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3.1.3 Merging Quantile Summaries at Intermediate
Nodes!#"G>
/�95)
"4$H<4.'@A08"G,
/�9 Es>
/�)
"ml¹@2>�&',
"G&'.'"4"G3D"4.'B�"4$z&S/�;

B�"4&',
"4.pZ�(�EF>�&'@A12"u$'(
3D3GEF.'@A"4$m.'"4<4"4@A?�"4)z6�.'/�3�@2&'$p<F, @A12)
.'"4>z>
/�)
"4$�d
$�E'*Z[b¾WÀ2[ � À3()(�(AÀn[�o�d�EF12/�>
By9m@A&',%Z�(|EF>�&'@21A"�$'( 3}3GEF.'*�/�6 )�EF&�E¬? EF12(
"4$
12/�<�EF121A*UB8E\&S, "4.'"4)z0�*U@A&�Lr³m&YE�, @AB�,
;Q12"4?�"41Jd�&',
"t-
.'/�<4"4) (
.'"u9:/�.'K�$
0�*Y.'"4-8"�E\&S"4) 1A*Y<4/�3Y0 @A>
@2>
Bt&S/�B�"4&S, "4.¬Z�(�EF>�&S@212"p$'( 3}3GEF.'@2"4$7/�6�&',
"
$�E\3}"�<41JEF$H$mEF> )Y.'"4-
1�EF<4@2>
Bg&',
"43�9m@A&',+E¬> "W9VZ�(�EF>�&'@A12":$H(
3D3REF.H*
(
>�&'@A1b>
/%&J9:/%$H(
3D3REF.H@A"4$�,|ES?�"y&',
"y$�EF3D"y<41�EF$'$�LrÎm,
@2$�@A$p.'"46X"4.'"4)
&'/+EF$�&',
"I�H��°%²N�X¢ �P/�-8"4.�EF&'@A/�>�Lp�:>
<4"y<4/�3Y0
@2>
"y@A$p>
/Y12/�>
B�"4.�EF-
;
-
12@A<�EF0 1A"�d
9:"%E\-
-
12*+E:�b�\æ�¢ �¬/�-8"4.�EF&S@2/�>I&'/t"�EF<\,D.'"4$'( 1A&'@2>
BtZ�(�EF>
;
&'@A12"P$'( 3}3GEF.'*u$'/}EF$r&'/�"4>
$H(
.'"P&',�EF&r>
/�$'(
3D3GEF.'*u<4/�>�&�EF@2>
$r3D/�.'"
&',�EF>,pq.�Éy"41A"43D"4>�&'$m9m,
"4.'"�9:"t$'"4&!pû»�1A/�B:�:�F��L|Îm,
"t/�-�"4.�EF;
&'@A/�>U$H1A@2B�,�&S12*D.'"4)
( <4"W$�&',
"IEF<4<4(
.�EF<4*ir+EF>z�#s§;\EF-
-
.'/���@23GEF&'"g$'( 3};
3GEF.'*U0�"4<4/�3D"4$Y���#s
.VÉ��
�'Ø#pz�'�X;\EF<4<4(
.�EF&'"UEF6X&'"4.p9:"IE\-
-
1A*U-
.'(
> "�L
³g6X&'"4.u&',
@2$t-
,�EF$H"�d7EF121¬$'(
3D3GEF.'@2"4$�d7EF&u3D/�$'&u/�>
"}/�6P"�EF<\,�<41�EF$'$
d
EF.'"t6X/�.'9tEF.H)
"4)z0�*tl+&'/D@A&'$m-|EF.'"4>�&m>
/�)
"t@A>s&',
"t&'.'"4"�L
u�v@w�xiy{z�|@}�~@w��t��w����9�3}Cy{~�Ór"4&GµdsY»�/%�7¾WÀ2� � À3()(�(AÀ2�+ O5�EF>
)
µh� �%»�/%�b¾WÀ2� � À�(�(�(AÀ2�R��5D08"C&J9:/�Z�(�EF>�&S@21A"z$'(
3D3GEF.'@2"4$�LGÎm,
"C/�-
;
"4.�EF&'@2/�> ���36����4� � �Hµ s À4µ � � ��-
.'/�)
(
<4"4$%Eg>
"49ÅZ�(|EF>�&'@21A"t$H(
3D3REF.H*
µ�»q/%��¾\À2� � À3()(�(AÀ2�  #P �%5y0�*s$'@23}- 1A*z$H/�.'&'@A>
BU&',
"Y(
>
@2/�>+/�6|&',
"Y"41A;
"43D"4>�&'$y@A>G&J9:/U$H(
3D3GEF.'@A"4$
d�EF>
)G)
"4O
>
@2>
BU> "49�.
EF>
Ks6X(
>
<4&'@A/�>
$
6X/�.}"�EF<\,�"41A"43D"4>�&REF$}6�/�1A12/N9m$�L�!ßL 1�L /8L B8L�EF$'$H(
3D"C&',�EF&i���:<4/�.H;
.'"4$'-8/�> )
$Y&'/R$'/�3D"U"41A"43D"4>�&�����@A>ÅµdsøLCÓr"4&��R�g0�"U&',
"U1�EF.'B�"4$'&
"412"43}"4>�&p@A>Vµh� �`&',�EF&p@A$p$H3GEF1A12"4.p&S,|EF>������D�R�|@2$p(
> )
"4O
>
"4)z@26r>
/
$'( <F,D"412"W3D"4>�&��'d EF>
)D12"4&��9� 08"m&S, "p$H3GEF1A12"4$'&7"41A"43D"4>�&¬@2>�µ � � &',�EF&
@2$p1�EF.'B�"4.m&',�EF>��@���D� � @A$m(
> )
"4O
>
"4)s@A6�>
/}$H(
<F,s"412"W3D"4>�&��'LrÎm,
"4>



�768�4�98 �C���ø�7» �768�4� 8 � �C���N� @A6��{�7(
> )
"4O
>
"4)
�768�4� 8 � �C���N��. �768�4� 8 � � �C�{�\�Ò/�&',
"4.'9p@2$'"

�76�	7:;8 �C���ø�7» �76�	7: 8 � �C���N��. �76�	7: 8 � � �C�{�\� @26@� � (
>
) "4O
>
"4)
�76�	7: 8 � �C���N��. �76�	7: 8 � � �C� � �HQ�É /�&',
"4.'9m@A$H"

