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®Ä·1}�nqpWv1yzw�¦Ed�tz�op�w�c9w©¹Xy�prw©tzv:y��©�ztE}rw�pra�c s&tEu��©¡e¤Jd27Pd#vmu�c9dX}�y�prd�y��©�1nqpr}{y,p�d#�zw©dXnX´�dTn�p�w�c:y,p�d�pra1d#w©}<s&tYn�p{n#´
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p�¬'t:nqdTy�}{s{a�nr�1yzs#d��1}ru�v1w�v��:a1d#u�}�w©nqprwxs#nX«
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G
c:y½lÁa�y½¦zd�¡owxnª��tEw�vYp

s#tzc9�Jtzv�dXvEp{n�¯ªdTyzs{a�v�to¡od�w©v¨tzv�d�s#tzc9�Jtzv�dXvEp�wxn�u�v1}rdTyzs{a1yz¤���d0�ª}�tzc pra�d�v1tm¡�dXn�tz�
p�a�d�tzpra�dX}§s&tEc2À
�Jtzv1d#vYp{±&«¬g1tz}�d#µoyzc9����dE´¶�ªtE}�pra�d?�z}{y���a

G
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sc1
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sc2
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sc3

´
yzv1¡�s&tEce�Jtzv1d#vYp
G2

s&tzv�nqwxn�p{n�t��
sc4

´
sc5

´Py�v�¡
sc6

«¯�WyEs{a
Gi

v1y,p�u�}{y��©��l¥¡�d&·1v�dTn�y¨nrc9yz���©d#}
c:y�prd#}�wxy��©w�¹Ty,prw©tzv���}�tz¤1��dXc�«�g�u�}§a1d#u�}�w©nqprwxs�yEnrnru�c9dXn�pra1y�p���wxs{­mw�v1�Npra1d�tz��prw©c9yz�
nqpr}{y,p�d#�ElN�ªtz}0dXyEs{a
s#tzc9�Jtzv�dXvEp��©dXyE¡�n6prtep�a�d�tz��prw©c9yz�¶n�p�}�y�prdX�zl:�ªtE}6pra�d���}�tz¤1��dXc ¡od#prd#}�c9w�v1dX¡�¤ml

G
¼�pramu1nX´op�a�d���}�tz¤oÀ

�©d#c�wxn(¡odXs#tzc9�JtEnrdX¡¨w©vYprt�nrd#¦Ed#}{y��
nqc:y��©�©d#}0tzv�dTn#«(º»v¥tEu�}0d&µ�y�c9���©dz´
|G| = 6

´
|G1| = 3

´
|G2| = 3

´
yzv1¡�w��

|SP | = 4
´Jpra1w©n0}�dX¡ou1s#dXn§pra�d:s#tzc9���©d&µow¿p�l��ª}�tzc

O(6! ∗ 46)
prt

O(2 ∗ 3! ∗ 43)
´¶yN}�dX¡�u1s4p�w�tEv

�°yEs4p�tz}�t���y��©c9tEnqp
4.000

«N`6a1d:a�d#u�}�wxn�p�w©s:sXy�v¸¤�dN¬�}�tzv1�1´¶w��6pra�d:��}�tos&dTnrnrw�v1��tz�<p�¬'t¨nqu1¤���}�tz¤��©d#c:n
w©vYprdX}q�ªdX}rd:¯ªdE« ��«Pw¿�
pra�dXl?u1nrd(pra1d(n�y�c9d(�Jd#d#}�y,p6pra�d�n�y�c9d0prw©c9dT±&«

Ç 6 É�$ ® Í�± � É�' �(& 6 É �!�D°Ú�#�U°°� `6a�d�¾*)�+Ü�!��� ��¾��!�!�^y��©�ztE}rw�pra�c s&tEv1nrw©¡odX}�n~w�vN�©w©v�dXn'��y�v�¡ ¿ y��©�1�Jd#dX}�n
c9dXvEp�w�tEv�dX¡9w©v

