
�������������
	���
�������������������	������! "�����#�$��	��
%'&�	�(�)*��+-,.� ���/+�(�01(324(!�5 6�7��0
8�9;:124�4<����$�4(����>=

Jiawei Han
School of Computing Science

Simon Fraser University
Burnaby, B.C., Canada V5A 1S6

han@cs.sfu.ca

Jian Pei
School of Computing Science

Simon Fraser University
Burnaby, B.C., Canada V5A 1S6

peijian@cs.sfu.ca

ABSTRACT
?!@BAC@BAED�FHGJILKNMEIOACP�QERNPSPSIOGSAETVUERNT�WXILIJAYR5F[Z]\JM^TSIL_`PSZaQC@b\c@BAd_eRfPSR
g @BAe@BAEDhGJILTSILR4GJ\iUj@BA�GJIL\LIOACP'kfILRaGJTLl�mn@bPoUcPoU^I�_CILpNIOqbZ4Q g IOACP$ZaFEA]Mer
g IOGJZaMET�@BACPSIOGJILTSPo@BAEDsRaqbDfZaGS@bPoU g T5FtZaG g @BAC@BAEDsRNTSTSZ]\J@bRNPo@bZaAulv\LZaGSrGJIJqbRNPo@bZaAulv\LRaMETSRaqB@bPwkNl�TSIxKNM^IOACPo@bR4q�Q^RfPSPSIOGSAETLl$Q^R4GJPo@bRaq�QyIOGS@bZ]_z@b\J@bPokNl
\xZaAETSPoGJRa@BACPor[W^RfTSIL_!FHGJILKNMEIOACP'Q^RfPSPSIOGSA g @BAC@BA^DCl^RNTSTSZ]\J@bRNPo@bpNI�\OqbRfTSTo@Br{E\LRfPo@bZaAulXI g IOGJD4@BA^D�Q^RfPSPSIOGSA^TLlEILPS\N|#?
ZNTSP�Z4F#PoU^I�QCGJILpN@bZaMET�TSPoME_zr@bIxT�RN_CZaQEP�RaA7}/QCGS@bZaGS@Br[qB@B~]INlu\LR4A^_]@b_eRfPSI�DNIJA^IOGJRfPo@bZaACrwRaAE_zrwPSILTSP�R4Qer
QCGJZNRf\iUu|���Z4m$ILpfIOG4l'W^RfTSIL_YZaAYZ4MeGcRaAERaqbk]To@bTLl�\LR4A^_]@b_eRfPSI
DNIOAEIOGSr
RfPo@bZaA�RaAE_1PSILTSP g R4k�TSPo@BqBq�WXI!IL�NQyIOA^To@bpfINl$IxToQXIL\O@bR4qBqbk�mnUEIOAYIJAer\xZaMCACPSIOGS@BA^D�qbZaAED�RaAE_!A]M g IJGJZaMET/QERNPSPSIOGSAETL|
}*AEILm g ILPoUEZ]_eZ4qbZNDNkfl�\LRaqBqbIL_��J�L�]�u���C�������C�L�L�C�4�*�X�L�C���4��l
m$UC@b\iU g @BAEILT!FHGJILKNMEIOACP�Q^RfPSPSIOGSA^T
m$@bPoUEZaMEP
\LRaAE_]@b_eRfPSI�DfIOAEIOGJRarPo@bZ4A�lCU^RfT�WXILIJA!_CILpfIOqbZaQXIx_�|��$UEI g ILPoUEZ]_�RN_CZaQEPST�Rh_]@bpN@b_eIJroR4A^_]r\xZaAEKNM^IOG#QCUe@BqbZfTSZaQCUCk5PSZ�QeGJZ4�SIL\xP'RaAE_VQERaGJPo@bPo@bZ4A!_CRNPSR4W^RfTSILT'W^RfTSIL_
Z4A�PoUEI�\OMCGSGJIOACPoqbk�_]@bTS\LZ4pNIOGJIx_5FHGJILKNMEIOACP'Q^RfPSPSIOGSAET$RaAE_�DaGJZ4msToME\iU
QERNPSPSIJGSA^T�PSZ�qbZaAEDNIOGcZaAEILTV@BA-PoUEI�QeGJZ4�SIL\LPSIx_1_eRfPSRaWERNTSILTL|7?
ZaGJIOr
Z4pfIOG4l�IO��\O@bIJACP5_CRNPSR`TSPoGSM^\LPoMCGJILT�UERapfI!WXILIOA�_eIxpNIOqbZ4QXIL_�F[ZaG�IJFHr
FtIL\LPo@bpNI�_CRNPSRaWERNTSIj\LZ g QCGJILTSTo@bZ4A1R4A^_!F[RfTSP/@BACr g I g Z4GJk!PoGJR4pNIOGJTSR4q[|�NME\iUYR g IxPoU^Z]_CZaqbZfDNk g R4k
IOqB@ g @BA^RfPSI!ZaG�ToMeWETSPSRaACPo@bR4qBqHk1GJIL_]ME\LIPoUEI�A]M g WXIOGjZaFv\LR4A^_]@b_CRNPSI!TSIxPSThPSZ�WXI�DNIOAEIOGJRNPSIx_�R4A^_`RaqbTSZ
GJIOr_]ME\LI�PoUEI
To@b�LI�ZaF�PoUEI
_eRfPSRaWERNTSI1PSZ�WXI!@bPSIOGJRNPo@bpfIOqbk�IL�]R g @BAEIL_XlR4A^_Xl^PoUEIOGJIOFtZaGJINlCqbILRN_�PSZVUC@bDaU�QXIOGSFtZaG g R4A^\LIf|
�HA�PoUe@bT�Q^R4QXIOG4lXm$I�QCGJZ4pN@b_eIjRaA�Z4pNIOGJpN@bIxm�ZaF#PoUC@bT�RaQCQeGJZfRN\SU1R4A^_
Ix�]R g @BAEI!@bPST g ILPoU^Z]_CZaqbZfDNk-RaAE_�@ g QCqB@b\LRNPo@�ZaAET5F[Z4G g @BAe@BAED1TSILpNrIJGJRaq�~]@BA^_CT
ZaFvFHGJILKNMEIOACP�Q^RfPSPSIOGSAETLl$@BA^\OqBME_]@BA^D�RfTSTSZ]\O@bRNPo@bZ4A�l�F�GJIOr
KNMEIOACP�\OqbZNTSIx_�@bPSI g TSILPSTLl g RN�Nr[QERNPSPSIOGSAETLl�TSIxKNM^IOACPo@bR4q�Q^RfPSPSIOGSA^TLlR4A^_3\LZaAETSPoGJRa@BACPor[WERNTSIL_ g @BAC@BA^D3ZaFuFHGJILKNMEIOACP$Q^RfPSPSIOGSA^TL|#��I�ToU^Z4mPoUERNPX x¡o¢J£a¤C¢4¥^¦a§E¨]¦[¦[¢a¡J¥v©z¡wª]«'¦b¬V@bT�IJ��\O@bIOACP#RNP g @BAC@BAEDVqbR4GJDNI�_eRfPSRarWERNTSIxT$RaAE_�@bPST�FHMCGJPoU^IOG�_CILpNIOqbZ4Q g IOACP g R4khqbILRN_�PSZ�TS\LR4qbRaWCqbI g @BAer@BAED�ZaF g R4ACk�ZNPoUEIOG�~]@BAE_eTvZaF'QERNPSPSIOGSAET�RfT�m$IOqBq[|

Keywords
�]\LR4qbRaWCqbI�_eRfPSR g @BAe@BAED g ILPoUEZ]_eT#RaAE_�RaqbDNZ4GS@bPoU g TLlzF�GJILKNM^IJACP­QERNPorPSIJGSA^TLlfRNTSTSZ]\O@bRfPo@bZaAETLlCTSILKNM^IJACPo@bRaqCQ^RfPSPSIOGSA^TLlf\LZ4A^TSPoGJR4@BACPor®WERNTSIx_ g @BACr@BAED

1. INTRODUCTION�N@BAE\LI1PoUEI�@BACPoGJZ]_]M^\xPo@bZaA¯ZaFjRNTSTSZ]\O@bRfPo@bZaA g @BAe@BAEDs@BA�° ±³²wl�PoUEIOGJI
´ �$U^I�m�ZaGS~�m$RfT�ToMeQCQXZaGJPSIx_�@BA1QERaGJP�WCk
DaGJR4ACPSTVF�GJZ g PoUEI�µ�RfPor
MCGJRaq­�z\J@bIOA^\xILT�R4A^_3¶­AEDa@BAEILIOGS@BAED!·�ILTSILR4GJ\iU�¸$ZaMCA^\O@Bq#Z4F#¸$RaAERN_CRel
PoUEIYµ�ILPwm$ZaGS~CT
Z4F3¸$IOACPoGJILT
Z4F�¶��]\xIOqBqbIOAE\LI�ZaF3¸$R4A^Rf_eR�¹[D4GJRaACP
µ�¸$¶$ºf�®·v�o�Nrw»]¼Ol^R4A^_�FHGJZ g PoUEI���IxmnqbIxPSPoro½'Rf\i~fR4GJ_
¾�RaWu|bl^¿h| �^| }�|