�¬i�lmlmfûÉ�Lb�����`µ�s`²H�m±�¢g���S£ø±W���b����å���°%±��Q� ö æ�±�¢ �=��¦ �m�Hæ�°%°%±��\©
 '���u±U°%æ�¦ �Q�X�F���:·�s�N¬±�¢
¯U¦§���:µh� �p²F�%±�¢}��� �S£ø±W���b����å���°%±��Q� ö æ�±�¢
�Q�X¦§�
�Fæ�°%°}±��F©7 '���:±u°}æ�¦§�=�X�F���`· � � ÿk�r¡���¢ �	�36����4� � �HµdsøÀ4µ � � � �e����¯�æ��H���±�¢ ��£J±\���b����å���°%±��=� ö æ�±�¢ �=�X¦§�}�Hæ�°%°%±��\©Uµ´ '���t�Q¡��}°%æ�¦§�=���H�N��·�»
·�s8¿s·H� � ¤ ¡����S� �y»�3GEF�H/\�#sJÀJ�3� ��5
ÿ
Fpj ^`^H���¬Ó`"4&:��s�EF>
)U��� �8.'"4$'-8"4<4&'@A?�"41A*})
"4>
/�&'"g&S, "�>�( 3Y08"4.P/�6

/�0
$H"4.'?
EF&'@2/�>
$m<4/�?�"4.'"4)s0�*¸µds7E\>
)�µh� ��L�Är/�> $'@A) "4.%EF>�*C&J9:/D<4/�>
;
$'"4<4(
&'@2?�"y"412"43}"4>�&'$d����À2���UP�¾|@2>�µtLpþ`*�Áb.'/�-8/�$'@2&S@2/�>�É�d�@A&�$H(
ÕD<4"4$
&'/s$H,
/N9ß&',�EF& �76�	7:;8 �C���UP�¾\�+Q �768�4�98 �C���J�&<�Ø �������@.���� ���'L}!#"
EF>�EF12*�TW"C&J9:/R<�EF$'"4$
LC®|@2.'$'&�d@���JÀ2���DP�¾�08/�&',�<4/�3D"U6X.'/�3 E}$H@A>
B�12"
$'( 3}3GEF.'*�d�$
ES*D"412"43}"4>�&'$����NÀ2���%P�¾�@A>�µ�søLrÓ`"4&=�R��08"g&',
"g1�EF.'B�"4$'&
"412"W3D"4>�&r@A>+µh� ��&S,|EF&r@A$�$'3GEF121A"4.r&',�EF>�����EF>
)�12"4&@� � 08"P&',
"P$'3GEF121A;
"4$'&�"41A"43D"4>�&m@2>�µh� �r&',�EF&�@A$�1�EF.'B�"4.�&',�EF>,���%P�¾FLy�P0
$H"4.'?�"�&S,|EF&m@26
�{�YEF> )�� � EF.'"}08/�&',�)
"4O
>
"4)|d�&',
"4>#&S, "4*+3%(
$'&u08"}<4/�>
$'"4<4(
&'@2?�"
"412"W3D"4>�&'$m@A>�µh� �SL

 �¡	¢�£ 8V¤�¥ �DP�¾�¦
§  �¡�¨�© 8V¤�¥ �n¦«ª
¬  �¡�¢�£ 8 � ¤�­ �%P�¾ ¦9®  �¡�¢3£ 8 � � ¤�¯ � ¦9§,°²±§ ¬  3¡�¨�© 8 � ¤�­ � ¦
®  �¡�¨�© 8 � � ¤�¯ � ¦)±ª ¬  �¡�¢�£ 8 � ¤�­ �%P�¾ ¦9§  �¡�¨%© 8 � ¤�­ � ¦)±;®¬  �¡�¢�£ 8 � � ¤�¯ � ¦9§  3¡�¨�© 8 � � ¤�¯ � ¦9§,°²±

ª´³ µ ¤�¶ � ® ¶ � � ¦n·

�:&S, "4.'9p@2$'"�d�@A6|/�>
12*¸�{�P@A$�)
"4O >
"4)�d�&',
"4>+@2&m3Y(
$H&m08"t&',
"�1�EF.'B�"4$'&
"412"W3D"4>�&`@2>sµh� ��äN/�.`@26�/�>
12*T� � @A$r)
"4O >
"4)�d4@2&`3Y( $'&`08"P&',
"7$H3GEF1A12"4$'&
"412"W3D"4>�&u@2>�µh� �SLt³Û$'@23D@A1�EF.UEF>|EF1A*�$'@2$t<�EF>�08"REF- -
1A@2"4)�6�/�.u08/�&',
&',
"4$'"t<�EF$'"4$%E\$m9:"41A1�L
Ãg"4��&%9:"C<4/�>
$H@A)
"4.%&',
"C<�EF$H"C9p,
"4>¹���tEF>
)\���DP�¾g<4/�3D"C6X.'/�3

)
@2â8"W.H"4>�&z$'(
3D3GEF.'@2"4$�dp$�E'*�d����y<4/�.'.'"4$'-8/�>
)
$s&S/¹���C@A>Ûµ s EF>
)
���DPr¾p<W/�.'.'"4$'-8/�>
)
$u&'/�� � @2>�µ!� �SLyÎm,
"4>�/�0
$H"4.'?�"%&',�E\&T���g@2$u&',
"
1�EF.'B�"4$'&z"412"43D"4>�&s$'3GEF121A"4.s&',�EF>E� � @2>ÛµdsIEF>
)´&S,|EF&�� � @A$s&',
"
$'3GEF121A"4$H&Y"41A"43D"4>�&Y1JE\.'B�"4.Y&',�EF>\����@A>�µ � � LV{}/�.'"4/�?�"4.�d@����P�¾g@2$
&',
"}$'3GEF1A12"4$'&u"41A"43D"4>�&y@2>�µ�s�&S,|EF&y@2$u1JEF.'B�"4.u&',�EF>�� � d¬EF>
)�� �2º ¾
@2$�&',
"Y1JEF.HB�"4$'&�"412"43}"4>�&g@A>oµ!� �|&',�EF&�@2$g$'3GEF1A12"4.�&',�E\>,���NL:�g$'@2>
B
&',
"4$'"t/�0
$H"4.'?
EF&'@2/�>
$�d�9:"uB�"4&

