
���������
	���
���������	��������������������
��	���� 
�� 
���!#"%$ �&���'�(��	���)�*+	���,-��.0/1
��2,�3

Jian Pei
School of Computing Science

Simon Fraser University
Burnaby, British Columbia, Canada

peijian@cs.sfu.ca

Jiawei Han
Department of Computer Science

Univ. of Illinois at Urbana-Champaign
Urbana, Illinois, U.S.A.

hanj@cs.uiuc.edu

ABSTRACT
465�798;:=<?>@>@ACB(>@DEDGFH>@I@J;KLANMPOQ>SRT5H7U8�5�VWFH>SXZY9>@AZ5=[U8\5]5H>QFHAT^_MEA9MEA9K
[NDP8S`a:�8;A�>@:]:]>@AZ5HMP8;DbFHJLDE>�MEA�^�8�Ab`�ME^_[?J�F]5c8;AZ5�R98\5c8G^_MEA9MEA9K�5c8;:]db:@e
fgJSB
>@hi>jFSkGVlFH>@XbYN>@AZ5m[98�5]5H>QFHAn^_MEA9MEA9KoJ�Vl5H>@ApKL>@AN>QFc8�5H>Q:q8rhL>QF]`
DP8\FHKL>sAaYN^�<?>QF
J;V�[U8\5]5H>QFHA9:g8;A9RtFHY9DE>@:@kNB�79MEIc7�FH>SRNYNI@>@:uA9J�5gJ;A9Dv`
5H7N>�>Qw_I@ME>@ANIQ`�<NYN5�8;DE:]Jq5H79>�>Qxy>@IQ5HMEhi>QA9>@:]:�J;Vu^_MEA9MEA9Kaeqzg>QI@>@AZ5
B(J;FHds7U8�:�7NMEKL79DEMEKL7Z5H>SRs5H79>
ME^_[?J;F]5c8�A9I@>(J;VU5H7N>�I@JLAN:{5]Fc8;MEAZ5]|}<98;:]>SR
^_MEANMPANKG[98�Fc8LRaMEKL^~MEA�5H79>
IQJLAZ5H>Q�b5�J;V?^_MEANMPANKGVlFH>@XbYN>@AZ5�Mv5H>@^_:]>Q5H:@k
8�:]:]JZI@MP8�5HMEJLAN:@kiI@J�F]FH>@DP8�5HMEJLAN:@kL:]>@XbYN>@AZ5HMP8;Di[98�5]5H>QFHAN:@k�8;AUR�^�8�AZ`gJ�5H79>QF
MEAZ5H>QFH>@:{5HMEANK_[U8�5]5H>jFHA9:�MEAmDP8�FHK;>�RN8�5c8�<U8;:]>Q:@e
zu>@I@>QAb5HDv`Zk;B
>�RN>Qhi>@DEJL[?>SR�>Qw_I@ME>@AZ5�[U8\5]5H>QFHAN|6K;FHJSB�5H7_^_>Q5H7NJbRN:�VlJ;F
VWFH>SXZY9>@AZ5�[U8\5]5H>QFHA2^_MEA9MEA9Kae�4}Ab5H>jFH>@:{5HMEA9KLDv`ZkS[98�5]5H>QFHAa|6K;FHJSB�5H72^_>Q5H7N|
JbRa:s8�FH>�A9J�5�JLA9Dv`�>Qw_I@ME>@AZ5�<NYN5s8;DE:]Jq>Qxy>QIQ5HMEhi>_MEA�^_MEA9MEA9K=B�ME5H7
h;8�FHMEJ;Y9:�I@JLAN:{5]Fc8;MEAZ5H:@e��m8;AZ`�5HJLY9K;7#I@J;A9:{5]Fc8�MPAZ5H:2B�79MEIc7�IS8�A9A9J�5
<?>'7U8�AURNDE>SR2<Z`�[aFH>@hbMEJLY9:�^_>Q5H79JbRa:�IS8�A�<?>�[9YN:]79>SR�Ra>@>@[�MEAb5HJ�5H7N>
[98�5]5H>QFHAa|6K;FHJSB�5H7�^_MPANMEA9K_[NFHJZIQ>@:]:@e24�Am5H7NME:G[U8�[?>QFSk?B
>�J\hi>QFHhbME>QB
5H7N>'[aFHMEA9I@ME[9DE>@:�J;Va[U8\5]5H>QFHAN|6K�FHJ\B�5H7�^_>Q5H7NJbRN:yV�J�F�I@J;A9:{5]Fc8;MEAN>SR�VWFH>Q|
XZYN>@AZ5([98�5]5H>QFHA�^_MEA9MEA9K�8�AUR_:]>SXZY9>QAb5HMP8�D?[U8�5]5H>jFHA_^_MPANMEA9KNe���J;FH>Q|
J\hi>jFSk�B
>�>Q�a[9DEJ�FH>�5H7N>_[?JSB
>QF�J;V�[98�5]5H>QFHAa|}K�FHJSB�5H7�^_>Q5H79JbRa:25HJ;|
B
8�FcRa:
^_MEA9MEA9K�B�Mv5H7�5HJLY9K;7�I@JLAN:{5]Fc8;MEAZ5H:
8;A9R_79MEKL7NDPMEK;7b5(:]JL^_>uMEAN|
5H>jFH>@:{5HMEA9K_JL[?>QA�[NFHJ;<9DE>@^_:@e

1. INTRODUCTION
465�798;:=<?>@>@ACB(>@DEDGFH>@I@J;KLANMPOQ>SRT5H7U8�5�VWFH>SXZY9>@AZ5=[U8\5]5H>QFHAT^_MEA9MEA9K
[NDP8S`a:�8;A�>@:]:]>@AZ5HMP8;DbFHJLDE>�MEA�^�8�Ab`�ME^_[?J�F]5c8;AZ5�R98\5c8G^_MEA9MEA9K�5c8;:]db:@k
:]YNIj7�8;:q^_MEA9MEANKT8;:]:]JZIQMW8\5HMEJLA�FHY9DE>@:o� �b���S����ksI@J�F]FH>@DP8�5HMEJLAN:r� �\�6k
I@8;Y9:H8�DEME5}`T� �a�j��k':]>@XbYN>@AZ5HMP8;D([98�5]5H>QFHAN:�� �\��k�>@[9ME:]JbRN>Q:�� �;�\�6k�^�Y9Dv5HMv|
RaME^_>@A9:]MEJLA98;D�[98�5]5H>QFHAN:��v�\�b���S�\��k�^�8\�a|6[98�5]5H>QFHAN:�� �;��k�[U8\F]5HMW8�D�[?>Q|
FHMEJbRaMPIQME5}`r�E�;�Q��k�8�AUR�>@^_>QFHK;MPANK�[98�5]5H>QFHAN:�� ����e��aFH>SXZY9>@AZ5�[98�5]5H>QFHA
^_MEANMPANK�5H>@Ic79A9MPXZY9>Q:�I@8;A=8;DE:]J�<?>�>Q�b5H>@AURa>SR�5HJ2:]JLDEhi>u^�8;AZ`�J;5H7N>QF
[aFHJL<NDP>Q^_:@k�:]YNIj7�8;:2MEI@>Q<?>QFHK;|6I@YN<?>�I@J;^_[9YN5c8\5HMEJLAr� �S�'8;AURqI@DP8�:]:]ME|
� IS8�5HMEJ;A��E�@����eq�
7bYN:@k�>Qxy>@IQ5HMEhi>�8�AUR#>jw_I@ME>@AZ5�VlFH>SXZY9>QAb5�[98�5]5H>QFHA
^_MEANMPANK�ME:g8;A�ME^_[?J�F]5c8;AZ5�FH>@:]>S8\FHIj7m[aFHJL<NDP>Q^me
�aFH>SXZY9>@AZ5g[U8�5]5H>jFHAq^_MPANMEA9K_J;VW5H>@A�KL>@AN>QFc8�5H>Q:28_hi>QF]`mDP8\FHKL>�AbYN^�|
<?>jF�J;V
VWFH>SXZY9>@AZ52[98�5]5H>QFHAN:28;A9R�FHY9DE>@:@k�B�79MEIc7�FH>SRaY9I@>Q:2A9J;5�J;A9Dv`
� �
79>'B(J;FHd�B
8;:�:]Y9[N[?J;F]5H>SR2MEAs[U8�F]5�<Z`2K;Fc8�Ab5H:�VlFHJL^�5H79>( G8�5HYaFc8;D
¡ I@ME>@A9IQ>@:28;A9R�¢�ANKLMEA9>@>jFHMPANKtzu>@:]>S8\FHIj7�£(J;Y9A9IQMPD�J�V�£
8�AU8;R98aky5H7N>
 g>Q5�B(J;FHdb:(J�V�£(>@AZ5]FH>@:'J�V�¢��aI@>@DEDE>@ANI@>gJ�V�£
8;AU8;R98bk98�AUR�5H7N>�¤GA9MEh?e
J�V�4�DEDEMEA9JLME:g8�5u¤gFH<98;A98�|�£(7U8�^_[U8;MEK;A�ka¤�e ¡ e ¥�e

