d­ZjhjdfatX[sx^fh\Z;]Ldla H=dE�fM¯�_MehjV"�¨³&¶$#%�¨¸��±¹e¶&��'t� b ª Mfª�`ta_Zjb¨n«d%K ^f©Jbpn¨M
`=X[MLh;K MLM!ZjX;ZjHJM�aJM� �Z'K ^f©tb¨npM `tX[MLhLª)(¥X\Meh'K ^f©tb¨npb�ZmVÊbpX�d0K¯`tX[Z�¡¢^fh'g�U���¾7HJ^&�(Me�_Meh;b�Z8X;Z\h8d&kmM?]·Z\^_h\V
]LdlaJat^lZ ©xM�dlnp�(dEVYX,]e^fa�Z\hj^fnpnpMLu¿ª,�(Z�©xMLX[ZL¾&`tX\MehDK ^f©Jbpn¨b¨ZmV�]edfa�©xM�sJhjMLuJbp]!Z\MLu�Z\^;X[^_KNM�M  WZ\MLa�ZL¾ldla=u'Z\HtbpX
bpaY¡¢^_h\K�d&Zjb¨^_aÄ]edlaº©xM�`tX\MLu0Zj^�X[MLn¨M?]·Zr©xM!Z\Z\Meh;��dEVWX(Zj^�h\M?df]8H0Z\HtM¯uYMLX[Z\bpatdlZ\bp^fa7ª(g�U�� bpXN³+*�*t³-,���	Y¶�.cµ��
bpaÄZjHtd&Z?¾xb¨Z�sJh\^f¦JZjXr¡¢h\^_K/�j³l¶��Á¸����¥³+*0*J³�,��1	Y¶2.3�1. ¹!µ¯ZjHtd&Z�dlhjbpX\M��
HJMLaJMe�_Meh¥K ^_©Jb¨npMPuJMe�Wbp]eMLX;]!^_KNM¯b¨a�Z\^
�
bphjMenpMLXjX�h8dlat�fM�uY`JM�Z\^�K ^_©Jb¨npb¨ZmV­^l¡DZ\HJMLb¨h
`=X[MLhjXLª

g�U�� bpX¯dºaJMe�®aJM!Zm�(^fhj�Wb¨at�%stdfhjd_uYbp�fKTdla=u�^_s=MLatX�d0hjbp]8H hjMLX\MLdlh8]8H�dfh\M?dJª °Áa3Z\HJbcX'stdfs=MLhL¾ ��M
M� YsJn¨^_h\M d¬aJMe� �_dfhjuJMea ^l¡'g�U�� h\M?X[M?dlh8]8H4�ÊuYMLaJbcdln¨£À^f¡Ð£±X\Mehj�Wbp]eMºdfatu X\Men¨¦=X[H ©xMeH=dE��bp^fh?ª � MÄZjMeatu
Zj^º©=MLn¨bpMe�_MPZjHtd&Z¯X\^fK MNs=^Y]8�_M!Z�X[�
b¨Zj]8Htb¨aJ�ºbpK sJn¨MLK Mea�ZjdlZ\bp^fatX��
bpn¨nid_]·Z�X\Men¨¦=X[Htn¨V_¾,bÀª M_ª X\bpn¨MLa_Zjn¨V�uYh\^_s
K M?X\Xjdl�_MLX !¢Me£ÀK�dfb¨ncXe¾�¦=n¨M?X%#�uJMLX[Z\bpaJMLu ¡¢^_h­^lZjHJMeh8XLª�G�HtMeV K dEV uY^ X\^ ¡¢^fh%]!^fa=X[MLh\�WbpaJ� MeaJMLh\�_Vf¾�^fh
K MLKN^_h\V�5
©t`YZ(dfnpX\^�©xML]edf`tX\M
Z\HJMLV�X[bpK sJn¨V HtdE�_M
aJ^�hjMLd_X[^_a Z\^�HJMLn¨s�^lZ\HtMeh8Xeª�RÄ^_X[ZobpK s=^_h[Z8dla�Z\npVf¾���M
M� Ys=M?]·Z¯K�dlnpbc]!bp^f`tX'©xMeH=dE��bp^fh�uJ`JM­Zj^t¾ ¡¢^fh�M� YdfK sJn¨M_¾tkmM?dlnp^f`tX\aJM?X\XLª � M­bpK�dl�fbpaJM�bpK sJn¨MLK Mea�ZjdlZ\bp^fatX
ZjHtd&ZrhjMesx^fh\Z��

6�7�8�9;:�<$=�>�?A@;BDC�E0=�EGF;?IH�>�J�>2FLK�>;CNMPO;Q�>RC�E0=�ESF0?
B�@0HS?�@!TU>$@�V�>R>$W�?�>NMYX$H�>R<�@�Z[?!Z�H�>\=�@\]�>$>�^_FL=
F!V`TU>LT&@0H$<�acbed;f�g�h�i�j�klM

½(VPX\MenpML]!Z\bpaJ�m�;QP¾fZ\HJM
`=X[MLho]edfa uJMeaWVPX\Mehj�Wbp]eM�Zj^�Z\HJM�X[MLatuYMeh�dlatuNhjML]!MLb¨�_Meh�¡¢^_hid'X[MLn�¦=X\H�hjMLdfX\^fa,ª
G�HtM;`=X[MLh(K�dEV�dfnpX\^N��at^&� Z\HJM'X\MeatuJMehrdla=u=§E^_h�hjML]eMebp�fMeh(bpaºd_uY�&dlat]eM;dfatu%HJM�K dEV­uJh\^_s�ZjHJM;¦tn¨M�©WV
kmM?dlnp^f`tX\aJM?X\X(^fh�¡¢M?dlhruYMLs=MLatuYbpaJ��^fa%Z\HtM�]!^fa�ZjM  WZLª

G�HJM�X\Men¨¦=X[H�h\^_`YZ\bpaJ��©xMeHtdE�Wbp^fh�HtdfX�h\M?]!MLb¨�_MLu�]!^_atX\bpuYMLhjdf©JnpM¥d&Z\Z\Mea�Zjb¨^_a­b¨a­Z\HJM�]!^_a_ZjM  WZ�^f¡7K ^f©Jbpn¨M
d_u Ht^W]0aJMeZm��^_h\�YX !n� z-�e�poL��� �L�
Zj^ ]!b¨Z\M dÊ¡¢Me� #·ª °Áa d3K ^f©Jbpn¨MÄd_u HJ^Y]ºaJMeZm��^_h\�¤¾odfn¨n
at^WuJMLX ©xMeHtdE�_M
d_X�hj^f`JZ\Meh8X�dfatu Z8dl�fM�stdlh\Z%bpa ZjHJM3uJbpXj]!^&�_MehjV dla=u K�dlbpa�Z\Mea=dlat]eM ^l¡¯hj^f`JZ\MLX­Z\^ ^lZjHJMeh%aJ^YuYMLX0bpa
q Ì3rts�uLvLv�w�xzy{w}|�y1~L�ps��}x1��u!����r�y��2y1~L���}u!y1~Lw�x{�ps4�pr�|�u!�p�$�}��x����n���nr�y���� y1~����n�!�p�0� s���~Lw��p�n���� �{�n�
�n�t��w��p�nx1�}r�yDÍ���y3��w�x����prL��� �+�$�ps�����w�x������nrL�nx��}��r!�ny3�Uw�x1���prL��v-�}x1�}�L�p���`y1~-�+y���r!���pw�s1�ns� U¡LÍN�¢l£ rL�p�p��� y1�n�t���n��w�xz�����}r����nrL�nx��}�p� �t¤����}s�s�u!�����0�&¥�w¦�������nxn§-y�~L��¨�uL�ns1y1�pw�r�x������}�pr!s¦�4©«ª!¬�­�®�¯¦©�©«ª!®�©�®t°�¬�±�²�³!°�¯e¬´ ±�³�µ-¶ ´¸·�´ ©3¬e¹+º ´¸·{» ¶ ´ ¬�±�©«ª!®�© ´ ©¼±�²�½�µ�¬¦° ´ ±{½ ´ ¶«¶ ´ µ�¾�©3²�±1ª!®�°�¬ ´ ©n¿
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ZjHJM¯atM!Zm�(^fhj�xª;G�HJbcXe¾xHJ^&�(Me�fMLhL¾xdfXjX[`tKNM?X
ZjHtd&Z�aJ^YuYMLX;dlhjM��
bpn¨npbpaJ�­Zj^%]!^_atX\`JK M¯MeatMehj�fV%Z\^­¡¢^_h\��dlh8u
s=df]8�fMeZjX�uYM?XmZjb¨aJM?uP¡¢^fhi^fZ\HJMLhjXLª G�HJMr]e^fK K ^faN©=MLn¨bpM!¡¿bcX�Z\H=d&Z«Z\H=d&ZoX\^fK M�b¨K sJnpMeK Mea�Z8d&Z\bp^fa=X«�
b¨npntX\HJ^&�
X\Men¨¦=X\H ©=MLHtdE�Wb¨^_hLª�UWMLn�¦xX[H aJ^YuYM?X'�
b¨npnosth\^f¦JZ�¡¢h\^_KTZ\HtM­h\^_`YZ\bpaJ�ÄX\Mehj��bc]!M ^fËxMLh\M?u�©WV�^lZ\HtMeh'aJ^YuYM?Xe¾
©t`YZrZ\HtMeV0�
b¨npn,aJ^fZrsJhj^&��bcuYM�ZjHJM¯XjdlK M�X[MLh\�Wbc]!M_ªo°·ª Mfª�Z\HJMLV%�
bpn¨nDX[bpnpMea�Z\npV%uYhj^fsºstd_]8�fMeZjXruYM?XmZjb¨atMLu%¡¢^fh
^fZ\HJMLhjXLª �¥b¨ËxMLh\MLa�Z(X\^fnp`YZ\bp^fatXoHtdE�fM
©xMeMLa­sJhj^fsx^_X\MLuN¡¢^_h�uYMeZ\ML]!Z\bpaJ�Pdfatu sxMeatdfn¨b��ebpaJ�PX\Men¨¦=X\H�©=MLHtdE�Wb¨^_hLª
G�HtMruYM!ZjML]·Zjb¨^_a�stdlh\ZibcXe¾_b¨a �fMLaJMeh8dlnÀ¾l^_©tX[MLh\�&dlZ\bp^faY£±©tdfX\MLuPdlatuNK�dl�_MLX«`=X[M
^f¡¤d;Zj^�^_nt]edfn¨npMLu��o¸��e�8²��_³¦#fª
(¥s=^_aÊX\MeatuYbpaJ�0d­std_]8�fM!Z?¾xd��(dlZj]8HtuJ^f�l£±Mea=dl©JnpMLu%aJ^YuYMNn¨bcXmZjMeatX�b¨ZjX�aJMebp�fHW©x^fh?¼ X*!¢bÀª M_ª¥ZjHJMPatM  WZ�aJ^YuYM
^_a Z\HJM%std&ZjH Z\^ÊZ\HJM0uYMLX[Z\bpatdlZ\bp^fa #'d_]·Zjb¨�Wb¨ZmVfª °±¡
ZjHJM�aJMLb¨�_HW©=^_h¯Htd_X�aJ^fZ¯h\MeZ\h8dlatX\K b�Z\Z\M?u Z\HJM0X\dfK M
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�Uw�¤���§-�}rL���N�  &�7Ï x��nv�w�x�y1s{y1~-�+y�y1~L��rL����y{~!w�v��ps��}�ps�w��Uw�¤0�&�4~L�ps4�ps���~Lw�w��
�¼s�~-�}v��n��v-�+y1~;�2��~!���-�+ye� �ps4rLw}y�|«w�x
����§�� y��ps�|�w�x��Uw�¤;�
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A B C ED

