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‡

]_^a`Ibdc)ef^hgCikj�lnmpo�lnqpr
s bt`vunj�e sGw bfxyc

o wvzaz `Nb{e}|~j�btjC�d^hjCbt�d^aj0�'�N�I�v�B�������C��bfx�j�b}�v�N�I�����~� zawI� jCc

���	�C�����h�I�I� qTc et^hjTcfx��Cj}`v�5|~xycnetbfx��h ~etjC|&cf¡~cnetj�i&cG¢IjCj z c � bt`�£�x�� �+¤ ef^aj z jCj�bGet` z j�j�b���`Ii;i¥ h�hxy� w�¦
etx�`N� zaw b w |~x � i0^ w c �=j�j��&xy|~jC�Netx¨§+jC| w c	et^hj�¢IjC¡�ef`�ct� wI©�w �hx © x�en¡Iª s jCj�b ef` z j�jCb«`��IjCb ©yw ¡��hj�en£)`Ibt¢~c w btj
�d^ w b w �4etj�btx��CjC|���¡�et^hj�x�b«cfj © � ¦ `Nb �Bw �hx���x�� � � wvzaw �hx © x�efx�jCc ¤ bfjDc{x © x�jC�a��j)ef`¬� w x ©  hbtj w �a|��_  ©�© ¡¥|~jD��jC�Netb wI© x���jD|
��`I�Befbt` © ª	l� w¥z jCj�b)ef` z jCj�b�`��IjCb ©yw ¡ ¤ �h`kj��Befx�en¡&^ w c w¥�I© `I� wI© ¢��h`�£ © jC| � jT`I��ef^aj�cf¡~cnetj�i2ªGqTc)i' +�d^
w ckef^hxyc z bf` z jCb{en¡®xyc&jDcfcfj��Befx wv© et`¯j��acf hbtj2ef^hjMct� wI©�w �hx © x�en¡ ¤ i;`I�hx�ef`Nbfx�� � ef^hjMcf¡~cnetj�i° h�a|~jCb�c{ +�d^
��x�bd�� ai;c{e w �a��jDc«xyc w ��`Ii zh© j�±;e w c{¢²ª	³«j�e ¤ jCc{efx�i w efx�� � et^hj�c{x���j¬`v��et^hj�c{¡~c{efj�i´xyc w ��`NbfjT�_ h�a��efx�`I� wI©¨¦
x�en¡%�_`Ib¬i w ��¡#|~xyc{efbtx��h hefjC| wvzhzh© xy� w etx�`N�ac�et` zaw b w i;j�efjCbTcfj�e{etx�� � `IbTik`N�hx�ef`Ibtx�� �µz  hb z `NcfjCcCª}l�¶ef^ax�c
z+wvz j�b ¤ £�j z bf` z `Bc{j w ��`Ni z+w b w efx��Ij;c{ef a|~¡��+j�en£�jCj���ef^hbtj�j wI©�� `Ibtx¨et^hi&cpef^ w e�jCc{efx�i w efj&x�� w �_  ©�© ¡
|hjC��jC�Befb wv© x��CjC|·£ w ¡�ef^aj%cfx��Cjµ`v� w¶z j�jCb'et` z j�j�bk`��IjCb ©yw ¡IªM¸ w �+|~x�| w efj wvzhz bf` w �d^hjDc w btj � jC�hj�b wv©�© ¡
wIzhzh© x�� w � © j;x�btbtjCc z jD�4efx��Ijk`v�)ef^aj& h�a|~jCb © ¡�x�� � c{efbt a��ef hbtj;`v�)ef^hj z j�jCb�ef` z j�j�b'`��Ij�b ©yw ¡Iª;¹�^hj zawvz j�b
btj z `Ibfetcºef^aj¬^aj w |µef`k^hj w |���`Ii zaw btxyc{`N�µ`v�»jDcnetx�i w efx�`I�%cf¡~cnetj�i�cfx��Cj wI©�� `Ibtx¨et^hi&c�ª ¹�^hj�cfx�i¥  ©�w efx�`I�ac
^ w �Ij��=j�jC�P��`I�a|~ +�4efjD|® acfx�� � et^hj2c w ikj2cfx�i¥  ©�w efx�`I�¯�_b w i;jC£�`Nbf¢ w �a|¼x�� z  ~etc w �a|®^ax � ^ © x � ^Bekef^hj
|hx¨½²j�btj��a��jCcºx�����`Nc{e w �+| w ���� hb w ��¡¥`v�5et^hjTjDcnetx�i w etx�`N�&�+j�en£�jCj��&et^hj wI©�� `Ibtx¨et^hi&cG�=`vef^�x���c{e w efxy� w �+|
|h¡B� w i;x���cfj�efefx�� � cCª
¾¶¿BÀ²ÁtÂ'Ã ��Ä	�I� z j�jCb�ef` z j�jCb ¤ ��`I h�Betx�� �+¤ c{x���j�jDcnetx�i w etx�`N� ¤ ��`Ni zaw btx�cf`I�
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��� ����� � � q © `Nbtc��B hj ©�w e w x ©�© j�|~jDc)cf¡~cnetg�i;jCc)|~xycnetbfx��h h�Dc)�hj���jCctcfjp|
	 w   � i;j��BefjCb ¤B© j zaw b w |~x � i;j
|h  zaw x�b�� zaw x�b¥jCc{e¥��`N�acfx�|~�Cbf�µ��`Ii;i;j ©yw � © �%|~  zaw cfc wv� j� © 	 �C�d^aj ©�© jNª��»jCc'bf�Dc{j w  ~± zaw x�b�� zaw x�b
cf`I�Be&� w b w �4ef�Cbfxycf�Cc z+w b © jC hbµ� wIzaw ��x¨et�Cc;|
	 w  ~et`�`Nb �Bw �hxyc w efx�`I� ¤ |~j2bf�Dc{xycne w �a��j w  ~±P|~��� w x ©�©yw �a��jCckj�e
z+w b © j� ab w c z jC��e¥et`ve wI© jCi;j��Bek|~�D��jC�Netb wI© xycf�Iª�� w �+c¥��j%� w |~btj�|
	  h�hj2��`I +�d^hj © ` � x��B hj z+w x�b�� zaw x�b ¤
w  a�� a�hj�j��Betx¨et�'�hj z `BcfcfgC|~j¥|~j¥��`I�h� w x�ctc w �a��j �I© `I� wI© j�|~ �c{¡~c{efg�i;j�� wI© `Nbtc��N aj'��j�e{efj z bt` z btx���ef��jDcne
jDcfcfj��Betx�j ©�© j z `N hb w ctcf hbfjCb © j zaw cfc wv� j�� © 	 �D�d^hj ©�© j2|h  cf¡~cnetg�i;j ¤�©yw c{  z j�bt��x�cfx�`I� |~jM��j ©  hxp��xTcf`I ac
��j�bfe w x��hjDc'��x�bd��`N�acne w �a��jCc�|hj���x�jC�Bek h�ajµe��N�d^hj%��`Ii zh© j�±~jIª���	 jCc{efx�i w efx�`I�P|~j ©yw e w x ©�© j%|h ¼c{¡~c{efgCikj
jDcne z `I hbfe w �Ne¬ h�hjk�h�C��jCctc{x�ef� z `I hb�|~jk�h`Ii¥�hbtj� acfjCc wvzhzh© xy� w etx�`N�ac¬|~x�c{efbtx��h h��jDc ¤5z `I ab © 	 w un ac{efj�i;jC�Ne
|hjCc zaw b w ikg�efbtjCck`I  z `I hbµ|hjCc&�=jCcf`Ix��ac&|~jMcf  z j�bt�Bxycfx�`N�ac zaw b&j�±�jCi zh© jNª�� w �ac&��j zawvz x�j�b ¤ �a`I ac
z bf` z `Bc{`N�ac¬ h�hj;��et a|~jµ��`Ni zaw b w etx��Nj¥jC�Netbfjketbf`Nx�c wv©�� `Nbfx�ef^aikjDc¬bfj z bf�Dc{jC�Be w etx¨�Úc�|~j;etbf`Nx�c�� ©�w cfcfjCc�|~j
cf` ©  ~etx�`N�ac z bt� wI©�w � © j�i;j��Be z bt` z `Ncf��jDc�ªT¸�j� h±¶��x»jDcnetx�i;j��Be ¤ |�	  h�aj�� w � `I�2et`ve wI© jCi;j��Bep|~xycnetbfx��h h�Cj ¤=© j
�a`Ii'�abfj�|hj zaw x�bdc w  ®c{jCx�� |
	  h�hj%��`I a�d^ajµbf�Dc{j w   zaw x�b!� z+w x�bCª���jCc wvzhz bf`~�d^hjDc'� w �a|~xy| w etjCckc{`N�Be
wIzhzh© x�� w � © jCc�x��a|~� z jC�a| w iki;jC�NeT|hj ©�w ��`I a�d^hj�cf`I ac ¦ u w ��jC�BefjIªº¸�j zawIz x�jCb��_`I hbt�hx�e} h�hj���`Ii zaw b w xycf`I�
|hj���jDc�etbf`Nx�c wI©�� `Ibtx¨et^hi;jCc ¤	w  ®c{jCx��P|~ ®i!"�i;j%cfx�i'  ©yw etj� hb'��`Ii z `Ibfe w �Be © jCc'i!"�i;jCc zaw b w i;g�efbtjCc ¤
j�ek��jC��x w §+�®|
	 wIzhz `Ibfefj�b¥ h�hj#��btx¨etx��B hj ©�w¶za©  ac¥`I�hunjC�4etx��Nj z `Nctc{x�� © jIª#�»jCckc{x�i'  ©yw etx�`N�ac'cf`I  © x � �hjC�Be
|hjCc�|~x�½²��btj��a��jCc��a`ve w � © jCc�|~j z bf�D��xyc{x�`I�¯|
	 jCc{efx�i w efx�`I�¯j�e¥|~jµ��` $~e¥|hj���jDc wv©�� `Nbfx�ef^hi;jDc ¤ | w �ac'|~jCc
��`I�Befj�±�efjCc�|hj¬bt�Ccfj w  ~±�c{e w etx��B hjDc�j�eT|~¡�� w i;x��B hjDc�ª
% Ã �D� Á � & � � z+w x�b'� z+w x�b ¤ ��`Ii z e wI� j ¤ jCc{efx�i w efx�`I�2|~j¬e w x ©�© j ¤ ��`Ni zaw b w xyc{`N�
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¹�^aj zaw cne�|~jC� w |~j}^ w c��+jCj���i w bf¢NjC|;��¡ w efbtj�i;j��+|~`I ac)cf^hx¨� e�x��&ef^hj�ct� wv© j}`I�»|~x�c{efbtx��h ~efjD|µcf¡�c{efjCi&c�ª
; �aj�`v�Get^hj'i;`Nc{epc{efbtx�¢�x�� � ��`I�acfj��B hjC�a��jDc�x�cTef^ w epi;`BcneT`I�Gefb w |~x�efx�`I� wv©»wI©�� `Ibtx¨et^hi&c w btj��h` © `I� � j�b
btj © j�� w �Ne}x���cf a�d^ w ��`N�Befj�±�eDª}¹»`µ��` z j'£�x�ef^ w �¶x��a��bfj w cfx�� � �� hi¥�+jCbT`I� z+w bfefxy��x zaw �Betc ¤ et^hj z j�jCb}ef`
z j�jCb���`Ii;i' h�ax�� w efx�`I� zaw b w |~x � iS^ w c��=j�jC��x�i z `NcfjC| w c w ¢Nj�¡pef`�§ ©�© ef^hxyc �Bwvz�w �+|�i w ��¡ wv©�� `Nbfx�ef^ai;c
btj © x�jCc�`I�2cf a�d^ w i;`~|~j © �+`Ief^2x��2x��a|~ ac{efbt¡ w �a| w � w |~j�i;x w ª

s j�jCb�ef` z j�jCbTcf¡�c{efjCi&c w btj�ct� wI©�w � © j ¤ cfj © � ¦ `Nb �Bw �hx���x�� �;w �a|#btjCcfx © x�jC�Be)et`;� w x ©  abfjDc�ª«¹�^hjC¡ z bt`���x�|hj
w � w e{etb w �4efx��Ij�cf  zhz `IbfeG�_`IbGi w ��¡ wIzhzh© x�� w etx�`N�ac	�_bf`Ni § © j}cf^ w btx�� � cf¡~cnetj�i&c}]_jNª � ª=< w � wNwh¤?> �� ~efj ©�©yw r
et`���x�|~jC`�`��IjCbGl s¼wvzhza© xy� w efx�`I�ac�]ÚjIª � ªº¸�`�` ©�@ efbtj�jCikx�� � r ¤ `Nb«�I`Nx���j�`I�;l s®wvzhza© xy� w efx�`I�ac}]ÚjIª � ª @ ¢�¡ z jßr4ª
q z j�j�b�ef` z jCj�b�`��IjCb ©yw ¡��hj�en£�`Nbf¢;��`N�h�hjD�4etc z j�j�bdc�x�� w�© ` � xy� wI© i w �a�hj�b)`I�&et` z `v��l s cf`�et^ w e�j w �d^
z j�jCbpxyc w £ w bfj�`I� w cfi wv©�© cf h�acfj�e�`v�ºef^hjk�hj�en£)`Ibt¢²ª}³«j�e ¤ ef^aj;cf hi `v��x��a|hx���xy|~  wv© |~jD��xyc{x�`I�+cT� w c{jD|
`N� w btjCc{efbtx���efjD|�¢��h`�£ © jC| � jpi w ¢IjCc)et^hj�cf¡�c{efjCi���`N���Ij�b � x�� � ef`�£ w bd|hc �N© `N� wv©5z bf` z jCb{etx�jDc�ª

qpc'i¥ a�d^ w c�et^hj&�_  ©�© ¡ |hjC��jC�Befb wv© x��CjC|·� w et hbtjµ`v� w¶z j�jCb�ef` z jCj�b'cf¡~cnetj�i x�c'jCctc{jC�Netx wI© et`¶ef^hj
ct� wI©�w �hx © x�en¡ ¤ x¨e�i w ¢NjCcºef^hj�c{¡~c{efjCi i;`N�hx¨et`Ibtx�� � i' +�d^µi;`Ibtjp��`Ni zh© j�±5ª ; �he w x��hx�� �'�N© `N� wv© cne w etx�c{efxy��c
`N� ef^hj#c{¡~c{efjCi �=jC��`Ii;jCc w ^ w bd| xycfcf hjIª�A}`�£)j��IjCb ¤ c{ +�d^®cne w efxyc{efxy��c�i;x � ^Be¥�=j%��bf +��x wv© et` w |�un acne
et^hj zaw b w i;j�etj�bdcº`I��ef^aj¬cf¡~cnetj�i w cºef^aj�c{efbt a��ef hbtj w �a|��d^ w b w �4etj�btx�c{efxy��c��d^ w � � jT`��Nj�b«etx�i;jNª @ ¡~cnetj�i
cfx���j'jDcnetx�i w efx�`I��xyc¬`I�hjk`v�ºef^hjki;`Nc{e���bf a��x wI© c{e w efxycnetx��'ef`#�=jk��` ©�© jD�4efjD|M`N� w cf¡~cnetj�i cfx��+��jkx¨e�� w �
�=j2 acfjC|¼�_`Ib;i w ��¡ z  hb z `Bc{jDc;c{ a�d^ w c zaw b w ikj�efjCbk� wI©  hj2cfj�e{etx�� � `Nb;�hj�en£)`Ibt¢ ik`N�hx�ef`Ibtx�� � ª �h`Ib
j�± w i zh© j ¤ c{`Nikj z jCj�b�et` z j�j�b z bt`vef`~��` © c�bfj �B hx�btj;ef^ax�c¥jCc{efx�i w efx�`I� w c w �¯x�� z  ~e zaw b w i;j�efjCbCB'ef^hj
��`I�ac{e w �Be¬|~j � btj�j'`I�«ef^aj%Dpx���j�bt`�¡2�hj�en£)`Ibt¢FE��D�HGGbfj �N ax�btjCcTef^hxyc¬x��h�_`Ibti w efx�`I��ef`2�d^h`�`Ncfj w� ���5��� �_`Ib
w �;x��a��`Ii;x�� ��z jCj�bDª @ `Ii;j � `Bcfcfx z~¦ � w cfjC| z bf`Ief`~��` © cG +c{j�et^hx�cºx��h�_`Ibti w efx�`I�kef`¥��`Ii z  hefj�ef^aj}�� hi'�=j�b
`I� � `Nctc{x z e w b � j�etc)`v� w ikjDcfc wv� jTet`;bfj w �d^ � x��Nj�� z bt` zawI�Nw etx�`N� z bt`I� w �hx © x�efx�jCc�EØ�HG ¤ E 8 GÊª

