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aTw�w(]�[^qta¯_bqr��q¾_v|*±`|�a>edqjl.e�p�k^f�[^kcU�_baTl.k��0/&o�pVij]¦|�qjUVl¿f(kcita�_(qr�.kcir|*qjUVk ~ pIkcUVw(q¾�.kQ|.kO_;eVqjl.e�¬vw(p�k^kc�¸�mÜ;ÛQ�
["eVqrpVw>YÁk��Âld�r°21 ».» �DÝ;Ä>Ü;ÛQ�43%�Q� ú�1 û gO°	q¾_QUVqr[^kcir|LpVqjp�k^irqjUVkcw�_(eVkNw�|�wx_bk^o3_b]5�(a�±Vw(].f�±6��_bedk0�mÜ;ÛQ�
aT[c[^k^w�wXija�_bkcUV[c|LaTUd�F]T_(eVk^f;w�|�wx_bk^o ]¦�.kcf(eVk^aT�Pw�]�_(e�a�_Xa>´�]¦µ�_(fbaTUdwbaT[O_bqj]TUL[^aTUD±�k [^].o�pVijkO_bkc�¸�Tk^fx|
²�SVqj["��i¾|9YÁk��ÂlV�¾°�kc�Tk^fx|Fþ » UVw"g��
uvU·_beVk5n\]Tijij]¦µ�qrUVlV°E��k^[O_bqj]TUÈþFqjU`_bf�]��dSV[^kcw0[^].UV[ck^pd_(w0f(kcita�_(k^�Z_b]PaD´�]¦µ-a�UV�·w�_ba�_bkcw0qjo�pI].fx_"aTU`_

aTw�w(SVo�pd_bqr].UVwc�!��kc[c_bqr].U7�FaTUV�8�Ppdf(k^w�k^U`_0_bedk�aTf�["eVqr_(k^[c_(SVf(k�aTUV�Zp�k^fxn\].f(o*aTUV[ck5kc��aTirS�a�_(qj].U9]Tn�_bedk
w(]�nÇ_vµ%aTf�kO¬­±�aTw(kc�+�Vk^w�qjl.U5aTUV��_beVk�e�aTf(��µ%aTf�kO¬­±�aTw(kc���Vkcw(qjlTU5f(kcw(p�k^[O_bqr�Tk^i¾|.�³Ü;kcita�_(k^�>µÀ]Tf(�>qjw³w(SVfx�.kO|.k^�
qjUL��k^[c_(qj].U9���³��k^[O_bqj]TU:�Nw(SVo�o5a�f(qjÄck^wÀ_(eVkmo*aTqjU�[c].U`_bf�qj±VSd_(qj].Udw%]Tn _beVkQµ�].f�����Û�w%_beVkQn\]�[^SVwÀ]Tn _beVqrw
p�aTp�k^f�qjw�].UDeV]¦µÏ_b]5�Vk^w�qjl.U!a>´�]¦µÏ_"aT±Virk _(]�w(SdpVpI]Tf�_X_(eVk0a�n\]Tf(k^o�k^U`_(qj].UVkc�Df�].Sd_bkcf�n\SVUd[c_bqr].UVwc°I_bedk
�VkO_"aTqriK]�n?_beVkcw(k n\SVUV[c_(qj].UdwQaTUV�L_beVkcqjf;qjo�pVijkco*kcU`_"a�_(qj].U¸aTf�k�].o�qr_�_bkc�FqrUL_(eVqjw;p�aTp�k^f�qjUF_(eVk qjU`_bkcf(k^wx_
]Tn{w(p�a�[^kT�³z�eVkO|¸[ÎaTUL±IkQn\]TSVUV�LqjU+_beVkyir].UVl.kcfÀ�.kcf(w(qr].U·ú�� û ]�n{_(eVqjw�p�a�pIkcf^�

; <>=cå@? A�å*â!è�BDCDãFEHGNâ!æ áJI C½å�ä?ãFG�â�ãLKMEFEEçNI CDã&é^å�âNE

ÛO�;÷��&°EaTw¿w�eV]¦µ�UZqjU Ú qjld�+þ�°{qjwy�Vk � UVk^��ú º¦»¯û aTw¿aFw�k^f(qrk^w ]Tn�SVUdqj�Vqrf(k^[O_bqr].U�aTi?pVaT["�TkO_bw�_(e�a�_¿w(e�aTf�k
_bedk¿w(aTo*kQP�w(f�[ u ª °Æ�Vkcw�_ u ª °Æw(f([ pI].fx_Î°��Vkcw�_ p�].fx_Î°ÆpVf(]�_b]�[^].iSR�_(SVpVijk�°Æw(k^pVaTfba�_(k^�F±�|LUV]�o�].f(km_beVaTU
aL_(SVU�aT±dijk0_bqro*kc].Sd_y��aTijSVkUT VSW�X&Y[Z\VO�¸Ý;k^f�k � ~ kc�Z_bqjo�k^]TSd_m��aTijSVkFY]TQV]W�X&Y[Z^V�gyqrw aT�V].pd_(k^�½_(]Fw�qjo�pVijq¾nÇ|

�



Dexpire

= packets observed in a flow

Flow starts
First packet arrives

Flow stops
Last packet arrives

Flow expires

lifespan

Time

duration
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Ú qrl.SVf�kyþ Þ z�qjo�k^irqjUVkX]Tn?a Ú ir]¦µ

qjo�pVirk^o�k^U`_"a�_(qj].U7�J�
kXµ�qrijiÆw(SV±dw(k^²�SVkcU`_bir|5f(kOn\k^fÀ_(]Nw(SV["e¸a _bSVpVirkQaTw�ý¾í � ïOó�ð	_Dí`ò`òTóbï"ì"ìO�?Û�´�]¦µÐìOùËíTóOùÇì
µ�eVkcUPqr_(w � f(w�_Xp�aT["��kc_ma�f(f(q¾�.kcwXaTUd�Èï+*cÿ�õÇóbï"ì%µ�eVkcUD_bedk ´�]¦µÏe�a�w�UV]5aT[c_(qr��qr_v|5n\].f;a�_bqro*kc].Sd_�p�k^f�qj]��
T VSW�X&Y[Z^V�� z�eVkN´�]¦µêqjw�ÿ�óbï"ìOë`�5ï(òFí�öOùÁõÇôTï�qjUP_bedk0o*k^aTU`_bqjo�kNa�UV�P_beVqrwQp�k^f(qr]��DqjwQ[^aTijirk^�D_(eVk+ý õ 'Îï"ìvÿdíTø
]Tnm_(eVkD´�]¦µy� ��SVpdpI].w�kP_beVkÈï+*cÿ�õÇó(íTùÁõË÷¯ø·e�aTpdpIkcUVw+a�_�_(qjo�k9a °%_(eVkD´�]¦µ$aT[c_(S�aTiji¾|¶ìOù�÷"ÿ�ì*a¯_5_bqro*k
acb5T V]W�XdYeZ^V�°Vµ�eVk^UL_beVkyita�w�_�p�aT["��kc_X]Tn{_(eVkm´�]¦µÏaTf�f(qr�Tk^wc��z�eVkyp�k^f�qj]��L±�kc_vµ�k^kcUD_bedky_(qjo�kQ_beVkm´�]¦µ
w�_baTf�_(w&aTUV�¿_beVkÀ_(qjo�k�q¾_?wx_b].pVwEqjwE[^aTijirk^� _beVkyòTë�ó�íTùÌõË÷¯øm]�n�_beVkÀ´V]�µy°T�VSVf(qrUVlXµ�eVqr["eN_beVk�´�]¦µÊqrw�í�öOùÁëVíTýÇý �
í�öOùÁõÇôTïO�
ÛXl.lTf(k^l.a�_bk¸UVkO_vµÀ].f��Z_bf(a�®�[Lqrw0n\].SVUV� _b]�±�kL±dSVf(wx_v|ÈaTUV�Èw(k^i¾nt¬vw�qjo�qjita�f�ú º.º ° º þ û °ÀaTUV�ÈpI]Tw(w(qr±Vijk

