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T (a tree in D)

S3

2

 1

 3

 1

 0

support = 1

T’s String Encoding: 0 1 3 1 −1 2 −1 −1 2 −1 −1 2 −1

not a subtree; a sub−forestweighted support = 2

string = 1 1 −1 2 −1

support = 1
weighted support = 1

string = 0 1 −1 2 −1 2 −1 2 −1

n4, s = [4, 4]

n5, s = [5, 5]

n6, s = [6, 6]

n2, s = [2, 4]

n3, s =[3, 3]

n1, s = [1, 5]

n0, s = [0, 6]

match label = {03456}match labels = {134, 135}
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Equivalence Class 3

 4

 2  1

Prefix String: 3 4 2 −1 1

 x

 x

 x x

n0

n1

n2 n3  (x, 1) // attached to n1:   3 4 2 −1 1 −1 x −1 −1

 (x, 3) // attached to n3:   3 4 2 −1 1 x −1 −1 −1

(x, 0) // attached to n0:   3 4 2 −1 1 −1 −1 x −1

Element List: (label, attached to position)
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± ��� > �p��5Z³��+�p�76£µ�´�� > �! ���F:��

����"'F�� ���
¸}¹QeZº2»�¼'X �:>�½#¾B¿�ÀmÁGÂ�Ã9Ä�Å
ÁeÆ Ç�Ä3Ã*à¡ÉSÊ#Ë�Á�ÌbË'ÀmËS¾�Ê#À*ÍuÌ3Ñ�ÍBÀmÀ Ò Ã9Ï%Û

ÐSÑ�Í Ò Ã�ÕG¾BÄ*À�Ç Ô Ò Ä3Ã�Ã9À�¾pÕ!ÀmÁ98pÃ;:�Ê#Á Ò Ë Ò Ë!Ã*À9ÍpÏ¤Ã�ÐSÄ3Ã9Ø�Î�À�Ç�Ô Ò Ä3Ã�Ã=< ¾BÕ
ÀmÁ>8BÃ;?�É�Ê#Á Ò Ë¤À Ò ÄmÁR¿�Æ%Ãb¿SÌ�¾<Â�ÁR¿�Æ�@ Iy��n]o']<�<�¡Ö%A+Ã9Ä3Ã2"�Â�Ãb¿S¾ Ò ÃbÀ
ÍB¿OÍBÄpÔBÁ Ò Ä9ÍpÄ�áOÑ:Í�Ô�Ã9Ñ<Õ:Ä9¾pÏ ^�Ö�×�Ë!Ã2â�ÍBÑ�Á:Â+Ð�¾pÀmÁ Ò Á�¾p¿�À�Ê#Ë!ÃbÄ3Ã Ò Ë!Ã#Ñ�ÍpÀ Ò
¿S¾<Â�ÃOÊ#Á Ò ËAÑ�Í�Ô�Ã9Ñ#"AÏ�Íbá�Ô�Ã�Í ÒmÒ Í�ÌbËSÃ�Â Ò ¾ Ò ËSÃuÐ Ä3Ã9Ø�Î-ÍBÄ3Ã7X5Ü�LPX#6
ÍB¿SÂHXCBBÉ�ÀmÁ�¿SÌ�Ã{Á�¿�Ã�Í�ÌmË-¾pÕ Ò Ë!ÃbÀ3Ã{Ì�ÍpÀ3Ã9À Ò Ë!Ã2À�Ç�Ô Ò Ä3Ã�Ã{¾�Ô Ò ÍpÁ�¿!Ã�ÂAÔ3á
Í¡Â�Â<Á�¿�ÆA" Ò ¾#< ËSÍpÀ Ò ËSÃOÀ9ÍpÏ¤ÃtÐSÄ3Ã9Ø�Î5Ö2�+¾ Ò Ã Ò Ë Í Ò Í�¿S¾<Â�ÃHÍ Ò Û