I ^hjCbfj w c}ef^hjk�� hi'�=j�b¬`v� zaw b{etx���x z+w �Betcp� w �¶j w cfx © ¡#�+j¥efb w �d¢NjC|#��¡ w c{j�ep`I�ºc{jCbf�Nj�bdc�x���c{jCbf�Nj�b ¦
� w cfjC|#c{¡~c{efj�i&c�]ÚjIª � ªGm w c z etj�b4r ¤ x�e}x�c��a` © `N� � jCb)`N���Bx�`I +c�x�� w �_  ©�© ¡� h�+cnetbf a��ef hbtjC|#�hj�en£�`Nbf¢&£�^aj�btj
j w �d^k�h`~|~j}xyc«��`N�h�hjD�4efjD|¥ef` w cfj�e«`I�=b w �a|h`Ii �aj�x � ^��+`Nbtc�]ÚjIª � ª > �� ~efj ©�©ywh¤ �hbtj�j��aj�edr�ª l�;ef^hj}��`I�Befj�±Be
`I�¬c{efbt a�4et hbtjC| `��IjCb ©yw ¡��aj�en£)`Ibt¢�c ¤ cfj��Nj�b wv©�wv©�� `Nbfx�ef^ai;ckbtj © ¡�x�� � `N�¼et^hj w ��ef  wI© cnetbf a��ef hbtj2`v�¬ef^hj
�aj�en£)`Ibt¢M^ w �Ij;�=j�jC� z bf` z `Bc{jD| ]JE��ß� ¤LKa¤ �I� ¤ �D��G_r4ª @  a�d^ wv©�� `Nbfx�ef^ai;c�j�± zh© `Nx¨e�et^hj&� w �4e�ef^ w e'�h`~|~j
xy|~jC�Netx¨§+j�bdc w btj2 h�hx��_`Ibti © ¡ w cfcfx � �hjD| w eµb w �a|~`Ni#ª?¹�^hj�cfx��Cj¶jCc{efx�i w efx�`I� i w ¡®et^hj�� �=j�|~x�bfjD�4e © ¡
x��~�_jCbfbtjC|µ�_bf`Ni´ef^hj�`I�+c{jCbf� w etx�`N�&`v��ef^hj�|~jC�ac{x�en¡&`v��x�|~jC�Befx�§aj�bdc�ef^ w e)� wI©�© x��Bef` w'� x��Nj��%cf h�acfj�e�`v��ef^hj
�N© `N� wv© xy|~j��Betx¨§ajCbTc zaw ��jIª

I ^hx © jºet^h`Ncfjºi;j�et^h`~|hc z bt`��Bxy|~j � `�`�| wIzhz bt`ß±~x�i w etx�`N��`v�~et^hj)cf¡~cnetj�i0cfx��Cj ¤ ef^hjCx�b wvzazh© xy� w �hx © x�en¡�x�c
c{efbtxy�4e © ¡ © x�i;x�efjC|�ef`pef^h`Bc{j)xy|~j��Befx�§ajCb ¦ � w cfjC|�`��Ij�b ©yw ¡T�hj�en£�`Nbf¢~cCª�l�ac{efj w | ¤ x���et^hx�c zawIz jCb ¤ £)j���`I�+c{xy|~j�b
� j��hjCb wI©�© ¡ wIzhzh© x�� w � © j%cf` ©  ~etx�`N�ac�x�bfbtjCc z jC�4etx��Njµ`v��et^hj# h�a|~jCb © ¡�x�� � �hj�en£)`Ibt¢�et` z ` © ` � ¡Iª�¹�^hj%i w x��
i;`Iefx�� w efx�`I��`I�~ef^hxyc zawvz j�b�x�c�et`p��`Ni zaw btjºcfj��IjCb wI©v� jC�hj�b wv©�© ¡ wIzhzh© x�� w � © j wv©�� `Nbfx�ef^ai;c�ef`pjCc{efx�i w efj�ef^hj
cf¡~cnetj�i cfx��Cj�x��k�+`Ief^;cne w efxy� w �a|¥|~¡�� w i;xy�)��`I�Befj�±�etc�x�� w � w e{etj�i z e ef`�^hj ©�z;wvzazh© xy� w efx�`I�'|hj��Ij © ` z jCbtc
et`'�d^h`�`Ncfj�ef^ajT�=jCc{e)c{efb w efj � ¡¥�_`Ib w�� x��IjC�;cfj�efefx�� �NM ��`Bcne M�w �C�� hb w ��¡Iª»¹�`�et^hx�c�j��+| ¤ £)j}^ w �NjT� w bfj��_  ©�© ¡
�d^a`Ncfj��kef^hbtj�j}� w �a|hx�| w efj wI©�� `Ibtx¨et^hi&c ¤ j w �d^;btj z btjCcfj��Be w efx��Ij�`I� w � ©�w cfc«`v� wvzhz bt` w �d^hjCc ¤ �_`NbGef^hjT^hj w |
et`�^hj w |¥��`Ii zaw bfxyc{`N��ª�¹�^aj�§abtc{e wv©�� `Nbfx�ef^hi bfj © x�jCc `N�kb w �+|~`Ii £ wv© ¢~c ¤  ac{x�� � ef^aj}x����Nj�bfefjC|¥�hx�b{et^a| w ¡
z+w b w |~`ß± ¤ et^hj¥cfjC��`I�a|2� w �a|~xy| w etj�xycT� w c{jD|2`I� z bt`I� w �hx © xyc{efxy� z ` ©�© x�� � £�^hx © j�ef^hj ©�w cneT`N�hj'btj © x�jCc�`N�
j z xy|~j�i;xy� ¦ � w cfjC|¶x��~�_`Nbfi w etx�`N� wI�I� btj �Bw etx�`N��ªp¹�`�et^hjk�+jDcne�`v��`I hb¬¢��h`�£ © jD| � jkc{ +�d^ w ��`Ii zaw bfxycf`I�
xyc�ef^hj¬§abdc{e)`I��x�etc)¢�x��a|�ª«¹�^hj�`I� © ¡ zawvz j�b�£)j w bfj w £ w bfjp`v����`Ii zaw bfx�� � |hx¨½²j�btj��Be��_  ©�© ¡�|hx�c{efbtx��a ~efjD|
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wI©�� `Ibtx¨et^hi&cTxyc%E��ß��Gº��`Ni zaw btx�� � ef^aj AT` z c @hw i zh© x�� � i;j�et^h`~| ¤ |~xycf�� actc{jD|Mx���et^hx�c z+wvz j�b ¤ £�x¨et^ w �
x��BefjCbf� wv© |hj��acfx¨en¡�� w cfjC| wvzhz bf` w �d^�ª

I j;x�i zh© j�i;j��BetjC|�ef^hj¥ef^hbtj�j&� w �a|~xy| w efjCc wv©�� `Nbfx�ef^ai;c w �+|�cfx�i¥  ©�w efjD|¶ef^aj�x�b¬�=j�^ w �Bx�`Ib wv�Bw x��ac{e
et^hj�c w i;j�x�� z  ~etc%�_`Ib w � w x�b2��`Ni z+w btx�cf`I��ª l��ef^ax�c zawvz j�b ¤ £)j�btj z `Ibfeµef^aj·cfx�i¥  ©yw efx�`I�SbfjDc{  © etc
w �a|���`Ii zaw bfj¥ef^hj;i;j�et^h`~|hc wv© `I� � ef^aj�x�b w ���� hb w ��¡ ¤ `��Nj�bt^hj w | w �+|Mbtj w ��efx���x¨en¡2et`#�d^ w � � jDc¬x���ef^hj
jC���Bx�bt`I�hi;j��BeDª

¹�^hj�bfjDcneµ`I�pet^hj zawIz jCbµx�c%cnetbf +�4ef abfjD| w ck�_` ©�© `�£�ª?l� ef^hj��hj�±�e�cfjC�4etx�`N� ¤ £�j z bf`���xy|~jMc{`Ni;j
� w �d¢ � bt`I h�+|¥`I� � jC�hj�btx��Tc{` ©  ~etx�`N�&ef`'jCc{efx�i w efjpx�� w |~jD��j��Betb wI© x���jD|;£ w ¡'ef^hj�c{x���jp`v� w'©�w b � j}c{¡~c{efj�i2ª
l� @ jD�4efx�`I� 8h¤ £�j;c{ +����jDcfcfx��Ij © ¡M|~jDcf��bfx��+j¥ef^aj;ef^hbtj�j&� w �a|~xy| w etj wI©�� `Ibtx¨et^hi&c�ªk¹�^hjCcfj;i;j�ef^a`�|ac w btj
et^hj�� j�� wI©   w efjD| w �+|¼��`Ni zaw btjC| w �a|¯et^hj2bfjDc{  © edc w bfj%bfj z `Nb{etjC|¯x�� @ jC��efx�`I�¼�+ª I j2|hx�ct�� actc¥ef^hj
z bf`Bc w �a|2��`N�ac�`v�	ef^aj���`Ii zaw bfjD|%� w �a|hx�| w efjDc�� w cfjC|#`I�%ef^aj'c{x�i'  ©�w efx�`I�#bfjDc{  © etc�x�� @ jD�4efx�`I�M� w �+|
��`I�a� ©  +|~j�x�� @ jD�4efx�`I�2�hª

�  �'(�-&��� ��6#�%" ��� �����%��� ��( (���6#�¥�����#� �����'���	�4���#��

l�µef^hxyc�c{jD�4efx�`I� ¤ £)j z bf`���xy|~jTcf`Ii;jT� w �d¢ � bt`I h�a|k`N�&ef^hjpef^abfjCjTi w x�� � jC�hj�btxy�T|~xycnetbfx��h ~etjC|%��`I a�Netx�� �
wIzhz bt` w �d^hjCc�£�j�^ w �Nj�x�|~jC�Befx�§ajC|5ª

¹�^hj wI©�� `Ibtx¨et^hi&c¥�=j © `I� � x�� � et`�et^hj#§abdcneµ� ©yw ctckbfj © ¡¯`N� � wv©�© jD| 
'�/���4������ � �����+�
��� � ��� # `Ib �/�����
&$���%������&!�/�	
 �"��� efjC�d^a�hx��B hjDc�ª&l�¯cf a�d^ wvzhz bt` w �d^ ¤ ef^ajµ� w cfxy�¥xy|~j w xyc�et` z bf`N�+jket^hj&�hj�en£)`Ibt¢¶x�� w
z bf`N� w �hx © x�c{efxy��£ w ¡ w �a|kef`¥x��~�_jCbºet^hj�c{x���j}`I�5ef^hj¬c{¡~c{efjCi � w cfjC|&`N�;ef^hj�c{j�e�`I��bfj zh© x�jCcCª ¹»`�et^hxyc�jC�a| ¤
et^hj�x��ax¨etx w ef`Ib��h`~|~j¬�hbt` w |h� w cnedc w i;jCctc wI� j}et` wI©�© �h`~|~jDc)x��%ef^hj�`��Nj�b ©�w ¡ ¤Nw �+|�£ w x�etcº�_`Ib�btjCc z `N�ac{jDc�ª
�Tz `N�®btjC��jCx z e¥`v� w �hbf` w |h� w c{e�i;jCctc wI� j ¤ et^hj��h`~|~jDc¥cfj��+|¯� w �d¢ w btjCc z `N�acfjµ£�x¨et^ w¶z bf`N� w �hx © x¨en¡
|hj z j��a|~x�� � `I�¯et^hj z bf`N� w �hx © x¨en¡ zaw b w i;j�efj�bkc{j�e¥x��®et^hj%�abf` w |h� w c{e�ikjDcfc wv� j E�� ¤ �"G ¤ `Ib'� w cfjC|¯`N�
et^hj�x�b�|~x�c{e w �a��jTef`'ef^hjpx��hx�efx w et`Ib)�h`~|~j6E K G=�_`Ib�j�± w i zh© jIª l�&et^hxyc z+wvz j�b ¤ £)jp�d^h`Bc{j}ef^hj ©�w cne)`I�hj w c w
� w �a|hx�| w efj��_`Nb)��`Ii zaw bfxyc{`N���vet^hj}� w �4e)`v�� acfx�� � �h`~|~j 	 c)|~x�c{e w �a��jTef`�et^hj¬x��hx�efx w et`Ib��h`~|~jp��`I  © | © `�£�jCb
i;jDcfc wv� jk`��Nj�bt^hj w |���`Ii zaw bfjD|Met`�c{x�i zh© j z bf`N� w �ax © x�c{efxy�;btjCc z `N�ac{j ¤�w c��_j�£)j�b��d� w b��a`�|hjCc��;c{^h`N  © |
btj za© ¡�£�x¨et^¯ikjDcfc wv� jCcpef^ w e'£�x ©�© ��bt`Nctc w � x�i z `Ibfe w �Ne z+w bfe�`v��ef^hj&`��Nj�b ©�w ¡Nªµ¹�^hxyc wv©�� `Nbfx�ef^hi ^ w c
wI© cf`��=j�j��&jC� wv©   w etjC|;x�� E K G w �+|;£�x ©�©+z j�bti;x¨e� ac«��¡kbfjDc{  © etc���`Ni z+w btx�cf`I�¥ef`�� wI© xy| w etj}`I abºc{x�i'  ©�w ef`Ib
wIzhz bt` w �d^�ª

¹�^hj·c{jD��`N�a| � ©yw ctc&`v� wIzhz bt` w �d^ajCc;btj © x�jDc&`I� j z x�|hj�i;x�� wv©�� `Ibtx�ef^hi&c;et` z jCbfi w �hj��Be © ¡ �Nw et^hj�b
x��~�_`Nbfi w etx�`N�;`I�;ef^ajpcf¡�c{efjCi,��¡;��`N�acne w �Be © ¡'j�±h�d^ w � � x�� � x��~�_`Nbfi w efx�`I�;�+j�en£�jCj�� z j�jCbtc ¤ i;`Bcne © ¡kx�� w
b w �+|~`Ii,i w �h�hjCb�E�� ¤ � ¤ ����G[ª�� z xy|~jCikxy� wI©�� `Ibtx¨et^hi&cG^ w �Nj�bfjD��j��Be © ¡¥bfjD��j�x��IjD| w�© `Ieº`v� w e{efjC�Befx�`I�µ|~ hj
et`�ef^hjCx�b � btj w eGbtjCcfx © x�j��a��j�et`�� w x ©  abfj��Iet^hj�¡ wv© c{`�^ w �Nj)�=j�jC�& acfjC|¥�_`Ib wI�I� btj �Bw etx�`N� wvzhza© xy� w efx�`I�ac E��C��G[ª
¹�^aj wv©�� `Nbfx�ef^ai z btjCcfj��BetjC|�x�� E���G�x�c�� w cfjC|�`I� w 
'7N���� 
*7  � ��"����� �J��� ������
*)��	
*��&?���%��+)z bf`Ief`~��` © ª»l��ef^ax�c
z bf`Ief`~��` ©K¤ j w �d^ z j�jCb z j�btx�`~|~xy� wI©�© ¡pcfj © jC��etc w �h`vet^hj�b z j�jCb w e�b w �a|~`IiSef`}j�±h�d^ w � � j x��~�_`Nbfi w efx�`I��£�x¨et^�ª
�p hbtx�� � ef^hxyc�j z xy|~j�i;xy� z bt` zawI�Nw efx�`I� ¤Iw � ��#�#"����# ��������� `I��� wI©  ajCc«£�x ©�©a� b w |h  wv©�© ¡'e w ¢Ij zh©yw ��j ¤ ^h`Nc{efjD|
��¡&j w �d^%��`�` z j�b w efx�� � `��Ij�b ©yw ¡¥�h`~|~j ¤ ef^� ac © j w |~x�� � et` w¥�I© `I� wv© � wv©  hj wv�I� bfj �Nw efj�btj z btjCcfj��Befx�� � ef^hj
e w b � j�efjC|¥c{¡~c{efjCi,cfx��CjIª�¹�^ax�cGi;j�ef^h`~|k^ w c z bf`��Nj���et`��+j w ���� ab w efj w �a|¥ef`���`I���IjCb � j z btj�efen¡��B hx��d¢ © ¡Iª
I j��d^h`Bc{jpef^hxyc wI©�� `Ibtx¨et^hx�i w c w � w �a|~xy| w etjIª

�	x�� wv©�© ¡ ¤ ef^hj ©yw c{e}� ©yw ctc �Bw ef^aj�bdcºet^hj wvzhz bf` w �d^hjDc«btj © ¡Bx�� � `I�#b w �a|~`Ni £ wv© ¢~c�ªG�a`Ib�j�± w i zh© j ¤ E���G
z bf` z `Bc{jDc w b w �a|~`Ni ���*+��/�4�H���� # £ wv© ¢�`N�2ef^hj�ef` z ` © ` � ¡ ¤ x�� w �¶`��Nj�b ©�w ¡&£)j�btj�j w �d^#�a`�|hj�`�£��ac w �
xy|~jC�Netx¨§+j�bDª @ e w b{etx�� � �_bt`Ii ef^hj%�h`~|~j�£�x�ef^¼ef^hj#c{i wv©�© jCc{e ��&�¤ et^hj�i;jDcfc wv� jµx�c'�_`Ibt£ w bd|~jC|�ef`�£ w bd|