5H79>�>Qw�I@ME>@A9IQ`�<9Ya5
8�DP:]J25H7N>u>jxy>@IQ5HMEhi>@AN>@:]:(J�V�^_MEANMPANK�:]MEA9I@>uY9:]>jFH:
7U8Shi>s5HJ�:]MvVl5�5H7aFHJLY9K;7#8=DP8�FHKL>�AbY9^�<?>QFgJ;V�^_MEA9>@RqFHYNDE>@:25HJ � A9R
Y9:]>jV�Y9D¦JLAN>@:@e�zu>@I@>@AZ5�B
J�FHd�7U8;:�7NMEKL79DEMEKL7Z5H>SR�5H79>�ME^_[?J�F]5c8;A9IQ>�J;V
5H79>t[U8\Fc8LRNMEK;^§J;VGI@JLAN:{5]Fc8;MEAZ5]|}<98;:]>SRo^_MEA9MEA9Ka¨�¤g:]>QF_ME:�8;DEDEJSB
>SR
5HJ�>j�N[aFH>@:]:279>jF�V�JZI@YN:�MPA�^_MEA9MEA9Kak¦<b`�^_>@8;A9:GJ;V�8�FHMEIj7�I@DP8;:]:�J;V
I@J;A9:{5]Fc8;MEAZ5H:G5H798�52IS8�[N5HYaFH>�8�[9[9DEMEIS8\5HMPJ;A#:]>@^�8�AZ5HMPIQ:@e�©(>@:]MPRN>Q:�8;Dv|
DEJSB�MPANKoY9:]>QFt>Q�a[9DEJ;Fc8\5HMEJLAn8;A9RCI@J;Ab5]FHJ;Dªkg5H7N>q[U8�Fc8;RNMEKL^+8;DEDEJSB�:
^�8;AZ`�J;V�5H79>Q:]>tI@J;A9:{5]Fc8�MPAZ5H:s5HJ�<?>=[9YN:]79>SR#RN>@>@[ MEAZ5HJ�^_MEA9MEA9Kak
5H7bY9:�I@JLA � ANMPANK�5H79>u:]>S8�FHIc7�:][U8�I@>gJ�V¦[U8�5]5H>jFHA9:'5HJ25H7NJL:]>uJ;V¦MEAb5H>jF]|
>@:{5�5HJ�5H7N>�Y9:]>QFSk98;A9Rm8;Ic79ME>@hbMEA9K�:]Y9[?>QFHMEJ;Fu[?>QF]VlJ;FH^�8�A9I@>Le
��JL:{5tJ;V25H7N>q[NFH>@hbMEJLYN:�:{5HYURNME>@:�J;ACVlFH>SXZYN>@AZ5�[U8�5]5H>jFHAT^_MEA9MEA9Kak
:]Y9Ic7�8;:g� �b�a�a�y�@�a�?�S�b�9�b�L�N�;�b�9�;�b�a�L�b�9�L�\��ka8LRaJL[a5
8�A=«�¬;­ª® ¯b­�® |}DEMEdi>
8;[N[NFHJL8;Ic7�kSB�79MEIc7�MP:¦<U8�:]>SR2JLA�8�A�°;±9²ª³ª´�µ_¶�±?¶;²6¶;±?·(«�¬L­�® ¯Z­�®\¸U¹]¶c¸N·j¹j²ªº
� �\��¨�³ »�°;±9º�¼P·j±b½;²l¾m¿�¸a°;²ª²}·j¹c±o³�Às±?¶;²�»j¹H·]ÁQÂ9·j±9²u³�±�²l¾N·=Ãi°�²6°iÄH°;ÀQ·jÅ
³�²ªÀ�¼P·j±b½;²l¾�Æ�¿�Çp�\È�ÀHÂ\¸N·j¹Q´E¸a°;²ª²}·j¹c±TÉH°;±#±y·jÊ;·j¹�Äc·�»j¹H·]ÁQÂ9·j±9²ªe��
79>
>@:]:]>@AZ5HMP8;D�MPRa>S8_MP:u5HJ�ME5H>jFc8�5HMEhi>@Dv`qK;>@A9>QFc8\5H>s5H7N>�:]>Q5�J�V'I@8;AURaMPR98�5H>
[U8\5]5H>QFHA9:�J�V�DP>QA9K;5H7 Æ�¿�Çn�\È(VWFHJL^Ë5H79>2:]>Q5gJ;V�VWFH>SXZY9>@AZ5u[U8\5]5H>QFHA9:
J;V
DP>QA9K;5H7�¿ÌÆ�V�J�F�¿oÍÎ�SÈjk�8�AUR�Ic79>QIjdq5H79>QMEFsI@J�F]FH>@:][?JLA9RNMEA9K�JZIQ|
I@YaF]FH>@A9I@>tVlFH>SXZY9>QA9I@ME>@:_MEAÌ5H7N>mRN8�5c8;<98;:]>LeT�
79>QFH>jV�J;FH>;ku8;ACMEAZ5HYN|
Mv5HMEhi>t^_>j5H79JbRNJ;DEJLK;`#5HJ�[NY9:]7 I@J;A9:{5]Fc8;MEAZ5H:�MEAZ5HJ�«�¬;­ª® ¯b­�® |}DEMEdi>t8;[a|
[NFHJL8;Ic79>@:�ME:�5HJ�Y9:]>�8�AZ5HME|6^_J;A9J;5HJ;A9MEI�I@J;A9:{5]Fc8�MPAZ5H:�5HJ�[aFHY9A9>GIS8;Aa|
RNMPRN8�5H>@:@e�fgJ\B(>@hi>QFSkb^�8�AZ`�I@J;^_^_JLANDE`�Y9:]>@R�IQJLA9:{5]Fc8�MEAb5H:(8�FH>gA9J;5
8;AZ5HMv|6^_JLANJ;5HJLANMEILk(DEMEdi>tÏaÐiÑyÆªÒqÈ�ÍÓÐUk�B�79MEIj7oFH>SXZY9MvFH>@:s5H7U8\5�5H79>
8Shi>QFc8�KL>2h;8;DEY9>�Æª[aFHMEI@>\È
MEA�[U8\5]5H>QFHA�ÒÔ<?>GK;FH>S8\5H>QFg5H798;AtJ;Fu>SXZYU8�D
5HJ�ÐUe��
7bY9:@k¦5H79>�«�¬;­ª® ¯b­�® |}DEMEdi>�^_>Q5H79JbRa:�^_>@>Q52Ic7U8�DEDP>QA9KL>Q:�B�7N>@A
^_MEA9MEA9KsB�Mv5H7m:]Y9Ic7�I@J;A9:{5]Fc8�MPAZ5H:@e
zu>@I@>@AZ5HDv`Zk@B
>'RN>Qhi>@DEJL[?>SRg>Qw_I@ME>@AZ5�[98�5]5H>QFHAa|6K;FHJSB�5H72^_>Q5H79JbRa:��E�S�\�
V�J�FgVWFH>SXZY9>@AZ5u[U8\5]5H>QFHAm^_MEA9MEANKm�v�@�N�y�;�a�y�L�\��8;A9R�:]>SXZY9>@AZ5HMP8;D�[U8\5]|
5H>QFHA2^_MEA9MEANK��v�S�a�Z�LÕS�6e�Ö�8�5]5H>QFHAa|6K;FHJSB�5H7�^_>Q5H79JbRa:�8\FH>'ANJ;5�«�¬L­�® ¯Z­�® |
DEMEdi>Le��
7N>Q`28ShiJ;MPR�J;F�RaFc8;^�8\5HMEIS8;DEDv`�FH>SRaY9I@>�IS8�AURNMPRN8�5H>Q|6KL>QA9>QFc8\5HMPJ;AN|
8;A9Ra|�5H>@:{5Se#4�AZ5H>QFH>@:{5HMEA9K;Dv`Zk'J;YNF�:{5HYURNME>@:t� �;�a�g�\�N�u������:]7NJ\B�5H7U8�5
[U8\5]5H>QFHAN|6K�FHJ\B�5H7�^_>Q5H79JbRa:'8\FH>�A9J;5�J;A9Dv`�>Qw�I@ME>@AZ5'<NYN5'8;DE:]J�>Qxy>@Ij|
5HMEhi>�MPA�I@J;A9:{5]Fc8�MPAZ5]|6<U8�:]>SR2VlFH>SXZY9>QAb5�[U8\5]5H>QFHA�^_MPANMEA9Ku8;A9R�:]>@XbYN>@AN|
5HMP8;DU[98�5]5H>QFHA_^_MEANMPANKNe��m8�AZ`�5HJLYNKL7_I@J;A9:{5]Fc8�MPAZ5H:�5H7U8�5'IS8�A9A9J�5
<?>
7U8�AURaDP>@R�<Z`�[aFH>@hbMPJ;Y9:�^_>Q5H7NJbRN:@kiDEMEdi>�ÏbÐiÑyÆ6È'ÍrÐUkiIS8�A_<?>u[NY9:]7N>SR
RN>Q>@[�MEAZ5HJ�5H79>G[U8�5]5H>jFHAN|6K;FHJSB�5H7m^_MEA9MEANK�[NFHJZIQ>@:]:@e
4�A�5H7NME:�[U8�[?>QFSk�B
>=[NFHJ\hbMPRN>t8;A J\hi>QFHhbME>QBÎJ�Vg5H7N>�[NFHMEA9I@ME[NDP>Q:�J;V
5H79>�[98�5]5H>QFHAa|}K�FHJSB�5H7�^_>Q5H79JbRa:�V�J;F'VlFH>SXZYN>@AZ5'[98�5]5H>QFHAU×�:]>SXZYN>@AZ5HMW8�D
[U8\5]5H>QFHA�^_MPANMEA9K_B�Mv5H7#h;8�FHMEJLYN:�I@JLAN:{5]Fc8;MEAZ5H:@e_��J�FH>@J\hi>QFSk¦B
>�>Q�b|
[9DEJ�FH>�5H79>�[?JSB
>jFgJ�V�[U8\5]5H>QFHAN|6K�FHJ\B�5H7�^_>Q5H79JbRa:(5HJSB�8�FcRa:�^_MPANMEA9K
B�Mv5H7m5HJLYNKL7mI@J;A9:{5]Fc8�MPAZ5H:G8;AURt79MEKL7NDPMEK;7b5g:]JL^_>2MEAZ5H>QFH>@:{5HMEANK=J;[?>@A
[NFHJ;<9DE>@^_:@e
�
79>2FH>@^�8�MEA9MEA9K_J�V�5H7NME:g[98;[?>QFgME:�8�F]Fc8�A9K;>SR�8;:�V�JLDEDEJSB�:@e�4}A ¡ >@Ij|

