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D
� O�B��`UC5¢1��w��s |;3@?C�f��5;36|�+�s�B�1�l

χ0
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O�/2�@�65�l@{¸/21�s9�65�^O6¹~B2�f��5:1��w��s�sr5

D
,~�V1�{rU-��l��2�µO�B���l65�sr5EUWB>lp|;<^B�143@?C�f��5�sr5�l65;<m?�M@/2?-143@�r�65�l@�r�LU��IB��6�;365H�

s�B�1�l
χ0

Op¹~B2�4��5L3@�r{rUC5�<>5;3�5;1�l65;<�KrUC5��r1µ1��w��s`B�Ac5�O�UWBEU-?Cl@365�sr5L36/2��l lp5�l sr5�l6O�5;1�s�B�1f36l%!9O�5�l U-?Cl@365�{�5;�rAc5;1f3
�;3@�65FAo?Csr5Fs�B�1�l=UC5FO�B2l=sr5�l�|;UC|;<>5;1436l�lpB�1�l=5;19P�B�1436l�@�O�/2<m<>5EUC5�l=|;UC|;<>5;1436lwHD�rG>5;36O$B8,
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K¸5�B���O�/2�r{�sr5�l�l@nol636�;<>5�l�sr5El@36/oO6 %B�¡c5Etwx�j B�?-1�l@?$�4��5:K�5�B���O�/2�r{�s � ?-1�sr587°587o?Cl@3pB�1f36l�, ��/2��l�O�/2<m<>5;1���/21�l
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{rU-�r3��23�l@�r�uU��IB2O�O���l�B��°l@3@�@��O;3@�r�65�lLl@36/fOp c|�5�l=�f��5w1�/2��l=<>/osr|;U-?Cl6/21�l=5;1¢�r3@?-U-?ClpB�1f3�UC5�lutwv�x�,
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1�5;U-UC5�lm/2143m|;36|`{r�6/2{¸/%l6|�l�,�½k/2��lmO�5�lml@36/oO6 %B�¡c5�l��r3@?-U-?Cl65;143mUC5�lmO;UC58P�lb587o365;�@1�5�lb{¸/2�r�mO�B�{r3@�r�65;�mUC5�l��65;UWB�3@?C/21�l
l@3@�@��O;3@�r�65;U-UC5�lusr5�3»no{¸5L{~B��65;1f3Nº»5;19P�B�1f3�/2��B�1�O��;3@�658º»sr5�l6O�5;1�s�B�143��)5;30sr5�l�A%B�UC5;�r�6l�/2�6s9?-1~B�UC5�l�{�/2�r�uO�B�{r3@�r�65;�uUWB
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	! #Y��!�"�#<� @�O$B8,
V�R !����6�P�5�%���=Jj�5E�� �~5�l@3=K~B2lp|�5:l@�r�=UC5�l@36/oO6 %B�¡c5:sr5�lL36/2��l=UC5�lwB��6O�l�{~B��65;1f3Nº»5;19P�B�1f3ws�B�1�lL�r1�5E3pB�KrUC5:�65;UWBqº

3@?C/21r1�5;U-UC5�B�Ac5�OFUC5Fl6Op¹�|;<^B>l@�r?-A%B�143:�

Edge(source, target, ordinal, name, flag)
/2�

source
5;3

target
?Csr5;1f3@?Q}~5;143�UC5�lF1��w��srlF�r1r?Clw{~B��FU��IB��6OH�

name
5�l@3FU��Â|;3@?C�4��5;3@365ml6�r�FU��IB��6OH� 5;3

ordinal5�l@3L�r1�1f�r<>|;�6/µ�r3@?-U-?Clp|:{¸/2�r��5879{r�@?-<>5;��U��Â/2�6s9�65�UC/oO�B�U$sr5�l�1��w��srl��%,)v O6¹~B2�f��5�1��w��s�s9� sr/fO;�r<>5;1f3wt�x�j
5�l@3µB2lpl6/fO;?C|°�r1¯?Csr5;143@?Q})B�1f3��r1r?C�4��5�5;3^UC5�l^A2B�UC5;�r�6l`sr5�lµB�3@3@�@?-Kr�r36l\5;3^sr5�l`|;UC|;<>5;1436l\sr5¢3 nf{¸5�365879365°l6/21f3
l@36/oO6 c|�5�l`s�B�1�l^sr5�l^3pB�KrUC5�lµl6|;{~B��6|�5�l`B�n4B�1f3`UC5°l6O6¹�|;<^B

V [vid, value]
,0jk5�l>twvLx 1��Â587o{r�@?-<>5�{~B2l^s � �r1�5

<^B�1r?C�;�65b587o{rU-?CO;?-365�U��Â/2�6s9�65�UC/oO�B�U �)<^B�?ClwO�5;U-UC58º»O;?�{¸5;�r3��;3@�65bsr5;�@?-Ac|�5 �>{~B��@3@?-�Fsr5�l�?Csr5;143@?Q})B�1f36lE�f�r?$�65%$~�;365;1f3
U��Â/2�6s9�65S@(<^B��6�4��|�5�l0{~B�� 687 : s�B�1�l UWB:l@{¸|�O;?Q}~O�B�3@?C/21`sr5�l 1��w��srl*B8, �L/2��l 1�/236/21�l��4��5Ls�B�1�l U��IB�{r{r�6/oO6¹�5 Jj�/E;� �
U��IB��@Kr�65Lt�x�j 5�l@3 |;3@?C�f��5;36|Ll6�r� UC5�l�B��6�;365�l��4<^B�?Cl0?-U){�5;�r3��;3@�65=P�B2O;?-UC5;<>5;143�3@�pB�1�lNP�/2�@<>|�5;1^�r1�B��@Kr�65L|;3@?C�f��5;36|
l@�r�EUC5�l:1��w��srl�,�jkB°sr5�l6O;�@?-{r3@?C/21�sr5^U��IB�{r{r�6/fOp¹�5 Jj�5E�� 5�l63E{r�6|�l65;1436|�5`s�B�1�lEUWB6?$?-¡%�r�65`H9, G @�BIB8,kj�5^{r�65;<m?C5;�
twvLx <>/osr|;U-?Cl65�U��IB2O�O���luB��97µ|;UC|;<>5;1436lutwx�j�5;30UC5�sr5;�97o?C�;<>5wU��IB2O�O���luB��97`B�3@3@�@?-Kr�r36l�,9j�5�l=B��r365;�r�6l�sr5 Jj�/E;�
{r�6/2{¸/%l65;143wB���l6l@?��r1¢?-1�sr587°l6�r�=UWBmO�/2UC/21r1�5

source
���4�r?k{�5;�r3��;3@�65Esr|�O;�@?-3L5;1��pBqMN/2�r3pB�1f3��r1�5:l6{�|�O;?Q}~O�B�3@?C/21

687�< s�B�1�l=1�/23@�65F1�/23pB�3@?C/21�,
���&U�M]=+MmG"M2Q6OR=YT UWO�G"QS@dF��6?9G'@���F9=+?9@dQSFYX2QSF9G'=4F'@8O f =+MmG"M2Q6A9UWM2e�LCX2=4?'@dOPQJ@]QJF'_ UWFYX2@dGgf ?9F F��6?KG����Y?9L,=4FYXdORQ6e��Se�Q]HJX2L���?'QJX<X2H4Z

�&UWMBQJb"QSe�A9ORQ��+ORQ>A"M2QSe�LRQJM�HSORHSe�QSFYX�HJX2L���?'QJX2H �"!$#&%�')(CQSF'_`U+FYXBGgf ?9F�HSORHSe�QJF�X�HJX2L��Y?9QaX2H+*,')'�-,�YORQ5G"QS?'b"LRjSe�Q QSF"_ UWF�X��)!$#�%�')(CQJXBU+LRF9@<LG'Q5@<?9LNX2Q

+�y



<name>

     <first>Serge</first>

    <last>Abiteboul</last>

</name>

</author>

<author id="abitebou">

<name>

</name>

</author>

     <first>Dan</first>

    <last>Suciu</last>

<author id="suciu">

<booktitle>Data on the web</>

</book>

<book>

...

��� ��� H9,IR Q ��7r5;<m{rUC5Esr5Fsr/oO;�r<>5;143�twx�j¥�r3@?-U-?Cl6|F{¸/2�r�=<>/osr|;U-?Cl65;�=sr5�l�l@36/oO6 %B�¡c5�l

V�R !����6�P�5�%���^+j�>�6!��%
 5�l@3mK~B2l6|�5�l@�r�mUC5\¡%�6/2�r{¸5;<>5;143^sr5�l^5�s9¡c5�l>�4�r?=/21f3mUWB�<>�;<>5¢|;3@?C�f��5;3@365¢s�B�1�lmUWB
<>�;<>5�3pB�KrUC5��65;UWB�3@?C/21�5;U-UC5 @�O�5�O;?¸|��f�r?-A%B��r39�:{~B��@3@?-3@?C/21�¹�/2�@? ��/2143pB�UC5Esr5

Edge
5;1`�r3@?-U-?ClpB�143uUWB�O�/2UC/21r1�5

nameO�/2<m<>5:B�3@3@�@?-Kr�r3�sr5w{~B��@3@?-3@?C/21r1�5;<>5;143*B��

Bname(source, ordinal, f lag, target)

T"/2�r��B2O�O�|�sr5;�°B��97 |;UC|;<>5;1f36l°l@36/oO6 c|�5�l��01�/2��l¢sr5;Ac/21�l\<^B�?-1f365;1~B�143�O�/21r1~B/.C3@�65¥UC5�1�/2<�sr5 UWB£3pB�KrUC5¥�f�r?
O�/2143@?C5;1f3wUC5�l�?-19P�/2�@<^B�3@?C/21�lwl@�r�=U��Â|;UC|;<>5;143FOp¹�5;�6O6¹�| �m{~B��@3@?-�wsr5:l6/21�1�/2<¢, ��/2��l�{¸/2�rAc/21�lL<>/fsr|;U-?Cl65;��O�5;3@365
B�{r{r�6/oO6¹�5:5;1°BqM@/2�r3pB�143L�r1�5El@{¸|�O;?Q}~O�B�3@?C/21 B.>@?ADC�� ?5I E s�B�1�l=UC5wt�v�x�{r�6|�lp5;1436|F{¸/2�r� Jj�/E;� @ ?"?-¡%�r�65:H9, G @�O$B<B8,

V�R !����6�P�5�%��� � �)�>?1����
	! # �r3@?-U-?Clp5w�r1�5Fl65;�rUC5w3pB�KrUC5w{�/2�r�=l636/fOp c5;�=36/2��luUC5�l=B��6�;365�l�,rjkBm3pB�KrUC5w�r3@?-U-?Cl65EBbsr/21�O
UC5Fl6Op¹�|;<^B>l@�r?-A%B�143:�

Universal(source, ordinaln1, f lagn1, targetn1, . . . , ordinalnk, f lagnk, targetnk)/2�
n1, . . . , nk

l6/2143�UC5�lb|;3@?C�4��5;3@36|�l�{r�6|�l65;1f365�l�s�B�1�l�UC5µsr/fO;�r<>5;1f3�,5�À3pB�143msr/21r1�|`UC5mP�B�?-3��f��5^O�5;3@365µ3pB�KrUC5
5�l@3�sr|8}�1r?C5FP�/2�@<>5;U-UC5;<>5;143Fs�B�1�l5CIROF"O�/2<m<>5:UWBwM@/2?-143@�r�65�587o365;�@1�5�O�/2<m{rUC�;365�sr5:36/2�r365�l�UC5�lL3pB�KrUC5�l Jj�/E�� �)UC5
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UC5E�6|8P�|;�65;1�O�5;143 +-!1
���� � 
 ��!������ 5;3 � 
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���� �21�/2��lÀ?-1�l6|;�6/21�l B��r3pB�143 sr5�lVsr5�l6O�5;1�s�B�1436l s � �r1^|;UC|;<>5;143 �f��50{�/%lpl@?-KrUC5us�B�1�l�UWB�3pB�KrUC5
sr5�l�|;UC|;<>5;1436lF�f�r?kUC5��6|8P�|;�65;1�O�5H�)<^B�?Cl�{¸/2�r�@3pB�143Fsr5�lL�65;UWB�3@?C/21�l�{�/2�r��36/2��l�UC5�l�|;UC|;<>5;1436lFlp/2143wO;�6|�5�lLO�B���UC5�l
B��@Kr�65�lÀtwx�j¢{¸5;�rAc5;143 �;3@�65L5;1r�pB2O;?-1�|�l0B��^1r?-Ac5�B��µsr5=Op¹~B2�4��5L|;UC|;<>5;143�,ojkBF<>/osr|;U-?ClpB�3@?C/21µsr5�l l@36/fOp 2B�¡c5�l {~B��
sr5�lutwvLx�{�5;�r3=�;3@�65w?-U-��l63@�65�|�5El@�r�uUC5Fsr/oO;�r<>5;143�sr5wUWB�}�¡%�r�65 H9,IR9!rUC5�l�l6O6¹�|;<^B2l=sr5�l=3pB�KrUC5�lu�r3@?-U-?Cl6|�5�l=l6/21f3

+'�



{r�6|�l65;1f36|�l:s�B�1�lEUWB6?$?-¡%�r�65µH9,IyN@�BIB8,$. ¹~B2�4��5>3pB�KrUC5m�65;UWB�3@?C/21r1�5;U-UC5µ5�l63F<>/fsr5;U-?Cl6|�5>{~B��E�r1¿twvLx �¸O�/2<m<>5>UC5
<>/2143@�65:UWB ?"?-¡%�r�65:H9,IyN@(K2B8,

j j

ID

[Tag="first"] [Tag="last"]

[Tag="name"]1

2 3

(a)

(b)

BOOK(bookID:integer, book.booktitle: string,  book.author.name.first: string, book.author.name.last :string)
BOOKTITLE(booktitleID: integer, booktitle: string)
FIRST(firstnameID: integer, firstname: string)
LAST(lastnameID: integer, lastname: string)

j j

jj

ID
[Tag="book"]

[Tag="first"] [Tag="last"]

1

3

4 5

[Tag="booktitle"]
2 [Tag="name"]

ID

1
[Tag="booktitle"]

ID ID
[Tag="first"]

1 1
[Tag="last"]

ID

NAME(nameID: integer, name.first: string, name.last: string)
AUTHOR(authorID: integer, author.name.first: string, author.name.last: string)

...