!#"=O$! â
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^ax � ^hj�b ��& �h`~|~jDc�ª�¹�^ax�c�i;j�et^h`~| ^h`�£)j��IjCb¬cf ~½²j�bdc��_bt`Ii et^hjµc w i;jµ|~b w £�� w �d¢~c w c�|~j��+c{x�en¡ ¦ � w c{jD|
wIzhz bt` w �d^hjCc�cfx��a��j&x¨e¥bfj © x�jCc�`N� x�|~jC�Befx�§aj�b w cfcfx � �hi;j��BeDª E�� 8 Gº§+btc{e�x��Betbf`~|~ a��jCc�et^hj�� ���*&$�������"7 �
i;j�ef^h`~| ¤ � w c{jD|�`N� w �%jCi'  ©yw etx�`N��`I�»ef^aj�bfj�ef hbt�µetx�i;j�`v� w b w �a|~`Ii £ wv© ¢;ef`ket^hj�x��ax¨etx w efx�� � �h`~|~jIª
¹�^aj2cfjC��`I�a|Pi;j�et^h`~| z bt` z `NcfjCc E�� 8 G ¤ ef^hj�� �"��
' ������ �" � ��&?� wI©�� `Ibtx¨et^hi ¤  acfjCc;b w �a|~`Ni�£ wI© ¢~c¥ef`
z bf`~|~ a��j w �¶ h���hx w cfjC|¶c w i zh© x�� � ]_ h�ax¨�_`Nbfi © ¡ w eTb w �a|~`Niµr)`v�G`��IjCb ©yw ¡µ�h`~|~jDc�ª�¹�^h`Bc{j�c w i zh© jCc w btj
et^hj��& +c{jD|kef`'��`Ii z  ~etj�ef^hjpc{¡~c{efj�i´cfx��Cj w �C��`Ibd|~x�� � ef`�et^hj ��� 5H����� �4&�������� ��&?��) 
����/�$&?�	� x��Befbt`�|h a��jD|
x�� E���GÊª > x��Nj��¯et^hj�btjCcf  © etc z bf`���xy|~jC|·x�� E�� 8 G ¤ ef^hj%`��Ij�bt^hj w |·`v��ef^aj
� �"��
' ������ �" � ��&?��wv©�� `Ibtx�ef^hi
xycµi¥ a�d^ © `�£�jCb;ef^ w � ef^hjM`N�hjM`I��o w �a|~`Ni1¹�`I abCª ¹�^hj�btj��_`Nbfj ¤ £�j��d^a`Ncfj%et^hj�� ��� 
* ������ �� � ��&$�
wI©�� `Ibtx¨et^hi w c)et^hj�� w �a|~xy| w etj�`v�	ef^hxyc�� ©yw ctc�ª

 � ���#"%��"#�����!��������� �d���2����}3����	3&����*�

����� ����������� �"!$#%�&��'�()�
¹�^aj*� �"��
' �� ���'&�+4�� � ��&$� i;j�ef^a`�| E�� 8 G+xycºx��ac z x�bfjD|k�_bf`Ni et^hj,+{l���Ij�bfefjD|.-�x�bfef^a| w ¡ sGw b w |~`ß±0/�x��Befbt` ¦
|h a��jD|¶x�� E���GÊªT¹�^hj1+n�ax�bfef^a| w ¡ zaw b w |~`ß±0/�c{e w etjCc}ef^ w eTef^aj z bt`I� w �hx © x�en¡�`I�«^ w ��x�� � en£)` z j�` zh© j¥x�� w
bt`�`Ii0et^ w e�^ w �Ij)ef^ajTc w i;j)�ax�bfef^a| w ¡'xyc w e © j w cne

1/2
¤ �_`Nb w�� bt`I  z `I�5� 8�z jC` zh© jCcCª @hw i zh© j32'¸�` ©�© x�|~j

�a hx © |hc�  z `N��et^hxyc�efjD�d^h�hx �B hj;ef`¶jDcnetx�i w etj;ef^hjµcf¡~cnetj�i c{x���jNª�¹�^hj&jCc{efx�i w etx�`N��btj © x�jDc�`I� |~b w £�x�� �
w;z j�jCbTc w i zh© j� h�hx��_`Ibti © ¡ w e}b w �a|~`Ni w �a|%ef`µ acfj�ef^aj'c w i zh© j�ef` wvzaz bf`ß±~x�i w efj¬et^hj'cf¡�c{efjCi cfx��CjIª
¹�^ax�c�xyc�� w c{jD|�`N��et^hj��� hi'�=j�b�`I� c w i zh© jCc�`N�ac{jCbf�NjC|��+j�en£�jCj��%en£�`;xy|~j��Befxy� wI© c w i zh© jDc�ª

¹�^hj wv©�� `Nbfx�ef^hi,£�`Nbf¢~c w c �_` ©�© `�£}c�B»ef^hjpx��hx�efx w et`Ib)c w i za© jDc«�h`~|~jDc« h�hx��_`Ibti © ¡ w e�b w �a|~`Ii  h�Befx ©+w
c w i zh© j�btj�ef abf�ac w �h`~|~j�et^ w e wI© btj w |~¡µ^ w c��=j�j���c{j © jD�4efjD|5ª

X
¤ et^hj�j�± z jC��efjC|2�� hi¥�+jCbT`I�Gc w i zh© jCc

xyc √
2n

��ef^aj�c{¡~c{efj�i c{x���j�xyc)ef^� ac�jDcnetx�i w efjC|%et`
N̂ = X2/2

ª
¹�^hxyc wI©�� `Ibtx¨et^hi�^hj w ��x © ¡¯btj © x�jCck`I�Pef^hjM��`IbtbfjD�4et�hjCctc'`I�Tet^hjMc w i zh© x�� � i;j�et^h`~|¼ acfjC|�ª4� ��� �


' ������ �" � ��&?�2wIzhz bt` w �d^·x�i z bf`��NjCc¬  z `I�·ef^hj wvzhz bt` w �d^ z btjCcfj��BetjC|·x�� E���Gºx�� en£)`#£ w ¡~c�B�§+btc{e�ef^hj
c w i zh© j¬ikj�ef^h`~| z bt`���x�|~jDc�c{`Nikj¬ h���hx w cfjC|%bfjDc{  © edc���¡µjCi'  ©yw etx�� �kw ��`N�Befx��B a`I ac)b w �a|~`Ni £ wI© ¢M] w c
` zhz `NcfjC|�ef`&|~xycf��bfj�efj¬efx�i;j�b w �a|~`Ii�£ wI© ¢~cdr w �a|#c{jD��`I�+| ¤ ef^hj�£ w ¡;ef^aj�c w i za© j�xyc� acfjC|%x�c�btj�§+�hjC|5ª

¹�^hj' h�hx��_`Ibti z j�j�bpc w i za© x�� � efjD�d^h�hx �N aj�£�^hx��d^ z bf`~|~ a��jCc� h���hx w cfjC|2c w i zh© jCc�xyc�x�i za© jCikjC�BefjC|
w c¬�_` ©�© `�£}cCB�ef^aj&x��hx�efx w et`Ib��a`�|hjµc{j�etc w2z btjC|~j�§a�hjD|�� wI©  hj

T > 0
ªµ¹�^ax�c�� wI©  hj&xyc�et^hj��®cfj��Be�ef` w

�aj�x � ^��+`NbG�d^h`Ncfj��k h�hx��_`Ibti © ¡ w eGb w �a|~`Ni#ª�� w �d^¥�h`~|~j�btjC��j�x���x�� � et^hj�i;jCctc wI� j�§abtc{e z xy�d¢�c w b w �+|~`Ii
�� hi¥�+jCb

U
¤  h�hx��_`Ibti © ¡%|hx�c{efbtx��a ~efjD|2`I�

[0, 1]
�hx�e}et^hj���cfx�i za© ¡#|~jC��bfjCikjC�Betc

T
��¡

log(U)/di

]
di

x�c
et^hj�|~j � bfjCjº`I�hef^hj��� hbfbtj��Be �h`~|~jDr ¤Iw �+|��_`Ibt£ w bd|hc5et^hj�ikjDcfc wv� j«et` w �hj�x � ^��=`Ib ¤ x¨�

T > 0
ª ; ef^hjCbf£�xyc{j

et^hj��� abfbtj��Be��h`~|~j�x�c)et^hj�c w i zh© j��h`~|~j ¤hw �a|#x¨e}btj�et hbf�+c�x�etc ��& et`;ef^hj�x��hx�efx w et`IbDª
¹�^hj w ���� hb w ��¡ M `��Ij�bt^hj w |¬efb w |hj�`v½%`v�²ef^hxyc wI©�� `Ibtx¨et^hi btj © x�jDcG`I�ket^hjT��`N�Befbt` ©hzaw b w i;j�efjCb

l
£�^hxy�d^

|hj�efjCbfi;x��hjCc�ef^aj��� hi'�=j�b#`v���aj�£ © ¡ c w i zh© jC|��h`~|~jCc�ef^ w e%^ w �Nj wv© btj w |h¡P�=j�jC��`I�acfj�bt�IjD|5ª ¹�^hj
� bfj w etj�b

l
¤ et^hj�i;`Ibtj z btjC��x�cfj�x�c�ef^hj�jCc{efx�i w etx�`N� ¤ �h ~e�et^hj�^hx � ^hjCb�x�c)et^hj � jC�hj�b w etjC|%`��IjCbf^hj w |5ª

¹�^hj¥|~j�e w x © cT`v�	ef^hj wv©�� `Ibtx�ef^hi ¤ et^hj w � wv© ¡�cfxyc w �a|¶cfx�i¥  ©yw efx�`I�2btjCcf  © etc w bfj w � w x ©yw � © j�x�� E�� 8 G w c
£)j ©�©Nw c w ��`Ni zaw btx�cf`I��£�x�ef^�et^hj,� ���*&$��� �	��7 �)wvzhz bt` w �d^�ª�o�jDc{  © etc�c{^a`�£�et^ w e�ef^hj�� ��� 
* ������ �� � ��&$�
wIzhz bt` w �d^Px�i z bf`��NjCc&  z `N� ef^hj5� �"�*&?�"�6���"7 �·w �a| un ac{efx��_¡ ef^hj·�d^h`Ixy��jM`I��ef^hj��_`IbtikjCb�x�� ef^ax�c
��`Ii zaw b w efx��Ijpc{ef +|~¡Iª

OPO ÕRQCS�T4U�V
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����� �4# ��� ����������'����
¹�^aj�cfjC��`I�a|#� w �a|~xy| w etj wvzhz bt` w �d^�£)j��d^h`Ncfj�x�c�� wv©�© jD|µet^hj
	 �4
  � �"��
' ��� ##w �+|%btj z bfjDc{jC�Nedc)x��#ef^ax�c
��`Ii zaw b w efx��Ij'c{ef a|h¡2ef^hj&� ©yw ctcp`v� z bf`N� w �hx © x�c{efxy� z ` ©�© x�� �2wvzhz bf` w �d^hjDc�ª�¹»£)`#�Ij�bdcfx�`N�ac}`I�ºef^aj%AT` z c
@hw i zh© x�� �µwI©�� `Ibtx¨et^hi w bfj z btjCcfj��BefjD|#x�� E��D��G w �a| E K G B«ef^aj #$����� 
 � ��� 
* �;w �a| �%��� 	 �4
  � �	
���������� #
^aj� hbtx�c{efxy��cCª

qpc w §abtc{e	c{efj z ef`¬�d^h`�`NcfjGef^aj�� w �a|~xy| w etj wIzhz bt` w �d^¬�_`Nb�ef^aj)��`Ii zaw btxyc{`N� ¤ £)j«etbfx�jC|�et`Tbtj z bt`~|~ a��j
et^hjkbfjDc{  © etc¬`N�~e w x��hjD|Mx�� E��D��G w �a| E K GÊª I jk£)j�btj w � © j'et`%btj z bt`~|~ a��j�ef^ajkbtjCcf  © etcp`I�~e w x��hjC|� acfx�� �
et^hj}i;x���A}` z cfo}j z `Ibfefx�� � ^hjC hbfxyc{efxy�vª ¹�^hj}btjCcf  © edcG£)j}`I�~e w x��hjC|;��¡¥x�i zh© j�i;j��Betx�� � ef^hj z c{jC a|~` ¦ ��`�|hj
x�� E��D��G ] #$����� 
 � ��� 
* � ^hjC hbfxyc{efxy�Cr�c{`NikjC^h`�£ © jD|;ef` © jCctc w ���� ab w efj}btjCcf  © etcCª	¹�^hjCbfj��_`Ibtj}�_`Nb«ef^aj¬c w ¢Nj
`I�5� w x�bf�ajCctc ¤�w �a| w � efjCb�|~xyct�� actc{x�`I�+cº£�x�ef^&et^hj w  ~et^h`Ibdc�E�����G ¤ £�j¬|~jC��x�|hjC|;et`¥�d^h`�`Ncfj�et^hjpcf¡~cnetj�i c{x���j
jDcnetx�i w efx�`I� wv©�� `Ibtx�ef^hi btj © ¡�x�� � `N��et^hj ����� 	 �4
  � �	
 �"�������N# ^hj� hbtxycnetx��Iª

¹�^hxyc wv©�� `Ibtx�ef^hi x�c)� w c{jD|;`I�&et^hj z bf`N� w �ax © x�c{efxy� z ` ©�© x�� � efjC�d^a�hx��B hjp£�^hj�btj w �µx��hx¨etx w ef`Nb�c z bfj w |hc
i;jDcfc wv� jCc�x��¯ef^aj��hj�en£�`Nbf¢ w �a| jDcnetx�i w etjCc�ef^hj#c{¡~c{efj�i�cfx��Cjµ� w c{jD| `I�¯et^hj�btj zh© x�jCc�x�e � j�edc�� w �d¢=ª
¹�^ajCcfj#i;jDcfc wv� jCc w btj#cfj��+|¼� w �d¢®x�� w·z bt`I� w �hx © xyc{efxy��i w �a�hj�bDª ¹�^hj A}` z c @~w i zh© x�� �¯wv©�� `Nbfx�ef^ai ¤
jC� wv©   w etjC|�x���et^hx�c zawIz jCb�£)`Ibt¢~c w c��_` ©�© `�£}c�B w �'x��hx�efx w ef`Nb��a`�|hj�c z bfj w |hc���¡ � `Nctcfx z'w i;jCctc wI� j w ��bt`Nctc
et^hjµ�hj�en£�`Nbf¢²ª#l�hx�efx wv©�© ¡·ef^ax�c'ikjDcfc wv� jµ��`N�Ne w x��ac

hopCount
cfj�e�et`

0
ª¶q)e¥j w �d^·efb w �IjCbtcfjC|��h`~|~j ¤

et^hxycº� wv©  hjpx�c�x��+��btj�i;j��BefjD|
�Bef^hj © `�£�jDcne
hopCount

� wI©  ajTbtjC��jCx��NjC|;��¡ w �h`~|~j¬x�c�btj�i;j�i¥�+jCbfjD| w �a|
btj z bfjDc{jC�Nedc»x�etcG|hx�c{e w �a��j)�_bt`Ii0et^hj���`I a�NeGx��hx�efx w ef`NbCª	¹�^hj�� ¤ |~j z jC�a|~x�� � `I�kj w �d^¥�h`~|~j 	 cG|~xycne w �a��j¬]Úx��
`Nbt|hj�bGet` w �I`Nx�|ki w ctc{x��Ij��+`B`~|ket`�£ w bt|hc	et^hjTx��hx�efx w et`Ib4r ¤ ef^hjCbfj}xyc w�z bf`N� w �ax © x�c{efxy��btjCc z `N�ac{j�i;jDcfc wv� j
cfj��Be�et`Met^hjµx��hx¨etx w ef`Nb'�h`~|~j$B2]Úxyr'x��

hopCount < minHopsReporting
¤ w btjCc z `N�acfj&x�ckc{j�e'£�x�ef^

z bf`N� w �hx © x¨en¡M� ¤ j © c{jµ]Úx�x r�ef^aj�bfjDc z `I�+c{j�xyc�c{jC�Ne}£�x�ef^ z bt`I� w �hx © x�en¡
1

gossipTohopCount−minHopsReporting

ª
�a`Ibkj w �d^®i;jCctc wI� j���`I h�Be¥btjC��j�x��IjD| �_bf`Ni!�h`~|~jCc w e w ��j�bfe w x��¼|hx�c{e w �a��j ¤ ef^hj#x��ax¨etx w ef`Ib;�hjCjC|hc'ef`
i¥  © efx zh© ¡ x�e%��¡ ef^hj z jCbt��j��Be wI� j¶`I� z jCj�bdcµx�� ef^hj��hj�en£)`Ibt¢®et^hj�¡ btj z btjCcfj��Bedc�ª �a`Ib�j�± w i zh© j ¤ x��
minHopsReporting = 2