¡ 4]ØGÙ2Ú�Ú�¢��a[9DEJ�Fc8�5HMEJLAN:@e Û�JLDEYN^_>G�Nk94�:]:]YN>���|'[U8;K;>��a�



ÜHÝEÞ;ßTàZá'â(ã=äHã@å@æ;çEç�ÜHè9ã=éNäHÞLêNçEã@ëìÞ�íGåQÞLß9î{Ü]äcæ�ÝEßbÜ]ï6ê9æ;î]ãSð�íläHã@ñbòNã@ßZÜ
é9æ�Ü]ÜHãQäHß�ë_ÝEßNÝPßNó æ;ß9ðTÝEçPçEòNî{Ü]äcæ�ÜHã�î]ÞLë_ãqåSæ\ÜHã@óLÞ�äHÝPãQîmÞ;ísÝEßZÜHãQäHã@î{Ü]ï
ÝEßNó�å@ÞLßNî{Ü]äcæ;ÝEßZÜHîuæ;å@å@Þ�äcðNÝEß9ó�ÜHÞsÜHè9ã@Ývä�òaÜHÝPçEÝEôSæ\ÜHÝPÞ;ß�æ;ß9ðtéNäHÞ;é?ãQä]ÜHÝEã@î
ílÞ;äGå@ÞLßNî{Ü]äcæ;ÝEßZÜGéNò9î]è9ÝEßNóNõ
ö}ß�÷aãQåQÜHÝEÞLßqøbáUâ
ã�ÝEçEçPòNî{Ü]äcæ�ÜHã�ÜHè9ã2ÝPðNã@æ;î
Þ�í�éNò9î]è9ÝEßNósù;æ�äHÝEÞ;ò9î(åQÞLß9î{Ü]äcæ�ÝEßbÜHî�ðaã@ã@é�ÝEßZÜHÞsé9æ�Ü]ÜHãQäHßaï6ó;äHÞSâ�ÜHè=íWäHãQï
ñZòNã@ßZÜ�éUæ�Ü]ÜHãjäHßTë_ÝEß9ÝEß9óaõ�ú�æ\Ü]ÜHãQäHßNï6ó;äHÞSâ�ÜHè�î]ãSñZòNã@ßZÜHÝWæ�çgé9æ�Ü]ÜHãQäHß
ë_ÝEßNÝPßNó�ÝEî2ãQûaã@ë_éNçPÝvü9ãSð�ÝEß�÷aã@åQÜHÝEÞ;ß#ýNõ�÷aÞLë_ã�ÝEë_é9çEÝEåSæ�ÜHÝEÞLßNîsæ;ßUð
ãjûaÜHãQß9î]ÝEÞLßNîqÞ;í�é9æ�Ü]ÜHãQäHßaï6ó;äHÞSâ�ÜHè�ë_ãQÜHèNÞbðNî=í�Þ;ä�ë_ÝEß9ÝEßNórù;æ�äHÝEÞ;ò9î
é9æ�Ü]ÜHãQäHßNî�â�ÝvÜHèÌÝEßZÜHãQäHã@î{ÜHÝEßNó�å@Þ;ß9î{Ü]äcæ�ÝPßZÜHî_æ\äHãqðNÝEî]å@òNî]î]ãSðoÝPßÌ÷bã@åQï
ÜHÝEÞ;ß�þbõ'ÿ
è9ÝEî�î{ÜHòUð��=ÝPî�å@Þ;ß9å@çEò9ðNãSð�ÝEßm÷aã@åQÜHÝEÞ;ß��aõ

2. WHAT ARE THE INTERESTING CON-
STRAINTS?

ö}ßÌÜHèNÝPî_î]ãQåQÜHÝEÞLß�á�â(ãmü9äHî{Ü_äHã@å@æ;çEçgÜHèNãméNäHÞ;ê9çEã@ë§Þ�í2å@ÞLßNî{Ü]äcæ;ÝEß9ã@ð
íWäHãSñZò9ã@ßZÜ2é9æ�Ü]ÜHãQäHß�ë_ÝEß9ÝEß9óaá�æ;ßUðqÜHè9ãQß�éaäHã@î]ã@ßZÜ2î]ÞLë_ã�åSæ�ÜHã@ó;Þ;äHÝEã@î
Þ�í�ÝEßbÜHãjäHã@î{ÜHÝEß9ó�å@Þ;ß9î{Ü]äcæ�ÝPßZÜHî@õ

2.1 ConstrainedFrequentPattern Mining
� ãQÜ����
	���
�����������������ê?ã�æ_î]ãQÜ�Þ�í�������� �Há?â�è9ãjäHã�æ;ßqÝvÜHã@ë%ÝEî2æ;ß
Þ;ê"!�ã@åQÜ2â�ÝvÜHè#î]Þ;ë_ã�éaäHãSðNãQü9ß9ãSð�æ\Ü]Ü]äHÝPêNòNÜHã@î #ªãLõ óNõEá�éaäHÝEå@ãLá¦â
ã@ÝEóLèZÜSá
ãjÜHåLõ $jõ&%'�)(�*,+-��*/.0�)�213+546�87�9��2:;����<>=sÝEî�æ�ÜHòNé9çEãLá�â�è9ãQäHã?9��2:#ÝEî
ÜHèNã?�2@/��+-�)� AB��(GÞ�í(ÜHè9ã�Ü]äcæ;ßNîHæ;åQÜHÝEÞ;ß�æ;ß9ðC� <ED �UõF% Ü]äcæ;ßNîHæ;åQÜHÝEÞ;ß
ðNæ�Ücæ�êUæ;î]ãHGTå@ÞLßNî]ÝPî{ÜHî�Þ�í?æ�î]ãQÜ�Þ�í9Ü]äcæ;ßNîHæ;åQÜHÝEÞ;ß9î@õI%ußsÝvÜHã@ë_î]ãjÜKJ'L
�tÝEî2æ=î]òNê9î]ãQÜGÞ;í�ÜHè9ãsî]ãQÜ2Þ�í(ÝvÜHã@ë_î@õ�%NMZï6ÝvÜHã@ë_î]ãQÜ�ÝEî2æ�ß�ÝEÜHãQë_î]ãQÜ
Þ�í(î]ÝEô@ã MyõEO�ã�â�äHÝEÜHã�ÝvÜHã@ë_î]ãQÜHî�æ�îQPR�S�UTWVYX0X�X��ZT�[9á�Þ;ë_ÝvÜ]ÜHÝPßNó�î]ãQÜ
êaäcæ;å]\iãQÜHî@õ
%ußqÝvÜHã@ë_î]ãQÜ^JìÝEîGåQÞLßZÜcæ;ÝEß9ã@ð�ÝEß�æ�Ü]äcæ;ßNîHæ;åQÜHÝEÞ;ßC4_�`7�9>�2:;��� < =já?Ýví
J D ��<]õuÿ
è9ã��Wa�b/b"1,(]�Yc�d/ef#)Jg$�Þ;í'æ;ßqÝvÜHã@ë_î]ãjÜEJ-ÝEß�æ�Ü]äcæ;ßNîHæ;åQï
ÜHÝEÞ;ßtðNæ�Ücæ�êUæ;î]ãEG�ÝEî'ÜHèNãgßbò9ë�ê?ãQä�Þ;íyÜ]äcæ;ßNîHæ;åQÜHÝEÞ;ß9î
ÝEßhG�å@Þ;ßbÜcæ�ÝEßNï
ÝEßNóFJ�õjiGÝPùLã@ß=æ�î]òNé9é?Þ�ä]Ü'ÜHèaäHã@î]è9Þ;çWð�k?�ml c�dneC#�oEpqk?�2l c�d/erp
s G s $jáUæ�ßmÝvÜHã@ë_î]ãQÜ�JÔÝEîYt�(W��u0a-��+-��éNäHÞ\ùbÝPðNãSðvc�dnef#)Jg$Bwxkv�2l c�d/e�õ

yBz|{~}��"�n� oLõ^�f���I��*n�������E�]�H1,a�(j(]a�+-+-�U+��E�)(�*,+���*/.0�)�21,+h@/*3�m*/�W*,�0�
G��I�I���U�r*��0����1>tQ���������H���_	������3���,�W:;�W�/�]�-�������|���

�������/�>���W�� ¢¡��¤£2¥ £���¦W§��I ¢���������/�>���W�� ¢¡��
¨]© ª¬«�­0«�®�«�¯/«�°
±�© ­0«>®�«�¯/«>°¬«�²¬«�³
´�© ª�«>®�«>¯/«>µ3«>°
¶ © ®�«�µ3«>°/«�²

ÿ�æ�ê9çEã¤on·'ÿ
è9ãgÜ]äcæ;ß9îHæ�åQÜHÝEÞLß�ðNæ�Ücæ;ê9æ;î]ãFG ÝEß�¸�ûNæ�ë_é9çEã oLõ

�¹���¤�U�-�C�Wa�b/b"1,(]���U��(W������1n�º@&����»¼� à��`½]�����������QP6�8���0:_���
t](W��u0a-��+-���W��+;.������^�U� ��+5�)(�*,+-��*/.0�)�213+-�ho�¾R*,+�@=øn¾��E(����mb���.0�)��¿,�0� À/�
�~����.W1,�^b��������¤�����^1�t�t](W��u0a-��+-�Á������� �0���)��*3(W�¤� ���W����@v��+Â��*n�����¤Ã��

Ä

%8.]13+-�W�)(�*,�U+-�2ÝEîtæ�éNäHãSðaÝPå@æ�ÜHã�ÞLßTÜHèNãqé?Þ\â(ãQäHî]ãQÜ�Þ;í2ÜHè9ãqî]ãjÜ�Þ�í
ÝvÜHã@ë_îÁ�UáUÝªõ ãLõÆÅÇ·Nà,È�ÉÊË	�9�Ì3d��/�]�-�"Í)c��,�ZõÁ%gß�ÝEÜHãQë_î]ãQÜÁJìîHæ\ÜHÝPî{ü9ã@î
æ�å@Þ;ß9î{Ü]äcæ;ÝEßZÜYÅoÝEí;Å #)Jg$Y�&9�Ì3d��iõ�ÿ
èNã'î]ãQÜ�Þ;íNÝEÜHãQë_î]ãQÜHî�îHæ\ÜHÝPî{íZ�aÝPßNó
ætå@ÞLßNî{Ü]äcæ;ÝEßZÜ¤ÅÎÝEî�PKÎÁ4~Ï�#)�"$E�Ð	�J s J D �FÑÒÅ #)Jg$E�Ó9�Ì3d��,�Zõ
O#ã2åSæ;çEç�æ;ßmÝvÜHã@ë_î]ãjÜ�ÝPß�PIÎEÅ Ï #)�"$^¿3*n� �2@;õ