data exchanged
multiple times
during the same
contact

�Dbp�f`JhjM¥���«UWatdf�fMe£±X\HtdlsxMLuNstdlZ\HtXLª�G�HJM¥uJdlZjd'sJbpaJ��sx^fat�_Xid'h8dla=uY^fK a�`tK¯©xMeho^f¡¤Z\bpKNM?Xo©xM!Zm�(MeMLa Z\HJM
uJMLX[Z\bpatd&Zjb¨^_a0at^WuJM !¢MLb�ZjHJMeh

D
^fh

E
#
dlatu0ZjHJM�ncdfX[Z¥aJ^YuYM�b¨Z¥Htd_X¥]e^fa�Zjd_]·Z\M?u¿ª �r^lZjM�bpaºZ\HJbcXrM� YdfK sJn¨M

ZjHtd&Z
ZjHJM'aJ^YuYM?X
B
dlatu

C
]e^�^_s=MLhjdlZ\M;©=M?]edf`tX[M'd sJbpaJ� sx^faJ� K b¨�_H�Zr^W]L]!`Jh
�
b¨Z\H0ZjHJM'aJM  WZ
aJ^YuYM_ª

°Áa �Dbp�f`JhjM��f¾xb¨Z;]edfaº©=MPaJ^lZjMLu0Z\H=d&Z¥ZjHJbcX�dlZ[Zjd_]8��K�dEV�©xM¯K ^_`Ja�Z\MLuº©WV%Z\HJMPaJ^YuYM
C
bpa �Db¨�_`JhjM

�!£±d !¢b¨¡
p2

bpX(`tX\MLu #·¾Y©WV Z\HJM;aJ^YuYM
D
bpa �Dbp�f`JhjMN�·£±© !¢b¨¡

p4
bcX(`tX[M?u #·¾Ydfatu­©WV Z\HtM;at^WuJM

E
b¨a �Db¨�_`Jh\M

�!£±]�!¢b¨¡
p6

bpX�`=X[M?u #·ª
°Áa ^fh8uYMehPZ\^ dfuJuJh\M?X\X�Z\HJbcXNsJh\^_©JnpMeKº¾odÊX\atdf�fM!£ÁX\HtdlsxMLu stdlZ\H K¯`tX[ZN©xMÄ]8HJ^_X\Mea ©WV ZjHJM0X\^f`thj]eM

d_Xrbpn¨np`tX[Z\h8d&ZjMLuÄbpa �Dbp�f`JhjMN�Wª'� X[atdf�fMe£±X\HtdlsxMLuºs=d&Z\HÊ�
b¨npn�sJb¨at��sx^faJ�0d­h8dlatuY^_K aW`JKP©=MLh�^f¡iZ\bpK MLX
©xM!Zm�(MeMLa¬ZjHJMÄuYMLX[Z\bpatd&Zjb¨^_a aJ^YuYMºdla=u¬b¨ZjX aJMLb¨�_H�©x^fh��&¾�©=Me¡¢^fhjM0dfh\hjb¨�WbpaJ�ÊdlZPZjHJMÄuYMLX[Z\bpatd&Zjb¨^_a7ª G�HJM
uJMLX[Z\bpatd&Zjb¨^_a K�dEV%©xMPdfa�V0^l¡«ZjHJMPZm��^­at^WuJMLX�b ª Mfª;X[atdf�fMe£±X\HtdlsxMLu0stdlZ\HtX;X\HJ^f`JncuÄ©xM¯`tX\MLuÄ¡¢^fh¥©x^lZjH7ª
(¥a�Z\bpn�ZjHJM K MLXjX\df�fM hjMLd_]8HJMLX�Z\HJM uYM?XmZjb¨atdlZ\bp^fa7¾;aJMLb�ZjHJMeh0Z\HtM3uYM?XmZjb¨a=d&Z\bp^faBaJ^fh0b¨ZjX0aJMebp�fHW©x^fhº]edfa
uJM!Z\MLh\K bpaJM;Z\HJM�¦=atdln,uJMLX[Z\bpatd&Zjb¨^_a%�
b¨Z\HÄdNsJhj^f©tdf©Jb¨npb¨ZmV­�fhjMLdlZ\Meh�Z\H=dlaÄ~Jª yYª

�,M!Z�Z\HJM aJ^YuYM
A
©xMPZjHJM�X[^_`Jh8]!MPdfatuÊZ\HJM aJ^YuYM

E
©xMNZ\HJMN¦ta=dln«uYMLX[Z\bpatdlZ\bp^fa3^l¡iZjHJM KNM?X\Xjdl�_Mfª

G�HtM;s=d&Z\H0^l¡ Z\HJM'K M?X\Xjdl�_M�bcX
]8HJ^_X\Mea0dfX�`tX\`tdfn ¾WbÀª M_ª
B, C, D, E

ª�G�HJM�b¨a�Z\MLh\K M?uYbpdfh\V�at^WuJMLX
B
dlatu

C
dfh\M�¡¢^fh8]!MLu0Zj^­¡¢^_h\��dlh8u%Z\HJMNK MLXjX\df�fM�dfX�uYMLXj]!hjbp©=M?u dl©x^&�fM_ª¥G�HJMea,¾tZjHJMNX\^f`thj]eM

A
Z\^�X\X\MLX�d­]!^_b¨a

�
Htbp]8Hº�(M¯uYMeat^lZ\M
r
ª�°±¡�Z\HJM¯h\M?X[`Jn¨ZrbcX

r = 1
¾YZ\HtMeaºZ\HtM�std&ZjH X[MLn¨M?]·Zjb¨^_aºdfn¨�_^fhjb�ZjHJK M� Yb�Z8X !¢�
b¨Z\HÄZjHJM

^_`YZ\st`YZ
B, C, D, E

#·ª�°±¡m¾�HJ^&��ML�fMLhL¾
r = 0

¾lZ\HtMea Z\HtM
std&ZjH�bpXidfsJsxMeatuYM?uNZm��^�d_uJuYb¨Z\bp^fatdfnJHJ^fs=X
D, E

ª
(¥a�Z\bpn

r = 1
bpX�^_©YZjdfb¨aJM?u¿¾J]!^_b¨a=X
dlhjM�Zj^_XjX[M?u%dfatu�Z\HJM'stdlZ\HºbcX
dlsJsxMeatuJMLuºdfuJuJb�Zjb¨^_atdln¿HJ^_stX

D, E
ª

°±Z(bpX�b¨K sx^fh\Zjdfa_ZoZ\^�aJ^fZ\M¥Z\HtdlZoZ\HtM�XjdlK M¥dlnp�f^_h\b¨Z\HtK �
bpn¨nx©=M�MeK sJnp^&VfM?uN¡¢^fh�X\Mea=uYb¨at�¯uJd&Z8d�Z\^¯Z\HJM
at^WuJM

D
d_Xi�(Menpn ª«G�HJM�std&ZjH­�
b¨npn¤©=ML�fbpa­�
b¨Z\H

B, C, D
¾J]e^fbpatXi�
bpnpn=©xM¥Zj^_XjX[M?u¿¾Wdlatu ZjHJM¥s=d&Z\H��
b¨npn¤©=M

dfsJsxMeatuYM?u
E, D

`Ja�Z\bpn
r = 1

ª
�od_]8H0Z\bpKNM�ZjHJMeV�h\M?]!Mebp�fM;ZjHJM'K MLXjX\df�fMf¾�ZjHJM'aJ^YuYMLX

D
dfatu

E
¡ d_]!M;Z\HJM�¡¢^_n¨np^&�
bpaJ� �_`tMLX[Z\bp^fa4�

£ÀZ\HJM'K M?X\Xjdl�_M�bcX �mat^lZ �;¡¢^fh
K M��
£±^fh?¾Y]!^_b¨a%Z\^�X\X���dE�fM

r = 0
hjMLX\`Jn¨Z��

� �4~L��y1��x��\µ�¬ ´ ¾}ª���²�°{�ps&uLs1���ly�w������}rly1~L����u!x1x��nr�y4uLs1�nx2��� y�~l��~!w�� y�~!��x��{�ps& U¡?Í �nw�r�y��}��y � ��� �L�2���pw��¦�}�	��
��!��
�

w�x �U�pu!�ny1w�w}y�~��nw�rLr!����y1� �!� y3� �e�

Î ÎÀr-Á���Â�Â}Ã



� �%	��±¸��

�
HJbc]8H�ZjHJMeV�]edfaJaJ^fZ�dlatX\�(Meho�
b¨Z\H%d�sJhj^f©tdf©Jbpn¨b¨ZmV�ZjHtd&Z�bpXo�fhjMLdlZ\MehiZ\Htdfa
0.5

