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«�¬¸²�ª�¤~·}£f¤F¥/¦×²T°f®d¼�¤F¥�®BÁ¾ÄZ° ^ 9BN3��\ T�ò�óÚÖ�õ C óuö®÷õ E�@=;191E�>�@�DzN�E�>]� ò N�E3P_\ÊN�E ó >�EK>3TU;1RS;1EG@ÑNBP ÷ >�@m>T³
©\²Tµ!¤F®ªÕ�Õ�(.�	Õ�Ù � ³�
!£f°\¤f(Bò!ò�\^Á

ñ [�`¨ò�\T»fô ðzÁ£�"Á_[�«�»\»0§T°\®+²T°R¹ÐÞ�Á_`¨²Xª�«Ã²�®BÁ Â}¦^°\§T©\®/«�®+¹\²�ª�²
®dª/¥�£fºFª�£f¥�¤B®Ë±�§�¥ ¬¸²T®/®/«�½I¤�¹\²Xª�²ç®/¤Fª�®BÁ ÷�õ�ó�T�òµÖ 'Ö ;191Dm;1I6DFE ÷ DoIZ�Z9";1@=; ó >�@oQ�;1RS>�@�Dz�ZI5>�EKJ �#QG;"N�9?;1@�DF��?>]� ò N�Rª<�X	@=;19 Ö �ZDm;1E��1;�³,(aòTò]\^Á¾Ú�§r²T©f©0¤a²�¥aÁ#^�½T²T«�¯M¶
²�»\¯�¤~²�®��2¤B¯�¯�Ô�²�»\®�ª�¤Bº�´�Á0¥�¤F©�Á�³�Â^¤B©^ªaÁ�(aòTò]\^³�²T°\¹×²Xª
´�ª/ª�©#� Í�ÍX¼�¼�¼�Á »0¤B¯�¯M¶H¯¿²�»\®BÁ ºB§!¬ÊÍ]þa©\»fµ!«�»\»0§T°\®YÍ�ÁK^�¯�®/§^³^²
ªH¼�§T¶l©\²Tµ!¤Ë®/£f¬E¬¸²�¥/¦(§T±Eª�´f«�®×©\²T©0¤F¥×²T©f©0¤a²�¥�¤B¹þ«¿°
ÂfÛa�a^�7 òTò^Á

ñ [�`¨ð'òL��²�ôËðzÁ���ÁL[�«¿»f»0§!°f®B³0ÞwÁ]`¨²Xª�«Ã²�®B³}²T°\¹ ÓVÁ!ðz§�§T®�²T¯¿²^ÁK^�·�£R²
©^¥�§�ÀZ¤BºFª2¼1´f«Mª�¤�©\²T©0¤F¥aÁ�Ú�¤Bº�´f°\«�ºa²�¯\¥�¤B©0§T¥/ªa³���¤B¯�¯KÔ�²�»f¶
§�¥�²�ª�§T¥�«�¤B®B³�`�£f¥/¥�²B¦Éõ�«�¯¿¯:³ Õ ¤F¼ 
!¤F¥�®/¤�¦�³a�
¤FºB¤B¬w»0¤�¥(Bò!òL��Á

ñ [�`¨ð'òL�X»fôÏðzÁ���Á�[�«�»\»0§!°f®B³�ÞwÁG`¨²�ª�«¿²T®B³R²T°\¹ÊÓVÁ^ðz§�§!®�²T¯¿²}Á�åR²�®dª
«�°\º�¥�¤B¬E¤B°�ª�²T¯+¬¸²T«�°�ª�¤B°R²�°\ºB¤(§T±Ô²T©f©f¥�§aÈ^«�¬¸²�ª�¤(´\«�®d¶
ª�§TµT¥�²T¬E®BÁ�ÄZ° ^ 9"N3��\cù]ÿ]9BJ õ EG@=;19YEK>A@�DzN�EK>�� ò N�E3Po\�N�E
� ;19YV Ï >A9zTU; ÷ >�@m>*ü�>�IZ;1I�³�©\²Tµ!¤F®4ÙLb�b��UÙL�!ó�³�^"£\µ!£f®dª(Bò!òL��Á