Ô~ÕZÖ"×¬Ø Ù,Ú
Û¬Ù]ÜÆÝnÞ ß]Þ Ö"Ý�à iGÝEùiãQß�æ_Ü]äcæ;ßNîHæ;åQÜHÝEÞ;ß#ðNæ�Ücæ;ê9æ;î]ã G_á¦æ�î]ò9éaï
é?Þ�ä]Ü�ÜHèNäHã@î]èNÞLçPð�k?�2l c�d/e�á;æ;ß9ð�æuå@ÞLßNî{Ü]äcæ;ÝEßZÜHîBÅ�á�ÜHè9ã'éNäHÞ;ê9çEã@ë�Þ�í

á;¦W�/â��>ã¤ä å¬��¦Wæ,ç/¦W���Hä¢è)  ��¦W§��>¦��>�
¨ ª¬«>­0«>®�«�¯¬«>µ3«>°/«m²
± ª3®�«�ª3¯/«�ª,°/«�­�®�«�­�¯/«�­W°/«�®W¯/«�®Wµ3«�®]°¬«�®�²¬«>¯�°¬«>µ�°/«>°¬²
´ ª3®]¯/«>ª,®]°/«�ª,¯)°/«�­�®W¯/«>­�®�°/«�­�¯)°/«�®W¯)°/«�®Wµ0°¬«�®]°/²
¶ ª3®]¯�°¬«>­�®W¯)°

ÿ�æ�ê9çEã�à�·jéNäHãSñZò9ãQßbÜ
ÝEÜHãQë_î]ãQÜHî�â�ÝEÜHè�î]ò9é9é?Þ�ä]Ü�ÜHèNäHã@î]èNÞLçPð?»Q�nà�ÝEß
Ü]äcæ;ßNîHæ;åQÜHÝEÞ;ß�ð9æ�Ücæ�êUæ�î]ãQG ÝEßqÿ�æ�ê9çEã¤oLõ

.W1,+-�W�)(�*,��+|��@Ft�(W��u0a-��+-�Ib"*,�)����(]+R� ��+���+��2ÝEî�ÜHÞ_üUßUðmÜHèNã�å@Þ;ë_é9çEãQÜHã
î]ãQÜ�Þ�í�íWäHãSñZò9ã@ßZÜ(ÝEÜHãQë_î]ãQÜHî
îHæ�ÜHÝEî{íZ�NÝEßNó�Å�ábÝªõ ãLõbüUßUð�ê Ï �_	�J s Jìë
PKÎÁ4 Ï #)�"$|Ñrc�d/ef#)Jg$Bwxkv�2l c�d/e|�Zõ

2.2 Categoriesof Constraints
é9Þ�ä�äHã@æ;çvï�â
Þ;äHçPð_ðNæ�ÜcæGë_ÝEß9ãjäHî@áLÝvÜ�ÝEî�ÝEßZÜHãQäHã@î{ÜHÝEßNóGÜHÞ�ãQûNæ;ë_ÝEßNã
î]ÞLë_ã
ÝEßZÜHãQäHã@î{ÜHÝEß9ó�å@ÞLßNî{Ü]äcæ;ÝEßZÜHî�íWäHÞLëìÜHèNã�æ�é9éNçPÝEåSæ\ÜHÝEÞLßré?ÞLÝEßZÜ�Þ;ígùbÝEãQâ2õ
O�ã�éaäHã@î]ã@ßZÜ�ÜHè9ãqí�Þ;çPçEÞSâ�ÝEß9óråSæ�ÜHãQóLÞ;äHÝEã@î�Þ;íså@ÞLßNî{Ü]äcæ;ÝEßZÜHîtÞ;ßTÜHè9ã
î]ã@ë�æ�ßbÜHÝEå@î�æ�ßUð�ÜHè9ã�ílÞ;äHë_î�Þ;í
ÜHèNã�å@Þ;ß9î{Ü]äcæ;ÝEßZÜHî@õh%gçvÜHèNÞLò9ó;è�ÜHèNÝEî
ÝEî�ê¬��ß9Þ�ë_ãSæ;ßNî2å@ÞLë_éNçPãjÜHãLá�ÝvÜså@Þ\ùiãQäHî�ë_ÞLî{ÜsÞ;í(ÜHè9ã_ÝEßZÜHãQäHã@î{ÜHÝEß9ó
å@Þ;ß9î{Ü]äcæ;ÝEßZÜHî�ÝEßqæ;éNé9çEÝEåSæ�ÜHÝEÞLßNî@õ

íÁî~ï|ð0ñ�ò {Æó ï|ñqô õmö�ñ ��}ø÷ î~ï|ð0ñ;ò {~ó ï�ñÆù3ú^û +�ÝvÜHã@ënå@Þ;ß9î{Ü]äcæ�ÝPßZÜ
�2b���.0� AH���H�f��*3�f*,(����U���Kb"*,(]�)�2.0a"�º*,(H�U+�@,��¿��)@,a�*n�"1,(Y�,(�13a3b-��1�tB���������
�U��*,�B���"1,a"�º@?1,(�����13a��º@�+�13���]��b;(�������+��H��+��U�-��b"*,�)����(�+�� Ä

é9Þ�ä'ãjû9æ�ë_é9çEãLáLæ�ð9æ�Ývä���åQÞLë_éUæ�ß¬��ë�æ���ê?ã�ÝEßZÜHãQäHã@î{ÜHã@ð�ÝEß�éUæ\Ü]ÜHãQäHß9î
å@Þ;ßbÜcæ�ÝEß9ÝEß9ó�ÞLßNç¢�qð9æ�Ývä��méNäHÞbðaò9åQÜHî@á9â�è9ã@ßqÝvÜgë_ÝPßNã@î�Ü]äcæ;ßNîHæ;åQÜHÝEÞLßNî
ÝEßqæ�ó�äHÞZå@ãQä��tî{ÜHÞ;äHãLõ

íÁî~ï|ð0ñ�ò {Æó ï|ñýü õmþ � ï|ÿ~ñ�� ÷ î~ï|ð0ñ;ò {~ó ï�ñÆù3ú^û çEã@ßNó;ÜHètå@ÞLßaï
î{Ü]äcæ;ÝEßZÜ��2b��W.0� AH���Y�U�-�B(W��u0a���(W������+-�K13+ �U�-�H����+��,�U�¤1�tI�U�-�fb"*,�)����(�+��W�
�m�����º�K�U�-�Q+�a"�¤�]��( 1>t��U����� ����+��U����b"*,�)����(]+-�0� Ä

é9Þ�ä�ãQûNæ;ë_éNçEãLáSâ�è9ã@ß2ë_ÝEßNÝPßNó�å@çPæ;î]î]ÝvüUå@æ�ÜHÝEÞLßsäHò9çEã@î�ílÞ;ä�ðNÞZå@òNë_ã@ßZÜHî@á
ætòNî]ãQä2ë�æ��qê?ã�ÝPßZÜHãQäHãQî{ÜHãSð�ÝEß�ÞLß9ç¢�qíWäHãSñZò9ã@ßZÜ2é9æ�Ü]ÜHãQäHßNîGâ�ÝvÜHè#æ\Ü
çEãSæ;î{Ü�þ�\iã��aâ(Þ;äcðaî@á9æsÜ>�aé9ÝEåSæ�ç�çEã@ßNó;ÜHèmå@Þ;ß9î{Ü]äcæ�ÝPßZÜSõ

íÁî~ï|ð0ñ�ò {Æó ï|ñ�� õ�� î�� �"�	��
"{ ð � � ÷ î~ï|ð0ñ�ò {Æó ï|ñ|ù3ú^û ë_Þbðaã@çvï
êUæ�î]ãSð�å@Þ;ß9î{Ü]äcæ�ÝPßZÜ �º1�1
�3�It�1,(Bb"*,�)����(�+��Q�K�¬�2.]�g*3(W�Q�Wa����Á1,(��Wa�b���(��
b"*,�)����(]+-��1�t���1,���^�,��¿,��+�b"*,�)����(]+-���2��1�@¬�0� ���,� Ä

é9Þ�ä(ãQûNæ�ë_é9çEãLábæGÜ]äcæSùiã@ç9æ;ó;ã@ßZÜ
ë�æ���ê?ã�ÝEßZÜHãQäHã@î{ÜHãSð�ÝEß�â�è9æ�Ü
Þ�ÜHè9ãQä
å@ÝvÜHÝEã@î�ÜHè9æ�Ü�æ�ùbÝEî]ÝvÜHÞ;ä�ÝEî�çEÝº\iã@ç¢��ÜHÞ�Ü]äcæSùiã@çLÝEíNî���èNã'ùbÝEî]ÝvÜHî�ê?Þ;ÜHè�O�æ;î]èaï
ÝEß9ó�ÜHÞLß æ�ßUð��gãQâ��'Þ;äW\qå@ÝvÜ>�Zõ_ÿ
èUæ�ÜsÝEî@á�ÜHèNã0�qâ�æ�ßZÜsÜHÞ=üUß9ð�íWäHãQï
ñZò9ã@ßZÜ=éUæ\Ü]ÜHãQäHß9î=â�è9ÝEåcè�æ\äHã�î]òNé?ãQä]ï6éUæ\Ü]ÜHãQäHß9î=Þ;í�	�O�æ;î]è9ÝEßNó;ÜHÞLß¦á
�Gãjâ��'Þ;äW\�å@ÝvÜ��-�Zõ

íÁî~ï|ð0ñ�ò {Æó ï|ñ�� õ��Eÿ¹ÿ~ò � ÿ { ñ �r÷ îÆïÆð�ñ�ò {Æó ï�ñÆù3ú^û +�æ;óLó�äHãQï
óiæ\ÜHã#å@Þ;ß9î{Ü]äcæ�ÝPßZÜý�U�g1,+ø*,+S*����,(W�2�/*,���R1�tg�U����� ����+ *Cb"*3�)����(�+��
�f�-��(W���U�-�Q*����,(W�2�/*,���Yt�a�+�.0�)�213+g.W*,+C�]���! #"���$&%('j�)"*$,+��)".-0/B�
���m.�� Ä

