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1. INTRODUCTION
1.1 Problem Descriptionx
ABAB<DCE6F@YGI6F<?8��&r�V9LEAz57698�698]:���x
��5W�'698�VF@H>I:ZLtGB>\@?8�AI@HCM^GI69<Z8`@HVa�@YG\@?J`@HABLEA269A2@7CELE8DGB>\@?V�c%>I<ZJ�V9LES�6F8�GIe�L(f�LEVFa�<H;Ug�8�<hN,VR^Lha]:?L�a]69ABCE<YijLM>BkDl,�Pe]L26F8]c�r%G&GI<"GIe]L�x
��5�69A�@Ta�@HG\@HJ`@HABL

698"N,e�69CoeT<?J%��LECMGIA0@H>IL&:?>I<Zr]c�Lha"JDk(CM<Z8DGILM��Ghl+x&8"LM�]@?STc]VFL<?;�ABr]Coe"@�:?>I<?r�c�698]:�NP<?r�VFa(J�LU@�V969A_G�<?;�6RGILESTA+:H>I<Zr�c�LEa(JDkGIe�L�CEr�A_GI<?STLM>&N,e�<'J�<Zr�:?eDG�GIe�LMSQl�x&�K5�GIe�LE8Q>ILE �r]6R>ILEAr�A�GI<2f�8`a"ABLMGIA0<?;�<ZJ��_LECoGIA0N,e�69C\e'GILE8�a(GI<�@?ABAB<DCE6F@HGIL
N,69GIe<Z8]L�<HGIe�LM>hlK¡�69ijLE8QG�N0<'a]69A_GI698�CMG�ABLMGIAK<?;�<?J%��LECMGIAEq�¢�@H8`a£'q�NPLTAI@Ek�£�6FA2@HABAB<DCE6F@HGILha�N,6RGIeb¢�69;0GIe�LT@Hc�c�Lh@Y>\@?8�CML<?;�¢¤6F8�@"CELo>BG\@?698tCM<Z8DGILM��G�r]ABr`@HVFVRk76FSTc]V96FLMA
GIe`@YG�£¥N,6FV9V@?c]c�Lh@H>2698tGIe�@HG2CE<?8DGILM��G�@?AKNPLMVFV�lp�¦;P¢�r]ABr`@?V9VRkt6FSTc]V96FLMA£'q�N0L(GIe�LE8�AI@EkWGIe`@YGKGIe�L�>Ir�V9L"¢�§¨£ 6FA[CM<Z8]f`a]LE8DG[698GIe�L�a�@YG\@?J�@?ABLZl
mbL[NP<?r�VFa�r]ABr`@HVFVRkW8]<?G
J�L�698DGILM>ILEA_GILEaz698@?8�@?ABAB<DCE6F@HGI69<?8©>Ir]V9L"r�8]VFLMABA�6RG�@?c]c�Lh@H>IA[698bST<H>IL�GIe�@?8b@CELM>BG\@H6F8�8%r]S(J�LM>(<?;�CE<Z8DGILM��GIAEªW6R;[6RG'a]<DLMAEqPNPLWAI@Ek©GIe`@YGGIe�L&>Ir�V9LKe`@HA,@�VF@H>I:?L2ABr�c�c�<H>BGUCE<?r�8DGhl��Pe�L�GIe%>ILEABe�<?VFa]AU<?;ABr�c]c�<?>BG��¦576F8`y%r]c��U@?8�a7CE<Z8%f�a%LE8�CELp�¦57698�v0<?8];\�&@H>IL2c`@Y^>\@?STLMGILo>IA�<?;�GIe�L�c]>I<?J�V9LES�@?8`aW@Y>IL(r]ABr`@?V9VRkzABr�c]c�V969LhaWJDkGIe�L'r�ABLM>"@?CECM<?>\a]698]:�GI<�e�69A(8]LELha%A"@?8�ab>ILEAB<Zr%>ICELEAEl©�Pe]LAB<ZV9r]GI69<?8�GI<WGIe�L'x&�K5dc]>I<?J�V9LES¤6FA(@WVF69A_GT<H;
@?V9V,@?ABAB<DCE6R^@HGI69<Z8n>Ir]VFLMA�N,e�69C\e©e`@hijLpJ�<?GIenVF@H>I:?L7ABr]c�c�<?>BG(@?8�ane�69:ZeCE<Z8%f�a%LE8�CEL�698�GIe�@HG2a]@HG\@?J�@?ABLZl"y%r]CoezV969A_GIA[<?;P>Ir]V9LEAKe`@hijLSp@?8Dk�@?c]c�V969Ch@HGI69<?8�A7698�GIe]LWCE<Z8DGILM��Gp<H;2r�8`a%LM>IA_G\@?8�a]698�:%qa]LEABCo>I6FJ]698�:T@H8`aQ@HCMGI698�:"r]c�<Z8.GIe]L[a�@YG\@?J�@?ABLZl
�Pe�L(x
��5«c%>I<ZJ�V9LES¬e`@HA�J�LELE8z698�ijLEA_GI69:j@YGILhaz6F8DGILE8]AB69ijLEVRka]r%>I6F8]:�GIe]L7c�@?A_GT;{LoNkDLh@H>IAW| ®h~O|R}E¯H~¦| °Y~¦| ±H~¦|R}h²H~¦| ²?~�l��¦G"NU@HAABe�<hN,8TGIe`@YG�GIe]L
Sp@h�_<H>PCE<?STc�r]G\@YGI69<Z8`@HV�G\@?ABg(6FA�GIe�L,6Fa]LE8%^GI6Rf`Ch@YGI6F<?8W<?;�@HV9V�GIe�L[VF@Y>I:ZL26RGILESTABLMGIAEq%GIe�<ZABL2ABLMGIA,<H;�69GILMSTAN,e�69C\e�e�@YiZLP@
ABr]c�c�<H>BG+CE<Zr]8DG�:?>ILE@HGILM>�GIe`@H8�576F8`y%r]c�l+x&A_^AB<DCE6F@HGI69<Z8'>Ir�V9LEA�Ch@?8TGIe�LM8TJ�L
c%>I<�a]r�CMLha";=>I<ZS³GIe�LMABL
VF@H>I:?L6RGILESTABLMGIA[698b@.;{@?6R>IVRk�A_GB>\@H69:ZeDGB;{<H>BNU@H>\abSp@H8�8]LM>hlT��<H>2LM��^@?STc]VFL?qj<Z8]CELU6RG069A�g�8�<hN,8(GIe�@HG�J�<?GIe 3Y´Kµ]¶E·�µP¸�µ�¹`ºM» 4 @H8`a3H´Kµ]¶M·_µP¸+µ�¹`ºM»j¼`´Kµ�½H¾Q»H¶Eµ%¿ 4 @H>IL&VX@Y>I:ZL&6RGILESTABLMGIAEqjGIe]L,@?A_^AB<DCE6F@HGI69<Z8À>Ir�V9L 3?´Kµ]¶M·_µ0¸�µ�¹`ºE» 4 § 3?´Kµ�½?¾7»H¶hµ�¿ 4 <ZJ�i�6R^<Zr]ABV9k7e`@HA&ABr]c�c�<H>BGhq�@?8�aQ@?V9V�GIe`@HG,>ILESp@H698�A&6FA,GI<"C\e�LEC\g'69;GIe�L[@HABAB<DCE6F@HGI69<Z8z69A&CE<Z8%f�a]LM8�Ghl
x
��5Á@?V9:Z<H>I69GIe]STA7@Y>ILzSp@?698�VRkÀCE<Z8]CELM>I8�LEa�N,69GIeÀ>ILha]r]CM^698�:pGIe�L(8�r]S(J�LM>
<?;Pa�@HG\@HJ`@HABL(ABCh@H8�AEl(�Pe�69A�>ILha%r�CMGI69<Z8�69A8�LECMLEABAI@H>BktJ�LECh@Hr�ABL"GIe�L"a�@HG\@HJ`@HABLT6FA2r]ABr`@?V9VRk�ijLM>BkzVF@H>I:?L@?8�a'69A,A_GI<?>ILha'698.ABLECM<Z8`a]@H>Bk'STLEST<H>BkW��a]69ABg]�ol��Pe�L�c]>I<ZJ%^V9LES�NU@HAK>ILEA_G\@HGILEa�698t@7a]69A_GB>I69J�r%GILhazABLMGBGI698�:.@?AKGIe�L�wK69A_^GB>I69J�r]GILEa�x&ABAB<DCE6F@HGI69<Z8Â�
r]V9LEAz57698�698�:���w�^Ox
��5W�Tc]>I<ZJ%^V9LESQlK�Pe]L�Sp@H698Q>ILh@?AB<?8�;=<?>K>ILEA_G\@YGI698�:pGIe�L2c]>I<?J�V9LES¬GIe]69ANU@EkQNP@?A�GI<Tc�@H>\@?V9V9LEV969�EL(GIe]L(a%6FABg.�BÃ?s³>ILh Dr�6R>ILha7GI<pAB<?VFiZL