ª�G�HJM¥M� WsxML]!Z\M?u­]!^�XmZ
bpa�Z\hj^YuY`t]!M?uÊ©WVÊd0X\atdl�_M!£ÁX[Htdfs=M?u stdlZ\H !¢aW`JKP©=MLh'^l¡�KNM?X\Xjdl�_M¯sJbpaJ�ºsx^faJ��X�©=MeZm��MLMea�Z\HJM ¦ta=dln�Zm�(^
at^WuJMLX #obcXruYMLaJ^lZjMLu

s
dfatu�M$��`tdlncX��

s =

∞∑

i=0

2i × (0.5)i
' 4

°·ª Mfªp¾fX\atdl�_M!£ÁX[H=dlsxMLu'stdlZ\HtXD�
bpn¨nYhjM	��`JbphjMo^faPZ\HtM�dE�_Meh8dl�_Mi{¥Zjb¨K M?X�n¨^_aJ�fMLhD]e^fa�Zjd_]·Z«uY`Jh8d&Z\bp^fa !¢©xM!Zm�(MeMLa
ZjHJM'ncdfX[Z(Zm�(^ aJ^YuYMLX #oZ\HtdfaÄdNX\bpKNstn¨M'K MLXjXjdl�fM�Z\h8dla=Xm¡¢MLh
�
b�ZjHJ^f`YZr]e^�^_s=MLhjdlZ\bp^fa0MeaY¡¢^_hj]eMeK Mea�Z?ª
����� ��� ��� ��� �
	�� �
� ����	��

°Áa ZjHJbcX�X\ML]!Z\bp^fa��(MrsJhj^&��bcuYM
K ^fhjM¥uYMeZjdfb¨npMLu bpaY¡¢^fhjK�d&Zjb¨^_a�^fa�sJhj^lZj^W]e^fnJ^_s=MLhjdlZ\bp^fa7¾�dlatuNZ8df]8�WnpM¥X[^_K M
sxMeh\¡¢^fhjK�dlat]eM�bcXjX[`JM?Xeª

Q�aJM�s=^�X\X\bp©Jn¨M¥b¨K sJnpMeK Mea�Z8d&Z\bp^fa�^l¡��;� �x�D�Y�������7�W�N]edla�©=M�©J`Jbpn�Z�^fa­d¯��MLn¨n¨£À�WaJ^&�
a­]e^fatX[Z\hj`t]!Z
]Ldlnpn¨M?u �[^faJbp^fa �%dfatu sJ`t©Jn¨bc]%�fMeV ]eh\VWsYZj^f�fh8dlstH�V��Eª �,M!Z

PKi

©xM0Z\HJM0sJ`J©Jnpbc]��_MeV ^l¡¥at^WuJM
i
¾idla=u

[data]PKi

uYMLaJ^lZjM�Z\HtdlZ
data

bpXrMeat]eh\VWsYZjMLu%�
b�ZjH0st`J©Jnpbp]��_MeV­^f¡ aJ^YuYM
i
ª

��HJ^W^_�_£ÁX\HtdlsxMLu%std&ZjH0X\`t]8HºdfX
B, C, D, C

]edla0©xM�]!^fa=XmZjh\`t]!Z\M?u�©WV�ZjHJM'aJ^YuYM
A
dfX(¡¢^_n¨np^&�rX��

mid, DATAK , [[[[K, eop]PKC
, C]PKAD

, D]PKC
, C]PKB

, B

�
HtMehjM
£
DATAK

bpX
Z\HJM�uJdlZjdNMea=]!hjV�sJZ\MLu%�
b¨Z\H0Z\HJM�X\ML]eh\MeZ
�fMeV
K
¾

£
mid

XmZ8dlatuJX
¡¢^fh
K MLXjX\df�fM;bpuJMea�Z\b¨¦tMeh?¾
£
eop

XmZ8dlatutX�¡¢^fh �[MeatuY£À^f¡Ð£ÀstdlZ\H �·ª
£oG�HtM'h\bp�fH�Z\K ^�XmZ�sJhj^lZ\^Y]e^fn¤¦tMLnpu�!¢bpaJb¨Z\bcdlnpn¨V

B
#(bcX�Z\HJM'atM  WZraJ^YuYM'dfuJuJh\M?X\XLª

(¥s=^_a�]!^_a_Z8df]!ZL¾&ZjHJbpX�K MLXjX\df�fM�bcXoX\Mea�Zi©WV
A
Zj^

B
ª«G�HJMrat^WuJM

B
uYM?]!hjV�sJZjX)! ^fh?¾fsxMeMencX #DZ\HJM�^f`YZjMeh

^_aJbp^fa0npdEV_Meh��
b�ZjHºb�Z8X�sJh\bp�&d&ZjM'�fMeV­dfatu0^f©YZ8dlbpatX
mid, DATAK , [[[K, eop]PKC

, C]PKD
, D]PKC

, C

G�HtM0at^WuJM
B

^_©YZjdfb¨a=X
C

dfX aJM� WZ at^WuJM ! b¨a=XmZjMLdfu ^f¡
eop

#·ª G�HJMLa7¾(`Js=^_a ]e^fa�Zjd_]·Z��
b¨Z\H
C
¾�ZjHJM

K M?X\Xjdl�_M�bcX
X[MLa�Z
Z\^
C
�
Htbp]8HÄuYM?]!hjV�sJZjX(Z\HtM'^f`YZjMeh�^faJbp^fa0ncdEVfMeh
dfatu0^f©YZ8dlbpatX

mid, DATAK , [[K, eop]PKC
, C]PKD

, D

UYb¨K bpnpdfh\npVf¾,Z\HJM­at^WuJM
C
bpX'at^lZ�ZjHJM�¦tatdfnouYM?XmZjb¨atdlZ\bp^fa¬dfatu X[MLatuJX�ZjHJM­K MLXjX\df�fMNZ\^ Z\HJM­bpatuYbc]edlZ\M?u

d_uJuYhjMLXjX
D
`ts=^_aº]e^fa�Zjd_]·Z?ª�G�HtM;at^WuJM

D
uJML]!hjVWsYZjX(ZjHJM'^f`JZ\Meh�^_aJb¨^_a0dfatu0^f©YZ8dlbpatX

mid, DATAK , [K, eop]PKC
, C

� ��wlw�uLx���r!w¦���p�n�L����y�~!���p�L���l�ps��-x�s1y4uLs1�n���pr��{rL�pw�r�Î�w�u!y1�prL�L��
��3���4~L����w��}�0w}|�w�rL�pw�r x1w�u!y1�prL� �psUy1w vLx�w}y1����y�y�~!�
vLx1� �}�}��� w}|&y1~L��s1�nrL�L�nx��}rL� x����n�pvL�p�nr�y�w}|������ns�s��}����§���~L�p�p�l�}�ps�w�vLx�w¦���p�L�prL� vLx�w}y��n��y��pw�rm|«w�x����ns�se�}�����nw�r�y��nr�y��}s{� y
y�x1�����nx�s��ns{��rL��y3��w�x�� � ���nrL�nx1�}�p� ��Ì3r�y1��x�rL��y ���¿Ì3r���������� ��!�"$#&%'%!§����{|«uL�p� � vLx�w(�Ly�|«x1w�� y1~L�ns��{|«���+y�u!x1�ns�w}|;y1~L��w�rL�pw�r
s1y1x1uL��y1uLx�����¥�w¦�U�n���nxn§$¤��muLs��pr!�t~Lw�w��m�}rL�ms�rL�}��� �¼s�~-�}v��n� vL�+y�~Ls�§$y1~L��rLw����n�2|«�¦�+y1uLx���w}|
�)�&����� �*!�"$#&%'%!§;�����}�ps�w
��r�|�w�x��n�N�nw�w�v���x1�+y1�pw�r�y�w�|«w�xz�4�}x1���-�+ye�!�
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G�HtbpX�K MLXjXjdl�fM;bcXrX[MLa�Z�©=df]8��Zj^
C
uY`JhjbpaJ�NZ\HJM�XjdlK M']!^_a_Z8df]!ZLª«G�HJM'aJ^YuYM

C
^f©YZ8dlbpatX

mid, DATAK , K, eop

dfatu0uYML]eh\VWsYZ8X
DATAK

�
b¨Z\HºZ\HtM�X\ML]eh\MeZ
�fMeV
K
ª

� X\atdl�_M!£ÁX[H=dlsxMLu­s=d&Z\HÄ]Ldla0©=M�]e^fatX[Z\hj`t]·ZjMLu%b¨aÄd X\b¨K bpnpdfh
�(dEV_ª
°±Z
]edfa�©=M;aJ^lZjMLuNZjHtd&Z?¾_ZjHJM�dl©x^&�fM
sJhj^lZj^W]e^fnxdE�f^fbcuJX�ZjHJM¥sth\^Y]!M?X\X\bpaJ�¯]!^�XmZ�^l¡7sJ`J©tn¨bc]¥�_MeVNMeat]eh\VWsY£

Zjb¨^_ax§&uJML]!hjVWsYZ\bp^fa,ª(G�HJMPuJd&Z8dJ¾t�
Htbp]8HÊ]Ldlaº©xM¯�fMLh\V%npdfh\�_Mf¾JbcXrMLat]!hjVWsYZ\M?uº�
b�ZjH d­X\V�K K M!Zjh\bc]'�_MeV
KMLat]!np^_X\MLu­b¨a%Z\HJM;^fatb¨^_a7ªoQ�aJn¨V ZjHJM;¦tatdfn¤uJMLX[Z\bpatd&Zjb¨^_a%]edfa­¦ta=u­ZjHJM;X\VWK KNMeZ\hjbp]��fMLVf¾WHJMLat]!M�uYML]eh\VWsYZ

ZjHJM­uJdlZjdJª�go`J©Jnpbp]�MLat]!hjVWsYZ\bp^fa¤§&uYM?]!hjV�sJZ\bp^faÊbcX'^_aJn¨V�s=MLh[¡¢^_h\K M?u ¡¢^_h'h\^_`YZ\bpaJ�ºh\MLnpdlZ\M?u�bpaY¡¢^_h\K�d&Zjb¨^_a
M_ª �=ª�aJM  WZrHJ^_s0d_uJuYhjMLXjX[M?Xe¾Ydla=u�¡¢^_h�Z\HJM�X\ML]eh\MeZ
�fMeV