é9Þ�äGãQûNæ�ë_é9çEãLá9æ�ë�æ�äW\iãQÜHÝEßNó_æ;ß9æ;ç¢�aî{ÜGë�æ��=çEÝ�\Lã�ÜHÞ�ü9ßUð�íläHãSñZò9ãQßbÜ
éUæ\Ü]ÜHãQäHß9î�â�è9ãjäHã�ÜHèNãuæ\ùLãQäcæ;ó;ãuéaäHÝEå@ã�Þ;í�æ;çEçUÝvÜHã@ë_î�ÝEß_ãSæ;åcè_éUæ\Ü]ÜHãQäHß
ÝEî�Þ�ùLãQä21�o�¾,¾aõ

÷bö�i235464S¸�ûaé9çEÞ�äcæ�ÜHÝEÞLßNî@õ 7�ÞLçEòNë_ãGýNá9ö�î]î]òNã o�ï'éUæ;ó;ã�øià



8:9<;>=�?>@BA
;>CEDF=�9<GIHKJ�LF@NM�;O?�A	C0@I;>M�JPA	@RQ�=SJPAT;>=�UFL	?>C0V�=�WXA	J�J�LT?�WNC0@YUZ;>L
;>[N=�C<?]\^?>LF\�=�?O;>C0=�M*_`L	?]J�LF@NM�;O?�A	C0@I;]\YaNMO[YC0@YU^b�ced#LfJPAT;>=�U	L	?>C0=�MgLT_
J�LF@YM�;O?�ATC0@&;>M�H:h>iNj�j�kml�j�nolqprh>hsA	@YW�tTlYnokouwvgx	lBx	n�x	lNkwj�k`noyTHed#=r?>=z\^?>L	{
\�L	MO=PW|C0@�} ~I�F���P�
�w�Yd�[N=�?>=PATM:;>[N=2;>[YC<?�WzJ�AT;>=�U	L	?OGIH!vgx	lBx	n�x	lYkoj�k`noy	H
d#A	M#M�;>aYWNC0=PW]C0@�} �^�^�^�Y~T�T��C0@g;>[Y=�J�L	@&;>=r�^;>M)L	_��gC0@YC0@YU5J�L	?O?>=�9EAT;>=�W
MO=r;>M�AT@BW�_m?>=P�IaY=�@&;�C<;>=��gMO=r;>M�bg�Z=]Q^?>CE=r�YG�?>=�JPAT9E9);>[Y=�MO=s@YL	;>C0L	@YM
Q�=�9ELPd5b

���^�I�m�q�E���m�!� ~Ib0�Fb����.�q�P�������B���B�������q ¢¡£�����B�������� f¤�¥�¦	�
¦F�`�§¦F�F �¨B�§©«ª����!¬��&­
�P�m®§¯m�¢ª����§°���­
¨B�m�!�P°T±5²³j>x	lNh�no´�t	k`lNn,µe¶�k`h
AT@I;>C0{��gL	@YL	;>L	@Y=sk ·2t	lB¸]x	lB¹ y*k ·�º,»Nprlqpr¼	pr´�t	l|k`n�prvsh�prn�½¾¼PkwxF¹0t	n�prh
µe¶^¿Àhrxf¸Áx
prh.t	lNy¢h�i
ÂNpr´�h�prn*x�·*½:ÃS²Äj>x	lYh>no´OtTk`lYnÀµ#ÅÆk`h2�gLF@YLT{
;>L	@Y=¢k ·]tTl�¸�x	lB¹ yzk ·sº§»Yprlqpr¼	pr´.tTlZk`n�prvsh�prnK½�hrt	nok`h�Çeprh*µ Å ¿Khrx
¸Fx
prhstTlYy�h>iTÂNpr´�h�prn6xÈ·2½�Ã�ÉNiNj�j�kml�j�nolqprh>h*k`h*¸Ip`ÇÊlqpO¸zk`l�h>n�p�ÂBh>¿�t	h
·�xF¹`¹0x	ºÊh�Ã

Ë ²:l¾kmn�prvsh�prn:ÌPÍ�ÎÏÌ¾k`hztfh>iNj>j�k`l�j�n*h�prno¿*k ·�k`n*j>t	lÑÐ�pfpOÒFu
ÂB´Oprh�h�pO¸¢t	h�ÓNÔNÕoÌ^ÖÊ·�x	´�hrx	v�p�h�p�¹EpOj�nokwxTlzÂB´OpO¸	kwj>t	n�p#×�¿)º,»Npr´>p
Ó¾k`hÀnm»Yp*h�p�¹EpOj�nokwx	l�xrÂNpr´OtTn�x	´PÃ

Ë ½,ØÙÎÚ~	Û¾kmhft«h>iNj�j�kml�j�n5Â^x	ºepr´�h�prno¿zk ·¢nm»Ypr´>p�k`hftzÇ§ÒIpO¸
lYi&v]Ðrpr´¢x�·Sh�iNj>j�k`lBj�n�h�prnohgÌFÜ�Ý>Ì
ÞTÝ�ß�ß�ß�ÝOÌ
àRÎáÌB¿*h>iNj�»Rnm»Nt	n
½,ØÏj>t	l|Ðrp5pOÒrÂY´>prh>h�p>¸]k`l�n�pr´�vshÀx�·�nm»Yp:h>no´rkoj�n!Â^xTº#pr´�h�prnoh6xÈ·
Ì Ü Ý�ßPß�ß�ÝOÌ à i&h>k`lIâ�i&lYkwxTl�tTl�¸gvsk`lNi^h�Ã

Ëäã k`lBtF¹`¹ yT¿Kt|j>x	lNh>no´Ot	k`lNnKµ Í k`h�MOaNJ�J�C0@YJ�;5ÂY´Ox	¼Pkw¸Áp>¸]åPæIçOèBéÁÕoÌ^Ö
k`h6t�h>iNj>j�k`l�j�n§Â^xTº#pr´�h�prn�Ã ê

8á_mLFa^?O;>[XJPAT;>=�U	L	?OGIHsj>x	lY¼	pr´�nokwÐ�ko¹ k`noyTH2d#A	MzM�;>aBWNC0=PWÑC0@�} ~	�&��~TëT��H
d�[NC0Jr[SJ�LTDF=�?>M���A	@IGg;>LFaNUF[SJ�L	@YM�;O?�ATCE@I;>M�HN90CEìF=5æ^íÁîqÕ�Ö(ï«íBb

���^�I�m�q�E���m�!� ~Ib ~&b��>ª����!¬��&­
�P�m®§¯m�¾¦	���§°���­
¨B�m�!�P°T±�ð#k`¼	prlRt	l
xT´O¸Ipr´�ñòx	¼	pr´]nm»Ypgh�prn6x�·]k`n�prv�h2ÌB¿Àt	läkmn�prvsh�prnK½§ó(ôöõOÜ>õ�ÞÊ÷�÷�÷Oõ�ø
kmh]j>tF¹`¹EpO¸¢t]\^?>=�ùY�Rx�·�kmn�prvsh�prnK½¾ôúõ Ü õ Þ ÷�÷�÷>õ Å ºeÃE´PÃ0n�Ã�ñS¿�º,»Npr´>p
kmn�prvshgk`lRÐ>x	nm»äkmn�prvsh�prnohzt	´>pz¹ kmh�n�pO¸�tÁj>j�xT´O¸	k`lIâfn�x�xT´O¸Ipr´�ñût	lB¸
Õwü§ý«þ¢ÖPÃ(½ ó k`h5j>tF¹`¹EpO¸.t*\^?>LF\�=�?�\^?>=�ùY�Zx�·:½�k ·6Õwü§ÿ«þ¢ÖPÃ
²Ïj>x	lNh�no´�t	k`lNnKµ kmh�J�LF@&DÁ=�?O;>C0QN9E=*AT@&;>C<{��gLF@NL	;>L	@Y=�ÂY´Ox	¼Pkw¸Áp>¸.nm»Ypr´>p
kmh�t	lzx	´O¸Ápr´eñáx	l�k`n�prvshKh>iNj�»gnm»NtTn§º§»Yprlqpr¼	pr´2t	l�k`n�prvsh�prn!½ h�tTnwu
kmhmÇeprh�µ�¿§hrx�¸Áx
prh6t	lYyÀÂB´>p`Ç�Ò.x�·�½�Ã � n)kmheJ�L	@&DÁ=�?O;>C0QY90=:�gLF@YLT;>LF@N=
ÂY´Ox	¼Pkw¸Áp>¸�nm»Ypr´>pÀkmh�t	lzx	´O¸Ápr´(ñáx	l�k`n�prvsheh�iNj�»]nm»Nt	n§º§»Yprl�pr¼	pr´6t	l
kmn�prvsh�prne½ ¼PkwxF¹0t	n�prh2µ�¿ehrxS¸Fx
prhstTlYy*ÂB´>p`Ç�ÒSx�·6½�Ã5² j>x	lYh>no´OtTk`lYn
kmhsJ�L	@&DÁ=�?O;>C0QY90=�º§»Yprl�pr¼	pr´Sk`n�k`hzj>x	lY¼	pr´�nokwÐ�¹Ep�tTlYnokouwvgx	lBx	n�x	l�pfx	´
v]x	l�xTn�x	lqpPÃ ê

� L	;>=);>[BAT;,A	@IG�A	@I;>C<{��gLF@NL	;>LF@N=ÀÕ`?>=�MO\�b0HF�gL	@YLT;>LF@Y=PÖ!J�L	@YM�;O?�A	C0@I;,C0M
;O?>C0D&CEA	909<G*J�LF@&DÁ=�?O;>C0QN9E=(A	@I;>C<{��gLF@NL	;>LF@N=ÀÕ`?>=�MO\�b0HFJ�LF@&DÁ=�?O;>C0QY90=(�gLF@YLT{
;>L	@Y=
Ö����ÈaYM�;:\YC0J�ìzAT@IGzLT?�WN=�?:L	@|C<;>=��gM�b