UERapfI!WXILIOA g RaACk`TSPoM^_]@bILT!Z4A-IO��\O@bIOACP�R4A^_-TS\LRaqbR4WeqbI�F�GJILKNM^IJACPQERNPSPSIOGSA g @BAC@BA^D�R4qbDNZaGS@bPoU g TL|À} g @BqbILTSPSZ4A^I1@BAÁPoU^ILTSI`TSPoM^_]@bILT@bT�PoU^I
_CILpfIOqbZaQ g IOACP
Z4F�RaA�}�QeGS@bZ4GS@Br[W^RfTSIL_�l�qbILpfIOqBrwmn@bTSI g @BAe@BAED
g ILPoUEZ]_�F[Z4G�RfTSTSZ]\O@bRNPo@bZ4A^T
° »eÂ$ÃxÄa²wl'm$Ue@b\SU1UERNT�ToQ^R4GS~]IL_`PoU^I�_CIOrpNIJqbZaQ g IOACP�Z4F�p4RaGS@bZaMET�~]@BA^_CT�ZaFn}/QCGS@bZaGS@Br[qB@B~]I
RfTSTSZ]\O@bRNPo@bZ4A g @BACr@BAED�RaqbDfZaGS@bPoU g TLlCRNTum$IOqBqCRNT�@bPSTuIL�]PSIOAETo@bZaAET$PSZ g @BAC@BA^D�\LZ4GSGJIOqbRNPo@bZ4A° Åa²wl4\LRaMETSRaqB@bPwk!°B±fÆ³²wlNTSIxKNM^IOACPo@bR4q^QERNPSPSIOGSAET$° Ç4²ol4IJQe@bTSZ]_CILT�° ±aÈ4²ol g Rf�NrQERNPSPSIOGSAET�°BÉL²olX\xZaAETSPoGJRa@BACPor[W^RfTSIL_ g @BAC@BA^DY°B±4ÄeÂu±]ÃNÂ#Ã4ÆzÂ#Ã4±L²oluRNTSTSZ4r\O@bRfPo@bpNI�\OqbRNTSTo@B{E\LRfPo@bZaA�°bÃLÅ4²olX\xk]\OqB@b\�RNTSTSZ]\O@bRfPo@bZaAsGSMCqbILT�° ±N±L²ol^GJRfPo@bZ
GSMCqbILT1°ÊÃxËa²wl$@b\LIOWXIJGJD�KNMEIOGS@bILT
R4A^_s@b\xIOWXIOGJD-\OMeWyILT�°bÃLÈCÂ�Æ³²wl$Q^R4GSr
Po@bRaq'QyIOGS@bZ]_z@b\J@bPoks°bÃL»4²olEI g IOGJD4@BA^D�Q^RfPSPSIOGSA^T�° Ä4²olERaAE_ g RaACk!ZfPoU^IJGQERNPSPSIOGSAETL|
�$U^IJGJI�@bT
RaA�@ g QXZ4GJPSRaACPLl�\LZ gjg ZaA�D4GJZaMCA^_�R g ZaAED�RaqBqjPoU^ILTSI
g ILPoUEZ]_CT!_CILpNIOqbZ4QXIL_XÌsPoUEI!METSI�Z4F�RaA�¨]¥E¦®ÍbÎSÏ�ª]¥^ª]¦[ª]¥^¢�}/QCGS@bZaGS@§u¡oªO§E¢4¡J¦®ÐvZaF#FHGJILKNMEIOACP�Q^RfPSPSIOGSAET�° »4²oÌjÍ  �¨]¥^Ð�Ñb¢4¥]©]¦b¬eÎHÒ�§^¨]¦[¦[¢4¡O¥
ÍbÓ
¥^ª]¦4 L¡w¢O£4¤C¢a¥E¦^ÍH¥�¦b¬^¢/Ô]¨]¦[¨]ÕJ¨NÓL¢LÖE¥^ª]¥^¢�ªS �ÍH¦HÓ�Ñb¢4¥]©]¦b¬eÎo¹[ÒØ×!Ã4¼�Óx¤³§E¢4¡iÎ
§E¨]¦[¦®¢4¡J¥eÓ#ÙJ¨]¥hÕJ¢� L¡w¢O£4¤C¢4¥^¦H|^�$Ue@bT'QCGJZaQXIOGJPwk�qbILRN_CT#PSZ�PoUEI�QXZ4m$IOGSFHMCq
QCGSMeAC@BA^D3ZaF�PoU^I�TSIxP/Z4F�@bPSI g TSILPST�PSZ�WXIhIx�]R g @BAEIL_
@BA�PoU^I�TSILRaGJ\SUF[Z4G/qbZ4A^DfIOG�F�GJILKNM^IJACP/QERNPSPSIOGSAET$W^RfTSIL_
ZaA�PoUEI�IL�N@bTSPo@BAED!ZaAEILTL|
Ú$ILTo@b_CILT3RaQCQeqbkN@BAEDsPoUEI
}/QCGS@bZaGS@vQeGJZ4QXIOGJPokfl g ZNTSP�Z4F�PoU^I3_eIxpNIOqBrZaQyIL_ g ILPoUEZ]_eT$Rf_eZ4Q^P�R�qbILpNIOqBrwm$@bTSINlE\LRaAE_z@b_CRNPSI�DfIOAEIOGJRNPo@bZ4AerwRaAE_]rPSILTSP�RaQCQCGJZNRN\SUul^m$Ue@b\SU�TS\LR4A^T�PoUEI�_eRfPSRaWERNTSI g MCqbPo@BQeqbIjPo@ g ILTh¹[R4qBrPoUEZaMEDaUYPoUEIOGJIhUER4pNIhWXIxIOA g R4ACk
PSIL\iUCAC@bKNM^ILTj_eILpfIOqbZaQyIL_1F[ZaGvGJIOr_]M^\O@BAED
PoUEIVA]M g WyIOG�Z4F$_CRNPSR4W^RfTSI�TS\LRaAETJ¼O|v�nUEI�{eGJTSPvTS\LRaA
{CA^_CTRaqBq�ZaFnPoU^I�qbIOAEDNPoUCrOÃ�FHGJILKNMEIOACP�QERNPSPSIOGSAETL|��$UEIhÒ]rÜÛ®Ýs¹HFtZaG�Ò1Þ�Ã³¼
TS\LR4AsTSPSR4GJPSThm$@bPoUYRYÓx¢O¢JÔ!ÓL¢4¦�ZaF�qbIOAEDNPoUCrJ¹[Ò�ß�Ã³¼�F�GJILKNM^IJACPhQ^RfPor
PSIOGSAET�F[ZaMCAE_�@BAYPoUEIhQCGJILpN@bZaMET�Q^RfTST�RaAE_1DNIOAEIOGJRfPSILT�A^Ixm�QyZNPSIOACr
Po@bRaq�qbIOA^DfPoUerwÒ1QERNPSPSIOGSAETLl'\LR4qBqbIL_�ÙJ¨]¥^Ô]ÍHÔ]¨]¦[¢$§^¨]¦[¦[¢4¡O¥CÓO|��$U^IjÒzrÜÛ®Ý
TS\LR4A!Z4FuPoU^I�_CRNPSRaWERNTSI�{CAE_eT$PoUEI�ÓL¤L§]§Eª]¡O¦fZaFuILpNIJGJkhqbIOAEDNPoU
Òj\LRaACr
_]@b_eRfPSI�QERNPSPSIOGSAu|��$UEI!\LR4A^_]@b_eRfPSILT
m$Ue@b\SUsQERNTST�PoUEI g @BAC@ g M gToMCQeQXZ4GJP
PoUeGJIxToU^Z4qb_�RaGJI
@b_eIJACPo@B{^IL_�RfT5FHGJILKNMEIOACP!QERNPSPSIOGSAET!R4A^_
WXIL\xZ g I
PoUEI
TSILIL_-TSILPhF[Z4G�PoU^I!AEIL�]P�QERNTSTL|��$UEI!\LZ g QeMEPSRNPo@bZ4APSIOG g @BAERNPSIxT/m$UEIOA3PoU^IJGJI/@bT�AEZVF�GJILKNM^IJACP�Q^RfPSPSIOGSA!FtZaMCA^_�ZaGnPoU^IOGJI@bT/AEZ�\LR4A^_]@b_CRNPSIhQERNPSPSIOGSA�PoUERNP�\LR4A!WXI�DfIOAEIOGJRNPSIL_!@BA�R4ACk5QERNTSTL|
�$U^I�\LR4A^_]@b_eRfPSI1DNIJA^IOGJRfPo@bZaA�R4QeQCGJZNRf\iUÁRN\SUC@bILpNILT
DfZ]Z]_sQXIOGSF[Z4GSr
g R4A^\LI�WCk�GJIx_zME\O@BAED�PoUEI�A]M g WXIOG�Z4Fv\LRaAE_z@b_CRNPSIxT5PSZ!WyI5DfIOAEIOGSrRNPSIx_�|¯��Z4m$ILpfIOG4lvmnUEIOAÁPoU^I g @BAC@ g M g ToMCQeQyZaGJP�PoUeGJILToUEZaqb_�@bT
qbZ4màZaG�PoUEI5qbIJA^DfPoU�ZaFvPoUEI5QERNPSPSIOGSAET�PSZ!WXI!DfIOAEIOGJRNPSIL_Y@bThqbZaAEDel
PoUEI/\xRaAE_z@b_CRNPSI�DNIOAEIOGJRfPo@bZaACr®WERNTSIx_
RaqbDNZ4GS@bPoU gàg Rak�TSPo@BqBqXWXILR4G�PoU^IF[Z4qBqbZam$@BAED�AEZaACrwPoGS@bpN@bRaq�\LZfTSPSTLl$@BA^_CIOQXIOAE_CIOACP�Z4F�_CILPSRa@BqbIx_á@ g QCqbIOr
g IOACPSRfPo@bZaA�PSIL\SUCAe@bKNMEILTL|

ÃN|��$U^I�A]M g WXIOG3ZaFv\LR4A^_]@b_CRNPSILT3PSZ�WXI3DNIOAEIOGJRfPSIL_ g R4k1TSPo@BqBqWXI�U]MEDNINlEILToQXIL\O@bR4qBqbk�m$UEIOA
PoUEI�qbIOAEDNPoU�Z4F'PoUEI�Q^RfPSPSIOGSA^T�PSZ
WXI�DNIOAEIOGJRfPSIL_�@bT­qbZ4A^DC|$â^Z4G#IL�]R g QCqbINlEPSZ�DNIJA^IOGJRfPSI�Z4A^I$FHGJIOrKNM^IJACP�Q^RfPSPSIOGSA�Z4F^qbIOAEDNPoU�ÃLÈfÈel]ToME\iUcRNT#ãaä^å4æSä]ç]æLèxèLèXæSä^å[éSéfêzl
PoU^I$A]M g WyIOG$Z4Fu\LRaAE_z@b_CRNPSIxT$PoU^RfP­UERNT#PSZ/WyI/DfIOAEIOGJRNPSIL_�m$@BqBq



WXI�RNP$qbILRfTSP�� å[éSé��� å�� ÃLÈfÈ�	��
 ± å[éSé ß-Ã
��ÃLÈ�� é |
±]|�¶�Rf\iU�TS\xRaA�ZaFCPoUEI#_eRfPSRaWERNTSI$IL�]R g @BAEILT�PoUEI'IOACPo@BGJI$_CRNPSR4W^RfTSIRNDfRa@BAETSP�PoU^IjmnUEZaqbI3TSILP�ZaF�\OMCGSGJIOACP�\LRaAE_]@b_eRfPSILTLl$m$UC@b\iUY@bT
KNMe@bPSI�\LZNTSPoqbk�m$U^IOAjPoUEI�_CRNPSR4W^RfTSIn@bT�qbR4GJDNI�RaAE_�PoU^I'A]M g WXIOGZaFØ\LRaAE_z@b_CRNPSIxT�PSZhWXI�IL�]R g @BAEIL_!@bT�A]M g IJGJZaMETL|