��� ��� H9,Iy Q j�5�lLtwvLx �f�r?k<>/osr�;UC5:UC5�l@36/oO6 %B�¡c5
Basic

,)j�5�l�3pB�KrUC5�l��65;UWB�3@?C/21r1�5;U-UC5�lFO;�6|�5�l @�BIBU�)5;3LUC5�lLt�v�x
O�/2�@�65�l@{¸/21�s�B�1436lS@(K2B8,

j�5�l0B�{r{r�6/fOp¹�5�l �r3@?-U-?Clp|�5�lÀ{~B�� � XZ��# C-+%+UF)5;3 � �j!������A� CI�OF)l65uK~B2l65;1f3 l@�r�ÀUC5={r�@?-1�O;?-{�5Lsr5=l@36/oO6 c5;� B���l6l6?~sr5�l
?-19P�/2�@<^B�3@?C/21�l�l6�r��UC5�l�O6¹�5;<m?-1�lws�B�1�l�UC5�¨?� ��x z�, �L/2��lL<>5;143@?C/21r1�/21�lF�f��5:O�5�l�l@36/oO6 %B�¡c5�lLlp/2143Ll6?-<m?-UWB�?-�65�l
s9� {�/2?-1f3bsr5µAo��5µsr5`U��IB2O�O���lmB��97�sr/21r1�|�5�l>B��97 B�{r{r�6/oO6¹�5�lms9� 3»no{�5 �j! �1� �j!��	���>������� @({r�6|�l65;14365�s�B�1�l�UWB
l65�O;3@?C/21^l6�r?-A2B�1f365$BVsr/21�OuUC5�l t�v�x��f�r?rUC5�lÀ<>/osr|;U-?Cl65;1f3 l6/21f3ÀUC5�lÀ<>�;<>5�l�,E�wB�1�l O�5;3@365LB�{r{r�6/oO6¹�5H�cUC5�l O�/214365;1f�
sr5�l01��w��srl0t�x�j �o5;30sr5�l0{¸/2?-14365;�r�6l�Ac5;�6l0UC5;�r�6l�O6¹�5;<m?-1�l=O�/2�@�65�l@{¸/21�s�B�1436l @�5;1`�r3@?-U-?ClpB�1f3=sr5�l O;UC|�l�5879365;�@1�5�l*B
l6/21f3�l@36/oO6 c|�lb5;1�l65;<�KrUC5 @�s�B�1�l�UWB°<>�;<>5^3pB�KrUC5µ�65;UWB�3@?C/21r1�5;U-UC5$B8,Vj�5�lbl6Op¹�|;<^B2l�sr5�l��65;UWB�3@?C/21�lml@36/oO6 c|�5�l�{~B��
�-Xc��# l6/2143=UC5�l�l@�r?-A2B�1f365�l:�

Element(docID, pathID, start, end, index, reindex)
Attribute(docID, pathID, start, end, value)
Text(docID, pathID, start, end, value)
Path(pathID, pathexp)j�5�l=t�v�x��f�r? <>/fsr|;U-?Clp5;143�O�5w3 nf{¸5Fsr5Fl@36/oO6 %B�¡c5Fl6/2143=UC5�l�<>�;<>5�lL�4��5wO�5;�97\{r�6|�l65;1436|�lLs�B�1�luUWB ?"?-¡%�r�65

H9,I¦9,
���08<�0� , ���"��$�� � � 2%�"���1�/���<
���� �����)(+, � �"�����������

��5�B���O�/2�r{¢sr5�l�<>/osr�;UC5�lusr5�l636/fOp 2B�¡c5�l0{¸/2�r�0twx�j 1�5�lp5�K~B2l65;1f3u{~B2lul@�r�0UC5L<>/osr�;UC5��65;UWB�3@?C/21r1�5;U�, �FB�1�l
O�5;3@365�lp5�O;3@?C/21^1�/2��l B�U-UC/21�l0|;A%B�U-��5;� UC5u{¸/2�rAc/2?-� 5879{r�65�l6l@?QP�sr5�lÀtwv�x�{~B�� �pB�{r{�/2�@39�EO�5�lÀ<>/osr�;UC5�l�,cj$B ?"?-¡%�r�65
H9, ��?-U-��l@3@�65wUC5�lLsr5�l6O;�@?-{r3@?C/21�l�sr5�l=<>/fsr�;UC5�l=sr5:l@36/fOp 2B�¡c5E1~B�3@?QP�luUC5�l={rU-��l�P(�6|��f��5;<m<>5;143L�r3@?-U-?Cl6|�l�,
aÀd>¬£� � �og(d���ªm] CIH9+UFr5�l63${rU-��l��r1�50?-14365;�NP�B2O�5usr5 {r�6/2¡%�pB�<m<^B�3@?C/21^s �IB�{r{rU-?CO�B�3@?C/21>K~B2l6|�l@�r��sr5�lVB��@Kr�65�l
�r3@?-U-?Cl6|�5�l�{�/2�r�u<^B�1r?-{r�rUC5;��sr5�l=sr/21r1�|�5�l=twx�j �r�4��� �r1¢<>/osr�;UC5Fsr5El@36/oO6 %B�¡c5"!rO�5F<>/osr�;UC5F{¸5;�@<>5;3u{�/2�r�@3pB�1f3
sr5Esr|�O;�@?-�65�sr5�l=<>|;3@¹�/osr5�lLs �IB2O�O���lLl@?-<m{rUC5�l�B��97�1��w��srlLsr5�lLB��@Kr�65�l=twx�jÀ, ��/2��l=s9?Cl6O;�r36/21�lL?CO;?kO�5F<>/osr�;UC5
{~B��6O�5E�f��5�?-U�5�l@3u�r3@?-U-?Cl6|w{~B���sr5w1�/2<�Kr�65;�97�l6nol@36�;<>5�l�twx�j¿O�/2<m<>5F?-14365;�NP�B2O�5F{¸/2�r��B2O�O�|�sr5;�LB��97�sr/21r1�|�5�l
C-+��N� +'�	� +�RN� +�yOF»,

+�¦



1

(b) 1

2Tag Val Cont

ID ID
(c)

(e) 1

2

1

2

(f)

k

1

2

ID

1
ID

R R

R

R

1

ID Val Cont

R

j j j

j

j

j

(a)

(d)

Tag

R
ID  Val Cont

ID R

Tag R
RID

ID Tag Val Cont

Tag

ID Tag Val Cont

Tag

Tag R

Tag R

Tagk+1

������� H9, � Q j�5�lutwvLx�{�/2�r�?�EJ�x�@�BIB»º*@�5$B�5;3 �;T�B�3@¹°{~B��@3@?-3@?C/21r?-1r¡	��@PUB8,
j�50<>/osr�;UC5A�EJ�x P�/2�r�@1r?-3=�qU��IB2O�O���l B��97�5;19P�B�1436l s � �r1�1��w��s ��U��IB2O�O���l B��97�1��w��srlÀ�4�r?9/2143V�r1�5�|;3@?C�f��5;3@365

sr/21r1�|�5�5;3 UWBw1~B�Ao?-¡4B�3@?C/21�l0{~B��@<m?~UC5�l05;19P�B�1f36l sr5=<>�;<>5�l {~B��65;1f36l�,fT"/2�r� <>/osr|;U-?Cl65;�0O�5=3»no{¸5=s �IB2O�O���l {~B�� UC5�l
twvLx �21�/2��l B2l6l6?-<m?-UC/21�lÀ�r1^{¸/2?-14365;�r��B��>1��w��sV�EJ�x @�sr5u3 nf{¸5=|;UC|;<>5;143*B �wU�� ?Csr5;1f3@?Q})B�1430�r1r?C�4��5Ls9�>1��w��s
s9��t�v�x�,)j�5�l�t�v�x�{¸5;�@<>5;3@365;143FUWB^<>/fsr|;U-?ClpB�3@?C/21 sr5�O�5:<>/osr�;UC5�lws �IB2O�O���l��¸5;1�587rO�5;{r3pB�143wUWB^1~B�Ao?-¡4B�3@?C/21
s9?-�65�O;365�{~B��@<m?rUC5�l�5;19P�B�1f36lÀsr50<>�;<>5�l�{~B��65;1436l?@({~B��V587r5;<m{rUC5H�2U��IB2O�O���l"P�/2�r�@1r?-3V{~B���U��IBq7r5 ��P�/2U-UC/��u?-1r¡El@?-KrU-?-1r¡	�
s9� �EJ�x#B8,�T"B��V587r5;<m{rUC5H��UWB�{r�@?-<m?-3@?-Ac5A�EJ�x

GetElementsByTagName
P�/2�r�@1r?-3�U��IB2O�O���lÀB��97�5;1�l65;<:KrUC5�l

sr5�l |;UC|;<>5;1f36l��o|;3pB�143�sr/21r1�|�5=UWBFA%B�UC5;�r� sr5�UC5;�r�6l |;3@?C�f��5;3@365�l�,4jk5ut�v�x �4�r?)5�l@3À�r3@?-U-?Cl6|�{�/2�r�0sr|�O;�@?-�65�O�5=3 nf{¸5
s �IB2O�O���l�5�l63u{r�6|�l65;1436|�s�B�1�luUWB�}�¡%�r�65�H9, �D@�BIB8,

j�5b<>/osr�;UC5 �EJ�x¾{¸5;�@<>5;3�B���l6l6?"UWB`1~B�Af?-¡4B�3@?C/21£{~B��65;143Nº»5;19P�B�143b5;3E5;19P�B�1f3Nº�{~B��65;143 @({~B��FUC5�lE{r�@?-<m?-3@?-Ac5�l
getParentNode

5;3
getChildNodes

B !c1�/2��lÀsr|�O;�@?-Ac/21�l O�5u3»no{¸5usr5u1~B�Ao?-¡4B�3@?C/21^{~B��À�r1mtwv�x�O�/2<m{¸/%l6|=sr5
sr5;�97�1��w��srl0@(�r1�{¸/2�r��U��Â5;19P�B�1f3 5;3�U��IB��r3@�65�{�/2�r��{~B��65;1f3*B�?"?-¡%�r�65=H9, �D@�O$B"5;3�?"?-¡%�r�65=H9, �D@�s B8,%�V19}�1%�2UC50<>/osr�;UC5
�EJ�x�{�5;�@<>5;3LB���lpl@?�U��IB2O�O���lLB��97¢sr5�l6O�5;1�s�B�1f36lLs � �r1�1��w��s°l@? U�� ?Csr5;1f3@?Q})B�143Fsr5FU��IB�1�O��;3@�65�5;3�U��Â|;3@?C�f��5;3@36|:s9�
sr5�l6O�5;1�s�B�1f3�l6/21f3�O�/21r14��5�l',$.05m3»no{¸5>s �IB2O�O���lE{¸5;�r3:�;3@�65m<>/osr|;U-?Cl6|m{~B��EUC5>t�v�x�{r�6|�lp5;1436|>s�B�1�l:UWB`}�¡%�r�65
H9, �D@�5$B8,
]�� �>	og(&(e�df�¢�"d4e\e���� #��o®��)d4e��"®re�	fe`eq!k����� ®���«$®r�q�'&�'&���$&������ _	��
mh j�5�lFl@36/oO6 %B�¡c5�lws9��3 nf{¸5 �;½uT��
l6/21f3^�r3@?-U-?Cl6|�lµs�B�1�l>K¸5�B���O�/2�r{�sr5�l^l6nol@36�;<>5�lµO�/2<m<>5°½�?-<�K�5;� C �	� ¦OFL5;3 �wB�3@?Q7 C-+��GF», .05�lµl@nol636�;<>5�lm�r3@?Qº
U-?Cl65;1f3`UC5�{~B��@3@?-3@?C/21r1�5;<>5;1f3°sr5�l�sr/fO;�r<>5;1f36l\t�x�j�K~B2l6l65�l@�r�`U��Â|;3@?C�4��5;3@365¥sr5�l\|;UC|;<>5;1f36l¢5;3µU�� �r3@?-U-?Cl�B�3@?C/21
sr5¢U��Â|;3@?C�f��5;3@365 O�/2<m<>5°�r1 O;UC|°{¸/2�r�^3@�6/2�rAc5;�`36/2��l`UC5�lµ|;UC|;<>5;1f36l�B�n4B�143\�r1�5�365;U-UC5�5;3@?C�f��5;3@365%,>�L��{�/2?-1f3
sr5�Af��5�sr5°U��IB2O�O���l�B�� sr/21r1�|�5�l�� U��Â5UJ¸5;3�s9� {~B��@3@?-3@?C/21r1�5;<>5;143¢5�l@3`3@�6��l\l@?-<m?-UWB�?-�65�B��97�{r�@?-<m?-3@?-Ac5�l��FJ�x
GetElementsByTagName

��5;3 UC5�l�<>�;<>5�l�twvLx {�5;�rAc5;1f3$�;3@�65��r3@?-U-?Cl6|�5�lk{�/2�r� UC5�l <>/osr|;U-?Cl65;� @ ?"?-¡%�r�65 H9, �D@�BIB<B8,
aÀdfeLe�´�e�� �f¬£d4e��$®re'e�d4e�e'!$�
�®9����
�®r�'�'&�'&(�)�"&�� ����_�
�
bh C-+UF9{~B��@3@?-3@?C/21r1�5�UC5�l�sr/21r1�|�5�lVl65;UC/21bUC5�l ������:� �)

3@�6/2�rAc|�5�l�s�B�1�l:UC5>sr/oO;�r<>5;143�,"�V1�{rU-��l�� UC5^l6nol@36�;<>5��w587 C-+H�À+�SGF �r3@?-U-?Clp5^sr5�lE?Csr5;1f3@?Q})B�1436lml@3@�@��O;3@�r�65;UCl�5;3
/2�@¡4B�1r?Cl65uUC5�l sr/21r1�|�5�l s�B�1�l sr5�l l6|��4��5;1�O�5�l /2�6sr/21r1�|�l�,4�V1m�r3@?-U-?Cl�B�143 O�5;3@365LB�{r{r�6/fOp¹�5={¸/2�r�V36/2��lÀUC5�lÀOp¹�5;<m?-1�l
sr5�P�/2�@<>5

/tag1/tag2/ . . . /tagk
� /2�

tag1

5�l@3FUWB`�pB2O;?-1�5>s9�¿sr/oO;�r<>5;143�t�x�j �
k ≥ 1

5;3F36/2��lFUC5�lw1��w��srl
l@�r��UC5bO6¹�5;<m?-1¿l6/21f3wO�/21r1�5�O;36|�lw{~B�� @

/
BU��1�/2��l�{�/2�rAc/21�lEB2O�O�|�sr5;�:B��97°?Csr5;1f3@?Q})B�1436l�sr5�l�|;UC|;<>5;1f36l:B�n4B�1f3FUC5

|;3@?C�f��5;3@36|
tagk

,W�b� �r1�5µ<^B�1r?C�;�65µl@?-<m?-UWB�?-�65H�"{¸/2�r��36/2��l�UC5�l�O6¹�5;<m?-1�l
/tag1/tag2/.../tagk/#PCData

/2�
/tag1/tag2/.../tagk/@attr

@�/2�
attr

5�l@3b�r1 1�/2<¾s �IB�3@3@�@?-Kr�r3*BU�V1�/2��lb{¸/2�rAc/21rlb3@�6/2�rAc5;�m36/2��l>UC5�l�{~B�?-�65�l
(ID, value)

/2�
value

5�l@3>UC5°O�/21f365;14� 36587o3@��5;ULsr5¢U��Â|;UC|;<>5;143
tagk

s�B�1�l^UC5¢O�B2l^sr5
#PCData

BU�V/2��UWB
A%B�UC5;�r�wsr5�U��IB�3@3@�@?-Kr�r3V@�s�B�1�lwUC5�O�B2l�sr5

@attrName
B8,~jÀ�IB2O�O���lEB��97�?Csr5;143@?Q})B�1436l:sr5�lw1��w��srl��)|;3pB�1f3Esr/21r1�|

�r1°Op¹�5;<m?-1%�~5�l@3u<>/osr|;U-?Cl6|w{~B��=UC5wtwvLx�5;1\}�¡%�r�65�H9, �D@PUB8,

+��



d-# �g�����6! ���>?1��
4�������c�Q�/�;'�# � 
9�	�-����
j
	���/��01!/E;� �+� ���^�����># � 
	! �A� #<��
��-dW7 �L/2��lÀ1�/236/21�lÀ�4���Â5;1^<>/fsr|;U-?ClpB�1f3
sr5�l=l@36/oO6 %B�¡c5�l=TÀT4�~sr5;�97°B�{r{r�6/oO6¹�5�lLs9?Cl@3@?-1�O;365�l�5879?Cl@365;143�B�n4B�143�s9?KJ¸|;�65;1f36l�sr5;¡%�6|�lLsr5w¡c|;1�|;�pB�U-?-36|^�

Q jk5�lwt�v�x {r�6|�l65;1f36|�lEs�B�1�lwUWB ?$?-¡%�r�65mH9, �D@PUB8,�.05;3@365>B�{r{r�6/oO6¹�5b�r3@?-U-?Cl65b�r1¥l65;�rU�twvLx {¸/2�r�FO6¹~B2�f��5
#$���;E ������� sr5�Op¹�5;<m?-1\M ��l6�f��� �^UWB^{r�6/�P�/21�sr5;�r�w<^Bq7o?-<^B�UC5bs9�¥sr/oO;�r<>5;143Ftwx�jÀ, .05;3@365mB�{r{r�6/fOp¹�5m5�l@3
3@�6��l�O�/2<m{~B2O;365H�~O�B��=UC5Fl@36/oO6 %B�¡c5E5�l@3=sr|�O;�@?-3�{~B��={�5;�¢sr5wtwv�x�,

Q � 1�5�B�{r{r�6/oO6¹�5L{rU-��lÀ{r�6|�O;?Cl65L5�l@3 s � �r3@?-U-?Cl65;� UC5u}�U-3@�pB�¡c5Lsr5�l |;UC|;<>5;1436l0{~B�� UWBFl@{¸|�O;?Q}~O�B�3@?C/21 B��������	�
��������� �����������������	������� ����� � �!�"#��$�%�$�� ���@> ?A < )�&'�(������� ��� ��)�* +��,���-!��-."/���%10	2	3 � )����* +��4����5* +���67-�% � ��$8"���%��9 ��%�":��� 9 )�*(�6;�8%��R)=<>)4�":�����!)�%?" � ��$(@A$8���8�;*��(����� 9 ����%�-!B���� 9 �8"�*(��- � ��-!)�%DC=EF*���?"/� 9 G����-!% 9 � � ��$H*(-."/-!)�%I��
%�-��4�8�� 9 J������� ���4�	)�KL�8�/� � �������M052,3 &ON�-!�������'*) M3- )

1
ID

Tag R

ID

1

2

Tag R

Tag R

ID 3 Tag R

1
ID

(a)

(b)

1

2

Tag R

Tag R

ID Tag R4

[Tag="book"]

ID

1

2

[Tag="book"]

[Tag="booktitle"] ID

1

2

[Tag="book"]

[Tag="author"]

ID

1

2 [Tag="name"]

ID [Tag="author"]

ID

1

2

ID

ID

1

2

ID

[Tag="name"]

[Tag="first"]

[Tag="name"]

[Tag="last"]

1

2

3ID

3ID

ID

ID [tag=’book’]

[tag=’author’]

[tag=’name’]

[tag=’last’]

j j

j

j

j j

j

j

j j

j

j
...