6RGhlt��8nw�^Ox
��5tquGIe]L7a]@HG\@HJ`@?ABL'69A"c`@Y>BGI6RGI6F<?8�LhanJ�LMGONPLELM8ABLEiZLM>\@?V,c`@Y>BGI69LEA"N,e�69C\e�Ch@H8�c�LM>B;=<?>IS�698`a%LEc�LE8�a]LE8DG"c�@H>B^@HVFV9LEV0CE<ZSTc]r]G\@HGI69<?8�A2@?A2NPLMVFV0@?A�CE<ZSTS�r�8]6FCE@HGIL(N,6RGIeb<?8�L@H8�<?GIe]LM>hl�y�LEijLM>\@HV,@?V9:Z<H>I69GIe]STA(NPLo>IL7c]>I<?c�<ZABLhanGI<�AB<ZV9ijLw�^Ox&�K5tq,ST<?A_Gz<?;"GIe]LESÄ;{<H>�ABe`@H>ILo^O8]<?GIe]6F8]:�Sp@HCoe]6F8]LEA|R}M~¦| ÅH~¦| �Y~¦|R}Z}o~�q�@?8�aQAB<ZSTL[;{<H>KABe`@Y>ILha%^¦STLEST<H>Bk�|9}MÆ?~�<H>[a]69A_^GB>I69J�r%GILha.ABe�@H>ILha�^¦STLEST<?>BkpSp@HCoe]6F8]LEA2| ÇH~�l,y�6F8]CELKGIe�L[c�@H>B^@HVFV9LEV969�h@YGI6F<?87<H;ua%69ABg"�BÃ?s�69A06RGIABLEVR;u@?8pLh@HA_k"G\@?ABg�qjGIe]L&Sp@H698ABe]<YN�A_GI<Zc]c�LM>(;=<?>Tw�^Ox&�K5d@?V9:?<?>I6RGIe�STA�6FA�CE<ZSTS�r�8]6FCE@H^GI69<Z8nCM<ZSTc�V9LM�%6RG�kDl7�Pe�LTST<?A_G�6FSTc�<H>BG\@?8DG2;�@HCMGI<?>IA�6F8bGIe]LCE<?STS(r]8�69Ch@HGI69<?8KCE<ZSTc]V9LM�%69GOk�<H;%w�^Ox
��5�@?V9:Z<H>I69GIe]STA�GIr%>I8<?r]G(GI<WJ�LpGIe�Lp8�r�S�J�LM>�<?;&c`@Y>BGI6RGI6F<?8�AEq ¿ q0@H8`a�È É"È q�GIe]L8�r�S�J�LM>�<?;&6RGILESTABLMGIA�CE<Z8]AB6Xa%LM>ILhabGIe]>I<?r�:?e�<Zr%G�GIe]L7@HV9:Z<?^>I6RGIe�SQl
�O8�GIe]6FA�c`@?c�Lo>[NPL(c%>ILEABLE8DG2@'ABLMG2<?;08�LMNÊ@HVF:?<?>I6RGIe�STAK;=<?>ABe�@H>ILM^¦8�<HGIe�698�:nSp@HCoe]698�LEAEl³�Pe]LEABL�@?V9:Z<H>I6RGIe�STA769STc%>I<HiZLGIe]L�CM<ZSTS(r]8�69Ch@YGI6F<?8KCE<?STc�V9LM�%6RG�k&<?;�GIe�L�J�LEA_G�<?;�GIe]L�g�8]<YN,8w�^Ox&�K5³@?V9:Z<H>I6RGIe�STAElum�L�c%>I<YijL+GIe`@HGu<Zr%>+@?V9:?<?>I6RGIe�STAu@H>ILGIe]L�f�>IA_G�GI<.AB<?VFiZL(GIe�L�c]>I<ZJ]V9LES¬N,6RGIet@.CE<?STS(r�8]69Ch@HGI69<Z8CE<?STc�V9LM�%6RG�k©GIe`@YG'6FA'V9698�Lh@Y>7698 ¿ @?8`a�È É"È q
@?8�aÀN,6RGIe�@ijLo>BktABSp@HV9V�a]@HG\@HJ`@?ABLo^�a%LEc�LE8�a]LE8DG2S(r]VRGI6Fc]V96FCE@HGI69ijL(;{@?CMGI<H>hlm�e]LE8�CM<ZSTc`@Y>ILhaÀN,6RGIe$CEr%>B>ILE8DG'@?V9:Z<H>I6RGIe�STAEq&<Zr%>7@HV9:Z<?^>I6RGIe�STApABe]<YN�@?8�6FSTc%>I<YijLESTLE8DG"N,e]6FC\e$>ILh@HCoe]LEA.ABLMijLM>\@?V<H>\a]LM>IA�<?;USp@H:Z8]69GIr�a]LTLEiZLE8t;=<?>�ST6Xa�^�>\@?8�:?L"i?@?V9r�LEA2<H; ¿ l��<H>2e�69:Ze]LM> ¿ iZ@HVFr]LEAEquN0LTc]>I<YijL(GIe�@HG[GIe]L"@Za%iZ@H8DG\@?:ZLT<H;<?r]>
@?V9:Z<H>I6RGIe�STA,gjLELEc]AU:?>I<hN,698�:p@YG&GIe]L[AI@?STL�>\@YGILZl
m�L�ABLEL(c�<ZABAB69J�V9LT@Hc�c�V969Ch@YGI6F<?8�AK;=<?>[<?r]>[CE<?STS(r]8�69Ch@HGI69<?8]^LM�"CE69LE8DG"@HVF:?<?>I6RGIe�STA�698bGIe]>ILELTSp@H698n@H>ILh@HAEl���6R>IA_Ghq+GIe�LMkSp@EktJ�L.r]ABLha�GI<zST6F8]LTc�LELM>B^�GI<?^¦c�LELo>(A_k%A_GILESTAElt��<H>(LM��^@HSTc�V9LZq%NPL2Sp@Ek'N,69ABeQGI<"f�8`a7@HABAB<DCE6F@HGI69<Z8]A[J�LMG�N0LELE87GIe]LSTc�²�f`V9LEA'<?;�a%6R��LM>ILE8DGpËK@Hc�A_GILM>.r�ABLM>IAz��ST<H>ILQGIe`@?8Â}Zl �ST69V9V96F<?87f`V9LEA,698W@HJ�<Zr]G2}E¯%q ¯Z¯?¯pV969J]>\@Y>I69LEAK@YG&GIe]L�GI69STL�GIe�69Ac�@?c�LM>
NU@?A&NU>I6RGBGILE8��ol�Ë�<Tc]>ILMi%69<?r�AK@HV9:Z<?>I6RGIe]S�Ch@H8�CM<Zc�LN,6RGIe ¿�Ì }h¯ ¼ ¯Z¯Z¯bN,6RGIe$GIe�Lz�O8�GILo>I8�LMG'CE<?STS(r�8]69Ch@HGI69<Z8ABc�LELEa(@hiZ@H69VX@HJ�V9LUGI<�a�@EkDl�y�LECE<?8`a�qHNPLUSp@Ek2r]ABL0GIe�LEABL,@HV9:Z<?^>I6RGIe�STAP;=<?>�J]>I<j@?a%^¦ABCh@HVFL2c�@H>\@?V9V9LEV969�h@HGI69<?8t<H;�a�@HG\@"ST698]6F8]:]qABc]VF6RGBGI698�:2GIe�L&c]>I<?J�V9LESÊr�8DGI69V`Lh@HCoe'c`@Y>BGI69GI69<?8'f]GIA0698DGI<2GIe]LSTLEST<H>BkK<H;`@,CE<Z8�ijLM8�GI69<?8`@?V�Í�v
lH�Pe�6R>\a�q?N0L0Ch@H8�r]ABL�GIe]LES698bLE8�i�6R>I<Z8]STLE8DGIA�N,e�LM>ILTCM<ZSTS(r]8�69Ch@YGI6F<?8�J�@?8`a�N,6Fa%GIe�69A@H8"LM�%c�LE8�AB69ijLP>ILMAB<Zr]>ICMLZqDABr�C\eT@HA�J]6FV9V9698�:2CELE8DGILM>IA+;=<?>�VX@Y>I:ZLCE<?STS(r]8�69Ch@HGI69<?8�c%>I<Hi�6Fa]Lo>IAEl+x
VRGIe]<Zr�:?e�GIe]LEABLPJ]6FV9V9698�:KCMLE8]^GILM>IA�r]ABr`@?V9VRk"e�@hijL0;�@HA_GU@H8`a�N,6Fa]LU8]LMG�N0<?>Ig�AEq�a]@HG\@�ST698�698]:69ATc�LM>B;=<?>ISTLha©GIe�LM>IL7@?A'@?8�@?r]�%69V96F@H>Bk©G\@?ABg�@?8�a©GIe]L7>ILM^AB<?r]>ICELEA&6RG&CE<Z8]ABr�STLEAUCE<?STL[@HG,GIe]L[LM�%c�LE8�ABLK<H;+GIe�LKSp@H698A_k%A_GILES @HCMGI69i%6RGOkDl

1.2 Previous Work�Pe]L,GONP<[Sp@h�_<H>P@Hc�c]>I<Z@?C\e�LEA�GI<[w�^Ox
��5Î@?A�c]>ILEABLM8�GILEa(698|R}M~u@H>IL2a]@HG\@�a]69A_GB>I69J�r]GI69<?8���wKw2��@?8`a'CE<Zr]8DG&a]69A_GB>I69J�r]GI69<?8�¦v0w2�ol`wKw�;{<DCEr]ABLEA[<Z8WGIe�L2<?c]GI69Sp@?V�c�@H>BGI6RGI69<Z8]6F8]:.<H;�GIe]La]@HG\@?J�@?ABL.6F8�<?>\a%LM>"GI<�Sp@H�%69ST69�ELpc`@H>\@HV9VFLMVF69ABSQl�v0w(q�<?8GIe]L[<?GIe�Lo>�e�@?8`a�q�CM<Z8�AB6Fa%LM>IA�@"ABLoGBGI6F8]:"N,e�LM>IL[GIe]L2a�@HG\@"69A@Y>IJ�6RGB>\@H>I69VRk�c`@H>BGI6RGI69<Z8]Lha©e�<?>I69�E<?8DG\@?V9VRk�ÏT@?ST<Z8]:�GIe]L.c�@H>B^
Ï_��<?>I69�E<?8DG\@?V(c�@H>BGI6RGI69<Z8]6F8]:�STLh@?8]AQGIe`@YGzLh@?C\e�c`@Y>BGI6RGI6F<?8698�CMVFr�a]LEA'N,e�<?VFLzGB>\@?8]AI@?CMGI69<?8�AEqK698�CE<?8�GB>\@HA_G7N,6RGIe�ijLM>BGI6R^Ch@HV�c`@H>BGI6RGI69<Z8]698�:2N,e�LM>IL�GIe]L
AI@HSTL
GB>\@H8�AI@?CoGI6F<?8.N0<Zr�VFapJ�LABc]VF6RG
@?ST<?8�:�ABLEijLM>\@HVuc`@Y>BGI69LEAEl