�'ZjZapfIOGJ\LZ g IhPoUC@bT�_]@B��\OMCqbPokfl�RhAEILm�RaQCQeGJZfRN\SU�lu\LR4qBqbIL_! x¡o¢J£a¤C¢4¥^¦§E¨]¦[¦[¢4¡O¥
©]¡wª]«'¦Ê¬el'UERNThWyILIOA-_eIxpNIOqbZ4QXIL_Xl$@BA�R
TSIOGS@bILT�Z4F�TSPoME_]@bILTLl
ToME\SU1RfTh°bÃ4ÉzÂu±fÉzÂØ±a»CÂ'ÃLÇeÂØ±aÇCÂ'±4Ëa²wl^m$UC@b\iU`RN_CZaQEPSThR�_]@bpN@b_eIJroR4A^_]r
\xZaAEKNM^IOG g ILPoUEZ]_CZaqbZNDfk�R4A^_ g @BAEILT�FHGJILKNMEIOACP�QERNPSPSIOGSAET�m$@bPoU^Z4M^P\xRaAE_z@b_CRNPSIvDNIOAEIOGJRNPo@bZ4A�|��$U^I#RaQCQeGJZfRN\SU�U^RfT'TSILpNIOGJR4q^_]@bTSPo@BAE\LP�F[ILR4r
PoMCGJILTLÌ
Ãf|v�tAETSPSILRN_�Z4F�DNIOAEIOGJRfPo@BA^D-RdqbR4GJDNI
A]M g WXIOG7ZaF�\LR4A^_]@b_CRNPSILTLlPoU^I g ILPoU^Z]_�QeGJIxTSIOGJpNILT�¹H@BA
TSZ g I�\LZ g QeGJILTSTSIx_!F[ZaG g TJ¼$PoUEIILTSTSIOACPo@bR4q�DaGJZaMCQC@BA^DfT
ZaF�PoUEI
ZaGS@bDa@BAERaqj_CRNPSR1IOqbI g IOACPST5FtZaG
g @BAC@BA^DC|h�$UEIOA�PoUEIhR4A^R4qbk]To@bTV@bT�F[Z]\JM^TSIL_�ZaA�\xZaMCACPo@BA^D
PoUEIFHGJILKNMEIOAE\Lk�ZaFEPoU^I#GJIOqbILp4RaACP#_eRfPSR�TSILPST�@BAETSPSILRf_�ZaFE\LRaAE_]@b_eRfPSI
TSILPSTL|

±]|v�tAETSPSILRN_�Z4FCTS\LRaACAC@BA^D�PoUEI�¢4¥^¦[ÍH¡w¢'_eRfPSRaWERNTSI$PSZ g RfPS\iU�RfDNRa@BAETSPPoU^I�«X¬^ªNÑb¢�\LZ4GSGJILToQXZaAE_]@BA^D�TSIxP'ZaFX\LR4A^_]@b_CRNPSILT�@BAcILRN\SUhQERNTSTLl
PoU^I g ILPoU^Z]_!QERaGJPo@bPo@bZ4A^T�PoUEI�_eRfPSR5TSIxP/PSZ�WXIhIx�]R g @BAEIL_�RNTm$IOqBqXRfT�PoUEI�TSIxP�Z4F�QERNPSPSIOGSAET$PSZ�WXIvIL�]R g @BAEIL_�WCk�_eRfPSRaWERNTSIQeGJZ4�SIL\xPo@bZaAu|¯��ME\iU�RY_]@bpN@b_eIJroR4A^_]rw\LZaAEKNMXIOG g ILPoUEZ]_CZaqbZNDfkToMeWETSPSRaACPo@bR4qBqbk�GJIL_zME\LILT�PoUEI1TSILRaGJ\SU�ToQERN\LI`RaAE_ qbILRN_CT�PSZ
Ue@bD4U
QXIOGSF[Z4G g RaAE\LIN|

»C|���@bPoU-PoUEI5D4GJZ4mn@BAED1\LR4Q^Rf\O@bPok`ZaF g Ra@BA g I g Z4GJk�R4A^_YPoUEIToMeWETSPSRaACPo@bR4q^GJIL_]M^\xPo@bZaA3ZaFE_eRfPSRaWERNTSI�To@b�LI$WCk�_CRNPSRaWERNTSI$QCGJZar
�SIL\LPo@bZ4A-RNT�m$IJqBq�RNT�PoUEI�ToQ^Rf\LI!AEILIL_CIL_1F[ZaG g RaAC@BQeMCqbRNPo@BAEDqbRaGJDfIhTSILPST�Z4F#\LRaAE_]@b_eRfPSILTLl'R�ToMeWETSPSRaACPo@bR4q$QXZ4GJPo@bZaA`ZaF�_eRfPSR
\LRaA�WXI�QCM^P�@BACPSZ g Ra@BA g I g Z4GJk!F[ZaG g @BAC@BAEDe|
µvILm�_eRfPSRTSPoGSM^\xPoMeGJILTvRaAE_ g ILPoUEZ]_eTLluToME\iU�RfT�â'½'roPoGJIxIhR4A^_!QETSIOME_eZ4rQeGJZ4�SIL\xPo@bZaA1¹HFtZaG g @BAC@BAED5TSIxKNM^IOACPo@bR4q'Q^RfPSPSIOGSAETJ¼OleUERapfI�WXILIOA_eIxpNIOqbZ4QXIL_�F[ZaGØ_eRfPSR/\xZ g QCGJILTSTo@bZaAcRaAE_�QXZa@BACPSIOGSr[WERNTSIL_jPoGJRapfIOGSrTSRaq[|'�$UEI$QXIOGSF[Z4G g RaAE\LI�TSPoM^_]@bILT�UER4pNI�ToUEZam$A�PoUEI$I��yIL\LPo@bpNIJrA^IxTST/Z4F#ToM^\SU
PSIx\iUCAe@bKNMEILTL|

}�F[ILm QC@bIL\LIxT�ZaF�m$ZaGS~
UER4pNI�\LZ4ACPoGS@BWeMEPSIL_YPSZ!PoUEI�_CILpNIOqbZ4Q g IOACPZ4F�PoUEIcF�GJILKNM^IJACPVQERNPSPSIOGSACrwDaGJZ4m�PoU g ILPoUEZ]_eZ4qbZNDNkfl$RNT�@BqBqBMETSPoGJRNPSIx_WyIOqbZ4mV|
�$UEI���GJILIL½'GJZa�ÜIL\LPo@bZaA g ILPoUEZ]_1°ÊÃJ²XQeGJZ4QXZNTSILTvRh_CRNPSR4W^RfTSIVQCGJZ4�SIL\OrPo@bZ4A
PSIL\SUCAe@bKNMEIhm$UC@b\iU7IL�NQCqbZaGJILTvPoU^I�QeGJZ4�SIL\LPSIx_!_CRNPSRaWERNTSIxT/RfTSTSZar
\J@bRNPSIL_�m$@bPoU�_]@��XIOGJIOACP'FHGJILKNMEIOACPX@bPSI g TSILPSTL|#�$U^I#â'½'roD4GJZ4m/PoU�R4qbDNZ4rGS@bPoU g °ÊÃ³É³²XQXIOGSF[Z4G g T�_CRNPSR4W^RfTSIVQCGJZ4�SIL\LPo@bZ4A1m$UEIOA
PoUEI�_eRfPSRaWERNTSITo@b�xI5@bThU]MEDNI3RaAE_�PoUEIOA-\LZ4A^TSPoGSME\LPST�R
\LZ g QCGJILTSTSIL_Y_eRfPSR�TSPoGSME\OrPoMCGJINl�â'½'rwPoGJILINlvm$U^IOAÁPoUEI�\LZ g QCGJILTSTSIL_�PoGJILI�\xRaA�{^P�@BA g R4@BA
g I g ZaGJkf|��nUEIhGJI g Ra@BAC@BA^D g @BAC@BA^D1m$@BqBq#WXI�F[Z]\OMETSIL_1Z4A1PoUEI�GJIOr\JMeGJTo@bpfIOqbk�DNIOAEIOGJRNPSIx_�l]QCGJZa�SIx\LPSIL_�â'½­rwPoGJILIxTL|'Ú$ILTo@b_CILT g @BAC@BA^DhF�GJIOrKNMEIOACP'@bPSI g TSILPSTLl�PoU^I$â'½'rwPoGJILI$TSPoGSME\LPoMCGJI$\LRaAjWXI�METSIL_hF[Z4G g @BAC@BA^DF�GJILKNM^IJACP$\OqbZNTSIx_c@bPSI g TSILPSTLlCm$Ue@b\SU�@bT�QCGJILTSIOACPSIL_�@BA3PoUEI�¸$¾����z¶#�R4qbDNZ4GS@bPoU g ° ±NÉL²o|
�$UEI­F�GJILKNM^IJACP�QERNPSPSIOGSACrwDaGJZ4m�PoU g IxPoU^Z]_CZaqbZfDNk�@BA��CM^IJA^\LIxT'\LZaAETSPoGJRa@BACPorWERNTSIx_ g @BAC@BA^D�ZaF#FHGJILKNMEIOACP�@bPSI g TSIxPSThRfT�m$IOqBq[|��$UEI�\LZ4A^TSPoGJR4@BACPorQCMEToUe@BAED!PSIL\SUCAe@bKNMEILT�_CILpNIOqbZ4QXIL_
F[ZaGv}�QeGS@bZ4GS@Br®WERNTSIx_ g @BAC@BA^D�°B±]ÃO²\xRaA�WXI�R4QeQCqB@bIL_�PSZ�Q^RfPSPSIOGSA
D4GJZ4m/PoU g @BAC@BAEDe|��HA3RN_C_z@bPo@bZ4A�lXTSZ g I\xZ g QCqbIL��~]@BAE_eT#ZaFC\LZ4A^TSPoGJR4@BACPSTLl]ToME\iUjRNTu\LZaACpfIOGJPo@BWeqbI�\LZ4A^TSPoGJR4@BACPSTLlm$UC@b\iU�\xRaACA^ZfPcWyI!QeMEToU^Ix_�_eILIJQs@BACPSZYPoU^I g @BAe@BAED1QeGJZ]\LIxTST5WCk}�QeGS@bZ4GS@[l#\LRaA�WXI�_CZaAEI�TSZ!m$@bPoU�FHGJILKNMEIOACP�Q^RfPSPSIOGSA1D4GJZ4m/PoU-° ±aÇa²wl
_]MEI/PSZvPoU^I$F[Rf\LPST'PoUERNP�¹SÃ4¼�QERNPSPSIOGSA�D4GJZ4m/PoUcZaACqbkhA^IxIL_eT#PSZ�Ix�]R g r@BAEI�Q^R4GJPhZ4F�PoUEI�_eRfPSRaWERNTSI�¹[PoU^IhQCGJZ4�SIL\LPSIL_`ZaAEI4¼Ol'RaAE_s¹w±f¼�_eRfPSR
\xRaA�WXI�ZaGJDfRaAC@b�LIL_1@BAYR�TSPoGSME\LPoMeGJIx_1m$R4k
PSZ�F[RN\O@BqB@bPSRfPSI!PoUEI�\LZ4Aer
PoGJZ4qBqbIL_�DaGJZ4m�PoU
ZaF'F�GJILKNM^IJACPnQERNPSPSIJGSA^TL|