f(k^aTw(]TUVw�±IkceVqjUd��_be�a�_�aTf(kma�U�aTir|�Äck^�¸qjU�ú º � û ��Ý�]¦µ�kc�Tk^f^°V_(]N_beVkm±�k^wx_�]Tn ].SVfÀ��Ud]�µ�irk^�VlTkT°V_bedkmaTf(f�qr��aTi
]Tn�Udkcµ ´�]¦µ�w0aTUV�9_beVk5U�SdoN±Ikcf�]Tn�aT[c_(qr�.k�´�]¦µ�w¸Y\µ�edk^U7T VSW�X&Y[Z\V qrw¿f�kÎaTw�].U�aT±dir|9ij].UdlV°{w(aÎ|8� » w^°{_(]
pVf�kc�.kcU`_�a ´�]¦µÅn\f�].o¹±IkcqjUVl w(kcl.o�k^U`_bkc��qjU`_b]¿oNSVi¾_bqjpdijk%w�SV±d´�]¦µ�w"g�°�a�_³_beVk;uvU`_bkcf(UVkO_�±�aT["��±�].UVkXirkc�Tk^iË°
e�aÎ�.k¿UVkc�Tk^fQ±�k^kcUFn\].SdUV�F_(]5±�k¿w�k^irnt¬­w(qro*qritaTfc�&ÛX[c_(S�aTirir|.°Vµ�k��d].Ugf _Xk ~ p�k^[O_X_(eVk^o _(]5±�k¿w�k^irnt¬­w(qro*qritaTf Þ
µ�eVqrijkyp�aT["��kc_bw�qjUVw�qj�Vk a>[^].UdUVk^[O_bqj]TUPaTf�k [c].f(f�k^ija�_bkc�	°�aTf(f�qr��aTijwÀ]TnE_(eVk¿UdkcµÐ[c].UVUVkc[c_bqr].UVw�Y\´�]¦µ�wbg�aTf�k
l.kcUVk^f(aTiji¾|�UV]T_¿ú º � û �
uvo*p�].fx_"aTU`_�o�kc_(f(qr[^w�qrUÉ_beVkDw(]TnÇ_vµÀaTf(k�¬*aTUV�Åe�a�f(�dµÀaTf(k�¬v±�a�w(k^�H�Vkcw(qrl.UVw¸aTf�kPo*]��Vkcijk^�ÊSVUV�Vkcf¸a

ö"÷¯ø�ùvï+*.ù&[ÎaTirijk^�Êò � ø�í
�0õËö(íTýÇý � ðxñ"íTý¾íTø7ö"ï(òD�;÷��Bì � ìOùvï$� YÌ�D3 Ú �VgO��uvU½�D3 Ú �I°IµÀk5aTw(w�SVo*k0_(e�a�_Î°Kkc�Tk^fx|

�



hi�j w(kc[^].Ud�Vw^°�].UVk�UVkOµÉ´�]¦µÅa�f(f(q¾�.kcw�a�UV�>].UVk�].ij�0´�]¦µÉk ~ pVqjf�k^wc�?uvU*]�_beVkcf�µ�].f��Vw^°��VSVf�qjUVlykO�.k^fx|>].UVk�¬
w(kc[^].Ud�9qrU`_bk^fx��aTiË°Ik ~ aT[c_(ir|4k4l�].ij�D´V]�µ�wmk ~ pVqjf�k0aTUV�mknl UVkOµê´�]¦µ�wyaTf�f(q¾�.kNw�]�_be�a�_�_beVk0U�SVo�±Ikcf
]Tn;í�öOùÁõÇôTï,�;÷��Eì�opl¹f(k^o*aTqrUVw�[c].UVwx_"aTU`_m]¦�.kcf�_(qjo�kT�;�D3 Ú �LaTw(w�SVo*p�_bqj]TUDqjw;[^ir].w(k _b]�_beVk¿f(kÎa�ijqr_v|La�w
qr_�qjw�w(eV]¦µ�U!qrU ú ºÎ» ° º � û _be�a�_po�l¹_bkcUV�VwX_(]5´�SV[O_bS�a�_(k��.kcf�|Dijqr_�_birkmqjU!a.�¦¬vo�qjU�Sd_bkyqrU�_(k^fx�Ta�iË°Æ_beV].Sdl.e
qr_Qo5aÎ|P["eVaTUVl.k��Vfba�o5a�_(qj[^aTiji¾|¸]��Tk^f a+].UVk�¬v��aÎ|!p�k^f�qj]��	�NÛXwQµ�k�e�aÎ�.k>k ~ pVijaTqjUVkc�	°K�D3 Ú �D�V]�k^wyUV]�_
[^]TU�_(fbaT�dqj[c_mµ�q¾_be�_beVk>w�k^irnt¬­w(qro*qritaTf�U�a�_(SVf(k>]Tn³_bedk�uvU`_(k^f(Udkc_ _bfba¯®*[Fú º.º ° º þ û �q�
k>SVUV�Vkcf(wx_"aTUV�9_be�a¯_
�D3 Ú �+o�]��VkcijqrUVlN�V]�k^w;UV]T_;[Îa�pd_bSVf�k _(eVk4���Vqjwx_bSVf�±�aTUV[ckr��[ÎaTSdw(k^�D±�|+_(eVkm´�SV[O_bS�a�_(qj].UL]Tn{_beVk¿aT[c_(qr�Tk
´�]¦µ�wÀqrU�_(eVkXf�kÎaTi�_(fba�®�[T��Ý;]¦µÀkO�.k^fc°d_bedkXaTlTf(k^kco*kcU`_À±�kc_vµ�k^kcU�_beVkXaTU�aTi¾|�_(qj[^aTi Y\n\f�].oÒ_bedkXo�]��VkcijqrUVl�g
aTUV�m_(eVk�k ~ pIkcf(qro*kcU�_ÀYÇn\f(].o�_beVk&w�qjoNSVija�_bqr].UÆgÆf(k^w�SVir_(w�w(SVlTl.k^wx_bw _be�a�_�_(eVk�kcÃIk^[O_{]�n�_(eVqjws���dqjw�_(SVf(±VaTUV[^k��
].U+_bedk o�kc_(f(qr[^w%µ�k�aTf�kyqjU`_bkcf(k^wx_bkc�FqrULqrw%�.kcf�|¸w(o*aTiriË�
ª ].qrw(w�].U�o�]��VkcijqrUVlm_be�a�_³µ�qjiriV]�[^[^SdfÀqjU�w(kO�.kcfbaTiIpVitaT[ck^w�]Tn7_(eVqjw³p�aTp�k^fÀaTijw�]¿UVkck^�Vw�_b] ±Ik�[ÎaTf�kcn\SVirir|

} SVwx_bq � k^�	�&uvU¸aTiriÆ±VSd_�].UdkQpVita�[^kT°�_beVk ª ].qrw(w(]TU¸aTf(f�qr��aTijw�aTUV�5�Vk^p�a�f�_bSdf(k^w�a�f(kmaTw�w(SVo�k^�+qrU+a�w�ij]T_À]TnKa
e�aTw�eN_"aT±dijkÀ]Tf?qjU�aQijqjUdk�]Tn�aQw�kc_x¬�aTw�w(]�[^qta¯_bqr�TkÀ[^aT["eVk YÁw�qjo�qjijaTf	_b]Q_(eVkÀn\].f�o*kcfE[Îa�w(k¦g��?z�eVk } Sdw�_bq � [Îa¯_bqj]TU
qjw�_beVa�_;SVUV�Vkcf�_bedkN�D3 Ú �+[^]TU�_(k ~ _ma�UV�F_(eVk�SVUdqrn\].f�o e�aTw�eVqjUVl5aTw(w�SVo�pd_bqr].U	°V_bedk�qjU`_(k^fba�f(f(q¾��aTi7_bqro*k
±�kc_vµ�k^k^U
_vµÀ]FUVkcµê´�]¦µ�w _(e�a�_¿aTf(k>o*aTpVp�k^��_b]La¸p�aTf�_(qj[cSVitaTfXw(ij]�_dt�irqjUVk¿qjw aT[^[cSVfba¯_bk^i¾|!o�]��Vkcijkc�
a�w
aPl.kc].o*kO_bf�qj[5f(aTUV�V]ToC��aTf�qtaT±VirkT�9��]d°?µ�eVk^U·_bedk+U�SdoN±Ikcf0]Tn�ijqrUVk^wut�w(ir]T_bw¿qjwNijaTf(lTkT°E_(eVqjwNlTk^].o�kc_(f(qj[
�Vqrw�_bf�qj±VS�_bqj]TU5[Îa�UL±�kyaTpVpdf(] ~ qjo*a�_bkc�+aTw%_bedk ª ].qrw(w(]TUL�dqjw�_(f(qr±VSd_bqr].U	� ß Udir|*qjU+].UVkXpVitaT[ck>YÁqrUL��k^[O_bqr].U
�d� º g7�V]�µÀk�aTw�w(SVo�k&_be�a�_�_(eVk�qjU`_bkcfbaTf�f(q¾�Ta�i�_bqro*k&±�kc_vµ�k^kcUNp�aT["��kc_(w{qrUVw(qr�Vk�a�´V]�µ½qjw�k ~ p�].UVkcU`_bqta�i�Y\µ�qr_(e
p�aTf(aTo�kc_bkcf0v�gO�?Ý�]¦µÀkO�.kcf^°Vµ�kQqjo�o*kc�Vqta¯_bk^i¾|Nw�eV]¦µ�_(e�a�_À].SVf�_baTf(lTkc_bkc��o�kc_bf�qj[;qjw³�.k^fx|5qrUVw(kcUVw(q¾_bq¾�.k�_(]
_bedky��aTf�qta�_(qj].U5]Tn-vÆ�

�



wxyz{|}n}top ~n~n~n~~n~n~n~~n~n~n~~n~n~n~
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(a) (b) (c)