 �¡	¢�£ 8 ¤�¥ �DP�¾�¦
§  �¡�¨�© 8 ¤�¥ �n¦«ª
¬  �¡�¢�£ 8 � � ¤�¯ � ¦9®  3¡�¢�£ 8 � ¤�­ �%P�¾ ¦9§,°²±§ ¬  3¡�¨�© 8 � ¤�­ � ¦
®  �¡�¨�© 8 � � ¤�¯ ��º ¾ ¦)±ª ¬  �¡�¢�£ 8 � � ¤�¯ � ¦9§  3¡�¨�© 8 � � ¤�¯ �2º ¾ ¦)±;®¬  �¡�¢�£ 8 � ¤�­ �%P�¾ ¦9§  �¡�¨%© 8 � ¤�­ � ¦9§,°²±

ª´³ µ ¤�¶ � ® ¶ � � ¦n·

» ^`j ^H¼�¼�fbj�½ûÉ�Lb���N�Uµ�²H��± ö æ�±�¢ �Q�X¦§�V�Hæ�°%°%±��\©G�b����¯�æ��H�F¯
²�©¸���S���F±��=�F¯ ¦ ©¸±\���e¦ ©
�X¢ ¨G�Q¡�� ���36����4� � �W������±��Q�X��¢��Q�V±�¢���¢
���=��±�¦
�F���U�\ G�Fæ�°%°%±��\������/�µ%¾\À4µ � À3(�(�(AÀ4µ&¾�5��Hæ���¡¹�=¡�±��Cµb�z����±�¢o�7�ø£
±\���b����åN�X°%±��Q�z�Fæ�°}°%±��\©�ÿ¿�r¡��N¢V�S�H¨�±���¯
¦§���F�D�\ %�=¡��z�H� ö æ���¢ �H�s�X¢
¤ ¡�����¡ ���36����4� � �W������±��Q�X��¢ �7±����p±\���b¦§�X�F¯	N8�=¡��p�����Fæ�¦§�=��¢
¨m�Hæ�°%°%±��\©µÛ�X�y¨Næ�±���±�¢ �Q�H�F¯C�=�C²F�%�X3GEF� ¾�Dcr¾ ���J�'£J±\���b����åN�X°%±��Q��ÿ

Fpj ^`^H���gþ`*G@A>
) (
<4&S@2/�>#/�>?1
LYÎm,
"D0�EF$'"D<�EF$H"D/�6=1�»�ØY6X/�1A;
12/N9m$76X.'/�3ßÓ`"43D3GEtÉ�L��P&',
"4.'9m@2$'"�dO1fS¹Ø�d�EF>
)D9:"m<�EF>D-�EF.'&'@A&'@2/�>
&',
"C$'"4&%/�6m@2>
)
@2<4"4$kÀo»Á/
É�ÀWØ�À3(�()(2À21{5%@2>�&S/G&�9:/G)
@A$ ë /�@2>�&%$'"4&'$kÀ
¾
EF>
)-À � $'(
<\,z&',�EF&}µ�@A$%Eg.'"4$'( 1A&m/�6r&',
" ���36����4� � /�-8"4.�EF&'@A/�>VEF-
;
-
12@A"4)G&'/C$'( 3}3GEF.'*�µ�sr.'"4$'( 1A&'@A> BC6X.'/�3ÒEt.'"4-8"�EF&'"4)oEF-
-
12@A<�EF&'@2/�>
/�6 ���36����4� � &'/X/�µT�2* íf'¹À�¾�5
dpEF>
)V$'(
3D3GEF.'*¹µh� ��.'"4$H(
1A&'$%6X.'/�3
EI.'"4-�"�EF&'"4)�EF-
- 1A@2<�EF&'@A/�>�/�6 ���36����4� � &'/]/�µT�2* ít']À � 5
Loþ`*�@A>
;
)
( <W&'@2/�>�,�*�-�/�&',
"4$H@A$
d�µ�sm@2$U3GEF����Â�Ã²Ä��7�§;\EF-
-
.'/���@A3GEF&'"�EF>
)¼µ!� �
@2$Y3GEF���ÅÂ	ÃUÆ`�7�§;\EF-
-
.'/���@A3GEF&'"�L�þr*�Ór"43D3GERÉ�dr&',
"4>Åµ[3%(
$'&Y08"
3GEF����Â�Ã²ÄÅÇ�Ã Æ �7�r»�3GEF����Â�Ã����A;\EF-
-
.'/���@23GEF&'"�L
u�v@w?È&�7É@~@w?�t��w����9�3}�y{~¸Îm,
"}-
.'(
> "}/�-�"4.
EF&S@2/�>�&�EFK�"4$CEF$t@A>
;
-
( &YEF>s��s ;\EF-
- .'/N��@A3GEF&'"uZ�(�EF>�&'@A12"u$H(
3D3REF.'*¸µds7EF>
)VE�-�E\.�EF3}"4;
&'"4.dpsdeEF>
)s.'"4&'(
.'>
$%E�> "49´$'(
3D3GEF.'*¸µ�/�6�$'@2T4"UEF&m3}/�$H&dpÊ.�É
$'( <F,D&',�EF&yµV@A$yEF>G���#s�.s�'É��
�'Ø#pz�'�'�X;FEF- -
.'/N��@23REF&'"mZ�(�EF>�&S@21A"m$'( 3};
3GEF.'*s6X/�.U·|LmÎm,�(
$ ���
��� � &'.�EF) "4$g/�â#$'12@AB�,�&'1A*+/�>�E\<4<W( .�EF<4*s6X/�.
-8/�&'"4>�&'@�EF1A12*R3Y(
<\,G.H"4)
(
<4"4)�$'-�E\<W"�Lu!#"}B�"4>
"4.
EF&S"Gµ�0�*RZ�( "4.'*�;
@2>
B¸µ�s`6X/�.�"412"43D"W>�&'$g/�6¬.�EF>
K�É�À3*2·+*2�%psÀWØ	*2·+*2�%psÀ3(�()(2À3*A·�*§d�EF>
)R6X/�.
"�EF<\,I"412"43}"4>�&�1	��'#µud�9:"�) "WO >
" �768�4�98 �C1	�J�¬» �768�4� 8 � �D1��ø�'d8EF>
)�76�	7:;8 �C1	�J�¬» �O6�	7: 8 � �C1��ø�'L
�¬i�lmlmfûØ�Lb���N�eµds`²F��±�¢y�#sø£J±\���b����åN�X°%±��Q� ö æ�±�¢ �Q�X¦ ���Fæ�°%°}±��F© '���m±Y°%æ�¦ �Q�X�F����·|ÿi�r¡���¢ ���
��� � �'µdsø�b�b���N¯�æ��F����±�¢U���#s�.CÉ��
�'Ø#ps�S�'£