GI69LEApGI<bJ�LE:?6F8$N,6RGIe�q&@?8`a�;{<DCEr]ABLEA7<?8$c`@Y>\@?V9V9LEV96F�M6F8]:�GIe]LCE<?STc�r%G\@HGI69<Z8�l
�Pe]L7wKw¬@?c]c]>I<j@HCoe©69AT8�<HGT@HV9NP@Ek]Ap@Hc�c]VF69Ch@HJ�V9LZl�xPG(GIe]LGI69STL7GIe]LWa�@YG\@b6FAp:?LE8�LM>\@YGILha�q,6RG'69Ap<?;=GILM8�@?VR>ILh@Za�k�c�@H>B^GI6RGI69<Z8]Lha�l��O8ÀSp@H8Dk©Ch@?ABLEAp6RGpCh@H8�8�<HG'J�L7:j@YGIe�LM>ILEa$@?8�a>ILEc�@H>BGI6RGI69<Z8]Lha.;{<H>,>ILh@?AB<?8�A&<?;+ABLECMr]>I6RG�k.@?8�a.ABLECo>ILECMkDq]CE<ZA_G<H;�GB>\@H8�ABST69ABAB69<Z8�q�<H>KABe�LMLM>[LM�TCM6FLM8�CMkDl
wKwÊ6FA
GIe%r]A
ST<H>IL@Hc�c�V969Ch@HJ�V9L�;{<H>zA_k%A_GILESTA.N,e]6FC\eÂ@H>ILna%Lha]69Ch@YGILha�GI<�c�LM>B^;=<?>IST698�:Ww�^Ox&�K5tl�v0w(q�<?8bGIe�Lp<?GIe]LM>�e`@?8�a�q+Sp@Ek�J�L'@ST<H>ILQ@?c]c�Lh@?V9698�:�AB<ZV9r]GI69<Z8�;{<H>.A_k%A_GILESTA�N,e�69Coe�@H>ILQ8�@HGB^r%>\@?V9VRkba%6FA_GB>I69J]r]GILhaz<YijLM>�VF@H>I:ZLTLo�]c�@?8]ABLEAEq�ABr]Coe�@?A2A_GI<DCogLM�%C\e`@H8�:ZL�@?8�a[CM>ILha]6RG+CE@H>\a[A_k%A_GILESTAEl+�Pe]6FA�@H>BGI69CEV9L�;=<DCEr�ABLEA<?8�GIe�L'v0w @Hc�c]>I<Z@?C\e�GI<Qw�^Ox&�K5tq�@?VRGIe]<Zr�:?ebGIe�L"Sp@H6986Fa]LE@?A,Ch@?87c]>I<ZJ�@?J]V9k'J�L2@?a�@?c%GILha'GI<(wKw�@?AUN0LEV9V�l
x&VFV+GIe]LT@?V9:Z<H>I6RGIe�STA�a]69ABCEr]ABABLha�698tGIe]6FA[c�@?c�LM>�@Y>IL"J`@HABLha<?82GIe]L0x&c]>I69<?>I6�@HV9:Z<?>I6RGIe]S�| ®Y~�l�x
c%>I69<?>I6jJ�LE:?698�A�JDk[@HABABr�S"^698�:2GIe`@YG,@?8DkT6RGILES¥69A,@�Ch@H8`a%6Xa]@HGIL&GI<(J�L
@�VF@H>I:?LK6RGILESTABLMG<H;,AB6F�MLz}?lQx&c]>I69<?>I6�GIe�LE8tc�LM>B;{<H>ISTA�ABLMijLM>\@?V�>I<Zr]8`a%A�<H;&@GONP<'c�e`@HABLhazCE<ZSTc]r]G\@HGI69<?8�l���8WGIe�L�f�>IA_G[c]e`@HABL"<?;�GIe�L�Ð>I<?r�8`a�qhGIe�L�a�@YG\@?J�@?ABL069A�ABCE@?8�8]Lha[@?8�a[ABr�c�c�<H>BGuCM<Zr�8DGIAu@H>ILCh@HV9CEr�VF@HGILEap;=<?>,@HVFV�ÐD^¦AB69�ELhaTCh@?8�a]6Fa�@YGIL�6RGILESTABLMGIA
��6RGILESTABLMGIACE<?8DG\@?698�698�:pÐ'6RGILESTA\�olP�Pe]<ZABL2Ch@H8`a]6Fa]@HGIL[6RGILESTABLMGIAUN,e�69C\ee�@YiZL&ABr]c�c�<H>BGU@?J�<YijLUGIe]L
r]ABLM>PABr]c�c�V969Lhap57698�y�r�c"GIe%>ILEABe]^<?VXa2@Y>IL0CE<?8�AB6Fa]LM>ILEa�VF@H>I:?L06RGILESTABLMGIAElu��8[GIe�L�ABLECE<?8`a[c�e�@?ABLZqCh@H8`a%6Xa]@HGIL
Ð,Ñn}o^¦AB6F�MLha'6RGILESTABLoGIAP@H>IL
:ZLE8]LM>\@HGILEap;X>I<ZS¥GIe]LABLMG
<?;�VF@H>I:?L(ÐD^¦AB69�ELhaQ6RGILESTABLMGIA&6R;�@?8`aQ<?8�VRkQ6R;�@HVFV�GIe�LE6R>�Ð�^AB69�ELhatABr�J�ABLoGIA�@Y>ILTVF@H>I:ZL?lQ�Pe]L">I<Zr�8�a]A[GILM>IST698`@YGIL(N,e�LM8GIe]LKABLMG&<?;�VF@H>I:?L2Ð�^¦AB69�ELha.69GILMSTABLMGIA,6FA,LESTc%G�kDl
�Pe]L�v0w³@?V9:Z<H>I69GIe]SÒ|R}o~�69A�@H8Q<ZJ�i�69<Zr]A&c�@H>\@HVFV9LEV969�h@YGI6F<?8t<H;x&c]>I69<?>I6�lb�O8bGIe�Lpf�>IA_G�c�e�@?ABLZq�Lh@?C\e©<?;&GIe�Lpc`@Y>BGI69LEA"c�LM>B^;=<?>ISTAQGIe�L�a�@YG\@?J`@HABLnABCh@?8�6F8�a]LEc�LM8`a]LM8�GIVRk�<?8�6RGIAW<hN,8c�@H>BGI6RGI69<Z8�l+�Pe�LE8(@
:ZV9<?J`@?V]ABr�S�69A+c�LM>B;=<?>ISTLha�<Z8�GIe�L0ABr]c]^c�<H>BG+CE<Zr]8DGIA+<?;`LE@?C\e(Ch@H8`a]6Fa]@HGIL06RGILESTABLoGhl+�Pe�<?ABLU6RGILESTABLMGIAN,e]<ZABLb:?VF<?J`@HV�ABr]c�c�<?>BGQCE<Zr]8�GQ6FAWVF@Y>I:ZLM>WGIe�@?8�576F8`y%r]c@Y>IL.CE<?8�AB6Fa]Lo>ILha�VF@Y>I:ZLZlb�Pe�L7ABLMCE<Z8�a©c]e`@HABL.<H;�Ch@HV9CEr�VF@HGB^698�:"GIe]L[Ch@?8�a]6Fa�@YGIL2Ð2Ñ�}o^OAB69�ELEaQ69GILMSTABLMGIA,Ch@?8QJ�L2Ch@Y>B>I69Lha<?r]G,N,6RGIe�<Zr%GK@H8Dk7CE<?STS(r]8�69Ch@HGI69<?87J�LECh@Hr�ABL[GIe�L2Ch@HV9CEr�VF@H^GI69<Z87a]LEc�LM8`a]AU<?8�VRk'<Z8'GIe�LK6Fa]LM8�GI6RGOk.<H;�GIe�L�VX@Y>I:ZL2ÐD^¦AB6F�MLha6RGILESTABLMGIAEq�N,e�69C\e�69A2g�8�<hN,8�GI<7@?V9V�c`@H>BGI69LEA2JDkWGIe�69AKGI69STLZlv0w�;{r]V9V9k"c`@H>\@HV9VFLMVF69�ELMAPGIe�L&a]69ABg(�_ÃZs�CE<ZSTc]V9LM�%69GOk(<H;�x
c]>I6R^<H>I6�@H8`a(c�LM>B;=<?>ISTA+>I<Zr]:Ze]V9k2GIe]LUAI@?STLPCE<?STc�r%G\@HGI69<Z8]AEl�v0w@HVFAB<[>ILh Dr]69>ILMA�<?8�L,A_k%8�C\e]>I<?8�69�h@HGI69<?8"c�<Z698DG�<Z8TLh@HCoe(>I<?r�8�a@H8`azCh@H>B>I69LEA2@H8�Ó��_È É"ÈYÔ ¿ �
CE<ZSTS�r�8]6FCE@HGI69<Z8zCE<?STc�V9LM�%6RG�kc�LE8�@?VRG�kDq�N,e]LM>ILpÉ�69AKGIe�L�:?>I<Zr]c�<H;U@?V9V�Ch@?8�a]6Fa�@YGIL"6RGILES"^ABLMGIA.CE<Z8]AB6Fa]LM>ILha�JDk�x&c]>I69<?>I6K@?8`a ¿ 6FA.GIe�Lz8�r�S(J�Lo>.<H;c�@H>BGI69LEAEl(y%698�CML�G�k%c]6FCE@?V�i?@?V9r�LMA�;{<H>'È É"È�@Y>IL�GILE8]AK<?>[e�r]8]^a�>ILha]A�<?;,GIe�<?r�AI@H8`a]AEq�v0w�69A(<?J%i�69<Zr]ABVRkb8�<HG(ABCE@?VF@?J]VFL'GI<VF@H>I:?L28%r]S(J�LM>IA0<?;+c�@H>BGI6RGI69<Z8�AEl
�O8�<?>\a%LM>�GI<7>ILha]r]CEL"GIe�L(CE<ZSTS�r�8�69Ch@YGI69<Z8�V9<Z@Za�q+GIe]Lpv0w@HVF:?<?>I6RGIe�SÎNP@?AULE8]e`@H8�CELhaTJDk'��w25Ò| �h~¦l���w25¬G\@HgjLEAU@?a%^i?@?8DG\@?:?L.<H;
GIe]L';{@?CMGTGIe�@HG"x
��5¨@?V9:?<?>I6RGIe�STA"<?8�VRknV9<D<Zg;=<?>2>Ir�V9LEAKN,e]6FC\eb@Y>ILT:ZV9<ZJ�@?V9VRk�VF@Y>I:ZLZl.��w25�69A[J`@HABLha�<?8GIe]L&698%;{LM>ILE8]CELUGIe`@YG0698T<?>\a%LM>�;{<?>P@?8T6RGILESTABLMG�GI<2@?c]c�Lh@H>0698@pCELM>BG\@H6F8zc�<H>BGI6F<?8t<H;�GIe]L�GB>\@H8�AI@HCMGI69<Z8�A[698WGIe�L�a�@YG\@?J�@?ABL6RGUS�r�A_GU@Hc�c�Lh@Y>U6987@YG,V9Lh@?A_GUGIe�@HGUc�<H>BGI6F<?8.<H;+@YGUV9Lh@?A_G,<?8�Lc�@H>BGI6RGI69<Z8z<?;�GIe�L�a]@HG\@?J�@?ABLZl
��8Q��w25tq`GIe�L[f]>IA_G�A_G\@H:ZL(<H;



v0wÕNU@HA'J%>I<ZgjLM8�698DGI<�G�N0<�>I<Zr]8`a]AT<H;2CE<ZSTS�r�8]6FCE@HGI69<Z8�l��8$GIe]L�f]>IA_G7>I<Zr]8`a�q�LEiZLM>Bk$c�@H>BG�k�8`@HSTLEA.GIe]<ZABL�Ch@?8�a]6R^a�@YGILT69GILMSTABLMGIAKN,e�69C\en@H>ILTV9<DCh@HVFVRknVF@Y>I:ZLT698b6RGIA2c`@H>BGI6RGI69<Z8��LZl :]l�@?c]c�Lh@H>(6F8bGIe]Lpc`@H>BGI6RGI69<Z8�698©@Q;=>ILh Dr�LM8�CMk�:?>ILh@YGILM>GIe`@H8�<H>zLh Dr`@HV�GI<×Ö�ØFÙjÚDÛhÜÝ ÞoßhàXßhá¦ßEâ_ãMÝ �ol�O8�GIe�L�ABLMCE<Z8�a�>I<?r�8`a�qCE<Zr]8DGIA0@Y>IL
:?VF<?J`@HVFVRkpABr]STSTLha�;=<?>0GIe]<ZABL,Ch@H8`a]6Fa]@HGIL&69GILMS"^ABLMGIA[N,e�69C\etNPLo>ILT8`@?STLEazJDkt@HG2V9Lh@HA_G�<Z8�L(c`@H>BGOkDl"�¦;0GIe�Lc]>I<?J`@?J]69VF6RGOk.GIe�@HG&@?8.6RGILESTABLMGUN,69V9Vue`@hijL
GIe�LKc�<HGILE8DGI6X@HV�GI<J�L�VF@H>I:?L[69A ´K½ ÜEä à{ã Ù à Ø ßhå q�GIe�LM87��w25�<?8�VRkpCE<?STS(r�8]69Ch@HGILEA´K½ ÜEä à{ã Ù à Ø ßhå ÔoÈ É"È?<H;�GIe�L,6RGILESTABLMGIA�@?8�a"6FSTc%>I<YijLEA+GIe�L,CE<?S"^S(r]8�69Ch@HGI69<?87CE<?STc�V9LM�%6RG�kTGI<TÓ�� ´K½ ÜEä à{ã Ù à Ø ßhå ÔDÈ É"È?Ô ¿ �ol
�Pe�L�Sp@?698tc%>I<ZJ]VFLMS�<?;P��w25Ò69A�GIe�@HG ´K½ ÜMä à{ã Ù à Ø ßhå 69A[8�<HGABCh@?VF@HJ�V9L26F8 ¿ l��O8W®Dl ®2NPL[ABe�<hN�GIe`@YG ´K½ ÜEä à{ã Ù à Ø ßhå  Dr]6FC\g�VRk698�CM>ILh@HABLEAQGI<Â}�@?A ¿ 698]CM>ILh@?ABLMAElÕ�Pe]L�CE<?8%iZLM>I:ZLE8]CELtGI<}n69AzLEABc�LECE6F@?V9VRk�;{@?A_G�698�8�<?8]^¦e�<?ST<Z:ZLM8�LE<?r�Aza�@YG\@?J�@?ABLEAElv0e�LEr]8�:�@?8�abæ�6F@?<zc%>ILEABLE8DGILha�GIe�69A�c]>I<ZJ]V9LESÒ698�| Æ?~&@H8`aABe�<hNPLEaWGIe�@HG
@?A&GIe�L28�<?8]^¦e�<?ST<Z:?LE8�LE6RGOk7<H;�GIe]L�a�@HG\@HJ`@HABL��@?A�STLh@?ABr%>ILha�JDk
GIe]L�ABgjLMN,8�LMABAuSTLh@HABr]>IL+GIe�LMk
c]>ILMABLE8DGILha`�698�CM>ILh@HABLEAEq[��w[5)c%>Ir�8�698]:�GILEC\e�8�6F Dr�LMA'J�LMCE<ZSTLz698�LM��LMCM^GI69ijLZl�m�L&Lo�%GILM8`a(GIe�LM69>�>ILEABr�VRGIA�J�k�c]>I<Yi�698�:[GIe`@YG0LMijLE8";{<H>ST<�a]LM>\@YGILK8�<?8]^¦e�<?ST<Z:?LE8�LE6RGOk'��w25ÕJ�LECE<ZSTLMAU6F8]LM��LECMGI69ijL;{<H>K@(VF@Y>I:ZL[LE8]<Zr�:?e ¿ l