Ú qrl.SVf(k�� Þ YÁa`g h e�aTqjUdqjUVl0µ�qr_(eFedkÎaT�L_"aT±VirkT°KY\±Æg���_"aT["�+]�nEn\f(kck¿Ud]��Vkcw^°{YÁ[Îg h eVaTqjUVqrUVl0µ�qr_(eV].Sd_�eVk^aT�
_"a�±Vijk��

� �+åU��ãg?HG�ä(Bs����GqE-BQæ ��BDE?ér��â

uvU
_(eVqjw w(kc[c_(qj].U	°KµÀk*pVf(kcw(kcU�_NaFw�]TnÇ_vµ%a�f(kO¬­±�aTw�k^�Z�Vkcw(qrl.U
_(e�a�_�aT["eVqjkO�.kcw0a¸_(eVf(]TSVl.eVpVS�_�]Tn�� s ±VpVwc°
µ�eVqr["e0qjwEw�SVqr_baT±Virk³n\].fEaXijqrUVk³[ÎaTf��	�Ez�eVqrwE�Vkcw(qrl.U0qjwK±�aTw�k^�>].UNe�a�w(eN_"a�±Vijk³��a�_baXw�_(f(SV[O_bSVf�k�aTSVl.o�k^U`_bkc�
µ�qr_(e>aX_bkc["eVUVqj²�SVk�_(]mw(].i¾�.kÀ_(eVk;î`íTócñ"í¦î�ïXö"÷¯ýÇýjï"öOùÁõË÷¯ømpVf(].±dijk^oL���Hedk^U�aX´�]¦µÉk ~ pVqjf�k^w^°._(eVk�e�aTw�e>UV]��dk
_beVa�_?[c].U`_"aTqrUVwE_bedkÀ´�]¦µÉkcU`_bf�|¿±�k^[^]To*kcw@��l`aTf�±�aTl.k����4�Hq¾_beV]TSd_&a.�xl`aTf(±VaTl.kÀ[c].ijirk^[O_bqj]TU6�Xo�k^["e�a�UVqjw�oF°
_bedk¿wx|�wx_bkco µ�qriji	kO�.kcU�_(S�aTirir|¸f(SdUD].Sd_;]TnEo*kco*]Tf�|.���½ky�VkO�.kcij].pDaTUPaTo�].fx_bqjÄck^�¸l`aTf�±�aTl.ky[c].ijirk^[c_(qj].U
_bkc["eVUVqr²�SdkN_be�a�_QaT±Vw�].f(±Vw�_beVkN]¦�Tk^f(edkÎaT��]Tn�pVSdf(l.qrUVl5qrU�_(]*ÿ�ób÷Tñ^õÇø�îT���
k�qrU�_(f(]��VSV[ck0a5o�kc_bf�qj[ [ÎaTirijkc�
î`íTócñ"í¦î�ï;ó�íTùÌõË÷À_be�a�_³o�kÎaTw�SVf(kcw³_(eVk�kcÃIk^[O_bqr�Tk^UVkcw(w%]�n7_bedk;w�["eVk^o�kT�³�L]��VkcijqrUVl aTUV��w(qjo�SVita�_(qj].U0f�k^w�SVir_(w
].U+_bedqjw�o*kO_bf�qj[maTlTf(k^km_(]>µ�q¾_beVqrU º¦»�� �dqrÃIk^f(kcUV[^k��

���+� ������� �¢¡�£2¤J¥§¦�¨©�«ª�¨©¬�¤®­8�,¯+¯�¤J°±�¢¡��,² ³r�´¦O­¶µ

z�eVk>��a�_ba+w�_bf�SV[c_(SVf(k>SVUd�Vk^f�ir|�qjUVl+Û s h qrw!%dí¯ì&%�õÇø�î9�&õÇù	%Zö&%díTõÇø�õÇø�î h aTwmw�eV]¦µ�U
qrU Ú qjlV�!��YÁa`gO�¿z�eVk
UV]��Vk^wEqjU�_(eVk%e�aTw�eN_"aT±dijk%a�f(k��`þ¦¬v±`|�_bk%ir].UVl�´V]�µÊk^U`_(f(qjkcw^�{Û¶e�aTf��dµ%a�f(k�e�aTw�eNn\SVUV[O_bqj]TU�_be�a¯_&aT["eVqrkc�Tk^w
ë�ø�õ 'Î÷¯ó$��%dí¯ì&%�õÇø�î�qjwNSVw�k^� _b]�pVf�]��VSd[^kLaTU qjUV�dk ~ a�UV� qr_bw�].f�_(eV].l.].UVaTi%p�aTfx_0[Îa�ijijkc�Åù­í¦îT°�n\].fNk^aT["e
qjUd[^].o�qjUVlFitaÎ|.kcfx¬\�!aT�V�Vf�k^w�w^�½��SV["eÈaDw(Sdqr_"a�±Vijk*e�aTw(e·n\SVUd[c_bqr].UZqrw��Vkcw([^f�qj±�k^� qjU·��k^[O_bqj]TU7�V� þ��!z�eVk
·^¸!¹(º¼»�½¼»d¾2¿�ÀS¹sÁ)Â�Ã�ÄDÅ¼Æ&Ç]Å�ÈÉÄrÊ�ËdÌeÍ$»$Î)Ï�¾SÐ¼Ñ�À±ÒÓ¹ÕÔÖË$¿�À]¹F¾)Ð¼¹Ö×sÑØË$Ù$¹FÍ�Ë$ÎSÒÓËdÍ$¹-Ô�»�Ì�Ìe¹+Ô�¾SÏe»$½�Ë�Ô�»$ÑØÚ¼ÌeÏ[ÔÖË&¾)¹+ºs¾)Ë�À]Ù@Û�Ü+Ý&Þàß

"



qjUd�Vk ~ qrw�SVw(kc�F_b]>ir]�[^a�_bk�í�ìOýj÷¯ù�qrU¸_(eVk %�ï(í`ò*ù­í`ñ^ýjïÀ_be�a¯_�p�].qrU�_(w%_b]*a�irqjUV��k^�¸ijqrw�_�]Tn{UV]��Vk^wc�ÀÛ�ÿ�ób÷TñOï
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��aTf(qjaT±Virk^w%a�UV�+w(kcf���qj[ckQp�aTf(aTo*kO_bkcf(w%]Tn _(eVkQo*a�_b["eVkc�+k^U`_bfx|5µ�qriji�±IkXn\kc�+qjU`_b]¿_beVk�ì¦ïOó�ô¦õËö"ïXýj÷(îTõËö�n\f(].o
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w(["edk^�VSVirk+qjw¿w(eV]¦µ�U·qjU Ú qjlV�4���4/³a�["e·ijkc_�_bkcf+YÌÜy° �I° h °��Ï°�uxg¿�Vk^Ud]T_bkcw>aD[^ir]�["��[c|�[cijk�Y º¦» UVwN]Tf¿_bedk
aTo�].SVU`_K]Tnd_(qjo�k?_b]�_bf(aTUVw�n\kcf º �;±`|�_bkcwESVw�qjUVl º �¯¬­±Vqr_x¬­µ�qj�dk(1 ».» �DÝ�ÄÀÜ;ÛQ�43%�X�y_bkc["eVUV].ir].lT|dgO�{Üy°¼�Ï°
aTUV�¸u�w�_baTUV�+n\].f%f�kÎaT�7°dµ�f(q¾_bkT°daTUV�¸qj�dijkT°�f(kcw(p�k^[O_bqr�Tk^i¾|.��ÛXw%µ�kyk ~ pVita�qjUVkc�+qjU¸��kc[c_(qj].U9�d�#�V°�_vµ�]>[^ir]�["�
[c|�[cijk^wÀaTf(k;UVkck^�Vkc��_b]�f�kÎaT�5aTU5kcU`_bf�|T°VaTUd�5].UVk�[^ir]�["�0[O|�[cijk�qjw�UVk^kc�Vk^��_(]�SVp���a�_(kXa�U5k^U`_(f�|*±Ikc[ÎaTSVw�k
o�].f(kN_(e�aTU9e�aTirn�]Tn�_beVk>k^U`_(f(qjkcw�a�f(k>f(k^aT��¬v]TUVir|T�5�!qjwm_(eVk>w(kÎa�f(["eÅY���[^]To*p�a�fba�_(].f^°#�c�xoNSVir_(qjpVirk ~ k^fc°��
aTUV� � ß Üs�FqjU Ú qjlV�4�.gyaTUV�Zf�k^pVijaT[^kco*kcU�_+Yr��[c].U`_bf�].i�ir].l.qr[r��gQij]Tl.qj[��D�9ij].l.qr[>qjw ²�Sdqr_bk*w(qro*pVirk5a�UV�
[Îa�U9±�kN[c].o*pdijkc_(k^�Pµ�k^iri{µ�qr_(eVqjUF_vµÀ]¸[^ir]�["�F[c|�[^irk^w�Y\kT��lV�r°�þ » UVw"gXSdw(qjUdl » � þ
��ÈDÉ h � ß �YÊ�îK��u"� h
w�_baTUV�Vwyn\].fm_bedk*[c].o*pdSd_"a�_(qj].U�qrU9_(eVk>w(k^fx��qj[^k*ij].lTqj[T� �
k*k ~ pVitaTqrUVk^�9qjUÊú�� û _be�a¯_ _(eVk�w(k^fx��qj[^k�ij]Tl.qj[
[Îa�U aTijw�]P±Ik5[^].o�pVijkO_bkc�½µ�qr_(eVqjU½_vµ�]�[^ir]�["��[c|�[cijk^wc�Z��qjUV[ck�qjUZk^aT["e·_bf(aTUVwba�[c_bqr].U	°-� ].Udir|9]�[c[^SVf�w
_b]D].UVk5o�k^o�].fx|
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w�|�wx_bk^o2_(eVf(].Sdl.eVpVSd_^�%ÛXw;w(ed]�µ�UFqjU Ú qjld�Ø��°6� qjU+_bf(aTUVwba�[c_bqr].UË(ÀaTUd�9� qrU+_bfba�UVwbaT[O_bqr].Ut( ¼�º aTf�k
k ~ kc[^Sd_(k^�9w(qjo�SVir_baTUVk^]TSVw(i¾|�Ì�w(]�_(e�a�_Q_vµ�]�´�]¦µÏ_bfba�UVwbaT[O_bqr].UVwmaTf�k�[c].o*pdijkc_(k^�PkO�.kcf�| � �TkN[c|�[cijk^wc�¿��]
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o�qjijirqj].U>_bf(aTUVw(aT[c_(qj].UVw�p�k^f�w�k^[^]TUV�D].fs" » s ±VpVw�µ�eVkcUF_(eVkyaÎ�.k^f(aTl.k p�aT["��kc_�w(qjÄckyqjw;þ � » ±`|�_bkcw^��Ñ�]T_(k
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]¦�.kcf�´�]¦µÐf(a�_bqr].w�]TnK_beVkm_vµ�]*w�["eVk^o�k^wá�xµ�qr_(eLf�k^ir]�[^a�_bqr].U6��µ�qriji	a�ijw(]>±�kmpVf(kcw(kcU�_(k^�	�
�½km�dk � UVkm_(eVk5ïOø�ùÌó � ÷¯ôTïOó	�;÷��Éó(íTùÁõË÷NY���V]õ-XÉZ��^g%aTwÀ_(eVkmU�SVoN±�k^f�]Tn ´�]¦µBk^U`_bf�qjk^w�qrU�_beVkya�w(w(qrw�_baTU`_