�N@ g @BqbRaG�_z@bpN@b_CIOrwRaAE_]ro\xZaAXKNMEIOG$@b_CILRNT�WCMEP�_]@��XIOGJIOACP�QCGJZa�ÜIL\LPo@bZaAjPSIL\SUerAC@bKNM^ILT�UER4pNI�WXILIOA`_CILpNIOqbZ4QXIL_�FtZaG g @BAC@BA^D
TSILKNMEIOACPo@bR4q�QERNPSPSIOGSAETLlm$Ue@b\SU�R4GJI�QeGJILTSIJACPSIL_�@BA�Pom$Z
R4qbDNZaGS@bPoU g TLl�âeGJIxI4��QERaAÁ°ÊÃxÇa²�R4A^_½'GJIO{^�C�NQERaA�° ±aËa²w|Y�$U^I�QXIOGSF[Z4G g RaAE\LI
TSPoME_ekYToUEZ4m/TjPoU^RfPhWXZNPoU
g ILPoUEZ]_CT5Z4M^PoQyIOGSF[ZaG g PoUEI!\JqbRNTSTo@b\LR4q�}/QCGS@bZaGS@Br[WERNTSIL_�TSILKNMEIOACPo@bRaq
QERNPSPSIOGSA g @BAC@BA^D�RaqbDfZaGS@bPoU g�� �]½�° ±aÅ4²ol4R4A^_�½­GJIJ{^�C�NQ^R4A�U^RfT'\LZaACrTo@b_CIOGJRaWCqbk�WyILPSPSIOG�QXIOGSF[Z4G g RaAE\LI�PoU^R4A
âeGJIxI4��QERaAu|
�tAcPoUe@bT$QERaQXIOG4lCm$I$QCGJZ4pN@b_eI�R4A!Z4pfIOGJpN@bILm�ZaFuTSILpfIOGJRaqXGJIL\xIOACPoqbk�_CIOr
pNIJqbZaQXIL_YFHGJILKNMEIOACPhQERNPSPSIOGSA-D4GJZam�PoU g @BAe@BAED g ILPoUEZ]_CT�RaAE_Y_z@bTor\OMETST�PoU^IO@BG�@ g QCqB@b\LRfPo@bZaAETL|��$UEI/GJI g R4@BAe@BAED�ZaFØPoU^I�Q^R4QXIOG�@bT�ZaGJDNR4rAC@b�LIL_YRNT�F[ZaqBqbZ4m�TL|��HAY�]IL\LPo@bZ4A�±]l'm$I�Ix�]R g @BAEI!PoUEI�â'½­rwDaGJZ4m�PoU
g ILPoUEZ]_�F[Z4G g @BAC@BA^D
FHGJILKNMEIOACP�@bPSI g TSIxPSThR4A^_1R4qbTSZ g IOACPo@bZ4AYPoU^I¸$¾����]¶�� g ILPoU^Z]_1F[Z4G g @BAC@BA^D1FHGJIxKNM^IOACP�\OqbZfTSIL_�@bPSI g TSILPSTL|��tA�]IL\LPo@bZaA3»ClNm$I#qbZ]Za~�RfP'PoU^I$@ g QERN\LP#ZaFyâ'½­rwDaGJZ4m�PoUjPSZ�\LZaAETSPoGJRa@BACPorWERNTSIL_ g @BAC@BAED
ZaF'FHGJILKNMEIOACP$QERNPSPSIOGSAET�R4A^_
PoUEIVUERaAE_]qB@BA^D
Z4F#\LZaACrpNIJGJPo@BWeqbI�\LZ4A^TSPoGJR4@BACPSTL|��HA3�zIx\LPo@bZaA3Çel�m$I$@BACPoGJZ]_zME\LI�Pwm$Z�QERNPSPSIOGSACr
DaGJZ4m�PoUCr®WERNTSIx_ g IxPoU^Z]_CT�F[Z4G g @BAC@BAED�TSILKNM^IJACPo@bRaqCQ^RfPSPSIOGSA^TLÌuâeGJILI³��QERaA°bÃLÇa²�RaAE_Y½­GJIJ{^�C�NQ^R4A�° ±aË4²o|7�tA-�]IL\LPo@bZ4A�Ézl'm$Ij_z@bTS\OMETST�PoU^I�QXZ4r
PSIOACPo@bR4q$IL�]PSIJA^To@bZ4A^T�ZaF#Q^RfPSPSIOGSACroD4GJZ4m/PoU g ILPoU^Z]_CT�RaAE_�\LZaAE\OqBME_eIZaMCGvTSPoM^_CkN|

2. FP-GROWTH: PATTERN GROWTH FOR
MINING FREQUENT ITEMSETS}�T�ToU^Z4m$A!WCk g R4ACk5GJILTSILR4GJ\iUEIOGJT�° ±zÂC»a²wl g @BAe@BAED5F�GJILKNM^IJACPn@bPSI g rTSILPST$GJIOQCGJILTSIOACPST�PoUEI�\LZaGJI�Z4F g @BAC@BA^D3RNTSTSZ]\O@bRfPo@bZaA�GSMeqbIxTLl^\LZ4GSGJIOqbRarPo@bZaAETLlXRaAE_ g RaACk!ZfPoU^IJG/QERNPSPSIJGSA^TL|

¾�IxP/R3¦[¡o¨]¥eÓx¨]Ù4¦[ÍHª]¥�Ô]¨]¦®¨]ÕJ¨NÓx¢��
��� \LZ4A^To@bTSPvZaF#R�TSILP�ZaF#PoGJR4A^TSRf\Or
Po@bZaAET/@BA7PoU^I�F[ZaG g Z4F�� 
 ¹wÛ��! ^æ#"�¼�m$UEIOGJI�Û$�% �@bT/R7¦®¡w¨]¥eÓx¨]Ùa¦[ÍHª]¥CÎÍHÔ�RaAE_&" R4As@bPSI g TSILP
¹H@[| IN|bl$R�TSILP�Z4F�@bPSI g TJ¼O|s}ÀPoGJRaAETSRN\LPo@bZ4A��@bT�TSRa@b_1PSZ`ÙOª]¥E¦®¨]Í�¥7@bPSI g TSILP('�@BF�RaAE_1ZaACqbk
@BF)'+*,"1|��$U^I-/.1010�243!5 ZaF�RaAY@bPSI g TSILP76 @BA8�
����l$_CIOA^ZfPSIL_�RNT:9<;>=�¹$6�¼Ol$@bT
PoUEIcA]M g WXIOGjZaFvPoGJRaAETSRN\LPo@bZ4A^T�@BA?�@�A�À\LZaACPSR4@BAe@BAED?6�| � @bpNIOAR5METSIOGSrwToQXIL\J@B{^IL_8B)CED�CEB . B -/.1010�2�3%5
5GF�3%HI-/F>2�J K lMLN�PO 9>;<=ul�6 @bTQ 3!H/RS.>H D 5 @BF�RaAE_�Z4Aeqbk
@BF@9<;>=�¹$6�¼UTVLN�PO 9>;<=u|��$U^I 0W3!2�X1J H B 2 QB)CED�CED>YNQ 3!H/RS.>H D 5 C 5$H B -#H/5$- @bT�PSZ7Z$¥^Ô1¦b¬^¢!ÙJª]Ï$§XÑb¢a¦[¢�ÓL¢4¦�ªS � x¡o¢LÎ£4¤e¢4¥^¦�ÍH¦[¢aÏ�Óx¢a¦HÓ�ÍH¥1¨
¦[¡o¨]¥eÓx¨]Ù4¦[ÍHª]¥!Ô]¨]¦[¨]ÕJ¨NÓL¢
�
���*«�[H¡G[H¦P['©]Í!\4¢4¥
Óx¤³§]§Eª]¡J¦'¦Ê¬^¡w¢LÓS¬^ªNÑbÔ)LN�PO 9>;<=u|
��IJGJI�m$I
Ix�]R g @BAEI1U^Z4m Z4A^I�\LRaAÁ_CILpNIOqbZ4Q�R1QERNPSPSIOGSAÁDaGJZ4m�PoU
g ILPoUEZ]_Xl�â'½'roD4GJZ4m/PoU °ÊÃ³É³²wlhF[Z4G�IO��\O@bIOACP g @BAe@BAED�Z4F5F�GJILKNM^IJACP@bPSI g TSIxPSTn@BA
qbR4GJDNI�_CRNPSR4W^RfTSILTL|$â'½'rwDaGJZ4m�PoU!{CGJTSP�QXIOGSF[Z4G g T�RhFHGJIOrKNMEIOACP/@bPSI g r®WERNTSIx_
_eRfPSRaWERNTSI�QeGJZ4�SIL\LPo@bZ4A1m$UEIOA
PoUEI�_CRNPSRaWERNTSI�@bTqbRaGJDfI!R4A^_YPoUEIOA-TSmn@bPS\SUEILT�PSZ g R4@BAer g I g ZaGJkNr[W^RfTSIL_ g @BAC@BA^D�WCk\LZ4A^TSPoGSME\LPo@BAED
R5\xZ g QERN\LPv_eRfPSR�TSPoGSM^\LPoMCGJINlX\LR4qBqbIL_1â'½'rwPoGJILINl^R4A^_PoGJRaAEToF[Z4G g @BA^D g @BAe@BAED�_CRNPSR4W^RfTSIn@BACPSZ g @BAC@BAED�PoUe@bT'\LZ g QERN\LP'PoGJILIf|��I�{eGJTSP$ToUEZ4máUEZ4m�â'½­rwPoGJILI�WXI�\LZ4A^TSPoGSME\LPSIL_!FHGJZ g R�_eRfPSRaWERNTSIN|]_^X��`1��aH�&bdc5¹[â'½'rwPoGJILI4¼�¾�ILPvPoU^I�PoGJRaAETSRN\LPo@bZ4AY_CRNPSRaWERNTSIfl�����l
WXIs¹[PoUEI
{eGJTSP3Pom$ZY\LZ4qBM g AET�ZaFx¼5�'R4WeqbI-Ã�R4A^_�PoUEI g @BAC@ g M gToMCQeQXZ4GJP�PoUCGJILToUEZaqb_
WXI�»e|

e$f�g hPe$i�j�k$i�e l%mon�g1iGn�iGgdpSq1n�iGr4s1iGt4e�hPe$i�j�kuGv>v w1x$yzx|{�x#}4x!~dx��$x���x�� wzx|{�x#y1xP�AxP��/v>v yzx|��x${�x#w1x#�!xP�Ax|� wzx${�x|yzx$��x$��>v>v ��x$wzx|��x��Ix#� wzx$��>v>v ��x#{�x|�zx|�/x�� {�x#��x!��/v>v y1x$wzx${�x|�Wx|�%xP�dxP�Ax$� wzx|{�x#y1xP�AxP�
�'RaWCqbI5ÃfÌ'�$U^I�PoGJR4A^TSRf\LPo@bZaA`_eRfPSRaWERNTSI(�
���c|