��� ��� H9,I¦ Q x�/osr|;U-?Cl65;�ÀUC5�lÀl@36/oO6 %B�¡c5�lÀK~B2lp|�l l@�r�ÀT�B�3@¹`T�B��@3@?-3@?C/21r?-1r¡\�4BIB �r1�5=�65;{r�6|�l65;1f3pB�3@?C/21`O�/2<m{~B2O;365H�4K2B UWB
�65;{r�6|�l65;1f3pB�3@?C/21�O�/21�l65;?-U-UC|�5%,

���08<�08 , ���"��$�� � � 2%�"���1� �"�"�: �"�32-���'�6(+*-,
�w5�lµ1�/2<:Kr�65;��l65�l\365�Op¹r1r?C�4��5�l\s � ?-1�sr587�B�3@?C/21�l`/21f3�5;365°O�/21�l@?Csr|;�6|�5�l`{~B��`UC5�lµl@n9l@36�;<>5�lµsr5°¡c5�l@3@?C/21 sr5

sr/21r1�|�5�lmtwx�j , .05;{�5;1�s�B�1f3��ÀO�/2<m<>5�1�/2��l>l6/2<m<>5�l>?-1436|;�65�l6l6|�lFM ��l@365\sr5\Ac/2?-�>O�/2<m<>5;1f3^1�/2��lm{¸/2�rAc/21�l
<>/osr|;U-?Cl65;��U��IB2O�O���l>B��97£sr/21r1�|�5�lb?-1�sr587r|�5�l��$1�/2��lmB�U-UC/21�l�/2<>5;3@3@�65`UC5�lbsr|;3pB�?-UClbsr5�lbs9?KJ¸|;�65;1f365�lb365�O6¹r1r?C�f��5�l
s � ?-1�sr587�B�3@?C/21`5;3 1�/2��l0B�U-UC/21�l UC5�l ¡%�6/2�r{¸5;��s�B�1�l 3@�6/2?Cl O�B�36|;¡c/2�@?C5�l��f5;1\l65uK~B2l�B�143�l@�r� UC5�l l@3@�@��O;3@�r�65�l0�r3@?-U-?Cl6|�5�l
s�B�1�luU�� ?-1�sr587�B�3@?C/21�,
aÀdfeD¬.	c���$� �"d4e ��	C&��$�$d � ®9�'&��� �$®re'e�	4dfeDe'!k�¯g(dfe ��°!$�$e jk5�l^{r�65;<m?C�;�65�lµ<>|;3@¹�/fsr5�l`s � ?-1�sr587�B�3@?C/21
{¸/2�r��twx�j�/2143LO�/21�l6?Csr|;�6|:UC5�lL|;UC|;<>5;1436l*T2B�3@3@�@?-Kr�r36lFO�/2<m<>5��r1r?-36|:sr5:K~B2l65:s � ?-1�sr587�B�3@?C/21 !~UC5�lL587o{r�65�lpl@?C/21�l
sr50O6¹�5;<m?-1>O�/2<m{rUC587r5�l"/21f3V|;36|0sr|�O�/2<m{¸/%l6|�5�l�5;1bO�/2U-UC5�O;3@?C/21�lVs �Â587o{r�65�l6l6?C/21�lVl@?-<m{rUC5�l�,%zo5;�rUC5;<>5;143VU��IB2O�O���l"{~B��
sr5�lu5879{r�65�l6l@?C/21�l�l@?-<m{rUC5�l @�|;UC|;<>5;1436l�/2��B�3@3@�@?-Kr�r36lUB05�l@3�B2O�O�|;UC5;�6|w{~B���UC5�l�?-1�sr587r5�l��9s � �r1�5�<^B�1r?C�;�65Fl@?-<m?-UWB�?-�65
��UWBb{r�@?-<m?-3@?-Ac5

getElementByTag
s9�¢<>/osr�;UC5 TQ`C7 ,

jÀ� �r1�sr5�l0l@n9l@36�;<>5�l �f�r?��r3@?-U-?Cl65;143�O�5;3@365�<>|;3@¹�/fsr5�5�l@3 �-3 
 
 C-+�HGF��f�r?){r�6/2{¸/%l65L�r1�5LlpO6¹�|;<^B�sr5�1f�r<>|;�6/�º
3pB�3@?C/21%���r1�5:587o365;1�l@?C/21�s � ?Csr5;143@?Q})B�1f36l�l63@�@��O;3@�r�65;UClL�f�r?�{¸5;�@<>5;3=UC5�l=<m?Cl65�l ��M@/2�r��,�j�5�l�l63@�@��O;3@�r�65�l�?-1�sr587r|�5�l
s�B�1�l � 3 
 
µl6/21f3:�

Q ��� � � ����� 
����Q#<��
F'�#<'������A�>
 ºL|;3pB�143bsr/21r1�|>�r1�5µ|;3@?C�4��5;3@365µ½L� U�� ?-1�sr587£l@�r�EUC5�l�|;UC|;<>5;1436l�P�/2�r�@1r?-3:UWB
U-?Cl6365Fsr5�l=|;UC|;<>5;1436l��4�r?�/21f3=UWBb<>�;<>5E|;3@?C�f��5;3@365"!

H%�



Q ��� �>�6����� 
��;�C#<��
C! ��������"	���>
 º�|;3pB�1f3"sr/21r1�| �r1:1�/2<�s �IB�3@3@�@?-Kr�r3"v�'O�5;3$?-1�sr587FP�/2�r�@1r?-3$36/2��lkUC5�l"B�3@3@�@?-Kr�r36l
B�n4B�143LUC5w<>�;<>5F1�/2< v�,

Q ���D�>�6����� 
��������/���;����# º�|;3pB�1f3=sr/21r1�|��r1`|;UC|;<>5;1f3*T2B�3@3@�@?-Kr�r3LO�5;3�?-1�sr587>P�/2�r�@1r?-30UC5�{~B��65;1f3�sr5�U��Â|;UC|;<>5;1f3
B�?-1�l6?��4��5wUC5�lL|;UC|;<>5;1436l*T2B�3@3@�@?-Kr�r36l�5;19P�B�1f36l�,

Q ���D�>�6����������
-� ���G
 º"{�/2�r�uB2O�O�|;UC|;�65;��U��IB2O�O���luB��97^O6¹~B/.C1�5�lusr5�l0O�B��pB2O;36�;�65�l @(�r3@?-U-?Cl6|�l s�B�1�l0UC5�O�/214365;1f�
3658793@��5;U�sr5�lÀ|;UC|;<>5;1f36l 5;3 B�3@3@�@?-Kr�r36l��c5;3 B���lpl@?rs�B�1�lVUC5�lV1�/2<>lVsr5�lÀ|;UC|;<>5;1f36l*T2B�3@3@�@?-Kr�r36l*BÀt�¼@zrz:1�� �r3@?-U-?Cl65
B���O;�r1�5`O�/2<m{~B��pB�?Cl6/21¯sr5�l�O�B��pB2O;36�;�65�l%!VB���U-?C5;� sr5`O�5;UWBD�kU�� ?-1�sr587�sr5�l�1�/2<>l @(?-<m{rUWB�1436|�O�/2<m<>5`�r1
B��@Kr�65 �)BLP�/2�r�@1r?-3�{�/2�r��36/2�r365�lEUC5�l�O6¹~B/.C1�5�l�sr5^O�B��pB2O;36�;�65�l

s
36/2�r365�l�UC5�lE{~B�?-�65�l

s
�
name/stringID�f�r?�l65;�6/21f3=�r3@?-U-?Cl6|�5�l={rU-��l=3pB��6s¢s�B�1�luUC5�l=3@�pB�?-365;<>5;1f36l�,

Q ���^� � ����� ����
-? !�#<���;��
 º$O�5;3 ?-1�sr587>5�l@3 l@?-<m?-UWB�?-�65LB��97 �>�6����� ����
c�6���G
 �2<^B�?Cl0O�5;3@365�P�/2?Cl l6/21f3 ?-1�sr587r|�5�l
B���lpl@? UC5�luA%B�UC5;�r�6l=s �IB��r3@�65E3 nf{¸5�l�,

j�5�lLtwvLx �f�r?$sr|�O;�@?-Ac5;1f3�UC5�lL?-1�sr587°sr5Etw¼@zrz�l6/21f3L{r�6|�l65;1f36|�5�lws�B�1�l�UWB ?$?-¡%�r�65bH9,I�9, �L/2��l�1�/236/21�l��f��5
U�� ?-1�sr587¢sr5�lu1�/2<>l=1��Â5�l63u{~B2l=587o{rU-?CO;?-365;<>5;1f3�5879{r�@?-<>|F{~B��u�r1¢twv�x�,

1
Tag

ID Val Cont

R
1

(b)(a) (c)

(d) 1

2

ID Tag Val Cont

ID R

RTag

Val Cont

(e)

1

2

ID R

(f)

1
Cont R

1
Cont R

ID Tag Tag

j j

j

ID Tag Val Cont

1ID

Tag R 2

��� ��� H9,I� Q j�5�l�?-1�sr587r5�lus9�\t�¼@zrz¢�oU�� ?-1�sr587\sr5�l0|;UC|;<>5;1f36l @�BIBU�9U�� ?-1�sr587`sr5�luB�3@3@�@?-Kr�r36l @(K2BU�oU�� ?-1�sr587\l@3@�@��O;3@�9º�pB�U @�O8º»5$BU�rU�� ?-1�sr587¢sr5�luA%B�UC5;�r�6l @PUB8,

aÀdfe�¬0	c���$� �$dfe��
	C&��k�"d � ®9�'&(�)� �"®re�	4dfe e'!k� g(d4e�#�$df¬�&��ke lp/2143:�r1�5`B��r3@�65^O�B�36|;¡c/2�@?C5`sr5m<>|;3@¹�/osr5�l
s � ?-1�sr587�B�3@?C/21!@2�¿UC5�l�O6¹�5;<m?-1�l�l6/2143�UC5�lE�r1r?-36|�l�s � ?-1�sr587rB�3@?C/21 sr5mK~B2l65%,%�FB�1�l�O�5;3@365µB�{r{r�6/oO6¹�5H�$UC5m<>/2365;�r�
s � ?-1�sr587�B�3@?C/21°P�/2�r�@1r?-3Lsr5�lLl6/2<m<^B�?-�65�lLl6�r�=UWB>l@3@�@��O;3@�r�65�sr5�lLOp¹�5;<m?-1�l��~�f�r?$lp5;�6/2143��r3@?-U-?Clp|�5�l={~B���UC5:<>/2365;�r�
s �Â587r|�O;�r3@?C/21�sr5w�65��f���;365�l={¸/2�r��B2O�O�5;UC5;�65;��UWB�3@�pB�Ac5;�6lp|�5:sr5�l=sr/21r1�|�5�l�t�x�jÀ,

j�5�l T�! ��!�]f��������
 CIyGFV5;3wUC5�l � �g�>�6��������
 C-+;G F�P�/2143F{~B��@3@?C5bsr5�UWB`O�B�36|;¡c/2�@?C5>sr5�l�?-1�sr58795�lFl@�r�wUC5�lFOp¹�5;<m?-1�l
�f�r?$�65;{r�6|�l65;1f365;143F36/2�r3wUC5�l�O6¹�5;<m?-1�lEsr5�UWB>�pB2O;?-1�5%,¸j�5;�r��P�/21�O;3@?C/21r1~B�U-?-36|H�¸s9��{¸/2?-143wsr5�Af��5�sr5:U��IB2O�O���lEB��97
sr/21r1�|�5�l��¸5�l@3wl@?-<m?-UWB�?-�65 �µUWBmP�/21�O;3@?C/21r1~B�U-?-365b{r�6|�l65;1436|�5b{¸/2�r��UC5�lL<>|;3@¹�/osr5�lwK~B2l6|�5�lwl@�r� �8{~B�3@¹ {~B��@3@?-3@?C/21 �2,
j�5�lutwv�x§l6/21f3�sr/21�O:B���l6l6?�l@?-<m?-UWB�?-�65�l0�bO�5;�97\{r�6|�l65;1436|�l�s�B�1�luUWB ?"?-¡%�r�65 H9,I¦9,

j�5�� ���-�6#$! �g�[3��6�;����� � ��3��6����� � C-+;GHFr5�l@3$�r1b¡c|;1�|;�pB�U-?ClpB�3@?C/21>s9�S�FB�3pB ���r?Csr5H��{�5;�@<>5;3@3pB�1f3V�r1mO�/2<m{r�6/2<m?Cl$~5879?-KrUC5E5;143@�65E5�l6{~B2O�5$Tq1r?-Ac5�B���sr5w¡c|;1�|;�pB�U-?-36|%,)�V1¢�r3@?-U-?ClpB�1f3�sr5�l=365;<m{rUWB�365�lLO�/2<m<>5FUC5El@�r?-A%B�143:�

select x from t = T1x1T2...Tnxn
�

/BA�Op¹~B2�4��5
Ti

5�l@3E�r1�5`587o{r�65�lpl@?C/21�s9� O6¹�5;<m?-1D/2�£�r1�5^P�/2�@<��rUC5µs �Â5879{r�65�l6l@?C/21�l�s9� O6¹�5;<m?-1�l��$UC5^½0º�?-1�sr587
sr/21r1�5LB2O�O���l�B��µlp/2��lNº B��@Kr�65�l �f�r?)/21f3 UWBE�pB2O;?-1�5

x1 . . . xn
5;3 �f�r?�Ac|;�@?Q}~5;1430UC5=365;<m{rUWB�365%,oT�B��0587r5;<m{rUC5H�4{¸/2�r�

3@�6/2�rAc5;�w36/2��l�UC5�lLU-?-Ao�65�lw�4�r?�/2143��r1¿B��r365;�r�Fsr/2143wUC5:1�/2< O�/2<m<>5;1�O�5b{~B�� ��zf��O;?-� � �¸1�/2��lL{¸/2�rAc/21�lw|�O;�@?-�65
UWB��65��f���;365El@�r?-A%B�14365>�

select x from t = (∗.book)x(name/last[val = ”Suciu”])� 1�� �g�>�6����� 1�/2��l0sr/21r1�|;�pBFU��IB2O�O���l �pB�{r?Csr5�B��97mKr?-1�s9?-1r¡cl�O�/219P�/2�@<>5�l�B��97m365;<m{rUWB�365�<>/osr|;U-?Cl6|�{~B�� UC5=twv�x
s�B�1�luUWB ?"?-¡%�r�65:H9,-+��

H9+



[Tag="book"]

[Tag="name"]

[Tag="last"]

ID

1

2

3

4
[Val="Suciu"]

����� � H9,-+�� Q � 1 � �g�>�6����� {�/2�r�u�r1�5E�65��4���;365El6?-<m{rUC5%,
�b�IB��r3@�65�lbB�{r{r�6/fOp¹�5�l:�r3@?-U-?Cl65;1f3�lp5;�rUC5;<>5;143*T2B���l6l@?0sr5�lE?-1�sr587£l@�r�:UC5�l:O6¹�5;<m?-1�l�UC5�lE{rU-��l:P��6|��4��5;<m<>5;1f36l

�r3@?-U-?Cl6|�5�lL@�sr5�l P�/2?Cl0<>�;<>5LUC5�l�l6/2��lNº B��@Kr�65�l0UC5�l0{rU-��l P��6|��f��5;<m<>5;143u�r3@?-U-?Cl6|�5�l*B8, 3��6������� !�"	����� C G F¸5;3 d �[J�� CISOF
l6/21f3�sr5;�97\587r5;<m{rUC5�l�5;1�O�5w¡c5;1r�65%,

3��6�;����� !�"������ O�/osr5FUC5�l=Op¹�5;<m?-1�lLO�/2<m<>5�sr5�l�O6¹~B/.C1�5�l�sr5EO�B��pB2O;36�;�65�l�5;3=�r3@?-U-?Cl65F�r1°?-1�sr587�l6{�|�O;?WB�U�{¸/2�r�
UC5�l�Op¹~B/.C1�5�l�sr5EO�B��pB2O;36�;�65�l$���r1�5:l63@�@��O;3@�r�65El@?-<m?-UWB�?-�65��m�r1 �j! �������9��!�������� �r�r3@?-U-?Clp|�5:l6/2�rAc5;1f3�{¸/2�r�u�65;3@�6/2�rAc5;�
sr5�lV<>/23@?QP�lÀs�B�1�lÀUC5�l O6¹~B/.C1�5�l0sr5uO�B��pB2O;36�;�65�l�,E�FB�1�lÀO�5;3@365�B�{r{r�6/oO6¹�5H�fsr5;�97�3 nf{¸5�lÀsr5=Op¹�5;<m?-1�l lp/2143V?-1�sr587r|�l��

Q�� ®���«"®9���ke l6/2143ksr5�lkO6¹�5;<m?-1�l$�pB2O;?-1�58º�P�5;�r?-U-UC5 �4�r?c5879?Cl@365;143k365;UClk�f��5;UCl�s�B�1�l�UC5�l�sr/21r1�|�5�l !�O�5�lkOp¹�5;<m?-1�l
lp/2143�O�/fsr|�5�l\5;1 �r3@?-U-?ClpB�143�{¸/2�r�\O6¹~B2�f��5�1�/2< s �Â|;UC|;<>5;1f3��r1 sr|�l6?-¡%1~B�365;�r� @({r�658}r7 O�/fsr|�s�B�1�l\�r1
?Csr5;1f3@?Q})B�143�ºLOp¹~B/.C1�5^sr5^O�B��pB2O;36�;�65�lUB8,kjÀ� ?-1�sr587¿�65;{r�6|�l65;1f36|^{~B���UC5 �j! �������	��!8������� 5�l@3:sr/21�Oµl@?-<m?-UWB�?-�65
B��97bl@36/oO6 %B�¡c5�l��8{~B�3@¹>{~B��@3@?-3@?C/21r?-1r¡	�us9�m{¸/2?-143Àsr50Af��5usr50U��IB2O�O���l B��97msr/21r1�|�5�l%!2?-Ur5�l@3Vsr/21�Ou<>/osr|;U-?Cl6|
{~B���UC5�lu<>�;<>5FtwvLx @ ?$?-¡%�r�65�H9,-+%+I@(K2B<B8,

Q�� d��V�$d4� «$®9���$e º"l6/21f30sr5�l0O6¹�5;<m?-1�lul@{¸|�O;?Q}~�f��5�l s9�`sr/21r1�|�5�l0�f�r?)lp/21430�65�/2�6sr/21�|�5�l {¸/2�r��/2{r3@?-<m?Cl65;�
O�5;�@3pB�?-1�5�l°�65��4���;365�l',=�V1¤�r3@?-U-?ClpB�1f3�sr5�l�?-19P�/2�@<^B�3@?C/21�l°l@�r��UC5�MN5;�97 sr5¥�65��4���;365�l¢UC5�l�{rU-��l°l6/2�rAc5;1f3
�r3@?-U-?Clp|�5�lmsr5�lb<>/23@?QP�lbs �IB��@Kr�65`P��6|��4��5;1f36l>l6/2143b?Csr5;1f3@?Q}~|�l>5;3b?-1�sr5879|�lms � �r1�5\<^B�1r?C�;�65�l@?-<m?-UWB�?-�65¢B��97
raw paths

,)T�B���587r5;<m{rUC5H��{�/2�r���r1�5��65��4���;365��4�r?�O6¹�5;�6Op¹�5bUC5�l�U-?-Ao�65�lw�4�r?"/2143F5;365�|�O;�@?-365�lL{~B���t 5;3
	 5;1�l65;<�KrUC5H���r1�?-1�sr587¢O�/2<m<>5EO�5;U-�r?ks�B�1�luUWB ?$?-¡%�r�65�H9,-+%+I@�O$B0{�5;�r3L�;3@�65w�r3@?-U-?Cl6|%,

ID
[Tag="book"]1

ID
3 [Tag="booktitle"]

[Val="Data on the web"]

(a) (b)

1

32
ID 

ID 

ID 

[Tag="name"]

[Tag="first"] [Tag="last"]

[Val="Dan"] [Val="Suciu"]

������� H9,-+%+ Q ¼»1�sr587)?~B�Kr�@?CO>��jk5�lu?-1�sr58795�l �8�pB � {~B�3@¹ �V@�BIBU��5;3 �8�658}�1�5�s¢{~B�3@¹ � @(K2B8,
d��BJ�� CISOF¸5�l@30�r1�5L365�O6¹r1r?C�f��5�s � ?-1�sr587�B�3@?C/21¢l@?-<m?-UWB�?-�65wB��97 ����
B� ���,��! �1� ?-1�sr587r5�l��f�r3@?-U-?ClpB�143ul65;�rUC5;<>5;1f3

UC5�lbO6¹�5;<m?-1�lmUC5�l�{rU-��l�P��6|��4��5;<m<>5;1f3m3@�pB�Ac5;�6l6|�lb{¸/2�r�>B2O�O�|;UC5;�65;�bU��Â5879|�O;�r3@?C/21¯sr5�l��65��f���;365�l�,��V1 �65;A2B�1�Op¹�5H�
d �[J�� �r3@?-U-?Cl65�sr5�l\B�U-¡c/2�@?-3@¹r<>5�l�sr5 �;s�B�3pBqº�<m?-1r?-1r¡	��{¸/2�r�`O;�6|�5;�`�r1¤l6/2<m<^B�?-�65°{¸/2�r�\O6¹�5;<m?-1�l\UC5�l`{rU-��l
�r3@?-U-?Cl6|�l�, vL��l6l@? d��BJ�� ¡4B��pB�143@?-3:U�� ?-1�sr587�B�3@?C/21£sr5�lEOp¹�5;<m?-1�l�sr5bUC/21r¡%��5;�r��sr5;�97¸, jk5�lFt�v�xX�4�r?V<>/osr|;U-?Cl65
O�5;3@365�365�O6¹r1r?C�f��5ms � ?-1�sr587rB�3@?C/21¿lp/2143Fl@?-<m?-UWB�?-�65�lEB��97�O�5;�97�{r�6|�l65;1436|�lw{¸/2�r�wUC5�l �8�658}�1�5�s {~B�3@¹�l3��sr5 @ 3��6�����

H%H



� !;"������ ?"?-¡%�r�65:H9,-+%+I@�O$B<B8,
aÀdfe£¬.	4���k� �"d4e¥�
	C&��k�"d � ®9�'&(�)� �$®re�	fd4e¿eq!k�£g(dfe¿¬¿���'& � e¥��	-®r� �$��d4e T"/2�r�>|;Af?-365;�bUWB�sr|�O�/2<m{¸/%l@?-3@?C/21
sr5EUWBm�65��4���;365�s�B�1�l�sr5�l�l6/2��lNº��65��f���;365�l�|;UC|;<>5;143pB�?-�65�l$�~UC5�lwB2O�O�|;UC5;�65;�L5;3L{r�r?Cl=UC5�l �;O�/2U-UC5;�/�:{~B���sr5=MN/2?-1f3@�r�65�l
O�5;�@3pB�?-1�lul@n9l@36�;<>5�l�O�/21�l@3@�@�r?Cl65;1f3uUC5;�r�6l�?-1�sr587 ��K~B2l65wsr5Ll63@�@��O;3@�r�65�l=s �IB��@Kr�65%, � 1�5L365�O6¹r1r?C�f��5Fs � ?-1�sr587�B�3@?C/21
sr5:O�5�3»no{¸5:5�l@3L?-<m{rUWB�1436|�5bs�B�1�l���?zo½�CIH%� F», �b� �r1�5:<^B�1r?C�;�65�l@?-<m?-UWB�?-�65bB�� 3��6�;��� � !;"������ � %K� 
 � 5�l@3LK~B2l6|�5
l@�r��UC5�l ����
B� ���j��! �1�M
 ,%�À1>�65;A2B�1�Op¹�5=s � �r3@?-U-?Cl65;�Àsr5�lV?-19P�/2�@<^B�3@?C/21�lÀl@�r�Àsr5�l�M@5;�97�sr5��65��f���;365�{¸/2�r�Àsr|;365;�@<m?-1�5;�
UC5�l�<:�rU-3@?Qº»Op¹�5;<m?-1�lmUC5�l�{rU-��lEP��6|��4��5;1f36lmsr5�l:�65��f���;365�l���s�B�1�l %K� 
 � UC5�l�sr/fO;�r<>5;1f36lbt�x�j 5;3�UC5�l��65��f���;365�l
l6/21f3�O�/osr|�5�l�s�B�1�l��r1�5µ�65;{r�6|�l65;143pB�3@?C/21¯lp|��4��5;1f3@?C5;U-UC5`O�/2<m<��r1�5%,��V1��r3@?-U-?Cl�B�143mO�5;3@365`B�{r{r�6/oO6¹�5H��587r|�O;�r365;�
sr5�l��65��4���;365�lFl6�r��O�5�lwsr/oO;�r<>5;1436lEl65��6|�s9�r?-3 �`O6¹�5;�6O6¹�5;�Esr5�lFlp/2��lNº»O6¹~B/.C1�5�lF5;1f3@�65bUC5�l�sr5;�97�5;143@?-36|�lEO�/osr|�5�l
@(UC5�l�sr/fO;�r<>5;1f36lwt�x�j�5;3�UC5�lL�65��4���;365�l*B8, ���°{¸/2?-143wsr5:Ao��5:sr5�U��IB2O�O���lFB��97°sr/21r1�|�5�l�� %K� 
 � 5�l@3L?Csr5;143@?C�f��5
�`�r1¥?-1�sr587¥l@�r�FUC5�l �8�658}�1�5�s¿{~B�3@¹�l/��{¸/2�r�F36/2��lFUC5�lw�65��f���;365�lF<:�rU-3@?Qº»Op¹�5;<m?-1�lmB�Ac5�O>sr5�lE5;19P�B�1436lE1�/2<m<>5�l
s9?KJ �;�65;<m<>5;143 �>O6¹~B2�f��5F1r?-Ac5�B���@�l@?-<m?-UWB�?-�65�B��97`twvLx§s9��}�¡%�r�65:H9,-+%+I@�O$B<B

��(�� � 1�� / � : �%/ :&,). � ��� � � 1�� �! "
.0/2<m<>5:1�/2��l�B�Ac/21�lLsr5 M@Bb/2K�l65;�@Ac|H��UC5�l=twvLx�1�5F<>/fsr|;U-?Clp5;143={~B2lE�
Q U��IB2O�O���l K~B2l6|ul@�r�VUC5�l Bq7r5�lÀl@?-KrU-?-1r¡�/2�^B2O�O���l s9?-�65�O;3 B��97b{r�65;<m?C5;�*T�sr5;�@1r?C5;�05;19P�B�143 s � �r1^|;UC|;<>5;143 t�x�jÀ,
Q sr5�l�l@36/fOp 2B�¡c5��4�r? {¸5;�@<>5;365;143wsr5F3@�6/2�rAc5;� �836/2��l�UC5�l�|;UC|;<>5;1f36l

〈
B
〉
�f�r?�/2143wB��¢<>/2?-1�l*T�587�B2O;365;<m<>5;143

Hb|;UC|;<>5;1f36l
〈
K
〉
O�/2<m<>5:5;19P�B�1f36l/�2,

Q UC5�l�l@36/fOp 2B�¡c5�l��4�r? {¸5;�@<>5;365;143�sr5F3@�6/2�rAc5;� �836/2��l=UC5�l�|;UC|;<>5;1436l
〈
B
〉
�4�r? 1��Â/21f3LB���O;�r1°5;19P�B�143

〈
K
〉
�2,

��/2��l\1�5�<>/osr|;U-?Cl6/21�l\{~B2l\U��IBq7r5��;l@?-KrU-?-1r¡	� O�B��\?-UwO�/21�s9�r?-3 ��sr5�l\l@3@�pB�36|;¡%?C5�l°s �Â5;A2B�U-�~B�3@?C/21 sr5 �65��f���;365�l
K~B2l6|�l�l@�r�0UWB�1~B�Ao?-¡4B�3@?C/21%�r5;30sr/21�OFB2l6l65��?-1�5��^O�B2O�5�l�,r�V1�O�5��4�r?¸O�/21�O�5;�@1�5wU�� ?-1�O�/2�@{¸/2�pB�3@?C/21¢sr5�luO�/2143@�pB�?-14365�l
14�r<>|;�@?C�f��5�l��¸5;3Fsr5:UWB^1�|;¡4B�3@?C/21-@�B�K�l65;1�O�5bs � �r1�}�UClwB�n4B�143F�r1�5bO�5;�@3pB�?-1�5b|;3@?C�4��5;3@365$BU��1�/2��lwO6¹�/2?Cl6?Cl6l6/21�lFsr5
UC5�lÀ/2<m<>5;3@�65�{�/2�r�ÀUC5=<>/2<>5;143��4O�B�� UC5;�r�À?-1�O;U-��l@?C/21^O�/2<m{rU-?C�f��5;�pB�?-30UC5�{r�6/fO�5�l6l6��lÀs � ?Csr5;143@?Q}~O�B�3@?C/21�sr5�lÀtwv�x
�r3@?-UC5�l={¸/2�r�u�r1�5F�65��f���;365Esr/21r1�|�5%,

H%S



� �������	��
� �

� � ��V� �V
¥������ � �	� �£��� ���¤£��
 � �	����� 
 �	� ����

� �

��/2��lVB�Ac/21�lÀO�/2<m<>5;1�O�|�U��Â|;3@��sr5�sr50U��Â/2{r3@?-<m?ClpB�3@?C/21>sr50�65��4���;365�l�tL¶L��5;�@n�5;1b�r3@?-U-?ClpB�143V1�/23@�650UWB�1r¡4B�¡c5usr5
<>/osr|;U-?ClpB�3@?C/21µsr5=l636/fOp 2B�¡c5�l�, �L/2��l0B�Ac/21�l0O�/21��;�^�r1µB�U-¡c/2�@?-3@¹r<>5L¡c|;1�|;�@?C�4��5L�4�r? �4|;3pB�143 sr/21r1�|��r1^5;1�l65;<�KrUC5
sr5�lÀtwv�x

X
�c�r1�5u�65��4���;365=tL¶L��5;�@n

Q
l@�r�À�r1µsr/fO;�r<>5;1f3

D
�45;3À�r1^5;1�l65;<�KrUC5�/2{r3@?C/21r1�5;U)sr5�O�/2143@�pB�?-14365�l

ClpB�3@?ClNP�B�?-365�l�{~B��
D
�q3@�6/2�rAc5=36/2��lVUC5�lVl6/2��lNº»5;1�l65;<�KrUC5�l sr5