´�]¦µ·_"a�±Vijk³�Vqr��qr�Vk^�¿±�|y_(eVk�_(]T_"aTi`U�SVo�±IkcfE]TnÆa�[c_bq¾�.k³´�]¦µ�w-o�l>���
k³�Vk � UdkÀ_beVk�ùÌó�íTødì^í�öOùÁõË÷¯ø¸÷¯ôTïOó	��÷��
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Ú qjl.Sdf(kD� Þ z�edk ª k^f�n\]Tf(o*aTUV[^k¿�F]��VkcijqjUdl0]Tn{_(eVk¿��_"a¯_bqj[ ��kc_�¬­ÛXw�w(]�[^qta¯_bqr�Tk ��["eVkco*k

ó�íTùÌõË÷>Y��0XÉZ^ô�õ�ò]ô���XÉY��Sõ�g�aTw�_beVk U�SVoN±�k^f;]TnE´V]�µB_bfba�UVwbaT[O_bqr].UVw¿YÁ�Vk � UVkc�DqjUD��kc[c_bqr].U º gÀ_be�a�_;qrw;f�k^w�].ir�Tk^�
±`|�_(eVk�aTw�w(qjwx_"aTU`_?´V]�µ _baT±Vijk��Vqr��qr�Vk^�0±`| _beVkÀ_(]T_"a�idU�SVoN±�k^f?]�n�´�]¦µÈ_(fbaTUdwbaT[O_bqj]TUVw^�â�HeVk^U>f(kcij]�[Îa�_(qj].U
qjw�UV]�_Xa�ijij]¦µ�k^�	°Vµ�k w(eV]¦µ�_(e�a�_���VSõ�XÉZ��rø��0XÉZ\ôÖõ òSô���XÉY��)õ>±`|+_beVkyn\].ijir]¦µ�qjUVl>aTf�l.SVo�k^U`_Î�,î�kc_ ûk5%Ò�dk^UV]T_(k
_bedk�aÎ�.kcfbaTlTk¿U�SVoN±�k^f;]TnEp�aT["�TkO_bwQqrUDa0´�]¦µy�0�HeVkcUF_(eVk¿f�k^ir]�[^a�_bqr].U¸qjw�UV]T_�aTirij]¦µÀkc�	° ûk5% aÎ�.kcfbaTlTk^�
]¦�.kcf�_bedk¿´�]¦µ�wXqrUL_(eVk�o*aTwx_bk^f�´�]¦µÐ_"a�±Vijkmµ�qjiri�±Iky_bedk�wba�o*k¿aTw�_beVk ûk5% aÎ�.k^f(aTl.kc�P]¦�.k^f;_beVk ´�]¦µ�w
qjUF_beVk>aTw�w(qrw�_"a�U�_X´�]¦µê_baT±Vijk�°7±�k^[^aTSVw(k0_(eVkm��±�a��!ijSV["� �
YÌa��XïOóOø7÷¯ë�ýÇý õÀó�íTø�ò�÷�� ô¯íTó�õÁí`ñ^ýjï(g;]Tn³a5´�]¦µ
±�k^qjUdl
]¦�.kcf�´�]¦µ�k^�¶_(]
_bedkDaTw�w(qrw�_"a�U�_�´�]¦µ _baT±Vijk¸qrw*wx_"a�_(qjw�_(qj[^aTiji¾|½qrUV�Vk^p�k^Ud�Vk^U`_�]�nQqr_(w ûk5%>�¶ÛXw*a
[^]TUVw(kc²�Sdk^UV[ckT°V_bedkXpVf�].pI]Tf�_bqr].U�]Tn7_(eVkQaT[O_bq¾�.k�´V]�µ�w�qjU�_beVk�aTw(w�qjwx_"aTU`_À´V]�µÅ_baT±Virk;w�eV].SVir��±�k�kc²�SVaTi�_(]
_bedk pdf(].p�].f�_(qj].U5]Tn{_(eVkQ_bf(aTUVw(aT[c_(qj].UVw�_(eVk^w�k¿a�[c_bq¾�.kQ´�]¦µ�w;e�aTUV�dijkT°�_be�a�_�qrw^°���V]õ-XÉZ���ø��0XÉZ^ô�õ�ò]ô���XÉY��SõV�³��]V°
qjU�_beVk;n\].ijir]¦µ�qjUVl aTU�a�ir|�w(qrw^°�µ�eVk^U�_(eVkXf�k^ij]�[Îa¯_bqj]TU�qrwÀUV]�_%aTirij]¦µ�k^�	°�µÀk�SVw(k��Ï_(]��VkcUV]T_bkX±I]T_(e ��V]õ-XÉZ��
aTUV� �0XÉZ^ôÖõ òSô���XÉY��)õV�?Ñ�]T_(k�_beVa�_À_(eVqjw�k^²�S�a�_(qj].U��d]�kcwÀUV]T_ÀeV].ir�5µ�eVk^U�_(eVkXf�k^ir]�[^a�_bqr].U*qrw%aTirij]¦µ�k^�	����qjUV[ck
f(kcij]�[Îa�_(qj].U!qrwyp�aT["�TkO_�¬­�Vf(q¾�.k^U7°{´�]¦µ�w qjU�_beVk�aTw�w(qjwx_"aTU`_ ´�]¦µÒ_"a�±VijkNµ�q¾_be9itaTf�l.k^f ûkt% e�aÎ�.k�a+eVqrl.eVkcf
pVf�].±�aT±Vqrijq¾_v|0]Tn�f�k^ij]�[Îa¯_bqj]TU�_(e�aTU5´�]¦µ�wÀµ�q¾_be�w�o5a�ijijkcf ûk5%>����]�_(eVk�´�]¦µ�w%_(e�a�_�w�_"aÎ|*qjU�_beVkma�w(w(qrw�_baTU`_
´�]¦µB_baT±VirkQ_bk^Ud�L_(]*e�aÎ�Tk¿a>w(o*aTirijk^f ûk5%>°Vµ�eVqj["eLf(kcw(SVi¾_bw�qjU���V]õ-XÉZ��"!#�0XÉZ^ôÖõ òSô���XÉY��)õV�
�½kÀ�Vk � Udkmýj÷^í`òyó�íTùÁõË÷³]Tn�_beVkÀo5aTwx_bkcf{´�]¦µ _"aT±dijk  (ëÅaTw{_beVk%U�SVo�±IkcfE]Tn�aT[O_bq¾�.kÀ´�]¦µ�wFopl��dqr��qj�Vkc�

±`| qr_bw�_(]T_"aTi�[^aTp�aT[cqr_v|6��úÿk9�?��Ud�Vk^fK_beVkÀa�n\].f(kco*kcU`_bqj]TUVk^�¿�D3 Ú �m[^].U`_(k ~ _Î°$�êY\µ�q¾_beV]TSd_Kf(k^ir]�[^a�_bqr].UÆg
qjU�±�]T_be*�d|�U�aTo�qj[�w(["eVkco*kXaTUV�*w�_"a¯_bqj[�w�["eVk^o�k^w�qjw³SVUVqj²�SVkcir|>�VkO_bkcf(o�qjUVkc�*±`|� (ë�aTUV� k3aTw�n\].irij]¦µ�w^�

% �X|�U�aTo�qj[;��kc_�¬­ÛXw�w(]�[^qta¯_bqr�TkQ��["eVk^o�k Þ Ý;k^f(k�µ�kQaTw�w(SVo�k;_(e�a�_Àa5ò � ø�í
�0õËöQñ"íTý¾íTø7ö"ï?qrwÀa�["eVqjkO�.k^�7°
qrU�µ�eVqj["e¸_beVkm]¦�Tk^f�´V]�µ�fba�_(qj]0w�_baÎ|�w�[c].UVw�_baTU`_Î�(�½km��UV]¦µ�_be�a�_�_(eVkyij]`a��+fba�_(qj]N]TnK_bedkmo5aTwx_bkcf
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´�]¦µÈ_"aT±dijk%qrw-o�l�ú{Y º b&�Ng4"VY��Lú�kDg©ø> (ë9úKY º b&��gO°`µ�eVqj["e>qrw&aTijw�]X_bedk�÷¦ö"öOë�ÿdíTø7ö � ó�íTùÌõË÷QY\±�|
aT[O_bq¾�.k�´�]¦µ�wbgm]�n�kÎaT["e�±�aTUd�D±�k^[Îa�SVw(k>SVUV�dk^fmfba�UV�V].o f(kcpVitaT[ck^o�k^U`_Î°I_beVkcw(k�Ñ ±�aTUd��wmw�eV].SVir�
±�k%k^²�S�a�ijir|¿ij].aT�Vk^�7�{z�eVkcU	°�SVUV�Vkcf?_beVkÀSVUVqrn\]Tf(oÏe�aTw�eVqjUVlya�w(w(Sdo*pd_(qj].U7°T_beVkÀpVf(].±VaT±Vqjirqr_v|yn\].fEaTU
qrUV[^].o�qjUdl ´�]¦µ�_b]N±�kQ]¦�.kcf�´�]¦µ�k^�LqjwQY� (ë¶ú;Y º b'��g(g i ��Ñ;]�µ�[^]TUVw(qr�Vk^f�a¿w(eV].fx_%_bqro*k;qjU`_(k^f���aTi
ú a Q a ¼)( a û �À�QSdf(qjUdlN_beVqrw;qrU`_bk^fx��aTiË° ( a¶ú�k4l ´V]�µ�w�aTf�f(qr�Tk aTUV�½Y� (ë´úmY º b*�Ng�g i ú ( a ú
knl ]¦�.kcf�´�]¦µ�wy]�[c[^SVfc�mz�eVk^w�k0´�]¦µêkcU`_bf(qrk^wQµ�qriji ±Ik�qjUVw�k^f�_(k^��qjU`_(]5_beVkNaTw(w�qjw�_baTU`_Q´�]¦µ _"aT±VirkT�
Ý;]�µ�kc�Tk^fc°�µ�eVkcU5_beVk�wx|�wx_bkco qrw;ò � ø�í
�0õËö(íTýÇý � ñ"íTý¾íTø7ö"ï(òT°._beVqrw�U�SdoN±Ikcf�w�eV].SVir�*±�k�k^²�S�aTiÆ_b]y_bedk
_(eVk�U�SdoN±Ikcf�]�n7k ~ pdqjfba¯_bqj]TUVw?_be�a¯_�]�[^[cSVf�qjU0_bedkXaTw�w(qrw�_"a�U�_�´�]¦µ¶_baT±VirkT°.µ�eVqr["e5qjw ( a4ú2k4lìú+�*�
�HeVkcU�knl¹aTUV� ( a�aTf(ky[^aTUV[^kcijkc�D].Sd_^°V_beVkyw�qjo�pVijq � k^�+kc²�SVa�_bqr].U¸qjw¿Y� (ëcúyY º b*��g(g i ø,�*�
z�eVqrw k^²�S�a�_(qj].Uye�aTwKa�SVUVqr²�Sdk³w�].ijS�_bqj]TUmqjU*Y » ° º g�°�µ�edqj["e [ÎaTU ±Ik�].±�_"aTqrUVk^�m_bedf(].SVlTe�a�U�SVo�k^f(qr[ÎaTi
o�kc_(eV]��7�

% ��_ba�_bqr[Q��kc_�¬­ÛXw�w(]�[^qta¯_bqr�TkQ��["eVk^o�k Þ �
kX[c].UVw(qr�Vk^fÀaTU+aTf�±Vqr_(fbaTfx|+ý õÇø7ï�YÁÑ�k^U`_(f(qjkcw�µ�q¾_be*_(eVkXw(aTo�k
qrUV�Vk ~ gyqjU½_(eVk5o*aTw�_(k^f ´�]¦µ�_baT±VirkT�P�;UV�Vkcf�_beVk��D3 Ú �9[c].U`_bk ~ _�a�UV�½_bedk�SVUVq¾n\].f(o e�a�w(eVqrUVl
aTw�w(SVo�pd_(qj].U	°�µ�eVk^UD� qrw�itaTf�l.kT°d±I]T_(e+_beVk aTf�f(qr��aTi?YÁUVkOµB´�]¦µ�wbg;aTUd�¸_(eVky�Vk^pVaTf�_(SVf(k*YÁk ~ pVqjf�k^�
´�]¦µ�wbg³pVf�]�[ck^w(w�k^w%_(e�a�_�]�[c[^SVf³qjU�_beVk�ijqjUdk�a�f(k�aTpVpVf�] ~ qro5a�_(k^i¾| ª ].qrw(w�].U�YÁk ~ pVitaTqrUVk^�*qjU5��k^[O_bqr].U
þ.g��¶��]V°�_(eVkF��|�UVaTo*qr[^w>]Tn�_beVkLijqrUVk+[ÎaTUÈ±�kFo�]��dk^ijkc�ÈaTw5a�[^]TU�_(qjU�SV].Sdw��Da�f(�T]¦�È["e�aTqrUÉa�w
w�eV]¦µ�UÅqjU Ú qjlV�´����z�edkPijqrUVk¸qjw�qjUÉwx_"a�_(k5( qrnmq¾_�[^].U`_"a�qjUVw�(�aT[O_bq¾�.kF´V]�µ�wc� Ù Y�(vg5aTUd�cÜ�Y2(­g
aTf�k*_(eVk+aTf�f(qr��aTi�f(a�_bk5aTUV�·k ~ pVqrfba�_(qj].U
fba�_(k5]Tn�_(eVk5´�]¦µ�w�µ�edk^U·_beVk*ijqrUVk*qrw�qrUZw�_ba�_bkU(��4�
k
��UV]¦µ�_be�a�_ Ù Y2(vg(ø�knl#"$�ê°dµ�eVqr["e+qjw³_beVk;_b]T_baTi�´V]�µBaTf�f(qr��aTiÆf(a�_bk��Vqr��qj�dk^��±`|5_(eVkQU�SVoN±�k^f�]Tn
irqjUVkcw �ê�&z�edkQk ~ pVqrfba�_(qj].U*fba�_(k0Ü�Y2(­g³qrw�( úFk4l#"�opl ±�k^[^aTSVw(kXkc�.kcf�|5aT[c_(qr�TkX´�]¦µHe�aTwÀaTU�k^²�S�a�i
].pdpI].fx_bSVUdqr_v| _b]mk ~ pVqrf(k��Fî�kc_Nû- �Vk^Ud]T_bkÀ_(eVk�U�SVoN±�k^f&]Tn�a�[c_bq¾�.k%´�]¦µ�w&qrU�_beVqrw?ijqrUVkT�Kz�eVkcU k ¼Dº
SVUd��Ud]�µ�Udw^°�U�aTo�k^i¾|.°N%*ú�û- ø[( û °H(\ø » ° º °¾�¾�r�¾°ek [ÎaTU5±Ik�w(].i¾�.k^��n\f�].o¹_beVk;n\].ijir]¦µ�qjUVl@k ¼Èº ijqjUdkÎaTf
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zEa�±Vijk þ Þ�ß �.kcf�´�]¦µÐf(a�_bqr]0[^].o�p�aTf�qjw�].U+±IkO_vµÀkck^UPwx_"a�_(qj[yaTUd�F�d|�U�a�o*qr[

