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b  c� � � `]h Y ;>9�\B9 XY &DAa=ij h Y 9�;B^q;                     �4g

� � :��� ��� � 9 ��� ��� � 7 ��>A@�B ���

�  � ��� �1gqh�8Dj X =kh�8�8:`BAa;B;B9 Y lq9<;B;>?:A@;                     � 	
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�'� ��� .��� %�� % . ��� ��� "H��� #��
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�� �  b � XÉX � X�m h�8:8�`BA@;>;BAa;  *                     �*�
�� �  � � A@; X �<?�\B9 XY$X�m hâ= XY�� 9<=a\                     �*�

� �� � ?:[:�<9�=æhn\BA � 8:8:`>A@;B; � Aa\BA@=W\]9 X�Y                      �c
�� �  � � � � 
 & � � #�� XÉX 8�9 Y l/9 Y hq;>9 Y l��<A�9 Y \BA@` m h�=@A �@? Z � Y AW\ � X `��  ��g
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� ��  �  b � h�;>A X�m ^/?:��\]9�[:�<AÖ= XY�� 9<=a\B;              	 �
� ��  �  � Z [±A@=a9 � =@hn\]9 XYRX�m \Bj:A � � � 
 & � � #�� XÉX 8:9 Y l/hn�<l X `>9�\Bj:^ 	 c

�� �  b � � � 
 & � � #�� XÉX 8�9 Y l/9 Y hq^Q?:��\B9 
 9 Y \]A@` m h�=@A �@? Z � Y Aa\ �
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1

(1− hNn

Na−Nn(1−h)
)

�¡� �9~Q�z�`yYt I`¤ef �/t |YI`w�� �MI`t {`�syJ���M~�wz��vxw�y3�SyMt"\¯�`t'|W�J~��s�\�`wi{st �JwSwz�i����~Q� �S�`w��
{s�`�`��~Q}����Mt'{:��{s{`yMt=|M|'¤9! wL���<1�tX~����Jw"��}=}'wz�s�¯�'��~Q���JI`tX|Mt=}'wz�s{1|Y}�I`t'�.t����JI`tX{`�`yM���J~Qwz��w�vb�JI`t
tVUi}�I����`�zt=|u��t=�¡�ut't=�.�MI`tRyMt"\b�st'|Y�M~��`�:�`wb{`tR���s{.w��`tLw�v ~Q�J|9�`t'~Q�zI¯� wzyY|p�/tRI���¨�t"|Y�`�`��wz|Mt={
�MI����

D2 = 2D1
¤%L§t/I���¨�tL����|Yw���|Y|M�`�.t'{1�JI����

10%
w�v��JI`tc7�® � ����}`1�t<�J|K��yMt/�Qwz|Y�'���MI¯�`|

�utR}�������|Y|M�`�.t"�MI����
h = 0.1

¤L§t"��yMtR}=wz�`|M~Q{`t'yY~��`�?������{`{syMt'|Y|u��wbwz�`w�v ��RJG:��{`{syMt'|Y|Mt=|'¥
Na = 256

¤hL§t�}���� |Yt't�~�� �9~��z�syMt I`¤efG�JI`����t Ui}=t'�s���RI`t=� �JI`t=yMt���yYt6vxt=� }'wz�i���z�`yYt'{
�swi{`t=|'�f�JI`t5|Mt=}'wz�`{����`�`yYw���}�I�w�Pkt=yM|.� t<�M�Mt'y�� t=yYvxwzyY�G���`}'t=|'¤ L Ist'���MI`t'yYt¢��yMt5��vxt<�
}=wz�s�����`yMt={��`wb{`t=|f�MI`tR�`yMwz�`���`~��Q~Q�¡�1w�v�}�Iswiwz|Y~��`�?�:{`�`�`�Q~�}'���Jt={���{`{`yMt=|M|u~�|K|M�����Q�����`{��JI`t
w�¨�t'yMIst���{ ~Q�`{`�`}=t'{ ����yMt@\¯�`t=|Y�M~��`�%��� ��{`{`yYt'|Y|]�Jw3���`t=~��zI¯��wzy]~Q|o�`yYt'{`w���~Q��������¤iL I`t=�
�MI`t'yYt ��yYt��¯�`�.t'yYwz�`|3}=wz�s�����`yMt={ �`wb{`t'|=�B�JI`t��`yMwz�`���`~��Q~Q�¡�\w�v�}�I`wbwz|M~Q�`�S�±{`�`�`�Q~�}����Jt'{
��{`{`yMt=|M|R~��s}'yMt'��|Mt=|o���`{5�MI`t�|Mt=}'wz�s{¢|M}�Ist'�.t1��t'yWvxwzyM�.|L� t<�M�Mt'yL�JI������MI`t���yM|W��¤
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� ~��z�`yYtNI`¤ef	0 � �`yM���J~Qwz�%vxwzyR����yM|W�o��{`{`yMt=|M|]��|M|Y~��z�s��t=�¯�

T"U��RU(8 ��hLh���h��3cX[o[]^s_�aiab_�a
!LIstG��wiwz�Xw�vB��{`{`yYt'|Y|Mt'|�}=wz�`�Q{ ��t�vxwzy:��wb}����f�s|MtGw��`�Q��¤��Dw�y1tVU`�����`�Qt�� ~Q�?}'wz�s��{ ��tGyYt<�
|Yt'yW¨zt'{����?�JI`tB�¡®oH]®�� ���s�JI`w�yM~Q�¡�:vxwzy ��wb}����	75®�HoNK! vxwzyY�/��yY{`~��`� A�~ ¤ t����JI`w�|MtL��{s{`yMt=|M|Mt=|
�6�`|Y�"�`w��]��t:vxw�yY�/��yM{`t={¢wz�i�J|M~Q{`t:�JI`t 7�®�H]NK!
�`t=�¡�uwzy21D���`wzyRyMt'��}�I`t={¢vxyMwz� wz�s�J|Y~�{`t C<¤
® |Yt'}=wz�`{d� wz|Y|M~Q�`~��Q~Q�¡�±}'wz�s|M~�|W�J|�~Q�dyYt'�£�i~Q�`� wz� |Mw���t3����}�I`~Q�`t'|��RIs~�}�I �R~����u���`�swz�`�`}=t
�MI`t6�syMt=�4U �JwG�`|Mt6vxw�y���{`{syMt'|Y|:���s�Mwi}=wz�s���z�syJ���M~�wz��vxwzy]�MI`~�|h7�®�H]NK! �`t<�¡�/w�y21D¤:!LI`t'|Yt
����}�I`~Q�`t'|o}'wz�`�Q{ � t�}=wz�`�`t=}=�Mt'{��Jw%�JI`t�~Q���Jt'yY�`t=�'�,���`{���}<�?��|������Mt=�/���i|=¤��¡� �JI`~Q|�}���|Mt��
�MI`t?��{`{`yYt'|Y|Mt'|"�����3� t��z�Qwz�����k��{`{`yYt'|Y|Mt'|=�k���`{�}=wz�`�Q{5��t:|Mt=t'��vxyMwz� w��s�J|Y~�{`t�¤

T"U��RU � ��_�aih��Oe"giqOhXl h��3c j hfl���qOj�g
L Ist'� �¡�/w��`wb{`t=|

A1

���`{
A2

��yMt�}'w��s���z�`yYt'{ �R~Q�MI �JI`t�|M���.t��O° ��{s{`yMt=|M|'� ���s{ ~QvK�ut
��|M|M�s��tR�JI����u�MI`t'yYto~�|f�`w1����}`1�t<�L��w�|M|'�bt���}�I3w�v��MI`t'|Yto�¡�/w1�`wb{`t'|f�R~�����yYt'}=t'~Q¨�to�JIsth7�® ��.t'|Y|J����t�w�vX�JI`t�w��MI`t'y��swi{`t�¤�!LI¯�`|��JI`t��swi{`t=|��RI`t'yYt��JI`t�}'w��	3�~�}<����~Qt'|���yMt���wz�`�`{ �Jw
{s~�|M}=w�¨zt'y��MI`t3}=wz�	3�~Q}=��¤�® |Y~��.�`��t�yM�`�Qt��Mw |Mwz�£¨ztG�MI`~�|�}=wz�	3�~Q}=���R~Q���f� t��JI����6�JI`t3�swi{`t
~Q�%}'wz�43�~�}<�L�R~Q�JI%�MI`t�|M�������Qt'|W�L~�{`t=���J~Q�`t'yL}�I����s�zt'|R~Q�M|R��{`{`yYt'|Y|'¤u�i~��s}'t��JI`~Q|B�`wb{`t 1¯�`w��R|
¨b~��5�JIst3yMt=}'t'�i�J~�w��\w�vL�JI`t 7�® � }=wz���JyMw��u�.t'|Y|J���zt=|��JI`t3����yYt���{s�§��|Y|M~Q�z�`t'{S��{`{`yYt'|M|Yt'|=�
�MI`t?�`t=� ��{`{syMt'|Y|o���s|Y����t?|Mt'�Qt'}<�Jt'{����oyM���`{`wz�r����wz�s�.�MI`t���{s{`yMt=|M|Mt=|o�JI`���]�MI`t6�swi{`t
��t'�Q~�t<¨zt'|L�sw��R�Jw�I���¨zt?� t=t'������yYt���{i�%��|Y|M~����`t'{�¤

®L{`{s~Q�J~Qwz�����Q�Q���f~£v�� �	Uit'{ ����yY�.w�v��MI`t5�`yM|Y�G�`~Q�M|�w�v��JIst��`wb{`t5~�{`t=���J~Q�`t'y.~�|�|Mt<�G�Jw
�MI`t MO�`yY~�wzyY~Q�¡�SOow�v9�MI`t:�`wi{st����JI`~Q|L�R~���� ��w��ut'yR�JI`t:�`yYwz�����`~Q��~£�¡���MI����	�=~��.��wzyY�J�����
�o�`wb{`t'|
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�9~Q�z�`yMt I`¤eI	0D7�®A@���t=|M|J���zt