ñ [�§�§L\Tò�ô Ä�Á,
fÁ0[�§�§}¹�Á Â}£f¥�©f¥�«�®/¤+«¿°\¹f¤FÈ^¤B®~²T°R¹Wó\¶l½T²T¯�£\¤B®BÁ��\Ö @m>A@�DFI?@�Dz�?>]� ò N�Rª<�X	@m>�@�DzN�E�>�E�J Ö DFR X��u>�@�DzN�Ef³�Õ � � ò]�_�
ò � ³¸(Bò]\!ò}Á

ñ õ�õ�ò!ò�ô ðzÁaõ
²T²T®�²T°R¹a
fÁaõ�¤F¯¿¯�¤F¥�®dª�¤F«¿°�ÁLÖ"«�©\©\¯�¤0Àd§T«�°\®�±u§T¥�§!°\¯�«�°\¤
²TµTµT¥�¤Bµ!²�ª�«�§!°�Á¨ÄH° ^ 9"N3��\ T�ò�óÚÖõ C óuö°÷�õ EG@=;19YEK>]�@�DzN�E�>]� ò N�E3Po\�N�E ó >�EK>3TU;1RS;1EG@¸NBP ÷ >�@m>T³�
!£\°f¤�(Bò!òTò^Á

ñ õ�õ"Ñ(òL�aô 
fÁ¢`×Ázõ�¤F¯¿¯�¤F¥�®dª�¤F«¿°�³jðzÁ�
^Ázõ
²T²T®B³j²�°R¹ÔõVÁ�
^Á�Ñ�²T°\µ^Á
Û�°\¯�«�°\¤Ô²TµTµT¥�¤Bµ!²�ª�«�§!°�Á�ÄH° ^ 9"N3��\ T�ò�ó Öõ C óuö®÷õ EG@=;19YEK>A@�DzN�EK>�� ò N�EsP_\.NAE ó >�E�>3TU;1RÌ;1E�@ÑNBP ÷ >�@m>T³
©R²�µ!¤B®È(r�U(2�G(3\ � ³#`¨²B¦ (Bò!ò]�}Á

ñ õ Õ Â\Âfò�Õ�ôÐðzÁ�
fÁ1õ
²T²T®B³4
fÁ"å2Á Õ ²�£\µ!´�ª�§T°�³
Â�Á"Â}¤B®/´R²T¹^¥�«:³�²�°R¹^VÁ Õ ÁRÂ�¼�²�¬E«kÁzåz«MÈf¤B¹^¶l©f¥�¤BºF«¿®/«�§T°�¤B®dª�«�¬¸²�ª�«�§T°�§T±\Àd§!«�°
®/¤B¯�¤BºFª�«�½}«MªZ¦�Á�ÄZ° ^ 9BN3��\��JùL@oQ T�ò�ó Ö VARa<�\,N�E ^ 91DoE���ZD <K�¶;1IaNBP ÷ >�@m>" ?>�IZ; Ö V�I?@=;1R I�³^©\²Tµ!¤F®4(aò]�_� � ��(!³�`¨²B¦(aòTò]Õ}Á

ñ õ Õ Â\Âfò!óXôÐðzÁ�
fÁ1õ
²T²T®B³4
fÁ"å2Á Õ ²�£\µ!´�ª�§T°�³
Â�Á"Â}¤B®/´R²T¹^¥�«:³�²�°R¹Ô'Á�Â}ª�§!Å!¤B®BÁ Âf²�¬E©\¯�«�°\µT¶l»\²T®/¤a¹þ¤B®dª�«�¬¸²Xª�«¿§T°ü§T±¸ª�´\¤
°}£\¬�»0¤F¥¾§T±w¹f«�®dª�«�°\ºFª�½!²�¯¿£f¤B®�§�±~²�°Ì²�ª/ª/¥�«�»\£^ª�¤!ÁÒÄZ°^ 9"N3��\Eù��AI?@ õ E�@=;191E�>�@�DzN�E�>]� ò NAE3P_\:N�E � ;19YV Ï >�9�TU;÷ >A@m>[üª>�IZ;1I�³R©\²TµT¤B®�Õ�(](.�	Õ �]� ³�Â}¤B©fª�¤F¬w»0¤F¥4(Bò!ò!ó}Á