â�@BGJTSPLl$R
TS\xRaA-ZaFU�A�à_CIOGS@bpNILT�RYÑbÍÊÓx¦�ZaF�FHGJILKNMEIOACPh@bPSI g TLl��w¹$� ÌÇ]¼Oæx¹P��ÌeÇ�¼Oæ4¹[ä�ÌE»]¼OæL¹P��Ì^»�¼OæL¹$L.ÌC»]¼Oæ4¹�=1ÌC»]¼#�Ol#¹[PoUEIVA]M g WyIOG�RaF[PSIJG�OÌ � @BAE_z@b\xRNPSILT�PoUEI!ToMCQeQXZ4GJPJ¼Ol#RaAE_�m$@bPoU1@bPSI g T�ZaGJ_CIOGJIL_1@BAYFHGJIOrKNMEIOA^\xk�_CILTS\LIOAE_]@BA^D�ZaGJ_CIOG4|��$UC@bT�ZaGJ_CIOGS@BAED�@bT�@ g QyZaGJPSRaACP�To@BAE\LI

�C� �����)� ¶��NQCqbZaGJRfPo@bZaAETL|�¸$ZaQCkNGS@bD4UCP \��±aÈfÈNÈ��������¡ #¢¤£(¥¦¥�l � IL\LI g WXIOG�±4ÈNÈNÈC| §#ZaqBM g Ij±zlE�®TSToMEIj±Vr'Q^RfDNI�»eÃ



Header table

item

c

p

m

b

a

f

head of node-links

root

f:4

c:3 b:1

a:3

m:2

p:2

b:1

m:1

c:1

b:1

p:1

â�@bDaMCGJI5ÃfÌ#â'½­rwPoGJILI�F[Z4GvPoGJRaAETSRN\LPo@bZ4A�_eRfPSRaWERNTSIh@BA7�'RaWCqbI5Ãf|

IxRN\SU5QERNPoU3Z4F�R�PoGJILI�m$@BqBqXF[ZaqBqbZ4m�PoUC@bT/Z4GJ_eIJG4|�âEZaG�\LZaACpfIOAe@bIJA^\LI�Z4F
qbRfPSIOG�_]@bTS\OMETSTo@bZaAETLl�PoUEI�FHGJILKNMEIOACP$@bPSI g T�@BA
ILRf\iU�PoGJR4A^TSRf\LPo@bZaA�R4GJIqB@bTSPSIx_�@BA�PoUC@bT�ZaGJ_CIOGS@BA^D�@BA�PoU^I�GS@bD4UCP g ZNTSPv\LZaqBM g A`ZaFØ�'RaWCqbI5Ãf|
�]IL\LZ4A^_Xl�PoUEI5GJZ]ZNP�ZaF�R�PoGJIxINl'qbRaWXIOqbIx_�mn@bPoU �x¥^¤zÑ�Ñ �!@bT�\OGJILRfPSIL_�|
�]\LR4A1PoUEI���� PoUEI�TSIL\LZ4A^_�Po@ g IN|��$UEIhTS\LR4A1Z4F$PoUEI�{eGJTSP�PoGJR4A^TorRf\LPo@bZaA-qbILRN_CT�PSZ�PoUEI!\xZaAETSPoGSM^\LPo@bZ4A�ZaF�PoU^I�{eGJTSPhWCGJRaAE\SUsZ4F�PoUEI
PoGJIxINÌ
�S¹$��ÌCÃ4¼Oæ4¹P��Ì^Ã³¼OæL¹[ä5ÌEÃ4¼OæL¹$LàÌ^Ã4¼OæL¹�=
ÌEÃ4¼#�O|#µ�ZfPo@b\LIhPoUERNP�PoUEI
WCGJRaAE\SU�@bT�AEZNP�Z4GJ_eIOGJIx_�@BA �$�yæwä^æG�NæGL
æE= ��RNT/@BA`PoUEIhPoGJR4A^TSRf\LPo@bZaA
WCMEP/@bT�Z4GJ_eIJGJIL_
RN\L\xZaGJ_]@BA^D3PSZ�PoU^I�ZaGJ_CIOGv@BA�PoU^I�ÑbÍÊÓx¦�Z4F'FHGJILKNMEIOACP
@bPSI g TL|1â^Z4G�PoUEI!TSIx\LZaAE_YPoGJRaAETSRN\LPo@bZ4A�l�To@BAE\LI!@bPST!¹[Z4GJ_eIOGJIx_^¼VF�GJIOrKNMEIOACP�@bPSI g qB@bTSP��$�yæ|�Næoä^æG�4æGLN�#ToU^R4GJILT$R�\LZ g�g ZaA3QeGJIJ{^�N�$�^æ$�NæSäd�m$@bPoU7PoU^I�IL�N@bTSPo@BAED5QERNPoU �$�yæ|�Næoä^æIL
æ!=¡�OlCPoUEI�\LZaMCACP�ZaF'IxRN\SU!AEZ]_eI
R4qbZaAED�PoU^I
QCGJIO{^�s@bT!@BAE\OGJI g IOACPSIL_ WCk�Ãfl�R4A^_�ZaAEI�AEILm AEZ]_eI
¹P�vÌ^Ã4¼­@bT�\OGJIxRNPSIL_3RaAE_5qB@BAC~]IL_
RfT$R�\SUe@Bqb_
Z4F$¹[ä�Ì]±f¼�RaAE_!R4A^ZfPoU^IOG
AEILmYA^Z]_CIh¹$LàÌ^Ã4¼�@bT�\JGJILRNPSIL_�R4A^_hqB@BAC~]Ix_!RNT�PoU^I�\SUe@Bqb_3ZaF'¹P��ÌEÃ4¼O|
·�I g Ra@BAC@BA^D
PoGJR4A^TSRf\LPo@bZaAET�\LRaA3WXI�@BAETSIOGJPSIL_�To@ g @BqbRaGSqbkN|
�'Z�F[RN\O@BqB@bPSRfPSI�PoGJILI�PoGJR4pNIJGJTSRaq[lXRaA
@bPSI g UEILRN_CIOG�PSRaWCqbIV@bT�WeMC@BqbPLl^@BAm$UC@b\iUdILRN\SU�@bPSI g QyZa@BACPSTLl'pN@bR
R F>H��>K 2 Q�D 21K1H��GJ CED��fl^PSZ�@bPSTV{CGJTSP
Z]\x\OMeGSGJIJA^\LI�@BA�PoUEI�PoGJIxIN|�µvZ]_eIxT
mn@bPoU�PoUEI�TSR g I
@bPSI g r[AER g IR4GJI�qB@BAC~]IL_ @BAÁTSILKNMEIOAE\LIYpN@bR D 21K1H��GJ CED�� - |�}�F[PSIOG3TS\LR4AeAC@BA^D�RaqBq
PoGJR4A^TSRf\LPo@bZaAET�@BA ����lCPoU^I�PoGJILI�m$@bPoU7PoU^I�RfTSTSZ]\O@bRNPSIL_
AEZ]_eIOr[qB@BAC~CT
@bTvToU^Z4m$A!@BA�â�@bD4MeGJI�ÃN| �

�$UEI�â'½'rwPoGJILI/WCMe@BqbP�@BA3¶��]R g QeqbIj±�U^RfT$TSZ g I�AC@b\LI�QeGJZ4QXIOGJPo@bILTvRNTFtZaqBqbZ4m�TLÌ�¹SÃ4¼��
	�ÎÜ¦®¡w¢O¢�ÙJª]¥^¦[¨]ÍH¥eÓ�ÙOª]Ï$§XÑb¢4¦®¢�Í�¥L Lª]¡JÏh¨]¦[ÍHª]¥�ªS  �@�A�
«�[�¡�[H¦P[u L¡o¢J£4¤e¢4¥^¦vÍH¦[¢aÏ�Óx¢a¦vÏhÍ�¥^ÍH¥]©NÌ�ILpfIOGJk1PoGJRaAETSRN\xPo@bZaA�@BA8�@�A�
@bT g R4QeQXIx_�Z4ACPSZ!Z4A^I�QERNPoU1@BAYPoUEI�â'½­rwPoGJILIfl�R4A^_1PoUEI�FHGJILKNMEIOACP@bPSI g TSILP�@BACF[ZaG g RNPo@bZaA3@bT�\xZ g QCqbILPSIOqbk�TSPSZaGJIx_h@BA3PoU^I�PoGJILINÂE¹w±N¼��
	�Î¦[¡w¢O¢�ÍÊÓn¨�¬^ÍB©4¬eÑbÐ�ÙJª]Ïn§E¨]Ù4¦�Óx¦[¡O¤CÙ4¦[¤e¡w¢³ÌXTo@BAE\LIvPoU^IOGJIvRaGJI�ZaFtPSIOA�R�qbZNP
Z4F#ToU^R4GS@BA^D3ZaF'FHGJIxKNM^IOACP$@bPSI g T�R g ZaAED5PoGJR4A^TSRf\LPo@bZaAETLlXPoUEIhTo@b�LI�Z4FPoUEI�PoGJILIV@bT�METoMERaqBqbk g ME\iU�T g RaqBqbIOGjPoU^R4A
@bPST�ZaGS@bD4@BA^R4q$_CRNPSR4W^RfTSINÂR4A^_�¹[»�¼$¦b¬^¢a¡w¢$ÍÊÓ�¨�¥^ª4Ô]¢LÎoÑbÍH¥���§u¡wªO§E¢a¡J¦[ÐaÌCF[ZaGØILpNIOGJk�F�GJILKNM^IJACP�@bPSI g

 lNR4qBqXPoGJRaAETSRN\LPo@bZ4A^T�\LZaACPSR4@BAe@BAED 
 \LRaA�WXI�ZaWEPSRa@BAEIL_�WCk�F[ZaqBqbZ4m$@BA^D