�uwz�`�Q{�I���¨zt:�Jw�}�I����`��t:�MI`t'~QyR��{`{`yYt'|Y|Mt'|=¤

#%$¡# B�)DC
�=;=-B8�*,A ( >�>37 ARF FEB AB*,AR-u*,;<+60

�¡�5wzyY{`t'yR�Jw�{`t<�Jt'}<����{s{`yMt=|M|"}'wz�	3`~�}=�M|'�Dt���}�I¢�`wb{`t?{`~QP �`|Mt=|"�.|Y� t=}'~ ��� �.t'|Y|J����t:�MI����R�ut
}'������7�®A@
vxwzycM>7��s�Q�J~Q�`��t]®L{`{`yYt'|M|F@ot'}=� ��yM���J~Qwz�4O]�Jw��JI`t:t=�¯�M~�yYt?�st=�¡�uwzy21D¤/!LIs~�|R}'wz���MyMwz�
�.t'|Y|J����t�~Q�`}'�Q�`{`t'|��MI`t��swi{`t���{`{syMt'|Y|Mt=|����`{��JI`t.�`wb{`t.~�{`t=�¯�M~Q��t=yXA �9~Q�z�`yMt I`¤eISC<¤G!LIst
�swi{`tL~Q{`t'���M~Q��t=yp~�|X��|Mt"\¯�`t'�`}=tow�v��`~£�J|Kw�vD�	Uit={G��t=�`���MI

L
�RI`~�}�I�~Q|KyJ���`{swz���£�6��t'�`t=yJ���Mt'{�¤

b"t'�`}=tL�/t"��yYtB�`|M~Q�`���JI`tL|W�����s{���yM{�~Q{`t����JI`���p�JIstL�`yMwz�`���`~��Q~Q�¡�?w�vD�¡�uw1�`wb{`t=|KI���¨i~Q�`���JI`t
|M���.tp�`wb{`tK~�{`t=���J~Q�`t'y�~�|k��w��:�����`{��JI`tK�syMwz�����`~��Q~Q�¡�"w�vs������t'��|Y�,w��`tX��{`{`yYt'|Y| }=wz���Q~�|Y~�wz�"�R~Q�JI
N
�`wb{`t=|'���RI`~�}�I¢~�|L�JI`t:�ut'����1¯�`w��R�*M¡�`~�yW�JI`{����%�syMwz�`�Qt'� O EHG�G<K �D}������ t?|Mt<����yY�`~Q�MyJ��yY~��£�

�Qw�� ���%}�I`wbwz|Y~��`�.��� ��yY�zt�t'�swz�`�zI�¨������`t�w�v
L
¤

® �`wi{stG{`t<�Jt'}<�J|����\��{`{`yYt'|Y|�}'wz�43�~�}<�6�RI`t=�\~Q�1yMt'}=t'~£¨zt'|�� 7�®A@ ��t=|M|J���zt3I���¨b~��`�
�MI`to|M���.t���{`{syMt'|Y|R��|/~£�J|uw �R�k�`�`�s�u�R~Q�JI3�6{`~QP t'yYt'���L~Q{`t'���J~£��t'y=¤p®L}=�M�����Q�Q��w��MI`t'yB�swi{`t=|'�
�sw���~���¨�wz�Q¨�t'{ ~�� �MI`t�}=wz�	3�~Q}=��� �R~���� {`t<�Jt'}<�:�JI`t���{`{`yMt=|M|:{`�`�s��~�}'���J~Qwz�¢���¢yMt'}=t'~£¨i~Q�`�3�¡�uw
MAD

�.t'|Y|J����t'|�I���¨b~��`�5�JI`tG|J���.t3��{s{`yMt=|M|'�X�`�i��I`wz�Q{`~��s�¢{`~£Pkt=yMt'���6�`wi{stG~�{st'���J~£��t'yY|
��|�|MI`w��R��~�� �9~��z�syMtBI`¤ Rb¤�!LI`t'|Yt��`wi{st'|�}'w��`��{ ���`�`wz�`�s}'t��JIst�{`t=�Mt'}<�Jt'{�}=wz�	3�~Q}=���`|Y~��`�
��|M��t'}=~ ���K}=wz���JyYwz�X��t=|M|J���ztG��|?~Q|:{`wz�`t.~�� �JIstG° ��}'����� �syMw��Mwi}=wz�iEHG��TK ¤ b]w��ut=¨�t'y6�MI`~�|
���`�`yMwz��}�I:�G����~Q�`{`�`}=tX�`yMw���{`}���|W�,|Y�MwzyM� |Y~��`}=tX�G�����o�`wi{st'|,�G�������`�`wz�s�`}'tK�JIstf}=wz�	3�~Q}=�
���`{S|M��t'}=~ ���X}'��yMt3�6�`|Y�1� t.���J1�t'�S�Mw ��¨zwz~Q{§�JIs~�|6t<Pkt=}=�'¤ ��wzy:�JI����6yMt'��|Mwz�§�/t3{sw �`w��
yYt'}=wz���.t'�s{��MI`~�|B�/���z¤
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! w�|J��¨zt��JIst.}�I`���`�`t=�K�����`{s�R~Q{s�JI �MI`t�7�®A@ ����}`1�t=�M|1|YI`wz�`�Q{ � t��`yYw���{`}'��|Y�Mt'{��`|W�
~Q�`�%�JI`tX7¢° � 3�wbwi{s~��`�%�.t'}�I����`~�|Y��w�v

OLSR
¤Xb"w��/t<¨zt'y=�K���`�s�Q�b~��`����� ����yYt'� ���b~��s�

w��s�J~Q��~������M~�wz��yY�`��t=|/��|u�JIst=����yMt"{`t<���`t'{k�s�������sw��/��to|Y���.}'~Qt'���/�Mw6t'�s|M�`yYto{`~£Pk�`|Y~�wz�.~��
|Ywz�.t�}'wz�	3`~�}=�M������}'��|Mt=|'¤

@L®A@R� 7¢° �!3�wiwb{`~Q�`�:��t=}�I����`~Q|M� |MI`w��`��{.I���¨zto�MI`t"�`yMwz��t'yW�¡���JI����f~£�f�R~Q����}=wz���J~��¯�`t
�Mw?�uwzy>1.t<¨zt=�3~����JI`t"�`yYt'|Mt=�`}'tow�v�{`�`�s��~�}'���Jt"��{s{`yMt=|M|Mt=|B~����JIst]�`t<�¡�/w�y21D¤X!LI`~�|f�`yMw�� t=yY�¡�
�.t����`|��JI������,~�� �JIst����`|Mt=�`}'t�w�vu����}`1�t<�6�Qwz|M|=���JI`t�@L®A@R� 7¢° � �9��wbwb{`~��`���R~����9�����Qw����
75®A@ ����}`1�t<�]�Mw�yMt���}�I ���Q� �JIst?�swi{`t=|R~��%�JI`t:�`t<�¡�/w�y21D¤

!LI`t @L®A@"� 7¢° ��3�wiwb{`~Q�`���`yYw��Jwb}'wz��}=wz�.�`yM~Q|Mt'|p�¡�uw?����yY�M|@09�MI`tL��yM|W�f����yY�X{st'|M}=yM~Q� t=|
|Ywz�.t:���s�Jwb}'w��s���z�`yM���J~Qwz�%yM�s��t'|Bvxw�y"�:� ��� �`wi{st'|R�R~Q�JI�|Y~��`�z�Qt�~����Mt'yYv ��}'t'|=�D���`{��JI`t:|Yt'}<�
w��`{�����yW�X{`t'|Y}'yM~Q� t=|K|Mwz�.tR��{`{s~Q�J~Qwz�����b���i�Jwb}'wz�s�`�z�`yJ���J~�w���yM�`�Qt'|p�Mw�I����`{`�QtR��� �����`wb{`t'|
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A1

���`{
A2

�JI`t=|Mt1�¡�uwG�swi{`t=|"�R~£�JI�|J���.t?��{`{`yYt'|M|
A
�

�s�s�B{`~£Pkt=yMt=�¯�B�`wi{sto~�{st'���J~£��t'yY|
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M2

yYt'|Y� t=}=�J~£¨zt=�Q�z¤ 7�w�yMt'w�¨�t'yG�ut¢�R~��Q�
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}=wz|Y�Bw�v w��JI`t=yBt Ui~Q|Y�J~Q�`�.��� ��� �.t'|Y|J���zt=|BA b]Nf�,� �
��t=|M|J���zt'|R���s{%! ? �.t'|Y|J���zt=|`C/���s�£�
�M~��`�Q~�t={\�¯���±�z~Q¨�t'� v ��}=�Mwzy'¤ ®]��|Yw±�ut¢|YI`w�� �JI����.�JIst5v ��}<�Jwzy�~Q|.�syMwz��wzyY�M~�wz�`���B�Jw��JI`t
75®A@ �.t'|Y|J����t"yM���Jt�¤�L§t"�MI`t'�G��yM�z�stR�MI����X�JIsth7�®F@ �.t'|Y|J���zt"yJ���Jt Axvx�`�Q�Q����{�¦Y�`|W�����`�Qt�C
~Q|utVUi� t=}=�Jt={3�Jw���tow��`towzyY{`t'yuw�v������z�`~£�J�`{st]�Qw �ut'yX�JI`���G�JIstoyJ���Jtow�v�w��JIst'yL��� ��� ��t=|W�
|M���zt=|@09�MI`~�|u�z~Q¨�t'|B�?I`~����/����wz�s�/�MI`toyYt���|Ywz�G�RI�� 7�®A@ �.t'|Y|J����tow�¨zt=yMI`t'��{%~�|=�s���u�/w�yM|Y�
}=wz�.����yJ���`��t������`{5~����zt=�`t'yM���,���`}�I5��w��/t=y'���JI`���5�MI`t:}'wz|W�ow�vX��� ��� �.t'|M|M���zt=|'¤B�¡���JI`t
����|Y�B����yY�'��|M~Q���`� ���J~�w��`|B��yYt��G��{`t�¤

� U 8BUYV Z l]c����ugsqOj��1hXeol][ h��.g49]_ jkhXa�gdh � � Z � ��_�abaicXnX_�a
!LIstuw�¨zt=yMI`t'��{�w�vi�JI`tB�:� ���SyYwz�s�M~��`�"�`yMw��Jwb}'wz�z�R~£�JI`wz�i� 7�®F@��.t'|M|M���zt=| ~Q| �ut'�Q��1¯�`w��R���
���`{ �`|Y~��`�3yYt'|Y�`�Q�M|�w�v EHG �TK-Ax�R~Q�MI �3|M�Q~��zI��M�Q�%{`~£Pkt=yMt=�¯���`w������J~�w���C<�D�JI`t��:� ��� w�¨zt=yMI`t'��{
��|R�.�¯�`����t'yRw�v ���¯�Jt'|"~�|L��~Q¨zt=���¯��0

overhead = Th + Tt = τhLhN + τtLtoρN2 A Ri¤���C
�R~£�JI%�JIst?{s~QP t'yMt=���R����yJ����t<�Jt'yY|R{`t'|Y}'yM~Q� t={�~Q�%�����`�QtBRi¤��z¤