D
«P`6a�d�a�d#u�}�wxn�p�w©s�s#tzv1nrwxn�p{n\t����©w�c9w�prw©v���p�a�w©n's{a�tEw©s#d�t�����dXd#}{n#´myzn\�ªtz�©��t,¬�nX«!¢¸d�¡�d&·1v�d

p�a�d VA*M+���E�Ë/� t���y�nrd#}�¦mw©s#d§s#yz��� sci ∈ G
prt�¤Jd�pra�d0nqd#p'tz�¶��dXd#}{n~p�a1y,p'��}rt,¦mwx¡od�p�a�d0nrd#}�¦mw©s#dXn~sXy��©��dT¡:¤ml

G
v�to¡odTn!7
, }rdTyzs{a1yz¤��©d§�ª}�tzc sci

w�v
G
7\pra1dXnrd0�Jd#dX}�n�yz}rd(�Jt�p�d#vYprwxy���¶rs&tEv1nqu1cedX}�n�¸�tz�

sci

� n6}�dXnru���p�n
, pra1y�p2s#yzv£}�dXyEs{a sci

w©v
G
7�p�a�dXnrd:��dXd#}{n�y�}�d9��tzprd#vYp�w©yz�9¶��1}rto¡ou1s#d#}{n¤¸et���¡�y,p{y¨s&tzv�nqu�c9dT¡¥¤ml

sci
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º»vYp�u�w¿p�w�¦Ed#�©lz´Epra�dÚ¶�f<tEvYprd&µmpÒ¸�a1d#u�}�w©nqprwxs�y�pqprdXc9�op�nWprtey½¦ztzwx¡eu1nrd#�©dXn�nWs&tEc9c�u�v�wxs#y�prw©tzv1nX«=g1tz}<d&µ�y�c9���©dz´
s#tzv1nrwx¡od#}!pra�dô¶�«�lm¤�}�w©¡$¸6n�p�}�y�prd#�El(w�vKg!w©�zu1}rd��m«
¢Äa�d#v9s{a�tmtEnrw�v1��y�v�w�vm¦ztosXy,prw©tzv���dXd#}
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pra1d6sXy��©�©n�prt
®§�zdXvEp
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y�v1¡�®��Ed#vYp
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´mp�a�d�¶�f<tEvYprd&µmpÒ¸�a�d#u1}rwxn�p�w©s(¡owxs4p{y,p�dXn'pra�y,p6pra�d��Jd#dX}�®��Ed#vYp
1

wxn6v�t�p�y�v�tz��prw©tzv¶´
nrw©v1s&d(w�p�w©n�u1v�}rdX�©y�prdT¡Np�t2p�a�d�s#yz���C«Pº»v¨s&tzvYp�}�yEn�pT´Y¬�w�pra�p�a�d�v1y�w©¦zd(d#µma�y�u1nqprw©¦zd�nqpr}{y,prdX�zlE´Ep�a�d�®��Ed#vYp

1�Jd#dX}�¬<tEu��x¡�yz�©nrt9¤�d�s#tzv1nrw©¡�d#}�dX¡�«\`!t9s#tzc9��uop�d(pra�d�nrw©¹#d(t��!pra�d�nr�1yzs#d(d&µo���©tz}�dX¡�¤YlNpra�d�¶{f<tzvYprd#µmp�¸
a1d#u�}�w©nqprwxs�´Epra1d�c�u���prw©���©w©sXy,p�w�tEv:�°yzs&prtz}

|G|
w©n<}rdX���xyzs&dT¡e¤Yl2pra1d�s&tEvYprd&µmp<nrw©¹#d��ªtE}WdXyEs{a
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nru�¤Jtz�op�w�c:yz�Ú´ow��
tEv�d(t��!pra�d(�Jd#d#}{n'pra�y,p�a1yzn6¤Jd#dXv�y½¦Etzwx¡odX¡?w©n�nrte�°yznqp�¯ªtz}�nrt9¬<dX���¶s#tzv�v�dTs4p�dX¡?prtepra�d
tzpra�dX}�n{±Wpra1y�p�pra�wxn6¤Jd#v�d#·�p§tzu�p�¬<dXw��Ea1n<pra�d�s#tEnqp6tz�Pnra�w©����w©v��:¡�y,p{y2prt:tz}'�ª}�tzc�p�a�d��Jd#d#}T«

g
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w�p�n0�Jd#}r�ªtz}�c:y�v1s#d�}rdT�Yu�w�}�dXn0nrtzc9d2s#tYtE��dX}�y�prw©tzv¨¤Jd&p�¬'d#dXv¥�Jd#d#}{n�tzv¨p�a�d2�1u�¤��©w©sXy,prw©tzv£t��W¤�yznrw©s2s&tEnqp�n
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«
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7
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sc
¼
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sc
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Pj