�� T$AEZ]_eIOr[qB@BAC~CThTSPSR4GJPo@BA^D�FHGJZ g�
�� T�UEILRf_!@BA1PoUEI�â'½­rwPoGJILI�UEILRf_eIOGPSR4WeqbIf|
Ú�RNTSIL_�Z4A�PoUC@bT#\LZ g QERN\xP�TSPoGSME\LPoMCGJINl]â'½'roD4GJZ4m/PoU g @BAEILT#PoU^I$\xZ g rQCqbILPSI�TSILP�ZaF'FHGJIxKNM^IOACP$@bPSI g TSILPST�RfTnFtZaqBqbZ4m�TL|]
^X�S`1��aH��� c�¹[â'½'rwDaGJZ4m�PoUX¼$¾�IxP/MET�IL�]R g @BA^IjPoU^I g @BAC@BA^D!QCGJZar\xILTST$W^RfTSIL_
ZaA�PoUEI�\LZaAETSPoGSME\LPSIL_
â'½'roPoGJIxI�¹[â�@bDaMCGJI5Ã³¼O|
}v\L\LZ4GJ_z@BAEDsPSZYPoUEI�qB@bTSP
Z4FhFHGJIxKNM^IOACP�@bPSI g TLlvPoU^I�\LZ g QeqbIxPSI1TSILPZ4F$FHGJILKNMEIOACP�@bPSI g TSILPST�\LR4A1WXI�_z@bpN@b_CIL_1@BACPSZ�Ë!ToMCW^TSILPST�m$@bPoU^Z4M^PZ4pfIOGSqbRaQuÌ
¹SÃ4¼�FHGJILKNMEIOACPh@bPSI g TSILPSTVUER4pN@BA^D�@bPSI g =uÂ/¹w±f¼VPoUEI�ZaAEILT
UER4pN@BA^D
@bPSI g L WCM^P�AEZ¦=�Â'èxèLè�ÂuRaAE_s¹[Ë]¼�PoU^IjZaAEIhU^R4pN@BAED�Z4Aeqbk
@bPSI g ��|�â'½­rwDaGJZ4m�PoU�{eAE_eT�PoUEILTSI�ToMeWETSILPST�Z4F�FHGJIxKNM^IOACP�@bPSI g TSILPSTRfT$F[ZaqBqbZ4m�TL|
Ú�RNTSIL_
Z4A!AEZ]_eIOr[qB@BAC~
QeGJZ4QXIOGJPwkNlXm$I�\xZaqBqbIL\LPvRaqBqØPoU^I�PoGJR4A^TSRf\LPo@bZaAET

PoUERNP�=!QERaGJPo@b\O@BQERNPSILT�WCk�TSPSR4GJPo@BA^D�FHGJZ g = � T�U^IxRN_1¹H@BA
PoUEI�UEILRN_CIOGPSRaWCqbI4¼�RaAE_!F[ZaqBqbZ4m$@BA^D(= � T$A^Z]_CIOr[qB@BAe~CTL|
�®PSI g =�_eIOGS@bpfILT$R$FHGJILKNMEIOACP'@bPSI g TSILP$¹�=
Ìf»]¼�R4A^_�Pom�Z/QERNPoUET�@BA�PoU^Iâ'½'roPoGJIxINÌ
�$��ÌfÇeæG��Ì]»CæSä!Ìf»eæGL ÌC±]æ!=
ÌC±��nR4A^_ �P�vÌ^ÃNæ#��ÌCÃNæP=
Ì^ÃW�O|
�$U^I�{CGJTSP/QERNPoU�@BA^_]@b\LRNPSIxThPoUERNPvTSPoGS@BA^D �O¹$�^æ#�Næwä^æ/L
æ!=X¼���R4QeQXIxRaGJT
Pom$@b\LI�@BA-PoU^I�_CRNPSRaWERNTSIf|Yµ�ZNPo@b\xI5R4qbPoU^Z4M^D4U�TSPoGS@BA^D?�$�^æ#�NæSäd��RaQCr
QXILR4GJT!PoUCGJILI�Po@ g ILT!R4A^_ �$�¡�h@bPSTSIOqBF�R4QeQyILRaGJT
ILpfIOA�F[Z4MeG7Po@ g ILTLlPoUEILk Z4AeqbkÁRaQCQXILRaG`Pom$@b\LI�¦[ªJ©]¢a¦b¬^¢4¡hm$@bPoU8=u|*�$U]MET�PSZ-TSPoM^_Ck
m$Ue@b\SU-TSPoGS@BA^DfT�RaQCQXILR4G�PSZNDfILPoUEIOG�m$@bPoU =�lØZaACqbkN= � TVQCGJIO{E��QERNPoU�$�S�LädL Ì�±��!\LZaMCACPSTL| ��@ g @BqbR4GSqbkNl�PoUEI�TSIL\xZaAE_ Q^RfPoU @BAE_]@b\LRNPSILTTSPoGS@BAED �J¹P�Næ#�4æ�=y¼��
RaQCQXILR4GJT�ZaAE\LI5@BAdPoU^I3TSILPhZ4F�PoGJRaAETSRN\xPo@bZaAETc@BA�
����l]ZaG¡= � T�QCGJIO{E�VQERNPoU�@bT �P�I��ÌeÃW�³|u�$U^IxTSI/Pwm$Z$QeGJIJ{^��Q^RfPoU^T#ZaF=�l
�Üãz¹$�S�LädL ÌE±N¼Ol'¹P�/��Ì�Ã³¼Sê<�Cl^F[ZaG g = � T�ToMCWerw_CRNPSR4W^RfTSINl'm$Ue@b\SU�@bT\LR4qBqbIL_A= � T�ÙOª]¥^Ô]Í�¦®Í�ª]¥^¨NÑCÔ]¨]¦[¨]ÕO¨NÓx¢$¹H@[| IN|bl^PoUEI�ToMCWerw_CRNPSRaWERNTSI�MCA^_CIOGPoUEIh\LZ4A^_]@bPo@bZaA-Z4F�= � TvIL�N@bTSPSIOAE\LI4¼O|�¸$ZaAETSPoGSME\LPo@bZaAYZ4F$R4A�â'½­rwPoGJILIZaA�PoUe@bT3\LZaAE_]@bPo@bZaAERaq�ToMCWerw_CRNPSR4W^RfTSI�¹[m$UC@b\iU�@bT3\LRaqBqbIL_?= � T�� 2 D �K C 5 C 2 D �1J
�����$5#3!H/H ¼VqbIxRN_CT
PSZ�Z4Aeqbk�Z4A^I!WCGJRaAE\iU�¹P�1Ì�»]¼O|���IJA^\LI
ZaACqbk!Z4A^I�F�GJILKNM^IJACPn@bPSI g TSILPh¹P�$=!Ìf»]¼�@bT�_eIOGS@bpfIL_X|��nUEI�TSIxRaGJ\SU!F[Z4GFHGJILKNMEIOACP�@bPSI g TSILPST$UERapN@BAED¦=7PSIOG g @BAERNPSILTL|
â^Z4Gh@bPSI g L
l�@bP�_CIOGS@bpfILT�R5F�GJILKNM^IJACPV@bPSI g TSILP!¹$L Ìu»]¼�R4A^_YPwm$Z
QERNPoUET¦�$��ÌfÇeæ|�VÌ�»eæSä�Ì]»eæ L Ì]±��/RaAE_ �$�
Ì]Çeæ|��Ì]»eæÜä!ÌN»CæG��Ì^ÃNæ L Ì
Ã>�O|Øµ�ZNPo@b\xI =jRaQCQXILR4GJT�PSZfDNILPoUEIOG�mn@bPoUAL RNT'm�IOqBq[lNUEZam�ILpNIOG4l�PoU^IOGJI
@bT�AEZ/AEILIL_�PSZ$@BAE\OqBM^_CIo=�U^IJGJI�@BA�PoUEI�R4A^R4qbk]To@bT/To@BAE\LI$R4ACkVF�GJILKNM^IJACP
@bPSI g TSIxPST�@BACpNZaqbpN@BAED�=�UERNT�WXILIJA�R4A^R4qbk]�LIL_h@BAjPoU^I#QeGJILpN@bZ4M^T#IL�]R g r@BAERNPo@bZaAdZaF¡=�|v�N@ g @BqbR4G�PSZ�PoUEIhR4WXZ4pNI�R4A^R4qbk]To@bTLl L � T�\LZaAE_z@bPo@bZ4A^R4qToMCWerw_CRNPSRaWERNTSI
@bTLl�ã]¹$�S�LäsÌ�±f¼Ol�¹$� �xä1��Ì�Ã4¼Sê]|-¸nZ4A^TSPoGSME\LPo@BAEDYRaA
â'½'roPoGJIxIhZ4A
@bPLlXm$I�_eIJGS@bpNI�L � Tv\LZaAE_z@bPo@bZ4A^R4q�â'½'roPoGJIxINl��$�S�Lä!ÌC» �OlR�To@BAEDaqbIhF�GJILKNM^IJACPn@bPSI g TSILP/QERNPoUu|
�N@BA^\LI)L � T'\LZ4A^_]@bPo@bZaAERaquâ'½'rwPoGJILINld�$� �xä5Ìf»1�Ol4U^RfT�RvTo@BA^D4qbI$WeGJR4A^\SU�l@BAETSPSILRN_�ZaF'GJIL\JMeGJTo@bpfIOqbk�\xZaAETSPoGSM^\LPo@BAED!@bPST�\xZaAE_z@bPo@bZ4A^R4q$â'½'rwPoGJILILTLl
ZaAEI�\LR4A1To@ g Qeqbk�IOA]M g IOGJRNPSI�R4qBq$PoUEIh\xZ g We@BAERNPo@bZ4A^T�ZaF#@bPST�\LZ g rQXZ4A^IOACPSTLl$@[| IN|bl�ã]¹[äáÌ#»�¼Ol�¹P��Ì�»]¼Ol�¹$��Ì�»�¼Ol�¹P�Lä-Ì$»]¼Olv¹$�^äsÌ$»�¼Ol
¹$�S�LäYÌ'»]¼Ol$¹$�S�
Ìu»]¼Sêz|`�NM^\SU-To@ g QCqbI!Q^RfPSPSIOGSA-IOA]M g IOGJRNPo@bZ4AsF[Z4GTo@BAEDaqbIOr[QERNPoUYâ'½'rwPoGJILILT$U^RfT/WXIxIOA
QeGJZ4pfIOA1PoGSMCqbk5METSIOFHMCq'RfP/GJIL_]ME\Or
@BAED g @BAe@BAED!I��yZaGJPSTL|

f�e�iGj ���>t1g1f�e�f��>t����4k$s�� �Pg��>e!�����/k$i �"�>t1g1f�e�f��>t�����q$#%�Pe�n$i�i� & l wd{#y<�('W� p*)dl {#�+'1u p!, & l {+'I� p!,�- �� & l wd{#y.'�� p*)dl wd{#y4�/'1u p0, & l w�{#y.'I� p0,�- �� & l w�{#y.'1u p*)dl w1'�u p*)dl {+'1u p!, 2y & l wd{/'I� p0, & l w�{
'>� p!,�- y{ & l w1'>� p0, & l w1'/� p!,�- {w 2 2