±\���b����åN�X°%±��=� ö æ�±�¢ �=��¦ �I�Fæ�°}°%±��\©zµ� '���}·¹�F��¢
�Q±��X¢ �X¢ ¨I±��m°%���F�
pq.�ÉU��¦§��°%�N¢
�Q�Fÿ
Fpj ^`^H���¬® /�.pEF>�*y-�EF@2.`/�6�<4/�>
$'"4<4(
&'@2?�"7"412"43}"4>�&'$@1	�JÀ21��UP�¾ @A>sµtd

�76�	7:;8 �C1	�DP�¾F�@Q �768�4�98 �C1	�ø��<Å� ¾Ë .oØ\��sQ��*2·+*�(`þ`*�Áb.'/�-�/�$'@A&'@2/�>�É�d
@2&p6X/�1212/N9m$m&',�EF&}µ�3Y(
$H&p08"C���#s9.�É��
�'Ø#ps�S�X;\EF-
-
.H/N��@A3GEF&'"�L

3.1.4 Merging Quantile Summaries at the Root�P> <4"�&',
"�.'/�/�&z.'"4<4"4@2?�"4$sZ�(|EF>�&'@21A"#$'(
3D3GEF.'@A"4$s6X.H/�3ôEF1A1u@2&'$
<\,
@A12)
.'"4>�d�@2& ����6����4� � $�&'/�B�"4&',
"4.�EF1A1b$'(
3D3GEF.'@2"4$�d�@A.H.'"4$'-8"4<4&S@2?�"y/�6
&',
"4@2.�<41JE\$'$�d
EF>
)Y&',
"4>+EF-
-
12@A"4$ ���
��� � /�-8"4.�EF&'@2/�>Y&'/g&',
":.'"4$H(
1A&'@2>
B$'( 3}3GEF.'*�L

3.1.5 Overall AnalysisÎp, "¸&'/�&�EF1zEF3D/�(
>�&R/�6%)|EF&NE�&'.�EF>
$H3D@A&'&'"4)�0�*ÛEF>�*´>
/�) "¸@2$
08/�(
>
) "W)I0�*}�U�Cpsü��89p,
"4.H"%ü�@A$7&',
"m>�(
3Y08"4.7/�68)
@2$'&'@2>
<4&¬<41�EF$'$H"4$
EF&�&',
"Y>
/�) "�LP³g$g>
/�&'"4)+"�EF.'12@A"4.�d|üY@A$g08/�(
>
)
"4)R0�*z12/�B:�7LPÎm,�(
$
@26e9�"g$'"4&�&S, "g-�EF.
EF3}"4&'"4.�p¶»�1A/�B:�:�F��d�&'/YB�"4&�EF>C/N?�"4.�EF1218(
-
-8"4.
08/�(
>
)G/�671A/�B`���:�F�y/�>�&S, "Y3GEF��@A3%(
3Ô$'@2TW"%/�67&S.�E\>
$'3D@A$H$'@2/�>G0�*
EF>�*I>
/�) "�Lm�P(
.�B�/8EF18> /N9¹@A$p&'/%$',
/�9�&',�EF&�&',
"y.H"W$H(
12&S@2>
B%Z�(�EF>
;
&'@A12"�$'(
3D3GEF.'*+EF&7&',
"m.'/�/�&7@2$PB�(�EF.�EF>�&'"4"4)D&'/t08"��H;\EF-
-
.'/���@23GEF&'"�L
�¬i�lmlmfûÈ�LbÌ����Y±�¢ ©C¢
�N¯��bl���¢��Q¡��D�Q���F��N:±s��¦§±��F��í ö æ�±�¢
�Q�X¦§��Fæ�°%°}±��F©y�X¢}�Q¡��m�H�N��WZÍ%¡�±��7���\�����P±��b°}���H���7�r»V���
Ø�.Y�XíW�
�'Ø#pz�'�'ÿ
Fpj ^`^H���¬!#"�9m@A121�-
.'/�?�"�0�*�@A>
) (
<4&'@A/�>}/�>%&', "�,
"4@2B�,�&¬&S,|EF&|6X/�.

EF>�*%>
/�)
"!lI@2>I&S, "m&'.'"4"�d�E:<41JE\$'$:íeZ�(�EF>�&'@A12"m$H(
3D3RE\.'*Y@2>I&S, "m$'"4&
WZÍY,�EF$�"4.'.'/�.}EF&�3}/�$H&��7��»��
�
Ø!.���íW�
�SØ�pz�'�SL7Îp,
"�0�EF$H"t<�EF$H"t@2$
"�EF$'*Y&'/y?�"4.'@26X*�L`Ãg/N9�$H(
-
-8/�$'"p&',�EF&|&',
"p,�*�-8/�&',
"4$'@2$¬,
/�12)
$¬6X/�.gEF121
>
/�)
"4$g9p@2&',+,
"4@2B�,�&�1A"4$H$�&',�EF>�e�LuÄr/�>
$H@A) "4.}Ey>
/�)
"�loEF&�,
"4@2B�,�&
e+9p@2&',�<F,
@21A) .'"4>¹[b¾WÀ2[ � À3()(�(2À2[�o�L¸Ór"4&�µY¾WÀ4µ � À3()(�(2À4µT¾Y08"s&S, "z.'"4;
$'( 1A&'@2>
BD$'(
3D3GEF.'@A"4$ ë (
$'&m0�"46X/�.'"u&',
" ���
��� � /�-8"4.�EF&'@A/�>s08"4<4/�3D"4$
EF-
- 1A@2<�EF0
12"zEF&g>
/�)
"�l|LtÄr/�> $'@2)
"4.DEy$H(
3D3REF.'*�µ 4 /�0
&�EF@2>
"4)R0�*
<4/�3Y0 @A>
@2>
BV$'(
3D3GEF.'@2"4$�µ�s ¾ À3()(�(AÀ�µ�s ÎI@2>�$'/�3D"�EF.'0 @A&'.�EF.'*Í�ù? EF1A@2)��
/�.')
"4.
L`qJ6�Ïz»´É�d�&S, "4>#µ 4 @2$P@2)
"4>�&'@2<�EF1�&'/�/�>
"�/�6e&',
"�$'( 3}3GEF.'@2"4$
EF&%Ey<F,
@212)s>
/�)
"�/�6�l�EF>
) ������� � /�-8"4.�EF&'@A/�>+9m@A121`>
/�&%EF12&'"4.m&',
@2$
$'( 3}3GEF.'*�L#þr*�@A>
) (
<4&'@A/�>�,�*�-8/�&',
"4$H@A$
de&',
"U$'( 3}3GEF.'*�$
EF&'@A$HO
"4$
&',
"Y<41�EF@A35$H@A>
<4"Y@2&'$g<41�EF$'$y.'"43REF@2>
$y(
>
<\,�EF>
B�"4)�LpqJ6�Ï�ÐÍØ�d
&',
"4>
����	���� �Hµ 4 �&S ����	���� �Hµds  �:6X/�.zÉ�<ÒÑ¹<ÒÏ+$'@2>
<4"I"�EF<F,¹EF-
-
12@A<�EF;
&'@A/�>%/�6�&',
" ���36����4� � /�-8"4.�EF&'@A/�>}@2>
<4.'"�EF$'"4$¬&',
"p<41�EF$'$¬$'@2T4"�0�*�/�> "�LÁb.'@A/�.g&'/U&',
"Y-
.H(
>
"Y/�-8"4.�EF&'@A/�>|d
9:"YK�>
/�9�0�*VÄ�/�.'/�1A1�EF.'*VÉu&',�EF&