K
ª

����� ��� ����� �	� �)� � � ��
 � ��
 �)� � ����
����

� MrhjM!Zj`Jh\a ^_`Jhod&Z\Z\MLa_Zjb¨^_a Z\^¯X\atdf�fM!£ÁX\HtdlsxMLuPstd&ZjHtXLª«Q�aJM¥sJh\^_©JnpMeK bcX«ZjHtd&ZoZ\HJM¥XjdlK MruJdlZjd'KP`tX[Zo©=M
M� J]8HtdlaJ�_MLu%^faºZjHJMPdE�_Meh8dl�fM�¡¢^f`th
Z\bpK MLX�©=MeZm��MLMeaºZ\HtM'¦tatdfn7Zm�(^�aJ^YuYMLXLª
G�HJbpX¥K�dEV%©xM¯]!^_atX\bpuYMLh\M?u
H=dlhjKP¡¢`tnlb�¡WZjHJMibcX,uJdlZjd��fMLh\V¥n¨^_aJ�tª �  J]8HtdlaJ�_b¨at��ZjHJMoXjdlK MiuJdlZjd
X\Me�fMLhjdfnEZ\bpK MLX7bcX¿MLaJMehj�fV;]!^fa=X[`JK bpaJ�t¾
dfatu0b�Z�h\M$�_`tb¨hjMLX(^fa0ZjHJM¯dE�fMLhjdf�fM�¡¢^f`Jh�Zjb¨K M?Xrnp^faJ�_Mehr]!^_a�Zjdf]!ZruY`Jh8d&Z\bp^fa=X !Ð¡¢^_h
Z\HJM'ncdfX[Z
Zm�(^�aJ^YuYMLX #·ª
G�HtM�]!^_X[Z
^l¡DZ\HJM¯KNM?X\Xjdl�_M�stb¨aJ��stb¨aJ�­]Ldlaº©xM'�fMehjV­KP`t]8Hºh\M?uY`t]!M?u�©WV0X[MLstdlh8d&Zjb¨aJ�NZjHJM'^faJbp^fa%¡¢hj^fK
ZjHJM¯uJdlZjdtª�G�HJbcXrbcX
sx^_XjX[bp©JnpM�uY`JM'Zj^�Z\HJM'bpatuYbphjML]·Zjb¨^_a uYMLXj]!hjbp©=M?u0df©=^&�_M��iuJdlZjd�bcX
MLat]!hjVWsYZ\M?u%�
b¨Z\H d
X\VWK KNMeZ\hjbp];�_MeV�ZjHtd&ZrbcX�Meat]en¨^�X[M?u�bpa0Z\HJM�d_X[VWK K M!Zjh\bc]edfn¨npV�Meat]eh\VWsYZjMLu%^faJbp^fa,ª

°ÁaNZ\HtMrsJhj^fsx^_X\MLuP^fsYZjb¨K b��Ld&Zjb¨^_a7¾&ZjHJMr^fatb¨^_aPbcXiuYMeZjdf]8HtMLu¯¡¢h\^_KvZ\HtMruJd&Z8d��
HJMea�dlnpnJaJ^YuYM?X�h\M?]!MLb¨�_M
dÊ]!^fsWV3^l¡
ZjHJM�K MLXjXjdl�fM_ªÊG�HJMLa7¾�Z\HJM%npd_XmZPZm��^ÊaJ^YuYMLXP�
b¨npn�XmZ8dlh\Z�Z\^�M  J]8Htdlat�fM­dla=u¬uYML]eh\VWsYZPZ\HJM
^_aJbp^fa7¾ `Ja�Z\bpno^fatMN^f¡�Z\HJMLK ^f©JZjdlbpatX�ZjHJM�X\VWKNK MeZ\hjbp]N�fMLVÊ`tX\MLu�Zj^ÄMeat]eh\VWsYZ'ZjHJM�uJdlZjdJª%G�HJM­^lZjHJMeh
at^WuJM;�
bpnpn¿Z\bpK M'^f`YZ¥dfatu%uJMenpM!Z\M�ZjHJM�uJdlZjd X[bpat]eM;b¨ZrbcX
`JaJhjMLd_uJdl©JnpMfª

G�HJbcX�sJh\^Y]eMLuY`JhjMrbcX(b¨npn¨`=XmZjhjdlZ\MLu bpa �Dbp�f`JhjM¥|tª��DbphjX[ZL¾WaJ^fZ\M¥Z\HtdlZ(d�hjMenpbcdl©JnpM
Z\h8dla=X[sx^fh\ZosJhj^lZj^W]e^fn=bpX
`=X[M?u�Zj^�Z\h8dlatX[¡¢Meh«ncdlhj�fM�uJd&Z8dJªD� uYb�Ë¤MehjMea�ZodfatuNb¨atuJMesxMeatuYMLa�Zo]!^fataJML]!Z\bp^faNbpX«^_s=MLaJMLuNd&ZiM?df]8HNHJ^fsPZ\^
¡¢^_h\��dlh8u¯Z\HJM�npdfh\�_MruJd&Z8dJª �odf]8H�bpa�Z\MehjK MLuYbcdlhjV¯at^WuJM�X[Z\^fhjMLXod�]!^_s�VP^l¡¿ZjHJM
¡¢^fhj��dlh8uYMLu uJdlZjdJ¾_HJ^fstb¨aJ�
ZjHtd&Z�Z\HJM;^fatb¨^_a­�
b¨npn¤©=M;hjM!Z\`th\aJM?uN¡¢h\^_K®Z\HJM;aJM  WZ�HJ^fs,ª � HtMea­ZjHJM�Zm��^'¦=atdln¤aJ^YuYM?XohjML]eMebp�fM¥dP]!^fsWV
^f¡ ZjHJM�uJdlZjdJ¾JZ\HJM'^_aJb¨^_a%bcXruYMeZjd_]8HJMLu%¡¢hj^fK uJdlZjdtªo�(Z
Z\HJbcXrsx^fbpa�ZL¾J^_aJnpV�Z\HJM¯^faJbp^fa0bpX
¡¢^fhj�(dfhjuYM?u­^_a
ZjHJM�X[a=dl�fMe£±X\Htdfs=M�s=d&Z\H,ª �odf]8HÊZ\bpK MPZjHJM ^faJbp^fa�bpX;hjML]eMebp�fMLu7¾=ZjHJM ^f`YZjMeh�^fatb¨^_a npdEV_Meh;bpX�uYM?]!hjVWsYZ\M?u
dfatu0X[MLa_Z
Zj^NZ\HJM'^fZ\HJMLh
aJ^YuYMf¾J`ta_Zjb¨n,^faJM�^l¡ Z\HJM'at^WuJMLX�^f©JZjdlbpatX(ZjHJM�X[VWK K M!Zjh\bc]��fMLVfª
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��X�K Mea�Zjb¨^_aJMLu df©=^&�_Mf¾DHJ^W^f��£±X\Htdfs=M?uÊstdlZ\HtX¯K�dEV3X\`YË¤Meh�¡¢hj^fK dº�(MLdl�WaJM?X\X¯dlatu hjMe�_MLdlniZ\HJM�¦=atdln
uJMLX[Z\bpatd&Zjb¨^_a0^f¡id KNM?X\Xjdl�_Mfª(O�^_atX\M	��`JMea�Zjn¨V_¾J��M�]e^fat]en¨`=uYM�Z\HtdlZ�X\atdl�_M!£ÁX[Htdfs=M?u�s=d&Z\H=X
K¯`tX[Z�dfn¨��dEVYX
©xM'`tX\MLu¿¾Y`taJn¨M?X\X¥dNX\sxML]!bcdln7]LdfX\M�bpX(¡¢^_`Jatu%Z\^ ©xM�X[M?]!`JhjM��
b�ZjH0Ht^�^_��£±X\HtdlsxMLu%stdlZ\HtXLª
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[DATA] K

[DATA] K

[DATA] K

the onion is not 
received back.

timeout occurs if

A B C D E

to B

to C

to D

data stored by B

data stored by C
data removed by B

transport−layer
connection

data sent by A

data sent by B

data sent by C

[[[[[K]]]]]

[[[[[[K]]]]]]

[[[[K]]]]

[[[K]]]

[[K]]

[K]

data decrypted by D
data removed by C

onion detached from data

[[[[[[[K]]]]]]]

data stored by D

�Db¨�_`Jh\M'|��iQ�sJZ\bpKNb��eM?uºX[atdf�fM;std&ZjH0¡¢^fh
np^faJ� K MLXjX\df�fM?Xeª

��������� � �,� '�� � �xÃ�Å �
��df]8H ^fatb¨^_a3ncdEVfMLh�bcX�Mea=]!hjV�sJZ\MLu �
b¨Z\H¬Z\HJM0]!^fhjhjMLX\s=^_atuYbpaJ�ºb¨a�Z\MLh\K M?uYbpdfh\V�aJ^YuYMf¼ X�st`J©Jnpbp]��_MeV_ªÄ°Áa
ZjHJbcX�s=dlsxMeh?¾��(M�uJ^PaJ^fZ(d_uJuYhjMLXjXiZjHJM�st`J©Jnpbp]��fMLV uJbpX[Z\hjb¨©t`YZ\bp^fa%bpXjX[`tMLXLª � M�dfXjX[`JK M¥Z\HtdlZ�ZjHJM�sJ`J©Jnpbp]
�_MeVYX�dlhjM'dl`YZjHJMea�Z\bc]l¾=dlatu0]!MLh[Zjb�¦tM?u�©WV0d¯Zjh\`=XmZjMLu0dl`YZjHJ^fhjb�ZmV_ª

gi`t©Jn¨bc]��fMLVYX(dfh\M�sJhjM!¡¢MehjhjMLu­©xML]Ldl`tX\M;b¨a0g�U�� ]e^fa�Z\M� �Z(Z\HtM;at^WuJMLX�dlhjM;uJbpXj]!^_aJaJML]!Z\M?u�dla=u�HJMLat]!M
X\ML]eh\MeZ
�fMeV­df�fhjMeMLKNMLa�Z(K�dEV­©xM�uYb
	�]e`Jn¨Z¥dlatu�Zjdf�fM��fMLh\V�np^faJ�NZjb¨K Mfªi�¥aJ^lZjHJMeh¥s=^�X\X\b¨©tn¨M'dfuJ�Edfa�Zjdl�_M
bcX�ZjHtd&Zost`J©Jnpbp]¥�fMeVYX«dfh\M
aJ^fZ�uYMLs=MLatuYMea�Zo^_a Z\HJM�X[^_`Jhj]eMf¾fdfatu HJMLat]!M�ZjHJM¥X\^f`Jh8]!M
bcXiaJ^fZi^f©Jnpbp�_d&ZjMLuPZ\^
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hjMe�_MLdfn_b¨ZjX�bcuYMea�Zjb�¦tMLhLª�(¥X\Meh«bcuYMLa_Zjb�¦=Meh8X�! X[MLatuYMLhidlatuPh\M?]!bpsJbpMea�Z # �
bpn¨nY©xM�¡¢^f`Ja=u¯bpa¯ZjHJMruJdlZjdJ¾&sx^_XjX\b¨©JnpV
bpaÄXmZ8dlatutdlh8u­M!£±K�dlbpn¤¡¢^fhjK�d&ZL¾Jdfatu0^faJnpV�d_]e]!M?X\X\bp©Jn¨M�Z\^ ZjHJM�¦tatdfn7uYMLX[Z\bpatdlZ\bp^fa7ª