¤ `N� © ¡2�I�� `I� �a`�|hjCc}£�x�ef^�|~x�c{e w �a��j'�µ£�x ©�© btj z `IbfeT� w �d¢²ª�¹�^aj��� hi'�=j�b
`I�'��` ©�© jC��efjC|SbfjDc z `I�+c{jDcµ£�x ©�© ef^� ac%�=j�i¥  © etx za© x�jC|?��¡

1

0,25

¤�������� �aª ¹�^hj�cf¡~cnetj�i cfx��Cj�xycµet^hj��
j�±�efb wvz ` ©yw efjD|&�_bt`Ii et^hjCcfjCcT��` ©�© jC�4etjC|%bfj�ef hbt�acCª

¹�^hxyc wv©�� `Nbfx�ef^hi £)`Ibt¢�c«£�x¨et^ w�z bfx�`Ibtxa§a±�jD| zaw b w ikj�efjCbtcº� wI©  ajCc)|~x�ct�� +cfcfjC|;x��!E��D� ¤ K GÊª I j¬^ w �Nj
wI© cf`¥e wv© ¢IjD| w �+`N ~e�ef^a`Ncfj z+w b w i;j�etj�bdc�� wI©  hj�x��FE��C��G�ef`;jC�ac{ abfj w � w x�b}��`Ni z+w btx�cf`I��ª

��� � � #���� '������)���0� (�������� ��� � � '�#!�
¹�^aj ©yw c{ek�d^h`Bc{jC� wvzaz bf` w �d^·�_`Ib;��`Ni zaw btx�cf`I�¯xyckbfj z btjCcfj��Be w efx��Ijµ`I��ef^hj2� ©yw ctc'`I�Tj z x�|~jCi;x�� ¦ � w c{jD|
wIzhz bt` w �d^hjCcCª � z xy|~jCikxy� ¦ � w c{jD| z bt`vef`~��` © c}^ w �Nj�bfjD��jC�Ne © ¡2btjC��j�x��IjC| w�© `Iep`I� w e{etj��Befx�`I� � x��Ij��Mef^hjCx�b
ct� wI©�w �hx © x�en¡ z bt` z j�bfefx�jCcCª»l� w �kj z xy|~j�i;xy� z bf`Ief`~��` ©K¤ j w �d^ z jCj�b z j�btx�`~|~xy� wI©�© ¡�j�±h�d^ w � � jDc�x��~�_`Nbfi w etx�`N�
£�x�ef^¯`N�hjµ`I��x�etc'�hj�x � ^��=`Ib z x��d¢NjC| w e'b w �+|~`Ii2ª#l� E��CG ¤Gw¶� `Bcfcfx z~¦ � w cfjC| wI�I� bfj �Nw etx�`N� z bt`vet`~��` © x�c
z bfjDc{jC�NetjC| w �a|kef^hjpbfjDc{  © edc ¤ ef^ w e�£)j}£)j�btj w � © j}et`�bfj z bt`�|h a��j ¤ cf^h`�£ ef^ w eºef^ax�c wvzhz bf` w �d^ z bf`���xy|~jCc
w ���� hb w efj¬bfjDc{  © edc�ª

¹�^hxyc wIzhz bt` w �d^ E��HGºbtj © x�jDc�`I�·ef^hj;�_` ©�© `�£�x�� � cne w efjCi;j��BeCB�x���j�± w ��e © ¡M`I�hj&�a`�|hj&`v�)ef^hjµcf¡~cnetj�i
^a` © |hc w � wv©  hjkj��B  wv© et`�� ¤�w �a| wv©�© et^hjk`vef^aj�b�� wv©  hjCc w btj'j �B  wv© ef`2� ¤ et^hj w �Ij�b wv� j�x�c

1/N
ª�¹�^hj

cf¡~cnetj�i c{x���j}��`I  © |kef^� acº�+jT|hx�btjC��e © ¡¥��`Ni z  ~efjD|5ªG¹»`�bt h�;et^hx�c wv©�� `Nbfx�ef^hi ¤Iw �;x��hx�efx w et`Ibºcf^h`N  © |ke w ¢Nj
et^hj&� wv©  hj;j��B  wI© ef` � ¤	w �a|·cne w bfe � `Nctcfx z x�� � ��ef^ajkbtj w �d^hjC|��h`~|~jDc zaw bfefxy��x zaw etjkef`#ef^hj z bf`~��jDcfc¬��¡
cfj�efefx�� � et^hj�x�b}� wv©  hj�et`��hª�q)epj w �d^ z btjC|~j�§a�hjC|2��¡�� © j ¤ j w �d^2�h`~|~j�x��2ef^hj¥�hj�en£)`Ibt¢��d^h`�`Bc{jDc�`I�hj�`I�

!#"=O$! â
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����/�"����5��6���7�&") �

x�etcp�hjCx � ^B�=`Ib w e¬b w �a|~`Ni w �a|Mcf£ wIz c}x�etc¬jDcnetx�i w etx�`N� zaw b w ikj�efjCbCª¬¹�^hj¥��`I�Be w �4efjD|¶�h`~|~jk|~`�jCcpef^hj
c w i;j&] z  ac{^ Mßz   ©�© ^hjC hbtx�c{efxy�¬`v� E���G_r4ª -)`Ief^2�h`~|~jCc)et^hj��2btjC��`Ii z  ~etjpet^hj�x�b}jDcnetx�i w etx�`N� w c)�_` ©�© `�£}cCB

Estimation←
Estimation+Neighbor′s � Estimation

2

¹�` z bf`���xy|~j���`IbtbtjC�4e)jCc{efx�i w efx�`I�+c ¤ et^hx�c wI©�� `Ibtx¨et^hi �hjCjC|hc�ef`;£ w x�e w ��j�bfe w x��#�B ai'�=j�b�`v� �/��7 �'&H
et`�j ©ywvz cfj��+j��_`Ibtj)��`Ii z  ~etx�� � et^hj�c{x���j�jDcnetx�i w etx�`N���vet^hxyc z jCbfx�`~|'xyc	ef^aj�bfj �N ax�btjC|�efx�ikj��_`Nb ef^hj � `Nctc{x z
et` z bf` zawv�Bw etjCc)x��%ef^aj�£�^h` © j�`��Ij�b ©yw ¡ w �a|%�_`Ib�et^hj�� wv©  hjCc)et`;��`I���IjCb � jIª

¹�^hxyc¬i;j�ef^a`�|���`N�B�Nj�b � jDc�ef`�£ w bd|2j�± w ��e¬cf¡~cnetj�i cfx��Cj'x�� w c{e w � © jkcf¡~cnetj�i2ª��¶`Ibtj'|~j�e w x © cpi w ¡
�=j��_`I a�a|#x�� E��HG[ª

����� ���)� � � ���
I j�^ w �Ij��d^h`Bc{jC� ef^abfjCj�� w �a|~xy| w etj wv©�� `Nbfx�ef^ai;c ¤ ef^ w e2£�j��+j © x�j��Nj w btjMbtj z btjCcfj��Be w efx��Ij¶`I��ef^hbtj�j
� ©�w cfcfjCc«`v� � jC�hj�btxy��c{` ©  ~etx�`N�acGet`'jDcnetx�i w etj}et^hjpcfx��Cj}`v� w�©�w b � j ¦ cf� wv© j z j�jCbºet` z j�j�b�cf¡�c{efjCi,x�� w �_  ©�© ¡
|hjC��jC�Befb wv© x��CjC|M£ w ¡Iª;¹�^hjC¡ w btj wvzhzh© xy� w � © jkef` w �B¡ z jCj�b�ef` z j�jCb�`��Ij�b ©yw ¡#x�� £�^hxy�d^�j w �d^·�h`~|~j;x�c
��`I�h�ajC�4etjC|2et` w cfj�e�`v� �/�"�*&$��� �hjCx � ^��+`NbtcCª	�M`Nc{e¬`I��cnetbf +�4ef abfjD|¶`��IjCb ©yw ¡~c ¤ c{ a�d^ w cpjIª � ª sGw c{efbt¡ ¤
� wI©�© x��Bef`;et^hx�cT� w etj � `Ibt¡Iª

¹�^hj � ` wI© `v�	ef^hj¥��`Ii zaw b w efx��Ij�cnet a|~¡%x�c}ef^hjC�2ef`&bt h�¶c{x�i'  ©yw etx�`N�ac�x��2ef^hj'c w i;j¬�_b w i;j�£)`Ibt¢µx��
`Nbt|hj�b�ef`%��`Ii zaw bfj�et^h`Ncfj�i;j�et^h`~|hc}�h`IeT`I� © ¡%x��¶etj�bti&c�`v� w �C�� hb w ��¡µ�h ~ep`��Ij�bt^hj w | w �a|2btjCcfx © x�j��a��j
et`&|~¡�� w i;xy���d^ w � � jCcCª
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�)��� ����*��� '&� � �!� ��� �,� ��� �
; �aj}`v�²ef^ajTi w x��&i;j�efbtxy��c wI© `N� � £�^hxy�d^&£�jp��`Ii zaw bfj�et^hjp|hx¨½²j�btj��Be wI©�� `Ibtx¨et^hi&cGx�c«ef^hjCx�b)cf� wv©yw �hx © x¨en¡
x���etj�bti&c»`I�h`��Ij�bt^hj w | ¤ßw c�£�j ©�©�w c»ef^aj�x�b w ���� ab w ��¡ w c»ef^hj�c{¡~c{efjCi cfx���jº� w bfx�jCcCª > x��IjC��ef^hj���`N�acfx�|~jCbfjD|
ct� wI© j ¤ £�^hxy�d^¯��`N  © | �a`ve�btj wv© xycnetx�� wv©�© ¡M�=jµbtj w �d^hjC|�x�� w2©yw �·etjCc{efx�� � j�����x�bt`I�aikjC�Be ¤ £)j&j�� wI©   w efjD|
et^hj�i! acfx�� ��w |hx�ct��btj�etj�j��Nj��Be¥cfx�i¥  ©yw ef`Nb ¤ w � © j�ef`�cfx�i'  ©yw etj�cne w etx�� w �a|®|h¡B� w i;x��µ�hj�en£)`Ibt¢·��`I� ¦
§ �  hb w etx�`N�ac�ª2¹�^hj#c{x�i'  ©yw et`Ib'��`I h�Bedc�ef^hj%i;jCctc wI� jCc�`��Ij�b�et^hj��aj�en£)`Ibt¢=ª#lÊek|h`BjDc��h`Ie'i;`~|~j © ef^hj
z ^B¡~cfx�� wv© �hj�en£�`Nbf¢&et` z ` © ` � ¡&�h`Ib�et^hj �N aj� hx�� � |~j ©�w ¡~c w �a| zaw �d¢Ij�e © `Nctc{jDc�ª

¹�^hj�§+btc{eTcnetj z `v�	ef^aj�c{x�i'  ©yw etx�`N� ¤aw c�ikjC�Befx�`I�hjD|%x��#ef^hj z bfjC��x�`N ac�c{jD�4etx�`N� ¤ £ w c)ef`&btj z bt`~|~ a��j
et^hj�btjCcf  © etc�`I�~e w x��hjC| ��¡ ef^hj w  ~et^h`Ibdcµ`I��j w �d^ wI©�� `Ibtx¨et^hi2ª ¹�^hxyc�c{efj z ^ w c��+jCj��Scf a�C��jCctc{�_  ©�© ¡
btj w �d^hjC|T�_`Ib»ef^hj«ef^hbtj�jº��`I�acfxy|~j�btjC| wv©�� `Nbfx�ef^ai;c w �a|¬£)j«�h`�£ ��`Ii zaw bfj et^hj�i x���ef^hj�c w ikj�c{x�i'  ©yw etx�`N�
jC���Bx�bt`I�hi;j��BeDª

¹�^hj¥c{x�i'  ©yw etx�`N�ac�£)j�btj�bf h�¶`N�2 h�ac{efbt a�4et hbfjD| z jCj�b�et` z j�j�bT�hj�en£)`Ibt¢~c�ª)¹»`;et^hx�cTj��a| ¤ £)j��h hx © e
et^hj z j�jCb}ef` z j�jCbT`��Nj�b ©�w ¡ w c w b w �a|~`Ni � b wIz ^ ¤ £�^hjCbfj�j w �d^2�h`~|~j�£ w c z bf`���xy|~jC|#£�x�ef^ w cfj�eT`I�

k�aj�x � ^��+`Nbtc ¤ �d^h`Bc{jC�; h�hx��_`Ibti © ¡ w e«b w �a|~`Ni w i;`N� � ef^hjT£�^h` © j}c{j�eº`v� z j�j�bdcCª I jT|~`��a`veº��`N�acfx�|~jCb«x��
et^hxyc z+wvz j�b�ef^hj w ��ef  wI© ��`I�ac{efbt a�4etx�`N�µ`v�»cf a�d^ � b wvz ^acº�h ~e�c{jC�IjCb wI©+wvzaz bf` w �d^hjDcGj�±~xycne)ef`¥�h hx © |%c{ +�d^
z j�jCbGef` z jCj�bº`��Nj�b ©�w ¡�x�� z b w ��efxy��j�E ��GÊª	l�&`Nbt|hj�b ef`'�+j w cº� © `Bc{j w c z `Bcfcfx�� © j}�_bf`Ni btj wv© £�`Nb © |kx�i zh© j ¦
i;jC�Ne w etx�`N�ac ¤ et^hj � b wvz ^ac	£�j� acfjC|¥x��¥ef^aj�j�� wv©   w etx�`N�'£�^hjCbfj��h`Ie �_  ©�© ¡�^h`Ni;` � jC�hj�`N ac � b wvz ^+c�£�^aj�btj
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j w �d^;�h`~|~j}^ w |kef^ajpc w i;j��� hi'�=j�b�`v�5�hj�x � ^��=`Ibdc�ª	l�ac{efj w | ¤ j w �d^&�a`�|hj}`�£��ac w b w �+|~`Ii,�B ai'�=j�bº`I�
�aj�x � ^��+`Nbtc ¤ �=j © `�£ w&� x��Nj��2ef^abfjDc{^h` © |�ªp¹�^hxyc}btj �ajD�4edc}�_`NbTx��acne w �a��j'^hj�efjCbf` � j��aj�x�en¡��=j�en£)j�j����h`~|~jCc
x��·efjCbfi&c�`v���� hi'�=j�b'`v��x��a��`Ii;x�� �Mw �a|�`I ~e � `Nx�� �2© x��a¢�c'� wvz+w ��x�efx�jCcCª I j wI© cf`2bf a� cf`Ii;jkefjDcnedc�x��
et^hj;��`I�Betj�±�e¬`I�º^h`Nik` � jC�hj�`N ac � b wIz ^acCª�¹�^hx�c zaw b w i;j�efjCbp��`I�acfx�c{efjC�Be © ¡¶x�i z bt`��IjD| wv©�©	wI©�� `Ibtx¨et^hi&c�ª
¹�^aj�btj��_`Ibtj ¤ £�jp�d^h`Ncfj�ef^ajp£)`Ibdcneº� w cfjTcfj�e{etx�� �¥w �+| z btjCcfj��Be«ef^ajTbtjCcf  © edcº`I��j�± z j�btx�i;j��Bedcº��`N�a|~ a��efjD|
`N�%^aj�efjCbf` � jC�hj�`N ac)�hj�en£)`Ibt¢~c�ª

l� wv©�© etjCc{eT��`I�h§ �  hb w etx�`N�ac ¤ j w �d^%�h`~|~j�^ w c w �� hi¥�+jCb�`v� �hj�x � ^��=`Ibdc)� w bf¡�x�� � �+j�en£�jCj��
log(N)w �a|

2∗ log(N)
¤
N
�=j�x�� � ef^aj w ��ef  wI© c{x���j�`v�=ef^aj}c{¡~c{efj�i2ª ¹�^hxyc � wI©  aj�j��acf hbtjCc � b wvz ^¥��`N�h�hjD�4efx���x¨en¡Nª