¼
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Pj
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«
`6a1d#}�d&�ªtz}�dz´m¬'d(w©¡odXvYprw��ªlNpra1d�}rdTnq�JdXs&prw©¦zd�s&tYn�p�s&tEc9��tEv�d#vYp�n�¯°w�v�p�w�c9d�u�v�w�p�n{±'t��

sc
yEn!7

ccostPi
(sc) = initc + callSize× packu + (callSize + envSize)× net(1, Pi, Pj)

+scostPj
(sc) + resSize× (unpacku + parse(1, resSize)

+merge(resSize, docSize(sc)))
¯th½±
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s#tzc9c�u1v�w©sXy,p�w�tEv�s#tEnqp�n(�ª}�tzcúnrd#v1¡odX}�nX«�`6a�d

merge
�ªu�v1s&prw©tzv^¡odX��dXv1¡�n�tzv¸pra�d�nqlonqprdXc ���xy,pr�ªtz}�c

¬�a1d#}�d
sc
wxn0��}�tms#dXn�nqdT¡�¼�p�a�d I��M A'A"J+3� nqprdX�£wxn(}�dX�Yu�w©}rdT¡¨prt�wx¡od#vYprw��ªl¥v1d#¬�nrd#}�¦mw©s#desXy��©�©n0w©v¥p�a�d:s#y��©�

}�dXnru���pX«P`6a�d��Jd#}r�ªtz}�c9yzv1s&d�tz�GyEs4p�w�¦,y,p�w�v1�
sc
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yzv1¡
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ccostPi
(sc)
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initc é�ê�� inita 4 ì&ð�ínütè�ì&ê/ì&ütì¼é!ç¼ì	�Aí5��è��<ü766é!òtíPð�è��/ï/ç¼í(�ké!ü��2òtí��8�
í�¦�ütì
¥DíAç £9�#��í�ò�¥Mì
¦Aí�¦Aç&ì&íAê�üé!ê"���2òtè�¥2ì:�2í�ò�¡
callSize é�ê�� resSize øMì	�Aí<;Jì&ê�ñ!£2ütí(��=
è3�7�2òtí��8�
í�¦�ütì­¥UíAç £9�/ü�þ/í���í�ò�¥Mì
¦Aí«¦#é�ç&ç�é�ê"��ì�ü>�kòtí(��ï�ç�ü�¡

net(b,P1,P2)
ü ¥Dí�ò�é�ý�í�ütì¼ð�í}ütè:ü�ò�é�ê
�?�(í�ò b ñ�£Mütí��@�8òtèUð Pi ütè Pj ¡

envSize
ü ¥Dí�ò�éÜýUí5��ì	�Aí<;Jì&êKñ!£Mütí���=
è3��ü�þ/í ø�A üCB íAê�¥DíAç&èD��¡

packu é�ê�� unpacku

ü ¥Dí�ò�é�ý�í�ütì¼ð�í0è3�E��òtí��8�
í�¦�ütì­¥UíAç £9�
ø
A üCB �3éÜ¦F�Mì&ê$ý:é�ê��Qï�ê
�3éÜ¦F�Mì&ê$ývè3�ónñ�£Mütínè��G��é;ü�é'¡
docSize(sc) ø2ì	�Aí<;Jì&ê�ñ!£Mütí���=
è��yü�þ�í �2è!¦Aï�ð�í�êMü½¦AèUê�ü�é�ì&ê/ì¼ê�ýH��í�ò�¥Mì
¦Aí�¦#é�ç&ç sc ¡

parse(b, size)
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ct2
ÀW�ztEw�v·g1yEs4prtE}

113× 10−11|PtEcetYn!7 v�d#p ��« ��h½�

`
y�¤��©d(��7<f<tYn�p�º»v��E}rdT¡ow�dXvYp�nX«

jYp�}�y�prd#�El �<�Eu�y,prw©tzv
Ï d#�©d#�Ey�prw©tzv

EvalT ime = Molos :bounceService + Pomos :bounceService+
Pomos :getUsers+
Molos :getAuctions + timeToJoinData+
timeToPackResult + networkConstantToSendToNacosf<d#vYp�}�yz��w©¹#dT¡
EvalT ime = Pomos :bounceService + Pomos :getUsers+
Molos :bounceService+
Molos :getAuctions + timeToJoinData + timeToPackResult