Q�aJM3uYh8dE�
©tdf]8�¬^f¡�sJ`J©Jnpbc] �fMLV ]eh\VWsYZj^f�_hjdfsJHWV¬bpX%b¨ZjX­Htb¨�_H sJhj^W]eMLXjX[bpaJ�¬]e^_X[ZLª �¥^&��ML�fMeh?¾(Z\HJM
^_aJbp^fatX�dlhjM�h\MLnpdlZ\bp�fMLn¨VºX[K�dfn¨nÀª;��X\X\`JK bpaJ�%dfatu |_�&£À©tb�Z¥°Ágo��{%aJ^YuYM¯bcuYMLa_Zjb�¦=Meh?¾¤dfatu �E���&£±©Jb¨Z¥Htd_X[H ^f¡
ZjHJM¯uJdlZjd ! X[MLMPUWML]!Z\bp^faÄ|Jª ~Jª y #!¾t�(M�M  YsxML]·Z��?zf~ ©Jb¨ZjX¥s=MLhr^fatb¨^_a0ncdEVfMLhL¾tb ª Mfª(s=MLh¥bpa�Z\MehjK MLuYbcdlhjV­aJ^YuYM
! ^fh?¾t�E�����P�E�������fylz¥©Jb¨ZjX��
b�ZjH­°Ági�Yz�#!ª«UY^fK Mrstd_uJuYbpaJ�¯�
bpn¨n¤dlncX\^'©=M�aJMeM?uYMLu Zj^¯HJbcuYM¥Z\HJM�a�`tK¯©xMeho^f¡
Ht^fstXrZ\^­ZjHJMPuJMLX[Z\bpatd&Zjb¨^_a ! UWMLMNUWM?]·Zjb¨^_aÊ|Jª ~Jª | #·ª�G�HJMPutd&Zjd­b�Z8X[MLn�¡o]Ldla ©xM¯�_MehjV%ncdlhj�fM_¾tbpaÄZ\HJMP^fh8uYMeh
^f¡�X\Me�_Meh8dln7RÄ©WV�Z\M?Xeª(G�HJM'hjMencd&Z\M?u0sJh\^Y]eMLXjX[bpaJ��]!^�XmZrbcX
hjMLdfX\^fa=dl©JnpM'X[bpat]!M�utd&Zjd bcX
MLat]!hjVWsYZ\M?u%�
b¨Z\H d
X\VWK KNMeZ\hjbp];�_MeV�¡¢^_`Jatu0b¨a0ZjHJM�^faJbp^fa7ª
��������� � � � È � � ��� Ã�� �tÉ É ���
	
°±Z­]Ldla ©xMºaJ^lZjMLu¬Z\HtdlZNZjHJMº^faJbp^fa X[b��eM0bcX h\M?uY`t]!M?u¬M?df]8H Zjb¨K MÄdla b¨a�ZjMehjKNM?uYbcdlhjV3at^WuJMºuJML]!hjVWsYZjX
ZjHJM¯]e^fhjh\M?X[sx^fatuJb¨aJ� ^_aJb¨^_aºnpdEV_Mehrdla=u%hjMeK ^&�_MLX�b¨ZjX¥d_uJuYhjMLXjXeª(G�HJM�^_aJb¨^_aÄX[b��eM�KP`tX[Z¥aJ^lZrhjMe�_MLdfn¿Z\HJM
aW`JKP©=MLh�^l¡�HJ^_stX;Z\^ÄZjHJM ¦tatdfnouYM?XmZjb¨atdlZ\bp^fa7ª��J^_h�Z\HJbcX�sJ`th\sx^_X\Mf¾DdfuJuYb¨Z\bp^fa=dln«^fatb¨^_a3ncdEVfMLhjX�]Ldla ©=M
d_uJuYM?uºb¨a�Z\^­Z\HJM�^_aJbp^fa7¼ X¥]eMea�Z\MLhLª¥Q�h?¾=d�h8dlatuJ^fK X\b��eMLuºs=dfuJuYbpaJ��]LdlaÄ©xM�Mea=]!np^_X\MLuÄdlnp^fat���
b�ZjHÄZ\HJM
X\VWK KNMeZ\hjbp];�_MeV

K
¡¢^f`tatuºd&Z�Z\HJM'^_aJbp^fa7¼ X
]!MLa_ZjMeh?ª� M dfXjX[`tKNM%Z\H=d&Z Z\HJMº^_aJb¨^_a X\b��eM !¢©Jb¨ZjX # uYbp��bcuYM?u ©WV ZjHJMº^faJbp^fa npdEV_Meh�X[b��eM !¢©tb�Z8X%#N�_b¨�_MLXPZ\HJM

aW`JKP©=MLh­^l¡�HJ^_stXNZ\^ ZjHJMÊuYM?XmZjb¨atdlZ\bp^fa7ª (¥X\b¨aJ� ZjHJbcX�b¨aJ¡¢^fhjK dlZ\bp^fa d X[MLn�¦xX[Hx§&K�dlnpbp]eb¨^_`tXNaJ^YuYM ]edfa
¦=atuÄ^f`JZ��
HJMLa b�Z;bpX¥aJ^lZ�Z\HJM¯¦tatdfnDuYM?XmZjb¨a=d&Z\bp^faÄ^f¡od�K MLXjX\df�fM_ª��J^fh�M  JdlK sJnpMf¾x�(M�b¨K�df�fbpaJM'Z\H=d&Z;d
K�dfn¨bc]!bp^f`tX7aJ^YuYMihjML]!MLb¨�_MLX¿d
K M?X\Xjdl�_Mf¾LuJML]!hjVWsYZjX7Z\HJMo^f`YZjMeh,^_aJbp^fa�npdEV_Meh?¾!ZjHJMouJdlZjd
bcX,X[Z\bpn¨n_`JaJhjMLd_uJdl©JnpMf¾
©t`YZ¥ZjHJMPuYM?XmZjb¨a=d&Z\bp^faÄbcXr^_aJM�HJ^_s dE�(dEV_ª�°ÁaºZ\HJbcX�]LdfX\Mf¾tZ\HJMPKNM?X\Xjdl�_M�]edfaÄ©=MPK dfn¨bc]!bp^f`=X[npV%uYhj^fsts=M?u
X\bpat]!M�b¨Z�bcX�Meb¨Z\HtMeh�¡¢^fh�ZjHJM�aJM  WZ
aJ^YuYM�^fh�ZjHJM�sJhjMe�Wb¨^_`tX(aJ^YuYMfªiG�HtbpX�sJhj^f©tn¨MLK	]edla0©xM�d_uJuYhjMLXjX[M?u­©WV
d_uJuYbpaJ��dfuJuJb�Zjb¨^_atdln¿©J`JZr`tX[MLn¨M?X\X�^_aJbp^fa0npdEV_Meh8Xe¾�^fh
std_uJuYbpaJ�t¾WZj^ Z\HJM'^_aJbp^fa7¼ X�]!Mea�ZjMeh?ª

�¥aJ^lZjHJMeh'sJhj^f©tn¨MLKT^Y]e]!`thjX��
HJMLaÊZjHJM�aW`JK¯©xMeh'^f¡�HJ^_stX;Z\^0ZjHJM­uYMLX[Z\bpatdlZ\bp^fa3bpX��_MehjVÄnpdfh\�_MfªN°Áa
ZjHJbcX�]ed_X[M_¾¿Z\HJM ¦=hjX[Z�aJ^YuYMLX�^_a3Z\HJM�stdlZ\H ]edfa3uJM!Z\M?]·Z'ZjHtd&Z'ZjHJM­uYMLX[Z\bpatdlZ\bp^fa bpX'¡ dlh�dE��dEVf¾¿bÀª M_ª�Z\HJM
K M?X\Xjdl�_M��
b¨npnDaJMe�_Meh�]!^fK MP©tdf]8�¤ª;°ÁaÄZ\HJbcX�]ed_X[M'ZjHJMNKNM?X\Xjdl�_M¯]edfa ©xMPK�dlnpbc]!bp^f`tX\n¨VÄuYhj^fsts=M?u¿ª;G�HtbpX
sth\^_©Jn¨MLK ]Ldla dlncX[^º©xM�X\^fnp�fMLu��
b¨Z\H std_uJuYbpaJ�tªºUW^fK M!Zjb¨K M?Xe¾D`JaJaJM?]!M?X\Xjdlhjb¨npV np^faJ�Äs=dfuJuYbpaJ� ]Ldla ©=M
MLat]!np^_X\MLu%bpa_Zj^NZ\HJM'^_aJb¨^_a7¾J]!hjMLdlZ\bpaJ� uY^f`J©JZ¥dl©x^f`YZ
ZjHJM'h\M?dln¿uYbcXmZ8dlat]eM;Z\^­uYM?XmZjb¨atdlZ\bp^fa7ª
��������� & ��
���� � �JÉ É � Ã �L� Ã �
� Htb¨npM'��M'uY^ aJ^fZrh\M?]!^_KNK MLatu�Ht^�^_��£±X\HtdlsxMLu�std&ZjHtXL¾YZ\HJM�¡¢^_n¨np^&�
bpaJ�NuJbpXj]!`tXjX\b¨^_a%bcX�aJ^lZjMe�(^fh\Z\HWVU�

G�HJMºR �¥O dfatu=§&^fh¯°Ág®dfuJuJh\M?X\X¯K dEV hjMe�_MLdln�b�Z �
HJMLa¬Z\HtM%stdlZ\H¬bcXNHJ^W^f��£ÁX[Htdfs=M?u¿¾�b ª Mfª � ²t¹!¶
�¢²J¹%¶¤¹��0��²t³+* ¸ � �-,j¹·µ8µY.cµ0¹���	t¸-�N�Á³ �Ð²t¹ *U,\¹���. ³�	Wµ­¶x³ �f¹Ä¸ � �-,\¹!µ8µ·ªÄ°Áa Z\HJbcX¯]LdfX\Mf¾ Z\HJM0uJd&Z8d ]edfa ©=M
X\Men¨¦=X\HJnpV%uYhj^fsJsxMLuÄX\bpat]!M'b¨Z�bcX�¡¢^fh¥Z\HJM¯sJh\ML�Wb¨^_`tX�HJ^fs,ª(°±¡«aJMLMLuYM?u¿¾JZjHJbcXrsJhj^f©JnpMeK ]edfaº©=M¯d_uJuYhjMLXjX[M?u
©WV�]e^faY¦=�f`Jhjb¨at�NdNh8dlatuY^_K	°Ág(§lR �¥O d_uJuYhjMLXjX��
HJMea%¡¢^fhj�(dfhjuJb¨aJ�PZ\HtM'KNM?X\Xjdl�_M¥Zj^NZ\HJM'aJM� WZraJ^YuYMfª