Ò Í�ÌmË!Ã�Â Ò ¾�Ð�¾BÀmÁ Ò Á�¾B¿MX\oHÌ�ÍB¿�¿ ¾ Ò Ô�ÃuÍ�â�ÍBÑ�Á:Â�Ï¤Ã9ÏMÔ�Ã9Ä2¾pÕ#Ì3Ñ�ÍBÀmÀ�@'É
ÀmÁ�¿SÌ�Ã{Á Ò Ê#¾<Ç�Ñ:Â�á Á:Ã9Ñ:ÂMÍHÂ�Á>D�ÃbÄ3Ã9¿ Ò ÐSÄ3Ã9Ø�ÎSÉ�Æ�Á�âBÃ9¿-ÍpÀM�Mn�ou"�Ö
×�Ë!Ã+Ø�Æ�Ç�Ä3Ã�ÍBÑ�À9¾HÀmËS¾�Ê#À Ò Ë!Ã�Í�Ì Ò Ç�ÍBÑ�Õ[¾BÄmÏ�Í Ò Ê#Ã%Ç�À3Ã Ò ¾OÀ Ò ¾BÄ3ÃtÍB¿
ÃE��Ç�Á[â�ÍBÑ:Ã9¿ Ì�Ã�Ì3Ñ�ÍBÀmÀ3ß}Á Ò Ì�¾B¿�ÀmÁ�À Ò À�¾pÕ Ò Ë!Ã�Ì9Ñ:ÍpÀmÀ�Ð Ä3Ã9Ø�ÎAÀ Ò ÄmÁ�¿�Æ�É}Íp¿!Â
Í-ÑRÁ�À Ò ¾pÕ�Ã9Ñ:Ã9Ï¤Ãb¿ Ò À�Ö�F}Í�ÌbËiÃ9Ñ:Ã9Ï¤Ã9¿ Ò ÁRÀ'Æ¡Á[â�Ã9¿�ÍBÀ�ÍHG["�L(0QL7Ð!ÍBÁ�Ä3É
Ê#Ë!ÃbÄ3Ã¤"iÁ�À Ò ËSÃ¤/!G<kEHp/7¾pÕ Ò Ë!Ã%Ñ:ÍpÀ Ò ¿S¾<Â�Ã�ÉuÍB¿SÂI0iÀ�Ð
Ã�Ì9ÁRØSÃ9À Ò Ë!Ã
Â�ÃPÐ Ò Ë Û[Ø�ÄmÀ Ò Ð�¾pÀmÁ Ò Á�¾p¿�¾pÕ Ò ËSÃ4¿ ¾<Â�Ã2Á�¿	< Ò ¾�Ê#Ë�Á:ÌmË�"�Á�À2Í ÒmÒ Í�ÌmË!Ã�ÂSÖ
ÅS¾pÄ+ÃmÎ ÍpÏ�ÐSÑ:ÃBG["�L �0L4Ä3Ã9Õ�Ã9ÄmÀ Ò ¾ Ò ËSÃ+Ì�ÍBÀ3Ã'Ê#Ë!ÃbÄ3Ã+"MÁRÀuÍ ÒmÒ Í�ÌbËSÃ�Â Ò ¾
¿S¾<Â�Ã�X 6 Í Ò Ð�¾pÀmÁ Ò Á�¾p¿ �¡Ö ×�ËSÃ�Ø�Æ�Ç�Ä3Ã�ÀmË ¾�Ê#À Ò ËSÃMÃ9¿ Ì�¾<Â<Á�¿�Æ)¾BÕ
Ò Ë!Ã4À�Ç Ô Ò Ä3Ã�Ã9À4Ì�¾BÄmÄ3Ã9À�Ð�¾p¿!Â<Á�¿�Æ Ò ¾'Ã�Í�ÌmË�Ì9Ñ:ÍpÀmÀ{Ã9Ñ:Ã9Ï¤Ã9¿ Ò ÖJ�u¾ Ò Ã2Ë ¾�Ê
Ã�Í�ÌbËO¾BÕ Ò ËSÃ9ÏxÀmË ÍBÄ3Ã9À Ò Ë!Ã#À9ÍBÏ¤Ã
Ð Ä3Ã9Ø�Î%ÇpÐ Ò ¾ Ò Ë!ÃFG��#])�0L Ò Ë�¿S¾<Â�ÃBÖ
×�Ë!ÃbÀ3Ã+À�Ç�Ô Ò Ä3Ã�ÃbÀuÍpÄ3Ã{ÀmËS¾�Ê#¿A¾p¿�Ñ áAÕG¾BÄ�Á�ÑRÑ�Ç�À Ò Ä9Í Ò Á�¾B¿MÐ
Ç�Ä�Ð�¾BÀ3ÃbÀ3ß£Ê�Ã
¾B¿�Ñ áAÀ Ò ¾pÄ3Ã Ò Ë!Ã+Ã9Ñ:Ã9Ï¤Ãb¿ Ò Ñ�Á�À Ò Á�¿AÍOÌ3Ñ�ÍBÀmÀ�Ö
�?� �K<�,K�)D���� m�k�����,R�������$%'
F����t����']`�.�*3_�)�����T��C��$��%8�9(8����%.�
~ <M�:�ML 6 ��%M��� 
!���*��%M�5���*1�"�('���-G!34�O%.&$�5�U��C��_����,���1�����DR�U3-C�������C������
������%<('&B,���	.���5�l��L >��a
UG["�LPW6LU����(8�T��"���&$������%'
K��C��_1�"�('����2�34�O3O�������
�5��('�FG["�LmW6L}jH~ <M�z>*��(81 C�G["�LmW6L�D;('�5��1�%8��������DK%.��#��*��%<(�����,R�������O%'