¹�^ax�c�btj z btjCcfj��Bedcp�D�k�hj�x � ^��=`Ibdc�i w ±µ�_`Ib w �D�I� ¤ �I�N���h`~|~j�`��Nj�b ©�w ¡ ¤Bw �a|%�ki w ±%�_`Ib�� ¤ �N�I� ¤ �I�N����ª
¹�^hj © x��h¢~c&�=j�en£)j�j�� �a`�|hjCc w bfj w cfcf hi;jC|¼ef`®�=jM�hxy|~x�bfjD�4etx�`N� wv© ]Ú£�^hj��aj��IjCb w �h`~|~j���`I�Be w �4etc

w �h`vet^hj�b¥`I�hj ¤ ef^hj#btj w �d^ajC| �h`~|~j wv© c{`�^ w c¥¢��h`�£ © jD| � j�`v�T��`Ni;i' h�hxy� w efx�`I�®x��hx�efx w et`Ib 	 c'j�±~x�c{efjC�a��j
w �a|·¢IjCj z c w2© x��h¢�� w �d¢¶et`¶ef^hj%��`I�Be w �4e��h`~|~jßr ¤ © j w |hx�� � et` w �  h�a|hx�btjC��efjC| � b wIz ^�ª I j&jC�ac{ abfjD|
et^ w e	`��IjCb ©yw ¡~c+ +c{jD|�x��'`I hb�j�± z jCbfx�i;j��Betc w btj wv© £ w ¡�c5��`I�h�ajC�4etjC|5ª I j)�IjCbfx�§ajD|Tet^hxyc z bt` z j�bfen¡¬�B¡p§abdcne
x��hx�efx w etx�� �µw etbfjCj ¦ � w cfjC|#��`N h�Be}efjD�d^h�hx �B hj�E���G�Bºx¨�Gj w �d^2�h`~|~j�x�cTbfj w �d^ w � © jp��¡%ef^hj���`I h�Be}x��hx¨etx w ef`Nb ¤
et^hj��#et^hj�§a� wI© ��`I a�Ne�xyc�j��B  wI© ef`kef^aj�e w b � j�efjD|%cfx��CjIª

I j�cf� wv© jC|�  z ef`k� ¤ �I�N� ¤ �I�I���a`�|hj � b wIz ^ac ¤ �a ~e |h¡B� w i;x���j�����x�bf`N�hi;j��Be�£ w c	��btj w efjC|�`I���D�I� ¤ �N�I�
�a`�|hj � b wIz ^ac»�_`Ib z b w �4etx�� wv© ��`I�+c{xy|~j�b w etx�`N�acCª»m}`~|~j�btj�i;`�� wv© c�i w ¡�x��Betbf`~|~ a��j wp© `Bcfc�`v�=��`I�a�hjC��efx��Bx�en¡
�_`Nb ef^hj�btj�i w x��hx�� � �h`~|~jDc �Nx��kef^ax�c«cfx�i'  ©yw etx�`N� ¤ ef^aj��h`~|~jCc	et^ w e«^ w �Nj © `BcneG`I�aj�`IbGc{jC�IjCb wI© �aj�x � ^��+`Nbtc
|h`k�a`veT��btj w efj¬�hj�£ © x��h¢~c�£�x�ef^2`vet^hj�b��a`�|hjCcCª

¹�^hj'bfjDcne}`I��et^hj'cfjC�4etx�`N�2x�c�`Nb �Bw �hx���jD| w c)�_` ©�© `�£}cCB I j�§abdcneT|hjCct��btx��=j�ef^hj�jC� wv©   w etx�`N�2��bfx�efjCbfx w ª
l� @ jC�4etx�`N���aª 8h¤ £)jMbtj z `Ibfeµef^hj�bfjDc{  © etc�`I�~e w x��hjC| x��Sc{e w efxy�M��`N�Netj�±�etc w �a| x�� @ jD�4etx�`N� �aª � ¤ £�j
x��Befbt`~|~ a��jµcf`Ii;jµ|~¡�� w i;x��Cc�x�� ef^hj�cf¡~cnetj�i ef`¶jC� wI©   w efjµef^hjµ� w bfx�`I ac wv©�� `Ibtx�ef^hi&c�� wIzaw �ax © x¨etx�jDc�ef`
z bf`���xy|~jpbtj w �4etx��NjpjDcnetx�i w etx�`N�acCª @ jC��efx�`I�#�aªØ� z bf`���xy|~jCc�cf`Ii;j�`��Ij�bt^hj w |&btjCcf  © etcCª

�)��� ��� ��� � � � '�#!��� � ' � ��� '��
I j� +c{jD|¯c{jC�Ij�b wv© ikj�efbtx��Cc�et`Mj�� wv©   w efj&et^hj%|~x�½²j�btj��Be wvzaz bf` w �d^hjDc¬ef`�jCc{efx�i w efjµx�� w |hx�c{efbtx��a ~efjD|
� w c{^ax�`N��et^hj�c{x���j�`I� wk©yw b � j ¦ ct� wv© jp|h¡B� w i;x���cf¡~cnetj�i2ª

�;�N� ���ß�a� À ; �hj)`v�+ef^hj�i;`Nc{e x�i z `Ibfe w �BeG��btx¨etj�btx�`N�'xyc�ef^hj �B  wv© x�en¡�`v�aet^hj�jCc{efx�i w efj w �+|�et^hj�c z j�jD|
et`'£�^hxy�d^µet^hxyc w ���� ab w ��¡kx�c)btj w �d^ajC|5ª	¹�^hx�c)xyc w ��x�i z `Nb{e w �Be zaw b w i;j�efjCb«�_`Nbºet^hjp +c{jp`v�5ef^aj¬cf¡~cnetj�i
cfx���j�x��h�_`Ibti w efx�`I��ª��h`Ib}cf`Ii;j wIzhzh© x�� w efx�`I�+c ¤hw �B hxy�d¢ wvzaz bf`ß±~x�i w efx�`I�%i;x � ^Ne}�=j�i;`Ibtj wvzhz bf` z bfx w etj
et^ w � w i;`Ibtj w ���� hb w efj�`I�aj¬£�^ax��d^#£�`N  © |µe w ¢Ij�i¥ a�d^ © `I� � j�b�et`&��`Ii z  hefjIª

�%¿ �h�v���	�
�_� À � Ã �������� ¿ � q�c{jD��`N�a|?�d^ w b w �4etj�btx�c{efxy�M£)j¯£ w �Be%et`���`Ni z+w btj�et^hj wvzhz bf` w �d^hjDc
wI�Nw x��ac{eºxyc�ef^hjCx�b w �ax © x¨en¡;et`¥btj w �4e�ef`;�d^ w � � jCcºx���ef^hj�j�����x�bf`N�hi;j��BeCª ¹»`'ef^hxyc�j��+| ¤ £�j���`Ni z  ~efjpef^hj
etx�i;j�et`kbtj w �4e�ef` w;� bf`�£�et^�`Ib�x��a��bfj w cfjp`I�»ef^aj��B ai'�=j�b}`I� z j�j�bdc�x��%et^hj�cf¡�c{efjCi2ª

��� ¿ ��� ¿ �hÄ ¹�^hjµet^hx�bd| x�i z `Ibfe w �Be¥��btx¨etj�btx�`N�¯x�c�ef^hj%`��IjCbf^hj w |�`v��j w �d^ wvzhz bf` w �d^�ª#l�¯ef^ax�c zaw�¦
z j�b ¤ £�jk��`Ni z  ~efj'ef^hjk`��IjCbf^hj w | w cTef^aj¥�� hi¥�+jCbp`I�ºi;jCctc wI� jCc}bfj �N ax�btjC|2et`%��`Ii z  ~etj�ef^ajkcf¡~cnetj�i

��� ÑGèßçKÑ{Ü�T)ÕßÑnå������Iá4ÒÚç��vÑnÒ»ÕßáCÜDÑ Ý�á4Ò��� !�!�!� !�!�!�Õßá�ÜßÑ��4ÒKÔ"����ÜßèßÑ àKá�×ØåØÙ�å à[Ôtà[åØá4ÕDç»ádÝhá4èDÒ»Þná4Ù#�ßèCà[åØÕ��)ÞfÔ"�ßÔdÞ{å àKåØÑnç
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cfx���jIªp¹�^hx�cTx��h�_`Ibti w efx�`I�M��`I  © |¶�=j'j�±�etb wIz ` ©�w efjC|#��¡#�_`Ibfef^a��`Ii;x�� � |~jDc{x � �hjCbtc�ef` wIzhz bt`ß±~x�i w etj�ef^hj
� w �a|~£�xy|�et^ w �a|�ef^hj���`Ii z  ~e w efx�`I� wv© btjCcf`I hbd��jDc«et^ w e}£�x ©�© �+j��hjCjC|~jD|#�B¡µef^hj wIzhzh© x�� w efx�`I�»ª

�)� � ��'�� � ��� � '�#�� � � � �)� � � ' � � � � � ' � � #��!� �  � �
l��ef^aj;�_` ©�© `�£�x�� � c{j�e�`v��j�± z jCbfx�i;j��Betc ¤ et^hj wv©�� `Ibtx�ef^hi&c¬bf a�·`N� w � wI© btj w |~¡M��`N�ac{efbt a�4etjC|�`��Ij�b ©yw ¡
£�^aj�btj z j�j�bdc w btj%��`I�h�hjD�4etjC|¯et` w b w �a|~`Ni � b wvz ^ ¤ £�^ax��d^ c{x���j%bfjCi w x��+c¥c{e w efxy�µet^hbf`N  � ^a`I ~ekef^hj
j�± z jCbfx�i;j��BetcCª ; �#ef^aj��_` ©�© `�£�x�� � § �  hbfjDc ¤ ef^hj'cf¡~cnetj�i c{x���j�xyc��h`Nbfi wv© x���jC|%et`¶�C�I�¥et`µj�� w � © j� ac�ef`
j�± z bfjDcfc�et^hj �B  wv© x¨en¡�`v�	ef^hj�jDcnetx�i w etx�`N�%x��#efjCbfi&c�`v� z jCbt��j��Be wI� jNª

�»� ��� & ¿�� � Ã & & �ÚÄ ¿ ¹�^hj��B  wI© x�en¡¯`v��� ��� 
* � ��� �� � ��&$� 	 c%jCc{efx�i w efx�`I�+ck|hj z j��a|hc;  z `N�®ef^aj#� wI©  hj
`I�}ef^aj

T
w �a|

l
zaw b w i;j�efjCbtcCª l�¼et^hj#bfjDcne;`v�}et^hj2j�± z j�btx�i;j��Bedc¥£)j2c{j�e

T
et`

10
�ºef^hxyc;� wv©  hj%xyc

cf ��µ��x�j��Bep�_`Ib w � w �C�� hb w etj'c w i zh© x�� � E�� 8 G[ª¬�	x �  hbfjDc�� w �a|��µ|~j z xy�4e¬ef^aj��B  wv© x�en¡·]Ú`I�¶et^hj¥¡ w ±~xyctr
`I� w ��jDcnetx�i w etx�`N��btjCc z jC�4etx��Nj © ¡¶x�� w �C�N� ¤ �I�N� w �a| � ¤ �N�I� ¤ �I�N�&�h`~|~j&��`N�~§ �  hb w efx�`I�·|~j z j��a|hx�� � `N�
et^hj2�� hi'�=j�b&`I�TjCc{efx�i w efx�`I�+c&��`Ii z  hefjC|P`��IjCb'etx�i;j¯] ± w ±~x�cdr4ª ¹�^hj¶| w c{^hjD|¼�� hbf�Nj%btj z bfjDc{jC�Nedc w
�"�*� � ����� jCc{efx�i w efx�`I�·£�^hxy�d^�xyc w c{x�� �I© jk�h`I� w �IjCb wI� jC|2jDcnetx�i w efx�`I�·£�^hx © jkef^hjµ��`I�Befx��� h`I +c¬�� hbt�Ij ¤
� �H����
	"��7 � 4¤ xyc�et^hj w �IjCb wI� j¬`v� ef^ajµ�C� ©yw c{e}jCc{efx�i w efx�`I�+c�ª)l�¶ef^ajCcfj�j�± z jCbfx�i;j��BetcT£�j�cfj�e

l
ef`

200
¤

£)j�£�x ©�© ��`I�acfx�|hj�b�`vet^hj�b�� wv©  hjDc ©�w efj�b�x��#ef^hj�jC� wv©   w etx�`N��ª
;  hb�§abtc{e�`I�+c{jCbf� w etx�`N��xyc�ef^ w e�ef^ajµbfjDc{  © edc�c{^h`�£,ef^ w e�ef^aj ���*� � ����� �� hbf�Nj;bfjCi w x��+c�ik`Bcne�`I�

et^hj�efx�i;j�x�� w �D�� z bfjD��xyc{x�`I�%£�x��a|h`�£ ¤ £�x¨et^¶c{`Nikj z j w ¢~c w ep�v���ª«¹�^hj  ��H����
	"��7 �  `I�hj�btj�i w x��ac
£�x�ef^ax�� 8 `Nb��  `I��ef^aj¬j�± w �4e)� wv©  hjIª ; ����x�`N ac © ¡ ���*� � ����� ^ w c w �Nj�bt¡ © `�£ `��Nj�bt^hj w | w c)��`Ii zaw bfjD|
et`'et^hj  ��H����
	���7 � `N�hjIªG¹�^hjCbfj��_`Ibtj ¤ x��%ef^ajpbtjCc{e)`I��ef^aj zawIz jCb ¤ et^hj � ��� 
* � ��� �� � ��&$� ��
?
'�/���?+�� £�x ©�©
�=j�btj ©yw efjD|µet`kef^hj �"�*� � � �"� ��`I�h§ �  hb w etx�`N��ª
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�	x �  hbtj&�?B � �"��
' ���� +4�" � ��&?� B�� ÕßÑnç �DádàGÔdÕßÜ�× ÔdçÚà � !dÒÚèßÕßç �DÑ{èDÒKåØçÚà[åØÞ«Ó»å à �p×� V�!�!� � !�!� !�!�!}ÕDáCÜßÑºÕßÑà Ó5á4Ò��  NçKà[ÔtàKåØÞÑ{Õ��CåØÒKá4ÕßÙ�ÑnÕ�à
�¶Ã � ����� ����& � �� I j�j�� wI©   w efjD|�ef^hxyc wv©�� `Nbfx�ef^ai?§+btc{e�x��kcfi wv©�© cfx���j)�hj�en£)`Ibt¢~c»x��'`Nbt|~jCb»et`pbtj z bf` ¦
|h a��jGet^hj«btjCcf  © etc z btjCcfj��BetjC|¬x���E K G ¤�w �a|¬`N�ac{jCbf�NjC|�cfx�i;x ©�w b�bfjDc{  © edc�ª I j« acfjC|�x���`I ab�x�i zh© j�i;jC�Ne w etx�`N�
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��x �  abfj�� B�� ��� 
* �����+4�� � ��&$� B � ÕßÑnç �ßádà ÔdÕDÜ¬× ÔdçKà � !dÒÚèßÕßç��DÑ{èDÒKåØçÚà[åØÞGÓ»å à �T×� V�!�!� �� !�!�!� !�!�!)ÕDáCÜßÑ«ÕßÑà Ó5á4Ò��
et^hj&�_` ©�© `�£�x�� � � wI©  hjDc��_`Ib�ef^hj z+w b w i;j�etj�bdc�B

gossipTo = 2
¤
gossipFor = 1

¤
gossipUntil = 1

¤
minHopsReporting = 5

ª
�	x �  hbtjCc 8&w �a|#�µ|~j z x���e}ef^hj��N  wv© x¨en¡%`v�	ef^hj�jDcnetx�i w efx�`I�®]_¡ w ±~xyctr ¤ |~j z j��+|~x�� � `I�#ef^aj��� hi'�=j�b

`I��bf h�+c�] ± w ±�xycdr ¤ bfjDc z jC��efx��Ij © ¡·x�� w �C�N� ¤ �I�I� w �+| � ¤ �I�N� ¤ �I�I�%�h`~|~j#��`I�h§ �  hb w etx�`N��ª¶qTc'x�� � ��� �

' ������ �" � ��&?��¤ £)j'btj z `Ibfe}ef^aj¥`N�hj¥cf^h`ve w �a| w �Ij�b wv� j�`��Ij�bTef^hj ©�w cnek�C��bf h�+cTbtjCcf  © etcCª I j¥`N�ac{jCbf�Nj
et^ w e et^hj wv©�� `Nbfx�ef^hi ct� wI© jDc	£�j ©�© ª I j wv© c{`¬`I�+c{jCbf�Njº�h`Ieºc{ hb z btx�cfx�� �I© ¡¬ef^ w eGef^hj  ���4���
	"��7 �  ^hj� abfxycnetx��
z bf`���xy|~jCc w#© jDcfc��h`Nx�cf¡M�� abf�NjIª;q ©�© `I�acfj�bt�IjD|MbtjCcf  © edcp�_`Ib  ���4���
	"��7 �  bfjCi w x���x�� w �I�� z btjC��x�cfx�`N�
b w � � j ¤ £�^hx © j �"�*� � ����� ^ w c�cf`Ii;j z j w ¢~cp`��Nj�b��v�� `v��jCbfbt`IbDª�-)`vet^�^ w �Nj w ��`N�ac{xyc{efj��Be¬efjC�a|~j��+��¡
�_`Nb� h�a|~jCb�jCc{efx�i w efx�`I�»ª
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!#"=O$! â



