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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|
Ú�ILTo@b_eIxT g @BAC@BA^D�F�GJILKNM^IJACPh@bPSI g TSILPSTLl#R4AYIL�]PSIOAETo@bZaA�ZaF�PoUEI�â'½rD4GJZ4m/PoU g ILPoUEZ]_Xl'\LRaqBqbIx_Y¸$¾����]¶��à° ±NÉ³²wlX\LR4A�WXI�M^TSIL_`PSZ g @BA^IF�GJILKNM^IJACP$\OqbZNTSIx_c@bPSI g TSILPST$R4A^_ g RN�Nr[Q^RfPSPSIOGSAETLl^m$U^IJGJI/R� x¡o¢J£a¤C¢4¥^¦ÙLÑbªNÓx¢OÔ`ÍH¦[¢aÏ�Óx¢a¦�@bT�R1FHGJILKNMEIOACP�@bPSI g TSILPLl)�Nl�m$UEIOGJI
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RN�Nr[QERNPSPSIOGSAET�R4A^_
F�GJILKNM^IJACP$\OqbZNTSIx_c@bPSI g TSILP$\LR4A�WXI$M^TSIL_�PSZ�GJIL_]ME\LI�PoUEI$A]M g WXIOG�Z4FF�GJILKNM^IJACP/@bPSI g TSIxPST�RaAE_
RNTSTSZ]\J@bRNPo@bZaA`GSMeqbILTvDNIOAEIOGJRfPSIL_
RNP�RNTSTSZ]\J@BrRfPo@bZaA g @BAC@BAEDe|
Ú�k�FHGJIxKNM^IOACP�Q^RfPSPSIOGSAYDaGJZ4m�PoUul�Z4A^I�\LR4A-RaqbTSZ g @BA^I3\OqbZNTSIx_dF�GJIOrKNMEIOACP�@bPSI g TSILPST�RaAE_ g RN�Nr[QERNPSPSIOGSAETLl'M^To@BAED
PoU^Ijâ'½rwPoGJILI�TSPoGSME\OrPoMCGJIN|v?
ZaGJILZ4pfIOG4l�R�To@BAEDaqbI�QCGJIO{^�Nr[QERNPoU`\LZ g QeGJILTSTo@bZ4AYPSIL\SUeAC@bKNMEI\xRaAsWyI
_eILpfIOqbZaQyIL_áFtZaG�\LZ g QCGJILTSTo@BA^D-â'½rwPoGJILIxT�ZaG3\LZ4A^_]@bPo@bZaAERaqâ'½'rwPoGJILILTvPoU^RfP�\LZaACPSR4@BA1To@BAEDaqbI�QCGJIO{^�!QERNPoUETL|��$UC@bT�m$@BqBq�F�MeGJPoUEIOG
IJAeUERaAE\LI
PoUEI5QXIOGSFtZaG g R4A^\LI
R4A^_YGJIL_]M^\LI3PoU^I3I��XZ4GJPST5Z4F�GJIL_]MCAer_CRaAE\Lk�\SUEIL\i~]@BAED�RNP g @BAe@BAED�\OqbZfTSIL_�FHGJILKNMEIOACP'@bPSI g TSILPST$R4A^_ g RN�NrQERNPSPSIJGSA^TL|

3. PUSHING MORE CONSTRAINTS IN
PATTERN-GROWTH MININGâCGJILKNM^IJACP�Q^RfPSPSIOGSA g @BAe@BAED
ZaF[PSIJA�DNIOAEIOGJRNPSIxT�RcqbR4GJDNIhA]M g WXIOG�Z4FF�GJILKNM^IJACPn@bPSI g TSILPST$R4A^_�GSMeqbILTLlEm$Ue@b\SU!GJIL_]ME\LILT$A^ZfP$ZaACqbk�PoU^I�IJ��r\J@bIOA^\xk�WCM^PvRaqbTSZ
PoUEIhIG�XIL\LPo@bpfIOA^IxTSThZ4F g @BAC@BAED�To@BAE\LIhMETSIOGJT�UERapfI