&',
"s$'( 3}3GEF.'*�µb4u3Y(
$H&}08"+� s »¶3GEF� ¾�Ó� �Ó Î �O H;FEF- -
.'/���@23RE\&S"�L
³g6X&'"4.g9:"sEF-
-
12*z&',
" ���
��� � /�-8"4.�EF&'@A/�>|d
0�*zÓr"43D3GEUØ�d�&',
"Y>
"49
$'( 3}3GEF.'*C@A$%���#s{.�É��
�'Ø#pz�'�X;\EF-
-
.'/���@23GEF&S"�L
�¬i�lmlmf�Ù8Lf�r¡�� ö æ�±�¢ �Q�X¦ �u�Fæ�°%°%±��\©��F��°m�bæ��=�F¯%±����=¡��u���������X���£J±\���e����å��X°}±��=�Nÿ
Fpj ^`^H���¬!#":<4/�>
$'@2)
"4.|&J9:/g<�EF$H"W$
L:MN(
- -�/�$H":&',
":.'/�/�&�.'"4<4"4@A?�"4$

EuZ�(|EF>�&'@21A"Y$H(
3D3REF.'*s/�6¬<41JE\$'$g12/�BP�PL�qJ>R&',
@2$g<�EF$'"�d
0�*z&',
"Y)
"46X;
@2>
@A&'@2/�>�/�6P<41�EF$'$
d�"4>�&'@A.H"})�EF&�E�$'"4&u@2$u.'"4-
.'"4$H"4>�&'"4)�@2>�&',
@2$u$H@A>
B�12"
$'( 3}3GEF.'*�dYEF>
)¹&',
"4.'"�EF.'"�>
/V/�&S, "4.CZ�(�EF>�&'@A12"G$H(
3D3GEF.'@A"4$z.'"4;
<4"4@A?�"4)G0�*+&S, "Y.H/�/�&�L}þ`*sÓr"43D3GEUÈ�d|Et<W1�EF$'$u1A/�B:�¸$H(
3D3GEF.'*s@2$
�';\EF-
- .'/N��@A3GEF&'"�d�EF> )�$'@2>
<4"s@A>
<4/�3D@2>
B�$H(
3D3RE\.'@A"4$GEF.'"�EF12.'"�EF)
*
���
��� � )|d�&',
@2$7$'(
3D3GEF.'*Y@2$7(
>|EF1A&'"4.'"4)GEF&7&',
"m.'/�/�&yEF>
)D&',
"m&',
"4/�;
.'"43û,
/�12)
$�Lm�:&',
"4.'9p@2$'"�d�"�EF<F,s@2>
<4/�3D@A> BD$'(
3D3GEF.'*U,|EF$m<41JEF$H$%EF&
3D/�$'&|12/�B:�TQIÉ�d
EF>
)%0�*�Ór"43}3GEuÈ�d
EF121�@A>
<4/�3D@2>
By$H(
3D3RE\.'@A"4$gEF.'"
B�(�EF.�E\>�&'"4"4)�&'/R08"#���TQ¹É��
�'Ø#pz�'�X;\EF-
-
.'/���@23GEF&'"�LzÎp,
"UZ�(�EF>�&'@A12"
$'( 3}3GEF.'*+"4?�"4>�&'(|EF1A12*sB�"4> "4.�EF&'"W)�0�*+&',
"%.'"4-8"�EF&S"4)�EF-
-
12@A<�EF&'@2/�>
/�6 ���36����4� � EF&m&S, "u.'/�/�&p@A$m&',�(
$%�X�=Q�É��
�'Ø#pz�'�X;FEF- -
.'/���@23RE\&S"t0�*
Ä�/�.'/�1A1�EF.'*�É�Lm®¬@A>�EF1212*�d�0�*+Ór"W3D3GECØ�d|EF>oEF- -
1A@2<�EF&'@A/�>�/�6 ���
��� �@2>
<4.'"�EF$'"4$P&',
"�"4.'.'/�.70�*+É��
�'Ø#ps�Sd
.'"4$H(
12&S@2>
B�@A>�EF>U�';\EF-
- .'/N��@A3GEF&'"
$'( 3}3GEF.'*�L
MN(
3D3GEF.'@AT4@2>
BI&S, "CEF08/N?�"CEF>�EF12*�$'@A$
d�9:"�B�"4&m&',
"t6�/�1A12/N9m@2>
BD.'"4;

$'( 1A&�L
ÔbÕ i�^`j8i�l�É�Lf�r¡��N���u�X�p±}¯����H�Q�\�X²�æ��=�F¯}±�¦ ¨����F���=¡�°¼�Q�}�H��°��bæ��Q�

±�¢%��£J±\���b����åN�X°%±��Q� ö æ�±�¢ �=�X¦§�t�Fæ�°%°}±��\© ¤ ���=¡D±D°%±�åN�X°%æ�°Û�Q��±�¢
�F£
°%���H�F�X��¢G¦ �N±�¯C�\ 7�U�X12/�Be���:�F���g±��:�H±��N¡C¢
�N¯���ÿ
MN"4>
$'/�.�>
"4&J9:/�.'K�$�B�"4>
"4.�EF121A*G,|ES?�"I@A.'.'"4B�( 1JEF.�&'/�-�/�12/�B�@2"4$�d:EF>
)