�	��
���
��F� ~&b��§prn.pOtÁj�»Ñk`n�prv k`l nm»Ypfno´�t	lYhrtÁj�nokwxTlú¸Át	n�tÁÐ>t	h�p
kml���tÁÐ�¹Ep���»^t	¼	p*tTl�tTnono´rkwÐ�i&n�pÀD	A	90aN=���h>iNj�»¢t	hK\N?>LTùY;��P¿,ºÊk`nm»znm»Yp
j>x	lBj�´>prn�p]¼TtF¹ iYp�h�»Nx	ºÊl�k`l���tFÐ�¹Ep��&Ã � l�tF¹`¹§j>x	lNh>no´Ot	k`lNnohsh>iNj�»�t	h
å��Bþ�Õ�½ÊÖ! 6íB¿Êºep6k`v2Â�¹ koj�k`nw¹ ys´Op`·Ppr´�n�x�nm»&kmh6¼TtF¹ iYpPÃ

"$#&%�' ( ) * + % , - .
/0(�1324% 576 6 8:9;6 <=6 8:>;6 >;6 9;6 8?<=6

c�A	QY90=*���)c#[N=5DFAT90aY=�M�Õo=Fb UNb0HY\N?>L	ùN;rÖeL	_ÊC<;>=��gMKC0@�@úC0@¢c§ATQY90=]�Fb

��»Yp.j�xTlYh>no´Ot	kmlYn?ATæCBqî�DIÕ�½ÊÖ*ý �;EZ´OpGF�i^km´>prhgnm»Nt	n,·�x	´�t	läkmn�prvsh�prn
½e¿§nm»Yp2¼TtF¹ iYpÀ´OtTl&âIp5x�·Ànm»Yp2k`n�prv�h�k`lg½¾v�i^h>n(Ð�pÀl�x5â	´OpOt	n�pr´5nm»Nt	l
�7ENÃ � n!k`h�t	l.tTlYnokouwvgx	lBx	n�x	l�p6j�xTlYh>no´Ot	kmlYno¿§k`lgnm»Np�h�prlYh�p:nm»NtTn§k ·Kt	l
k`n�prv�h�prno¿eh�tTysæCH	¿)¼PkwxF¹0tTn�prh*nm»Npsj>x	lYh>no´OtTk`lYno¿Àt	lNy|xÈ·�k`noh�h>i
ÂNpr´rh�prnoh
ºÊko¹`¹,¼PkwxF¹0tTn�p�k`nJI�tTl�¸¢nm»&i&h�æ�H�j>t	lRÐ�p�´Oprvgx	¼	pO¸�h�tÈ·Pp�¹ y*·r´OxTv nm»Np
j>t	l�¸Tkw¸Át	n�pÀh�prn)¸	i&´�k`l&âstTl�²eÂB´�kwx	´�kou�¹ kLKÁp�·r´>pGF�iYprlYnÊk`n�prv�h�prn§vsk`lNk`l&â
ÂB´�xPjrprh>h�MON��OPPÃ
Q x	lNh�no´�t	k`lNnKµe¶;R=SUT³æ&íÁîqÕ�½ÊÖ6ï£~VEfk`h*l�x	nÀt	lNnokou�v]x	l�xTn�x	lqpW��lBx	´
vgxTl�x	n�x	l�pr¿6l�xT´gh�iNj>j�k`lBj�no¿6º§»&kwj�»äj�tTl¾Ð�p.¼	pr´�k Çep>¸fÐ�y�´>pOtÁ¸Ipr´�hX�	Ã
ã x	´]pOÒÁt	vÀÂ�¹Epr¿§æ&íÁîqÕJY&Z�ÖeôöÕ���[]\ �^[FÖG_F~gÿ�~^EI¿e¼PkwxF¹0tTn�prh*nm»Npsj>x	lBu
h>no´Ot	kmlYn�Ã?`5x	ºepr¼	pr´r¿�iTÂ^xTlStÁ¸F¸	k`l&â*x	lqp�vgx	´Op:k`n�prv�æ�¿Yæ&íÁîqÕoæCYaZ�Ö,ô
Õoë4[b\Ñ�;[�\ �^[FÖG_	�]ï¾~^E&¿�æCYaZZhrt	nok`h�Ç#prh2µ ¶;R=S Ã
� ·|ºep¢t	´r´�t	l&âIp¢nm»Yp�kmn�prvsh.k`läD	A	90aY=�{�W^=�MOJ�=�@YWNC0@YU x	´�¸Ipr´�¿Ucoæ�¿dZ�¿
î�¿eYB¿0H	¿ef�¿egT¿hDjir¿eºep]j>t	läxFÐ�h�pr´�¼	pgt	lfk`lYn�pr´Oprh�nokml&âsÂB´Ox�ÂNpr´rnoyT¿Àt	h
·�xF¹m¹0x	ºÊh�ÃUkz´�k`nok`lIâgkmn�prvsh�prnoh5ºeÃE´PÃ0n�Ã�nm»&k`h5x	´O¸Ipr´�¹EpOtÁ¸Th6n�xzt]lBx	nokwx	l
x�·gtsÂB´Op`Ç§ÒIÃ ã x	´�pOÒÁt	v2Â�¹Epr¿�k`n�prv�h�prn#ælZmY�»Nt	h�k`n�prvsh�prnoh5ælZXt	l�¸
æ³tTh|k`noh�ÂB´>p`Ç�ÒIprh�Ã � lYn�pr´>prh>nok`lIâF¹ y	¿gnm»Np�t	¼	pr´�tPâIp�x�·¢t	lXkmn�prvsh�prn
k`hglBxfvgxT´>p.nm»NtTl¾nm»Nt	n*xÈ·�k`noh5ÂY´>p`Ç§Ò	¿�tÁj>j>x	´�¸	k`l&â�n�x�nm»&k`hzx	´�¸Ipr´PÃ
��»&i&h>¿]k ·¢tSÂB´Op`Ç§Òon ¼PkwxF¹0tTn�prhSnm»Yp�j>x	lNh>no´Ot	k`lNno¿ghrxR¸Áx
prh�pr¼	pr´ry
¹0x	lIâIpr´zk`n�prv�h�prn*ºÊk`nm»Wn t	h5ÂB´Op`Ç§ÒIÃp��»&i&h>¿*j>x	lYh>no´OtTk`lYn6µ ¶;R�S kmh
j>x	lY¼	pr´�nokwÐ�¹Epq��t	lNnokouwvgx	lBx	n�x	lqp&�	Ã ê

c#[Y=�MO=S_`LFa^?�JPAT;>=�UFL	?>C0=�M.L	_6J�LF@NM�;O?�A	C0@I;>M.J�LTDF=�?.A�9EAT?>U	=¢J�9EA	MOM.L	_
\�LF\NaY9EAT?>9<G|=�@YJ�L	aY@I;>=�?>=PWSJ�LF@YM�;O?�ATC0@&;>M�b:8£?>=�\N?>=�MO=�@I;�A
;>CEDF=*MOaNQYMO=�;
L	_ÊJ�LF�g�gLF@N9<G�aYMO=PWqHsrltvu!{�QBATMO=PW.J�LF@YM�;O?�ATC0@&;>M:C0M�9EC0M�;>=PWzCE@Sc§A	QN9E=
ë]AT@BWqE&b:ÕxwYLT?KQN?>=�D^C<;�GIHÁd#=6L	@Y9<G�MO[YLPd�A�MO��A	909qMOaYQNMO=�;KL	_�?>=�\N?>=r{
MO=�@I;�AT;>C0DÁ=*J�L	@YM�;O?�A	C0@I;>M�H!C0@^DFLF90D&CE@NU.A	UFUT?>=�UÁA
;>=�M�b�r^=�=.} ~&�	�(�P�
�Ê_`LT?
�gL	?>=6WN=�;�ATCE90M�b Ö