PSZ�To@BF[P�PoUCGJZaMEDaU`RhqbRaGJDfIVA]M g WXIOG�Z4F g @BAEIL_!GSMeqbIxT�PSZh{CA^_!METSIOFHMCqZaAEILTL|
·�IL\LIOACP'm�ZaGS~�UERNT�UC@bDaUCqB@bDaUEPSIL_�PoUEI�@ g QXZ4GJPSRaAE\LI�ZaFEPoU^I'Q^R4GJRN_]@bD gZaFv\LZ4A^TSPoGJR4@BACPor[W^RfTSIL_ g @BAC@BA^DCÌ
PoU^I�M^TSIJG�@bT�RaqBqbZ4m$Ix_sPSZ
IL�NQCGJILTSTUC@bT�F[Z]\OMET�@BA g @BAC@BAEDel'WCk g IxRaAET�ZaF�R5GS@b\SU1\OqbRfTST�ZaF�\LZaAETSPoGJRa@BACPSTPoUERNP�\LR4Q^PoMCGJI
RaQCQCqB@b\LRNPo@bZ4A�TSI g RaACPo@b\LTL|-Ú$ILTo@b_CILT�RaqBqbZ4m$@BA^DYM^TSIJGIL�NQCqbZaGJRfPo@bZaA`RaAE_!\LZ4ACPoGJZaq[l^PoUEI�QERaGJRN_]@bD g RaqBqbZ4m�T g RaACk�ZaFØPoU^ILTSI\LZ4A^TSPoGJR4@BACPST�PSZ5WXI�QCM^ToUEIL_Y_CILIOQ�@BA^To@b_CI g @BAC@BA^DCl�PoU]MET�QeGSMCAe@BAEDPoUEI�TSILRaGJ\SU�ToQ^Rf\LI�RaAE_
RN\SUC@bILpN@BA^D!UC@bDaU
QyIOGSF[ZaG g RaAE\LIN|
½'GJILpN@bZaMET�TSPoME_]@bILT$°B±]ÃNÂCÃ4Æ]ÂNËCÂeÃ³±³²]UERapfI@b_CIOACPo@B{EIL_�PoUeGJIxI�\OqbRfTSTSILT'ZaF
\LZ4A^TSPoGJR4@BACPSTLl�¨]¥^¦[ÍÊÎSÏ�ª]¥^ª]¦[ªN¥E¢³ÖuÏ�ª]¥^ª]¦[ª]¥^¢LlCRaAE_1ÓL¤CÙOÙ4ÍH¥EÙa¦Hl]m$UC@b\iU
\LR4A�WXI/QCMEToU^IL_�_CILIOQ�@BA�FHGJIxKNM^IOACP#@bPSI g TSILP g @BAe@BAEDe|���UC@BqbI�PoU^ILTSI\LZ4pNIJG�R5qbRaGJDfI�\OqbRNTST�ZaF$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
¹��'¼
�	��¹���1ã1T�æ��vêN¼O|v�$U^I
{CGJTSP�@bT�A^IO@bPoUEIOGjRaACPo@Br g Z4A^ZfPSZaAEINl'A^Z4G g ZaAEZNPSZ4A^INluA^Z4G�ToM^\L\J@BA^\LPL|�$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$@bPoU
R�TSILP�ZaFu@bPSI g T�� 
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RaA`RNPSPoGS@BWCMEPSI \4¨NÑb¤C¢V¹[ToME\SU1RfT�§u¡oª#Z$¦b¼Ol^m$@bPoUYPoUEI�\LZ4A^\JGJILPSI�p4RaqBMEI
ToUEZam$A
@BA7�'RaWCqbIhÇC|
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hPe�iGj � � � g i " # $
% ����s1i �>v v & �/v uGv &��>v �>v �/v & uGv
�'R4WeqbI�ÇeÌ#�$UEI�QeGJZ4{^P�ZaF#IxRN\SU!@bPSI g @BA�¶��]R g QCqbIh»C|