X
�%�4�r?�l6/21f3Àl@� �^lpB�1f36lV{�/2�r�V�6|;{¸/21�s9�65?�LUWB��65��f���;365

Q
,)T$/2�r�FO6¹~B2�f��5�365;U"5;1�lp5;<:KrUC5H��U��IB�U-¡c/2�@?-3@¹r<>5�3@�6/2�rAc5��r1 5;1�l65;<�KrUC5�s �Â/2{¸|;�pB�365;�r�6lFB�U-¡c|;Kr�@?C�4��5�l @�lp|;UC5�O;3@?C/21%�

{r�6/�M@5�O;3@?C/21�,-,-, BF�f�r?VB2s�B�{r365;1f3�Op¹~B2�4��5mtwv�x��¸5;1¥¡4B��6s�B�143�M ��l6365bUC5�lw{~B��@3@?C5�lE1�|�O�5�l6lpB�?-�65�lE{�/2�r�F�6|;{¸/21�s9�65V�
¶�,��V19}�1%�~U��IB�U-¡c/2�@?-3@¹r<>5b3@�6/2�rAc5��r1�{rUWB�1�s �Â587r|�O;�r3@?C/21�UC/2¡%?C�f��5�{�/2�r�E¶��K~B2l6|�l@�r�LUC5�l�{~B��@3@?C5�l�3@�6/2�rAc|�5�lEB��
{~B2l�B�1f36|;�@?C5;�r���~5;3�sr5�l=/2{¸|;�pB�365;�r�6l=¡c|;1�|;�@?C�f��5�l=sr5�M@/2?-143@�r�65%,~j�5FKr�r3�sr5FO�5;3@365Elp5�O;3@?C/21¢5�l@3=sr5F{r�6|�l65;1f365;��O�5;3
B�U-¡c/2�@?-3@¹r<>5%,

 (*' � �B��� : 68:&.=): � 1��
8�������� (
	1 �� 2 �

tL¶L��5;�@n CIH%HGF 5�l@3:UC5bUWB�1r¡4B�¡c5>�65�O�/2<m<^B�1�sr|µ{~B�� � Sc.�{¸/2�r�EU�� ?-1f365;�@�6/2¡4B�3@?C/21 sr5�l�sr/21r1�|�5�lEtwx�jÀ,kj�5�l
l@3@�@��O;3@�r�65�l¢sr5�K~B2l65 s�B�1�l\tL¶L��5;�@n l6/2143�UC5�l\5879{r�65�l6l@?C/21�l)?�jH��J�¨�,ujkB l6|;<^B�143@?C�f��5¥s � �r1�5¥5879{r�65�l6l@?C/21
?�j$J9� ¨ l@?-<m{rUC5`{¸5;�r3m5;3@�65µ{r�6|�lp5;1436|�5\?-143@�r?-3@?-Ac5;<>5;1f3^{~B��b�r1�5\�65��f���;365`l6?-<m{rUC5`l6�r��UC5\sr/oO;�r<>5;143>sr5`UWB
}�¡%�r�65:H9,IR��

��������
�����������
�������� �!�����"���$#%#'&
(*),+-�.+/�����1012�354"#'67�18��!9;:=<?>52�@A��2B<
�.+DCFE,�.GH���"��3I�!35J�K

jÀ�Â5;A%B�U-�~B�3@?C/21�sr5FtL¶L��5;�@n�l65LP�B�?-3�5;1�3@�6/2?Cl�|;3pB�{¸5�l�,
Q j$BF{r¹~B2l65�sr5 �8Kr?-1�s9?-1r¡	��º$UWB:O;UWB���l65

FOR
¡c|;1��;�65L�r1�5�l6|��f��5;1�O�5Ls �Â|;UC|;<>5;1f36l

book
�f�r?�B�{r{~B��pB�?Cl6l65;1f3

lp/2��l�U��Â|;UC|;<>5;143
bib

5;3uU-?C5wUWB:A%B��@?WB�KrUC5
x
��Op¹~B2�4��5E|;UC|;<>5;1f3�,�vL{r�65�l��9UWB�sr5;�97o?C�;<>5EO;UWB���lp5

FOR
{�/2�r�

Op¹~B2�4��5 �8Kr?-1�s9?-1r¡	�msr5
x
U-?C5bUWB`A%B��@?WB�KrUC5

y
B��97¥5;19P�B�1f36lEsr5bU��Â|;UC|;<>5;143�,$j�5b�6|�l@�rU-3pB�3:sr5mO�5;3@365>{r¹~B2l65

5�l63u�r1�5FU-?Cl@365Fsr5�lu{~B�?-�65�lLsr5
x
5;3

y
,

Q j$B^{r¹~B2lp5�sr5:}�U-3@�pB�¡c5�º�UWBµO;UWB���lp5
WHERE

}�U-3@�65bUC5�l�|;UC|;<>5;1f36lE/2Kr365;14��lFs�B�1�lwUWBµ{r�65;<m?C�;�65b{r¹~B2l65
5;1 �r3@?-U-?ClpB�1f3FUC5�{r�6|�s9?CO�B�3

$y/author/@id = ”suciu”
, �L/2��lw/2Kr3@?C5;1�s9�6/21�l:l65;�rUC5;<>5;1f3FUC5�lF|;UC|;<>5;1436l

sr5w3 nf{¸5
book

�f�r?�/2143LU�� ?Csr5;143@?Q})B�143wsr5wU�� �r1°sr5�l�B��r365;�r�6l
suciu

,

H�G



Q j$Bb{r¹~B2l65:sr5E�65�O�/21�l@3@�@��O;3@?C/21�s9�°�6|�l@�rU-3pB�3=º UWB^O;UWB���l65
RETURN

¡%�6/2�r{¸5EUC5�l��6|�l@�rU-3pB�36l�/2Kr365;1f��l�5;3
O�/21�l63@�@�r?-3Àsr5�lÀ|;UC|;<>5;1436l t�x�j¢O�/2<m<>5��6|�l@�rU-3pB�3�,I�FB�1�l�1�/23@�65=587r5;<m{rUC5�UWBwO;UWB���l65

RETURN
5�l@3V3@�6��l

l6?-<m{rUC5wº /21¢/2Kr3@?C5;143�l65;�rUC5;<>5;143LUC5�l=|;UC|;<>5;1436l
title

O�/2<m<>5E?-UCl�B�{r{~B��pB�?Clpl65;143�s�B�1�l�UC5Fsr/fO;�r<>5;1f3�,
8������0� � � � 2 ��� = �'���%��� (�	1 ���2 �  <�5� $���� �

��/%lLB�U-¡c/2�@?-3@¹r<>5�lL{�5;�rAc5;1f3��;3@�65FP�B2O;?-UC5;<>5;1f3�|;365;1�s9��lL{�/2�r��UC5�l=�r3@?-U-?Cl65;�L{�/2�r�=�6|;{¸/21�s9�65��^sr5�l=�65��f���;365�l
tL¶L��5;�@nFO�/2<m{rUC58795�l', ��/2��lkB�U-UC/21�l��65�l@3@�65;?-1�s9�65 1�/23@�65À5879{�/%l@?-3@?C/21�0�r1FP(�pB�¡%<>5;1f3$sr5VtL¶L��5;�@n¸,�jkBu¡%�pB�<m<^B�?-�65
s9��P��pB�¡%<>5;143�sr5EtL¶L��5;�@n\O�/21�l6?Csr|;�6|E5�l@3=l@?-<m?-UWB�?-�65 �>O�5;U-UC5EO�/21�l@?Csr|;�6|�5F{~B�� CIHOF»,
@N+$B�?�jH� ¨ � �

�
@ ?�/2��. UWB���lp5�� j�5;3�. UWB���l65$B ����¹�5;�65'. UWB���lp5:¨�5;3@�r�@1). UWB���lp5

@�HIB�?�/2��. UWB���lp5>���
�
?$J�¨��

fv1

¼ �
E1

�-,-,-, ���
fvn

¼ �
En@�SIB�j�5;3�. UWB���lp5>���

�
j��À½��

lv1

�
� E1

�-,-,-, ���
lvn

�
� En@(G B>� ¹�5;�65'. UWB���l65>� �

�
�����À¨��

ϕ(E1, ...En)@�RIB�¨L5;3@�r�@1). UWB���l65>� �
�
¨L�À½ � ¨ �

E1

,-,-,
En@�yIB

Ei
� �
�
?�jH� ¨��ftwT�vV½	�

�FB�1�l"UWB�l@�r?-365 1�/2��lÀB�U-UC/21�lVO�/21�l6?Csr|;�65;��sr5�l"�65��f���;365�l�tL¶L��5;�@n�O�/2<m<>5�|;3pB�143Àlp5;�rUC5;<>5;143Àsr5�l�587o{r�65�lpl@?C/21�l
?�jH� ¨¤1�/21�?-<:Kr�@?C�f��|�5�l�5;3u1�/2��l�B�U-UC/21�l�/2<>5;3@3@�65wUC5�l�B��r3@�65�l=sr|;3pB�?-UCl @P�/21�O;3@?C/21�l��9UWB�{~B��@3@?C5F{r�6/oO�5�s9�r�pB�UC5Esr5
tL¶L��5;�@n:5;36O%, B8, �L/2��lVB�U-UC/21�l�|�O;�@?-�650O�5�lk�65��f���;365�l�5;1��r3@?-U-?ClpB�1f3��r1�5ÀP�/2�@<>5 s �IB��@Kr�65�l@?-<m?-UWB�?-�65�B�� � �F5;1�5;�pB�U-? ��5�s
½��65�5:T"B�3@365;�@1�l/�E{r�6|�l65;1436|�s�B�1�l CIHGF»,
 (�� � ��
 ,). � � 1�=��1�� � 16����4/21������ �1�� � 1". � /2:
�&: � =?.?/ �&1����! #"
8��0�<��� *-$ ����2 �&���"=>� ���!25��� ��
�2 �&�� "25� �����125���� �4�����6(�	1 �� 2�� ���  <�5� $���� �#� �6$&���)(+*-,

.05;3@365�l65�O;3@?C/21�{r�6|�l65;14365�U��IB�U-¡c/2�@?-3@¹r<>5��f�r? �q|;3pB�1f3Àsr/21r1�| �r1m5;1�l65;<�KrUC5�sr5�l$twv�x�sr|�O;�@?-A2B�1f3"�r1ml@36/oO6 %B�¡c5
{r¹4n9l@?C�f��5H���r1�5`�65��4���;365\tL¶L��5;�@n 5;3msr5�lb?-19P�/2�@<^B�3@?C/21�l>l6�r�mUWB�l63@�@��O;3@�r�65�s9� sr/oO;�r<>5;143µl@36/fOp c|P@�O�/2<m<>5
O�5;U-UC5�l=/2Kr365;1f��5�l0��{~B��@3@?-�=s � �r1 �FB�3pB ���r?Csr5 CIyOF B 3@�6/2�rAc5w36/2�r365�luUC5�lu�658º»|�O;�@?-3@�r�65�l�sr5wUWB��65��4���;365F5;1��r3@?-U-?ClpB�1f3
@({¸5;�r3Nº»�;3@�65El65;�rUC5;<>5;143L�r1�5F{~B��@3@?C5Esr5$B0U��Â5;1�lp5;<:KrUC5:sr5�l=t�v�x�,

jkB>l@3@�@��O;3@�r�65F{r�@?-1�O;?-{~B�UC5:sr5EU��IB�U-¡c/2�@?-3@¹r<>5:5�l@3uUWBbl@�r?-A%B�14365µ�

 ���:�Q!��>�������#�R !�# EM�������1�������;�=���:'��	���>���������
3����6����� �r1°5;1�l65;<�KrUC5Esr5�lutwvLx§t

� � X1X2...Xn}
sr|�O;�@?-A%B�143��r1�l@36/fOp 2B�¡c5w{r¹fnol6?C�4��5H�

�r1�5F�65��f���;365FtL¶L��5;�@n\<m?Cl65F5;1�P�/2�@<>5Fs �IB��@Kr�65:½uT0¶�O�/2<m<>5F{r�6|�l65;1f365:s�B�1�l CIHOF
`f��� � ���	� �r1�5;1�l65;<:KrUC5Esr5�l={rUWB�1�l�s �Â587r|�O;�r3@?C/21�l��f�r? �r3@?-U-?Cl65;143LUC5�lut�v�x§{�/2�r�u�6|;{¸/21�s9�65 �bUWB��65��f���;365�¶

¼8, T"/2�r�u36/2��l0UC5�l01��w��srl0sr5LUWB:�65��4���;365E¶�f3@�6/2�rAc5;�036/2��l0UC5�l0twvLx @�/2��O�/2<:Kr?-1~B�?Clp/21�lusr5Ltwv�x#B
�f�r?�l6/21f3=1�|�O�5�l6lpB�?-�65�lL5;3=l@� �^lpB�14365�l�{�/2�r�=P�/2�r�@1r?-�=UC5�l=?-19P�/2�@<^B�3@?C/21�lLl@�r�uUC5F1��w��s¢sr5:¶�,

¼6¼8, .�B�UCO;�rUC5;�b�r1 O�/2Ár3�{¸/2�r��UC5�l�O�/2<�Kr?-1~B�?Cl6/21�lb3@�6/2�rAc|�5�lb{¸/2�r��O6¹~B2�f��5`1��w��s�sr5µUWB°�65��4���;365H��5;3
/2�6sr/21r1�5;�LUC5�l�B�U-365;�@1~B�3@?-Ac5�l�5;1��r3@?-U-?ClpB�143LUC5FO�/2Ár3=3@�6/2�rAc|%,

¼6¼6¼8, ½k�6/2�rAc5;�m36/2��l�UC5�l�{rUWB�1�lbs �Â587r|�O;�r3@?C/21 @�¶��ÀT B��4�r?0�6|;{¸/21�sr5;143 ��¶ 5;1 O�/2<:Kr?-1~B�143^UC5�l�twv�x
3@�6/2�rAc|�5�l�B��¢{~B2l=¼U�r5;1¢�r3@?-U-?ClpB�1f3=UC5�l=O�/2<:Kr?-1~B�?Clp/21�l�UC5�lu<>/2?-1�lLO�/2�r365�B���l65�l�s �IB�K¸/2�6s ,

¼ ��, JL{r3@?-<m?Clp5;�Ls�B�A%B�143pB�¡c5:UC5�lu{rUWB�1�l�s �Â587r|�O;�r3@?C/21�l=3@�6/2�rAc|�l�B���{~B2l={r�6|�O�|�sr5;1f3�,
XZ���Q!���*	�)���Q#$��
�	��!��)��
 3�3 ��3�%^������?1���A�	�	�����=�>�A�g������!�#<'���
f�����;� 
[�6!�# �@
/���=����
_�6# ! ��
,�(R ���;'��	��������� !���M��;��	�C�

����
��;���:*	�BR �># 
 
9���A�C��"	�g���)�;
9I
��/2��l�B�U-UC/21�lbsr��O;�@?-�65µ<^B�?-14365;1~B�1f3^5;1�sr|;3pB�?-U�UC5�l�|;3pB�{�5�l�{r�6|�l65;1436|�lb{r�6|�O�|�sr5;<>5;1f3�,��L/2��l�1��IB�U-UC/21�l�{~B2l

sr|;3pB�?-U-UC5;�>UC5\sr5;�@1r?C5;�m{~B2lmsr5\U��IB�U-¡c/2�@?-3@¹r<>5¢O�B��mUC5�lm/2{r3@?-<m?ClpB�3@?C/21�l^sr5�lb{rUWB�1�l>s �Â5879|�O;�r3@?C/21�l>K~B2l6|�lml@�r�bUC5�l