1.3 Our SolutionmbL2f�>IA_G[V9<D<?gz@HGKGIe]L(a%6FA_GB>I69J]r]GI69ijL�c]>I<ZJ]V9LES�<H;Pa%LECE6Fa]698�:N,e�LMGIe]LM>0@?8p6RGILESTABLMGhç A�:?V9<ZJ`@HV�ABr�c]c�<?>BG�CE<Zr]8�G�69AP@HJ�<HiZL&<H>J�LEV9<hNn@PGIe]>ILEABe]<ZVFa�lu�O;DN0L�f]>IA_GuAB<?VFiZL�GIe]6FA�c]>I<?J�V9LES�;{<H>uGIe�LABLMG�<?;�Ch@H8`a]6Fa]@HGIL&Ð�^¦AB69�ELha�69GILMSTABLMGIAEqjGIe�LM8"ABr�c]c�<?>BG�CE<Zr]8DGIA<?;�GIe�<?ABL�6Fa]LE8DGI6Rf`LEaT@?APVF@H>I:?LKCh@H8'J�L
CE<ZV9V9LECMGILEa'<?c]GI69Sp@?V9VRkDqN,e�69V9L�ABr]c�c�<H>BGuCE<?r�8DGIA�;{<?>�GIe�L�ABSp@?V9Vj6RGILESTABLoGIA�Ch@H8K>ILESp@?698r�8]CE<ZV9V9LECMGILha�l�m�LWABe�<hN¬GIe�@HG'AB<ZV9i�698�:bGIe]6FA'a%6FA_GB>I69J]r]GILha@?:H>ILELESTLE8DG,c]>I<?J�V9LESCh@Hr�ABLEA&ijLM>BkpV96RGBGIV9L2<HiZLM>Ie�Lh@?a�l
mbLnr]ABLbGIe�69A�@?c�c%>I<j@HCoe�GI<�c]>I<Zc�<?ABL�@$8�LMN«;�@HST69V9kÂ<?;x
c%>I6F<H>I6R^OJ�@?ABLha�w�^Ox&�K5Á@?V9:?<?>I6RGIe�STA'GIe`@HG769STc]>I<YijLQGIe�LCE<ZSTS�r�8]6FCE@HGI69<Z8KCM<ZSTc�V9LM�%6RG�k
<?;%CEr%>B>ILE8DG�AB<ZV9r]GI69<Z8]AEl��Pe�LMABL@?V9:Z<H>I6RGIe�STAQ69STc]>I<YijLza]@HG\@nABgjLMN¬>I<ZJ]r�A_GI8�LMABAQ@?8�a�ABCh@?VR^@?J]6FV96RG�k�<YijLo>QVF@H>I:?Lb8�r�S(J�Lo>IA'<H;(c�@H>BGI6RGI69<Z8]AElmbL�ABe�<hNGIe]>ILELpLM�]@HSTc�V9LEA2;{<?>"ABr�C\e©@?V9:Z<H>I69GIe]STAEq�@?V9VU<?;,N,e�69C\en>ILM^G\@?698ÂGIe]Lb:Z<D<�a�GI6FSTL?q[ABc`@HCEL©@?8�aÂa%6FABg��_ÃZs�CE<?STc�V9LM�%6R^GI69LEAK<?;0x
c%>I69<?>I6�l�s�r]>K@?V9:Z<H>I6RGIe�S�;=<?>KGIe]L(a%LECE69AB69<Z8�c]>I<ZJ%^V9LES�e�@?AUÓ�� ´K½ ßhá ä\è ã Ô�È É"È?Ô ¿ ��CM<ZSTS(r]8�69Ch@YGI6F<?8TCE<ZSTc]V9LM��^6RG�kDq�N,e�LM>IL ´K½ ßhá ä\è ã 69APGIe�L�c]>I<ZJ�@?J]6FV96RG�kpGIe�@HG,@�Ch@?8�a]6Fa�@YGIL6RGILESTABLMG7N,69V9V2e`@hijL�ABr�c]c�<?>BGQ:H>ILh@HGILo>QGIe`@H8�én698�@©ABc�LM^CE6Rf`C2c`@Y>BGI6RGI6F<?8�l ´K½ ßhá ä\è ã 69AEq�JDk7a%LMf`8]6RGI6F<?8�q�ABSp@?V9V9LM>
GIe�@?8<?>.Lh Dr`@HV
GI< ´K½ ÜMä à=ã Ù à Ø ßhå l���8]V96FgZL ´K½ ÜEä à{ã Ù à Ø ßhå q ´K½ ßhá ä\è ãe`@HA'8]<na]LMc�LE8`a%LE8�CMk�<?8 ¿ @H8`a�69Ap<Z8]VRk$a%LEc�LE8`a%LE8DGp<Z8GIe�LW8]<Z8]^¦e]<ZST<Z:?LE8�LM69GOk�<?;KGIe]Lza�@HG\@HJ`@HABLZl�x&A.@�>ILEABr�VRGhq<Zr%>,@?V9:Z<H>I6RGIe�STAU@Y>IL
GIe�L&f�>IA_G�GI<(a%LEST<Z8]A_GB>\@HGIL&VF<hN�V9698�Lh@Y>a]LEc�LM8`a]LM8�CMk�<?;
CE<ZSTS�r�8�69Ch@YGI69<Z8©CE<ZSTc]V9LM�%69GOkb<?8 ¿ @H8`aGIe�r�AEq%ABCh@?VF@HJ�69V969GOkDl
x&;XGILM>pGIe�LWa%LECE69AB69<Z8�c]>I<?J�V9LES�NP@?A'AB<ZV9ijLha�qUGIe�LW<ZJ�i�69<Zr]A8�LM��G�A_GILEcnNP<?r�VFanJ�LpGI<zCE<?V9VFLMCMG"GIe�L'ABr�c]c�<?>BG�CE<Zr]8DGIA(<?;GIe�L[VF@H>I:?L�6RGILESTABLoGIA,;X>I<ZS�@?V9V�c�@H>BGI69LEA,N,6RGIeQV96F8]Lh@H>�<Zr%GIc�r]GCE<ZSTc]V9LM�%69GOk2<?;`Ó��IÈ ê
È?Ô ¿ �oq?N,e]LM>IL,ê�69A�GIe]LP:?>I<?r�c(<H;`VF@H>I:?L6RGILESTABLMGIAEl¥��<hNPLEiZLM>hq
N0LtABe]<hN�GIe`@YG7;=r]>BGIe�Lo>769STc]>I<YijLo^STLE8DGP69APc�<?ABAB6FJ]V9LZª�GIe�L�CM<Z8]f`a]LE8DG�>Ir�V9LEAUCh@H8.J�L
6Xa%LE8DGI6Rf`LhaN,6RGIeQABr�J%^OV9698�LE@H>,CE<?STS(r�8]69Ch@HGI69<Z8'CE<?STc�V9LM�%6RG�kp6R;�@?8]<?GIe�Lo>

a]LECM6FAB69<?8�c%>I<ZJ]VFLMS¨69A7AB<?V9ijLha�l¥�Pe]6FA'GI69STLzGIe]L�a]LECE69AB69<Z8c]>I<?J�V9LESÎ69APCE<?8�CELo>I8�LhapN,69GIepGIe�L
CE<Z8%f�a%LE8�CEL
<?;�GIe�L
>Ir]V9LEA:ZLE8]LM>\@HGILEa�;=>I<ZS«GIe�LTVF@Y>I:ZL'69GILMSTABLMGIAElWë�kb@?c]c�VRk%6F8]:W<Zr%>@?V9:Z<H>I6RGIe�S�GI<�GIe�69A�c]>I<?J�V9LES�GI<D<%qjNPL,a%LEST<Z8]A_GB>\@HGIL0GIe�@HG�6RG69A�:?LE8�Lo>\@?V]@?8`a�Ch@?8(J�LP69STc�V9LESTLE8DGILhaK;{<H>�Sp@?8Dk[;{r]8�CMGI69<Z8]A<?;�GIe]L2a�@YG\@?J`@HABLZl
�Pe�L.8�LM��G"ABLMCMGI69<Z8Àa]LEABCM>I69J�LEAp@H8�@?V9:Z<H>I69GIe]S�Ch@HVFV9Lha�wK69A_^GB>I69J�r]GILEa�wKLECE69AB69<Z8�57698�Lo>P��wKw25W�olE�Pe�69A�@HV9:Z<?>I6RGIe]S�a%LEST<Z8%^A_GB>\@HGILEAz<?r]>zJ`@HAB69C©@?c�c%>I<j@HCoe�l�mbL�GIe]LE8Âc%>I<Zc�<?ABLbG�NP<@Za]a]6RGI69<Z8`@HVTa]Lo>I6Fi?@HGI69ijLMA�<H;pwKw25tq
GI<�J�L©a]LEABCM>I69J�Lha�698ABLECMGI69<Z8]Az²©@?8`a�Æ]ªÀÍ+>ILELESTc%GI6FiZLtwK69A_GB>I69J�r%GILha�wKLECE69AB69<Z857698�LM>���Í�wKw[5W��@H8`a"wK69A_GB>I69J�r%GILha"wKr`@HV`wKLECM6FAB69<?8757698]LM>��wKwKw25W�ol��Pe]LEABL(GONP<Q@HV9:Z<?>I6RGIe]STAK;{r]>BGIe]LM>[69STc]>I<YijL2GIe�LCE<ZSTS�r�8]6FCE@HGI69<Z8KCM<ZSTc�V9LM�%6RG�k
<?;%wK69A_GB>I69J�r%GILha�wKLMCE69AB6F<?8�576F8]LM>hl57<?>ILE<YijLo>hq�GIe�L269STc]>I<YijLESTLE8DGIA,@Y>IL�CE<?STc�V9LESTLE8DG\@Y>Bk7@H8`aNPL[Ch@H87CE<?S(J]6F8]L�GIe�LMS�GI<":ZLoG,LEijLE8.J�LMGBGILM>U>ILEABr]V9GIAEl��Pe]LCE<ZS�J�698`@YGI69<Z8ÂN,69V9V(8]<?G�J�Lbc%>ILEABLE8DGILha�698ÂGIe]69A�CM<Z8DGILM��Ghly%LECoGI6F<?8t�"a]LEABCM>I69J�LEA�6F8za%LMG\@?69VuGIe]L2LM�%c�LM>I69STLE8DGIA&N0L�Ch@Y>B^>I69Lha(<Zr%G�GI<KijLM>I6R;=k�GIe�L,@HV9:Z<?>I6RGIe]SQç A�ABr]c�LM>I69<?>I6RG�kDl�m�LUCE<Z8%^CEV9r`a%LKGIe�L[@Y>BGI6FCMVFL26987ABLMCMGI69<Z8zÅ%l