ñ õ/×Û
Ú£\�\�ô ÑþÁ ¶Zú�Á1õ�§T£�³a[�ÁW×Û�B®/§a¦�§��µ!¯�£�³
²T°R¹ø�"Á�ñ~Á�Úz²�°\¤ZÀd²^Á
Â}ª�²Xª�«�®dª�«¿ºB²T¯1¤B®dª�«�¬¸²�ª�§�¥�®w±�§�¥~¥�¤B¯¿²�ª�«�§!°\²T¯�²T¯�µ!¤F»f¥�²Ï¤FÈ}¶
©f¥�¤F®/®/«¿§T°\®BÁwÄZ° ^ 9BN3��\	�r@oQ T�ò�óÚÖ VARa<�\,N�E ^ 91DFE��ZD��<K�¶;1IªNBP ÷ >�@m>" ?>�IZ; Ö VAI?@=;1RfI�³^©R²�µ!¤B® � �Ab�� � \L��³K`¨²X¥�º�´(aò�\]\}Á

ñ Ädð'òIóaô ÞwÁ�Ç�Á0ÄH§I²T°f°\«¿¹f«�®�²�°R¹ Ó�Á0ðz§�§!®�²T¯¿²}Áf�2²T¯¿²T°fºB«�°\µ�´f«�®d¶
ª�§!µ�¥�²T¬ §T©fª�«�¬¸²T¯�«MªZ¦¸²�°R¹¸©f¥�²�ºFª�«�ºa²T¯�«MªZ¦¸±�§�¥"·�£\¤F¥/¦~¥�¤�¶
®/£\¯Mª¾®/«�B¤Ï¤B®dª�«�¬¸²�ª�«�§!°�ÁÌÄZ° ^ 9"N3��\ T�ò�ó Öõ C óuö®÷õ EG@=;19YEK>A@�DzN�EK>�� ò N�EsP_\.NAE ó >�E�>3TU;1RÌ;1E�@ÑNBP ÷ >�@m>T³
©R²�µ!¤B® � Õ�Õ�� � Ù]Ù^³#`¨²B¦ (Bò!ò!ó}Á

ñ Ô Õ òIóXô Ö�Á0
^Á¯Ô�«¿©^ª�§!°Ù²T°R¹�
fÁ2å2Á Õ ²T£fµ!´�ª�§!°�ÁÌ¢�£\¤F¥/¦Ë®/«�B¤
¤B®dª�«�¬¸²�ª�«�§T°�»�¦Æ²!¹\²�©fª�«�½I¤~®�²�¬E©\¯�«�°\µ^Á
�\ ò N�Ra<�X	@=;19>�E�J Ö V�I?@=;1R Ö �ZDm;1E��1;1I�³0ó	(IÍB(aÎ1�u(3\�� � ó�³�(Bò!ò!ó}Á

ñ Ô Õ Âfò]�Xô Ö�Á�
fÁ�Ô�«�©fª�§T°�³�
fÁ^å2Á Õ ²T£\µT´�ª�§!°�³^²�°R¹S�wÁ�^�ÁfÂ^º�´\°\¤F«�¶
¹f¤�¥aÁ ð%¥�²TºFª�«�ºa²�¯+®/¤F¯¿¤FºFª�«�½^«MªH¦ ¤F®dª�«¿¬¸²Xª�«�§!° ª�´^¥�§!£fµ!´
²!¹f²T©^ª�«¿½!¤o®�²�¬E©\¯�«�°\µfÁ#ÄH° ^ 9BN3��\ T�ò�ó Öõ C óuö®÷õ EG@=;19YEK>A@�DzN�EK>�� ò N�EsP_\.NAE ó >�E�>3TU;1RÌ;1E�@ÑNBP ÷ >�@m>T³
©R²�µ!¤B®È(2�G( � ³�`¨²B¦ (Bò!ò��^Á