�¥^lZ\M(HJ^&�(Me�_Meh7ZjHtd&Z«X\atdl�_M!£ÁX[Htdfs=M?u�std&ZjHtX�uY^¥at^lZ«X[`YË¤MehD¡¢hj^fK X\`t]8H¯sJhj^f©tn¨MLK XLª G�HtbpX bpX�d;X[M?]!^_atu
km`=XmZjb�¦=]Ld&Zjb¨^_a�¡¢^_h
sJh\Me¡¢Mehjh\bpaJ��X\atdl�_MLX�Z\^ HJ^W^f�YXLª
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� uYMeaJbcdln¨£±^l¡Ð£ÁX[MLh\�Wbc]!M'd&Z\Zjdf]8�0]edfaÄ©=MPKN^_`Ja�Z\M?uÄdl�_dfb¨a=XmZr^_`Jhr^fsJZ\bpKNb��LdlZ\bp^faº¡¢^_hr¡ d&Z;X[atdf�fM?X ! UWM?]·Zjb¨^_a
�Jª { #·ª �¥a bpa_ZjMehjK MLuYbcdlhjV aJ^YuYM3]Ldla XmZj^fhjM Z\HtM�^_h\bp�fbpatdln�¦tnpMf¾;©J`YZ0¡¢^fhj�(dfhju ©=^_�f`tX0uJd&Z8dJª	��X0d
]e^fatX\M	��`JMLat]!M_¾WZ\HJM¯K dfn¨bc]!bp^f`=X
b¨a�ZjMehjKNM?uYbcdlhjV­aJ^YuYM'�
bpn¨n7©xM¯df©Jn¨M�Zj^�h\M?dfu%Z\HtM¯uJd&Z8dNb�¡«b¨Z¥bpX
Z\HJM'¦=atdln
uJMLX[Z\bpatd&Zjb¨^_a ! d&¡ÐZ\MLh­M  J]8HtdfaJ�fbpaJ�Y§&uYM?]!hjV�sJZ\bpaJ�ÄZ\HtM ^faJbp^fa X\Me�fMLhjdfnoZjb¨K M?X��
b�ZjH Z\HJM atM  WZ�aJ^YuYMf¾
dfX
uJMLXj]!hjb¨©xMLuÄdf©=^&�_M$#·ª �r^&�(Me�_Meh?¾Jb¨¡«Z\HJM¯dlZ[Z8df]8�fMLhrbcXraJ^fZrZ\HJM¯¦tatdfn uYM?XmZjb¨atdlZ\bp^fa7¾tZ\HJMPh\M?dln,uJMLX[Z\bpatd&Zjb¨^_a
�
bpnpn ©xMNuJMeaJbpMLu X\Mehj�Wbp]eMf�¤bÀª M_ª�b¨Z��
bpn¨n�HtdE�_M'Z\HtM¯^fhjbp�fbpatdlnDX[M?]!hjM!Z¥�_MeV0Z\^0uYML]eh\VWsYZ�Z\HJMNuJd&Z8dJ¾¤©J`YZ;Z\HJM
utd&ZjdNb¨ZjX\Men¨¡DbcX�`tX\MenpMLXjXeª

G�HJbcX'sJhj^f©tn¨MLK ]edfa�M?dfX\b¨npVÄ©=M­d_uJuYhjMLXjX[M?uÊ©WV bpatX\Meh\Z\bpaJ�Ädº]!hjV�sJZ\^f�_hjdfsJHJbc]�Htd_X[H,¾,Mfª �tª­U ����¾7^f¡
ZjHJM�uJdlZjd d&Z
MLd_]8H�^_aJb¨^_a%ncdEVfMLhLªD°Áa0Z\HJbcXr]LdfX\Mf¾W`Jsx^faÄuYML]eh\VWsYZjb¨at�Nb¨ZjXr^faJbp^fa%npdEV_Meh?¾Wdfa%bpa�Z\MLh\K MLuJbpdfh\V
at^WuJMP]edfaÊ]!^_K stdlhjM�ZjHJM¯Htd_X[HÊ�Edfn¨`tM¯¡¢^_`Jatu bpa b¨ZjX;^fatb¨^_a npdEV_Meh;dl�_dfb¨a=XmZrZjHJMNHtdfX\H ^l¡«ZjHJMNh\M?]!Mebp�fM?u
utd&Zjdtª�°±¡7Z\HJMLV�uY^NaJ^lZ�K�d&Z8]8H7¾�Z\HJMLa�ZjHJM�sth\^fZ\^Y]!^_nx]Ldla�©xM'XmZj^fsJsxMLu7¾�sth\ML�fMea�Zjb¨aJ�¯Z\HJM'dlZ[Zjd_]8�fMLhi¡¢hj^fK
hjML]eMebp�Wb¨aJ�PZ\HtM�X[VWK K M!Z\hjbc]��_MeV­b¨¡�HJM'bpX(ZjHJM�¦tatdfn,uYM?XmZjb¨atdlZ\bp^fa7ª

� � ��"0��1!/0*,�e��"�� $&/­� /%��� 6 �'�D4�� ��"%.#�D-0��1!1e�
"%)��
*
� M¥H=dE�fM
sJhj^fsx^_X\MLu����D�x� �J�Ê���_�7�W�=�Yd�]!^W^_s=MLhjdlZ\bp^fa MeaY¡¢^_hj]eb¨at��s=^Y]8�_M!Z�X\�
b�Z8]8HJbpaJ�'sJhj^lZ\^Y]e^fnÀªDG�HJM
�;� �x�D�Y� �����7�W�Êsth\^fZ\^Y]!^_n ¾�X[^_K M!Z\bpK MLXL¾ bpa ^fh8uYMLh'Z\^ ©tn¨`YË Z\HtM­b¨a�ZjMehjKNM?uYbcdlhjVÊaJ^YuYM?Xe¾«X\MeatuJX�Z\HJM
utd&Zjd ^fatM�HJ^_s ¡ dfh[ZjHJMeh%Z\Htdfa d K MLXjX\df�fM_¼ X%h\M?dln�uYMLX[Z\bpatdlZ\bp^fa7ª G�HtM utd&Zjd bpXºhjM!Zj`JhjaJMLu ©tdf]8� Z\^
ZjHJM h\M?dln«uYM?XmZjb¨atdlZ\bp^fa !¢�Wbcd%d0HJ^W^f�Ä^_h'X[atdf�fM X[H=dlsxMLu�std&ZjH #·ª G�HJMehjM!¡¢^_h\M_¾¿�
b�ZjH �;� �x�D�Y� ���_�7�W�=¾
X\^fK MeZ\bpKNM?Xe¾WZjb¨K M��
bpn¨n¿std_X\X�`ta_Zjb¨n7dfa0d_uJuYb¨Z\bp^fatdfn¿dlatu%`tX\MenpMLXjX(]e^fa�Zjd_]·Z
^Y]e]e`JhjX(©xM!¡¢^_h\M'uJdlZjdNdlhjh\bp�fM?X
dlZ�Z\HJM�uYM?XmZjb¨a=d&Z\bp^fa,ª

�¥^fsJbpaJ�3Z\HtdlZ­dÊK MLXjXjdl�fM%�
b¨npn
©xM0hjM!Zj`JhjaJMLu ©tdf]8� ¡¢hj^fK ZjHJMºaJM  WZ�HJ^fs,¾obpa_ZjMehjK MLuYbcdlhjV aJ^YuYMLX
¡¢^_h\��dlh8u­K M?X\Xjdl�_MLXoZ\HJM'bpatuYbc]edlZ\MLu0aJM� WZraJ^YuYMf¾YbÀª M_ªi]!^W^fsxMeh8d&ZjM;Z\^NZ\HJM'sx^Y]8�fMeZ
X\�
b¨Zj]8HJbpaJ� sJhj^W]eMLXjXeª