����t��+�K2R��C;(0������	K<²('�4��C��=DR����m�kQ2�3-�5��C)��C��F"�('�7�O��%:#��M"�(8,K��"���#�"?2
(8���9(81 C���#u��%)��%:#��tX Y ����<J>F@H�������]��C��]��%'�9(8����%'��< l ��%$����
!� �
��%J��C�������3|DR����m�kN����,R�������M

%'��&$��#�,��N('#�#�����	uG["�LPW6L4��%N<J>
O*X�º2º-e��.>�P�¡ ­�<�£9¡M�g¦�«��'¥�¥<¨;´�¡('*)g¥bV�£�­I´�¡�¡A�B�K¤g«�¡ ­�X � £9¡

­:8�¡<´ ¬R;p8�­zªa¢T§'¥�­O«�¡m�7µ+�K§�¤�¡<¬G�	<KQ£­
8�§'¥�¡]¥ ¦�§ ¨�¡�¬!¥4;'¬(+'¡3���'¥<~ &BLm&8�SR
P�¡ ­�G["�LmW6L}jH~ <M�SRUT58�¡3��­:8�¡M¥�¡ ­�§7µ�+B�.« ¬z¤t�K§�¤�¡4¨R§'¥�¬!­I¬z§B��¥F¬G��<^­a§
­
8:¬z¦98H"j¦b���b£9¡��8­I­���¦98�¡�¤u¬!¥{;'¬(+'¡3�A£�V%_�W- �XZY28��8¥�¥ ¦9§9¨�¡B~ WbLb&0�Gc7Q
­
8�¡ ´�¡�X5YF¬!¥M­:8�¡�W�­:8M�K§�¤�¡]¬G�	<WR
�_C�����"���&$&)(T�7�9(0�����=��C�(8��()�'('"���#q��"���&$�����+"r&)(��u,K�B(8���9(81 C���#
��%<%.��"5�B��C�%.���-��%:#R������C�(8��"����-%'�T��C��OD;(0��CJ

��%'&���C��O��%�%'����%���C��
����	.C���/a&$%.�7��"���(8
ZXZ�O���W<J>U�6��������('�7�J��%<�����-��C�(8���5
!"$���_(8���9(81 C���#
��%]('���J%'��C�� �4DK%'��������%'�)��C��O��������"5������	]D���� m�k�3_%.��"�#),K�F#R��dQ� ��������2
������1��7"x3_%.��"�#x��C����x,K�<,K��
!%8����X5�����q#R��D���CR/zm����7�O�:��&B,K��������	R>
"t��

�
�G�������YX%��
5���p�����:�S
 �M�������b(8�H���������'('"�����1��$1�"�('���B%'
���/
����,R����������28C�%�3A#�%O3_�*%',��9('���]1�(8�;#���#�(8���-G��Z�B��L6/6����,����������\[xv��5���7��2
3_�u('������&$�AG!3-����C�%.�R�$"�%.���)%'
<	'����� �9('"��5�l��LB��C;(0�T��C��u��"���&$��������2
G["�L40KL 2O���j��('19Cy1�"�('���x(8���r+���D��)��%'������#j,:�`��%:#��q"�(',K��"M('�)��C��
D�����&)(0����+.����('�;#`DK%.���5����%.�©(8�N��C��q����1�%.��#�(0���{+�� ��>²�M���.���j(
��%'������#g��"���&$�����M"����7��2P��C��B1�('��#���#�(0���T	.�������9(8����%'�AD���%�1���#��R���B3_�
#�����1�����,K�x,K��"�%�3�%'����D��R���T(q��� 3�1�"�('���J"����7�T��C�(8��������DK��1����B��C;(8�
%'�9#R����2�3-�5��C�%'���4��kRD�"���1��5�4��%8��������	�>��_C��F&)(8���$�S#R��(�������%<1�%'������#�� �
��(81 Cq%8�9#�������#uD�('�5�=%'
���"���&$�������-���u��C��]1�"�('���F
!%'�M��k:����������%'�?2;���R/
1�"��;#R����	�����"�
_��k:����������%.�P>)�_C�� ���T1�('�g,K�T��D���%x�63_%�1�('�;#R��#�(8�����


��%'& ��('19CqD;('�5�M%'
���"���&$�������-��%$,K�-¯l%.������#P>=�_C��]��� kR�-��C���%'����&

!%8��&)('"���t����-��C����-��%8����%'�?>

V=iPX^]PWKX�º`_ a/b{¼8edc�c�¸}¹QfKXR[ec�Z!]P[dfMg�P�¡ ­^<�£9¡���¨;´�¡('h)<¦�«��'¥�¥
­*¬!­:8q¡3�K¦�§�¤'¬G��;�@�Q��B�K¤$«�¡ ­4G["5LmW6L��B�K¤$G[(SL�i�L�¤�¡3�K§'­6¡t���jVT­[­�§N¡�«5ª
¡ ¢)¡3��­I¥�¬G��­:8�¡q¦�«��'¥�¥�R3P�¡ ­�< l ¤�¡3�;§'­6¡�­:8�¡r¦�«��'¥�¥x´�¡6¨;´�¡ ¥�¡3��­I¬:�<;



 1

 2  4

 1

 2  4  4

 1

 2  4

 4

 1

 2

 3

 3

 1

 2

 3  3

 1

 2

 3

Equivalence Class
Prefix: 1 2

Element List: (3,1) (4,0)

Prefix: 1 2 3
Element List: (3,1) (3,2) (4,0)

Prefix: 1 2 −1 4
Element List: (4,0) (4,1)
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 1  2  3

 2

 2 4

n0, [0,5]

n1, [1,3]

n2, [2,2] n3, [3, 3]

n4, [4, 4] n5, [5,5]

 1

 2  3

 4

 2

 1

 3  5n1, [1,2]

n2, [2,2]

n3, [3,7]

n4, [4,7]

n5, [5,5]

n6, [6,7]

n7, [7,7]

n0, [0,7]

Tree T2
D in Horizontal Format : (tid, string encoding)

(T0,  1 2 −1 3 4 −1 −1)

(T1,  2 1 2 −1 4 −1 −1 2 −1 3 −1)

(T2,  1 3 2 −1 5 1 2 −1 3 4 −1 −1 −1 −1)

D in Vertical Format: (tid, scope) pairs

Tree T1

Database D of 3 Trees

1 2 3 4 5

0, [0, 3]
1, [1, 3]
2, [0, 7]
2, [4, 7]

0, [1, 1]
1, [0, 5]
1, [2, 2]
1, [4, 4]
2, [2, 2]
2, [5, 5]

0, [2, 3]
1, [5, 5]
2, [1, 2]
2, [6, 7]

0, [3, 3]
1, [3, 3]
2, [7, 7]

2, [3, 7]

Tree T0

 1

 2  3

 4

n0, [0,3]

n1, [1,1]
n2, [2,3]

n3, [3,3]
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1

2

1

2

1 2 3 4

0, [0, 3]
1, [1, 3]
2, [0, 7]
2, [4, 7]

0, [1, 1]
1, [0, 5]
1, [2, 2]
1, [4, 4]
2, [2, 2]
2, [5, 5]

0, [2, 3]
1, [5, 5]
2, [1, 2]
2, [6, 7]

0, [3, 3]
1, [3, 3]
2, [7, 7]

1

4

0, 0, [1, 1]
1, 1, [2, 2]
2, 0, [2, 2]
2, 0, [5, 5]
2, 4, [5, 5]

0, 0, [3, 3]
1, 1, [3, 3]
2, 0, [7, 7]
2, 4, [7, 7]

4

0, 01, [3, 3]
1, 12, [3, 3]
2, 02, [7, 7]
2, 05, [7, 7]
2, 45, [7, 7]

Elements = (1,−1), (2,−1), (3,−1), (4,−1)
Prefix = {}

Elements = (2,0), (4,0)
Prefix = 1

Infrequent Elements
(1,0) : 1 1 −1
(3,0) : 1 3 −1

(5,−1): 5
Infrequent Elements

Prefix = 12
Elements = (4,0)

Infrequent Elements
(2,0) : 1 2 −1 2

(4,1) : 1 2 4 −1 −1
(2,1) : 1 2 2 −1 −1
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