���������	��
������������������������������������! ��"��#$�%���'&(&")��*�"����+��*����,-���/.��0213+4�"��
����/�"����5��6���7�&") �N�

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10  12  14  16  18  20

Q
ua

lit
y 

%

Number of estimations

Last 10 runs
one shot

��x �  abfj���B�	 ��
  � ��� 
* ���N# B � ÕßÑnç �Dádà ÔdÕßÜp× ÔdçKà � !dÒKèDÕßç��ßÑnèßÒÚåØçKàKåØÞnç  �� !�!�!� !�!�!�ÕßáCÜDÑºÕDÑnà Ó²á4Ò �
z+wvz j�bDª ; �hj�x��ax¨etx w ef`IbT�h`~|~j�£ w c��d^h`Ncfj�� w e}b w �+|~`Ii w �a|#x��ax¨etx w efjC| w;� `Nctc{x z~¦ � w cfjC| wI©�� `Ibtx¨et^hi���¡
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�	x �  hbtj�� B 1 #C#?�/� # ��������� B �� !�!�!� !�!�!�ÕDáCÜßÑGÕDÑnà Ó²á4Ò �
�a`veTe w ¢Nj'x��Net` w ����`N h�Be}ef^ax�c¬ h�a|hj�b © ¡�x�� �µz bt`vet`���` © ª 1 #C#?�/� # ��������� x�c w cf`I a�a| wvzaz bf` w �d^#�_`Ib�c{e w etx��
cfj�efefx�� � c ¤hwv© ef^a`I  � ^%�h`k�_`Nbfi wv©�w � wv© ¡~c{xyc)x�c z bf`���xy|~jC| wv© `I� � £�x�ef^#ef^hj wI©�� `Ibtx¨et^hi2ª

	 ��
  � ��� 
* ���N#®w �+| � �"��
' �� ��� �� � ��&?�¶z bf`~|~ a��jµi;`Ibtjµ�h`Nx�cf¡¯�� hbt�IjDc wv© ef^h`N  � ^ et^hj w ���� hb w ��¡
£�x��a|~`�£´btj�i w x��ac�btj w c{`N� w � © jNª I j�`N�ac{jCbf�NjC| w etj��a|~jC�a��¡��_`Ib 	 �4
  � �"��
' ��� # et` z bt`~|~ a��j © x�e{e © j
 a�a|~j�btjCc{efx�i w etjC| btjCcf  © edc �«ef^hxyc�i w ed�d^hjCc'j�± z j�btx�i;j��Bedc�x�� E��ß� ¤ K G[ª�¹�^hjµ� w �4e�et^ w e¥ef^hj wv©�� `Ibtx�ef^hi
cf^h`N  © |M�h`ve¬�+jk�hx w cfjC|¶i w ¢NjCcp acTef^hx��h¢2ef^ w e¬ef^hxycpcf hb z btx�cfx�� � bfjDc{  © e¬x�c�|~ hj¥ef`�ef^hj¥� w ��eTet^ w e��h`ve
wI©�© �a`�|hjCc w btj¬bfj w �d^hjD|�|~ hbtx�� � ef^hj z bt`~��jDcfc)i;jCctc wI� j�c z bfj w | ¤ `Nb)�=jC� w  acfj¬ef^hj�|hx�c{e w �a��jDc)�_bf`Ni ef^hj
�a`�|hj¬x��hx�efx w et`Ib w btj¬�a`ve z btjC��xycfj¬jC�h`I  � ^ ¤~z bt`I� w � © ¡µ|~ hj�et`k�a`I�2` z etx�i wI©5zaw b w i;j�etj�b�cfj�e{etx�� � ª

�)��� ��'�� � ��� � '�#�� � � � �)� � � ' � (���� ��� ' � � #��!� � ��
s jCj�bkef` z jCj�b&`��Nj�b ©�w ¡ c{¡~c{efjCi;c w bfj#c{ h�hunjC�4e;et` |hb w i w efxy��cfx��Cj2� w bfx w etx�`N�ac¥`��Ij�b¥efx�i;j � x��Ij��¼ef^hj
�Nj�bdc w efx © x�en¡¶`v��ef^hj z+w bfefxy��x zaw etx�� � j��Betx¨etx�jDc�ª&q |~xycnetbfx��h ~etjC|�jCc{efx�i w efx�`I� cfx��Cj wI©�� `Ibtx¨et^hi cf^h`I  © |��+j
w � © jpet`;bfj w �4e�et`µc{ a�d^2|~b w i w etx����d^ w � � jDc�ª

l� `Ibd|~j�b'ef` c{x�i'  ©�w efj w �d^ w � � x�� � jC���Bx�bt`I�hi;j��Be ¤ £�j wvzhza© x�jC|P��`I�+cne w �Be¥�h`~|~jDc w btbfx�� wv© c w �+|
|hj zaw b{et hbfjDc�]�� Mß¦ �I��kr w c}£)j ©�©	w cT� w e w cnetbf` z ^hxy�¬� w x ©  hbtjCc¥] ¦ �I��¥r w �a|2jC� wv©   w etjC|2et^hj w ���� ab w ��¡�`I�
et^hj�cfx��Cj¬jDcnetx�i w efx�`I�#x��¶cf a�d^#��`I�Befj�±�etcCª

qpc�ef^hj��� hi¥�+jCb�`v���a`�|hjCc�x���et^hj�c{¡~c{efjCi��h`�£�¢Nj�j z c�� w bf¡�x�� �a¤ et^hj�� wI©  aj¬`N��et^hj�¡ ¦Êw ±~x�c�`v�	ef^hj
§ �  hbtjCc)xyc��h` © `N� � jCb��h`Ibti wv© x��CjC|%�h ~e}btj z btjCcfj��Betc�et^hj w ��ef  wI© �hj�en£)`Ibt¢µc{x���jNª

�»� ��� & ¿����¥Ã & & �KÄ ¿ ¹�^hj wv©�� `Nbfx�ef^hi�^ w c¥ef` �=j#j�±~jC�� hefjC| z j�b z j�ef  wI©�© ¡®x��P`Nbt|~jCb'et`·efb w �d¢¯c{x���j
� w bfx w etx�`N�ac �Det^hj�ik`N�hx�ef`Ibtx�� �Tz bt`~��jDcfc�c{^h`N  © |'c w i zh© j���`N�Befx��B a`I ac © ¡¬et^hj)cf¡~cnetj�i0x��'`Nbt|~jCb�et` z bt`���x�|hj
z j�btx�`�|hx�� wv© jCc{efx�i w etx�`N�ac�ª	�	x �  hbfjDc � ¤ � w �a| K btj z `Ibfe ef^hj�jC�I` ©  ~etx�`N�¥`I�aet^hj�jCc{efx�i w efx�`I�;x�� w �D�I� ¤ �N�I�
�a`�|hj��hj�en£�`Nbf¢·x��®ef^hbtj�j#cf��j�� w bfx�x�B w � w e w c{efbt` z ^hxy�;� w x ©  hbtj%ct��j�� w btx�` ¤	w�� bt`�£�x�� � ct��jC� w btx�` w �a| w
cf^hbtx��a¢Bx�� � `I�hjNª

q ©�© btjCcf  © edcTcf^h`�£Wef^ w epet^hj wI©�� `Ibtx¨et^hi bfj w �4edc}�Nj�bt¡%£)j ©�© et`%�d^ w � � jDc ¤ j��IjC�M�hbt ~e wI©K¤ `v�ºcfx���jCcpx��
et^hj��hj�en£�`Nbf¢ w �a|�xyc�et^hj�btj��_`Nbfj w � © j�ef`;^ w �a| © j�j�½²jC�4etx��Nj © ¡��hj�en£�`Nbf¢µ|h¡B� w i;x��Cc�ª

!#"=O$! â
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�¶Ã � � �»� ��� & �  � ¹»`&��` z j�£�x¨et^M�d^ w � � x�� � ct��jC� w btx�` ¤ ef^hj wv©�� `Ibtx�ef^hi��aj�jC|ac)ef`&�=j�bfjDcne w bfefjD| z j ¦
btx�`�|hx�� wv©�© ¡ ¤ ef^hjCbfjkx�c��a` � b w |~  wI©	w | wvz e w etx�`N��`v��ef^hj;jDcnetx�i w etx�`N� w c¬�hj�£ z ` ©�© c�i' ac{e��+j � `Nctc{x z jD|
�_`Nb�j w �d^%jDcnetx�i w etx�`N��ª

�	x �  hbtjCc��D� ¤ �D� w �+|��N�pbtj z `Ibfe�et^hj�j��N` ©  ~efx�`I�%`v�	ef^hj�jDcnetx�i w etx�`N�%x�� w �C�I� ¤ �N�I���a`�|hj¬�aj�en£)`Ibt¢ ¤
x�i zh© j�i;j��Befx�� � ef^hj  ��H����
	"��7 �  ^hjC hbtx�c{efxy�µx��®et^hjµet^hbfjCj%��`I�acfx�|hj�btjC|¯ct��j�� w btx�x[ª�¹�^hj%bfjDc{  © edc¥cf^h`�£
w2� `�`�| wI©�� `Ibtx¨et^hi �=j�^ w ��x�`Ib�� w ��x�� � |~¡�� w i;xy�;�hj�en£)`Ibt¢ ¤ £�x�ef^h`N ~e w �B¡�x�i zaw �4e¥|h hj&ef`2et^hjµ`��Nj�b ¦
©yw ¡¯|~j � b w | w etx�`N�¯`Ibkx��+��btj w cfjIª AT`�£�jC�Ij�b ¤ £)j%� w �¼`N�ac{jCbf�Nj&ef^ w e&bfjDc{  © edc'btj�i w x��Pc © x � ^Ne © ¡  h�+|~j�b
jDcnetx�i w efjC| w �+|#cf^h`�£ w ^ax � ^hj�b�� w btx w efx�`I� w bt`I h�+|&ef^aj�bfj wv© cfx��Cjpet^ w �2x���� ��� 
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cfxy� ef`�et^hjº£ w ¡}et^hj wI©�� `Ibtx¨et^hiS£)`Ibt¢~c�|~ hjGet`�ef^ajº� wv©  hjºcfj�efefx�� �a¤ ef`}e w ¢Nj«�h`~|~j�	 c w btbfx�� wv© c M |~j zaw b{et hbtjCc
x��Bef` w �C��`I a�Ne)`I�a��j w ��jC� wI©   w efx�`I� z bf`~��jCctcºxyc ©�w  h�a�d^hjD|5ªG¹�^hx�c�xyc�|~ hjpef`¥ef^hj¬� w �4e)ef^ w e�|h hbfx�� � ef^hj
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* ���N# B�� ÔdçÚà � !dÒÚèßÕßç �ßÑnèßÒKåØçÚà[åØÞ� � !�!� !�!�!�ÕDáCÜßÑGÕDÑnà Ó²á4Ò �  vç �ßÒÚåØÕ ��åØÕ���ÕßÑà Ó5á4Ò��
xyc w ��`I�+c{jCbf� w etx��Nj�j�½²jC��e ¤~w cºbfjCik`��NjC|k�h`~|~jDc«�h` © `N� � jCb zaw bfefxy��x zaw efj w �a| w cº�hj�£ �h`~|~jDcº|~`¥�h`ve � j�e
cf¡��a�d^hbt`I�hx���jD|'x��~�_`Nbfi w etx�`N��ª ¹�^hj}`��IjCb ©yw ¡�cfx��Cj�jCc{efx�i w efjD|;x�cº`I� © ¡ w ���� hb w efj w eºef^hj�etx�i;j}£�^aj�btj�ef^hj
z bf`~��jDcfc)£ w c�c{e w b{etjC|5ª

¹�`µetb w �d¢#cfx��Cj�� w btx w efx�`I�ac ¤ et^hj;c{` ©  ~etx�`N�¶x�cTef`�bfjCx��hx�efx wv© x���j w � wv�N� btj �Nw efx�`I� z bt`���jCctc w epbtj �   ©�w b
etx�i;j«x��BefjCbf� wv© cCª -)¡p acfx�� � e wI� c«]Ú h�hx �B hjºxy|~j��Betx¨§ajCbtcdr²`N�¬j w �d^��hjC£¯��`I a�Netx�� ��z bf`~��jCctc ¤ ef^hj wv©�� `Ibtx�ef^hi
� w �%�+j�btj�x��hx�efx wv© x��CjC|%`I�%|hj�i w �a| B w �a`�|hj¬£�^ax��d^#x�c�btj w �d^hjC|µ�B¡ w ��`I h�Betx�� � i;jCctc wI� j¬£�x¨et^ w �hjC£
e wv� £�x ©�© ��btj w efj w �%x��hx�efx wv© � wv©  hj w �a|�£�x ©�© c{e w bfetcTef` zaw b{etx���x zaw efj¥ef`%ef^hj w ��efx��Ij z bt`���jCctc�ª�l�·`I hb
cfx�i'  ©yw etx�`N�ac ¤ £)j¬cfj�e�et^hx�c)etx�i;j�x��Netj�bt� wv©�w c�et^hj��B ai'�=j�b�`v�	bf`N h�a|hc)�hjCjC|~jD|���¡;ef^aj � `Nctcfx zµz bf`~��jDcfc
et` z bt`���x�|~j w � w �C�� hb w etj�bfjDc{  © eCª I j'`N�ac{jCbf�NjC|#`I��� w �a|¶�;et^ w epef^hxyc}� wv©  hj�xyc wvzhz bt`ß±~x�i w efj © ¡µ�B�
�_`Nb��C�N� ¤ �I�I�p�h`~|~jDcG`��IjCb ©yw ¡ ¤�w �+|;�N�T�_`Ib}� ¤ �N�I� ¤ �I�N� ¤ �_`Ib w�K$K  ��`I���Nj�b � j��+��jIª5l�&`Nbt|hj�bG�h`IeGef`�i w ¢Nj
w ��¡#^�¡ z `vef^ajCcfx�c¬`I�Mef^hjke w b � j�etjC|Mcf¡~cnetj�i cfx��Cj ¤ £�j¥ef`�`N¢��v�µx��Met^hjk�_` ©�© `�£�x�� � c{x�i'  ©yw etx�`N�acCª�¹�^ax�c
� wI©  hjpbfj z btjCcfj��Betc«ef^hj¬�+jDcne z `Nctc{x�� © j wv©�� `Nbfx�ef^ai�	 c«btj w �4etx���x�en¡ ¤ x��µetj�bti&cº`I� ©�w efjC�a��¡ ¤ �_`Nb w � w �C�� hb w etj
jDcnetx�i w efx�`I��ª

�	x �  hbtj¼� 8h¤ ��� w �a|0�ß�¯btj z `Ibfeµef^aj�jCc{efx�i w etx�`N��bfjDc{  © edc�x�� ef^aj�et^hbfjCj���`I�acfx�|hj�btjC| ct��j�� w btx�`+ª
I j�`N�ac{jCbf�Nj�ef^ w eTet^hj wv©�� `Nbfx�ef^ai |~`�jCcT�h`ve���` z j�£)j ©�© £�x�ef^2et^hj¥|hjC��btj w c{j�`I� ef^hj¥�hj�en£)`Ibt¢%cfx��Cj w c
`N�acfj�bt�IjC|�x���et^hj�c{^hbtx��h¢�x�� � cf��j�� w bfx�` w �a|�ef^aj�� w e w c{efbt` z ^hxy�«ct��jC� w btx�`+ª»q��4et  wv©�© ¡ ¤ �	x �  hbtjCc«�ß� w �a|µ� 8
cf^h`�£ w bfj w cf`I� w � © j wI©�� `Ibtx¨et^hi �+jC^ w ��x�`Nb� h�Betx ©5w ��j�bfe w x��&et^hbtjCcf^h` © |&`v���a`�|hjCc)|~j zaw b{et hbtjCc¬] w bt`I a�a|
8 ����_`Ib)�C�N� ¤ �I�N���h`~|~jCc ¤ £�x¨et^k�I�}bt`I h�a|ac z j�b jCc{efx�i w etx�`N�+r�xyc	bfj w �d^hjD|5ª I j��=j © x�j��Ij�ef^ w e	ef^hxyc	x�c |~ hj
et`�et^hj © `Bcfcp`v����`I�h�ajC�4etx���x�en¡¶`v�«et^hjk`��Ij�b ©yw ¡Iª�¹�^hx�c z btj��Nj��BetcTef^aj z bt` z+wv�Nw efx�`I�¶`I�«ef^hjkjCc{efx�i w etx�`N�
x��~�_`Nbfi w etx�`N� w ��bt`Nctc«et^hj��hj�en£)`Ibt¢²ª	¹�^aj�cf` ©  ~etx�`N��et`;��`IbtbfjD�4e)ef^hxyc z `Ix��Ne}xyc)ef` © j�e wk©�w b � j�b)�� hi'�=j�b
`I� � `Bcfcfx z bt`I h�+|hc«et`�j ©ywvz c{jp�+j��_`Ibtj}j w �d^&jCc{efx�i w efx�`I���Bet^hx�c�£�x ©�©=z jCbfi;x�e�et^hjTx��~�_`Nbfi w etx�`N�;ef`kc z btj w |
�=j�efefjCbT|~jCc z x�efj © `�£ � b wvz ^#��`I�h�hjD�4etx���x�en¡ ¤ �h ~e}£�x ©�© x��Betbf`~|~ a��j�ik`Nbfj�`��Nj�bt^hj w |5ª