9:"U>
"4"4)�&'/R.'"4$'/�.'&Y&'/ ����	���� @A>�/�.') "4.�&'/R08/�(
>
)�&',
"U>�(
3Y08"4.
/�6 ���
��� � /�-8"4.�EF&'@A/�>
$�LYñg/�9:"4?�"4.�d8@26:&',
"D,
"4@AB�,�&t/�6:&',
"D&'.'"4"�dP« d@2$}�����\©U�F°%±�¦X¦�&',
"4>�Ey$'@23D-
12"4.}EF>
)+3D/�.'"�"4ÕD<4@A"4>�&}EF1AB�/�.'@A&',
3Þ@2$
-8/�$'$H@A0
12"�L
ÔbÕ i�^`j8i�l�Ø�Lf�r¡��N���u�X�p±}¯����H�Q�\�X²�æ��=�F¯}±�¦ ¨����F���=¡�°¼�Q�}�H��°��bæ��Q�

±�¢%��£J±\���b����åN�X°%±��Q� ö æ�±�¢ �=�X¦§�t�Fæ�°%°}±��\© ¤ ���=¡D±D°%±�åN�X°%æ�°Û�Q��±�¢
�F£
°%���H�F�X��¢G¦ �N±�¯C�\ 7�U�H«��F�
�g±��P�F±���¡C¢ ��¯��Nÿ
Fpj ^`^H���¬³p&:"�EF<\,U>
/�)
"g9:" ���36����4��� EF1A18&',
"g)|EF&NEm@A>�&'/sEp$'@2>
;

B�12"+$H(
3D3REF.'*Íµ s dP9m,
@2<F,�9:" ���
��� � &'/´«8�F�I"412"43D"4>�&'$
L�ÜyEF<\,
&'@A3D"s9:"�EF- -
1A* ���
��� � �'EF&}3D/�$'&�«R&'@23D"4$��g9:"z@2>
<4.'"�EF$'"+�#s�0�*
�
�
Ø�« LtÎm,�(
$�d8@26:$'(
3D3GEF.'@A"4$CEF&t&S, "}12"�ES?�"4$t,�E'?�"}- .'"4<4@A$H@A/�>¸�
�
Ø�d
9:"zEF.'"tB�(|EF.�EF>�&S"4"4)+&',�EF&�$'(
3D3GEF.'@2"4$}EF.'"��H;FE\-
-
.'/���@23GEF&S"�9m,
"4>
&',
"4*R.'"�EF<\,#&S, "}.'/�/�&�d89m@A&',�E�3GEF��@23Y(
3ç<4/�3D3Y( >
@A<�EF&'@2/�>#<4/�$'&
/�6�/�>
12*C�C�H«��F���'L

3.2 An Improved Algorithm!#"+>
/�9Þ.'"4O
>
"+&',
"R3RE\@A>[EF1AB�/�.'@2&',
3 EF08/�?�"+&'/¸"4��-
12/�@A&I@2>
;
6X/�.'3GEF&'@2/�>�E\0�/�( &D&',
"+<4/�3D3Y(
>
@2<�EF&'@A/�>o&'/�-8/�1A/�B�*�d7>�EF3D"41A*�d7@2&'$
,
"4@2B�,�&�« LVqJ6y&S, "s,
"4@2B�,�&D/�6g&',
"s&'/�-8/�12/�B�*V@A$BÖ
���P�'dgEF$I@A>o&',
"
<�EF$'"z/�6�3GEF>�*¸.'"�EF12@A$H&S@2<z&'/�-�/�12/�B�@2"4$�d|&',
"C> "49èEF12B�/�.'@A&',
3½B�@2?�"4$
$'&'.'/�> B�"4.z-8"4.'6X/�.'3GEF>
<4"#B�(�EF.�EF>�&'"4"4$�Lßñg/�9:"4?�"4.�dm@A6+«�@2$V°%æ���¡
$'3GEF121A"4.U&',�EF>��PdP"�L B8L¹�U�X12/�B:�7�UEF$U@2$U&',
"R<�E\$'"R6X/�.U0�EF1�EF>
<4"4)
&'.'"4"4$��'d
&',
"4>I&',
"g�C�'«��\���7E\1AB�/�.'@2&',
3¼)
"4$'<4.'@20�"4)I@2>IÎp, "4/�.'"43ÔØ�@2$
&',
"t0�"4$H&YEF12B�/�.'@2&',
3¶&'/D(
$H"�L
Îp,
"z@A)
"�EI@A$}&'/G@2>�&S.'/�)
(
<4"�EF>ÅEF)
) @A&'@2/�>�EF1�/�-8"4.�EF&'@A/�>|d�<�EF1A12"4)

���
������� 9p, @A<\,�"4>
$H(
.'"4$�&',�EF&r> /�>
/�)
":@A>Y&',
"P&'.'"4":$'"4>
)
$�(
-Y3D/�.'"&',�EF>}�C�X1A/�Be�H«��F���'� Z�(�EF>�&S@212"�$'(
3D3GEF.'@A"4$
LeÎm,
"�.'"4)
(
<4"�/�-8"4.�EF&'@2/�>
@2$}EF-
-
12@A"4)�EF6X&'"4.�&',
" ���36����4� � EF>
)+&',
" ���
��� � /�-8"4.�EF&'@A/�> $�d ë (
$'&08"46X/�.'"�Ez>
/�) "+@2$U.'"�EF)
*�&S/�6X/�.'9tEF.')�@A&'$U$'( 3}3GEF.'*�$'"4&U&S/�@2&'$
-�EF.'"4>�&�LRqJ&%@2>
<4.'"�EF$'"4$}&',
"C"4.'.'/�.%@2>V/�> "C/�6m&',
"C$H(
3D3RE\.'@A"4$}0�*
�
�
Ø�« LGM�@A>
<4"U&S, "I/�-�"4.
EF&S@2/�>�@A$sEF-
-
12@A"4)´EF&�3}/�$'&�/�>
<4"�EF&�"�EF<\,
>
/�)
"+E\1A/�>
Bz&',
"%-|EF&',G&'/z&S, "%.'/�/�&�d�&',
"%<4(
3%(
1JEF&'@2?�"%"4.'.H/�.IEF$UE
.'"4$'( 1A&m/�6�&S, @A$m/�-8"4.�EF&'@2/�>s@A$%E\&p3D/�$'&��
�
Ø�L