!LI`t]}'wz|W�Bw�v�7�®A@ �.t'|Y|J����t'|/}'���G��tot<¨����������Jt'{G���`{�� wz�s�`{`t'{G~����1|M~Q��~Q� ��y �B����0K~Q�
~Q|'�i���u��wz|W���¯�JI`t]}'wz|W�Lw�v��MI`t�yYt=�JyM���`|Y��~Q|M|M~Qwz�.w�v �'7�®F@ ��t=|M|M���zt������������MI`t��`t=~��zI¯��wzyM|
w�v9wz�st1�`wb{`t:{`�`t:�Jw$�R�`��t fs���s���`|L�JIst1}=wz|Y�]w�v yMt=�MyJ���s|M�.~�|M|Y~�wz��w�vp� 75®A@ �.t'|Y|J����t?���
7�°��B�(3`wiwb{`~��s�6�Jw��JI`t:t=�¯�M~�yYt��`t=�¡�uwzy21D¤c7�wzyYt?�syMt'}=~�|Yt'�Q�G�/t?I���¨zt<0

Tm ≤
w ¨�t'yYI`t���{�w�v �`t'~Q�zI¯� wzyY| � w�¨zt=yMI`t'��{¢w�v^7¢° �B�(3�wbwi{s~��`�

Tm ≤ τmLmNNn + τmLmN(oN)

� �o~�|o��wz|Y|M~��s��t:�JwG��wz�`�s{ t���}�I¢�Mt'yY� w�v9�JI`~Q|o|M�s� �`|Y~��`���JI`t1w ¨�t'yYI`t���{ w�vX|Y�����`{���yY{
��� ��� �.t'|Y|J����t'|'¤X�¡�`{st't'{k�Dvxw�yB�JI`t���yY|Y�R�Jt=yM�*0

τmLmNNn ≤ τmLmN(
Lh

La

) =
τm

τh

Lm

Lh

(
Lh

La

)(τhLhN)

τmLmNNn ≤ Th

τm

τh

Lm

La

���s{5vxwzyB�MI`t:|Mt=}'wz�`{��Jt=yM�*0

τmLmN(oN) =
τm

τt

Lm

Lt

1

ρ
(τtLtoρN2)

τmLmN(oN) = Tt

τm

τt

Lm

Lt

1

ρ
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δ

��¨�t'yJ���zt:{`t'�zyYt't?w�v9���swi{`t
N

�b�s��� t=yRw�v9�swi{`t=|R~��%�JI`t:�`t<�¡�/w�y21
τh

b"t'�Q��w��.t'|M|M���zt:yJ���Jt
Lh

|Y~ �=t?w�v^b"t'���Qw���t=|M|M���zt'|
τt

! ? ��t=|M|M���zt:yJ���Mt
Lt

|Y~ �=t?w�v9! ? ��t=|M|J���zt'|
o

�syMw���{s}���|W�Bwz�s�M~��.~ �'���J~Qwz��v ��}=�Mwzy'� 1
δ
≤ o ≤

1
ρ

�`yMwz��wzyW�J~�w��%w�vp�`wb{`t=|"�RI`~Q}�I¢��yMt 7¢° �
w�v
���R��t���|Y�Rwz�`t:�`wb{`t

τm

75®A@ ��t=|M|J���zt:yJ���Mt
Lm

|Y~ �=t?w�v 7�®F@��.t'|Y|J����t'|
Th

�Mw�������w�¨zt=yMI`t'��{ w�vFb]t=����w ��t=|M|M���zt'|!A ~��
���¯�Jt=|`C

Tt

�Mw�������w�¨zt=yMI`t'��{ w�v ! ? �.t'|M|M���zt=| A ~��
���¯�Jt=|`C

Tm

�Mw�������w�¨zt'yYI`t���{ w�v 7�®F@ �.t'|Y|J���zt=| A ~��
���¯�Jt=|`C

La

|Y~ �=t?w�v9wz�st1��{`{`yMt=|M|
Nn

��¨b�`¤X�¯�`����t'yRw�v �`t'~Q�zI¯� w�yM|Lw�v wz�`t:�`wb{`t
! ���`�QtBRi¤���0XH]w��J���J~Qwz�%�`|Yt'{�vxw�yL}'wz���JyYwz��w�¨zt=yMI`t'��{
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b"t'�`}=t?�MI`t:w ¨�t'yYI`t���{�w�v^7�®A@ ��t=|M|M���zt'|"~�|L��wz�`�s{`t'{5���

Tm ≤ αTh + βTt

A Ri¤ ��C
�RIst'yMt

α =
τm

τh

Lm

La

A Ri¤efSC

β =
τm

τt

Lm

Lt

1

ρ

A Ri¤HI C

��yR���Q|Mw`�`}=wz�.����yMt={%�Jw��JI`t��Mw������k|Y�����`{���yY{ ��� ��� w�¨zt=yMI`t'��{60

Tm ≤ max(α, β)(Th + Tt)
A Ri¤ R�C

��wzy��`t<�¡�/w�y21¯|3w�v]|M~Q��~Q� ��y1{`t'�`|Y~Q�¡�\�MI`t�w��s�J~Q��~������M~�wz�±v ��}=�Mwzy
ρ
~�|�tVUi� t=}=�Jt={��Jw±��t

|Y~��.~�����y'�¯I`t=�`}'t
α
���`{

β
|W�����%}'w��`|Y�J�����ot<¨zt'�5�RI`t'���JIst1��yMt���w�v �JI`t:�`t<�¡�/w�y21%�zyYw �R|=¤

®L{`{s~Q�J~Qwz�����Q�Q�����JIst"yM���JtRw�v67�®F@ �.t'|M|M���zt=|
τm

}����.��t]��{�¦Y�`|Y�Mt'{60 �JI`tRw�¨zt=yMI`t'��{3{`�`t
�Mw 7�®A@ �.t'|Y|J���zt=|�~�|��syMwz��wzyY�M~�wz�`���f�Mw �JI`t 7�®A@r��t=|M|M���zt3yM���Jt�¤ b"t'�`}=t��MI`t'yYt%~�|��
{s~�yMt=}=�L�MyJ��{`t=w�P���t=�¡�ut't'� 7�®A@���t=|M|M���zt:w�¨zt'yYI`t���{ ���`{%�JIst1�`yYwz�.�s�J�`t=|M|Rw�v {`�`�`�Q~�}'���Jt
��{`{`yMt=|M|R{`t<�Jt'}<�J~Qwz��¤

� U 8BU(8 � qOaij eoabaiqOhXl h���g49]_ jkhXa�gdh�� � Z � ��_�abaicXnX_�a
�¡� �MI`t�vxwz�Q��w��R~��`�s���MI`t��`yMw�� t=yY�J~Qt'|�w�v

α
���`{

β
��yMt�{`~Q|M}=�`|M|Yt'{±�`|M~Q�`�%~����J�s~Q�J~Qwz�����`�s���sw

�syMwbw�v 0"�MI`t.�it=}=�J~Qwz� Ri¤ �i¤efG�R~���� � ���Mt'yK¦Y�`|Y�M~Qv �¢���`{ \¯�������J~£v �¢�JIst�~����J�`~£�J~Qwz�`|"I`~��zIs��~���I¯�Mt'{
~Q�3�JI`~Q|R|Mt'}<�J~Qwz��¤

!LI`t.��yM|W�6w��`|Mt=yY¨����J~Qwz�±~�|?����|Mt={ wz�±�JI`t�v ��}<�1�MI����?�JI`t @L®A@ �`yYwi}=t'{`�syMtG�������`w��
�st't'{?�Jw"� tf��|,v ��|W� �Mw]yYt'|Ywz�Q¨�tu}=wz�	3�~Q}=�J| ��|9��� ���S~�|�v ��|W� �Mwo��{�¦Y�`|Y�,�Mw"�Mwz� w���wz���o}�I����`��t'|'¤
�¡�s{`t't={�� �MI`t.|Y�����`{���yY{S��� �����.t'|M|M���zt=|1|YI`wz�`�Q{§��t�|Mt'���?�R~Q�MI �%yJ���Jt.���?��t'��|Y�:w�vu�JI`t
w�yM{`t=y�w�vf�G���z�`~Q�M�`{`t?w�vX�JI`t�yM���Jt6w�vK�Jwz��wz�Qwz���5}�I����`��t'|'¤?!LI`t�7�®F@ �.t'|Y|J����t'|�|MIswz�`��{
��t |Mt=���5�R~£�JI �\yJ���Jt �����Qt���|W�%w�v:�JIst±w�yM{`t=y%w�v?�G�����`~Q�M�`{`t¢w�v1�MI`t yJ���Mt w�v1��{`{`yYt'|Y|
}�I`���`�zt=|6wzy:�JI`t.yJ���Jt.w�vL�`t<�/}=wz��t=yM|6��yMyY~Q¨����K~����JIstG�`t<�¡�/wzy>1 A wzy?��w��ut'y`C ¤%�¡���J�`~£�J~Q¨�t'�£�z�
~Q��� 7�®oHoNK!��f�MI`t'yYt¢|YI`wz�`�Q{���t�����y21�t'{`�£�\�.wzyMt�}�I����s�zt'|3w�vo�Jw�� wz�Qwz��� � t=y�|Yt'}'w��`{
�MI����\}�I����`�zt'|�w�vo��{`{`yMt=|M|Yt'|.� t=y�|Mt=}'wz�`{\��w�y��`t=�u}'w���t=yM|�t'���JyW�S~Q�S�JI`t3�st=�¡�uwzy21S��t'y
|Yt'}=wz�`{�¤X!LI`~Q|B�JyJ���`|M�����Jt=|L~����Jw��MI`t�v ��}=�L�MI����'�`��yY�z�����`�£�z�b�JI`t:yJ���J~�w6w�v,�JI`t�yM���Jt=| τm

τh

���s{
τm

τt

A ���`��t���yY~��`�1~��.�JI`t�tVUi�`yMt=|M|M~Qwz�`|Lw�v
α
���`{

β
Cf��yMt]� w��MI3t Ui��t'}<�Jt'{%�Mw�� t]���`}�I%�Qw �ut'y

�MI����
1
¤

!LI`tL|Yt'}=wz�`{.wz�`|Mt=yY¨����M~�wz��~Q|'�z}=wz�`|Y~�{`t=yM~��s�:������~Q�1�JIstLt Ui�`yMt=|M|Y~�wz��w�v
α
Axt@\¯�����M~�wz��Ri¤efSC

���`{
β
Axt@\¯�����M~�wz� Ri¤HI C<��w��`tX}����:|Mt=tK�JI����'��vxwzy�~��s|Y�����`}'t��

α
~Q|��JI`tK�syMwb{`�`}=�,w�vi�MI`tK�`yMt<¨b~�wz�`|
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La