1.4 Notationsì�LMG�í ÌÎ3Yî Ï ¼BîOï?¼Eð9ð9ðF¼\î¦ñ 4 J�L"GIe�L"ABLMG�<H;,69GILMSTAEl'xÊGB>\@?8]A_^@?CMGI69<?8 · 69A
@TABr�J�ABLoG�<H;�í`lUì�LMGKòTó�J�L�@pV969A_GK<H;�ò¬ABr]CoeGB>\@?8]AI@?CMGI69<Z8]AElÎì�LMG òTó ÌÁô òTó Ï ¼ òTó ï ¼Eð9ð9ð9¼ òTó Ù�õ J�L
@�c�@H>BGI6RGI69<Z8©<?;�òTó�698�GI< ¿ c�@H>BGI6RGI69<Z8�A�N,69GIe©AB69�ELEA ò Ìô ò Ï ¼ ò ï ¼Eð9ð9ð9¼ ò Ù õ >ILEABc�LECMGI69ijLMV9kDl�x
8Â69GILMSTABLMG�6FA�AB<ZSTL¢÷öÊí`lzy%698]CELT6Fa]LE8DGI69Ch@?V�6RGILESTABLMGIA2LM�%69A_G�;=<?>(@?V9VPc`@Y>BGI69LEA698Â@HV9VKGIe�Lt@?V9:Z<H>I69GIe]STAQ698�GIe�69A7c�@?c�LM>hq
NPLzN,6FV9V�a]LM8�<?GILGIe�LES�@?A"¢ Ï ¼ ¢ ï?¼Eð9ð9ð9¼ ¢ â l��]<?>'@?8Dkn¢ Ø @?8`a©øDùtö�òTóTqV9LMG ¸+¹Zújú`ûH½H· ��¢ Ø ¼ øDùE�7J�LbGIe�Lb8�r]S(J�LM>W<H;"GB>\@?8]AI@?CMGI69<?8�A698�øDù�N,e]6FC\e�CM<Z8DG\@?698�@HVFV2GIe�L�69GILMSTAW<?;p¢ Ø l�m�LbCh@?V9Vü�ý Ø ÌÕ¸�¹jújú`ûH½Y·+þ ¢ Ø ¼ òTó ýHÿ GIe]L.V9<DCh@HV&ABr]c�c�<H>BG"<?;
¢ Ø 698c`@Y>BGI69GI69<?8��T@?8`a ¸+¹Zújú`ûH½H· ��¢ Ø ¼ òTó(�P6RGIA,:ZV9<ZJ�@?VuABr]c�c�<H>BGhl
��<?>uAB<ZSTL�r�ABLM>�a]LMf�8�LhaKABr]c�c�<H>BGuGIe]>ILMABe�<ZVFa2¯���é���}ZqYN0LAI@Ek(GIe`@YG�GIe�L,AB69�EL,<?;�¢ Ø 6FA�VF@H>I:ZL&6R� ¸�¹júZú`û?½Y· ��¢ Ø ¼ òTó����é'Ô�òÄ@H8`a�GIe]LtAB69�EL�69AQABSp@?V9VK6R� ¸�¹júZú`û?½Y· ��¢ Ø ¼ òTó����é7Ô�ò7lÒmbLnAI@Ek�¢ Ø 69A�VF<DCE@?V9VRk�VF@H>I:?LÀ698�GIe]L	��c�@H>BGI6R^GI69<Z8�6R� ¸+¹Zújú`ûH½H·+þ ¢ Ø ¼ òTó ý?ÿ �÷é7Ô�ò ý ldì�LMGt¢ ß ¼ ¢ ÜJ�LQG�N0<bVF@H>I:ZLz6RGILESTABLMGIApABr]Coe�GIe�@HGp¢ Ü�
 ¢ ß q&@?8`a�V9LMG¯������}.J�L7AB<ZSTL.r�ABLM>B^Oa%LMf`8]LhanCE<Z8%f�a]LM8�CELpGIe]>ILEABe%^<ZVFa�l'mbLTAI@Ek�GIe�L">Ir]VFLT¢ Ü §Á¢ ß�� ¢ Ü 6FA2CE<?8]f`a]LE8DG�6R�¸�¹jújú`ûH½H· ��¢ ß ¼ òTó�����WÔ ¸+¹Zújú`ûH½H· ��¢ Ü ¼ òTó��ol��Pe�L'w�^x
��5¬c]>I<?J�V9LESÎ69APGI<(a]69A_GB>I69J�r]GI69ijLMV9kTf�8`ap@?V9V�GIe�L&>Ir�V9LEAU<?;GIe�L+;{<H>ISÂ¢�§¤£ÀN,e�69V9L�ST6F8]69ST6F�M6F8]:PGIe�L�@?ST<?r�8DG�<?;%CE<?S"^S(r]8�69Ch@HGI69<?8[@?A�NPLEV9VD@HA�GIe�L�8�r�S�J�LM>�<?;�GI69STLEA ¸�¹jújú`ûH½H· þ Ô ¼ òTó Ø ÿ69A&LMiZ@HVFr�@HGILha�l
�Pe�LnSTLEABAI@H:ZLEAWGIe]Lbc`@Y>BGI6FLMA�ABLM8`a�GI<�<Z8�L©@H8�<HGIe�LM>�@Y>ILc`@H69>IA�� îB¼ ü ý Ø�� q�N,e�Lo>IL î 69A[@H8W6RGILESTABLMGK8�r]S(J�LM>
@?8�a ü ý Ø Ì¸�¹jújú`ûH½H· þ ¢ Ø ¼ òTó ýHÿ l�mbL0N,69V9V`@HABABr�STL0GIe�@HG��]q?GIe�LU<?>I69:?6F8<?;PGIe]L"STLEABAI@H:ZLZquCh@?8tJ�L"698];{Lo>B>ILha�N,6RGIeb8]LE:ZV969:Z69J�V9LpCE<?S"^S(r]8�69Ch@HGI69<?8�CE<?A_GIAElW��<H>�LE@?C\ebc`@Y>BG�k ú @?8�a�6RGILESTABLMG�¢ Ø qV9LMG�� Ü ��¢ Ø �uJ�L0GIe]LP:?>I<?r�c(<H;�@?V9V ü ý Ø ABr�C\e�GIe`@YG � îI¼ ü ý Ø � NU@HA>ILECELE69ijLEapJDk ú l�mbL,N,69VFV�@HABABr�STL�� Ü ��¢ Ø ��69APLh Dr`@HV�;{<H>&@?V9Vú @?8�a'>ILM;=LM>&GI<"6RG�@HA�����¢ Ø �ol



2. THE DISTRIBUTED DECISION MINER
ALGORITHM�Pe]L�J�@?AB69C�6Xa%Lh@U<?;�GIe�L+w�6FA_GB>I69J]r]GILhaKwKLMCE69AB6F<?8�576F8]LM>P��w�w25W�@HVF:?<?>I6RGIe�S�69AKGI<'ijLM>I6R;=kzGIe�@HG2@H8t6RGILESTABLMGK6FA[VF@Y>I:ZLTJ�LM;=<?>ILCE<?V9VFLMCMGI698�:"6RGIAUABr�c]c�<?>BG,CE<?r�8DGIA0;X>I<ZS @?V9V�c`@Y>BGI6FLMAEl��Pe�L[@HV9^:?<?>I6RGIe�S�a]6R��LM>IA�;X>I<ZS���w25¤6F8zGIe`@YGhq�698t<?r]>2@HVF:?<?>I6RGIe�SQqGIe]L�;{@?CMGKGIe�@HGK@?8�69GILMSTABLMGK69AKV9<DCh@HVFVRk�VF@H>I:?L"698�<?8�L�c`@H>BGI6R^GI69<Z8�69A+8�<?G�CM<Z8�AB6Fa%LM>ILha�ABr%�TCE69LE8DG�LEi�6Fa]LE8]CEL�GI<&GB>I69:Z:ZLo>�GIe]LCE<?V9VFLMCMGI69<Z8n<?;U@?V9V�GIe]L"ABr�c]c�<?>BG2CE<?r�8DGIAK;{<H>�GIe�@HG�6RGILESTABLMGhl�O8�A_GILh@?a�qDGIe�L&c`@Y>BGI69LEAPc�LM>B;=<?>IS�AB<?STL
g�698`aT<H;u8]LE:Z<HGI6X@YGI69<Z8JDk"GIe]L�LE8�ap<H;uN,e]6FC\epGIe�LMk"N,69V9V�J�LK@?J]V9L
GI<�a]LECE6Fa%L�N,e�69C\eCh@H8`a%6Xa]@HGIL.69GILMSTABLMGIA"@Y>IL7:ZV9<?J`@?V9VRk�VF@H>I:ZLQ@?8`abN,e]6FC\eÀ@H>IL8]<?Ghl[�Pe]L�>ILEA_G�69AKA_GB>\@?69:ZeDGB;=<?>BNU@Y>\a�ª
GIe�L�ABr�c�c�<H>BGKCE<?r�8DGIA<H;�GIe]L2VX@Y>I:ZL�69GILMSTABLMGIAK@Y>IL�CE<?V9VFLMCMGILhaW<Zc%GI6FSp@HV9V9kDq�N,69GIez8]<CE<?STS(r]8�69Ch@HGI69<?8QNU@?A_GILEa�<?8�:?V9<ZJ`@HV9V9kzABSp@HV9V�q�J]r]G
VF<DCE@?V9VRkVF@H>I:?L269GILMSTABLMGIAEl

�Pe]Lnc`@H>BGI69LEAWN,69V9V(8]LE:Z<HGI6X@YGILnJDkÂLo�]C\e`@H8�:?6F8]:$STLEABAI@H:ZLEACE<?8DG\@?698�698�:.V9<DCh@?V�ABr�c�c�<H>BG[CE<?r�8DGIAK;{<H>2iZ@Y>I6F<?r�A[6RGILESTABLMGIAElxPG�@?8Dk�:Z69ijLE8TA_G\@H:ZLZq%@KCE<?STST<Z8�e�k%c�<HGIe�LEAB69A�� 69A�ABe`@Y>ILhaJDk�@?V9V&c`@Y>BGI6FLMAEl��Pe]69ATe�k%c�<HGIe�LEAB69ApCE<Z8]CELM>I8]A"GIe�LQ:?VF<?J`@HVABr]c�c�<?>BGQ<?;"LMijLM>Bk�Ch@H8`a%6Xa]@HGILt69GILMSTABLMGhl�¡�6FiZLE8�@HV9V2GIe]LV9<DCh@HV&ABr]c�c�<H>BG"CE<?r�8DGIA�;=<?>'@?8©6RGILESTABLMGhq�GIe]6FA(e�k%c�<HGIe�LEAB69AS�r�A_G�CE<?>B>ILECoGIV9kpc%>ILha]69CMG�N,e�LMGIe]LM>P6RG06FA0VX@Y>I:ZLK<H>PABSp@HVFV�l��O8@?a�a]6RGI69<Z8�qULEijLo>BkÀc�@H>BGOk©CE<ZSTc]r]GILEAp@H8�<?GIe]LM>pc]>I69i?@HGILQeDk�^c�<HGIe�LEAB69A ´ qZJ`@HABLha"<Z8TJ�<HGIe"GIe�L,ABr�c]c�<?>BG�CE<Zr]8DGIA0@HV9>ILE@Za%kLM�%c%>ILEABABLha7@H8`apGIe�LKc�@H>BG�k�ç AUV9<DCh@?V�ABr�c]c�<?>BG,CE<?r�8DGU;{<H>&GIe]LCh@H8`a%6Xa]@HGIL"6RGILESTABLoGhlT��<H>(@YG2V9Lh@?A_G�<Z8]L"c`@Y>BG�kWN,e]6FC\e�e�@?A8]<?G2kDLMG2LM�%c%>ILEABABLhat6RGIA�V9<DCh@?V�ABr�c�c�<H>BG2CE<Zr]8DGhq+@?8�a�:Z69ijLM8@H8�kzABr]J�ABLMGK<?;0GIe]L(ABr]c�c�<?>BGKCE<Zr]8�GIA
;{<?>�@H8t6RGILESTABLoGhq�GIe]LV9<DCh@HV
eDk%c�<?GIe]LEAB69A"S(r]A_G(CE<H>B>ILECMGIVRk�c]>ILha%69CMG"N,e�LoGIe�LM>"GIe]L6RGILESTABLMG,69A,VF@H>I:?L�<H>&ABSp@?V9V�l

2.1 The Algorithm�Pe]L&c�@H>BGI69LEA�Ch@?V9CEr]VX@YGIL&GIe]LUABLMG�<?;�Ch@?8�a]6Fa�@YGIL,69GILMSTABLMGIA�;=<?>N,e]6FC\e(GIe]LMk"a%6Fa(8�<HG�Lo�]c%>ILEABA+GIe�LE6R>�V9<DCh@?V]ABr�c�c�<H>BG�CE<Zr]8�GIAEl��<H>TLh@HCoe�ABr�C\eÀCE@?8`a%6Fa�@HGIL?qPLEijLo>Bknc`@Y>BG�knCh@HV9CEr�VF@HGILMApGIe]L:?VF<?J`@HVUe�k%c�<HGIe�LEAB69A��¨@?8�a�GIe�L'VF<DCE@?V,eDk]c�<HGIe�LEAB69A ´ l��¦;� @?8�a ´ a]69AI@H:?>ILEL�N,e�LMGIe]LM>.GIe]LzAB6F�ML�<?;�@nCh@H8`a]6Fa]@HGIL6RGILESTABLMGK6FA2@HJ�<YijL(<H>[J�LEV9<hNÎ57698`y%r�c�q�GIe�LE8zGIe�L�ABr�c]c�<?>BGCE<?r�8DG";=<?>pGIe`@YGTCh@?8�a]6Fa�@YGILQABe�<?r�VFa©J�LQLM�%c]>ILEABABLEa�l��Pe�Lc�@H>BGI69LEA&LM�%c]>ILEABA&ABr�c]c�<?>BG
CE<Zr]8�GIA&@YGK@"CELo>BG\@?698W>\@HGILZq�VF69S"^6RGILha(JDk�GIe�LUJ�@?8`a�N,6Fa%GIe"<H;�GIe�LUA_k%A_GILESQl+�O8�A_GILh@?a(<?;�ABLE8�a%^698�:©<?8�LzSTLEABAI@?:?LtCM<Z8�CMLM>I8�698�:�@HVFVKGIe]LzCh@?8�a]6Fa�@YGILEAEq
GIe]Lc�@H>BGI69LEA�ABLM8`aQABSp@?V9V9LM>�STLEABAI@?:?LEAKCE<?8�CELM>I8]698�:p<Z8]L�<H>KABLEiD^LM>\@HV
CE@?8`a%6Fa�@HGILMAElÂË
<�A_k%8�C\e]>I<?8�69�h@YGI6F<?8$69AT>ILh Dr�6R>ILha�;=<?>AB698�:?V9L.STLEABAI@H:ZLEAEl���ijLo>BktGI69STLp@Qc`@Y>BG�k�@?CECMLEc]GIA�@QSTLEA_^AI@H:ZLZq�6RG[r�c�a]@HGILEA��Ò@H8`a ´ ;=<?>KGIe]L�CE@?8`a%6Fa�@HGIL�6RGILESTABLMGIA>ILM;=LM>B>ILha.GI<(6F8.GIe`@HG,STLMABAI@?:ZL?l
�¦;�qD;{<H>UAB<ZSTL
c`@Y>BG�kDq ��@?8�a ´ @?:H>ILELK<Z8TGIe]L
AB69�EL
<?;�LEijLM>BkCh@H8`a%6Xa]@HGIL�6RGILESTABLMGhq`GIe�@HG
c`@H>BGOkQe�@?A�8]<?GIe]6F8]:TGI<'Lo�]c%>ILEABA@H8`aQ6RG�c�@?ABABLEA
<Z8W6RGIA
GIr%>I8�l,x�c�@H>BGOk7Sp@Ek'>ILEABr�STL[ABLE8�a%^698�:(STLEABAI@?:?LEA,69;�@Y>B>I69i%698]:"STLEABAI@?:?LEA,Ch@?r]ABL�a]69AI@?:H>ILELESTLE8DGJ�LMGONPLELM8!� @H8`a ´ @?J�<?r]G�GIe�LTAB69�EL'<?;&AB<ZSTLTkDLMG�r]8�LM��^c%>ILEABABLhanCh@?8�a]6Fa�@YGIL.6RGILESTABLoGhlt�¦;
@W;=r�V9VP>I<Zr]8`ab<H;�c�@?ABABLEANP@?Ap>ILECELE69ijLha�;=>I<ZS @HVFV
c`@Y>BGI6FLMAEq&GIe]LE8"�)@H8`a ´ @H:?>ILEL;=<?>.@?V9V,c`@Y>BGI6FLMA.@H8`an;{<H>.LMijLM>BknCh@H8`a%6Xa]@HGILQ6RGILESTABLoGhl�ë�kGIe]L,a]LMf�8�6RGI69<Z8T<?; ´ qZGIe�LM>IL,@Y>IL&GONP<[c�<ZABAB69J]6FV96RGI69LEA0;=<?>�Lh@?C\e