kc²�SVa�_bqr].UVw Þ úÝ%*ú�û- ø[( û Ñ Ù Y�(vg+øå%*ú¼û- ø>( ¼Êº^û ÑÝÜ�Y2( ¼Êº g Þ (\ø » ° º °¾�¾�r�¾°ek+¬ ºfû aTUd� i~Y G�� %5ú û- ø[( û ø º �
z�eVkcU.�2qjwQ_(eVk�pVf(].±VaT±Vqjirqr_v|L_be�a¯_�a�U½qjUd[^].o�qjUVl�´V]�µ�ì¦ï"ï"ìQ_(e�a�_y_beVk�ijqrUVk0qjwQn\SdijiË�*��qrUV[^k>_bedk
aTf�f(q¾�Ta�i³pdf(]�[^k^w�wNqjw�aTpVpVf�] ~ qro5a¯_bk^i¾| ª ].qrw(w�].U	°�aT[c[^].f��VqjUVlL_b] ª Ûm��zKÛCY ª ].qjw�w(].U½ÛXf(f�qr��aTirwN��kck
z�qro*kmÛ;�.k^f(aTl.kcw"g ú º " û °/�Òqrw�k ~ aT[O_bir|�%5ú û- ø k û �

zEa�±Vijk*þ+[^].o�p�aTf�k^w0� SVUV�Vkcfyw�_"a¯_bqj[�aTUd�
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Ú qjlTSVf(k�" Þ ÛXU�aTi¾|�_bqj[^aTi�aTUd�4/ ~ pIkcf(qro*kcU�_baTi�Ü�k^w�SVir_(w�Y\z{]Tp Þ YÌa`gcYÁ±ÆgcYÁ[¦g�°¢3À]T_�_b].o Þ Y\�Æg^Y\k¦g^YÇn"g�g

].±d_baTqjUdk^�!n\f(].o _bf(aT[^k º Y ß _(eVk^fm_bf(aT[^kcwypVf(]��VSV[ck^�9w(qjo�qjijaTf;f(k^w�SVir_(w"g��>Ý�k^f�kT°âk qjwmw�kc_y_b]91¸aTUV�à�
qjw�w�kc_�_b] 1 » �
�d�©T VSW�X&Y[Z^VÀqjw�w(kO_�_b]Q� �Nw(kc[^].UV�dwXw(]0_(e�a�_�_beVkyir]`aT�+fba¯_bqj]N´VSV[c_(S�a�_bk ±�kc_vµ�k^k^U4� »�� a�UV�
1 »�� � Ú qjlV�Ø"VYÌa`g%w�eV]¦µ�wX_beVky´�SV[O_bS�a¯_bqj]TUD]Tn-o�l¹]¦�.k^f;_beVk º �`þ
��w�p�k^f�qj]��	� Ú qjlV�Ø"VYÁ±Æg�[^]To*p�a�f(k^w�_bedk
aTU�a�ir|�_bqr[ÎaTi5�Bµ�qr_be>_bedk;k ~ pIkcf(qjo�k^U`_baTi/��qjU0_bedk;��|�UVaTo*qr[�w(["eVkco*k�Y\µ�q¾_beV]TSd_³f(k^ir]�[^a�_bqr].UÆg�� Ú qrlV�-"VYÁ[Îg
[^]To*p�a�f(k^wK_beVkÀaTU�aTi¾|�_bqj[^aTi6�Åµ�qr_be _beVk�k ~ p�k^f(qro*kcU`_"aTi7�HqjU¿_(eVkÀwx_"a�_(qj[³w(["eVkco*kmY\µ�qr_(eV].Sd_{f(kcij]�[Îa�_(qj].U�gO�
uvU!±�]T_be Ú qrlV�D"dYÁ±ÆgXa�UV� Ú qjld�D"VY\[¦gO°7kÎaT["e�p�].qjU`_�].UP_beVkNaTU�aTi¾|�_(qj[^aTi{[cSVf��Tk0qjw�[ÎaTir[^SVija�_bkc�PSVw(qrUVl�_bedk
a�n\].f�k^o�k^U`_bqr].UVkc�9n\].f�oNSVijaTkT° ±`|9pVijSVlTl.qjUVl¸qrU9_(eVkz (ë a¯_¿_(e�a�_¿w(k^[c].UV�	�L��]V°{_(eVqjwyqjw¿a ��pI]TqjU`_�¬Ëµ�qjw(k
w�_(f(kcw(wÀ_(k^w�_^����uvU�±�]T_(e*[^aTw(kcw^°d_(eVk��dqrÃIk^f(kcUV[^k�±IkO_vµÀkck^U�_(eVkXa�U�aTir|�_(qj[Îa�i�f(k^w�SVir_�aTUd�5_beVk;k ~ p�k^f�qjo�k^U`_"aTi
f(kcw(SVi¾_mqjwX[^].UVw�qjwx_bk^U`_(ir|PUd]+o*].f�k¿_(e�aTU º¦»�� °7µ�edqj["e�[ÎaTU!±�k>a�_�_bf(qr±VSd_(k^�D_(]�_beVkN´�Sd[c_bSVa�_bqr].UP]Tn�o�l
_beVa�_?o*aT�Tkcw{_(eVkÀf�kÎaTirqr_v|y�VkO��qja�_bkÀa�irqr_(_(ijk&±Vq¾_{n\f�].oÐ_beVkÀ�D3 Ú �y[^].U`_bk ~ _Î�?z�eVk�nÁaT[c_K_be�a¯_?k ~ p�k^f�qjo�k^U`_"aTi
f(kcw(SVi¾_³qjw�[^].Udw(qjwx_bkcU�_(ir|>w�o5aTirijkcf?qjw&UV]�_�w�SVf(pdf(qjw�qjUVl ±�k^[Îa�SVw(k;qr_³[Îa�U*±�k�w(eV]¦µ�U+aTUVaTir|�_bqr[ÎaTirir|y_beVa�_³±I]T_(e
_bedk¿w�["eVk^o�k^w�k ~ eVqj±dqr_�_beVkyn\].irij]¦µ�qjUVlì�xw(eV]�["�.¬�aT±Vw�].f(±dqjUVl ��±�k^e�aÎ��qj].f Þ µ�edk^UD_(eVkíî Ü�qrUV[^f�kÎaTw�k^w�n\f(].o
a _(]�±PY�Ø P Ù g³aTUV�*_(eVk^U5�Vk^[cf(kÎa�w(k^wÀ±�aT["�>_b]Na�°�_(eVk�]¦�Tk^f�´V]�µ�f(a�_bqr]¿�VSdf(qjUdl¿_bedqjw³pIkcf(qj]��>µ�qjiji�±�kXirk^w�w
_beVaTU ß °Æk^wx_bqjo*a�_(k^�DSdUV�Vk^fX�D3 Ú �¸[^].U`_bk ~ _maTUV�Y �ëéø Ù � Ú qjlV��"VYÁ�Æg�[^]To*p�a�f(k^w�_bedk�k ~ p�k^f�qjo�k^U`_"aTi