¤%H"w��:� }=wz�`|M~Q{`t'yY~��`�
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��{`{`yMt=|M|=�R�ut¢t=|Y�M~������Jt��JI������MI`t¢yM���J~Qw±�uwz�`�Q{ � t�� ��yY�zt'y��MI���� �z�u�¡�i�s~�}������Q�

4
�Jw

10
¤

®]yM�z�`���`�Q���z�JI`t"�`yYwi{`�s}=�fw�vk�MI`~�|K|Yt'}=wz�`{3yM���J~Qw�A � ��yM�ztL�`�i�/yYt���|Ywz�`�����s��t�Cp�����JIstR�`yM|Y�uwz�`t
A�\¯�`~Q�Mt�|M������� C<�b}'wz�`�Q{%�¡�i�s~�}������Q���b~�t'�Q{����

α
¨������`t�|W�J~��Q�k�Qw �ut'yL�MI����

1
wzyL}'�Qwz|Mt��Mw

1
¤

�i~Q��~Q� ��yY~��£�¢vxwzy
β
�K�¡�b�`~�}'���B¨������`t=|�w�v

ρ
��yMt�wz�\�JI`t�wzyY{`t'y

0.5
�Mw

0.9
�/���s{dIst'�`}=t��

1
ρ

|YI`wz�`�Q{ ��t��Qt'|Y|1�JI`���
2
¤ ���`yW�JI`t=yM�.wzyMt�� �MI`tGyM���J~Qw�w�vB�JIstG|M~��'t.w�vB�MI`tG�.t'|Y|J���zt=| Lm

Lt~Q|�t=¨�t'�S|Y�G���Q��t=yo�JI����?�MI`t.�`yMt<¨i~Qwz�`|?yJ���M~�w Lm
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�,|M~��s}'t��5! ? �.t'|Y|J����t�~Q�`}'�Q�`{`t'|:|Yt=¨zt=yJ���
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1
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β
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1
¤
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|W�JyY�`}=�M�`yMt�w�vB�JIstGt@\¯�����J~�w��`|'Rb¤ f����`{ Ri¤HI¢|YI`w��R|6�JI`���6w��`t�}'���StVUs��t'}<����w��JI§w�vB�JIst'�
�MwG��t6�Qw �ut'yR�JI`���

1
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�syMw��Mwi}=wz��w�¨zt=yMI`t'��{�¤
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��}'����� �`yMw��zyJ���.�.~��`�������`�z�`���zt�Cf~���wzyM{st'yL�Jw�t=¨����Q�����Mt�~Q�J|L��t'yWvxwzyM�����`}=t�¤

®]�§~Q{`t����Q~ �=t'{ |M~Q���`�����J~Qwz�¢�.wi{st'�9�/��|:}�I`wbwz|Mt=� ~���wzyY{`t'y��Mw�t=¨������`���Jt��`yYt'}=~�|Mt=�Q� ~£�J|
~Q���`��}=�@0 ���z~£¨zt=�.�¯�`�6� t=yKw�vk�swi{`t=|f��yMtL�`����}'t={�~�����|2\¯����yYt"��yMt'��¥��MI`t'yYt"~Q|p�`w:�.wz�`~��Q~Q�¡���
���`{����`�`~Q�p{`~�|>16�zyM���`I � ~�|9�`|Mt={�¤K!LI`t'yYtR~�|p�`w 7�® ? ��Ist'�`}=t"�sw?}=wz���Jt=�¯�M~�wz��wzy9}'wz�Q��~�|Y~�wz�k����`{d�MI`t��JyJ���`|M�.~�|Y|M~�w��d{st'� ���\~Q|��`�`~Qvxw�yM�5¤d!LIst¢yJ��{`~�w�yJ���`�zt�~�|.������yJ����t<�Jt'y�w�v]�JI`t
|Y~����s� ���M~�wz��¤
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Duration of conflicts detection During the merger of 2 networks of 50 nodes each
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f|W9@�O+@Ck5kRsNhNDdO�ejf[DGhNu�hE@nJNHoc+z�±T@�W�H p HoY"fgLNDdcmc[@CFdsEfgDd@Ch¢Y[Ho¦PsEDGY[Hoc"e8JND}²³HoY[H+h�fIc[HoO+YrHofRZjHovit@lY�H�elO�L´H+hNJP¤¨fg@�¤|H+hEJµOo@ChNhNHoOofgDd@Ch�z¶?A@CYrH+@ p HoY�f[LNH®«m¬¥Q�c[@CFdsEfgDd@Ch°O�elh´@ChNF}v°L�elhEJNFGHsEhNDGO+elcrf�fgY[ej·5Olz�>Th¸elF}fgH+Yrh�ejf[D p H0cr@CFGsEf[DG@Ch DGcmf[LNH)sEc[H�@jiqe�crL�elYrH+J¸crH+O+YrHof"ZlHovlz8UKLNH+YrHejY[Hqk�ejh§v0Ddc[crsNH+c�WqDdfgL5c[sEO�L8elh�ejxNxNY[@CelO�L�z¥¹~DdY[crf¥f[LNDGc¥ZlH<v5kRsNcrf9B.HTJNDdcrf[Y[DGBEsEfgHoJ�elk5@ChNu
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@jfgLNHoY[c+z�½�¾m> xEY[@lf[@nOo@CFGc�LNHoFGx]Ddh JEH+Y[D p DGhNu�ZlH<vnc=WqLNDGO�L ejY[H5O+@Ck5xy@lc[H+J @liKH+elO�L¸@ChNH32 cOo@Ch�fgYrDGBNsEf[DG@Ch³z~UKLNDdc9HohNc[sNYrH+c�f[L�ejf9fgLNHbY[Hoc[sNF}fgDGhEu=ZjHov)DGc¥itY[H+crL¢\tit@lY�eIuCD p H+h�crH+crc[DG@lh¡a9elhEJDdc_hN@lfmi e p @CYgelBEFGHRfg@8@ChEH�x�elYrf[DGOoDGx�elh�fmDdh¢elh�vMW�e�vlz0UKLNH�it@CFGFd@�WqDdhNu�crH+OosNY[D}f|v®uC@�elFdc_O�ejhB.HmDGJEH+h�fgD}��H+J8it@CYqelh�v�½�¾m> xNY[@lf[@nOo@CF^z
��a �F���546���6�����7�98 UKLEHIZjHov8O+elhAB.H�O+@Ck5xNsEf[H+J�@ChNF}v�B�v�fgLEHIxNelYrf[DGO+Ddx�elh�fgcoz
: a �F���<;=�#!���� ���#!%���#����8 ¾mhN@�WqFGHoJNuCH�@li3elh�v�crHofb@li3uCY[@CsEx�ZjHovPcbJN@nHocKhN@lfqFdH�elJ�fg@
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sEh�elsEf[LNH+h�fgDdO�ejf[H+J p H+Yrc[DG@lhNc�@li�f[LNH�xNYr@lfg@PO+@lFGc+�lelc~k5@CcwfVelO�LNDdH p HKelsEf[LNH+h�fgDdO�ejf[DG@Ch=B�v"sNcrDGhNuJEDGuCD}f�elFyc[DGulh�ejfgsEY[H+cqDdh£e p HoYrv�c[Ddk)DdF�elY9k�elhEhNH+YqelhEJAfgL§sNcbL�e p H=c[Ddk)DdF�elY�elJNJNHoJ£O+@lcrfgcqit@CYejO�LNDGH p DdhNu�ejsEfgLNHoh�fgDGO+ejfgDd@Ch�z��]HROo@Ck5x�elY[HIfgLNH"Ho·5O+DdH+hNO<v£@liVf[LNH+crH�xNY[@jfg@PO+@CFdcTB�ejc[H+J®@lhf[LNHmit@CFGFd@�WqDGhNu=x�elYgejk)H<fgH+Yrc 8

•
%! #�#"$�'� �%	.N�/� ��"#�-�+�	�& #.L�-�& #�#! .78 {|hIeKc[DdhNuCFGH~crvPhNO�LNYr@ChN@CsNcXY[@lsNhNJ���kRsNF}fgDGxEFGH
DGhNJEH+x.H+hNJNHoh�fmk)Hoc[c[eluCH+c`O�elhMB.H"crH+h�f_DdhAf[LNH"hNH<f|W�@lY[Z¡z_UKLNH"f[@lf�ejF;f[DGk5H�Y[H+¦§sNDdY[HoJ
fg@MYrsNh e�Y[@CsNhEJn¤|H<·)OoDGHoh§f�½I¾m> xNY[@jfg@PO+@CF¥O�ejh¸ByH)kRsNO�L¸FdH+crc=fgLNelh]@lf[LNH+YR½I¾m>
xNY[@jfg@PO+@CFdc=fgLNejfRL�e p H�fgLNH)cgelk5H�h§sNkRB.H+Y=@liKfg@lfgelF�k)Hoc[cgejuCH+cRBEsEf�k5@CY[H)Y[@CsNhEJNc+zUKLNDGc�DGc�B.H+O+elsNc[H_f[LNH_hN@PJNHoc�c[x.H+hNJ8FdH+c[c9fgDGk5HqW�elD}fgDdhNu"it@CY9@lfgLNHoY�k5H+c[c[eluCHoc�ByH<it@CY[H
c[HohNJNDGhEu5f[LNH+DdYK@�Wqh³z

•
%! #�#"$�'�r�%*�'��. .N
B��D.)( UKLEDGc�DGc_f[LNH�fg@lfgelF�h§sNkRB.H+Y�@li9k)Hoc[c[eluCH+c)\tsNhNDGO+elcrfI@CY
BNY[@CelJNO�ejcrf�a�H��nO�L�elhNuCHoJADdh�fgLEH_hNHof|W9@CYrZ�fg@�JNHoY[D p H`f[LNHmuCY[@lsNx�ZlH<vCz�¹�@CY�kRsEFdfgDdxNFGH�¤LN@Cx ejJ]LN@PO)hEHof|W9@CY[Z§c+��f[LNH5JNDGcwfgDGhEOofgDd@Ch ByH<f|W�HoH+h sNhNDdO�elcwfRejhNJ]BNYr@�elJNO+elcrf"k)Hocw¤
cgelulH+c"Ddc=Ddk)x.@CYwf�elh�fIelc�fgLNH)F�ejfrfgHoYIO+elh]B.H�k"sNO�L]k5@CY[H5H+hEH+Y[ujv Oo@ChNcrsNk)DdhNu]\tit@CY
fgLNHmWqLN@lFGH�hNHof|W9@CYrZEa�fgLNelh�fgLNHmit@CYrk)HoY+z
•
%! #�#"$�'� �%��+*/� �+�,�����- 
_�- ���#.78 >`FGF-�`D}·)H�¤�±bH+FGFdk�ejh]B�elcrH+J�½I¾m> xNY[@lf[@nOo@CFGc
Y[Ho¦PsEDGY[HIeRh§sNkRB.H+Yq@liXk5@nJEsNF�elY9H<�nx.@ChNH+h�f[D�ejf[DG@ChNc�f[@0ByHmx.H+Ywit@CY[k5H+J�B�v�H+elO�LAxNelYw¤
fgDdO+DGxNelh�f�z/.bHoF�ejf[D p H�fg@TelFGFjO+YrvPxEf[@CuCY[elxNLNDdO�@lxyHoYgejf[DG@ChNco��ebk5@nJEsNF�elYy@Cx.H+Yge�fgDG@lhIDdc�fgLNHk)@lcrfTO+@Ck5xNsEfgejfgDd@Ch�elFdFdv)DGh�fgHohNc[D p HR@Cx.H+Y[ejfgDd@ChAelhNJAf[L§sNc_uCD p H+cTe�uC@P@PJADdhNJNDGO+ejfgDd@Ch@li~f[LNH�O+@Ck5xNsEfgejfgDd@Ch�elF.O+@lcrfqit@CYKH�ejO�L£hN@PJNHlz