`
y�¤��©d��
7<f<tYn�p g�tE}rc2u��xyznX«

�Wn�p�w�c:y�prdX¡�¯°c9n{± h¨dXyEnqu�}�dX¡¸¯ªc:n{±
jmpr}{y,prdX�zl �Eh¨¤ �z�E�#w(¤ �Eh¨¤ �E�z�#w(¤
Ï dX��dX�Ey,p�w�tEv ¿ h ¿ À$1m« Ï'Ï hX��1,�E��« ��h 1,� Ï 1�� h ¿ ��1�À
f<d#vYpr}{y��©w©¹#dX¡ �$1½�m� Ï «Þ�
h h#��ÀE�z��«Þ�
h �z� ¿/¿ Ï �z�Y���2À

`!yz¤��©d ¿ 76�Wnqprw©c9y�prdT¡�yzv1¡�c9dXyznru�}�dX¡�s&tEnqp�w�v1�z}�dX¡ow©d#vYp�n6}�dXnru���p�nX«
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� � ��ÿ#�(�!��	 �����p�k��)�	���)���ÿ³;<��)��� #	��6�P�(�! &��)��
jmp�y,p�w©nqprwxs#n6yzv1¡?s#tEnqp<w©vo�ªtz}�c:y,prw©tzv?a1y½¦zd���tEv���¤Jd#dXv�s#}ru1s#w©yz�1�ªtE}Wp�a�d(d;]Ns&w©d#v�s&l9t��!¡�w©nqpr}�w�¤1uoprdT¡��Yu�dX}rl
�1}rtos&dTnrnrw©v��4ZÞ�z�m´
�
h#\I«2º»v�c9tEnqp�s&tYn�prÀC¤1yEnqdT¡¨tz��prw©cew©¹Xy�prw©tzv£prdTs{a�v�wx�Eu1dXn0�ªtz}�¡owxnqpr}�w�¤�u�prdX¡�¡�y�p�y�c:y�voÀ
yz�zdXcedXvYp(nrlon�p�d#c:n9¯°nru1s{a£yEn�c2u���prwx¡�y,p{y�¤1yEnqdTnQZÞ�MÀ�\C´��ªdT¡od#}{y,p�dX¡£nqlonqprd#c:nKZÞ�z�D\~yzv1¡¥c9dT¡ow©y�prdT¡£�Yu�dX}rl
nrlon�p�d#c:n0Z8h/h#\ ±&´z�Yu�d#}�l(d&µodXs#uoprw©tzv2s&tEnqp�n
y�}�dWc:yzw�v��©l�}�d#��}�dXnrd#vYprdT¡(¤ml�¡�y,p{y�pr}{y�v�n��ªdX}�nX´½¤�uopPpra�d'w©ce��yzs4p
tz�\pra�d9s&tEc9c�u�v�wxs#y�prw©tzv¨��}�t�p�tos&tz�
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nrlon�p�d#c:nX´,pra�dX}rd�yz}rd6nqtEc9d<}�d#�©d#¦,y�vYp~¡ow�¾JdX}rdXv1s&dTnPtzv2pra�dXw�}\tE�oprw©c9w�¹Ty,p�w�tEv2��}�tz¤1��dXc9nX«=g
w©}�nqpX´E�Eu1d#}�l�tz�oÀ
p�w�c9w©¹#dX}�n<�ªtz}6¡owxn�p�}rw©¤�uop�dX¡�nqlonqprdXc9n<u1nru1y��©�©l:��}rto¡ou�s&d0d&µodXs#uoprw©tzv����©yzv1n<¤1yznrdX¡?tzv�yenrd&p6t��!yz���Ed#¤�}{y�wxs
tE��dX}�y�prtE}�nX´oy�v1¡�pra1d#l�sXy�v���}�t�·�p��ª}�tzc nqtEc9d(yz���Ed#¤�}{y�wxs0tz�op�w�c9w©¹Xy�prw©tzv���}�tz�Jd#}rprw©dXnX«\º»v¨tzu�}�nrd&prprw©v��1´
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