Îp, "R@A>
- (
&U&'/ ���
������� @2$¸Ez$'"4&×WZY�»Ø/�µ%¾\À4µ � À3()(�(AÀ4µ ^ 5C/�6
Z�(�EF>�&S@212"I$'(
3D3GEF.'@2"4$�$'( <F,¸&',�E\&t6�/�.zÉ-<�íkMûü�d ����	���� �HµT�ø�ZM
����	���� �HµT�DP�¾F�'Ly�:(
&'-
(
&�/�6|.'"4) (
<4"�@A$DEy>
"49Å$H"4&iWhsY /�6¬Z�(�EF>�&'@21A"
$'( 3}3GEF.'@2"4$I9m,
"4.'"\WbsY »ÝµTYU@A6Uü]<¶1A/�Bb�'ò�«��F���'L��:&',
"4.'9m@A$H"�d
Whs Y »Ê/�µ g À3(�()(2À4µ ^ º ¾ À4µ�s ^ 5g9m,
"4.'"�e�@2$�&',
"�$'3GEF121A"4$H&�@A>
)
"4�z$'( <F,
&',�EF& ����	���� �Hµ g ��S ����	���� �Hµ ^ �@QG1A/�Be�'ò�«��F���'d�EF> )oµds ^ @2$DEu> "49$'( 3}3GEF.'*�LRqJ>V/�&',
"4.}9:/�.')
$�d�9:"¸EF0
$H/�.'0V&',
"CO
.'$H&�eiQ´ÉD$'( 3};
3GEF.'@2"4$I@2>�&'/´µ ^ L�!#"R>
/�9Þ)
"4$'<4.'@20�"R,
/�9Þ&S, @A$#EF0
$H/�.'-
&'@2/�>o@2$
)
/�> "��
�'E��tÜuEF<\,%$H(
3D3GEF.'*sµT��$H(
<F,}&',�E\&�ÉZ<�í=M>e�d�@2$¬O
.'$'&¬.'"4-
1�EF<4"4)

0�*�Ez>
"49½Ø\;="412"43}"4>�&U$'(
3D3GEF.'*�dP<4/�>�&�EF@A> @A>
B�&',
"R$'3GEF121A;
"4$H&GEF>
)o&S, "s1JEF.HB�"4$'&D"412"43}"4>�&'$I.'"4-
.'"4$'"4>�&'"4)�0�*V@A&�LVÎm,
"
6X( >
<4&'@A/�> �768�4� EF>
) �76�	7: .'"43GEF@2>o(
>
<F,|EF>
B�"4)o6X/�.I&',
"4$'"
"412"43D"W>�&'$�L

�ù0|�t!#"z&',
"4>�<4/�3Y0
@2>
"z&',
"4$'"z3D/�)
@2O
"4)�$'( 3}3GEF.'@2"4$}@A>�&'/�µ ^ë ( $'&UEF$u@2>�E ���36����4� � /�-�"4.�E\&S@2/�>�"4?�"4>�&', /�(
B�,�&',
"}$'( 3};
3GEF.'@2"4$s,�E'?�"#)
@Aâ8"4.'"4>�&z<41�EF$'$H"4$�L¼Îp, @A$s-
.'/�)
(
<4"4$�E+> "49
$H(
3D3REF.H*�µds ^ <4/�>�&�EF@2>
@A> B�EF&Y3}/�$H&�p`.´Ø��CekQ¹É���<ûÈ#p
"412"43D"W>�&'$�d�6X/�.%EF>�*U<F,
/�@A<4"t/�6�pÙÐ¸1A/�Be���7�'L

Î�/+EF>�EF12*�T4"u&',
"y"4.'.'/�.�@2>�&S.H/�)
( <4"W)z0�*D&',
@2$�$H&'"4-�d�$'( -
-�/�$'"y&',
"
<41�EF$'$P/�6b&',
"�$'(
3D3GEF.'*Rµ ^ @2$�Úpd
&',�EF&P@A$
d8µ ^ .'"4-
.'"4$'"4>�&'$uEF&712"�EF$'&Ø	Ûu/�0
$'"4.H?
EF&'@A/�>
$�L`Îm,
"4>I&'/�&NE\1 $'@2T4"m/�6b/�0
$H"4.'?
EF&'@2/�>
$P.'"4-
.'"4$'"4>�&'"4)
0�*#µ%¾\À3(�()(2À4µ g º ¾|@2$�E\&�3D/�$'&p�
Ø Û �
Ø�« Lr³g$YE�.'"4$'(
12&�/�6r&',
"y/�-�"4.�EF;&'@A/�>
$D�'E���EF>
)��X0��gEF0�/�?�"�d
9:"�<�EF>R@2>�&'.'/�)
(
<4"sEF&�3D/�$H&}EF>R"4.'.'/�.
/�6p���
Ø�«z@A>´µ ^ �ù6�/�.�@A>
$H&�EF>
<4"�de@A6�E\1A1P/�0
$'"4.'? EF&'@A/�> $�.'"4-
.'"4$'"4>�&'"4)0�*Åµ%¾\À4µ � À3(�()(2À4µ g º ¾u6HEF1A1p08"4&J9:"4"4>�ØU<4/�>
$'"4<4( &S@2?�"s"41A"43D"4>�&'$D@2>
µ ^ �SL
ÔbÕ i�^`j8i�l�È�LB�`¡��N���u�X�m±%¯����H�Q�\�X²�æ��=�F¯}±�¦ ¨N���F���=¡�°¼�Q�}�H��°��bæ��Q�

±�¢%��£J±\���b����åN�X°%±��=� ö æ�±�¢ �=��¦ �t�Fæ�°}°%±��\© ¤ �X�=¡D±D°%±�å��X°%æ�°Û�Q��±�¢ �H£
°%���H�F�X��¢G¦ �N±�¯C�\ 7�C�S�X12/�B:�y1A/�Be��Ü Ý��'�'�\���g±��P�F±���¡C¢ ��¯��Nÿ
Fpj ^`^H���¬!#"¸.'(
>�&',
"¸3GEF@A>¶EF12B�/�.'@A&', 3ì-
.'"4$'"4>�&'"4)Å@2>�M�"W<4;