3. CONSTRAINED FREQUENT PATTERN
MINING IN PATTERN-GROWTH METH-
ODS

�XC<;>[�;>[Y=#ATQ�L
DÁ=e=�@&aN�g=�?�AT;>=PW6C0@I;>=�?>=�M�;>C0@NU2J�L	@YM�;O?�A	C0@I;>M�HÁL	@Y=(��APG
A	MOìzy>»Nx	º j>t	lRº#p�ÂYi^h�» nm»^x	h�p�j>x	lNh>no´Ot	k`lNnoh¢¸Ip>p�ÂÑkmlYn�x�nm»Yp6·�´>p�u
F�iYprlYn!Â^t	non�pr´�l¢vsk`lNk`l&â:ÂY´OxPj�prh>h|{x}�~È@g;>[YC0M(MO=�J�;>C0LF@!H^de=ÀC09090aYM�;O?�A
;>=
;>[Y=�U	=�@Y=�?�AT9§CEWN=PATM2LT_(J�LF@YM�;O?�ATC0@Y=PW|_�?>=P�IaY=�@I;À\BAT;O;>=r?>@S�gC0@YC0@YUgC0@
\BA
;O;>=�?>@N{�UT?>L
dK;>[|�g=�;>[YL&W^Med�C<;>[SMOLF�g=5=��NAT�g\Y90=�M�b
8À9<;>[NLFaYU	[6;>[Y=�?>=)A
?>=)��AT@IGÀ_�?>=P�IaY=�@I;!\BA
;O;>=�?>@5�gC0@YC0@YU�AT9EU	L	?>C<;>[Y�gM
A	@YWf��AT@IG¢C0@&;>=r?>=�M�;>C0@YU|J�LF@YM�;O?�ATC0@&;>M�H�@YLT;5=�DÁ=�?OG�J�LF@YM�;O?�ATC0@&;6JPA	@
Q�=.\YaYMO[N=PW WN=�=�\«C0@I;>L�;>[Y=.�gCE@NC0@YU�\N?>LIJ�=�MOM]L	_À=�DÁ=�?OG�_m?>=P�IaY=�@&;
\BA
;O;>=�?>@Z�gC0@YC0@NU¢A	90UFLT?>C<;>[Y�Sb|8 ;ÈG^\YC0JPAT9eMOaNJr[�=��NA	�g\Y90=gC0M�;>[BAT;
A�J�LF@&DÁ=�?O;>C0QN9E=:J�L	@YM�;O?�A	C0@I;#;>[YAT;KC0M#@N=�C<;>[Y=�?e�gLF@YLT;>LF@NCEJ	H&@YL	?KA	@I;>C<{
�gLF@NL	;>L	@YC0JFHK@NL	?.MOaYJ�J�CE@NJ�;PHKJPAT@Y@NL	;.Q�=¢\YaNMO[Y=PW«WN=�=�\¾C0@I;>L�;>[Y=
�?�^�$� �|�$� �gC0@YC0@YUsA	90UFLT?>C0;>[N�Sb
wYLT?e=��NAT�g\Y90=FHÁC<;>=��gMO=r;�Y&ZgCE@gL	aN?)?>aY@N@YC0@YU6=r�YAT�g\Y90=KD&C0LF9EAT;>=�M);>[Y=
J�L	@YM�;O?�A	C0@I;6æ&íÁîqÕ�½ÊÖ:ï ~VE&bv�ÀLPd#=�DÁ=r?PHqA	@ �?�^�$� �|�$� {�90CEìF=�AT90UFL	?>C<;>[N�
JPAT@Y@YLT;e\^?>aY@N=KMOaYJ�[gA	@gC<;>=��gMO=�;Pbh�À;>[Y=�?Od�C0MO=FH&C<;>M)MOaY\�=�?O{�\YAT;O;>=�?>@!H
æCYaZ�HNd�[YC0J�[¢M>AT;>C0M�ùB=�M�;>[Y=5J�LF@YM�;O?�ATC0@&;PHBJPA	@N@YL	;:Q�=�UF=�@Y=�?�A
;>=PW!b	~È@
UF=�@Y=�?�AT9wH:MOaNQN{�\BA
;O;>=�?>@YM]LT?.MOaY\�=�?O{�\BA
;O;>=�?>@YMgLT_*A�D	A	90CEW¾\BA
;O;>=�?>@
J�L	aY9EW�de=�909�Q�=ÀC0@^D	A	90CEW.A	@BWgD&C0J�=6DÁ=r?>M>A^b)c#[&aYM�HId�C<;>[YC0@.;>[Y=290=�DF=�9<{
d�C0MO=�_m?�AT�g=�d#LT?>ì�H6@YL«W^C0?>=�J�;¢\N?>aN@YC0@YUäQYA	MO=PW LF@ MOaNJr[�A J�LF@^{
M�;O?�A	C0@I;:JPA	@|Q�=6��AFW^=Fb
y>²:´Op�nm»Ypr´Opst	lNygv�prnm»NxP¸gnm»Nt	n(k`h2v]x	´>pKÂ^x	ºepr´`·ri^¹�t	n�ÂYi^h�»&kml&â�nm»Np
tÁÐ>x	¼	pSj>t	n�pwâÁx	´�k�prhzx�·.j�xTlYh>no´Ot	kmlYnoh|¸Ip>p�Â�¹ y�k`lYn�x¢nm»Yp.v�k`lYk`lIâgÂY´OxFu

rC~G�]�d�v�p�Ê�^\Y90LT?�AT;>C0LF@NM�b �)LF90aN�g=2ëNHm~ÈMOMOaN=s�6{(\BA	U	=��F�



�e�;�4�X�&�&���3�j� �	�7�&� �J�d�;�^���&�;�4� ���;�4���O�;�4� �V�4�����3�4�G�
� �$¡£¢J¤£¥!¦�§ �4� ¨7��� ¨7���
� �$¡£¢J¤£¥!©�§ ¨7��� �4� ¨7���
��ª7«¬¢J¤£¥!¦�§ ¨7��� �4� ¨7���
��ª7«¬¢J¤£¥!©�§ �4� ¨7��� ¨7���
­�®°¯C¡m±a¢$¤�¥e¦²§ ¨7��� �4� ³h�=��´Vµ ¨
­�®°¯C¡m±a¢$¤�¥e©²§ �4� ¨7��� ³h�=��´Vµ ¨

¶=¯C�·¢J¤£¥e¦²§�¢L¸lªd¹�¤hº4ª»©½¼7¥ ¨7��� �4� �4�
¶=¯C�·¢J¤£¥e©²§�¢L¸lªd¹�¤hº4ª»©½¼7¥ �4� ¨7��� �4�

¶�¯��·¢$¤�¥h¾]§|ºC¾�¹U¿j¦?À�©	Á»¢Â¸lª»¹�¤eº|ª»¾]¼7¥ �4� �4� �4�
Ã;ª7¡mÄjÅj¢$¤�¥e¦W§ ¨7��� �4� �4�
Ã;ª7¡mÄjÅj¢$¤�¥e©W§ �4� ¨7��� �4�

ª7§jÄ|¢$¤�¥!¾]§|ºC¾�¹U¿j¦?À�©	Á �4� �4� �4�
¶�¯VÆ¬¢$¤�¥0©²Ç ¨7��� �4� �4�
¶�¯VÆ¬¢$¤�¥0¦²Ç �4� ¨7��� �4�

ÈeÉVÊlËÂÌdÍlÎ	Ï	Ð¬É7Ñ=ÉVÒ°Ó�Ì°Ñ�ÔÂÕ;É7Ó�ÔÂÖ^×²ÖVØhÒ°Ö^ÙUÙUÖ^×lË3Ú·ÛmÜGÌ;ÝÞÒ°Ö^×mÜaÓGÑ=ÉjÔÂ×CÓ�Ü�ß

�e�;�4�O�O�a���3�7� �h�;�7à7���O�O�3á4µ3� �e�;�jà7���O�O�3á4µ3� �7�&�O�;�4â;µ ¨
���j�O� �J�d�;�4���O�;�4� �d�;�^���&�;�4� ���;�jà7���O�O�3á4µ3�

ª7§7Ä|¢J¤£¥0¾	§�¢ã¾]¹·¿j¦?À�©	Á�¥ ¨7�=� ¨7��� ¨7���
� Å°ä;�Jª7¡�¢$¤�¥£¾å§�¢$¾]¹U¿j¦?À�©	Á�¥ ¨7�=� ¨7��� ¨7���

¶�¯C�q¢$¤�¥e¦²§�¢æ§�©½¼^ÀJ¸lªv¹U¤sÀOªjçl¼^Àa¾^ÀOçU¹·¿j¦?À�©	Á�¥ ¨7�=� �4� �4�
¶�¯C�q¢$¤�¥e¦²§�¢æ§�¦½¼^ÀJ¸lªv¹U¤sÀOªjçl¼^Àa¾^ÀOçU¹·¿j¦?À�©	Á�¥ �4� ¨7��� �4�
¶�¯C�q¢$¤�¥e©²§�¢æ§�©½¼^ÀJ¸lªv¹U¤sÀOªjçl¼^Àa¾^ÀOçU¹·¿j¦?À�©	Á�¥ �4� ¨7��� �4�
¶�¯C�q¢$¤�¥e©²§�¢æ§�¦½¼^ÀJ¸lªv¹U¤sÀOªjçl¼^Àa¾^ÀOçU¹·¿j¦?À�©	Á�¥ ¨7�=� �4� �4�
è ¢J¤£¥h©²§�¢ è �3�:�]é4�O��ê^ë ì^�=���O�����O�3�4â]íæ�4�4�G�O�3�;� ¥ ¨7�=� î î
è ¢$¤£¥h©W§U¢ è �3�:�]é4�&�Gê4ë��3�4���O�����O�3�4â�íæ�4�4�G�O�3�;� ¥ î ¨7��� î
è ¢J¤£¥h¦²§�¢ è �3�:�]é4�O��ê^ë ì^�=���O�����O�3�4â]íæ�4�4�G�O�3�;� ¥ î ¨7��� î
è ¢$¤£¥h¦W§U¢ è �3�:�]é4�&�Gê4ë��3�4���O�����O�3�4â�íæ�4�4�G�O�3�;� ¥ ¨7�=� î î

ÈeÉjÊmËÂÌ�ïCÎ	Ï	Ð¬É7Ñ=ÉVÒ°Ó�Ì�Ñ�ÔLÕ�ÉjÓ�ÔÂÖ^×²ÖVØeÜGÖ^ÙUÌvÒ�ÖVÙUÙUÖ^×lËÂÚqÛlÜGÌ;ÝðÒ�ÖV×Cñ4Ì°ÑGÓ�ÔÂÊmËÂÌdÒ�ÖV×mÜaÓGÑ=ÉVÔÂ×|Ó�Ü�ßbòOó�ÙUÌ;Éj×mÜ?Ô3Ó�ÝlÌ�ôsÌ�×mÝlÜ?ÖV×ðÓ�ÐmÌ]ÜGôsÌ�Ò�Ô3õ¬Ò»Ò�ÖV×mÜaÓGÑ=ÉVÔÂ×|Ó;ß ö

÷=ø�ù�ù4úXû�ü Û�Ñ�ÉV×lÜaýåÌ°Ñ�ÔÂÜUþOÚ4Ì�Ü�ÿ û ý�Ô3Ó�ÐÞÉ�ÜGôsÌ�Ò�ÔLÉVË�Ñ�Ì�Ò�ÖVÙUÙUÌ�×¬ÝlÉjÓ�ÔÂÖ^×
ÖjØ���� ø���� ��� ø
	