AT`�£�jC�Ij�b ¤ £)j�`I�acfj�bt�Ij¬et^ w e�et^hj wI©�� `Ibtx¨et^hi z bt`���x�|~jDc w � w x�b © ¡ � `�`�| w | wvz e w etx�`N�%et` w;� bt`�£�x�� �
�aj�en£)`Ibt¢=ª

�%À 	� � �Ú�;� ¿ ��� �  �=�
�

� ��� �®�~� À I jT`I�+c{jCbf�Nj�et^ w e)� ��� 
* � ��� �� � ��&$��w �+| 	 ��
* � ��� 
* ��� #;z bt` ¦
��xy|~j#� w x�b © ¡ � `�`~|PbfjDc{  © etck£�^hjC�¼� w ��x�� � �hbt ~e wI©}w ck£�j ©�©}w c � b w |~  wI© �d^ w � � jCc¥x��Pef^ajMc{x���j2`v�pef^hj
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������������������������������������! ��"��#$�%���'&(&")��*�"����+��*����,-���/.��0213+4�"��
����/�"����5��6���7�&") � �

cf¡~cnetj�i2ª A}`�£)j��IjCb ¤ 	 ��
* � ��� 
* ��� #&w cG£�j ©�©=w c 1 #�#"�/� # ��������� £�`N  © |¥btj��B hx�btj w �&jCc{efx�i w etx�`N� z bf`~��jDcfc
et`;�+j ©yw  h�+�d^hjC| z jCbfx�`~|~xy� wv©�© ¡Iª

� ��� 
* ������R�" � ��&?�¥z bt`���x�|hjCc�bfj wv©�© ¡&btj w �4efx��IjpbfjDc{  © edc �Bef^ax�c���`I  © |��=j�j�± zh©yw x��hjC|���¡;ef^hj�`I�aj¬cf^h`ve
^aj� hbtx�c{efxy� w c�et^hj wI©�� `Ibtx¨et^hi0|~`�jCc��h`ve	¢IjCj z'w �B¡�i;j�i;`Nbf¡ ¤ £�^ax © j«�_`Nb 	 ��
  � ��� 
* ���N# £�x�ef^'x�etc ©yw c{e��D�
bt h�ac w �Nj�b wv� j ¤ ef^hjCbfj�xyc w;© x�e{e © j���`I���IjCb � j��a��j}efx�i;j�ef`;j ©ywvz c{j¬ef` z bf`~|~ a��j w � w ���� hb w efj¬jCc{efx�i w etx�`N�
� w ��x�� �&w �hbf he wv© et` z ` © ` � ¡µ�d^ w � � jCcCª

> x��IjC�Mef^ w e�c{`Nikj zaw b w i;j�efj�bdc w bfj¥£�j ©�© ef a�hjC| ¤ j w �d^�`v�Gef^a`Ncfj wI©�� `Ibtx¨et^hi&c}£)`I  © |¶�=j w � © j�ef`
z bf`���xy|~j w ���� hb w efj;btjCcf  © edc�ª;et^hxyc�x�c�ef^hjC� w i w efefjCb�`v� w ����j z e w � © j;`��IjCbf^hj w | w c�|~xycf�� actc{jD|�x��·ef^hj
�aj�±�eTc{jD�4etx�`N��ª

�)��� � � � #�� ' ���)� � # �%����� � ��( �
-)jDc{xy|~jCcºef^aj w ���� hb w ��¡k`v��ef^hj¬jCc{efx�i w efx�`I� ¤�w ��x�i z `Nb{e w �Be z+w b w i;j�etj�b)x�c�ef^aj¬`��Nj�bt^hj w |;x��+|~ a��jD|µ��¡
j w �d^¶i;j�et^h`~|5ª I j¥ikj w cf hbtj�ef^hjk`��IjCbf^aj w |%`v�ºef^hjk|~x¨½²j�btj��Be wv©�� `Ibtx�ef^hi&c w c�et^hj�et`ve wI© �� hi¥�+jCbp`I�
i;jDcfc wv� jCc�c{jC�Be)et` z bt`�|h a��j¬ef^aj�jCc{efx�i w efx�`I��ªG¹�^hxyc�x��a� ©  a|~jDc�c z bfj w |~x�� � i;jCctc wI� jCc��_`Nb 1-#�#"����# ���������
w �a| �_`Nb 	 �4
  � �"��
' ��� #I¤ btj�et hbt�®i;jCctc wI� jCc��_`Ib 	 ��
* � ��� 
* ��� #I¤ ef^hj#i;jCctc wI� j w cfcf`~��x w etjC|·ef`�ef^hj
b w �+|~`Ii £ wI© ¢#�_`Nb�� ��� 
* ������R�" � ��&?�%w cp£)j ©�©	w cTj w �d^Mc w i zh© jC|¶�h`~|~j�	 c¬btj�et hbf�»ª¬�a`Ib�c zaw ��j¥bfj w cf`I�
£)j�|~`;�h`ve z bf`���xy|~jTet^hj � b wvz ^ac)bfj ©�w efjC|�ef`;et^hj�`��IjCbf^aj w |�ª

•
@~w i zh© j32'¸�` ©�© xy|~j?B·q}� wI© ¡~cfx�c&`I����`Nc{etcµx��a�� hbtbfjD|Px�� ef^aj�c w i;j�c{x�i'  ©�w ef`Ib w bfj z bf`���xy|~jC| x��
E�� 8 GÊª �¶`Ibtjµc z jD��x�§+� wI©�© ¡ ¤ £)j&`I�+c{jCbf�Nj � `B`~|·cf� wv©yw �hx © x¨en¡ z bf` z jCb{etx�jDc w c¬ef^aj wv©�� `Nbfx�ef^hi £�x�ef^
l = 100

x��a�� abtc w ��`Nc{e�£�^hx��d^¯xyc�`N� © ¡ 8 ªØ� �&efx�i;jCc�et^hj&`I�aj&x��a�� hbtjC|��_`Ib
l = 10

ªµl� `Nbt|~jCb
ef`;^ w �Nj w ik`Nbfj w �C�� hb w etjTbtjCcf  © e ¤hw �a|µef`;��`Ni z  ~efj¬ef^aj w cfcf`~��x w efjD|&`��IjCbf^aj w | ¤ £)jpb w �#c{`Ni;j
j�± z j�btx�i;j��Bedc�£�x�ef^

l = 200
ª ¹�^hjpi;j w cf hbfjD|&`��IjCbf^aj w |;`I� w ��jCc{efx�i w efx�`I�%x�c w bt`I a�a|&�N�N� ¤ �I�N�

i;jCctc wI� jCc ¤ £�^hxy�d^#btj z bfjDc{jC�Nedc¬�Iª �N�'efx�ikjDc�ef^aj�`I�hj�x��a�� hbtbtjC|��_`Ib
l = 100

ª

•
A}` z c @~w i za© x�� � B I x¨et^M�� hbtbtj��Be zaw b w i;j�efj�bdc ¤�w cfx�� �I© j�c{^a`veTjDcnetx�i w etx�`N�¶��`I�+c{ hi;jDc

O(2N)
�

 ��H����
	"��7 �  ef^� ac� +c{jDc
O(10 ∗ 2N)

i;jCctc wv� jDc��_`Ib w �#jCc{efx�i w etx�`N��ª

•
q �N� btj �Nw efx�`I� B	¹�^hj}`��Nj�bt^hj w |¥`I� w �µjDcnetx�i w efx�`I�;�_`Ib 1 #C#?�/� #$�"�����"�#wI©�� `Ibtx¨et^hi x�cº� w x�b © ¡;c{x�i zh© j
ef`#��`Ii z  hefj?B

Overhead = number � of � nodes ∗ number � of � rounds ∗ 2
ª��&xyc¬|~ hj�et`

ef^hj z  ac{^ Mßz   ©�© ^hjC hbtx�c{efxy���Iª
¹�^hj¥`��IjCbf^hj w | w ctc{`~��x w efjC|�ef`%j w �d^ wI©�� `Ibtx¨et^hi�xyc�� w x�b © ¡#cfx�i zh© j�et`���`Ni z  ~efj�� w cfjC|2`I�2et^hj wI©¨¦

� `Ibtx¨et^hi��d^ w b w �4etj�btx�c{efxy��cCª	¹ w � © j;��c{ aiki w bfx���jDc)ef^hjDc{j�btjCcf  © etc w �+| � x��NjCc w `��IjCbf^hj w |%��`Ii zaw bfxycf`I�
�=j�en£)j�jC�¶ef^aj'et^hbfjCj wI©�� `Ibtx¨et^hi&c ¤ ��`N�ac{xy|~jCbfx�� � et^hj w �Nj�b wv� j z bfjD��xyc{x�`I�¶`I�«ef^aj'jCc{efx�i w etx�`N��ª I jk`I� ¦
cfj�bt�IjTef^ w e 1-#�#"����# ����������z bf`���xy|~jCc w �hj w b © ¡ z jCb{�_jD�4e�jCc{efx�i w etx�`N��£�x�ef^ w ^ax � ^%`��Nj�bt^hj w |&��`Ii zaw bfjD|
et`�et^hjk`vef^aj�b wv©�� `Ibtx�ef^hi&cCª�¹�^ax�c¬xyc}et^hj � `�`~|M� w �a|~xy| w etj��_`Ib�btj wI©�© ¡¶cnetbfx�� � jC�Be wvzazh© xy� w efx�`I�M�aj�jC|ac�ª
mT`vetj�ef^ w e�� ��� 
* ������R�" � ��&?� bfjDc{  © etc ¤ £�^hj�� w �Nj�b wv� jD|µ£�x�ef^¶et^hj ©yw c{e'�D�;bf h�+c}^hjC hbfxyc{efxy� w �a|2£�x�ef^
l = 200

¤=w btj w eT`N� © ¡%�_jC£ z jCbt��j��BetcT`v�Get^hj'j�± w �4e�c{¡~c{efj�i cfx��Cj��_`Ib w ^ wI© �«`��Nj�bt^hj w |%��`Ii zaw bfjD|#ef`
1 #�#"�/� # ��������� ª%� ��� 
* ������R�" � ��&?� `I ~e z jCb{�_`Nbfi&c�	 �4
  � �"��
' ��� # �=`vet^&x��kefjCbfi&c `I�+et^hj'�B  wv© x¨en¡¥`v�=ef^hj
jDcnetx�i w efx�`I�ac w �a|µet^hj�`��IjCbf^aj w |�ª

� à �ßÑ��Dèßç �	� �Dèß×Ø× �DÑ{èDÒKåØçÚà[åØÞ Ù�Ñ{ÔdÕßçaà �ßÔtà5Ó �DÑ{Õ�à Ó5á�Õßá�ÜßÑnç5Þ{á4Ù�Ù�èßÕßåØÞ{ÔtàKÑ{ç  �à �ßÑ�
 �vádà �TÒÚÑnÞnÑ{å ��Ñ�à �ßÑ	åØÕDÝ�á4ÒÚÙ}ÔtàKåØá4Õ�ádÝà �ßÑGádà �ßÑnÒ ÔdÕDÜ¬ÒÚÑnãyÞ{á4Ù#�DèDà[Ñ à �ßÑ«ÞnèßÒÚÒKÑnÕ�à ÑnçKàKåØÙ}Ôtà[åØá4Õ
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q ©�� `Ibtx¨et^hi @~w i zh© j 2'¸�` ©�© xy|~j&] ©�� �v�N�Nr AT` z c @~w i zh© x�� � @~w i za© j 2'¸�` ©�© xy|~j&] ©�� �v�N�Nr q �N� btj �Bw efx�`I�
sGw b w ikj�efjCbtc ; �hj�cf^h`ve ©�w cne��D�'bt h�ac ©yw c{e��D�kbf h�+c �v�¥bf`N h�a|hc
q����� hb w ��¡ � Mß¦ �C�� ¦ �v�� � Mß¦ �� ¦ � 
; �IjCbf^hj w | � ¤ � � � ¤ � � � � �D� �

¹ w � © j%�?B���� ÔdÙ#�ß×ØÑ«ádÝ�Ôd×��4á4ÒKå à �ßÙ�� ç�á ��ÑnÒ �DÑfÔdÜ'Ý�á4Ò ÔdÕ'ÑnçÚà[åØÙ}ÔtàKåØá4Õ	��åØÕ�Ù�åØ×Ø×ØåØá4ÕDç�ádÝ=Ù�Ñ{çKçÊÔ"�4Ñnç�
»á4Õ¥Ô � !�!� !�!�!TÕßáCÜDÑá ��ÑnÒK× Ô 

; �hj w |~� w �Be wv� jG`I� � �"��
' �� ��� �� � ��&?��w �a| 	 �4
  � �"��
' ��� # x�c�ef^ w e»ef^aj�¡ z bf`���xy|~j w ��` zhz `Ibfef h�hx�en¡

et` © x�ikx�e2ef^hj·`��IjCbf^aj w | w e#ef^hj z btx���j�`I� w¼© jCctc w �C�� hb w etj�jCc{efx�i w etx�`N��ª ; ��et^hj¯��`I�Betb w bf¡ ¤ ef^hj
1 #�#"�/� # ��������� ikj�ef^h`~| |~`�jCc��h`ve z bt`���x�|hj¥et^hxyc �aj�±~x��hx © x�en¡ w �a|�efbt¡Bx�� � ef`¶`N�~e w x�� w bt`I  � ^�xy|~j w `I�
et^hj�cf¡�c{efjCi�£�^hx © j�¢Nj�j z x�� � et^hj�`��IjCbf^hj w | © `�£W��`I  © | © j w |�ef`&btj wI©�© ¡&� w |#btjCcf  © etcCª

� � �'�1
2���	��»���# ���#" �»� ��"#�����

I x�ef^�bfjDc z jC��epet`�etb w |~j�`I½²c ¤ £�jk`I�acfj�bt�IjD|#ef^ w e � ��� 
* ������ �� � ��&$�µz bt`���x�|hjCc�et^hjkik`Bcne��aj�±�x�� © j wI©¨¦
� `Ibtx¨et^hi w �a|�`v½²j�bdc w £�xy|~j¬b w � � jT`v� z `Nctc{x�� © jp��`N�~§ �  hb w efx�`I�ac�|~j z j��+|~x�� � `N�&ef^hj w �C�� hb w ��¡'`I��ef^hj
jDcnetx�i w efj w �a| w ctc{`~��x w efjC|M`��Ij�bt^hj w |5ª��h`Nb�j�± w i zh© j ¤�w bfj wv©�© ¡ w ���� hb w efj¥bfjDc{  © e�ikx � ^Be��h`ve wI© £ w ¡~c
�=j}x�i z `Nb{e w �Be w �+|&��`I  © |k�_ hbfef^aj�btik`Nbfj� +c{j © jDcfc © ¡¥£ w cnetj}btjCcf`I hbd��jDc�ª�l�;et^hxyc�� w cfj ¤ � ��� 
* ������ �� � ��&$�
£�x�ef^ w cfi wv©�© jCb

l
zaw b w ikj�efjCbk]

l = 10
�_`Ib�j�± w i za© jßrT��`I  © |M�=j w �d^hj wvz cf` ©  ~efx�`I���_`Ib w btj ©yw etx��Nj © ¡

� `�`�|�bfjDc{  © e ¤vw c |~j z xy�4etjC|¥`I�'�	x �  hbtj¬�C�}£�^aj�btj�`N� w �IjCb wI� jG`N� © ¡&�D�I� ¤ �N�I��i;jCctc wI� jDc w btj) ac{jD|��_`Nb w �
jDcnetx�i w efx�`I��ª ;  hb»j�± z j�btx�ikjC�Betc	c{^h`�£·et^ w e	�_`Ib 	 ��
* � ��� 
* ��� #I¤  acfx�� �Tw}© `�£�jCb

minHopsReportingz+w b w i;j�etj�b�|~`�jCc��h`IeTc{x � �ax¨§+� w �Be © ¡&btjC|~ a��j¬ef^hj�`��Nj�bt^hj w | ¤ £�^hx © j�|~j � b w |~x�� �;w ���� hb w ��¡Nª 	 ��
* � ��� �

' ��� #I¤ ef` w2© `�£�jCb¬j�±�efj��Be wI© cf` z bf`���xy|~jCc�cf`Ii;j �aj�±�x��hx © x�en¡Iª(A}`�£)j��IjCb 1-#�#"����# ��������� |~`�jCc��h`Ie ¤ ef^hj
`N� © ¡·` z efx�`I�¼x�c w ^hx � ^ z bfjD��xyc{x�`I� w cfcf`~��x w etjC|·ef` w � w x�b © ¡ ©yw b � jµ`��Nj�bt^hj w |5ªMqTc;|~j�e w x © jC|¯x�� E�� 8 G ¤
� ��� 
* ������ �� � ��&$� ��`N  © | w c«£)j ©�©=z bf`~|~ +��jC|;btj wI©�© ¡ z bfjD��xyc{j�btjCcf  © etc���¡¥x��a��btj w c{x�� �

l
z+w b w i;j�etj�b ¤Nw �+|

^aj��a��j¬��`I  © |%��`Ii z j�efj¬£�x�ef^ wv�I� bfj �Nw efx�`I��ª	q?c{efbtj�� � ef^%`v�»et^hxyc wv©�� `Ibtx�ef^hi´xycºet^� ac)ef` w | wIz e)ef`kef^hj
wIzhzh© x�� w etx�`N� z j�bf�_`Ibti w �a��jp�hjCjC|hc���¡#c{x�i zh© ¡�ik`~|~x��_¡�x�� � `I�hj zaw b w ikj�efjCbCª

I x�ef^·bfjDc z jC��eTet`%|~¡�� w ikxy�¥�hj�en£)`Ibt¢~c ¤ £�j¥`I�acfj�bt�IjD|#ef^ w e � ��� 
* ������R�" � ��&?��z bt`���x�|~jDc}btj © x w � © j
btjCcf  © etc%|~jCc z x�efjMet^hj�|hj � b w | w efx�`I� `I�¬et^hj�`��Nj�b ©�w ¡P��`I�a�hjC��efx��Bx�en¡Iª ; � ef^hj�`vet^hj�b%^ w �a| ¤}� `Bcfcfx zh¦
� w cfjC| wI©�� `Ibtx¨et^hi&c'�hjCjC|Pi;`Ibtjµefx�i;j#ef` ��`Ii zh© j�etj w bt h�P|~ aj�et`�et^hj2x��a��bfj w cfj�`I�}ef^hj2j z x�|hj�i;x��
z bf` zawv�Bw efx�`I�%efx�i;jIªT¹�^aj6A}` z c @hw i zh© x�� �%wv©�� `Ibtx�ef^hi |~`�jCc}�a`vepcf ~½²j�b}�_bt`Ii ef^aj¥c w i;j z bt`I� © j�i w c
x�e�cfj��a|ac«i;`Ibtj}i;jCctc wI� jDc j w �d^;bt`I h�+| ¤ ^aj��a��j}x��+��btj w cfx�� � ef^hj z bf` zawv�Bw etx�`N�¥j �&��x�jC�a��¡Nª 1-#�#"����# ���������
w �a| 	 ��
* � ��� 
* ���N# x�i zh© ¡µef^ w e)j w �d^µ�h`~|~j¬x��µef^ajp`��Nj�b ©�w ¡ zaw bfefxy��x zaw etjCcºef`¥ef^hj��� hbfbtj��Be���`I a�Netx�� �
z bf`~��jDcfc ¤ £�^hxy�d^ c{¡~c{efj�i w efxy� wv©�© ¡Mj��Be w x © c�btjCcf`I hbd��jDcp��`I�acf hi z efx�`I� `N��j w �d^·�h`~|~j w e�j w �d^ z bf`~��jDcfc
bt`I a�a|5ª

l�Sefj�bti&cµ`I� w �C�� hb w ��¡ ¤ 1-#�#?�/� #$�"�����"� `N ~e z j�bf�_`Ibti&c&et^hj�`Ief^hjCb wI©�� `Ibtx¨et^hi&c w �+| z bt`��Bxy|~jDcµx��
w bfj w cf`I� w � © j&�� hi¥�+jCb¥`I��bf`N h�a|hc w � wI© i;`Nc{e'j�± w �4ekjCc{efx�i w efjNª�¹�^hxyc wIzhz bt` w �d^¯cf^h`I  © |¯�=j� +c{jD|
�_`Nb wvzhzh© xy� w etx�`N�ack£�x¨et^¼et^hj¶i;`Nc{e;c{efbtx�� � jC�Ne&�hjCjC|hcCªPqT�h`vet^hj�b&x��BefjCbfjDcnetx�� � �d^ w b w �4efjCbfxyc{efxy�µ`v�pef^hj
1 #�#"�/� # ��������� x�c}ef^ w eTj��Nj��Bef  wv©�© ¡�ef^hjkc{x���j�jDcnetx�i w efx�`I�¶xyc w � w x ©�w � © j w eTj w �d^2�h`~|~j'`I� ef^hj��aj�en£)`Ibt¢ ¤
w cTjC�IjCbf¡#`��IjCb ©yw ¡µ�h`~|~j z `BcfcfjCctcfjCc�et^hj © `~� wI© x��~�_`Ibti w etx�`N�¶ef`#��`Ii z  hefj�et^hjkjCc{efx�i w efx�`I��ª�¹�^hjCbfj¥x�c
�a`'�hjCjC|;�_`Nb w �abf` w |h� w c{e«`v��et^hjpcfx��CjTjDcnetx�i w etx�`N� w cºx��µef^hjpen£�`'`vef^aj�b wv©�� `Ibtx�ef^hi&cG£�^hjCbfjp`I� © ¡kef^hj
x��hx�efx w et`Ib � j�etc)et`;��`Ii z  ~etj�ef^hj�cfx���j�jCc{efx�i w efx�`I�»ª

!#"=O$! â
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	 ��
  � ��� 
* ���N# ^ w cGef^hjT|hb w £�� w �d¢�`v�5��btj w efx�� ��w i;jCctc wI� j��a`�`~|¥ef`�£ w bd|hc	ef^aj}x��ax¨etx w ef`Ib�|~ hbtx�� �
et^hj 	 �4
 � ��7 � � ��` ©�© jD�4efx�`I� z bt`���jCctc ��ef^hxyc z bt`�|h a��jDc w cfj��acfx¨etx��Nj z `Ix��Be�x���ef^hj&�aj�en£)`Ibt¢ ¤5w �a|�i w ¡
`��Nj�b © ` w |µef^hj�x��hx�efx w et`Ib 	 c��aj�x � ^��+`NbtcCª�� ��� 
* ������R�" � ��&?��¤ £�^hxy�d^ z bt`��Bxy|~jDc © jDcfc�`��Nj�bt^hj w | w �a|2i;`Ibtj
w ���� hb w efj¬bfjDc{  © edc ¤ i;x � ^Be��+j z btj��_jCbfbtjC|%��¡&ef^aj� ac{jCbCªRAT`�£�jC�Ij�b ¤ 	 �4
  � �"��
' ��� #%z bt`I� w � © ¡&`I ~e z jCb ¦
�_`Nbfi&c«ef^hjp`vef^aj�b wI©�� `Ibtx¨et^hi&cGx��&efjCbfi&c«`I�»|~j ©yw ¡ ¤ £�^hxy�d^µ£�jT^ w �IjC��	 e�ikj w cf hbtjC|;x��&ef^hxyc)��`Ii zaw bfxycf`I�
|h hjTet`�et^hj¬� w �4e)ef^ w e z ^�¡�cfxy� wv© �hj�en£�`Nbf¢¥ef` z ` © ` � ¡k£ w cº�h`Ie)i;`~|~j ©�© jC|�x��%`I hb�c{x�i'  ©�w ef`IbDª q � `Nctc{x z
� w cfjC|%�hbf` w |h� w c{e w �a| w �#x�i;i;jC|hx w efj�qT¸ <,bfjDc z `I�acfj¬�_bf`Ni ef^aj��h`~|~jCc�et^ w eTcf a�C��j�jD|hc)ef^aj z bf`N� w�¦
�ax © x�c{efxy��etjCc{epxyc}�Nj�bt¡ © x�¢Nj © ¡�et`µ�=j'i' +�d^�c{^a`Ibfefj�b}ef^ w �¶ef^hj;�v�&bt`I a�a|hc}`I� 1-#�#"����# ��������� `Nb�ef^hj;�v�N�
j �B hx�� wI© jC�Ne}c w i zh© jCc�`I�%� �"��
' ������ �" � ��&?� ª
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�M`I�hx�ef`Nbfx�� �'w¥z jCj�b�ef` z jCj�b�c{¡~c{efjCi xyc w ��`Ibtj}�_ h�a��efx�`I� wI© x�en¡;`v��|hx�c{efbtx��a ~efjD|�cf¡�c{efjCi w �a|�ikx � ^Be��+j
 +c{jD|Mx��·i w �B¡ wIzhzh© x�� w etx��Nj¥��`N�Befj�±�edc�ª �¶`Ibtjkc z jC��x�§+� wv©�© ¡ ¤ ef^hj&cf¡~cnetj�i cfx��Cjkxyc¬�IjCbf¡¶`I� efj��·�hjCjC|~jD|
et`&c{j�e�ef^hj zaw b w i;j�efjCb�� wv©  hjCc�`Nb�ik`N�hx�ef`Ib w cf¡~cnetj�i��=j�^ w �Bx�`I ab w �a|%ef^hxyc}� w �#�+j� acfjC|%�_`Nb w £�x�|~j
c z jC�4etbf ai�`v� wvzhza© xy� w efx�`I�ac�b w � � x�� � �_bt`Ii�cfj��+c{`Nb)�aj�en£)`Ibt¢�c�et` > btxy|#��`Ii z  ~etx�� � ª

l�·ef^ax�c zawIz jCb ¤ £�j z bt`��Bxy|~j¥ef^hjk§abdc{e���`Ii zaw bfxyc{`N�M`v��c{`Ni;j;cf` ©  ~etx�`N�ac���`Ii z  hefx�� � ef^hj&cfx��Cjk`I�
w�©�w b � j ¦ cf� wv© j�c{¡~c{efj�i x�� w �_  ©�© ¡¶|~jC��j��Befb wv© x���jC|Mi w �h�hjCb ¤ x�� z jCj�bpef` z jCj�b¬ h�ac{efbt a�4et hbfjD|¶`��IjCb ©yw ¡~c
£�^aj�btj z j�jCbtc�^ w �Nj¥`N� © ¡ w btjCc{efbtxy�4efjD|M¢��h`�£ © jC| � j¥`I�ºet^hj&c{¡~c{efj�i2ª I j;jC� wI©   w efjD|Met^hbtj�j&|~x�½=jCbfjC�Ne
wI©�� `Ibtx¨et^hi&c ¤ btj z btjCcfj��Be w efx��Ij}`I�»et^hj z bf`N� w �hx © x�c{efxy� z ` ©�© x�� �+¤ b w �a|~`Ii £ wv© ¢ ¦ � w cfjC| w �+| � `Bcfcfx z~¦ � w cfjC|
wIzhz bt` w �d^hjCc w �a|���`Ii zaw bfjD| ef^hjCi wv© `I� � ef^aj�x�b w ���� hb w ��¡ ¤ ��`N�B�Nj�b � jC�a��j ¤ � wvz+w �hx © x�en¡ ef` ^ w �+| © j
�aj�en£)`Ibt¢µc{x���j��d^ w � � jDc w �a|%ef^hj w cfcf`~��x w etjC|µ`��Nj�bt^hj w |5ª

I j�`N�ac{jCbf�Njkef^ w e wv©�© ef^abfjCj wv©�� `Nbfx�ef^hi&c�^ w �Nj zaw ctcfjC|�ef^hj%cf� wv©yw �hx © x�en¡ w �a|¯|~¡�� w ikxy��x�en¡MetjCc{etc
�a ~e'c{x � �ax¨§+� w �Be'|~x�½=jCbfjC�a��jDc w btx�cfjC|�ª�m}`Ie'c{ hb z btx�cfx�� �I© ¡ ¤»w c�x��¯i w �B¡ w btj w c�`I����`Ii z  ~etj�b�ct��x�j��a��j ¤
et^hj�btj¬x�c w � w et hb wv© efb w |~jC`v½¶�=j�en£)j�j��%ef^aj �B  wI© x�en¡&`v��ef^hj�jDcnetx�i w etj w �a|�ef^hj w cfcf`~��x w efjD|&`��IjCbf^aj w | ¤
^aj�btj�� w �a|~£�xy|�ef^ w �+|'��`Ni z  ~e w efx�`I� wI© bfjDc{`N hbt��jCcCª I x¨et^;bfjDc z jC��e�et`Tet^hx�c	etb w |~j�`I½ ¤ � ��� 
* ������ �� � ��&$�
cfj�jCi&c)ef`;�+j�et^hj�i;`Nc{e �aj�±~x�� © j wI©�� `Ibtx¨et^hi2ª
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qpc z+w bfeº`v�5�_ ~et hbtjp£)`Ibt¢ ¤ ef^aj z ^�¡~c{xy� wI© �aj�en£)`Ibt¢'i;`~|~j ©�© x�� � £�`N  © |µ�+j w �µx��Befj�btjCc{efx�� ��� ` wI©+w �+|
i;x � ^Be z bt`��Bxy|~j��hjC£Sx��ac{x � ^Bedc�`I�%ef^hj���`Ii zaw btxyc{`N��ª

� ������� ���%()��

E���G �¯ª - w £ wa¤ A�ª >�w bd��x w�¦ �¶` © x�� wh¤ q�ª > x�`N�hx�c w �+|®o�ª �¶`ven£ w �axKª ��cnetx�i w etx�� ��wv�N� btj �Bw efjDc�`I� w
z j�jCb ¦ ef` ¦[z j�jCbº�hj�en£�`Nbf¢²ª ���4+��N� ��+��" � �	
 �"�������%� 
'� �=����+4��� 
*7 �	��� �+������*+4� � � � �"��������&	�P����5����44����)�¤
�I�I� 8 ª

EØ�HG �¯ªT¸ w cnetbf` ¤�s ª'�pbt acf�d^aj ©[¤ q�ª >�w �ajCcf^ ¤ q'ª�o}`�£}cnetbf`N� ¤Tw �+| �'ª @ ª I wv©�©�w �d^�ª @ jC�� hbfx�en¡ �_`Ib
c{efbt a�4et hbtjC| z jCj�b ¦ et` ¦Êz jCj�b�`��IjCb ©yw ¡;�hj�en£)`Ibt¢~c�ª�
,� ��� 	�N¤ �TjD��jCi'�=j�bp�I�I�N�hª

E 8 G s ª��«  � cnetj�b ¤%@ ª�A w �a|~ hbt h¢ w �a|hj ¤ o�ª >  aj�btb w `I hx ¤ q�ª ¦ �¯ª�<�jCbfi w bfbtjC� w �a| s ª�<T`N h���hj�etcf`��²ª
�»x � ^Nen£)j�x � ^Be z bf`N� w �ax © x�c{efxy�%�hbf` w |h� w c{eCª 1 ��� � �/�"� ��?+������"� ��� � ��� 
*7 �	��� � )H�� ���6��� ��������¤
mT`��Ij�i¥�+jCb}�v�I� 8 ª

E �"G�¹�ª��hbtx�jD|~i w � w �a| �¥ª�¹�`�£}c © jC¡Iª �¶  © efxy� w cne2c{jDcfcfx�`I� i;j�i¥�+jCbtcf^hx z c{x���j�jCc{efx�i w efx�`I��ª �������
����� 
 � 
 ����� ���v¤ � K?K$K ª

EØ�HG�q'ª �+ª >�w �hjDc{^ ¤ q�ª �¯ª <�j�bti w btbfjD� w �a|��«ª � w ctcf`I  © x�� s j�jCb ¦ ef` ¦[z j�jCbºi;j�i¥�+jCbtcf^hx z i w � wI� jCikjC�Be
�_`Nb � `Bcfcfx z~¦ � w cfjC| z bf`Ief`~��` © cCª ���!��� ���/�"� ��?+��������  ��� +4��� 
*7 �	���4�� 5��� ��"# �L�'� �$ �%�P� ����7��"��)� 	
	#&I¤
�I�I� 8 ª

E ��G �¯ª��Nj ©yw cfx�en¡ ¤ o�ª >  aj�btb w `I hx ¤ q�ª ¦ �¯ª <�j�bti w btbfjD� ¤Gw �a| �¯ªG� w � @ efjCj���ª ¹�^hj s j�jCb @hw i zh© x�� �
@ jCbf��xy��j$B �G± z j�btx�i;j��Be wv© �º� wI©   w efx�`I�&`I� � �ac{efbt a�4et hbtjC| > `Nctc{x z~¦ - w cfjC|¥li za© jCikjC�Be w etx�`N�acCª � ��& �
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