0 @Ck5kRsNhEDGO�e�fgDG@lh`O+@lcrfgc;cwfgDGFdFjYrH+k)elDGhTfgLNH¥O+YrDdf[DGO�ejF�i elO<fg@CYyit@CY�O�LN@P@Cc[DdhNuKH+hEH+Y[ujv§¤¨Ho·5O+DdH+h�f
xEY[@lf[@nOo@CFGc�it@CYIk)@Ccwf�elJ]LN@nO)hNHof|W9@CYrZPcoz®>¶k5@nJEsNF�elY�H��Ex.@ChNHoh�fgD�e�fgDG@lh°\tWqLEDGO�L¸Ddc"k5@Ccrf
H<·5O+DGHoh�fgFdv)JN@ChEHmsNc[DdhNuRH+FdFGDdxEfgDdOTOosNY p HmO+YrvPxEf[@CuCY[elxNL�vEa�O�elh8B.H_xyHoYrit@CYrk)HoJ�DGh�e"itH<WºfgH+hEc
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S��nx.@)x.H+Y
Ui

?AHoc[cgejuCH+c ��Y[@CelJNO�ejcrfgc .q@CsNhNJEc
{|U � � ���C���

m m(m− 1)
�

m− 1½ �_±Izd�)� �C�����
i + 1 2(m− 1)

�
2(m− 1)½ �_±=z : �}�l���E�������

i + 1 m− 1
�

m½ �_±Iz > � �C����� >
2m− 3

:
m + 1¬XH+YrY[DGu�� �������

log2 m + 1 m m− 2 log2 m�`sEfrf�e�� �l�j�
log3 m m m log3 m

U3elBNFdH �Ezd� 8 0 @Ck)xNelY[Ddc[@Ch8@li3hN@Ch8O+@lhNcrfgelh�f`Yr@CsNhNJNcT½�¾m> xNY[@lf[@nOo@CFGc
S~�nxy@5x.H+Y

Ui

?�H+c[c[eluCHoc ��Yr@�elJNO+elcrf[c .q@CsNhNJEc ¯PfgYrsNOof[sNY[H ¹V¯
©_Oof[@CxNsNcI���C�j� �

3m− 4
� � ±qvnx.H+YrO+sNB.H ��H+c

� � ��� ���P�����E�+� >
2m m

: .qDGhNu ��H+c
� 0 S¥¬ �������

2† 2m
� : QT@ChEH Qb@

0 ejfgelF�ejhN@8� ���l�
m + 1 2m

� : QT@lhNH ��H+c
¾ �,��� ��� : �

3 2m 2m
: .qDGhEu ��H+c

Q`¾	� � �}���
�j�
2‡ m 1 2

QT@ChEH ��H+c
¯nU . � ���C�n����� > �

(m− i)∗ m 1
: ¯nZlH<W�HoJ£fgYrH+H ��H+c

©_sNYrc"\t>b½ �`±_a
2∗∗ m 1

: QT@ChEH ��H+c

†
8
m
H��Ex.@ChNHoh�fgD�e�fgDG@lhNc�it@CY�fgLEHIBNelc[HIcrfgejfgDd@Ch�z

‡
8
m + 1

H<�nxy@lhNH+h�fgDGejfgDd@ChNcqelhEJAk�¤��mDdh p H+Yrc[HIO�elFdO+sNFGejfgDd@ChNc9it@lY�fgLNH�x�elYrH+h�fbhN@PJNHlz
∗
8�� x8fg@

2m
H<�nxy@lhNH+h�fgDGejfgDd@ChNcKit@CY�f[LNH�c[x.@ChNc[@lYbhE@nJNHjz

∗∗
8
m
H��Ex.@ChNHoh�fgD�e�fgDG@lhNcKit@CY�fgLNH�FdH�elJNHoY+z

U3elBNFdH �Ez : 8 0 @Ck5x�elY[Ddc[@Ch8@li3O+@lhNcrfgelh�fTYr@CsNhNJ£½�¾�> xEY[@lf[@nOo@CFGc

@jiVk)DdFGFdDGc[HoO+@ChEJNcK@ChMk5@CcrfTx�elFdk"fg@lxNc+�¡WqLNH+YrH�elc`k)Hoc[cgejuCH"xNYr@Cx�eluCejfgDd@ChADdh£kRsEFdfgD ¤|LN@lxAejJ
LE@nO0hNH<f|W�@CYrZ§cRO�elh ByH5H�ejc[DGF}v®@li9fgLNH5@CY[JEH+YI@li�itHoW�c[H+Oo@ChNJNc"elhNJ L�elcIH+hNHoY[ulv DGk5xNFdDGO�e�¤
f[DG@ChEc3it@CY�k"sNFdf[DGxNFdH9hN@PJNHocVDGhRfgLEH�hNHof|W9@CYrZ.zV>TcVO�elh0B.HKc[HoH+h0DGh�U3elBNFdH �Ez}�C�Ck5@CcrfVH��nDGcrf[DGhNu
½�¾m> xNY[@jfg@PO+@CFdcKY[H+¦§sNDdY[H

O(m)
Y[@lsNhNJNcb@li�Oo@Ck5kRsNhNDdO�ejf[DG@Ch�it@lY

m
x�elYwfgDGOoDGx�ejh§f[cKDGh�fgLEH

xEY[@lf[@nOo@CF^zR¯nsNO�L xNY[@lf[@nOo@CFGc`JN@8hN@lf�c[O+elFGH�W9H+FdF�DGh elJ¢LN@PO�hNHof|W9@CYrZPcoz�S p H+h¢fgY[HoH<¤¨B�elc[HoJ½�¾m> xEY[@lf[@nOo@CFGc;WqDdf[L
O(logm)

Y[@lsNhNJNc3O�elh�B.H�¦§sND}fgH�JEH+k)elhNJNDdhNuTit@CYXk5H+JNDdsNk fg@_FGelY[uCH
crD10oH+J elJ¢LN@PORhNHof|W9@CYrZPcoz0UKLNH+YrHoit@CYrH5Oo@ChNcwf�elh�fr¤¨Y[@CsEhNJ¢xNY[@lf[@nOo@CFGc_elY[H�B.HofrfgH+YmcrsNDdf[H+J®it@CY
ejJ�LE@nO�hNH<f|W�@CYrZ§c+z
>Tk)@ChEu=fgLEH`O+@lhNcrfgelh�fKY[@CsEhNJ�xNYr@lfg@PO+@CFdc_\tc[HoH_U~ejBNFGH �Ez : a<�E©mO<fg@CxEsNc_���C�j��� � � � �}���E�o�

ejhNJI¾ �,�A�}��� : ��YrH+¦§sNDGYrH¥c[x.H+O+DGelFC@CYrJNH+YrDGhNuK@jinf[LNHVx�elYwfgDGOoDGx�ejh§f[c+z;UKLNDdcXYrH+crsNFdf[c�DGh�k)Hoc[c[eluCH+c
crH+h�f3B§v�cr@Ck5H�xNelYrf[DGO+Ddx�elh�fgc;B.H+DdhNuqJNH+x.H+hNJEH+h�f�@Ch�fgLNejfX@liN@lf[LNH+Yrc+z3{|h"c[sEO�LReqO�elcrHl�ji ejDGFGsEY[H
@ji¥e�c[DdhNuCFdH=hN@PJNH=O�elh®@li»f[H+hMLNelFdfbfgLNH=xNY[@jfg@PO+@CF�zTUKL§sNc_crsNO�L¢xNY[@jfg@PO+@CFdc`elYrH"hN@jf_Y[@lBNsNcrf
HohN@CsNulL£fg@�elJ�elxEfTW�HoFGF;fg@5fgLNH=JEvPh�elk5DGc[k @liVelJMLN@PO=hEHof|W9@CY[Z§c+z`UKLNH � 0 S¥¬ºxNY[@lf[@nOo@CF
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�������~Ddh p @CF p H+c`e�B�elcrH"crfgejfgDd@Ch��.elhNJAi elDGFdcqf[@�xNYr@ p DdJNH=it@lYrW�elY[JAc[H+OoY[HoOovMD}i�fgLEH"FG@lhNuj¤¨f[H+YrkcrH+OoY[Hof5@liqf[LNH8B�elc[H�cwf�ejf[DG@Ch Ddc�Y[H p H�ejFGH+J³z¸UKLNH ��Y[Hoc[cr@Ch�ejhNJ 0 ejf�elFGelhN@MxEY[@lf[@nOo@CFm���
�j�Ddc"Oo@Ck)xEsEf�ejf[DG@ChNelFGF}v®JNH+k)elhNJEDGhNuMWqD}fgL
O(m)

H��nxy@ChEH+h�fgDGejfgDd@ChNc"it@CY"H�elO�L¼x�elYwfgDdO+DGxNelh�f�z
>ThN@lf[LNH+YmJNY[e�WqB�elO�Z¢DGc_f[L�ejf�Ddi9elh�v®xNelYrf[DGO+Ddx�elh�f 2�cmk5H+c[c[eluCH0DGcmFd@Ccrf�DdhMfgLNH���YrcrfIY[@lsNhNJ��
f[LNHKWqLN@CFdHTxNYr@lfg@PO+@lFNDGc¥BNYr@CsNuCL�f�fg@=eIL�ejFdf��§ejc�f[LNHTcrH+OoY[Hof�c[L�ejY[DGhEuIcrO�LNH+k5H`Ddk)xEFGDGHocVelFdF

mOo@Ch�fgYrDGBNsEf[DG@ChEc_elYrH�Y[H+¦§sNDdY[HoJ¢f[@�O+@Ck5xNsEf[H"fgLEH�ZlHovlz"UKL§sNc�@ChNF}vAf[LNH�xNYr@lfg@PO+@CFdc_QT¾ � �
ejhNJA¯nU . \ JNHoc[OoY[DGB.H+J�B.H+FG@�W DGh�JNH<f�elDdF»a9crH+H+k f[@0ByH�sNc[elBNFGH�Ddh�?A>_QTS¥UXc+z
%&� � 
 � ���
��� 8 UKLNHI@CY[DduCDGhNelF�x�elx.H+YqxNYr@Cx.@Cc[HocTfgLEDGcqxNY[@jfg@PO+@CF�it@CYbelJALN@nO�hNH<f|W�@lY[Z§c