H%R



twvLx l6/2143El@?-<m?-UWB�?-�65�l�B��97�/2{r3@?-<m?ClpB�3@?C/21�l�O;UWB2l6l@?C�f��5�l @�5;U-?-<m?-1�5;�EUC5�lF{~B��@3@?C5�lE�f�r?�1�5ml6/2143F{~B2lF1�|�O�5�lplpB�?-�65�l
sr5�lu{rUWB�1�l��~sr5�l6O�5;1�s9�65FUC5�l=l6|;UC5�O;3@?C/21�lL5;3={r�6/�M@5�O;3@?C/21�l�5;36O%, B

�®re>��� � �q��! � d4�\g(d°e���!ke �pdo�ke'df¬ �"g(d¢�"d4e^Z`[µ] ��dfg(d � ®����µ«À�)!$�^#��k®r±�!$d���°!$�¯�"d�g(®¥�qdf±�!k²4��d

T"/2�r�:3@�6/2�rAc5;�EUC5�lEt�v�x��f�r?À/2143:sr5�lE?-19P�/2�@<^B�3@?C/21�l�l@�r�FUC5�lF1��w��srl:sr5bUWB`�65��f���;365H� 1�/2��lF�r3@?-U-?Clp/21�lEUWB
1�/23@?C/21�sr5 �H���-��! ����"�� # ���g' ���D���C���1
 ,V¼ 143@�r?-3@?-Ac5;<>5;1f3�� �r1�1��w��s¯sr5\UWB��65��4���;365°5�l@3>O�/2<m{~B�3@?-KrUC5�B�Ac5�O¢�r1
1��w��s`s � �r1^twvLx l@?�UC5�1��w��sµs9�µt�v�x O�/2143@?C5;1f3�s � �r1�5�<^B�1r?C�;�65�?-<m{rU-?CO;?-365�/2�µ5879{rU-?CO;?-365LUC5=1�/2< s9�µ1��w��s
sr5FUWB��65��f���;365%,

?�/2�@<>5;U-UC5;<>5;1f3�� ���8���C���
n

'	����*	�)'	�g�
l
���#$!Q����*	� �	�g�

Q
��
	�_�����-��!M����"�#<�:!�?1���G�;� ���C���

m
�YR ��� �-d 7

χ
l6l6?�s�B�1�luUWBml@{¸|�O;?Q}~O�B�3@?C/21°sr5

m
1�/2��l=3@�6/2�rAc/21�l��r1�5Esr5�l=l@{¸|�O;?Q}~O�B�3@?C/21�l�l6�r?-A2B�1f365�l:�

Q �r1�5:l@{�|�O;?Q}~O�B�3@?C/21
[Tag = l]

,
Q �r1�5:l@{�|�O;?Q}~O�B�3@?C/21°¡c5;1�5;�@?C�4��5

Tag
,

T"/2�r�F�r3@?-U-?Cl65;���r1�twv�x�{�/2�r�w/2Kr365;1r?-�Fsr5�lL?-19P�/2�@<^B�3@?C/21�lEl@�r���r1 O�5;�@3pB�?-1�1��w��s ��1�/2��lFB�Ac/21�lFsr5�lLP�/2?Cl
K¸5�l6/2?-1`sr5�P�B�?-�65Lsr5�l0<>/os9?Q}~O�B�3@?C/21�l=s �IB�K�/2�6s , � 1`587r5;<m{rUC5�3»no{r?C�4��5wsr5�l�O�5�l0<>/fs9?Q}~O�B�3@?C/21�lu5�l@30UWB�l6|;UC5�O;3@?C/21
�f�r?Àsr/2?-3��;3@�65^B�{r{rU-?C�f��|�5m{¸/2�r�F}�U-3@�65;�:�r1�5>l6{�|�O;?Q}~O�B�3@?C/21¿¡c|;1�|;�@?C�f��5^sr5>3»no{�5

Tag
, ��/2��l�B�U-UC/21�lE1�/2<m<>5;�

U��Â5;1�l65;<�KrUC5Fsr5�36/2�r365�l0UC5�l0<>/fs9?Q}~O�B�3@?C/21�lu�f��5�sr/2?-Ac5;143u�;3@�65LP�B�?-365�lA�:�r1#@�5;1�l65;<�KrUC5wsr5$BÀtwv�x {�/2�r��sr/21r1�|;�
sr5�lL?-19P�/2�@<^B�3@?C/21�lwl@�r�L�r1�O�5;�@3pB�?-1�1��w��s°sr5�UWBm�65��f���;365H���r1 JZ���>� 
 �9���\� � ,~¼ U�P�B��r3=�65;<^B��6�f��5;�F�4��5FUC5�l Jj�����

 �	���\� �>
 P�/2�r�@1r?Cl6l65;1f3:l65;�rUC5;<>5;143:UC5�lF<>/fs9?Q}~O�B�3@?C/21�l��4�r?Àlp/2143E1�|�O�5�l6l�B�?-�65�lF{�/2�r�:3@�6/2�rAc5;�:sr5�lF?-19P�/2�@<^B�3@?C/21�l
O�/21�O�5;�@1~B�143 �r1bO�5;�@3pB�?-1m1��w��sbsr50UWBL�65��4���;365H��<^B�?Cl�1��IB�{r{rU-?C�f��5;143À{~B2lVs �IB��r3@�65�lV/2{r3@?-<m?Cl�B�3@?C/21�l��%O�B��VO�5;U-UC5�lNº»O;?
l65;�6/21f3�sr|�O;?Csr|�5�l�l@�r�u�r1°{rUWB�1°O�/2<m{rUC5;3�,

T"/2�r��B�Ac/2?-��B2O�O���lwB��°O�/214365;1f��s � �r1¢twv�x�?-U P�B��r3={~B��NP�/2?CluP�/2�r�@1r?-��B��¢twv�x§O�5;�@3pB�?-1�5�l�A2B�UC5;�r�6l@�O�5;U-UC5�l
<^B��6�f��|�5�l0s�B�1�l UWBEl6{�|�O;?Q}~O�B�3@?C/21\{~B��

R
B8,fjÀ�IB�U-¡c/2�@?-3@¹r<>5F5�l6lpB�?C5Ls � �r3@?-U-?Cl65;�0s�B�1�l0O�5LKr�r3 UC5�l A2B�UC5;�r�6l P�/2�r�@1r?C5�l

{~B��=UWB��65��f���;365H��5;3�sr5FO�/2<�Kr?-1�5;�Lsr5�lLB��r3@�65�l=t�v�x�{¸/2�r�u3@�6/2�rAc5;��UC5�l=A2B�UC5;�r�6l=sr5;<^B�1�sr|�5�l',
�FB�1�l=O�5F{r�65;<m?C5;��{~B2l�sr5wU��IB�U-¡c/2�@?-3@¹r<>5H��1�/2��l��r3@?-U-?Cl6/21�l=3@�6/2?Cl�5;1�l65;<:KrUC5�l

XS
�
ES

5;3
RS

�
Q XS

O�/2143@?C5;143�36/2��l�UC5�l�t�v�x��f�r?�sr/2?-Ac5;1f3��;3@�65��r3@?-U-?Cl6|�l�{�/2�r�u/2Kr365;1r?-�=sr5�l�?-19P�/2�@<^B�3@?C/21�l=O�/21�O�5;�@1~B�143
�r1¢O�5;�@3pB�?-1�1��w��s

Q ES
O�/2143@?C5;1f3L36/2��luUC5�l Jj����� 
 �	���\� �>
 1�|�O�5�l6l�B�?-�65�l={¸/2�r�u3@�pB�1�lNP�/2�@<>5;�LUC5�lu1��w��srlu1�|�O�5�l6l�B�?-�65�l

Q RS
O�/2143@?C5;1f3V36/2�r365�l�UC5�lkA%B�UC5;�r�6l"�65��4�r?Cl65�l�/2��UC5�l�O6¹~B�<m{�lVsr5�l"t�v�x��f�r?4{¸5;�rAc5;143"P�/2�r�@1r?-�VO�5�l"A%B�UC5;�r�6l�,

��/2��l�B2lpl6/fO;?C/21�l�¢Op¹~B2�4��5µt�v�x
X

�r1�5^U-?Cl@365^sr5�l�1��w��srlb�4�r? l6/2143bO�/2�rAc5;�@36l:{~B��
X

@
X

{¸5;�r3��;3@�65
�r3@?-U-?Cl6|L{�/2�r� P�/2�r�@1r?-��sr5�l ?-19P�/2�@<^B�3@?C/21�lul@�r�0Op¹~B2�4��5�1��w��s`sr5LO�5;3@365�U-?Cl@365$B8, ��/2��l0B�U-UC/21�l01�/2<m<>5;�uO�5�l0U-?Cl@365�l
CoverLists

,
� UWBF}�1µs9�`{r�65;<m?C5;� {~B2l0sr5=U��IB�U-¡c/2�@?-3@¹r<>5H�o1�/2��l0O�/21�l@3@�@�r?Cl6/21�l0�r1^3pB�KrUC5�B�� @

CandXAMs
BV�f�r?)sr/21r1�5H�

{¸/2�r�=O6¹~B2�f��5F1��w��s¢sr5wUWB��65��f���;365
n
UC5�l�B�U-365;�@1~B�3@?-Ac5�l�{�/2�r�u3@�6/2�rAc5;��UC5�lu?-19P�/2�@<^B�3@?C/21�lLO�/21�O�5;�@1~B�143

n
lp/2��l

UWB�P�/2�@<>5Esr5�lu3@�@?-{rUC5;36l�@
XS

�
ES

�
RS

B8,~.05w{r�65;<m?C5;��{~B2l=5�l@3u{r�6|�lp5;1436|:s�B�1�l=U��IB�U-¡c/2�@?-3@¹r<>5�H9,

�®re��q��� � e��'&�¬¿df�¯g(d�#c����� �$dfe�®�g��df���$®9�'& � d4e �"d �qd �W	4#c�2&�'!k��d�d4�����2&(d4�Dg(d4e ®�g��d4�2�k®9�'& � dfe �$®��$e
g 	-�~���$��d¢#c���)&(e�e�®����m�"d4e>#4���k��e��

.05Lsr5;�97o?C�;<>5L{~B2l sr5�U��IB�U-¡c/2�@?-3@¹r<>5FBFUC5=���2UC5�sr5=3@�@?C5;� U��Â5�l@{~B2O�5�sr5�l0B�U-365;�@1~B�3@?-Ac5�l0{¸5;�@<>5;3@3pB�143usr5�Op¹�/2?Cl@?-�
�r1�5m�658º»|�O;�@?-3@�r�65^{�/2�r�E�r1¥1��w��s£sr5mUWB\�65��f���;365%, � 1¥<>/osr�;UC5>sr5>O�/2Ár3:{rU-��l:B�A%B�1�O�|^sr/2?-3:�;3@�65^O�/21�l@?Csr|;�65;���
<^B�?Cl�{�/2�r��UC5µKr�r3�sr5`O�5µl63pB�¡c5H�k1�/2��lbB�Ac/21�lb�r3@?-U-?Cl6|`sr5�l�¹�5;�r�@?Cl@3@?C�f��5�l�{rU-��lbl@?-<m{rUC5�l',$vL?-1�l@? ��1�/2��lmB�Ac/21�l
O�/21�l@?Csr|;�6|�UC5�O�/2Ár3 O�/2<m<>5��r1�5uP�/21�O;3@?C/21µs9�µ1�/2<:Kr�65�sr5�l B�3@3@�@?-Kr�r36l {r�6|�l65;1436l0s�B�1�l UC5=t�v�x��45;3 s9�>1�/2<�Kr�65
sr5�lu1��w��srlLsr5wUWBb�65��4���;365:O�/2�rAc5;�@3={~B��=�r1�5EO�5;�@3pB�?-1�5:B�U-365;�@1~B�3@?-Ac5%,

�®re>�'�q���VaÀ®¥#4�)�$e�����!$#%�'&(�)���$dfe>«�g®��$em�
	Qd � 	4#4!k�'&(�)�

jÀ�IB�U-¡c/2�@?-3@¹r<>5w{¸/2�r�uO�/21�l@3@�@�r?-�65�UC5�l {rUWB�1�lus �Â587r|�O;�r3@?C/21�5�l@30{r�6|�l65;1436|ws�B�1�l0UWB:l6�r?-365%,ojk5�l {rUWB�1�l�s �Â587r|�O;�9º
3@?C/21¢sr5w�65��f���;365�l=l6/2143=O�/21�l63@�@�r?-36l�5;1¢O�/2U-UWB�143�UC5�l�t�v�x��f�r?�sr/21r1�5;143�sr5�l=?-19P�/2�@<^B�3@?C/21�l=l6�r�uUC5�l�1��w��srl�sr5

H%y



[`g �~�~�2&���$¬£d�Y � ¨L|;{�/21�s9�65��\sr5�lw�65��f���;365�lE5;1¥�r3@?-U-?ClpB�1f3EUC5�lwt�v�x � T�B2lE¼8,¸½��6/2�rAc5;�:UC5mlp/2��lNº
5;1�l65;<�KrUC5Esr5�l=twv�x��65;UC5;A%B�1436l={¸/2�r��Op¹~B2�4��5F1��w��s°sr5FUWB��65��4���;365

&��$«"!k� ��U��Â5;1�l65;<:KrUC5�sr5�lut�v�x��f�r?ksr|�O;�@?-3=�r1¢l636/fOp 2B�¡c5F{r¹fnol6?C�4��5
X��UWB��65��4���;365

Q��!���«�!k� ��U��Â5;1�l65;<:KrUC5�sr5�l�B�U-365;�@1~B�3@?-Ac5�lLs�B�1�l=UWB��658º»|�O;�@?-3@�r�65:sr5�l=1��w��srl
CandXAM� �~��d4®r#��

q
�B�C���F���

Q
�"�� � �)�qdf®r#� � d 7

Xi
���

X
�"�� 1�5 �=v�U-365;�@1~B�3@?-Ac5

�
P�B��97�

XS ← ∅;ES ← ∅;RS ← ∅� � �)�qdf®r#� ���C���
n

�;�
Xi

�"�� & �������������
	������������� � *�N�� � ���$df�	 & �
Xi

� �G�����A�������A� ��!1
W
��)'��	� 
_��! ��������

R
���$df�
 O�B�UCO;�rUC5;�LU�� Jj����� 
 �	���\� � B2l6l6/oO;?C|�º

ESi
�

XS ← Xi
�

ES ← ESi
��� 1�5 �=vLU-365;�@1~B�3@?-Ac5

←
Af�pB�?��� BqM@/2�r365;��� ��UWB

CoverList
sr5

Xi
���

dog(e�d�& � ��� ���g��
=#<��
=? ! #$������

ri

����*	���@
/��
=
	� �A�C���
Q
���$df���� O�B�UCO;�rUC5;�LU�� Jj����� 
 �	���\� � B2l6l6/oO;?C|�º

ESi
���

XS ← Xi
���

ES ← ESi
��	

RS ← ri
� 
 1�5 �=vLU-365;�@1~B�3@?-Ac5

←
Af�pB�?��� BqM@/2�r365;��� ��UWB

CoverList
sr5

Xi
���

dog(e�d���
r1

i �
UC5�luA%B�UC5;�r�6l�s�B�1�l

Q
<^B��6�f��|�5�l

R
s�B�1�l

Xi
��� 3@�6/2�rAc5;�=�6|�O;�r�6l6?-Ac5;<>5;143�36/2�r365�l=UC5�l=O�/2<�Kr?-1~B�?Cl6/21�lLsr5�l=A2B�UC5;�r�6l

R
sr5

Q
�4�r?��� {¸5;�rAc5;143��;3@�65�P�/2�r�@1r?C5�l�{~B���s �IB��r3@�65�l=twvLx @

Xs
B º

r2

i& � ��� �;�:�%��!M*	�)��? !�#<�����WX � # 
F!�!�� � � � ��
,��� �=? !�#<���;� ���$df���� O�B�UCO;�rUC5;�=UC5�lL� z\B2l6l6/oO;?C|�l�B��97
Xs