�
����	���� ����� ø ��� ��� ß

���������� "!$#�ß&% ø �(' ù �*) �sø
+
	Gø-, ' ø
� � ��� ��� ø
	.�mù/� )���� ÷-���mù � 	�� ) � �
02143�576 ò98!ö;:4<^ï ��=Vø
	 � 	����mù
�4÷ ��) �>�?�7� � �7@-�Vù°ø*A ) �CBD�7@FELøHGJI
� )����K��� ø�ù ' �7����	 �*��� 	Gø�ù � �"EL�NMPO <RQCS.� ø � ù ) � ø
=Vø
	.T )�� ø � ù°ø �
�>	�øUE ) ù � øV� ) �W=>�"E ' øX�|ø�ù�÷=ø
�(� ) �Y�Z��	��|ø
	\[^]�_ 3 òJÍ7`4ö I(a òb#"`^ö I 6 ò9<�`^ö I
c ò�dF`4ö Ife òb`4ö Ihg ò�i;d�`^ö Ifj ò�i&<>`4ö Ilk ò�im#"`^öVn�Q;S.�\) ùdù � �>�o� ) �pB(�7@FELø
q ��� � � ÷-���lù � 	V� ) � � 0 ) ù Ò�Ö^×Cñ4Ì�ÑGÓ�ÔLÊlËÂÌðÉj×|Ó�ÔLrXÙUÖV×mÖVÓ�ÖV×mÌ � Q 	 Qs�tQ [ Q
B � ø �*) � ) �u�;�D	��;÷=ø�ù=ù ) ù�ù � ���l� ) �Hv ) � ' 	�øZG Q
w T½ù�÷-���R� ) �u�xAy���s÷=ø
I;�	øUzo�D� ��� øðù ' �7����	 � ÷-� ' � � ùU+F��	ðø
=Vø
	.T
)�� ø �WQ|{R) �s÷=ø;g}�
�7�løV��	=ù ) �~���DE Tx����ø � 	V�>�mù
�4÷ ��) ���RI )��m) ùZ��� ) �D�
+.	�øV, ' ø
� ��)�� ø � ùH���D� ) ù ���Y' ù���	V�.�7�løV��� )���� � 'Y� + ' 	 ��� ø
	�÷-���mù ) �"�
ø
	�� ��) ��� Q B � øUù°ø � ��+�+
	�øV, ' ø
� �&d � )�� ø � ù°ø � ù|��	Gø 3 I�a�I 6 I c Ioe>I/j
�>�(��k7IUE ) ù � ø-� ) �K��	��|ø
	*[ Q^�m� ���Y� ��� ø � I��>�DE T 3 ���D�xa ù�� � �
) ù�+.T ��� ø»÷-���mù � 	V� ) � ���7Q�{R) �s÷=ø 0 ) ùX�U÷-���R=Vø
	 ��) @FELø���� ��) � � ���(� � ����ø
÷-���lù � 	V� ) � � I )�� ø � ù�ø � ù � ��= ) �Y� 6 I c I�e>IojN��	�k��jùX�D	�ø�z��o÷-���R�(� �
ù
� ��) ù�+.T ��� ø]÷-���mù � 	V� ) � �tQ B � ø
	�ø�+F��	Gø
I ��� øbù°ø � ��+�+
	GøV, ' ø
� �h)�� ø � ù�ø � ù
ù
� ��) ù�+.T ) �u� ��� ø�÷-���lù � 	�� ) � � ÷-���^@=ø����>	 ��)���) ����øV� ) � � � � �/��ù ' @°ù°ø � ù�]

G Q B � øx���sø�ù � ��= ) �u� )�� ø � ù°ø � 3 �Vù|�H�
	�ø�zh��� Q 	 Qs�tQ [xI )9Q ø Q I
��� �Vù°ø�÷-��� � � ) � ) �Y� )�� ø � 3�� ���D�

� Q B � ø��>��ø�ù � ��= ) �u� )�� ø � ù�ø � a$�Vù|�|�D	Gø�zh��� Q 	 Qs�tQ [xI )9Q ø Q I
��� �Vù°ø�÷-��� � � ) � ) �Y� )�� ø � aK@ 'Y� �D� 3 Q

�=ÈåÐmÌ]Ø$ÉVÒ°Ó?Ó�ÐmÉjÓ�Ô3Ó�Ì�ÙUÜGÌ°Ó 6 ÝlÖ|Ì�Ü?×lÖVÓ�Ü�ÉjÓ�ÔÂÜaØæÚqÓ�ÐlÌvÒ�ÖV×mÜaÓGÑ=ÉVÔÂ×|Ó�ÔÂÙZr
ôlËÂÔLÌ°Ü ×lÖ^×mÌ�ÖVØbÉV×|ÚPd�rXÔ3Ó�Ì�ÙUÜGÌ°Ó�Ü»É7ØãÓ�Ì°Ñ 6 ÔÂ× ÖjÑ=ÝlÌ°Ñ [ Ò;ÉV× Ü�ÉjÓ�ÔÂÜaØãÚ
Ó�ÐlÌdÒ�Ö^×lÜaÓGÑ=ÉVÔÂ×|Ó 3�576 ß

B � ø � ���Uù ' @°ù�ø � ù ÷-����@=ø ��) ��øV�Z	�ø�ùb�løG÷ ��) =Vø�E T Q

G QX���L�>�;�����F�
�>������� �V�>�&���
���/�V�J�-� �����"�L�J���
�>�&�
�R�J���
���"�L���/�u�>�|�>���� 
�L�J� 3 �>���¢¡"���
£u¤�¥ v ) 	=ù � I 3 ) ùW��+
	�øV, ' ø
� �X)�� ø � ù°ø � ù
� ��) ù.�
+
T ) �Y� ��� ø�÷-���lù � 	V� ) � �tQ B � ø
�
I ��� ø�+
	GøV, ' ø
� ��)�� ø � ù°ø � ù � ��=J�
) �Y� 3 �Vù*���D	V�.�lø
	;�D	�ø�z��½÷-���P@=ø�+F� ' �D� ) � ��� ø�ù ' @°ù°ø � ��+
� 	V���lù��^÷ ��) ���mùU÷.�>� � � ) � ) �Y� 3 I\� �Y) ÷ �^) ù�÷-�"E�ELø-� 3 rXôlÑ�ÖJ¦aÌ°Ò°Ó�Ì;Ý
ÝmÉjÓ=ÉjÊ¬ÉjÜGÌYQ�{R) �s÷=ø 3 �
�"�lø-�>	�ù ) � ø
=Vø
	
T � 	V�>�mù
�4÷ ��) ��� ) � ��� ø
3 �L�D	���§7øG÷ � øV�¨�"� � �7@-�Vù°ø
I )��©) ù�� ��)���� øV� Q B � ø 3 �s�D	���§7øG÷ � øV�
�7� � �7@-�Vù°ø ÷-��� � � ) �lù � �/� � 	V���lù��^÷ ��) ���mù�]$e
j c a2���(�ªj c k>a Q
{
) �¬÷�ø )�� ø � ù�e?���(�PkC��	�ø ) �F+
	�øV, ' ø
� � � )����Y) � ���u) ùH�
	V�"�
§7øG÷ � ø-�W�7� � �7@-�Vù°ø
I/�sø )���� ø
	 3 e��D��	 3 k·÷.�>�^@�øl+
	Gø-, ' ø
� �tQ&{ ��I
��� ø
TW��	Gø��D	 ' ��øV� Q B � øf+
	GøV, ' ø
� ��)�� ø � ù ) � ��� ø 3 �s�D	���§7øG÷ � øV�
�7� � �7@-�Vù°ø ) ù\a
« c «Vj>IlE ) ù � ø-� ) � ��� ø���	��|ø
	�[ Q�{R) �s÷=ø 3 j©�7�7ø�ù
�(� � ù
� ��) ù�+
T ��� ød÷-���mù � 	�� ) � � I ��� ø
	�ø ) ù��(����ø�øV� � ��÷�	�øV� � ø;���
3 j��s�
	V��§7øG÷ � øV�x�7� � �7@-�Vù°ø Q
B(�»÷ � øG÷.¬;� � � � ÷.�>��@=ø �*) �sø-� ) � ��� ø 3 �L�D	V��§;ø�÷ � øV���7� � �7@-�Vù°ø
� )���� 3 a­���(� 3 c I¢�jùx�D	�ø�z���I¢	�ø�ùb�løG÷ ��) =Vø�E T>I^�	ø~��ø�øV� � �
÷.�>�mù � 	 ' ÷ �m��� ø � �/�*�D	V��§;ø�÷ � øV�¢�7� � �7@-�Vù°ø�ùW���(� �*) �sø ��� ø �WQ
B �Y) ùW�D	V�;÷=ø�ù�ù ) ùWù )��*) EL��	 � � ��� ø ��) � ) �Y�®��+ 3 �s�D	���§7øG÷ � øV�
�7� � �7@-�Vù°ø�ù Q B � ø 3 a rXô�Ñ�Ö>¦&Ì�Ò°Ó�Ì;Ý ÝmÉjÓ=ÉjÊ¬ÉjÜGÌ ÷-��� � � ) �mù � ���
+
	�øV, ' ø
� �o)�� ø � ù c ���(�Xj>Io���(�©�>�DE T 3 a c ù
� ��) ù�z	ø�ù ��� ød÷-���D�
ù � 	�� ) � �tQ�¯ ��	Gø-�>=Vø
	
I!ù ) �s÷=ø 3 a c jZ�"�7ø�ùm�D� � ù
� ��) ù�+
T ��� øv÷-���D�
ù � 	�� ) � � I ��� ø��D	��;÷=ø�ù=ù ) � ���Y) ù|@�	V���¬÷ �ª) ù·÷-� � �(ELø � ø Q�{
) �¬÷=ø
3 a
j~= ) �"EL� � ø�ù ��� øo÷-���mù � 	�� ) � � I ��� ø
	�ø ) ù��(�~�sø=øV� � ��÷-���D�
ù � 	 ' ÷ � 3 a
j��s�D	���§7øG÷ � øV���7� � �7@-�Vù°ø Q B � ø 3 c rXôlÑ�ÖJ¦aÌ°Ò°Ó�Ì;ÝdÝmÉ7Ó=ÉVÊmÉVÜGÌ
÷.�>� � � ) �lùZ�>��ø\+
	Gø-, ' ø
� �&)�� ø � j�I�@ '�� 3 c jx�"�7ø�ù��D� � ù
� ��) ù�+
T

°Y±V²U³;´X´¶µl· ômËÂÖjÑ=ÉjÓ�ÔÂÖ^×lÜ�ß ¸:Ö^ËÂÛlÙUÌ]Ílÿ ± ÜGÜGÛlÌ*dXr�ô¬É�¹VÌ�#VÍ



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

Tran. DB
afdbc
fgdbc
afdce
fghce

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

C(g)=true
C(f)=true

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
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4. PATTERN-GROWTH SEQUENTIAL PAT-
TERN MINING WITH CONSTRAINTS
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