�$U^I�\LZ4A^TSPoGJR4@BACP')(�*�+�,àä����^¹��'¼NT ±NÉ5@bThAEZNP�R4ACPo@Br g ZaAEZNPSZ4A^I¹HAEZaG g ZaAEZNPSZ4A^INlfA^Z4G$ToME\L\O@BAE\LPJ¼O|#â^ZaG#Ix�]R g QCqbINlCä����^¹P |��¼ 
 ¹SÃLÈy×»NÈ�¼�-N±/.Á±fÉzlXpN@bZaqbRfPSILT�PoUEIh\xZaAETSPoGJRa@BACPL|���Z4m$ILpfIOG4l^MCQXZaA`RN_C_z@BAED
ZaAEI g ZaGJI5@bPSI g ä^l#ä����^¹[ä1 |��¼ 
 ¹[ÇNÈ�×�ÃLÈ�×�»NÈ�¼�-a»&T ±NÉ]l$ä1 #�
TSRNPo@bTo{EILT0' (�*�+ | �

�$Ue@bT�Ix�]R g QCqbI�ToUEZam�T�PoUERNPvR5\xZaAETSPoGJRa@BACP�qB@B~]I�ä����E¹��'¼UT1��\LRaACr
AEZNP�WXI�QeMEToU^Ix_�_CILIOQ`@BACPSZ
PoU^I�}/QCGS@bZaGS@ g @BAe@BAED�RaqbDNZ4GS@bPoU g WyIOr
\LR4M^TSI3PoU^I�ToMCW^TSILPST3¹[ToMeQXIJGJTSILPSTJ¼hZaFvR
p4RaqB@b_Y@bPSI g TSILPj\LZaMCqb_Ym$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 ^¹SÃxÈ]¼Ol�4¹[È]¼Ol^Ýu¹Sß�ÃLÈ]¼Ol��N¹Sßv±aÈ�¼Ol��z¹Sß�»fÈ]¼#�O|
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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

â�@bD4MeGJI�±]Ì�?!@BAC@BA^D�FHGJIxKNM^IOACP
@bPSI g TSIxPST1TSRNPo@bToF[kN@BAED�\LZaAETSPoGJRa@BACPä����E¹��'¼_T�±NÉz|
Ú�k!TS\LR4AeAC@BA^D ��Z4A^\xINlXm$I�{eAE_
ToMeQCQXZ4GJP�\LZaMCACP�F[ZaG�ILpNIJGJk5@bPSI g |�N@BAE\LI�Ý�RaQCQXILRaGJT�@BA�Z4Aeqbk
Z4A^IjPoGJRaAETSRN\LPo@bZ4A�lX@bP/@bT�R4A
@BAeFHGJIxKNM^IOACP
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4!|v} g Z4A^D3PoU^I g lXZaACqbk�ä3RaAE_ ��TSRNPo@bToF[k
PoUEI�\LZ4A^TSPoGJR4@BACPL|h�$UEIFtRN\LP�PoU^RfPh@bPSI g TSIxP �1_CZ]ILThAEZNPjTSRNPo@bToF[k1PoUEI!\xZaAETSPoGJRa@BACP�@ g QCqB@bILTPoUERNP'AEZaAEI$ZaFXR4ACk5ÃJr[@bPSI g TSILPST#RaF[PSIJG ��@BA�Z4GJ_eIOG
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@bPSI g TSILPST'TSRNPo@bToFtkN@BA^D�PoU^I#\LZ4A^TSPoGJR4@BACP�\LR4A�WXI�QERaGJPo@bPo@bZ4A^IL_�@BACPSZvPom$ZToMCWETSILPSTLÌ
Ãf|��$U^I3ZaAEILThUERapN@BAED1@bPSI g TSILP�ä1RfT�R
QeGJIO{E�Ym�| G4| PL| 4!l#@[| IN|blPoU^ZfTSI�\LZaACPSR4@BAe@BAED!@bPSI g ä^ÂERaAE_
±]|��$U^I�ZaAEILT�UERapN@BAED�@bPSI g TSILP7��RNTjR�QCGJIO{E�1m�| G4| PL| 4!l'@[| IN|blPoU^ZfTSI�\LZaACPSR4@BAe@BAED!@bPSI g �!WeMEP$A^Zjä^|
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