��� O�/2<:Kr?-1�5;�LUC5�luA%B�UC5;�r�6l
r1

i

5;3
r2

i

s�B�1�l��r1�3@�r{rUC5Esr5 �8Kr?-1�s9?-1r¡cl/�
r��� <>5;3@3@�65 ��M@/2�r�

XS =Xs ∪Xi
�
ES

�
RS = {r}

�
CoverLists��	 1�5 �=vLU-365;�@1~B�3@?-Ac5

←
Af�pB�?� 


& � � ���(d-# �g�����6! ���>?1� � ?/��!�� ���$df����
CandXAMs

C
q
F»,IB2srs%@

XS
�
ES

�
RS

B���
& ��� !�� � �-dW7D
 � * ��� ∅ ���$df���� 587o?-3%! THTpM@5F1�5F{¸5;�97\{~B2lu�6|;{�/21�s9�65���UWBb�65��4���;365

Q
5;1��r3@?-U-?ClpB�143�l65;�rUC5;<>5;143

X� �

Hc�



UWB��65��f���;365H�~s�B�1�luUC5wKr�r3�sr5:O�/2�rAf�@?-�=U��IB��@Kr�65:sr5wUWBb�65��4���;365%,
�FB�1�lVUC5�{r�65;<m?C5;� {~B2lÀsr5�U��IB�U-¡c/2�@?-3@¹r<>5�sr5u�658º»|�O;�@?-3@�r�65=1�/2��lÀAc|;�@?Q}~/21�lÀUWBwO�/2<m{~B�3@?-Kr?-U-?-36|L5;143@�65uUC5�lÀ1��w��srl

sr5�UWB��65��4���;365w5;3�UC5�l�1��w��srl=s9�\twvLx�5;1¢lp5�K~B2lpB�1f3=l65;�rUC5;<>5;143Ll@�r��UC5�lu|;3@?C�4��5;3@365�l=sr5�l01��w��srl�,rT"/2�r�@3pB�143��
{¸/2�r� 3@�6/2�rAc5;�0UC5�l O�/2�@�65�l@{¸/21�s�B�1�O�5�l�5;143@�65LUC5�l 1��w��srl�sr5�UWBF�65��f���;365L5;3 UC5�l twvLx �%?-U~P�B��r3 365;1r?-�0O�/2<m{r365�sr5�l
?-19P�/2�@<^B�3@?C/21�lml@�r�:UC5`O�/214365879365 @�O6¹�5;<m?-12B�s�B�1�l�UC5��4��5;U0UC5�l�1��w��srlbB�{r{~B��pB�?Clpl65;143�, ��/2��l�B�U-UC/21�l��r3@?-U-?Cl65;�bUWB
O�/2<m{~B�3@?-Kr?-U-?-36|b5;143@�65��r1�5�B��6�;365�sr5EUWBm�65��f���;365:5;3L�r1�5�B��6�;365 @�/2�°�r1�Op¹�5;<m?-12BLs � �r1°twvLx �r3@?-�65;��{r�6/�}�3ws9�
O�/214365879365:s � �r1°1��w��s , �L/2��lLB�U-UC/21�lu1�/2<m<>5:O�5;3@365F�65;UWB�3@?C/21�sr5EO�/2<m{~B�3@?-Kr?-U-?-36| ��� �c��! ����"	� # �>�g':�;��
�%�����:�>��
 ,
aÀ® #c��¬¿«"®9�'& �"&�g�&��	¯�$dfe #�$df¬�&(�$e �L/2��lb5879{r�@?-<>/21�l�UC5 �����6�g��� �g�D�(R ��� ���C���&�YR ��� �-dW7 5;1��r3@?-U-?ClpB�1f3
sr5�lF5879{r�65�l6l@?C/21�lwtwT"B�3@¹¿sr��l@?-¡%1~B�1f3EUC5bO6¹�5;<m?-1£s � �r1¥O�5;�@3pB�?-1¥1��w��s¥s9�¥twvLx ,�j�5mO�/214365879365b?-<m{rU-?CO;?-365>s9�
1��w��s¿�pB2O;?-1�5`s � �r1£twv�x 5�l@3

//
,kj�5�l�?-19P�/2�@<^B�3@?C/21�l�l@�r��UWB¢l@3@�@��O;3@�r�65µsr5�l:sr/oO;�r<>5;1436lbl@36/oO6 c|�l�{�5;�rAc5;1f3

�;3@�65F�r3@?-U-?Cl6|�5�l={�/2�r��sr|;3pB�?-U-UC5;��UC5�l�O�/214365879365�l�sr5�l=1��w��srl�,
T�B��F58795;<m{rUC5H��{¸/2�r��UC5�t�v�x

Xf
s�B�1�l�UWB>}�¡%�r�65�H9,-+�UC5�O�/214365879365�s9��1��w��s¥H>5�l@3

//a[/e]//d
,$.05;3@365

5879{r�65�l6l@?C/21 {�5;�r3��;3@�65µsr|;3pB�?-U-UC|�5\s �IB�A%B�143pB�¡c5H�V5;1��r3@?-U-?ClpB�143bUC5�l�?-19P�/2�@<^B�3@?C/21�l�P�/2�r�@1r?C5�l�{~B���UC5 �FB�3pB ���r?Csr5
@({~B��b58795;<m{rUC5H�"UC5�lbO6¹�5;<m?-1�lmO�/2<m{¸/2�@3pB�143>sr5�l

//
{¸5;�rAc5;143m�;3@�65`�65;<m{rUC5�O�|�lb{~B���UC5�l��r1r?C/21�lbsr5�lbO6¹�5;<m?-1�l

|;UC|;<>5;143pB�?-�65�lL3@�6/2�rAc|�l�s�B�1�l�UC5�l=sr/21r1�|�5�l���5;1¢l'�IB�{r{r�rn4B�143Ll6�r�=�r1��FB�3pB ���r?Csr5$B8,
T�B��E587o365;1�l6?C/21%�)1�/2��lwsr|8}�1r?Cl6lp/21�lLUC5 ��� �A�g��� �g���YR �;� �B�C���D�;�G# ! ����*9� �	�g� O�/2<m<>5�U��Â587o{r�65�lpl@?C/21 t�T�B�3@¹

�f�r?�sr/21r1�|�UC5wO6¹�5;<m?-1�Ac5;�6l0UC5�1��w��s �rB��r¡%<>5;1436|�5:B�Ac5�OLUC5�l�O�/21�s9?-3@?C/21�l=l63@�@��O;3@�r�65;U-UC5�l�?-<m{�/%l6|�5�l�5;1\{rU-��l0{~B��
UWB��65��f���;365%,

�V1µ�r3@?-U-?ClpB�143 UC5�lV1�/23@?C/21�l0s9�^O�/214365879365�sr5u1��w��srl UC5u{r�6/2KrUC�;<>5Lsr5 �����-��! ����"��># ���g',����
 �%�����:�>��
 lp5u�65�s9�r?-3
���r1�5F{r�6/2KrUC�;<>5�s � ?-1�O;U-��l@?C/21°s �Â5879{r�65�l6l@?C/21�l=twT�B�3@¹£�

� �2���C���
q
�YR �;�h�:����*	� �	�g� ���f���	�R


Q
��
�� �M!���
:#$! ����# !M�������)
Q�;�Q�����-��!M����"��># �>�g'F�����%�����:�>��
Q!�?1�������

���C���
n

�YR ��� �-d 7
X

l6l@?V�
Q UC5w1��w��s

q
5�l@3 �g���C��� �������-��! ����"�#<�:!�?1���:#<����C���

n � �
� #$�W�%�����:� � � �j! �1�F*	��� �;'��	���>�4#<�,�����6�g��� �g�=� �����C���

q
�M! ��


Q
��
	�4� �6�9# �;
 �M!��)
Z#$�,������:� � � �j! �1��*	���

�;'��	���>�_#$����C���
n

�M!���

X

[`g �~�~�2&���$¬£d�© ��¨�|;{¸/21�s9�65 �msr5�l��65��4���;365�l�5;1¢�r3@?-U-?ClpB�1f3�UC5�l�t�v�x �~T"B2l�¼6¼6¼8,9jkB>O�/21�l@3@�@��O;3@?C/21
sr5�lu{rUWB�1�lLs �Â5879|�O;�r3@?C/21

&��$«"!k� ��U��Â5;1�l65;<:KrUC5�sr5�lut�v�x��f�r?ksr|�O;�@?-3=�r1¢l636/fOp 2B�¡c5F{r¹fnol6?C�4��5
X��UWB��65��4���;365

Q��U��Â5;1�l65;<:KrUC5�sr5�l�B�U-365;�@1~B�3@?-Ac5�lLs�B�1�l=UWB��658º»|�O;�@?-3@�r�65:sr5�l=1��w��srl
CandXAM�~l@3@�@��O;3@�r�65El@?-<m?-UWB�?-�65 ���r1 �wB�3pB �w�r?Csr5H�~O�/214365;1~B�1f3Lsr5�l�?-19P�/2�@<^B�3@?C/21�lLl@�r�uUWBml@3@�@��O;3@�r�65

sr5�l=sr/fO;�r<>5;1f36l�l@36/oO6 c|�l
D��!���«�!k� ��UWB�U-?Cl@365Esr5w36/2��l=UC5�l={rUWB�1�l=s �Â5879|�O;�r3@?C/21�l

Solutions
@�/21�B2lpl6/fO;?C5w�r1�{rUWB�1�s �Â5879|�O;�r3@?C/21

���r1°5;1�l65;<:KrUC5:sr5�l=�658º»|�O;�@?-3@�r�65�l��r�r1�5E{�/2�r�=Op¹~B2�4��5:1��w��s B
Solutions← ∅� � �~��d4®r#�� ! # �g�����6! ���>?1�

ai

���
Q.root

�M!���

CandXAM

�$��
partialSolution← �����	��
	�����������	�
��	���	� @ Q.root

�
ai
B�

�����	��
	�������������	� @ X,Q,CandXAMs, partialSolution,Q.root,D
B� & �

partialSolution! = ∅
���$df�

Solutions← Solutions ∪ partialSolution�
��dc�'!$�2�

Solutions	

T"/2�r��<>5;3@3@�65E5;1�O�/2�@�65�l@{�/21�sr5;1�O�5:UC5�l�B��6�;365�l�sr5EUWB��65��4���;365:B�Ac5�O:sr5�l�B��6�;365�lUT�O6¹�5;<m?-1�lws�B�1�luUC5�l=twv�x��
1�/2��l>�r3@?-U-?Clp/21�lµsr5�l^?-19P�/2�@<^B�3@?C/21�l\l@�r�>UWB£l@3@�@��O;3@�r�65°sr5�lµsr/fO;�r<>5;1f36l`t�x�j Op¹~B��@¡c|�5�lµs�B�1�lµUC5¢l@36/oO6 %B�¡c5H�
?-19P�/2�@<^B�3@?C/21�l��f�r?�1�5Fl6/2143Lsr/21r1�|�5�l={~B��=�r1��6|�l@�r<>5:l@3@�@��O;3@�r�pB�Ukl@?-<m?-UWB�?-�65���r1��wB�3pB �w�r?Csr5%,

jÀ�IB�U-¡c/2�@?-3@¹r<>5uS�5�l@3�K~B2l6| l@�r���r1�5À3@�pB�Ac5;�6l6|�5 �6|�O;�r�6l@?-Ac5 sr5 U��IB��@Kr�65 sr5 UWBu�65��f���;365%, ��/2��lkO�/2<m<>5;1���/21�l"{~B��
UC5�1��w��s\�pB2O;?-1�5E5;3��o1�/2��l�Ac|;�@?Q}~/21�l=l@?¸UWBbl6/2U-�r3@?C/21�{~B��@3@?C5;U-UC5w3@�6/2�rAc|�5EO�/2�rAo�65��r1�1��w��s�5;19P�B�1f3*T�sr5�l6O�5;1�s�B�143

H%¦



5;3mU��IB��6�;365��f�r?uU-?C5\U��Â5;19P�B�1f3V� l6/21D{~B��65;143�, zf?=/2�r? ��1�/2��lb<^B��6�f��/21�l^�f��5`UC5\1��w��sD5;19P�B�1f3*T�sr5�l6O�5;1�s�B�143��
|;36|^O�/2�rAc5;�@3�{~B��:�r1�t�v�x	587o?Cl63pB�143�s�B�1�l�UWB¢lp/2U-�r3@?C/21£{~B��@3@?C5;U-UC5`5;3:1�/2��l�O�/2143@?-14��/21�lm5;1�{r�6/�P�/21�sr5;�r��,Vzf?
UWBbl6/2U-�r3@?C/21¢{~B��@3@?C5;U-UC5:1�5FO�/2�rAf�65E{~B2luUC5F1�/2�rAc5�B��¢1��w��s¢5;3*T�/2�°U��IB��6�;365EO�/2�@�65�l@{¸/21�sr5;14365H�)1�/2��l=5�l6lpB�nc/21�l�sr5
3@�6/2�rAc5;�Vsr5�lktwv�x {~B��@<m?fUC5�lVB�U-365;�@1~B�3@?-Ac5�l�{¸/2�r�$UC5 1�/2�rAc5�B���1��w��s�3@�6/2�rAc|�5�l�s�B�1�l"UC5À{~B2l�¼ sr5 U��IB�U-¡c/2�@?-3@¹r<>5H�
�f�r?L{¸5;�rAc5;143¢�;3@�65��;O�/2U-UC|�5�l/� B�Ac5�O UWB�l6/2U-�r3@?C/21 {~B��@3@?C5;U-UC5 {~B��\�r1�5µMN/2?-1f3@�r�65�l63@�@��O;3@�r�65;U-UC5%,uT$/2�r��{¸/2�rAc/2?-�
O�/2<:Kr?-1�5;�0UC5u1�/2�rAc5�B��µt�v�x�5;3 UWBFl6/2U-�r3@?C/21^{~B��@3@?C5;U-UC5H�41�/2��l sr5;Ac/21�l0B�Ac/2?-�0sr5�lÀ?Csr5;143@?Q})B�1f36l�l@3@�@��O;3@�r�65;UCl0B��97
sr5;�97µ58793@�65;<m?-36|�l�sr5�U��IB��6�;365w�f�r?~U-?C5LUC5�{~B��65;1f3�5;30U��Â5;19P�B�143 @�/2�µU��IB�1�O��;3@�65w5;30UC5Lsr5�lpO�5;1�s�B�143*B8,�zf?�O%�Â5�l63 UC5�O�B2l��
1�/2��luBqMN/2�r36/21�l0UC5�l01�/2�rAc5�B��97µtwv�x��f5;30<>/os9?Q}~/21�l0UWB:lp/2U-�r3@?C/21`{~B��@3@?C5;U-UC5w5;1�BqMN/2�r3pB�1f3uUC5�{rUWB�1�s �Â587r|�O;�r3@?C/21
{¸/2�r�:UC5m1�/2�rAc5�B�� 1��w��s @�/2Kr365;1f���¢{~B��@3@?-��sr5>U��IB�U-365;�@1~B�3@?-Ac5\Op¹�/2?Cl@?C5$BF�f�r? U-?C5mUC5�l�sr5;�97¿5;3�O�/21f3@?-14��/21�lm5;1
{r�6/�P�/21�sr5;�r��,~zf?-1�/21%�fU��IB�U-¡c/2�@?-3@¹r<>5E�65;Af?C5;1f3�5;1¢B��@�@?C�;�65%, ��/2��l0�r3@?-U-?Cl6/21�l��r1�5LP�/21�O;3@?C/21 E����h���P!M�g� �c�g� � � ��b�/���
�f�r?��65�O�/2?-3¢5;1 {~B��pB�<>�;3@�65¥�r1 1��w��s¤sr5 UWB��65��f���;365¥5;3`�r1�5¿B�U-365;�@1~B�3@?-Ac5¿B2lpl6/fO;?C|�5 s�B�1�l�.�B�1�s9twv�x 5;3
�65;36/2�r�@1�5µUC5m{rUWB�1 s �Â587r|�O;�r3@?C/21£{¸/2�r��/2Kr365;1r?-��UC5m1��w��s sr5mUWB��65��f���;365 @�O�5^{rUWB�1�s �Â587r|�O;�r3@?C/21 5�l63uM ��l6365>UC5
�6|�l@�rU-3pB�3�sr5EU��IB�{r{rU-?CO�B�3@?C/21�lLsr5�l=5�s9?-3Nº»lpO;�@?-{r36l*B8,