G�HJM ��`tdfn¨b¨ZmVf¾¿^_h�npMe�_MenÀ¾¿^l¡�]e^�^_s=MLhjdlZ\bp^fa MLaY¡¢^fh8]!MLK Mea�Z�uJMesxMeatuJX;^_aÊ`tX\Meh?ª�°·ª Mfª'ZjHJMehjMPbcX'd­at^faY£
atMe�fnpbp�fbp©Jn¨M�HW`JK�dlaN¡ d_]·Z\^_h«b¨a­�;� �x�D�Y� ���_�7�W�=¾�`JaJnpMLXjX�¡¢`YZ\`th\M
�(^fhj�'©Jhjb¨aJ��X«bpa_ZjMenpn¨bp�fMLa�Z«dfn¨�_^fhjb�ZjHJK�Xeª
�t^fh�M� JdlK sJnpMf¾ �¥n¨bc]!M_¾«½�^_© dlatu¬O(dlhj^fn�¡¢^_h\K dºs=^Y]8�_M!Z¯X\�
b�Z8]8HJMLu aJMeZm��^_h\�¤¾7©t`YZ¯aJ^_aJM­^l¡(Z\HtMeK bpX
�
bpnpn¨bpaJ��Z\^ ]edfh\hjV uJd&Z8d ¡¢^_h Z\HJM0Zm�(^�^fZ\HJMLhjXLª ���D�x� �J�v�;���7�W� ]Ldla ©xMÄ`tX\MLu¬Z\^ Meatdf©JnpM%sx^Y]8�fM!Z
X\�
b¨Zj]8HJM?u aJM!Zm�(^fhj�Wb¨aJ� bpa Z\HJbcX0X[b¨Z\`tdlZ\bp^fa7ª �¥^&��ML�fMeh?¾�]edlhjM X\HJ^f`Jncu ©xMÄZjdf�fMea,ªG�t^fh%M  JdlK sJnpMf¾�b¨¡
�¥n¨bc]!M;dlatu%½(^f©�dfn¨��dEVYXi]!^_KNKP`JaJbc]edlZ\M¥�
b¨Z\H%MLd_]8H�^lZ\HtMeh(��bcdNO(dfh\^_n ¼ Xisx^Y]8�fMeZL¾�©J`YZ(Z\HJMLV�aJMe�_Meh�X\Mea=u
K M?X\Xjdl�_MLXNZ\^ O(dlhj^fnÀ¾(Z\HJMLa O(dlhj^fnr�
bpnpn;X[Z\^_s ]!^W^fsxMeh8d&Zjb¨aJ� ! `JaJnpMLXjX0O(dfh\^_nrbpX%��dlb¨Z\bpaJ� ¡¢^fh0d �fMLh\V
bpK s=^_h[Z8dla�Z�©J`YZ'n¨^&�
npVÄsJhj^f©tdf©JnpM¯K MLXjX\df�fM¯¡¢h\^_KT�rnpbp]eMN^_h'½�^_© #·ª¯°Áa �;� �x�D�Y� �;���7�W�=¾7MLd_]8HÊ`tX\Meh
KP`tX[Z�©xMP]!^_aW��bpat]eMLu%Z\HtdlZ;]e^�^_s=MLhjdlZ\bp^faÄ�
bpn¨nD©Jhjb¨at��X[^_K M�©=MLaJM!¦tZL¾¤b ª Mfª�d�K MLXjX\df�fM��
bpn¨nDX[^_K M!Z\bpK MLX
©xM;h\M?]!Mebp�fM?u ¡¢hj^fK Z\HtM;atM  WZ(Ht^fs7ª�°±Z
bpX�ZjHJM�`=X[MLhjXL¼Wh\^_n¨M¥Z\^ ]!^faW�Wbpat]!M�^lZ\HtMeh�`tX\Meh8XiZjHtd&Z
]!^W^fsxMeh8d&Zjb¨^_a
bcX�b¨a�Z\HJMLb¨h�bpa_ZjMehjMLX[ZL¾�©WV­]!hjMLd&Zjb¨at�¯uYb¨ËxMLh\MLa_Z
dla=u�b¨a�ZjMehjMLX[Z\bpaJ�Pd_X\X\^Y]!bcd&Z\bp^fa=XeªDG�HJMLX\M�bcXjX[`JM?Xe¾�HJ^&�(Me�_Meh?¾
atMeMLu%K ^fhjM�h\bp�f^_h\^_`tX�dfatdlnpVYX[bcX�dlatu0npM!¡ÐZ
Zj^ ¡¢`YZ\`JhjM���^_h\�¤ª

°ÁaBZ\HJbcX0stdlsxMeh?¾;��M�HtdE�fM dfuJuJh\M?X\X\MLu ZjHJM ]!^W^fsxMeh8d&Zjb¨^_a MeaY¡¢^_hj]eMeK Mea�ZºsJhj^f©JnpMeK bpa µ��8²J¹ �-	��¨¹ �
sx^Y]8�fMeZ X[�
b¨Zj]8Htb¨aJ�=ª,G�HJMoX\^f`thj]eM«aJ^YuYMi�WaJ^&�rX7bpa�dfuJ�Edfat]!MiZ\HJMiM� Jdf]·ZDX[`t]L]!M?X\X\b¨^_a�^l¡WZ\HJMo`tX[MLh ]e^fa�Zjd_]·ZjX
ZjHtd&Z��
bpn¨nDn¨M?dfuºZjHJM uJd&Z8d�Z\^%Z\HtMNuYM?XmZjb¨a=d&Z\bp^fa,ª�UWbpK sJnpM¯¡¢^_h\K�X�^l¡oXj]8HJMLuY`tn¨M?u sx^W]8�_M!Z�X[�
b¨Zj]8HJbpaJ�%b ª Mfª
�
b¨Z\HB^faJMÊ^fh%Zm��^¬bpa�Z\MLh\K MLuJbpdfh\V aJ^YuYMLX0dlhjM hjMLdfn¨bcXmZjbp]�dlatu ¡¢MLdfX\bp©Jn¨M_ª O�^_a_Z8df]!Z0Xj]8HJMLuY`tn¨bpaJ� K�dEV
©xML]e^fK M�K ^fhjM�uJb 	­]!`tn�Zr�
b¨Z\HºbpKNsx^fh\Zjdfa�Zra�`tK¯©xMeh
^l¡Db¨a�ZjMehjKNM?uYbcdlhjV­aJ^YuYMLXL¾YHJ^&�(Me�_Meh?ª
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�r³��8´f¹������
	�� �?|

Q�`JhÊµ��j²t¹ ��	��¨¹ � sx^W]8�_M!Z%X\�
b¨Zj]8HJbpaJ�¬dfXjX\`JK sYZ\bp^fa bcX�dfnpX\^¬�fMLh\V b¨aJ£Ànpb¨atM �
b�ZjH Z\HtMÊ]!^W^fsxMeh8d&Zjb¨^_a
MLaY¡¢^fh8]!MLK Mea�Z���`tdfn¨b¨ZmV%^f¡o^f`th�dlstsJh\^�df]8H7ª��7M!Z

n0

©xMPZ\HJM X[^_`Jh8]!M�aJ^YuYM_¾
ni

ZjHJMN]e`Jhjh\MLa_Z�aJ^YuYM�!¢Z\HJM
at^WuJM¯ZjHtd&Z�]edfh\hjbpMLX¥Z\HJMNK MLXjX\df�fM$#!¾7dlatu

ni+1

ZjHJM aJM  WZ�aJ^YuYMfªP°·ª M_ª¨¾
ni

�
bpn¨n�¡¢^_h\��dlh8uºZjHJMPK M?X\Xjdl�_M
Zj^

ni+1

`Js=^_a%]e^fa�Zjd_]·ZLª�°Áa­^_`Jh�dlsJsJhj^_d_]8H Z\HJM;`tX\Meh�]!^_a_Z8df]!ZjXodfh\M�sJncdlaJaJM?u=§EM?XmZjb¨K�dlZ\MLu­b¨a0dfuY�&dla=]!Mfª
G�HtbpX�aJM?]!M?X\Xjdlhjb¨npVÄbpKNstn¨bpMLX�ZjHtd&Z'ZjHJM­X\^f`Jh8]!M

n0

�WaJ^&�rX�©=^fZ\H
ni

dla=u
ni+1

! X\bpat]!M ZjHJM­X[^_`Jh8]!M HtdfX
M?XmZjb¨K�dlZ\MLux§EsJncdlaJatMLuPZ\HJM�]!^fa�Z8df]·Z�#·ª�G�HJMrK MLXjXjdl�fM�K�dEV¯©xM
¡¢^_h

ni

^_h
ni+1

¾WX[bpat]!M�ZjHJM�X\^f`thj]eM(�WaJ^&�rX
©x^lZjH%^f¡,ZjHJMeKºª�O�^fa=X[M$�_`tMea�Z\npVf¾JdPK�dlnpbp]eb¨^_`tX8§lX[MLn�¦xX[H%h\M?dfX\^faJbpaJ�¯M_ª �=ª ��� �f³l¶�� �«´&¶¤³ �\�¢²J¹¯¶x¹ ���o¶x³ �f¹��
�¢²$.cµ ��¹·µ8µe¸�#�¹�.cµm�8¹�,��±¸�.Ð¶��
'�¶x³-� �!³-, ��¹������8¸&¶ ��,\³+* .3����bpX
a=dlbp�fMfª

°ÁatX\sJbph\M?u¬¡¢hj^fK � y-�À¾(b¨a ¡¢`YZj`JhjM0�(^fhj� �(M0�
bpnpn
Zjd_]8��npM%Z\HJMÄMe£ÀK�dlbpnr]!^_aJaJM?]·Z\bp�Wb�ZmV sJh\^_©JnpMeK bpa d
hjMeK ^fZ\MN��bpnpnpdf�fM¯�
b¨Z\Ht^f`YZ'°Áa�Z\MLh\aJMeZ�]e^faJatML]·Zjb¨^_a7ª � M b¨K�dl�_b¨atMPd0]!^W^fsxMeh8d&Zjb¨�_MPdlstsJh\^�df]8H7ª'�¥n¨bc]!M ! d
�Wbpn¨ncdl�_Meh�#·¾=�
HJMea�b�Z;bpX�HJMeh�Z\`th\a7¾¤�_^�M?Xr©WVÄ]edfhrZ\^�Z\HJMN]!b¨ZmVº°Áa_ZjMehjaJM!Z�]!^_aJaJML]!Z\bp^fa sx^fbpa�Z;dfatu ]8HJM?]8�WX
Me£ÀK�dfb¨nD¡¢^fh�HJMLhjX\Men¨¡(dfatu ^fZ\HJMLh���bpnpnpdf�fMeh8X��f¾7©th\bpaJ�_X;©td_]8�ºZ\HJM Me£ÀK�dlbpncX�bpa3HJMeh�g �r� ^_h�npdfsYZ\^_s�dla=u
uJbpX[Z\hjb¨©t`YZ\M?X�Z\HtMeK Z\^¬Z\HJMLb¨h0h\M?X[sxML]!Z\bp�fMÊuJMLX[Z\bpatd&Zjb¨^_atX­bpa Z\HtMÊ�Wb¨npncdl�fMÊ��bcdJ¾�¡¢^_h�M� YdfK sJn¨M_¾rd¬np^Y]edln
�
bphjMenpMLXjX�atM!Zm�(^fhj�xª«G�HtdfaJ�YX(Z\^NZ\HtbpXr]e^W^fsxMeh8d&Z\bp^fa,¾_ZjHJM'�Wb¨npncdl�fMLhjX�]LdlaºX\dE�_M���dfX\^fnpb¨aJM_ª