þ
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��SVUV�dk^f³�d|�U�aTo�qj[�w(["edk^o�k;µ�q¾_be0_beVk�k ~ p�k^f�qjo�k^U`_"a�i/��SVUV�Vkcf³wx_"a�_(qj[�w(["edk^o�kNYÇµ�qr_bed].Sd_�f(kcij]�[Îa�_(qj].U�gO�
z�eVkyn\].f(o�k^f�qrw;f�].SVl.edir|:� »�� w(o*aTijirk^fÀ_(e�aTU¸_beVk ita¯_(_bkcf^°Vµ�eVqr["ePaTlTf(k^kcw;µ�q¾_be¸_beVk¿aTU�a�ir|�_bqr[ÎaTi	f�k^w�SVir_(w
qjU½zEaT±dijk¸þ�� Ú qrlV�m"VY\k¦g�a�UV� Ú qjlV�N"VY\nbg w�eV]¦µ k ~ p�k^f�qjo�k^U`_"aTi�f(kcw(SVi¾_bw�µ�eVkcU·_beVk+f�k^ij]�[Îa¯_bqj]TU½qjwNaTi¾¬
ij]¦µ�k^�	� Ú qjld�U"VYÁkÎgm[c].o�p�aTf(kcw8��V]õ-XÉZ���SVUV�Vkcf¿��|�UVaTo*qr[>w(["eVkco*k>µ�qr_(e9��V]õ-XÉZ��0SdUV�Vk^f w�_ba�_bqr[>w(["eVkco*k��
Ú qrlV�!"VY\nbg�[^]To*p�a�f(k^w��0XÉZ^ôÖõ òSô���XÉY��)õ+SVUd�Vk^fy�d|�U�aTo�qj[�w(["eVkco*kLY\ij]¦µÀkcfm[^ir].SV�Æg;µ�q¾_be:�0XÉZ^ô�õ�ò]ô���XÉY��Sõ+SVUV�Vkcf
w�_ba�_bqr[�w(["edk^o�k½Y\eVqjlTeVk^fN[cij].Sd�ÆgO� Ú qjld�ì"VYÁkÎgNaTUV� "VY\nbg w�eV]¦µ-_(e�a�_N_(eVk+�d|�U�aTo�qj[�w�["eVk^o�kLaTUV�·_bedk
w�_ba�_bqr[mw(["eVkco*k ±�k^UVk � _�aTijo�].w�_%k^²�S�aTirir|�n\f(].o-_(eVkmf(kcij]�[Îa�_(qj].U9YÁaT±�].Sd_�þ »�� n\].f;��VSõ�XÉZ��ma�UV�n� »�� n\]Tf
�0XÉZ^ô�õ�ò]ô���XÉY��)õ¿qjU*±I]�_be��d|�U�a�o*qr[�w�["eVk^o�kmaTUV�5w�_"a¯_bqj[;w(["edk^o�k¦gO����]�qjU5±�]T_(e Ú qrlV�©"VY\k¦g³aTUV�:"VYÇn"g�°�µ�edk^U
_bedk�f�k^ir]�[^a�_bqr].U!qjwyaTirij]¦µ�k^�	°	_(eVk>]��Tk^fx´�]¦µ3Y���VSõ�XÉZ��N]Tf��0XÉZ^ôÖõ òSô���XÉY��)õ�gXSdUV�Vk^fy_bedk���|�UVaTo*qr[0w(["eVkco*k>qrw
aTl`a�qjUPf�].SVl.eVi¾|4� »�� ]Tn�_be�a�_Q]Tn�_beVkN]¦�Tk^f�´V]�µ SVUV�VkcfQ_beVk0wx_"a�_(qj[Nw�["eVk^o�kT� z�eVqrw@� »�� f(k^�dSV[c_(qj].U!qrU
�0XÉZ^ô�õ�ò]ô���XÉY��)õ�o5a��Tk^w%a��VqrÃIk^f�k^UV[ckQ±�k^[Îa�SVw(kX_(eVkmaTw�w(qrw�_"a�U�_À´�]¦µ�_baT±Virk�qrw�_v|�pVqj[^aTiji¾|*þ » _(qjo�k^w³w(ij]¦µ�k^fyYS�
s ±VpVw���w^� º¦».»`¼ s ±dpVw"g��

< = BD=rG¿ã-Bmæ > å�ä@?

Û%_E_(eVkÀ_(qjo�k�]Tndµ�f(qr_(qjUVld° h qrw([^] fÂw&Ñ;kc_ Ú ij]¦µ·µÀaTwE_bedkÀ].UVi¾| qjo�pVijkco*kcU�_ba�_bqr].Uy]TnV´�]¦µ _"a�±Vijk³].UNf�].Sd_bkcf(wc�
Ñ�kO_ Ú ir]¦µÏw(SVpVp�].fx_bwmSVpP_(] º þ
1.�Ò´�]¦µ�w�ú�þ ºcû aTUV�P_v|�pVqr[ÎaTirir|¸].p�k^f(a�_bkcwma�_ma�f(a�_bk¿ijkcw(wX_(e�aTU º s ±VpVwc�
ÛXw¿_beVqrw�qjo�pVirk^o�k^U`_"a�_(qj].U!qrw�pVf�].pVf�qjkc_baTf�|9qrU½U�a�_(SVf(k�°&UVk^q¾_beVkcf�q¾_bw�SdUV�Vk^f�ir|�qjUdlD��a�_baDw�_(f(SV[O_bSVf�k�YÁ]Tf
aTf�["eVqr_(k^[c_(SVf(kÎg%UV].f�qr_(w�l`aTf(±VaTl.km[^]Tijijkc[c_(qj].U5_(k^["eVUdqj²�SVk qjw�pVSV±dijqjw�eVk^�LqjU¸].p�k^U¸irqr_bkcfba�_(SVf(k��
s a�f(±�aTlTk¿[c].ijirk^[c_(qj].U½ú�þ.þ û e�aTw�±Ikck^U�aTU!a�[c_bq¾�.k f(kcw(kÎa�f(["e!_b].pdqj[ qjUDpdf(].l.f(aTo�o*qrUVl0itaTUdl.S�aTl.kcw;n\]Tf

o�].f(k?_(e�aTUm_beVf�k^k³�Vk^[^aT�Vkcw^�?Ý;]¦µÀkO�.k^fc°.qr_(w�[^].U`_(k ~ _Eqrw�o*kco*]Tf�|Qo*aTU�a�l.k^o�k^U`_�qrUyn\SdUV[c_(qj].U�a�i.itaTUdl.S�aTl.k
YÁk��Âld�r° î�ux� ª gEaTUd�0].± } k^[O_�¬­].f(qrk^U`_bkc�0itaTUVlTS�aTl.kQYÁkT��lV�¾°���o*aTiji¾_"aTir�dg7pdf(].l.f(aTo�o*qrUVl�kcU`��qrf(].Udo*kcU�_^°.µ�eVk^f�k
k ~ pVirqj[cqr_yaTirij]�[Îa�_(qj].UDaTUV�9�VkÎa�ijij]�[Îa¯_bqj]TUD]TnÀo*kco*].fx|DqrwmSVUV�Vkcw(qrfbaT±VirkT�0z�eVk�o*aTqjU!�Vq¾®�[^SVi¾_v|D_bedk^f(k>qrw
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_b]9qj�dk^U`_bq¾nÇ| aTUV�Èij]�[Îa�_(k�_beVkLl`aTf�±�aTl.k�°Àa�UV�Éo*aTqjU`_baTqjU·a���a�_ba9wx_bf�SV[c_(SVf(kFqjU ].f(�dk^f>_b]�kc�Tk^U`_bS�a�ijir|
f(kco*]¦�Tk�t�[c].ijirk^[c_m_(eVk^o qrU9a¸[c].f(f�k^[O_NaTUd�9kO®�[^qjkcU`_�o*aTUVUVkcf^�>uvU9].SVfmw(["edk^o�kT°E]TU�_(eVk�]T_beVkcfye�aTUV�	°
_bedk�w�k^o*aTU`_bqj[cw{qrU¿qr�Vk^U`_(qrnÇ|�qjUVl;aTUd��ij]�[Îa¯_bqjUdl%_beVk³l`aTf�±�aTl.k³qjw f(kcita�_(qr�Tk^ir|Xw�_(fbaTqrl.e`_(n\].fxµ%aTf��BAÎ� ß Sdf{o*aTqjU
[^]TU�_(f(qr±VSd_bqr].U½qrw _(]PaT[c[^SVf(a�_bkcir|
aTU�a�ir|�Ä^k�_beVk*pIkcf�n\].f�o5aTUd[^k�a�UV�Zw�_(].fba�l.k�_(fbaT�dk^]TÃÊ]Tn%_(eVk5l`a�f(±�aTlTk
[^]Tijijkc[c_(qj].U!w�["eVk^o�k*±VaTw(kc�½].U!_bedk*wx_b]�["e�aTw�_(qj[>o�]��VkciEµ�k*�VkO�.kcij].p�n\].fm_beVk0´�]¦µÒ_baT±Virk0w�|�w�_(k^oL�*zK]
_bedk�±�k^wx_�]�nÀ].Sdf ��UV]¦µ�irk^�Vl.k�°{Ud]Lw�qjo�qjijaTf�µ�].f(�!k ~ qjw�_(wyqjU�l`aTf�±�aTl.k>[^]Tijijkc[c_(qj].UPirqr_(k^fba¯_bSVf�kLúÂþ.þ û _be�a¯_
n\]�[^SVw�].U+_bedk¿a�[^[^Sdfba�_(k¿wx_b]�["e�aTw�_(qj[mo�]��dk^ijqrUVlN]Tn{_beVqrw%_bf(aT�Vk^]�ÃE�
�½]Tf(�!pVf�].pI]Tw(k^�9n\].fya¸�VqrÃIk^f�k^U`_Na�pVpVijqr[Îa�_(qj].U!qrUÊúÂþ
� û ±Ik^aTf(w w(].o�k>w(qro*qritaTf�qr_v|¸_b]¸_beVk��d|�U�aTo�qj[