�'RaWCqbI
±]Ì�¸$ZaAE_]@bPo@bZaAERaq�¹[ToMCWy¼®ro_CRNPSR4W^RfTSILT�RaAE_Y\LZaAE_z@bPo@bZ4A^R4q�â'½'r
PoGJILILT�Z4F'FHGJILKNMEIOACP�ÃOr[@bPSI g TSILPST

�N@ g @BqbRaGSqbk]luPoU^I�GJI g Ra@BAC@BA^D!FHGJIxKNM^IOACP$@bPSI g TSILPST�\LR4A
WXI g @BAEIL_
WCk\LZ4A^TSPoGSME\LPo@BAED�\LZaGSGJILToQyZaAE_z@BAED�\LZaAE_]@bPo@bZaAERaq3ToMeWCrw_eRfPSRaWERNTSILT
R4A^_
QXIOGSFtZaG g�g @BAe@BAED�ZaA3PoU^I g lNGJILToQXIx\LPo@bpNIOqbkf|��nUEI�\xZaAE_z@bPo@bZ4A^R4q#ToMeWCr_CRNPSRaWERNTSIxT�RaAE_�PoUEI�\LZaAE_]@bPo@bZaAERaqvâ'½­rwPoGJILIxT/DfIOAEIOGJRNPSIL_�RaGJI�ToM g r
g R4GS@b�LIL_!@BA��'RaWCqbIj±z| �

��UEIOAÁPoU^I�_CRNPSRaWERNTSI�@bT
PSZ]ZdWC@bDsPSZ g R4~]I
@bPST!â'½'rwPoGJILI�{EP5@BA
g I g ZaGJkNlXPoUEI�_eRfPSRaWERNTSI�\xRaA
WXI�QeGJZ4�SIL\xPSIL_!@BACPSZ5@bPSTv\LZaAE_z@bPo@bZ4A^R4qToMCWerw_CRNPSRaWERNTSIxT�¹[m$@bPoU^Z4M^P�\LZ4A^TSPoGSME\LPo@BAEDY_z@bTo~]r[WERNTSIL_�â'½'rwPoGJILILTJ¼O|
��m$Z g ILPoUEZ]_eT�\xRaA�WXIhMETSIL_�FtZaG�PoUEI�QeGJZ4�SIL\LPo@bZ4AYZaF�R!_CRNPSR4W^RfTSI@BACPSZ�@bPST�\LZ4A^_]@bPo@bZaAERaqjToMeWCrw_eRfPSRaWERNTSILTLÌ
§E¨]¡o¨NÑ�Ñb¢³ÑX§u¡oª43x¢OÙ4¦[ÍHª]¥�R4A^_
§E¨]¡O¦[ÍH¦[ÍHª]¥�§u¡oª43x¢OÙ4¦[ÍHª]¥e|j�nUEI�F[ZaG g IOGhQCGJZ4�SIL\LPST�IxRN\SUYPoGJRaAETSRN\LPo@bZ4A@BACPSZ!R4qBq$Z4F�@bPST�QeGJZ4�SIL\xPSIL_�_CRNPSR4W^RfTSILT�@BA1Z4A^I�TS\xRaAulXmnUEIOGJILRfT�PoU^I
qbRNPSPSIJG5QCGJZ4�SIL\LPST�ILRf\iU�PoGJRaAETSRN\LPo@bZ4A�Z4Aeqbk-PSZ�@bPST�{eGJTSPhQCGJZ4�SIL\LPSIL_
_CRNPSRaWERNTSI
¹[Rf\L\LZaGJ_]@BAED�PSZ�PoUEI�ZaGJ_CIOGS@BAED�Z4F$@bPSI g TJ¼O|��$U^I�F[ZaG g IJGF[Rf\O@BqB@bPSRNPSILT�QERaGJR4qBqbIOq�QCGJZ]\LILTSTo@BAED�WCM^PhGJIxKNMe@BGJILT�qbRaGJDNI3_z@bTo~dToQ^Rf\LI

�C� �����)� ¶��NQCqbZaGJRfPo@bZaAETL|�¸$ZaQCkNGS@bD4UCP \��±aÈfÈNÈ��������¡ #¢¤£(¥¦¥�l � IL\LI g WXIOG�±4ÈNÈNÈC| §#ZaqBM g Ij±zlE�®TSToMEIj±Vr'Q^RfDNI�»]±



PSZ�TSPSZaGJI�R4qBq�Z4F�PoUEI�QeGJZ4�SIL\LPSIx_�_CRNPSR4W^RfTSILTLl�m$U^IJGJILRNT�PoUEI5qbRfPSPSIOG
IJA^ToMCGJILT�PoUERNP�PoUEI�RN_C_z@bPo@bZ4A^R4q�_]@bTo~1ToQERN\LI�GJILKNMC@BGJIL_1@bT�A^Z g Z4GJIPoUERaA�PoU^I�Z4GS@bDa@BAERaq�_CRNPSRaWERNTSI!WCMEPh@bPhAEILIL_CT5Rf_e_]@bPo@bZaAERaq�QCGJZ4�SIL\Or
Po@bZ4A^T�Z4F�@bPSTv¹HQeGJZ4�SIL\LPSIx_^¼�PoGJR4A^TSRf\LPo@bZaAET�PSZ�ToMeWETSILKNMEIOACP/QCGJZ4�SIL\LPSIL_
_CRNPSR4W^RfTSILT�@BA
PoUEI�qbRNPSIJG�QCGJZ]\LILTSTo@BAEDe|
}�F[PSIOG�Z4A^I�ZaGvR�F[ILm�GJZaMCA^_CT�Z4F�QCGJZa�ÜIL\LPo@bZaAETLlXPoUEI�\LZaGSGJILToQyZaAE_z@BAED
\xZaAE_z@bPo@bZ4A^R4q$â'½'rwPoGJILILT�ToU^Z4Meqb_
WXI�R4WeqbI�PSZV{EP$@BA g I g Z4GJkN|#�$U^IOAR g I g ZaGJkNr[WERNTSIL_jâ'½­rwPoGJILI�\LR4A�WXI$\LZ4A^TSPoGSME\LPSIL_�F[Z4G'F[RNTSP g @BAC@BA^DC|
�$UEI!â'½'rwDaGJZ4m�PoUYRaqbDfZaGS@bPoU g @bThQCGJILTSIOACPSIx_�@BA�°ÊÃ³É³²w|Y�[PSTVQXIJGSF[ZaGSr
g RaAE\LI!R4A^R4qbk]To@bT
ToU^Z4m�T�PoUERNP�PoUEI�â'½­rwDaGJZ4m�PoU g @BAC@BA^DYZaFvWXZNPoUqbZ4A^D-RaAE_�ToU^Z4GJP5FHGJIxKNM^IOACP�@bPSI g TSILPST�@bT!IO�c\O@bIOACP!R4A^_�TS\xRaqbRaWCqbIN|�[P�@bT5R4WXZaMEP!R4A�Z4GJ_eIOG7ZaF g RND4Ae@bPoME_eI�F[RNTSPSIOG3PoUERaA�}/QCGS@bZaGS@�° »a²R4A^_�ZfPoU^IOG`\LR4A^_]@b_eRfPSI�DNIOAEIOGJRfPo@bZaACr®WERNTSIx_àRaqbDNZ4GS@bPoU g TLl!R4A^_�@bTR4qbTSZáFtRNTSPSIOG`PoU^R4A¯��GJILIL½'GJZa�SIx\LPo@bZaAul�RsQCGJZa�ÜIL\LPo@bZaACr[W^RfTSIL_�R4qbDNZ4r
GS@bPoU g QeGJZ4QXZNTSIL_!@BAY°bÃO²w|
�HA�\xZ g QERaGS@bTSZ4A�m$@bPoUÁPoU^I`\LRaAE_z@b_CRNPSI-DNIOAEIOGJRfPo@bZaACr®WERNTSIx_ R4qbDNZ4rGS@bPoU g TLl�â'½'rwDaGJZ4m�PoUsUERNT�PoU^I�F[ZaqBqbZ4m$@BAEDsRN_Cp4RaACPSRfDNILTLÌY¹SÃ4¼�â'½­rPoGJIxI!@bTcUC@bDaUCqbk�\LZ g Q^Rf\LPLl�METoMERaqBqbk�ToMCW^TSPSR4ACPo@bRaqBq�k T g R4qBqbIOG
PoUERaAPoUEI
ZaGS@bD4@BA^R4q�_CRNPSR4W^RfTSINlvRaAE_sPoU]MET!TSR4pNILT�PoUEI
\LZNTSPoqbk-_eRfPSRaWERNTSI
TS\xRaAETn@BA7PoU^I�ToMCWETSILKNM^IJACP g @BAC@BA^D�QCGJZ]\LILTSTL|�¹w±N¼��[P�R4pNZ4@b_eTv\LZNTSPoqbk\xRaAE_z@b_CRNPSI�TSILPST�DfIOA^IJGJRNPo@bZaAdRaAE_
PSILTSP/WCk
ToME\L\LILTSTo@bpfIOqbk1\LZ4A^\xRNPSIOr
AERNPo@BAED1FHGJILKNMEIOACP�ÃJr[@bPSI g TSILPST�F[Z4MeAE_s@BA�PoUEI1¹[\LZaAE_]@bPo@bZaAERaqt¼!â'½­rPoGJIxILTLÌ#�®P'AEILpNIOG�DNIJA^IOGJRfPSILT$R4ACk�\LZ g WC@BA^RfPo@bZaAET�ZaFEA^ILm-\LRaAE_]@b_eRfPSITSIxPST�m$Ue@b\SU-RaGJI�A^ZfPh@BA-PoU^I�_CRNPSR4W^RfTSI!WXIL\LR4M^TSI3PoU^I�@bPSI g TSILP�@BAR4ACkhPoGJR4A^TSRf\LPo@bZaA�@bT#Raqbm$R4k]T#IOAE\LZ]_eIx_c@BAcPoU^I�\LZ4GSGJILToQXZaAE_]@BA^DhQERNPoU
Z4F#PoU^Ivâ'½­rwPoGJILIxTL|$�HA
PoUC@bT�\LZaACPSIL�]PLlEPoU^I g @BAe@BAED g IxPoU^Z]_CZaqbZfDNk!@bTAEZNP#}/QCGS@bZaGS@Br[qB@B~�I�¹J¡o¢LÓL¦[¡JÍHÙ4¦[¢OÔ4¼u©z¢4¥^¢4¡w¨]¦®Í�ª]¥eÎS¨f¥^ÔNÎw¦®¢LÓJ¦]WeMEP� x¡o¢J£a¤C¢4¥^¦
§E¨]¦[¦[¢4¡O¥Y¹b L¡o¨4©]Ï�¢a¥E¦Ê¼j©z¡wª]«'¦b¬sª]¥eÑbÐa|��nUEI g R4�SZaG3Z4QXIOGJRNPo@bZ4A^T
Z4F
g @BAe@BAED�RaGJI#\LZaMCACP'RN\x\OM g MCqbRNPo@bZaA3R4A^_�QeGJIJ{^��QERNPoU�\LZ4MeACP'Rf_a�wM^TSPor
g IOACPLlNm$UC@b\iUjRaGJI'METoM^R4qBqbk g M^\SU�qbILTST�\LZfTSPoqbk�PoU^R4A�\xRaAE_z@b_CRNPSI�DNIJAerIJGJRNPo@bZaA7RaAE_5@bPSI g TSILP g RNPS\SUe@BAED�Z4QXIOGJRNPo@bZ4A^T�QXIOGSF[Z4G g IL_�@BA g ZNTSP}�QeGS@bZ4GS@Br[qB@B~]I
RaqbDfZaGS@bPoU g TL|1¹[»�¼��®P�RaQCQCqB@bILT�R5QERaGJPo@bPo@bZaAC@BAEDNr®WERNTSIx__]@bpN@b_CIOrwRaAE_zrw\LZ4AXKNM^IJG g IxPoU^Z]_
m$UC@b\iU�_]GJR g RfPo@b\LRaqBqbk
GJIL_]M^\xILT�PoUEITo@b�xI�ZaF'PoUEI�ToMCW^TSILKNMEIOACPv\LZaAE_z@bPo@bZ4A^R4q$ToMCWCro_CRNPSR4W^RfTSILT�R4A^_3\LZaAE_]@Br
Po@bZ4A^R4q�â'½'roPoGJIxILTL|��]ILpNIJGJRaq�ZNPoUEIOG�Z4Q^Po@ g @b�LRNPo@bZ4A�PSIL\SUeAC@bKNMEILTLl'@BAer\JqBM^_]@BA^D
Z4GJ_eIJGS@BA^D3ZaF�F�GJILKNM^IJACP/@bPSI g TLlXR4A^_3I g QCqbZ4kN@BA^D
PoUEI�qbILRNTSPF�GJILKNM^IJACP�ILpfIOACPST�RNT�ToMe�c�^l^RaqbTSZ�\LZ4ACPoGS@BWeMEPSI�PSZ�PoU^I�IJ��\O@bIOAE\Lk!Z4F
PoUEI g ILPoUEZ]_X|
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RN�Nr[QERNPSPSIOGSAET�R4A^_
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ZaGJILZ4pfIOG4l�R�To@BAEDaqbI�QCGJIO{^�Nr[QERNPoU`\LZ g QeGJILTSTo@bZ4AYPSIL\SUeAC@bKNMEI\xRaAsWyI
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PoUEI5QXIOGSFtZaG g R4A^\LI
R4A^_YGJIL_]M^\LI3PoU^I3I��XZ4GJPST5Z4F�GJIL_]MCAer_CRaAE\Lk�\SUEIL\i~]@BAED�RNP g @BAe@BAED�\OqbZfTSIL_�FHGJILKNMEIOACP'@bPSI g TSILPST$R4A^_ g RN�NrQERNPSPSIJGSA^TL|