Oo@Ck5xy@CcrH+J�@ji;JNH p DGOoH+c�WqD}fgL�sEhNH+¦§s�elFyO+@Ck5xNsEfgejfgDd@Ch�elF¡x.@�W�HoY[c+z¥{|h�f[LNH`��YrcrfKYr@CsNhNJ³�nH+elO�LxNelYrf[DGO+Ddx�elh�f
Mi

sNhNDdO�elcwfgc�D}fgc0O+@lh§f[Y[DdBNsEfgDd@Ch
gri, i ∈ [1, n − 1]

f[@]e¢�E�nH+JªhN@PJNH
Mn

�
O+elFGFdH+J�f[LNH�x�elYrH+h�fqhN@PJNHlz¥UKLNH�x�elYrH+h�fqhN@PJNH�O�LN@P@Cc[HocbY[elhNJN@lk

r
elhEJ

rn

elhNJ8O+@lk)xNsnfgH+c
w = gr

�
xn = grrn

ejhNJ
xi � (gri)r

it@CY�H�ejO�L YrH+O+HoD p H+J gri
z¼{¨f0BNY[@CelJNO�ejcrfgc

w
elhEJ�

xn∗Πj 6=ixj � i

z3UKLNH�ZlH<vRDdc3JNHoY[D p H+JRitYr@Ck Πixi

z3UKLEH�xNY[@jfg@PO+@CFPY[Hok�elDdhNc3eTBND}f�H<�nx.H+hNcrD p HOo@Ck5xNsEf�e�fgDG@lh�elFGF}v0O+@Ck5x�elYrH+J�fg@�f[LNH�xNY[@lf[@nOo@CF³f[L�ejfqWqDGFdF³B.HIJEH+c[OoY[DdByHoJADdh8f[LNDGcKO�LNelxEfgHoY+z
4�� � � ���C�P�;��� > � 8 UKLEDGcbxNY[@lf[@nOo@CF�W�ejcTxNYr@Cx.@Cc[HoJMB�vM¯§fgH+HoY TWXd[��
	 Ddh]� ���C���Xit@lYbcwf�ejf[DGO

ulY[@CsNxEc+z ¬3HoY[Y[Ddu TWXi[��
	 xNY[@Cx.@CcrH+J´xNY[@PO+HoJNsNY[Hoc�f[@ LNelhNJNFdH®uCY[@CsExµO�L�ejhNuCH+c�DGh�� ��� > �^z
>TFdf[LN@CsNuCL8fgLEDGcbxNY[@lf[@nOo@CF;L�elcbhN@lfTByHoH+hMOoDdf[H+J®elcTe)Oo@ChNcwf�elh�f_Yr@CsNhNJ£xNY[@lf[@nOo@CF�fgDdFGF�hN@�W��
W9H�H<�nxNFGelDGh®LEH+Y[H�Ddh®JNHofgelDGFXWqL�vMfgLNDdc_xNYr@lfg@PO+@CF3DGc_DdhNJNHoH+J e�O+@ChNcwf�elh�f�Yr@CsNhNJ¢xNYr@lfg@PO+@CF�z
{|h0fgLEHq�NY[crf�Yr@CsNhNJ��§H+elO�L�x�ejYrfgDdO+Ddx�elh�f

Mi

BNY[@CelJNO�ejcrfgc¥D}fgcVO+@lh§f[Y[DdBNsEfgDd@Ch
gri
\�elFdc[@�Z§hN@�Wqh

ejc�Ddf[c�BNFGDdhNJNHoJ�ZlHovEa�z9{|h�f[LNHmc[HoO+@ChNJ�Y[@lsNhNJ���eRZjHov�¤¨f[Y[HoH=ejcKc[LN@�Wqh�DGh8¹~DduCsNY[H �Ez}�_WqLNH+YrH
H+elO�L�FdH�eji³hN@PJNHTYrH+xNYrH+crH+h�fgcKeIx�elYwfgDGOoDGx�ejh§f¥Ddc¥O+@ChNcwfgYrsNOof[H+J�sNcrDGhNuIx�elYwfgDGOoDGx�ejh§f�{ �`c9@CYVfgLNH
p elFdsNH�@ji.f[LNH�Oo@Ch�fgY[DdBNsEf[DG@ChNcoz~UKLNHKhE@nJNH�DGh"f[LNHKBy@jf[fg@lk0¤¨k)@Ccwf���FGH<i»fr¤¨k)@Ccwf�x.@Cc[D}fgDd@Ch"Ddh"fgLNHf[Y[HoHbDdcVO�elFdFGHoJRfgLNHqc[x.@ChNcr@CY+z~UKLNHTcrxy@lhNc[@CY¥hN@PJNHKBNYr@�elJNO+elcrf[cVfgLNHqc[H<f�@ji³BNFdDGhNJEH+J�ZlH<vPc9it@CY
ejFGF³f[LNH�DGh�fgHoY[k5H+JNDGejfgHmhN@PJNHocTsNxnfg@0fgLNH�Y[@P@lfbhN@PJNHlz9¹�@CY�fgLEH=O+elc[HIc[LN@�WqhADGhA¹~DGuCsEY[H �Ez}�C�
f[LNH_BNYr@�elJNO+elcrf�k)Hoc[c[eluCH_Ddc

{gr1, gr2, gr3, gr4
�
ggr1r2

�
ggr3.gr1r2

}
z�UKLNHmuCYr@CsNx�ZjHov�Ddc

K �
gr4.gr3.gr1r2 z"¬~elYwfgDGOoDGx�ejh§f

Mi

L�elc_fg@8x.H+Ywit@CY[k
m − i

H��Ex.@ChNHoh�fgD�e�fgDG@lhNcmH<�nO+HoxEfIit@CY`fgLEH
crxy@lhNc[@CY9WqLNDGO�L8L�elc9fg@�O+@lk)xNsnfgH

2m
H��nxy@ChEH+h�fgDGejfgDd@ChNc+z~UKLNHmxNY[@jfg@PO+@CFyF�elO�Z§cKeRxNYr@n@ji;@li

crH+OosNY[D}f|v8elu�elDdhNcrfbejOofgD p H�elJ p H+YrcgelYrDGHoc+z
��@jfgLªfgLEH+c[H®xEY[@lf[@nOo@CFGc�elY[HMOo@Ck5xNsEf�e�fgDG@lh�elFGF}v k5@CY[HAH<�nxyHohNc[D p H¢O+@lk)x�ejY[H+Jªf[@¸fgLNHxEY[@lf[@nOo@CF³fgLNejfKWqDGFdF³B.HIJEH+c[OoY[DdByHoJADdh8f[LNDGcKO�LNelxEfgHoY+z
UKLNH�Oo@Ch�fgY[DdBNsEf[DG@ChNcK@ji3f[LNDGcKO�L�ejxEfgHoY`elYrH_fgLNHmit@CFdFG@�WqDGhEu 8

•
elhAelsEf[LNH+h�fgDdO�ejf[H+J�JEvPh�elk5DGOmuCYr@CsNx8ZlH<v�eluCYrH+H+k5H+h�fbxNYr@lfg@PO+@CF³DGcKY[HoO�elFdFGHoJ¢� �C���^�

•
fgLEH5k5H+O�LNelhNDGcrk)c_f[L�ejf�kRsEcrf�B.H5sEc[H+J DGh¢e�?A>`Q`SVU#f[@�Ddk)xEFGH+k5H+h�fTfgLNDdcmuCY[@CsEx
ZlH<v£ejuCY[HoH+k5H+h�fqxNY[@jfg@PO+@CF�ejY[H�JNH+crO+YrDGB.H+J��

•
e�xNYrH+OoDGc[H=crf[sNJEvA@li�fgLEH"O+YwvPxEfg@CulYgelxNLEDGOIx�elYgejk)H<fgH+YrcTf[L�ejfbfgLNDdcTuCYr@CsNxMZjHov£eluCYrH+H<¤
k)Hoh�fTxEY[@lf[@nOo@CF�kRsNcwfbsNc[H�DGh�f[LNH�O+@Ch�fgH��Pf`@li~elh�elJ�LN@POmhNHof|W9@CY[Z�DdcKO�elYrY[DdH+J8@CsEf+z
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gr4

gr3

gr2

ggr3.gr1r2

M1 M2

M3

M4

ggr1r2

K = gr4.g
r3.g

r1r2

gr1

¹~DduCsNY[H �nzd� 8 UKLEH"¯PU . ¬¥Yr@lfg@PO+@lF
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� �+Z����� �'�-��( ¯nsNxExy@CcrH0hNHoW#x�elYrf[DGOoDGx�elh�f[c+�
U9

elhNJ
U10

�r@lDGhMfgLEH�uCY[@CsEx @ji
U1

�
U2

�
U4

elhNJ
U5

WqD}fgL®fgLEH+DGYmOo@Ch�fgYrDGBNsEf[DG@ChEc
gr9

elhNJ
gr10

YrH+crxyHoOofgD p HoFdvCz0UKLNHoh f[LNH0xNY[H p DG@CsNculY[@CsNxAFGH+elJNH+YR\
U1

aqO�L�elhNuCHoc_Ddf[cTcrH+OoY[Hof`fg@
r
′

1

elhNJMcrH+hNJNc
gr

′

1

�
gr2

�
gr4

�
gr5

�
gr9

�
gr10

fg@
U10

\ cge�v�f[LNHqhNHoW°ulY[@CsNx5FGH+elJNHoY�a<z
U10

uCH+hEH+Yge�fgH+c9e�hNHoW°crH+OoY[Hof
r
′

10

elhNJ5BNY[@�ejJNO�elcwfgc¥fgLNH
it@lFGFG@�WqDdhNu�k)Hoc[c[eluCH=f[@�fgLEH"uCYr@CsNx 8 �

gr
′

1

�
gr2

�
gr4

�
gr5

�
gr9

�
gr

′

10
r
′

1

�
gr

′

10
r2

�
gr

′

10
r4

�
gr

′

10
r5

�
gr

′

10
r9 � z¥>`hEJ�f[LNHmhNHoW ZlHov8Ddc gr

′

10
(1+r

′

1
+r2+r4+r5+r9)

z

� � � �'� ����� 
_�-�A �- �+� ( �ºLEH+h8x�elYwfgDGOoDGx�ejh§f[c�FGH+e p HmfgLNHmulY[@CsNx³�EfgLNH<v�c[HohNJAe � 578 k)Hocw¤c[eluCHj�Pf[LNHTulY[@CsNx5FGH+elJNHoY9O�L�ejhNuCH+c9Ddf[c�crH+OoY[Hof�O+@Ch�f[Y[DGBEsEfgDd@Ch�ejhNJ�crH+hNJNc�elh ;N� � .b@lsNhNJ >
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1

∀i ∈ J , ri
r
← [1, q − 1], Ni

r
← {0, 1}k

�
Ui

B
−→M : {msgi = {

� :U;=%
, Ui, Ni, g

ri}, σi}���  �#!
2

∀i ∈ J , if(VPKi
{msgi, σi} == 1) rl

r
← [1, q − 1], l′

r
←M∪J

Ul −→ Ul′ : {msgl = {
� � 57� 8 �

, {Ui, Ni, g
ri}∀i∈M∪J }, σl}���  �#!