�¥Me�fMLh[ZjHJMenpMLXjXL¾DK�dfn¨bc]!bp^f`tX·§&X\Men¨¦=X\H ©=MLHtdE�Wb¨^_h¯]edfa dlncX[^Ä©xM0M  Ys=M?]·ZjMLu bpa Z\HtbpXNX\]eMeatdfh\bp^tªÄG�HJM%M!£
K�dfb¨n¤]edfh\hjb¨MLhL¾��rnpbp]eM�^_h�X\^fK Me^_aJM¥MLnpX\Mf¾W]edfa�X\MenpML]·Zjb¨�_MenpV�uYMenpM!ZjM�Me£ÀK�dlbpncXouYM?XmZjb¨aJM?u�¡¢^_h�^fZ\HJMLh��Wbpn¨ncdl�_Meh8X
¡¢^_h
dlaWV­K�dlnpbp]eb¨^_`tX(h\M?dfX\^fa7ª«���D�x� �J�¬�;���7�W�­]Ldla0uYM!¡¢M?d&Z¥X\`t]8H0uJMeaJbcdln¨£À^f¡Ð£±X\Mehj�Wbp]eMfª � b�ZjHÄ�;� �x�D�Y�
�����7�W�=¾Edfa�M!£±K�dlbpnfhjML]eMebp�fMLu�¡¢hj^fKBZ\HJM�°Áa�Z\MehjaJMeZ,K�dEV�! ^fh,K�dEV;aJ^lZ�#¿©xMohjM!Zj`Jh\atMLu�©td_]8�rZ\^;�rnpbp]eM«¡¢hj^fK
dfaJ^lZjHJMeh
�Wbpn¨ncdl�_M�`tX[MLhL¾JZ\HJhj^f`J�_HÄd HJ^W^f��^_hrX[a=dl�fM'X\HtdlsxMLuºs=d&Z\H,ª�G�HJbcXrdl©=XmZjhjd_]·ZrhjMesJhjMLX\Mea�ZjdlZ\bp^fa%bpX
bpnpn¨`tX[Z\h8d&ZjMLu%b¨a%�Dbp�f`JhjM�{Jª

� M��_b¨�_M�HJMehjM�d X\b¨K sJnpM­M� YdfK sJn¨M��
b�ZjH Zm��^Ê��bpnpnpdf�fMeh8XL¾ �rnpbc]!M�dfatu ½(^f©7¾DZ\^Ê©=M0uYMe�_Menp^fsxMLu bpa
¡¢`JZ\`JhjM¯�(^fhj�¤ª��t^fh¥M?uYb¨Z\^fhjbcdln X\bpKNstn¨bc]!b¨ZmVf¾x��M¯n¨MeZ¥Z\HtM��
HJ^fnpM¯uJdlZjd�©xM¯MLat]!hjVWsYZ\M?uº�
b�ZjH sJ`J©tn¨bc]��_MeVYXeª
�DbphjX[ZL¾D�rnpbp]eM !

A
#�dlatu ½(^f© !

B
#�X[MLatuÊM?df]8H3^lZjHJMeh?¼ X�bcuYMLa_Zjb�¦=Meh ! dlatu3sJ`J©tn¨bc] �fMLV�#¥Zj^ºZ\HJMLb¨h�Me£ÀK�dfb¨n

]e^fhjh\M?X[sx^fa=uYMea�ZjXLª ��dE�Wbcu bcX­�¥n¨bc]!M_¼ X ©x^&V¬¡¢hjb¨MLatu ! dfatu ½�^_© uJ^�M?X aJ^lZ­npbp�fMÄHJbpK #·ª � HJMLa ��dE�Wbcu
�
bcX\HJMLX�Zj^ÊX\Meatu dfa M!£±K dfb¨niZ\^Ê�¥n¨bc]!M_¾DHtM­Meat]eh\VWsYZ8X�HJbcX�K M?X\Xjdl�_MN�
b¨Z\H �rnpbp]eMf¼ X�sJ`J©tn¨bc]��fMLV

PKA

¾
ZjHJMeaº½(^f©7¼ X(sJ`J©Jnpbc]��fMeV

PKB

¾tdl��dlbpa­�
b¨Z\H
PKA

M!Z8]lªiG�HJM�hjMLX\`Jn¨Z�bcX�dla0^faJbp^fa0XmZjh\`=]·Z\`th\M;¡¢^fhjK b¨at�
d X\atdl�_M!£ÁX[H=dlsxMLu­s=d&Z\H��

[[[[message]PKA
, A]PKB

, B]PKA
, A]PKB

, B

G�HtM'h\M?X[`Jn¨Z\bpaJ� K MLXjX\df�fM�bcX
X[MLa_Zr©WV ��dE�Wbcu­Zj^ Z\HJM��Wbpn¨ncdl�_Meh?¼ X�]e^fK K ^fa0M!£±K dfb¨n dfuJuYhjMLXjX(�Wbpd ¸l¶x³&¶2'�	
��³-	Wµ�M!£±K dfb¨nÀª �¥aJ^faWVWK ^f`tX,M!£±K�dlbpn_KP`tXmZ�©xMo`tX\MLu�Z\^rZjHW�(dfh[Z dfa¯d&Z\Zjd_]8�;M_ª �=ª+��� �_³&¶
� �x´l¶x³ ���&�
.¨´_¹��¢²J¹
µe¹e¶ �_¹�, ³ �m�¢²$.cµ ¹�	 ��¸-.3��� .3��.cµ)�8¹�,��±¸�.Ð¶��
' �!³-,�µe³ � ¹8³&¶¤¹�¹�� µ!¹��
� �8¸&¶��tµ\²J³�	��
� �f¹��¨¹��±¹P.3��� �·ª¥G�HJMLa7¾x�¥n¨bc]!M
Z8dl�_MLX�ZjHJMP�Wbpn¨ncdl�_M�]edfhL¾x�f^WMLX
Z\^­ZjHJMP]eb�ZmVºdla=u ]8HJML]8�YX
Me£ÀK�dfb¨nÀª¥G�HJMNdl©x^&�fM'K MLXjX\df�fM'bcX¥`taJh\M?dfuJdf©JnpM
¡¢^_h;�¥n¨bc]!M�dfatu X\HJMP©th\bpaJ�_X¥Z\HtMNK M?X\Xjdl�_M'Z\^%Z\HJM �Wbpn¨ncdl�_Mfª'G�HJMNKNM?X\Xjdl�_M¯bcX�X[MLa_Z�Z\^%Z\HJM aJM� WZ;aJ^YuYM
bÀª Mfª¯½(^f©,¾7sJbpaJ�%sx^fat�_X�d�h8dla=uY^fK aW`JK¯©xMeh'^f¡iZ\bpK MLX�©xM!Zm�(MeMLa��rnpbc]!M�dlatu�½(^f©7¾7dfatuÄ¦ta=dlnpn¨VÊ�¥n¨bc]!M
^_©YZjdfb¨a=X(Z\HJM'K MLXjXjdl�fM;bpaº]en¨M?dlh\£ ZjM  WZLª�G�HJM'K MLXjXjdl�fM;��dfX(¡¢^fhr�¥n¨bc]!M ! ©J`YZ¥b¨Z¥]!^_`Jnpu%©xM�¡¢^fhr½(^f© #!ª

�¥n�ZjMehjatd&Zjb¨�_M�X[Z\^_h\VU�
½(^f©ºZ8dl�_MLX�ZjHJM¯�Wbpn¨ncdl�_M�]edlh?¾t�_^WMLX�Zj^­Z\HtM¯]!b¨ZmV0dfatu ]8HJM?]8�YX
M!£±K�dlbpn ª
G�HJMPaJM  WZ¥HJ^_sÄbpX�½(^f© dla=u

HtMN]LdlaÊuYM?]!hjVWsYZ�ZjHJMN^f`YZjMeh;^faJbp^fa ncdEVfMLhLª��(Z;Z\HJbcX;s=^_b¨a�Z�HJ^&��ML�fMLhL¾¤½(^f© bcX;b¨aÊZ\HJM X\dfK MPX\b�Zj`td&Zjb¨^_a
� �4~L�����p�p�
�}����v���w�v!�p��v�w�s1s��p¤L� � s1~-�}x1��y1~L��se�}����Ì3r�y1��x�rL��y��}�n�nw�uLr�y��}rL��� �¼���}�p�0�}�!�Lx1�ns1s¦§�s�wly�~-�+y{�}r���uLs1�nx4��~L�nr

� y��ps�~L�ps��+~L�nx�y1uLx1r ���}r���~L�n�e�����3���}�p��|�w�x�������xz��w}y1~L�nx�uLs1�nx���� �3���}�p�;�nw�r �L�L�nr�y1�
�}�p� y3��§0�prty�~L�ps����}s��N���}r�¤��l�}��~L�p�������
¤�� �nrL�nx���v!y1�prL��y�~!������s1se�}���ns¦�
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villagermailbox

in city (cybercafe)
contact occurs

contact occurs
in village

city

e−mail
e−mail

e−mail

remote village

carrying villager
e−mail

�Dbp�f`JhjM�{���O�^W^fsxMeh8d&Zjb¨^_a�MLaY¡¢^fh8]!MLKNMLa�Z�bpa0Z\HJM'hjMeK ^fZ\M��Wb¨npnpdf�fM�X\]eMeatdfh\bp^tª

d_X¥�¥n¨bc]!MPb¨aÄZjHJMPdf©=^&�_M'�fMLhjX\b¨^_aº^l¡«Z\HtMPX[Z\^fhjVfª �¥M¯Htd_X¥dfaÄ`JaJhjMLdfutdl©JnpM�K MLXjX\df�fM_¾=dla=uº©Jh\bpaJ��Xrb¨Z¥Z\^
ZjHJM¯�Wbpn¨ncdl�_Mfª¥G�HtM¯K MLXjX\df�fM'bcX�X\Mea�ZrZj^­ZjHJM¯aJM� WZ�aJ^YuYMPb ª Mfª;�rnpbp]eMf¾¤sJbpaJ��sx^faJ��X¥d�h8dla=uY^fK5aW`JK¯©xMeh
^f¡oZjb¨K MLX�©=MeZm��MLMea �rnpbp]eM­dlatu3½(^f©7¾DdlatuÊ¦tatdfn¨npV��¥n¨bc]!M�^_©YZjdfb¨a=X;Z\HJM�K MLXjXjdl�fMNbpa ]en¨M?dlh\£ ZjM  WZLª�G�HJM
K M?X\Xjdl�_M���dfX�¡¢^fhr�¥n¨bc]!M ! ©J`YZ¥b¨Z¥]!^_`Jncu�©xM�¡¢^fhr½(^f©+#·ª

�Dbpatdlnpn¨V_¾l�(Mo©xMenpb¨ML�fM�Z\HtdlZ ZjHJM(XjdlK MoZ\ML]8HtaJb ��`JM !¢bÀª Mfª�½�np`YË #D]edfa¯©xM(dfsJsJnpbp]Ldl©JnpMiZj^�^fZ\HJMLh �
bph\MLn¨M?X\X
atM!Zm�(^fhj��bpaJ��]ed_X[M?X«X[`t]8H�d_X�K¯`Jn¨Z\b¨£ÀHt^fs �
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