Ch@H8`a%6Xa]@HGILz6RGILESTABLMGhªnLM69GIe]LM>'GIe�LM>IL�69A.<?8�L�c`@H>BGOk�N,e]<ZABL´ CE<H>B>ILECMGIVRkbc%>ILha]69CMGIA[GIe�LT6RGILESTABLoG�AB69�ELp<H>"@HVFV�GIe�LTV9<DCh@HVABr]c�c�<?>BG&CE<?r�8DGIA,e`@hijL[J�LELM87CE<?VFV9LECoGILha�lU�O8.GIe]LKf�>IA_G&Ch@?ABL?qAB698�CML#�d@H8`a ´ @H:?>ILELp;{<H>"@HVFV�c`@Y>BGI6FLMAEq�@?8`a�ABc�LECE6Rf`CE@?V9VRkGIe]L
c�@H>BG�k(N,69GIeTGIe]L
CE<H>B>ILECMG ´ qDGIe]LE8��¬S�r�A_G�J�L
CE<H>B>ILECMG;=<?>
@?V9V�c`@H>BGI69LEAEl��O8'GIe]L�ABLECE<?8`a7CE@?ABLZq$��S(r]A_GUJ�LKCE<H>B>ILECMGJDk.a]LMf�8�6RGI69<Z8�l
��<H>�wK69A_GB>I6FJ]r]GILha�wKLECE69AB69<Z8�57698]LM>hq�NPLpa%LMf`8]L%�d@?8�a ´@HA,;=<ZV9V9<hN,AEª�Ê��¢ Ø � Ì'&( ) ¯ î+* ����¢ Ø � Ì-,.�/10243457698 2;:=< 0 2.>/ 0 2=345?698 2 :A@ 0 Ôhò ûY·CB`»h½4D
îO¶h»
´�E ¢ Ø ¼ òTó ýGF Ì H< 0 2=IAJK6 L 2 : ü Ü Ø Ñ ü ý Øò ý Ô H< 0 2$MINJO6PL 2 : ò Ü ð
m�e]LE87LMA_GI6FSp@YGI698�:���q%GIe�L[c`@Y>BGI69LEA�@HABABr�STLKGIe�@HG,GIe�L[r]8]^LM�%c%>ILEABABLhapABr�c�c�<H>BGUCE<?r�8DGIA0;{<H>,Lh@?C\e'69GILMSTABLMG,@H>IL?q]<?8'GIe]L@hijLM>\@H:ZLZquGIe�L"AI@HSTLT@?A2GIe�<?ABLp@?VR>ILh@Za�k�Lo�]c%>ILEABABLha�lTm�6RGIe´ qZ<Z8�GIe]LU<?GIe]LM>�e`@H8`a�qj@�c`@Y>BG�k�@?ABABr]STLEA�GIe`@YG�GIe�<ZABLUc�@H>B^GI69LEA,N,e�69C\eWe`@hijL28�<HG&kjLMG�Lo�]c%>ILEABABLha.GIe]LE6R>�V9<DCh@HV+ABr�c]c�<?>BGCE<?r�8DGIAu;=<?>�GIe`@YG+6RGILESTABLMG�e`@hijL�GIe�L�AI@?STL0>ILEVF@YGI6FiZLPABr�c]c�<?>BG@HA&6RG
a]<DLMAEl
x&A"a]Lof`8�LEa�q+GIe�L.@?J�<YijL.@?ABABr]STc]GI69<Z8]A"@Y>IL78�<HG(>ILh Dr]69>ILEaGI<2e�<?VFa(;{<?>0LEijLM>Bk(c`@Y>BG�kDl��¦G069A�LE8�<?r�:Ze"GIe�@HG�GIe�L&@?ABABr]STc]^GI69<Z8z<?8Q�«N,69V9V+e�<?VXaQLMijLE8DGIr`@HVFVRkQ@?8`a7GIe�@HG
GIe�L�@?ABABr]STc]^GI69<Z8t<Z8 ´ e�<?VXa%AK;{<H>�<?8�L"c�@H>BGOkWN,e�69Coe�e`@HA28�<?G�kDLMG[LM��^c%>ILEABABLha76RGIA,ABr�c]c�<?>BG&CE<Zr]8DGhl��Pe�69A
69A,Lh@HAB6FVRk7c]>I<YijLE8�ª�s�r]G<H;&@?V9V0GIe�Lpc�@H>BGI69LEA2N,e�69Coene�@hijLT8�<HG�kDLoG�Lo�]c%>ILEABABLha�ABr]c]^c�<H>BGT� ü Ü ØQRS ���=¢ Ø �B�oq�GIe]L�<?8�L�N,69GIezGIe�L�VF@H>I:ZLMA_G[>ILEVF@HGI69ijLABr]c�c�<?>BG < 0 2@ 0 CE<ZSTc]r]GILEA�@Ki?@?V9r�LP;=<?> ´ N,e]6FC\e"69AP@H8"r�c]c�LM>J�<?r�8`a�<Z8"GIe�LU:?V9<ZJ`@HV`ABr�c]c�<?>BG�CE<Zr]8DG�<H;�¢ Ø qD@?8�a(GIe�LU<?8�LN,6RGIepGIe�L�V9<hNPLMA_G&>ILMVX@YGI69ijLKABr�c]c�<?>BGUCM<ZSTc�r%GILEAP@�iZ@HV9r�L
;=<?>´ N,e�69C\eT69AP@KV9<hNPLM>0J�<Zr�8�a(<Z8"GIe]LU:ZV9<ZJ�@?V`ABr]c�c�<H>BG0CE<?r�8DG<H;`¢ Ø l+�¦Gu;=<ZV9V9<YN,A+GIe�@HG�@YG+V9Lh@?A_G�<?8�L0<H;]GIe]<ZABL0GONP<&S(r]A_G�@HV9^NP@hk%A+LEA_GI69Sp@YGIL�GIe�L�:ZV9<ZJ�@?V�ABr�c]c�<?>BG+CM<Zr�8DG+CM<?>B>ILECMGIVRkDqHGIe�r�AAI@YGI6FA_;Xk%6F8]:'GIe]LK>ILh Dr�6R>ILESTLE8DG,;{<H> ´ l&x&A&;=<?>���q]N,e�LE8�@HVFVGIe]L
ABr]c�c�<?>BGPCE<Zr]8�GIA�e`@hijL
J�LELE8pCE<ZV9V9LECMGILEa�q$�¬69APLh Dr`@HV`GI<GIe�@HGPABr]c�c�<H>BGUCE<Zr]8DGhl��Pe�r�AEqDGIe�L,>ILh Dr�6R>ILESTLM8�G�;=>I<?S��¬69A@HVFAB<TAI@YGI69A_f`Lha�l
�
ABr`@?V9VRktLh@?C\ebc`@Y>BG�k�Ch@H8�C\e�<D<ZABLTN,e]6FC\eb<H;UABLEijLM>\@HV0Ch@H8]^a%6Xa]@HGILK6RGILESTABLoGIA0N,69VFV�e`@hijL�69GIAUABr]c�c�<H>BGUCE<Zr]8DGUABLE8DG,8�LM��Ghl5Q@H8�k�e�LEr%>I69A_GI6FCMA7Ch@H8�J�L�r]ABLha�GI<nJ]>ILE@?gÀGI69LEAEq
J�r%GpNPL;=<Zr�8�a�<Z8]LbGI<$J�LnST<ZA_G�LM��LMCMGI69ijLZl�s�r]>WGI69LnJ]>ILh@Hg�6F8]:e]LEr]>I69A_GI69C769A"J�@?ABLha©<Z8©GIe�Lp;{<?VFV9<hN,698�:�>\@YGI69<Z8`@HV9LZª7N,e]LE8]^LEiZLM>UG�N0<"c`@Y>BGI6FLMA
@Y>IL[@?J]V9LKGI<"LM�%c]>ILEABAPGIe]LKV9<DCh@?V�ABr�c]c�<?>BGCE<?r�8DGIAP<H;�GIe�L
AI@?STLKCh@H8`a%6Xa]@HGILK6RGILESTABLoGhq]6RGU69A,J�LEA_GU6R;�GIe]L<?8�L2N,e�69CoezSp@HgjLEAK@T:H>ILh@HGILM>KCoe�@?8�:?L(698 ´ Lo�]c%>ILEABABLEAK6RGIAV9<DCh@HVPABr�c]c�<?>BG2f�>IA_Ghl7�O;UGIe�Lo>ILp@H>ILp<Zc]c�<ZAB698�:Wc�@H>BGI69LEA�;=<?>@QCh@H8`a%6Xa]@HGILp6RGILESTABLMG.��AB<ZSTLp<?;UN,e]<ZABL ´ 69A�VX@Y>I:ZLM>"@?8�a<HGIe�LM>IA2N,e�<?ABL ´ 69A2ABSp@?V9V9LM>�GIe`@?8�é�ÔZòp�oq�GIe�LE8�GIe�LT<?8�LGIe�@HG
Sp@?gjLEA,GIe�L2:H>ILh@HGILM>KCoe�@?8�:?L2e`@?A&GIe�L2J�LMGBGILM>�Coe�@?8]CELGI<�T�CE<?8%i�698�CML�UQ<Zc]c�<ZAB698�:.c`@Y>BGI6FLMA2GIe�@HG[GIe]LMk�@H>IL(NU>I<?8�:%l�¦;KGIe�LQ<?c�c�<?AB6F8]:bc`@Y>BGI69LEAEçUÍ³69A'C\e`@H8�:?LhaÀGI<tGIe]LQLM��GILE8DGGIe�@HGQ6RG78�<hN«@?:H>ILELEA7N,6RGIe�GIe`@YGQ<?;�GIe�L�ABLE8�a]698�:©c`@Y>BG�kDq



V#WYX[Z[\4]_^a`Kbdc w�6FA_GB>I69J]r]GILha'wKLECE69AB69<Z8�57698�Lo>
2.1.0.1 For node � out of

¿}ZlU�O8�6RGI6F@?V969�EL�É Ï Ì�3?3Yî 4 ª î S í 4 q`Ð Ì }Zq ´Kµ]¶Y¶h» ø Ì�,
®�lPm$e�69V9L�Éfe�gÌ-,
��@j�TwK< h

v0e�<D<ZABL�@H8Q6RGILESTABLMG&¢ Ø S Éfe�N,e�69C\e7NU@HA8�<?G�kDLMGtC\e�<ZABLM8³@?8`a�;=<?>�N,e]69Coe³LE6RGIe�Lo>�Ê��¢ Ø �i�kj î¦¿�¸�¹jú � ´ þ ¢ Ø ¼ òTó ýHÿ<?> ´ þ ¢ Ø ¼ òTó ý?ÿ �lj î¦¿�¸�¹jú �i�³��¢ Ø �@?8`a"J%>I<j@?a]Ch@HA_G�� îB¼\¸�¹júZú`û?½Y· þ ¢ Ø ¼ òTó ý ÿ � lh
�O;n8]<ÎABr�C\eÕ6RGILESTABLMG�LM�%69A_GIA�J]>I<j@?a]Ch@HA_GmRú`µ]¶H¶Gn l