ñ `OÖaÔ�ò]\Xô [�Á�Â�Á#`¨²�°\Å}£�³�Â0ÁÖ�²aÀ/²�µ!§!©\²T¯¿²T°�³j²T°\¹W��Á¸[�Á�Ô�«�°R¹}¶
®/¯�¤F¦�Á ^"©\©f¥�§aÈ^«�¬¸²�ª�¤Ë¬E¤a¹^«Ã²�°\®Ô²T°R¹ç§�ª�´\¤F¥Ë·�£\²T°f¶
ª�«�¯�¤B®~«�°Ê§!°f¤+©\²T®/®~²�°R¹Ô¼1«Mª�´Ê¯�«�¬E«�ª�¤B¹�¬E¤B¬E§T¥/¦�Á�ÄZ°^ 9"N3��\ T�ò�ó Ö�õ C óuö®÷�õ EG@=;19YEK>�@�DzNAEK>]� ò N�E3Po\.N�Eó >�E�>3TU;1RÌ;1E�@¢NBP ÷ >�@m>T³!©R²TµT¤B®�Ù � b��LÙLÕ!ó}³�
!£f°\¤ª(Bò!ò�\^Á

ñ `rÂfòTò�ô ÞwÁ,`¨²Xª�«¿²T®¸²T°\¹oÇ�Á�Â^¤FµI²T¯:Á2^"©\©f¥�§aÈ^«�¬¸²�ª�¤¾«�ºB¤B»0¤F¥�µ
·�£\¤F¥�«�¤B®BÁ�Ú�¤Bº�´\°\«�ºa²�¯z¥�¤B©0§T¥/ªa³��¤B©R²X¥/ª�¬E¤B°�ª�§�±�ú2§T¬~¶
©\£^ª�¤F¥1Â}ºB«�¤B°\ºF¤!³fÚ�¤B¯^�½}«�½ � °\«�½I¤F¥�®/«MªH¦�³}Ú�¤B¯^"½^«�½0³�ÄH®d¶
¥�²T¤F¯k³K`¨²�¥�º�´6(aòTò!ò}Á

ñ ðz§�§Iò]�Xô Ó�Á�ðz§�§T®�²T¯¿²^Á kaDFI?@mN?T�9">�Rf�ª ?>�IZ;"J7;1I?@�DFR:>�@�DzN�E�@=;"�YQ��EGD��ZX�;1I�DoE JL>�@m>" ?>�IZ;1I�Á ðj´G� ª�´\¤F®/«¿®B³ � °f«�½�Á�§T±
Ñ «�®/ºB§T°\®/«�°f¶*`¨²!¹^«�®/§!°�³¸(aò!ò]�}Á

ñ Ó�«MªY\Ióaô 
fÁ�Â0Á£Ó�«Mª/ª�¤F¥aÁ�Ö�²�°R¹f§T¬#®�²T¬E©\¯�«�°\µË¼1«Mª�´Ì²Ê¥�¤F®/¤F¥/¶
½I§T«�¥aÁ T�ò�ó �G9">�E�I1>L�Z@�DzN�E�I:N�E ó >�@oQG;1R:>�@�Dz�?>]� Ö NBP1@z�Z,>�9?;�³#(](!ÍB(XÎ1� ÕL�o�^ó]��³¢(aò�\Ió}Á

ñ Ó4Ô�ò]Õ�ô Â�Á�Ó�Á�Ó'¥�»f®/Å}¦�²T°\¹ 
fÁ\Ñ�Á�Â�Á�Ô�«�£�Á_^"©\©^¥�§XÈ^«�¬¸²�ª�¤��
²Ó·�£\¤F¥/¦�©f¥�§�ºB¤F®/®/§T¥ ª�´\²�ª ©f¥�§}¹f£fºB¤B®Ò¬E§!°f§Tª�§!°f«M¶
ºa²�¯¿¯M¦ «�¬E©f¥�§X½}«¿°fµ�²�©\©^¥�§XÈ^«�¬¸²�ª�¤Ù²T°f®d¼�¤F¥�®BÁ õ ý®ý°ý�G9B>�EGI(\6N�E�ÈEKNJZ_�¶;?JsTU;7>�EKJ ÷ >�@m>?ý¯E	T�DoE;?;191DoE	TT³
ó^Ízb!Î1�u(3�IóAb��G(3�]b�\^³�(aòTò]Õ^Á
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Performance analysis for varying sample sizes; file: zip1.5