&'@A/�>ßÈ�L2ÉVEF12/�>
BV9m@2&S,¼EF>ßEF- -
1A@2<�EF&'@A/�>¹/�6 �
�
������� 08"46X/�.'"G"�EF<\,
0
.'/8E\)
<�EF$'&I/�6yZ�(�EF>�&'@A12"+$'( 3}3GEF.'@2"4$I0�*�EC>
/�)
"+&'/¸@A&'$U-�EF.'"4>�&�L
!#"D$'12@AB�,�&'1A*G<F,�EF> B�"}$H/�3}"D-�EF.�EF3D"4&'"4.'$t/�6:&',
"RE\1AB�/�.'@2&',
3G��@2>
@A;
&'@JE\1`$'(
3D3GEF.'@2"4$}EF.'"t<4/�3D-
( &S"4)+&'/I0�"Y�
�HÙ�;FEF- -
.'/N��@23REF&'"zEF>
),p
@2$u<\,
/�$'"4>#&'/z08"}12/�B:�P�HÙ��
Lt® /�1212/N9m@A> Bz&',
"REF>|EF1A*�$'@2$u@2>�MN(
0
$H"W<4;
&'@A/�>GÈ�L2É�LAî�d
9:"mK�>
/�9�&',�E\&7&S, "m$'(
3D3GEF.'*%<4/�3D-
(
&'"4)GEF&7&',
"�.'/�/�&
@2$��
�
Ø\;FEF-
- .'/N��@23REF&'"D9m@A&',#&',
@2$t$'"4&'&'@2>
Bs/�6:-�EF.�E\3}"4&'"4.'$t@26:&',
"4.'"
@2$p>
/ ���
���8��� /�-8"4.�EF&'@A/�>¸EF12/�>
B}&',
"y9tE'*�Lpþ`(
&p"�EF<F,�EF-
-
12@A<�EF&'@2/�>
/�6e.'"4)
(
<4"g@A>
<4.'"�E\$'"4$:&',
"�"4.'.'/�.:0�*D�
�
Ø�« d�08/�(
>
)
@2>
BY&S, "�<4(
3%(
1JEF;
&'@A?�"y"4.'.'/�.�)
(
"y&'/ �
�
������� &'/%08"u�
�
Ø�LrÎm,�(
$�&',
"yO
>|EF18$H(
3D3REF.H*
EF&g&S, "�.'/�/�&g@A$gB�(�E\.�EF>�&'"4"4)R&'/I08"%�';\EF-
-
.H/N��@A3GEF&'"�L:®|@2>�EF121A*�d
&',
"
08/�(
>
)s/�>s&',
"t3GEF��@A3%(
3û&S.�E\>
$'3D@A$H$'@2/�>s1A/8E\)s@A3D3D"4)
@JE\&S"412*C6X/�1A;
12/N9m$}6X.'/�3½/�(
.}<F,
/�@2<4"z/�6hpÌEF>
)�&',�EF&}&S, " ���
�
����� /�-�"4.�EF&'@2/�>
"4>
$H(
.'"4$�&',�EF&�> /g>
/�)
":$'"4> )
$�3D/�.'":&',�EF>}�C�ù12/�Bb� Ü Ý �S�
$H(
3D3RE\.'@A"4$�d
9m@A&',s$'@2T4"t/�6�"�EF<F,s$'( 3}3GEF.'*C0�/�( >
)
"4)s0�*#È#pzL

4. EXACT ORDER STATISTICS!#"}>
/�9[0
(
@21A)#/�>#&',
"REF-
- .'/N��@A3GEF&'"DZ�(�EF>�&'@A12"}$H(
3D3GEF.'*�EF1A;
B�/�.'@2&',
3¶/�6�&',
"u-
.'"4<4"4) @A>
BD$'"4<4&'@A/�>z&'/}) "4$'@2B�>�Eg3Y(
12&'@A;Q-�EF$H$p) @A$';
&'.'@20
(
&'"4)ÅE\1AB�/�.'@2&',
3Ý&',�EF&%<�E\>V"4�`EF<4&'1A*¸<4/�3D-
( &S"�EF>�*�-�EF.'&'@A<4(
;
1�EF.g/�.') "4.g$H&NEF&'@2$'&'@2<�LpÎm,
"%>
"49ûEF12B�/�.'@A&',
3Ô@A$y"4�`EF<4&g.�EF&',
"4.y&',�EF>
EF-
- .'/N��@A3GEF&'"�d�<4/�3}- (
&'"4$�Ep$'-8"4<4@2O
<gZ�(�EF>�&'@A12"y.�EF&',
"4.:&',�EF>C$'( 3};
3GEF.'@2T4@A>
BIEF121�Z�(�EF>�&'@A12"4$�dN.'"4Z�( @A.'"4$|3%(
1A&'@2-
1A"�-�E\$'$'"4$|.�EF&',
"4.|&',�EF>+E
$'@2>
B�12"P-|EF$'$�d�EF>
)Y,�EF$mEF>Y/N?�"4.
EF1A1�&'.�EF>
$H3D@A$'$H@A/�>Y12/8EF)Y/�6
�C�X1A/�Be­��7�
)�EF&�Eg? EF1A(
"4$
L
Îp, "�0|EF$'@2<�@2)
"�Eu/�6¬&',
"sEF12B�/�.'@A&',
35@2$gZ�( @A&'"Y$'@23D-
1A"�L�M�(
-
-8/�$'"

9:"Y9m@A$',G&S/UO >
)�EF>R"41A"43D"4>�&g/�6¬.�EF>
K�� L�qJ>R&',
"YO
.'$H&�-�EF$H$�d
&',
"
EF12B�/�.'@2&S, 3�<4/�3D-
(
&'"4$�EF>}���HÙ�;FEF- -
.'/���@23RE\&S"�$'( 3}3GEF.'*�/�6 &S, ":"4>
;
&'@A.H"})�EF&�E�$H"W&�Lt!#"D&S, "4>�Z�(
"4.'*R&S, "}$'( 3}3GEF.'*R6X/�.t"W12"43D"4>�&'$t/�6



0

5000

10000

15000

20000

25000

30000

35000

0 20 40 60 80 100 120 140 160

B
y
t
e
sÞ

Network Diameter

Maximum Per-node communication cost while computing Median

External
e = .01
e = .05
e = .10
e = .20
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Network Diameter

Maximum Per-node communication cost while computing summary

External
qsummary, e = .01
qsummary, e = .05
qsummary, e = .10
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