w(kO_�¬vaTw(w�]�[cqta�_(qr�.k5w(["eVkco*k��ZÛ ��aTf(qjaTU`_0]Tn�Ü�a�±VqjUZeVaTw(e·n\SVUV[O_bqr].U qjwNSVw�k^� qjUZ_(e�a�_>w�["eVk^o�k¸±Ikc[ÎaTSVw�k
qr_(wNw(p�k^kc�Êf�k^²�SVqrf(k^o�k^U`_>qrwNoNSV["e ij]¦µ�k^f¸YÁa�_N_(eVk+o*qr[^f�].w(kc[^].UV�dw0ijkc�Tk^itgO�9u­_bwN_"a�f(l.kO_bk^�ÈaTpdpVijqr[Îa�_(qj].U
aTUV�¸].p�k^f(a�_bqr].U+o�]��Vk�YÁaTUV�¸eVkcUV[^ky_beVkyp�k^fxn\].f(o*aTUV[ckmo*]��Vk^irqjUVl¿_bk^["edUVqj²�SVkcw"g�aTf(kQ_(]T_"aTirir|*�VqrÃIk^f�k^U`_Î�
��qro*qritaTf;w(["eVkco*k>e�a�w¿a�ijw(]+±�k^kcU
kco*pdij]¦|.kc�
qrU9]TSVfmpVf(qr].fXµ�].f(�·ú#� û °�n\].fma+�Vq¾Ã7kcf(k^U`_¿aTpVpdijqj[^a�_bqr].UPqrU
µ�eVqr["e½kc��qr[c_bqr].U½]�nÀ_bedk*qrUV[^SVo�±IkcU�_¿k^U`_(f(qjkcw¿_(e�a�_¿e�aÎ�.k5Ud]T_¿|Tkc_�k ~ pVqjf�k^�
qjw aTijir]¦µÀkc�	��z�eVqrw¿o*aT�Tkcw
_bedk¿_"a�f(l.kO_bk^�Fo*kO_bf�qj[^w�aTUV�FpIkcf�n\].f�o5a�UV[^k o*]��VkcijqjUdlN_bk^["edUVqj²�SVkcwQqjUF±I]T_(eDw�["eVk^o�k^w�²�Sdqr_bk¿�VqrÃIk^f�k^U`_Î�
ÛXirw(]V°Æ�VSdk¿_b]��Vq¾Ã7kcf(k^U`_�w�|�w�_(k^o f(kc²�Sdqjf(kco*kcU`_bw^°�_beVf�].SVl.edpVSd_�].pd_bqro*qrÄÎa�_(qj].U*_bk^["edUVqj²�SVkNSdw(k^�DqjU¸_beVqrw
p�aTp�k^f�qrw%�.k^fx|¸�VqrÃIk^f�k^U`_�n\f(].o�_beVkm_(k^["eVUVqr²�SVk¿Sdw(k^�FqjU9ú�� û �
z�eVk^f�k�aTf(k0w�kc�.kcfbaTi&]�_beVkcfmp�aTfba�ijijkci{eVaTw(eVqrUVl+w(["edk^o�k^w qjUD_(eVk0ijq¾_bk^f(a�_bSdf(k�_(e�a�_mk ~ pdijqj[cqr_(ir|L].fQqro>¬

pVirqj[^q¾_bi¾|Zk^o�pVir]�|�w*Ñ �dqrÃIk^f(kcU`_+Ñ�¬­SVUVq¾�.k^f�wbaTi�e�a�w(eÉn\SVUd[c_bqr].UVwPúÂþÓ��°�þ ��°�þ
�d°�þ "�°�þ
1 û _(]½f�k^�VSV[ckD_bedk
o�kc_bf�qj[+_bedk^qjf*aTpVpdijqj[^a�_bqr].UVw0qrw�_baTf(l.kO_bqrUVl½a¯_Î�Åz�eVkDaTpVpVirqj[Îa¯_bqj]TU·]Tn�ú�þÓ�V°�þ ��°�þ " û qrw��dqj[c_(qj].UVaTf�|·]Tf
p�k^f�n\kc[c_�e�aTw�eVqjUVld°Vµ�eVqj["eFqjw�UV]T_;�Vqrf(k^[O_bi¾|+f(kcita�_(k^�¸_b]�].SVf�w(["eVkco*k�����["eVkco*k¿qjU`_bf�]��dSV[^kc�FqrUZú�þ
� û [^aTU
±�k5��qjkcµ�k^�ÈaTw>aL_v|�p�k+]Tn�3Àir]�].o � ir_bkcf¸ú�þ
1 û °?µ�eVqj["e·pVSdf(w(Sdk^w0_beVk+SdUVqr�Tk^f(w(aTiÀeVaTw(e·n\SVUV[O_bqr].UVwNqrU·a
²�SVqr_(ky�VqrÃIk^f�k^U`_��Vqjf�k^[O_bqj]TU	�
CEDâ¾SÐ¼¹+Î�Ï2Ï[ÀS¹´³dËJÒÓË$Ô\Ù Í$»�¿¼ÎS½Óº�Ú�ÎS»�Ô�¹ÕÀSÀ4³uÎ)Ëd¾SÐ¼¹+Î`¾)Ð�Ëd½�Í�ËdÎ)Ò�Ë$Í$¹«Ô�»�Ì�Ìe¹+Ô�¾SÏe»$½(Ïe½(¾)Ð¼¹±ÎS¹ÕËdÌ�µó¾)Ï�ÑØ¹´³�Ï±»$¿¼Ì[º©Ò
¹�ÑØ»�ÎS¹�¹�F�Ô�Ïe¹Ö½r¾+ß

þ
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uvUÉa�UV]T_bedk^f>�Vqjf�k^[O_bqj]TU	°�w(�TkOµÀkc�¶w(kO_�¬vaTw(w�]�[cqta�_(qr�.k+[^aT["eVk½úÂþÓ� û °³qjUd�Vk^p�k^UV�dk^U`_bi¾|·pVf(]TpI].w�k^�ÈqjU·_bedk
aTf�kÎa�]TnQ[c].o*pdSd_bkcf5aTf�["eVqr_(k^[O_bSVf�kT°%±�kÎaTf�w>w(].o�kFf�k^w�k^oN±VijaTUV[ckL_(]9_(eVkFpdf(].p�].w(kc�Éw�["eVk^o�kT�H���Tkcµ�k^�
w(kO_�¬vaTw(w�]�[cqta�_(qr�.k5[ÎaT["eVkLaTirw(]!kco*pVir]¦|�w0�dqrÃIk^f(kcU`_0e�aTw�eÈn\SVUd[c_bqr].UVw�_(]!l.k^Udk^fba¯_bk¸qjUV�dqj[^kcwNqjU·�dqrÃIk^f(kcU`_
[Îa�["eVkP±�aTUd��wc��Ý;]�µ�kc�Tk^fc°;_(eVkDe�a�w(eÉn\SVUd[c_bqr].UVw*SVw(kc�ÅqjUÉw��TkOµÀkc��w�kc_x¬�aTw�w(]�[^qta¯_bqr�TkD[^aT["eVk!aTf�kL�Tk^fx|
w(qro*pdijkT��z�edkc|F�VqrÃIk^f�n\f(].o2±dqr_�k ~ _bf(aT[c_(qj].UF].UVir|¸qrUD].Udk�±Vq¾_Î°�µ�eVqj["eDqjw;l.k^UVkcfba�_(k^�P±`|LW ß Ü;qrUVl�_vµ�]
].f�_bedf(k^k¿aT�V�df(k^w�wX±Vq¾_bwc�ÀuvU h ª �Ï[ÎaT["edqjUVlV°�_(eVqjw�w(qro*pdijqj[cqr_v|�qjw } SVwx_bq � k^� Þ _beVqrw�e�aTw(eF].p�k^fba¯_bqj]TULqrw�].U
_bedk [cf(q¾_bqj[^aTiI_(qjo�qjUVl�p�a�_beL]TnK_beVky[^aT["eVk¿aT[^[ck^w(w;[c|�[cijkT��Ý�]¦µ�kc�Tk^f^°Æ_bedky_(fbaT�dk^]TÃ!]�n{_(eVqjw�w�qjo�pVijqr[^qr_v|�qrw
_beVa�_�qr_ÀqjwÀnÁa�fÀijkcw(w�aTlTl.f(kcw(w(q¾�.kmqrU�f(kc�VSV[^qrUVl0[^]Tijijqrw(qr].U*o�qjw�w�aTw%]TSVf%�d|�U�aTo�qj[Xw(kc_x¬�aTw�w(]�[^qja�_bq¾�.kQw�["eVk^o�k
�V]�k^wQ�dSVk�_b]*_beVk nÁaT[c_Q_(e�a�_Xe�aTw(eDqjUV�Vqr[^kcwXe�aÎ�.k0o�].wx_Q]Tn�±Vq¾_bw�qjUD[c].o�o*].UDaTUV�D_(eVk^f�kcn\].f�kNw�_(f(].Udl.ir|
�VkcpIkcUV�Vk^U`_¿].U9kÎaT["e9]T_bedk^f^�0uvU9[^]To*p�a�f(qjw�].U	°	]TSVfmw(["eVkco*k*aTirij]¦µ�wX_bedk�Sdw(k�]Tn³o*].f�k0w(].pdeVqjwx_bqj[^a�_bkc�
e�aTw�eÅn\SVUV[c_(qj].Udw�±Ikc[ÎaTSdw(kP_bedk!w(SV[c[^k^w�w(q¾�.k�ij]�].��SVpÅf(kc²�SVk^wx_bwLaTf(kDUV]T_+�VkcpIkcUV�VkcU�_L].UÅk^aT["eH]T_bedk^f^�
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