3

if(VPKi
{msgl, σl} == 1), l← l′, rl

r
← [1, q − 1],M←M∪J

Ul
B
−→M : {msg2

l = {
� � �6:<;=�

, Ul, Nl, {Ui, Ni, g
ri, grirl}i∈M\{l}}, σ

2
l }� ��� �*�+� �  /�A
_�- �+�

if(VPKl
{msg2

l , σ
2
l } == 1)

elhEJ
gri
elhNJ

Ni

elYrHIelcqO+@Ch�fgYrDGBNsnfgH+J
Key = grl(1+

P

i∈M\{l} ri)

U3elBNFGH �nz � 8 �l@lDGh��C?�H+Y[ulH

FdDGZjH`k5H+c[c[eluCH`f[@RfgLNH`uCY[@CsEx��E@Ck5DdfrfgDdhNuIf[LNHmFGH+e p DdhNuRx�ejYrfgDdO+Ddx�elh�fgcN2nOo@Ch�fgY[DdBNsEf[DG@ChNcoz$.qHoitH+Yf[@0U~elBEFGH �Ez ��elhNJ�ByHoFG@�Wµit@lYqelhAH��Eelk)xEFGHlz
¯nsExNxy@lc[H�ebx�elYwfgDGOoDGx�ejh§f+�

U2

��FGH+e p H+c3fgLNH�uCY[@lsNx"@li U1

�
U2

�
U4

�
U5

�
U9

elhNJ
U10

z3UKLNHoh
f[LNH_FdH�elJNHoY+�

U10

O�L�ejhNuCH+cKD}fgc�crH+OoY[HofKf[@
r
′′

10

elhNJ�BEY[@�elJEO�elcwfgc
{gr

′

1

�
gr4

�
gr5

�
gr9

�
(gr

′

1)r
′′

10

�
(gr4)r

′′

10

�
(gr5)r

′′

10

�
(gr9)r

′′

10}
fg@0fgLNH�uCYr@CsNx�zV>ThNJ8fgLNH�hNH<W ZlH<v8DGc

gr
′′

10
(1+r

′

1
+r4+r5+r9)

z

���  #� !
1

∀i ∈ D, Ui −→ Ul : {msgi = {
�=5 8

, Ui, Ni}, σi}���  #� !
2

∀i ∈ D, if(VPKi
{msgi, σi} == 1), rl

r
← [1, q − 1],M←M\D

Ul
B
−→M : {msgl = {

� � �=: ; �
, Ul, Nl, {Ui, Ni, g

ri, grirl}i∈M\{l}}, σl}� ��� � �+� �  /�A
_�A��+�

if(VPKl
{msgl, σl} == 1)

ejhNJ
gri
elhNJ

Ni

ejY[HIelcqO+@Ch�f[Y[DGBEsEfgHmJ
Key = grl(1+

P

i∈M\{l} ri)

U3elBNFGH �nz � 8 �TH+FGH<fgH �l¬~elYwfgD}fgDG@lh
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{|h�fgLEH�it@CFdFG@�WqDGhEu�W�H�elY[H¥O+@lhNc[DdJNH+YrDGhNuTebk"sNFdf[D}¤|LE@Cx�elJ"LE@nO¥hNH<f|W�@CYrZ¡z �]H9elYrH�hE@lf�ejc[c[sEk0¤
DdhNu�elh�v�x�ejYrfgDdO+sNFGelY�xNYr@Cx.H+Yrf|vR@liyf[LNHqY[@CsnfgDGhEuIxEY[@lf[@nOo@CFEWqLNDdO�L)HohNc[sNYrH+c¥fgLNHqOo@ChNhNHoOofgD p Ddf|v@ji�f[LNH0hNHof|W9@CYrZ.z � H0O�elh sNc[H0YrH�elO<fgD p H0xNY[@lf[@nOo@CFGc_elcm>b© �K« @CY �m¯�. � �l�E�;� > �~WqLNH+YrHf[LNHROo@ChNhNHoOofgD p Ddf|vMDdc`OoY[H�e�fgH+J¢@Ch®JEH+k)elhNJMWqLNHoh]e�Yr@CsEfgH"DGc`hEH+H+JEH+J�z �]H�O+elh¢elFGcr@�sNcrHxEY[@�elO<fgD p HRxNYr@lfg@PO+@lFGcmelcI© �X¯ .#@lY_U � .b¬�¹ � � �n���l�j��WqLNHoY[H0crvPhNO�LEY[@ChN@lsNc=xNelO�ZlH<fgcIelY[HsEc[H+J¸f[@£k)elDGh�fgelDGh¢fgLNH)Z§hN@�WqFGH+JEuCH�@liKf[LNH)f[@Cxy@lFG@Culvlz � H)WqDdFGF�elcrc[sNk5H)f[L�ejf"W9H�L�e p He¢BNYr@�elJNO+elcrf5k5H+O�L�elhEDGc[k fg@���@n@PJk)Hoc[cgejuCH+c0WqDdf[LNDGh fgLEHAejJ�LN@PO8hNHof|W9@CY[Z¡z � H�elY[H
hE@lf�elcrc[sNk5DGhEu£fgL�e�fRfgLNDdc���@P@PJNDGhNu£k)HoO�L�elhNDdc[k DGc"YrH+FdD�elBNFdHl�3BNsEfRW9H8elc[crsNk5H�fgL�e�fRfgLNH
hEHof|W9@CY[Z0DGc�O+@lhNhNH+O<fgHoJ8elhNJ)f[L�ejf�fgLNH���@P@nJNDdhNu�k)Hoc[c[eluCH+c9��h�elFdFdvRYrH�elO�L8ejFGFNfgLEHThN@PJNHoc�DGh
f[LNH�hNHof|W9@CYrZ��oz
>�ZlH<vAx.@CDdh§fbDdhAfgLEHR½�¾m>�xEY[@lf[@nOo@CF;JNH+crO+Y[DdByHoJMelB.@ p H=DGcqfgLNHIH<�nDGcwfgHohNO+H=@li¥e)ulY[@CsNxFdH�elJEH+Y+zVUKL§sNcbDdfqDdcKhNH+OoH+crcgelYwv�f[@0L�e p H=e5Yr@CBNsNcwfTk5H+O�LNelhNDGcrk f[@)HoFGH+O<fqc[sNO�L£e5FdH�elJEH+YKDGhejhAejJALN@POmhNH<f|W�@CYrZ¡z9UKLNDdcqDGc�fgLEH��NY[crfbDdc[c[sEH�f[L�ejfKW9H=cwfgsNJnvCz

�����"�
	 � 3�#%0 �����4� ��� ����!$�4)�� 3�#%�4+,# !

>ºZjHov5Y[Ho¦PsEDGY[Hok)Hoh�f�Ddc¥f[L�ejf9elFdF�k)HokRByHoY[c¥@li�eIuCYr@CsNx)eluCYrH+Hb@Ch5f[LNHbcgelk5HquCY[@CsEx�FGH+elJNHoY+z
>c[Ddk)xEFGH¥c[@CFdsEfgDd@ChIDGc;fgL�ejfXfgLEH�uCYr@CsNx"FdH�elJEH+Y~x.H+YrDG@PJNDGO+elFGF}v`BEY[@�elJEO�elcwfgc~k5H+crcgelulH+c+z~UKLNH+crH
k5H+crcgelulH+cVfgLNHoh0c[H+Y p HTelc¥emxNY[@P@li.it@CY�hN@PJNHoc¥f[L�ejf�elYrH�WqDdf[LNDGh�YrH�elO�L5@li¡fgLNHquCYr@CsNx0FGH+elJNHoY+�f[L�ejfIe8uCY[@lsNx FdH�elJEH+YmH<�nDdcrfgc=elhNJ @Cx.H+Y[ejfgHoc=xNYr@Cx.H+Y[F}vCz � H5O+elh]crDGk5xNFdvAsNcrH5f[LNH ;=%n; �
k5H+crcgelulHm@li3f[LNH=½I¾m> xNYr@lfg@PO+@lFyfg@0JNHok)@lhNcrf[Ygejf[H�f[LNH�H<�nDGcwfgHohNO+HIelhNJ8fgLEHIOo@CY[YrH+O<fKitsNhNO<¤
f[DG@ChEDGhNuA@liKfgLNH�uCY[@CsEx FGH�ejJNH+Yoz �ºLEH+h¸fgLEH�@lfgLNHoYRhN@PJNH+c"DGh¸fgLEH�hNHof|W9@CYrZ¸Y[HoO+H+D p H�f[LNDGc
;N%&; � k5H+crcgelulH�H�elO�L Y[HoxNFGDdH+cTWqD}fgL elh ; �657�98 � k)Hoc[c[eluCH�DGhEO+FGsEJNDGhNu)fgLNHoDGY_Oo@Ch�fgY[DdBNsn¤
f[DG@Ch³z � crDGhNuIfgLNHoc[H ; �657�98 � k5H+crcgelulH+c+�PfgLNHTuCY[@lsNx�FdH�elJNHoY9JEHo��hNHocKe=ulY[@CsNx�elhNJ�crH+hNJEc
f[@�elFdF3k5H+kRB.H+Yrc_@li¥fgLEHRuCY[@lsNx¢elh ;A� �6:<;=� k5H+crcgelulHlz�UKLNH ;N%&; � k5H+c[c[eluCH�O+elh®ByH
crH+Hoh�elc�elh ;-� �6:<;=� k)Hoc[cgejuCHKWqLNH+h5fgLNHbuCY[@lsNx)Ddc¥hN@lf¥vCH<f�JNH<��hNHoJ�zV{|h)f[LNHKit@CFGFd@�WqDdhNu
W9HmWqDGFdF³@ChNF}v�sNcrHIf[LNHmfgHoY[k ;A� �6:<;=� k5H+crcgelulHlz
UKLNHoc[H ;A� �6:<;=� k)Hoc[c[eluCH+c_elY[H=c[H+h�fmx.H+YrDG@PJNDGO+elFGF}v+s.JEH+x.H+hNJNDdhNu�@ChAfgLNHRJnvnhNelk)DdO+c