��J��T��8DGI69V�È ´Kµ]¶Y¶Y» ø�È Ì$¿
��CY�pêoe Ì�3 ¢ Ø S Éfe�ªN�³��¢ Ø �o�"j î�¿�¸+¹Zú 4��a`�pë�>I<j@?a]Ch@HA_G�GIe�L�ABr�c�c�<H>BG�CE<?r�8DGIAÀ;=<?>�LEiZLM>Bk¢ Ø S êoe2N,e�69Coe.NU@?A,8]LEijLM>,C\e�<?ABLE8�l��LY�'Éfe�p Ï Ì-q�ú�½?î�ûH½?î � »Y¿ ��êoeZ�
�{;\�pÐ Ì Ð[Ñ�}

²%lr� »h¿ s
¹ut{»H¶ ��ê Ï ¼ ê ï?¼Eð9ðFð9¼ ê�eZ�
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4.1.0.5 When node � receives a message j

from node
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Æ]l s�Ì�3h½ e S s å ªN�³� ½ eZ�o�} 4

4.1.0.7 When node
î
receives a message j from

node � :}ZlU�¦;vj ÌwmRú`µ]¶Y¶Gn 698�ABLM>BG ú GI< ´Kµ�¶Y¶h» ø`l
®�lx��V9ABL�j Ì � Ð ¼\¸�¹jújú`ûH½Y· þ ¢ Ü ¼ òTó ý ÿ ¼\¸�¹júZú`û?½Y· þ ¢ ß ¼ òTó ý ÿ �h

�O; î S ´Kµ]¶Y¶h» ø�>ILEST<YijL î ;=>I<ZS ´Kµ]¶Y¶h» ø`lh
�
LECE@?V9CEr�VF@YGIL���� ½ å �.;=<?>�LEijLM>Bk ½ å N,e]69CoeÂ6F8%^CEV9r`a]LMAP¢ ß @?8�a`ÃH<H>U¢ Ü q�6R;K�©� ½ å ��C\e`@H8�:ZLMAPr�c%^a�@HGILÂ�³� ½ å �P@H8`a ´ � ½ å �P@?AUN0LEV9V�l
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CE<ZSTS�r�8]6FCE@HGI69<Z8pJDk">ILM^;X>\@?698�698�:2;=>I<?S�CE<?V9VFLMCMGI698�:�VF<DCE@?V�CE<Zr]8DGIA0<?;�VF@H>I:?L�6RGILESTABLMGIAEl
m�e]LE8[a%6FABCMr�ABAB698�:,GIe�L�GIe]LE<?>ILMGI69Ch@HVDJ�<Zr]8`a]A�<H;]w�6FA_GB>I69J]r]GILhawKr�@?V�wKLECM6FAB69<?8p57698�LM>hqZ<Z8�L0S(r�A_Gu8�<HGIL0GIe`@YG+GIe�LPa%69A_GB>I6FJ]r]^GI69<Z8�<?;]VF@H>I:?LP6RGILESTABLMGIAu<YijLo>�c`@Y>BGI6RGI6F<?8�A�698�@,>ILE@?V�a�@YG\@?J�@?ABLSp@Ek$e�@hijL�@©ijLM>Bk�ABc�LECE6F@?V[;=<?>ISQl y�69STc�V969A_GI6FC�@?ABABr]STc]^GI69<Z8]A[@?J�<?r]GKGIe�@HG2a%69A_GB>I6FJ]r]GI69<Z8�q�N,e�69CoeWN0LM>ILT@?CMCELEc]G\@HJ�V9L;=<?>,ABSp@?V9V�6RGILESTABLMGIAEq�Sp@EkTST69ABV9Lh@?a'r]A�N,6RGIe'>ILM:j@H>\apGI<�GIe]L@HCMGIr`@HV�AI@Yi�698�:?AP698.CM<ZSTS(r]8�69Ch@YGI6F<?8�l�x
AU@[>ILEABr�VRGhqDN0L
N,69V9VAI@EkK<?8�VRk�GIe�@HG�6982GIe]L�@?V9:Z<H>I69GIe]SQç A�NP<H>IA_G�Ch@HABLZq?@?V9VjGIe�L+ABr]c]^c�<H>BG0CE<?r�8DGIA�<?;�@?V9V`6RGILESTABLMGIA�@H>IL,CE<?V9VFLMCMGILhaT698"GIe�L,6RGILESTABLMG6Fa]LM8�GI6Rf�Ch@HGI69<Z8�A_G\@?:?LZl���82GIe�69A�Ch@?ABL?qjwK69A_GB>I69J�r%GILha�wKLMCE69AB6F<?8v0<?8]f�a%LE8�CMLK57698�Lo>U69A0GB>I69i%6F@HV�@?8`a(>ILE �r]6R>ILEAP8�<2CE<?STS(r]8�6R^Ch@YGI69<Z8"@YG�@?V9V�l��Pe�r�AEqHGIe�L0@?V9:Z<H>I6RGIe�SQç A+c�LM>B;{<H>ISp@?8]CEL069A�LM��^@HCMGIVRkTGIe�L&AI@?STL
@?A0GIe�@HGP<H;uw�6FA_GB>I69J]r]GILhaTwKLECM6FAB69<?8W57698�LM>hl��r%>BGIe�LM>�@?8�@?VRk%AB6FA�N,69V9V�J�LPa%<Z8�L0@HG�GIe]L�Lo�]c�Lo>I6FSTLM8�G\@HVjV9LEijLEV<?8�VRkDl

4.3 Rule Pruning�Pe]L"8�r�S(J�Lo>K<?;�>Ir�V9LEAKN,e]6FC\e�CE@?8�J�L(:ZLE8]LM>\@HGILhaz;=>I<?S�@:?6FiZLE8bABLMG�<?;,VF@Y>I:ZL'69GILMSTABLMGIA26FA�LE8]<?>IST<Zr]AEl'�O;UNPLTC\e�LMCog@HVFV2GIe�L�c�<?GILE8DGI6F@?V2>Ir�V9LEAz698`a%r�CELha�JDk�@�AB698�:ZV9L�Ð�AB6F�MLhaVF@H>I:?LW6RGILESTABLMGT¢÷N0L7NP<?r�VFaÀe�@YiZL.GI<�C\e�LMCognLEiZLM>Bkn>Ir�V9L¢ Ü § ¢ ß � ¢ Ü ª2¢ ÜÃ
 ¢ ß ö�¢�lÕ�Pe]69AW6FAz@©GI<?^
G\@HVu<?; · e

ØYÄ Ï�Å Ð î®Æ · Øý Ä Ï�Å î� Æ Ì ² e c�<?GILM8�GI6F@HV�>Ir�V9LEAElm�L.r]ABL.GIe�L';{<?VFV9<hN,698�:n<?J�ABLM>Ii?@HGI69<Z8©GI<�c]>Ir�8]L'>Ir]V9LEAEª7�¦;¢ Ü ¼ ¢ ß @H>ILKGONP<"6RGILESTABLoGIAEq�ABr]Coe7GIe�@HG,¢ Ü 
 ¢ ß @H8`a.GIe]LCE<?8]f`a]LE8]CEL�<H;P¢ Ü § ¢ ß � ¢ Ü 69A[J�LEV9<hN�GIe�L�j î�¿ É ûH¿Ç*GIe%>ILEABe�<?VXa�q�GIe]LE8�;{<?>W@?8Dk�¢ Ü\Ü 
 ¢ Ü q�GIe]LtCE<?8]f`a]LE8]CEL<H;K¢ Ü\Ü § ¢ ß � ¢ Ü\Ü 69Ap@?V9AB<bJ�LEV9<hN�j î�¿ É ûH¿Ç* l�y%69S"^69VF@H>IVRkDq,;{<H>7@H8Dk�¢ ßEß¾È ¢ ß qUGIe�LWCE<?8]f�a%LE8�CMLW<?;2¢ Ü §¢ ßEß � ¢ Ü 69A�J�LMVF<hN¾j î�¿ É û?¿�* l��Pe�69A0<?J�ABLM>Ii?@HGI69<?8'69A�CE<?>B^>ILECoG2J�LECh@?r]ABL ¸�¹jújú`ûH½H· ��¢ Ü ¼ òTó(�y� ¸+¹Zújú`ûH½H· ��¢ Ü ¼ òTó(�@H8`a ¸�¹júZú`û?½Y· ��¢ ßMß ¼ òTó���� ¸�¹jújú`ûH½Y· ��¢ ß ¼ òTó(�olp�¦;�q+<?8GIe]L�<HGIe�LM>�e`@H8`a�q�GIe]L[>Ir�V9L�¢ Ü §d¢ ß � ¢ Ü 69A�CM<Z8]f`a]LE8DGhqGIe]LE8�;{<?>zLMijLM>Bk�¢ Ü 
 ¢ Ü\Ü 
 ¢ ßEß ö�¢ ß qKGIe�Lz>Ir�V9L¢ ÜoÜ §¤¢ ßMß � ¢ Ü\Ü 69A,CE<Z8%f�a]LM8�GU@?A,NPLEV9V�l
�Pe]6FAp<?J�ABLM>Ii?@HGI69<Z8$@?V9V9<YN,A.r�A"GI<n@HVRGILM>'wK69A_GB>I6FJ]r]GILha�wKLM^CE69AB69<Z8Âv0<?8]f�a%LE8�CML�57698]LM>QJDkÀABc�V96RGBGI6F8]:©69G7698�GI<nABLMijLM>\@?V>I<?r�8`a%AEl+xPG�Lh@HCoe�>I<Zr�8�a�q?Sp@?8Dk[<H;`GIe�LPc�<?ABAB69J�V9LP>Ir�V9LEA+Ch@H8LE6RGIe]LM>�J�L[c%>Ir�8]Lha7<?>
698];=LM>B>ILha7N,6RGIeW8�<"CM<ZSTS(r]8�69Ch@YGI6F<?8�lm�L(698�6RGI6F@?V969�EL"GIe�L�Ch@?8�a]6Fa�@YGIL�>Ir]VFL(ABLMG s e N,6RGIeb@pAB698�:ZV9L>Ir]VFL s�ÉzÌ«3¹, § , 4 q0N,e�69C\eÀS�r�A_G�J�L7J�<HGIeÀABr]c�c�<?>BGILEa@H8`aÀCM<Z8]f`a]LE8DGhl���8�Lh@?C\e�>I<Zr]8`anNPLQ>Ir]8�@H8$@?V9:?<?>I6RGIe�SAB69ST69VF@H>�GI<QwK69A_GB>I69J�r]GILEa�wKLECE69AB69<Z8�v0<?8]f`a]LE8]CEL.576F8]LM>2GI<a%LECE6Fa]LQN,e]6FC\e$<H;[GIe�LQ>Ir�V9LEA'698 s et@H>ILzCE<Z8%f�a%LE8DGhl�m�La%LEijLEV9<Zc�AB<ZSTLW8�LoN¬CE@?8`a%6Fa�@HGILQ>Ir]V9LEA7@HCECE<H>\a]698�:bGI<�GIe]L;=<ZV9V9<YN,698]:�G�N0<[Ch@?8�a]6Fa�@YGIL
:?LE8�Lo>\@HGI69<Z8pSTLMGIe]<�a]AEª��¦;�@�>Ir�V9L69A�;=<Zr]8`a"GI<2J�L
CE<?8]f`a]LE8DG�GIe`@?8TLMijLM>Bk(>Ir]V9L&N,e]6FC\epABc�LECE6R;=kGIe]L�c]>ILMCELE8`a%LE8DGP<H>U:ZLE8]LM>\@?V969�ELKGIe]LK@?8DGILECMLE8DGU<?;�GIe`@HG�>Ir�V9LS�r�A_G+@HV9AB<KCE<Z8%f�a%LE8DG�@?8�a�LEijLo>BkK>Ir�V9L0N,e]6FC\e�;=r]>BGIe]LM>�ABc�LECM^6R;=kWGIe]L"@H8�GILMCELE8`a%LE8DGK69A[CE<?8�AB6Fa]LM>ILEat@pCh@?8�a]6Fa�@YGILZl��O;Oqu<?8GIe]L�<HGIe�LM>
e`@H8`a�q�@(>Ir�V9L[NU@HA
;=<Zr�8�aQ8�<HG
GI<TJ�L2CE<?8]f�a%LE8DGGIe�@?8b@H8DkW>Ir�V9L(N,e�69C\ebABc�LECE6R;Xk�GIe]L"c]>ILMCELE8`a%LE8DG[69A2A_GI6FV9V�@Ch@H8`a%6Xa]@HGILZl