3. PUSHING MORE CONSTRAINTS IN
PATTERN-GROWTH MININGâCGJILKNM^IJACP�Q^RfPSPSIOGSA g @BAe@BAED
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\LR4A�WXI/QCMEToU^IL_�_CILIOQ�@BA�FHGJIxKNM^IOACP#@bPSI g TSILP g @BAe@BAEDe|���UC@BqbI�PoU^ILTSI\LZ4pNIJG�R5qbRaGJDfI�\OqbRNTST�ZaF$METSIOFHMCq�\LZaAETSPoGJRa@BACPSTLl g R4ACk�ZfPoU^IOG�METSIOFHMCqRaAE_
A^RfPoMeGJR4q�\LZaAETSPoGJRa@BACPST�GJI g R4@BA�|jâ^ZaG�IL�]R g QeqbINl#\LZ4A^To@b_CIOGjPoU^I\LZ4A^TSPoGJR4@BACPSThä����E¹��'¼��	�elXRaAE_ 9>;SL
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{CGJTSP�@bT�A^IO@bPoUEIOGjRaACPo@Br g Z4A^ZfPSZaAEINl'A^Z4G g ZaAEZNPSZ4A^INluA^Z4G�ToM^\L\J@BA^\LPL|�$U^I�TSIL\xZaAE_c@bT�RaACPo@Br g ZaAEZNPSZ4A^I�m$UEIOA���@bT��-RaAE_�¨NÑHÑEÍH¦[¢aÏ�Ó#¬^¨1\4¢¥^ª]¥eÎÜ¥^¢w©z¨]¦[Í�\4¢ \4¨NÑb¤e¢LÓJ|�Ú�MEP�@BF���\LRaA3\LZ4ACPSRa@BA
@bPSI g T$ZaFØRaGSWC@bPoGJRaGJkp4RaqBMEILTLlCPoU^I�\LZ4A^TSPoGJR4@BACP�@bT'GJRNPoUEIOG�qB@B~�I�PoUEI�{CGJTSP�Z4A^IN|Ø�nUC@bT g IxRaAETPoUEILTSI�\LZaAETSPoGJRa@BACPST�R4GJI�U^R4GJ_
PSZ�ZaQEPo@ g @b�LIf|
��@bPoUdPoU^I�_eIxpNIOqbZ4Q g IJACP�ZaF#FHGJILKNMEIOACP�QERNPSPSIOGSA`DaGJZ4m�PoU g ILPoU^Z]_Xl_CRNPSRaWERNTSIxT�\LR4A!WXI�QCGJZa�ÜIL\LPSIL_3RaAE_!Q^R4GJPo@bPo@bZaAEIL_�@BA7RaA7ZaGJDNR4Ae@b�xIL_
m$R4kNlXRfT�m$IOqBqØRNTvPoU^IhQERNPSPSIJGSA^TvPSZcWyIhTSILR4GJ\iUEIL_
F[ZaG4|v�$U]M^TvTSZ g I\LZ4A^TSPoGJR4@BACPST
mnUC@b\SU�RaGJI!UERaGJ_�PSZ�ZaQEPo@ g @b�LI�MeAE_eIJG
PoUEI
}/QCGS@bZaGS@
g @BAC@BA^D!F�GJR g ILm�ZaGS~
\xRaA
WXI�ZaQEPo@ g @b�LIL_`mn@bPoU`PoUEIVFHGJIxKNM^IOACP�Q^RfPorPSIOGSA7DaGJZ4m�PoU g ILPoUEZ]_X|$¾�IxP � T�IL�]R g @BA^I�ZaAEI�IL�]R g QeqbIf|]_^X��`1��aH��� c�¾�ILP��'RaWCqbI!»!WXI�Z4MeGjPoGJRaAETSRN\LPo@bZ4A�_CRNPSR4W^RfTSI���l
m$@bPoU
R�TSILP�ZaFu@bPSI g T�� 
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�'R4WeqbI�ÇeÌ#�$UEI�QeGJZ4{^P�ZaF#IxRN\SU!@bPSI g @BA�¶��]R g QCqbIh»C|

�$U^I�\LZ4A^TSPoGJR4@BACP
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 ¹[ÇNÈ�×�ÃLÈ�×�»NÈ�¼�-a»&T ±NÉ]l$ä1 #�
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�$Ue@bT�Ix�]R g QCqbI�ToUEZam�T�PoUERNPvR5\xZaAETSPoGJRa@BACP�qB@B~]I�ä����E¹��'¼UT1��\LRaACr
AEZNP�WXI�QeMEToU^Ix_�_CILIOQ`@BACPSZ
PoU^I�}/QCGS@bZaGS@ g @BAe@BAED�RaqbDNZ4GS@bPoU g WyIOr
\LR4M^TSI3PoU^I�ToMCW^TSILPST3¹[ToMeQXIJGJTSILPSTJ¼hZaFvR
p4RaqB@b_Y@bPSI g TSILPj\LZaMCqb_Ym$IOqBqWXI�@BACp4RaqB@b_�RaAE_!pN@b\xI�pNIOGJTSRC|�¾uILP�MET�IL�]R g @BAEI�U^Z4m�PSZ�QeMEToU�ToM^\SUR�\LZaAETSPoGJRa@BACP3_eILIJQs@BACPSZYPoU^I g @BAC@BA^DYQeGJZ]\LIxTSTc@BA�PoU^I!F�GJILKNM^IJACPQERNPSPSIOGSA�D4GJZam�PoU g @BAe@BAEDe|]_^X��`1��aH�32�cY��@bPoU�PoU^I�TSR g I g @BAC@ g M g ToMCQeQXZ4GJP�PoUCGJILToU^Z4qb_
Z4pNIOG�PoGJR4A^TSRf\LPo@bZaA-_CRNPSR4W^RfTSI�� @BAY�'R4WeqbI�»eluZaAEI�\LRaA�qB@bTSP�@bPSI g T@BA�p4RaqBMEI
_eIxTS\LIOAE_z@BAEDsZ4GJ_eIOG54!Ì �[ä^¹[ÇfÈ]¼Ol)��¹[»NÈ�¼Ol6�^¹w±4È]¼Ol
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}-_eRfPSRaWERNTSI�\LR4A�WXI$PoUEIOA�QERaGJPo@bPo@bZ4A^IL_�Rf\L\LZaGJ_]@BAEDhPSZvPoU^I$Z4GJ_eIJGJIL_
F�GJILKNM^IJACPV@bPSI g TL|���@bPoU-PoU^I�FHGJILKNMEIOACPVQERNPSPSIJGSAYDaGJZ4m�PoU g @BAC@BA^DClPoUEI#\LZaAETSPoGJRa@BACP '�\LR4A�WXI�QCM^ToUEIL_�_eIxIOQh@BACPSZvPoU^I g @BAC@BA^D�QCGJZ]\LILTSTLlRfT�ToU^Z4m$A
@BA�â�@bDaMCGJI�±]|

fg-proj. DB
dbc
ce
freq. items: c
C(fgc)=false

af-proj. DB
dc
dc

freq. items: d, c
C(afd)=true
C(afc)=false

ad-proj. DB
c
c
freq. items: c
C(adc)=false

a-proj. DB
fdbc
fdce

freq. items: f, d, c
C(af)=true

f-proj. DB
dbc
gdbc
dce
gce
freq. items: g, d, b, c, e
C(fg)=true

C(ad)=true
C(ac)=false

C(fd)=false

R: a-f-g-d-b-c-e

Tran. DB
afdbc
fgdbc
afdce
fghce

C(a)=true
freq. items: a, f, g, d, b,c, e

C(f)=true
C(g)=false
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Ãf|��$U^I3ZaAEILThUERapN@BAED1@bPSI g TSILP�ä1RfT�R
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