@jiXf[LNHmuCYr@CsNx��Ef[LNHmuCYr@CsNx8FGH+elJNH+Y9WqDGFGFyc[HohNJ£eRhEHoW ;A� �6:<;=� k5H+crcgelulHm@CYKH<�EelO<fgFdv)fgLNH
c[elk5H�k)Hoc[cgejuCH5elc�ByH<it@CY[Hjz5{¨i9fgLNH0hNH<f|W�@lY[Z®@ChNF}vMOo@Ck)xEY[DGcrH+c�@li�fgLNH0uCYr@CsNx¢FGH+elJNHoY+��fgLNH
FGejf[f[H+Y�WqDdFGF.c[HohNJ£x.H+YrDG@PJNDGO+elFGF}v0H+k5xEf|v ;-� �6:<;=� k5H+c[c[eluCHoc+z¥{¨fKWqDGFdF³crf[@Cx8c[HohNJNDGhEu5f[LNDGc
k5H+crcgelulHqWqLEH+h�e�hN@PJNH��r@CDGhNcVD}fgc¥hNH<f|W�@CYrZ�B�v0Y[H+xEFdvPDGhNu�fg@�D}fgc ;-� �6:<;=� k)Hoc[c[eluCHqWqDdfgL
ejh ; �657�98 � k5H+c[c[eluCHjz´UKLEHMk)HoO�L�elhNDdc[k f[@]H+FdH+O<f�e ulY[@CsNx FGH+elJNH+Y5c[Ddk)xEFdv¸it@CFdFG@�Wqc
 "!$#&%'#)(+*-,/.0(1,�2/34*05".76/89*78+:02<;=8>8@?@#A?�%'#)2B2B(DC+#A2FEHGJIKIML=*=(+IJIK3-6B#)(+5".N(DIKIM,/.7#O*78@?@#A2�GJ*�,/.=#&*7#P,�EF8+6BQ

#SR+#)*�GJTU,/.7#)6/#&(D6B#O%'#)2B2/(+C+#)2�IK892B2V#A2
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itYr@Ck f[LNH xEY[@Cx.H+Ywf|v°fgL�ejf+�_DGhµe¼hNHof|W9@CY[Z°WqD}fgLµeuCYr@CsNxµFGH�ejJNH+Yo�_xyHoY[Dd@nJNDdO®k)Hoc[c[eluCH+c
ejY[H�BNYr@�elJNO+elcrf5B�v¸fgLEH�ulY[@CsNx¼FdH�elJNHoY0elhNJelYrHl��DGh¼xNY[DdhNO+DdxNFGHj�VY[HoO+H+D p HoJ�B�v¸fgLEH�ulY[@CsNxk5H+k"ByHoY[c+z {¨iTe¢hE@nJNH�JE@nHoc�hN@lf0Y[HoO+HoD p H�eMk5H+crcgeluCH�it@CYRe®�n�EHoJ x.H+YrDG@PJ¸Um�VZ§hN@�Wqh�exEY[DG@lY[D³B�v�f[LNH�hNHof|W9@CY[Z�hE@nJNHoc+��fgLEDGcKhN@PJNH�c[H<fgcTe5Y[elhNJN@Ck fgDGk5H+Yoz�>�fqfgLNH�H��ExEDGYge�fgDG@lh�@ji
f[LNDGc_f[DGk5H+YmejhNJ D}i�hE@ ;A� �6:<;=� k5H+crcgelulH5LNelc�ByHoH+h]YrH+OoH+D p H+J k)H+elh�WqLNDGFdHl��fgLEH5hE@nJNHB.H+Oo@Ck5H+cKfgLNH�uCYr@CsNx8FGH+elJNHoY+zV{¨fqfgLNHohAcrH+hNJEc`elh8Hok)xEf|v ;A� �6:<;=� k5H+crcgelulHlz
UKLNHoY[H)k�e�v®B.H�e8O+@lFGFGDdc[Dd@Ch®@Ch ;A� �6:<;=� k5H+crcgelulH+c"D}i9f|W9@MhN@PJNHoc=@CY�k5@CY[H0L�e p HcrH+FdH+Oof[H+J¼fgLNH�cgejk)H p elFdsNH�it@CYRfgLEH+DGY0Y[elhNJN@Ck fgDGk5H+Yoz¸{|hc[sNO�L�e O+elc[Hj�9fgLEH+Y[H�k)e�v]ByH

;A� �6:<;=� k5H+crcgeluCHoc�uCHohNH+Y[ejfgHoJ�B§v0f|W9@�\ @CY�k5@CY[H�a¥uCYr@CsNx)FGH�ejJNH+Yrc+zVUX@Rc[HoFGH+O<fKe"ulY[@CsNx
FdH�elJEH+Y+��W9HRO�ejh£sNcrH�elJNJND}fgDd@Ch�elF�YrsNFGHoc+zbUKLNH=�NY[crf`Y[sNFdH=Ddcbf[L�ejfbWqLNH+h¢e5uCY[@lsNx£FdH�elJNHoYT>
YrH+OoH+D p H+c¥elh ;A� �6:<;=� k)Hoc[c[eluCH�itYr@Ck�e_uCY[@CsEx�FGH�ejJNH+Y �]WqLNDGO�L�L�ejc¥e`c[k)elFGFdH+YX{ ��fgL�ejhD}fgcX@�Wqh�{ �"�jf[LNH�uCYr@CsNxRFdH�elJNHoY3> �rsNcrf~crfg@lxNc�c[HohNJNDdhNu_Ddf[c~x.H+YrDG@PJNDGO�k)Hoc[c[eluCH+coz~UKLNHKulY[@CsNx
k5H+k"ByHoY[c�fgL�ejf=WqDGFdFVY[H+OoH+D p H�x.H+YrDG@PJNDGO0k5H+c[c[eluCHoc=itY[@lk k5@CYrH5f[L�elh f|W9@®uCYr@CsNx]FdH�elJEH+Y[cWqDdFGFN@lhNFdv�Oo@ChNcrDGJNHoY�f[LNHTk5H+crcgelulHTDdc[c[sEH+J�B�v�fgLEH`uCYr@CsNx5FGH�ejJNH+YVWqDdf[L)f[LNHTcrk�ejFGFGHocrf¥DdhNJNH<�yz
UKL§sNc5Ddi`elh ;-� �6:<;=� k)Hoc[c[eluCH8c[LN@�WqDdhNu]e®FGelY[uCHoY�{ � f[L�elh e¢xEY[H p Dd@CsNc[F}v Y[HoO+HoD p HoJ
;A� �6:<;=� k)Hoc[cgejuCH®DGc�YrH+OoH+D p H+J��TfgLNHoh´f[LNDGc�k5H+crcgelulH®DGc�c[Ddk)xEFdvJNDGcrO�elYrJNH+J´elhEJ´hE@
; �657�98 � k5H+c[c[eluCHRDdc_DGcrc[sNHoJ�z"©mhMf[LNH�O+@lh§f[YgelYwv£D}i�elh ;A� �6:<;=� k5H+crcgeluCH"c[LN@�WqDGhEu
e�crk�elFdFGHoY�{ ��DdcKY[HoO+H+D p HoJ�f[LNH+h�fgLNH�hN@PJNHmDGcrc[sNHoc`e ; �657�98 � k)Hoc[cgejuCHlz
>ThN@lfgLEH+YmDGcrc[sNH0Ddc_LN@�W#f[LNH)½I¾m>�xNYr@lfg@PO+@lF3f�ejZlH+cIDGh�f[@8elO+Oo@CsNh�f�fgLNH�JEvPh�ejk)Ddc[k @ji

ejh0elJ0LN@nOKhEHof|W9@CY[Z¡z¥¹�@CY�DdhNcrfgelhNO+Hbe_hN@PJNHKk)e�vRFGH+e p HKfgLNHKhEHof|W9@CY[Z"WqD}fgLN@lsEf¥ByHoDGhNu�ejBNFGHf[@)crH+hNJAfgLNHIuCY[@lsNx£FdH�elJNHoYbe)k5H+c[c[eluCHIxy@lDGh�fgDdhNu0@CsEfTDdfgcqJNHox�elYwfgsNYrH=itY[@lk¶fgLNH=hNHof|W9@CYrZ.z
UKLEDGcKDGcrc[sNH�DdcKL�elhNJNFdH+J�DGh�fgLEHIhEH<�Pfbc[sNBNcrH+O<fgDG@lh

�����"��� ����*+,3����N��� �4��� �4�,+�� �����,+*! �����43 ���6� �,�1+*#

> hN@PJNH9WqLNDdO�L"�r@CDdhNc3f[LNH�hNH<f|W�@lY[Z=WqDdFGF�YrH+O+HoD p H�fgLNH�xyHoY[DG@PJNDdO ;A� �6:<;=� k5H+c[c[eluCH9@li�fgLNHulY[@CsNx0FdH�elJNHoY+z3{¨f�WqDdFGF �rsNcrf¥L�e p Hbf[@IcrH+hNJ)e � �657�98 � k)Hoc[c[eluCHl��WqD}fgL0Ddf[c�O+@Ch�f[Y[DGBEsEfgDd@Ch��f[@ �r@CDdh�f[LNHIuCY[@CsEx�zqUKLNH"uCYr@CsNxAFGH�ejJNH+YqWqDGFdF�DGhNOo@CY[x.@CYge�fgHmfgLNDdcThEHoW O+@lh§f[Y[DdBNsEfgDd@Ch�DGh£D}fgc
hEH<�Pf ;-� �6:<;=� k5H+c[c[eluCHjz~>KOof[s�elFdFdvIfgLNHoY[HKDGc~hN@�hNH+HoJ5DdhRfgLNHKxEY[@lf[@nOo@CFnf[@mJNDd²yH+YrH+h�fgDGejfgH
B.Hof|W9H+Hoh � �657�98 � elhEJ ; � 57� 8 � z¡UKLPsEc+�³it@CYTc[Ddk)xNFdDGOoDdf|v+2 cqc[elZlHj��W�H"WqDdFGF;@ChNF}v�ZlH+Hox
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