Sample-and-count
Tug-of war

Naive sampling
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Performance analysis for varying sample sizes; file: zip1.0

Sample-and-count
Tug-of war

Naive sampling
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Performance analysis for varying sample sizes; file: uniform

Sample-and-count
Tug-of war

Naive sampling
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Performance analysis for varying sample sizes; file: mf2

Sample-and-count
Tug-of war

Naive sampling
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Performance analysis for varying sample sizes; file: mf3

Sample-and-count
Tug-of war

Naive sampling

åz«�µ!£^¥�¤��	�¯�®�(�$�]�&�$�2£��(�O���J�0�{� ����=�O�=�]�����X¬ª�V�O�|�2�J���!�]� �¦� �e¬ª�&�J�2���]��� �ª�2�{�L«]�_�.� ������ �2�a�J�0�&�]�X�.���$�V�����$¡O� ¡0¡$¡O� ¡O§ ¶�L³����(§!¨c�J�*���]�e����� � o�o�¢J�]� �J�3�$¬±�2�J�c�(�ª�.�H�X�_���]�¼�0�V�����J�o�o�E«(£��o�J�$�X��� �0�]�{� �(�]�Ü� �3�]� �J�ª���o���J���¬,�]�J�2�.� �O���J¬µ�(�J��«J�����X�e�C�¤� �$�"�0�{� �2�]�©�J¬¯�(�J�=�������]� �X�¦� o�������o��§

0

0.5

1

1.5

2

2.5

3

0 2 4 6 8 10 12 14

Performance analysis for varying sample sizes; file: selfsimilar

Sample-and-count
Tug-of war

Naive sampling

åz«�µ!£^¥�¤O\	�E�°�o�$�]�&�J�2£��(����J�0��� ���O�*�O�a�]�_���*¬,�V�O�Õ�2�J���O�$� ¬q�.�L�=�L� �0�½¾� �ª�2���H«]�_�.� ���§3¨c�J�!���]�e����� � o�o�E¢J�]� �J���$¬°�(�J���(�ª�¦�L�����ª���®�0�V�����J�o�o�«(£P�o�J�$���]� �0�]�{� �2�]� � �	�]� �J�ª���(�¸�����R¬ª�]�J�2�¦� �O�Á�$¬��(�J�P«J�����	�e�C�� �$�"�0�{� �(�]�5�J¬¯�(�J�X�������]� �X�¦� o�F�����(��§



0

0.5

1

1.5

2

2.5

3

0 2 4 6 8 10 12 14

Performance analysis for varying sample sizes; file: poisson

Sample-and-count
Tug-of war

Naive sampling
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Performance analysis for varying sample sizes; file: wuther
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Performance analysis for varying sample sizes; file: genesis
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Performance analysis for varying sample sizes; file: brown2

Sample-and-count
Tug-of war

Naive sampling

åz«�µ!£^¥�¤ª( � ���°�o�J�]�q�J�2£��2�O���J�0�{� ���O�®�O�®�C�]�q�"��¬ª�V�O���2�J�$#C�V�_�9�	%��]�L��]���o§�¨c�J�!���]�e����� � o�o�E¢J�]� �J���$¬C�(�J���(�,�.�L���_���]�¾�$�&�����J�(�o�	«2£E�(�$�$��]� �0�]�{� �(�]�5� �X�]� �J�ª���(�F���c�=¬ª�]�J�2�¦� �O���J¬��2�J��«J�������e�C�*� �0�"�0�{� �2�]�j�$¬�(�J���������]� ���.� o�F�����o��§

0

0.5

1

1.5

2

2.5

0 2 4 6 8 10 12 14

Performance analysis for varying sample sizes; file: xout1
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Performance analysis for varying sample sizes; file: yout1
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