V�W_X[Z[\4]_^�`KbËÊ Í+>Ir�8]6F8]:Àw�6FA_GB>I69J]r]GILha�wKLECM6FAB69<?8�v0<Z8%f�^a%LE8�CEL[576F8]LM>
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4.3.0.9 For node

î
of
¿

nodes:}?lU��8]69GI6F@HVF69�EL?ª s�É&Ì�3G, § , 4 q�Ð Ì ¯�q s�Ì-,
®DlPm�e�69V9L s e�gÌ�,
��@j�T��8]6RGI6X@HV96F�ML ´Kµ]¶Y¶h» ø Ì�,
��J��TwK< h

v0e�<D<?ABL ½ å GI< J�L×AB<?STL×¢ Ü §¢ ß � ¢ Ü S s e ABr]Coe GIe�@HGî gÌ ��� ½ å � @?8�a÷LE6RGIe�LM>Î�Ê� ½ å �Ï�d� ´ þ ½ å ¼ òTó Ø ÿ <H> ´ þ ½ å ¼ òTó Ø ÿ � � �³� ½ å � @?8`a J]>I<Z@Za%Ch@?A_G� tO¼\¸�¹jújú�û?½Y· þ ¢ Ü ¼ òTó Ø ÿ ¼\¸�¹jújú`ûH½H· þ ¢ ß ¼ òTó Ø ÿ � lh
�O;�GIe�Lo>ILK69AU8�<(ABr]Coe ½ å J%>I<j@?a]Ch@HA_G mRú�µ�¶Y¶Gn l

��CY�T��8DGI69V�È ´Kµ]¶Y¶h» ø�È Ì$¿
��a`�p��<H>"Lh@HCoe ½ å Ì ¢ Ü § ¢ ßy� ¢ Ü S s eQABr�C\eGIe`@YG%�Ê� ½ å �#�Ðj î�¿ É ûH¿�*"s e�p Ï ÌÑs e�p Ï Í3 ¢ ÜoÜ §Ò¢ ßr� ¢ ÜoÜ ªj¢ ÜoÜ S t=µ�½GÌ%» » ü ·_»Y¿�¶Eî�û?¿�¶ ��¢ Ü � 4��LY�p��<H>"Lh@HCoe ½ å Ì ¢ Ü § ¢ ß � ¢ Ü S s eQABr�C\eGIe`@YGr�¥� ½ å �f�}j î¦¿ É ûH¿�*h s e¤p Ï Ì s e�p Ï Í3 ¢ Ü §«¢ ßEß � ¢ Ü ªj¢ ßEß S t=µ�½4Ì%» » ü ·B»h¿�¶Eî¦ûH¿�¶ ��¢ ß � 4h s Ì s Í3 ¢ ÜoÜ §¤¢ ßEßr� ¢ Ü\Ü ªZ¢ Ü ö�¢ ÜoÜ 
 ¢ ßEß ö�¢ ß 4�{;\�pÐ Ì Ð[Ñ$}

4.3.0.10 When node
î

receives a message j
from node � :}?lU�O;Kj ÌwmRú`µ]¶H¶Gn 698]ABLM>BG ú GI< ´Kµ]¶Y¶Y» ø`l

®Dlx��V9ABLoj Ì � Ð ¼\¸�¹júZú`û?½Y· þ ¢ Ü ¼ òTó ý ÿ ¼\¸�¹jújú`ûH½H· þ ¢ ß ¼ òTó ý ÿ �h
�O; î S ´Kµ�¶Y¶h» ø(>ILEST<YijL î ;=>I<?S ´Kµ]¶H¶h» ø`lh
�&LECh@?V9CEr]VF@HGIL���� ½ å �.;{<?>�LEiZLM>Bk ½ å N,e�69C\e�698]^CEV9r`a%LEAP¢ ß @H8`a`ÃY<?>U¢ Ü q�6R;O��� ½ å ��Coe�@?8]:ZLEAUr]c]^a�@YGILÂ�Ê� ½ å �P@?8`a ´ � ½ å �P@HAUNPLEV9V�l



5. EXPERIMENTAL RESULTSmbL�r�ABLhazA_k%8DGIe�LMGI69C�a�@HG\@HJ`@HABLEAK:ZLM8�LM>\@YGILhazN,6RGIezGIe�L�:ZLE8GI<D<ZVU��@hi?@?69VF@?J�V9L2;=>I<?SÎÒ�r]LEA_G�N0LEJWAB6RGIL(@YG"|R}Y®h~{�oq�N,e]6FC\eW69AJ`@HABLha'<?8.6Fa%Lh@?APc]r�J]VF69ABe]Lha'698z| ®Y~�l�mbL
:ZLE8]LM>\@HGILhapABLEijLo>\@?VVF@H>I:ZL7a�@YG\@?J`@HABLEA"@H8`a�GIe]LE8nAI@?STc]VFLEatGIe�LES�GI<z:ZLM8�LM>\@YGILGIe�L
c`@H>BGI6RGI69<Z8]Lha'a�@HG\@HJ`@HABLZl��Pe�LKAI@HSTc�V9L&AB6F�MLEAPNPLM>IL�gjLEc]GGI<pVFLMABA�GIe`@H8©}E¯AÓ<?;�GIe�L�<?>I69:Z698�@?V�a�@YG\@?J`@HABL�698z<?>\a%LM>�GI<>ILha]r]CEL�GIe�L�a]LEc�LM8`a]LM8�CMk�J�LMG�N0LELE8�a]6R��LM>ILE8DGuLM�%c�LM>I69STLE8DGIAElmbL.A_k]A_GILMSp@HGI69Ch@?V9VRk©ABCh@H8�8�LEa�57698�y�r�c©i?@?V9r�LEA(<?;�²AÓ«GI<²Z¯=Ó�<H;,GIe�LTAB69�ELp<?;,GIe�Lpa]@HG\@HJ`@?ABLp698n<?>\a%LM>�GI<QAB6Fa]LEA_GILEcGIe�L�>I6FABg�A�<H;`c�@H>\@?STLoGILM>�GIr�8]698�:]l�mbL�r�ABLhaKGIe�L�>ILh@?AB<?8`@HJ�V9Lj î�¿ É ûH¿Ç*.Ì ¯ ð ��l0v0<ZSTS�r�8]6FCE@HGI69<Z8pV9<j@?a'NU@HAPSTLh@HABr]>ILha@?ABABr]ST6F8]:zÆ�JDk�GILEA�;{<?>"ABr�c�c�<H>BG(CM<Zr�8DG(LE8�CE<�a%698�:t@?8`a©®JDk%GILMAP;{<?>
6RGILESTABLMG,8�r�S�J�LM>PLM8�CE<�a%6F8]:]l
��69:Zr]>ILn}?q[®b@H8`a$²bABe]<YN¬GIe�LQGOk]c]69Ch@?V
CE<ZSTS�r�8�69Ch@YGI69<Z8V9<j@Za%A�<H;�v0w(q���w25tq�wK69A_GB>I69J�r]GILEa7wKLECE69AB69<Z8�57698]LM>hq�Í+>ILM^LESTc]GI69ijL�wK69A_GB>I69J�r%GILhaWwKLECE69AB69<Z8©57698]LM>2@?8�a�w�6FA_GB>I69J]r]GILhawKr`@HV�w�LECE69AB69<Z8�57698�LM>
<Z87iZ@Y>I6F<?r�A&r�8]ABgjLMNPLEa7a�@YG\@?J�@?ABLEAEl�OG�Ch@?8©J�L'ABLELE8nGIe`@YG�GIe]LpVX@YGBGILM>(GIe%>ILEL.@?V9:Z<H>I69GIe]STA(r]ABLEA;�@Y>[V9LEABAKCE<?STS(r�8]69Ch@HGI69<Z8]A
GIe�@?8QGIe�L2;{<H>ISTLM>�GONP<%l[�OG�Ch@?8@?V9AB<�J�L
ABLELM8pGIe�@HG0J�<?GIe.v0w�@H8`aT��w25�@H>IL
8�<Z8%^¦ABCh@?VF@?J]V9LN,6RGIeÀ>ILEABc�LECoGTGI<�LE6RGIe�Lo> ¿ <H>.57698�y%r]c�l$��<?>Tr]8�ABgjLoNPLhaa�@YG\@?J`@HABLEAEq,Í�wKw25÷@H8`a©wKw25ÄJ�LEe�@Yi�69<?>p69ATLM��LMCMGI69ijLEVRkGIe�L�AI@?STLZq�@?8�a�wKwKw25Á69AQr�c$GI<�²Z¯=Ó ST<H>ILtLM�"CE69LE8DG<Z8]CELKGIe�L[@HST<Zr]8�G,<H;+CE<?STS(r�8]69Ch@HGI69<Z8.69A&VF@Y>I:ZL2LE8�<?r�:?e�l

6. CONCLUSIONSwKr]>I698]:.GIe�LTc�@?A_G[;=LMN¥kjLh@H>IAEq�a]69A_GB>I69J�r]GILEatA_k%A_GILESTA[e`@hijLJ�LECE<?STLU@KSp@?698�A_GB>ILE@?S�CE<?STc�r]GI698]:�c`@Y>\@Za%6F:?SQlum�e]LMGIe�Lo>6RG[J�LT@pCE<ZSTc�@?8Dk�ç A�Ô�6R>BGIr`@HV�Í�>I69i?@HGIL(Ë
LMG�N0<?>Ig�qu@'S�r�VRGI6R^ABLM>IijLM>,J]69VFV9698�:(CELE8DGILM>hq]@(8�LoG�NP<H>Igp<?;�698�a]LEc�LE8�a]LE8DGUA_GI<DC\gD^J]>I<?gjLM>IAu<H>�@,c�LELM>B^�GI<?^¦c�LELM>uSTc`²UV969J]>\@H>BkKVF69gjL�ËK@Hc�A_GILM>hqYGIe�LNPLh@HVRGIe�<H;�698%;{<?>ISp@YGI69<Z8�@hiZ@H6FVF@HJ�V9L.<?8]^¦V9698�L'6FA�CE<Z8]A_G\@?8DGIVRkLM�%c`@H8`a]698]:]lu�Pe�69Au698];=<?>ISp@YGI6F<?826FA�JDkK@H8`aKVF@H>I:?LPa%6FA_GB>I69J]r]GILha�q@?8�aWGIe]LM>IL(69A[@p:?>I<hN,698�:78�LELhaQ;=<?>[GI<D<ZV9AKGIe�@HG�N,69V9V�@?ABAB69A_G698Qr�8�a]LM>IA_G\@H8`a]698]:"@?8�a7a%LEABCM>I69J�698�:(69Ghl
�Pe�LEABL�8�LoNna�@YG\@?J�@?ABLEA+a%6R��LM>�;X>I<ZS�a]69A_GB>I69J�r]GILEa[a�@HG\@HJ`@HABLEA<?;TGIe]Lnc`@?A_Ghl��Pe�Lnc�@H>BGI6RGI69<Z8]6F8]:�<?;TGIe�Lba�@HG\@$69A�r�ABr%^@?V9VRkzABgjLMN0Lha�l2�Pe]L(CE<?8�8]LECMGI69<Z8]AKJ�LMG�N0LELE8�c`@Y>BGI69GI69<?8�A[@Y>ILABc`@Y>IABL(@H8`a7<H;=GILE8zr�8%>ILEV96F@?J�V9LZq�@?8`a.iZ@Y>I6F<?r�A&GIe]>I<Zr]:Ze]c�r]GIA@?8�azVF@YGILE8�CE69LEA�Sp@hk7@?c]c�VRkDl
wK69A_GB>I6FJ]r]GILhaQg�8]<YN,V9Lha%:ZL(a]69A_^CE<YijLM>Bk�@HVF:?<?>I6RGIe�STAKN,69V9V�q�698�<?r]>[i�69LMN[q�J�LECE<?STL"@.Sp@h�_<H>GI<D<ZV�6F8�GIe�L"Sp@Hg�6F8]:]quSp@?698DG\@?698�698�:7@?8�ab@?8�@?VRk%AB6FA2<H;&a]69A_^GB>I69J�r]GILEazA_k%A_GILESTAEl[�Pe�69A�N,69V9V�>ILh Dr]69>IL�r�A
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