� ���k#c�'&��� �����	�
���������������	��� X,Q,CandXAMs, Soutions, currentNode,D � O�/21�l@3@�@�r?-3b�6|8º
O;�r�6l@?-Ac5;<>5;1f3�36/2��luUC5�l={rUWB�1�l�s �Â587r|�O;�r3@?C/21

&��$«"!k� ��U��Â5;1�l65;<:KrUC5�sr5�lut�v�x��f�r?ksr|�O;�@?-3=�r1¢l636/fOp 2B�¡c5F{r¹fnol6?C�4��5
X��UWB��65��4���;365

Q��U��Â5;1�l65;<:KrUC5�sr5�l�B�U-365;�@1~B�3@?-Ac5�lLs�B�1�l=UWB��658º»|�O;�@?-3@�r�65:sr5�l=1��w��srl
CandXAM�~l@3@�@��O;3@�r�65El@?-<m?-UWB�?-�65 ���r1 �wB�3pB �w�r?Csr5EO�/214365;1~B�1f3�sr5�lu?-19P�/2�@<^B�3@?C/21�l�l@�r�uUWBbl@3@�@��O;3@�r�65

sr5�l=sr/fO;�r<>5;1f36l�l@36/oO6 c|�l
D��UC5w1��w��s¢O�/2�r�pB�143�sr5

Q
�
currentNode��!���«�!k� ��UWB�U-?Cl@365F{~B��@3@?C5;U-UC5Esr5�lu{rUWB�1�lLs �Â5879|�O;�r3@?C/21

Solutions� �~��d4®r#�� 
9��# ������������!��	������#>#<�
si

�M!��)

S
�"�


� �)�qdf®r#� ���$M	!��6�
pj

���
currentNode

�$��
existXAMCovered← faux� � �)�qdf®r#� ���C���

x
���

si

�����-��! ����"�#<�:!�?1���
pi
�"����

existXAMCovered← vrai���
si
,ÂO�/�Ac5;�6l6j�?Cl@3

� si
,ÂO�/'Ac5;�6l6j ?Cl@36l

∪ pi
��� <>5;3@3@�65��LM@/2�r�

si
@(tFz �Â�0z �Â¨�zNB���

������
���	���������	��� @ X,Q,CandXAMs,PartialSolutions, pi, D
B���

& �
existXAMCovered = faux

���$df���� THT�5�l6lpB�nc5;��sr5FO�/2U-UC5;�=�r1¢1�/2�rAc5�B��¢twv�x �
si

��	 & � �	���������A�@b�/�����hR !,��!1
=��� �=
���'��9� 
_�H! ����� �
ID

���$df�� 
 |;U-?-<m?-1�5;�
si
sr5

Solutions���
dfg(e�d��� P�/2�r1�s +'zo/2U

�
P�B��97���

� �~��d4®r#��
ai

��� �P'��	���������������
pi
�"���� & �

ai

�����6�������6�[��� �=
���'��	� 
C��! �������
ID

���$df���� O�/2U-UC5;�=�r1¢1�/2�rAc5�B��°t�v�x���
si �

l@3@�@��O;3@�r�pB�U��4/2?-1 @
si
�ÂO�/21�l@3@��¶�5;{ ?~/2� �L/osr5I@

pi
B<B��� P�/2�r1�s +'zo/2U

�
Af�pB�? �~<>5;3@3@�65 ��M@/2�r�

si
@(tFz �Â�0z �Â¨�zNB���

�����	��
	�������������	� @ X,Q,CandXAMs,PartialSolutions, pi
B��	

& � M9�����6��� 
 ��# � M9!�� � ���$df�� 
 5879?-3%! THTpMN5E1�5w{�5;�97\{~B2l=�6|;{¸/21�s9�65 ��UWB��65��f���;365
Q
5;1¢�r3@?-U-?ClpB�1f3Ll65;�rUC5;<>5;1f3

X���

H%�



� �������	��
� �

� � � � �"� 
¥��� � 


��/2��l°B�Ac/21�l¢?-143@�6/os9�r?-3¢UC5�l�twvLx O�/2<m<>5¿�r1¤<>/fsr�;UC5 ¡c|;1�|;�@?C�f��5¿sr5 �65;{r�6|�l65;1f3pB�3@?C/21�sr5¥l@36/oO6 %B�¡c5�l
{¸5;�6l@?Cl@3pB�1436l sr5�lVsr/21r1�|�5�lVt�x�jÀ,���/2��l�n�B�Ac/21�l B���l6l@?9?-1�O;U-�>sr5�lÀO�B��pB2O;36|;�@?Cl@3@?C�f��5�lÀl@{¸|�O;?Q}~�4��5�lÀB��97bl@n9l@36�;<>5�l
sr5El@36/oO6 %B�¡c5Ftwx�j �r365;U-UC5�l��f��5FUC5�l=?Csr5;1f3@?Q})B�1436l�{¸5;�6l@?Cl@3pB�1436l$��5;3=UC5�l=�65�l63@�@?CO;3@?C/21�l�s �IB2O�O���l�,¸.05F<>/fsr�;UC5�Bb|;36|
A%B�U-?Csr|m{~B��E�pB�{r{¸/2�@3��\�r1¿5;1�l65;<�KrUC5>?-<m{¸/2�@3pB�143�sr5�l:365�O6¹r1r?C�f��5�l�sr5ml636/fOp 2B�¡c5>5;3:?-1�sr587rB�3@?C/21 �4�r?À/21f3:|;36|
<>/osr|;U-?Cl6|�5�lk5;1��r3@?-U-?Cl65;143"1�/23@�65ÀUWB�1r¡4B�¡c5%, �L/2��l"B�Ac/21�l"|;¡4B�UC5;<>5;143VO�/21��;�:�r1�5V{r�65;<m?C�;�65 Ac5;�6l@?C/21�s �IB�U-¡c/2�@?-3@¹r<>5
�f�r? �r3@?-U-?Cl65FUC5�lutwvLx�l�{¸/2�r�=�6|;{�/21�s9�65��bsr5�lu�65��4���;365�l�tL¶L��5;�@nc,

� (*' �P1��H� 
�1�� /2:<;)1��
�FB�1�l��r1�5�{r�65;<m?C�;�65 |;3pB�{�5À1�/2��l$B�U-UC/21�l �pB �>1�5;�$U��IB�U-¡c/2�@?-3@¹r<>5 s �Â/2{r3@?-<m?ClpB�3@?C/21bsr5�l �65��f���;365�l���5;1E�r3@?-U-?ClpB�1f3

UC5�l�twvLx �25;3V1�/2��lÀ|;3@��s9?C5;�6/21�lÀ5;1>sr|;3pB�?-U�UC5�l�{r�6/2{r�@?C5;365�l sr5�U��IB�U-¡c/2�@?-3@¹r<>5%, �L/23pB�<m<>5;1f3��c?-UoP�B���s9�pB�?-3À{r�6/2�rAc5;�
UWBbO�/2�@�65�O;3@?C/21�5;3�UWBbO�/2<m{rUC|;3@��sr5:sr5FU��IB�U-¡c/2�@?-3@¹r<>5�sr5F�658º»|�O;�@?-3@�r�65%,

¼ UkP�B���s9�pB�?-3FB���l6l@?�l�� ?-1436|;�65�l6lp5;���^UWB>{¸/%l6l@?-Kr?-U-?-36|�s � �r3@?-U-?Cl65;�Fsr5�l�?-19P�/2�@<^B�3@?C/21�lFl6�r�LUC5�MN5;��sr5��65��4���;365�lw5;3
l@�r�uUWBml63@�@��O;3@�r�65Esr5�l=sr/oO;�r<>5;1436lL{�/2�r�u{r�6/2{¸/%l65;��sr5�l=l636/fOp 2B�¡c5�l�,

��/2��l B�U-UC/21�l O�/21f3@?-14��5;��s � ?-<m{rUWB�14365;�0U��IB�U-¡c/2�@?-3@¹r<>5�sr5u�658º»|�O;�@?-3@�r�65Lsr5�lV�65��f���;365�l s�B�1�lV�r1^/2{r3@?-<m?Clp5;�r� sr5
tL¶L��5;�@n�5;3�1�/2��lFO�/2<m{~B��65;�6/21�lwUC5�lw{¸5;�NP�/2�@<^B�1�O�5�lwsr5bO�5;3F/2{r3@?-<m?Cl65;�r�EB�Ac5�O�UC5�l�{�5;�NP�/2�@<^B�1�O�5�lFsr5�lFB��r3@�65�l
l@n9l@36�;<>5�lu�6|�O�5;1f36l��r{¸/2�r�=<>5�l@�r�65;�=UC5w{r�@?Q7\{~B�nc|:{�/2�r�uUWBb¡c|;1�|;�@?CO;?-36|�s9�¢l@36/oO6 %B�¡c5%,

��/2��lw|;3@��s9?C5;�6/21�lEB���l6l@?kUWB^{¸/%l6l@?-Kr?-U-?-36|�s �Â|;365;1�s9�65�UC5:P��pB�¡%<>5;143wtL¶L��5;�@n°�r3@?-U-?Cl6|H�){r�r?Cl�1�/2��lw|;3@��s9?C5;�6/21�l
UC5�lu{r�6/2KrUC�;<>5�lLl@{�|�O;?Q}~�f��5�luU-?C|�5�l ��U��IB2s�B�{r3pB�3@?C/21�sr5w1�/23@�65:B�U-¡c/2�@?-3@¹r<>5�bs �IB��r3@�65EUWB�1r¡4B�¡c5�lLsr5w�65��4���;365�l�,

j�5 Kr�r34�=UC/21r¡�365;�@<>50sr5 O�5 3@�pB�A%B�?-Uo5�l@3"s �Â587o{rUC/2�65;�"UWB=O�/21�l63@�@��O;3@?C/21�s � �r1b/2{r3@?-<m?Cl65;�r�����4�r?ol6/2?-3k¡c|;1�|;�@?C�f��5
B���l6l@?kB��°1r?-Ac5�B��°s9��UWB�1r¡4B�¡c5:sr5w�65��f���;365�l�,

S%�



� ������� �	��
 ���8�	�£��


H9,-+ ��795;<m{rUC5�l�sr5�lutwvLx ,�,F,E,F,E,F,E,E,F,:,F,E,F,E,E,F,E,F,:,F,E,E,F,E,F,E,:,F,E,F,E,F,E,E,F,:, ¦
H9,IH t�v�x�¡c5;1�5;�@?C�f��5%,¾,E,:,F,E,F,E,F,E,E,F,:,F,E,F,E,E,F,E,F,:,F,E,E,F,E,F,E,:,F,E,F,E,F,E,E,F,:,�+%+
H9,IS j�5FtwvLx�B�Ac5�OEsr5�l=�65�l@3@�@?CO;3@?C/21�l�s �IB2O�O���l

χ
�9UC5FtwvLx

χ0

/2Kr365;1f�°l@�r?-365 ��U��Â|;U-?-<m?-1~B�3@?C/21�sr5�l
�65�l@3@�@?CO;3@?C/21�lLs �IB2O�O���l$�rUC5Fsr/fO;�r<>5;1f3Ll@36/oO6 c|

D
,0,E,E,F,E,F,E,F,:,E,F,E,F,E,E,F,:,F,E,F,E,E,F,E, +�S

H9, G j�5�l=twvLx�{�/2�r��UC5�l�B�{r{r�6/fOp¹�5�l Jj�5E�� @�BIBU� +Z�>�6!��%
 @(K2BU�~5;3�� �)�>?1����
	! # ��!�"�#<� @�O$B8,	,F,E,E,F,:,�+�y
H9,IR ��795;<m{rUC5�sr5Fsr/fO;�r<>5;1f3�twx�j¿�r3@?-U-?Cl6|F{¸/2�r�=<>/fsr|;U-?Clp5;�=sr5�l�l@36/oO6 %B�¡c5�l ,:,F,E,F,E,F,E,E,F,:,�+'�
H9,Iy j�5�l>twvLx·�f�r?=<>/fsr�;UC5°UC5¢l@36/oO6 %B�¡c5

Basic
,Vjk5�l>3pB�KrUC5�lµ�65;UWB�3@?C/21r1�5;U-UC5�lµO;�6|�5�l @�BIBU� 5;3>UC5�l

t�v�x§O�/2�@�65�l6{�/21�s�B�1f36l@(K2B8,�,E,F,E,E,F,:,F,E,F,E,E,F,E,F,:,F,E,E,F,E,F,E,:,F,E,F,E,F,E,E,F,:,�+�¦
H9, � j�5�l=twvLx�{�/2�r�0�FJ�x�@�BIB»º*@�5$B�5;3 �;T�B�3@¹°{~B��@3@?-3@?C/21r?-1r¡	��@PUB8,w,E,E,F,E,F,E,:,F,E,F,E,F,E,E,F,:,�+��
H9,I¦ x�/osr|;U-?Cl65;��UC5�l�l@36/fOp 2B�¡c5�l0K~B2l6|�l�l@�r��T�B�3@¹¢T"B��@3@?-3@?C/21r?-1r¡°�9BIB �r1�5��65;{r�6|�l65;143pB�3@?C/21�O�/2<m{~B2O;365H�

K2B UWBb�65;{r�6|�l65;143pB�3@?C/21 O�/21�l65;?-U-UC|�5%, ,E,E,F,:,F,E,F,E,E,F,E,F,:,F,E,E,F,E,F,E,:,F,E,F,E,F,E,E,F,:,§H%�
H9,I� j�5�l\?-1�sr58795�l�s9� tw¼Nzrz �0U�� ?-1�sr587 sr5�l\|;UC|;<>5;1436l @�BIBU� U�� ?-1�sr587 sr5�l¢B�3@3@�@?-Kr�r36lP@(K2BU�0U�� ?-1�sr587

l@3@�@��O;3@�r�pB�U>@�O8º»5$BU�rU�� ?-1�sr587¢sr5�luA%B�UC5;�r�6l @PUB8,�,E,F,E,E,F,E,F,:,F,E,E,F,E,F,E,:,F,E,F,E,F,E,E,F,:,§H9+
H9,-+�� � 1 � � � �6�;��� {¸/2�r�u�r1�5F�65��f���;365El@?-<m{rUC5%, ,F,E,F,E,E,F,E,F,:,F,E,E,F,E,F,E,:,F,E,F,E,F,E,E,F,:,§H%H
H9,-+%+�¼»1�sr5876?~B�Kr�@?CO>�rjk5�l=?-1�sr587r5�l �8�pB ��{~B�3@¹ � @�BIBU��5;3 �8�658}�1�5�s¢{~B�3@¹ � @(K2B8,`,:,F,E,F,E,F,E,E,F,:,§H%H

S9+



� �����V��� � ��� ��� ���

C-+UF�v�,9v��@?C/21%�9v�, ��/21r?QP�B�3@? � �b,9.0/%l63pBD�~z�,	�b�ÂvL¡%�~B�1r1�/N�r¼�,ox B�1�/2UC5�l6O;�%�rB�1�s�v�,oTV�r¡%U-?C5�l65%,�� �^O;?C5;1f3��4��5;�@n
5;A%B�U-�~B�3@?C/21�/'Ac5;��O�/2<m{r�65�l6l65�s�twx�j¿s�B�3pB9,À¼ 1 JBT-+ �4�~H%�%��G�,

CIHOF��",). ¹�5;1%� ��, �b, �4B�¡4B2s9?Cl6¹%�~jÀ,�j$B� ol@¹r<^B�1~B�1%��B�1�s�z�,�T�B�{~B��@? ��/%l�,�?r�6/2<�3@�65�5F{~B�3@365;�@1�l�36/>¡c5;1�5;�pB�U-? ��5�s
3@�65�5F{~B�3@365;�@1�l��~JL1°5��^O;?C5;143�5;A2B�U-�~B�3@?C/21�/�P"tL¶L��5;�@n¸,À¼ 1 %6VYT + �~H%�%�%S9,

CISOFb.�, º ��, . ¹4�r1r¡ � �~, º��m,Vx°?-1%�ÀB�1�s��m, zf¹r?-<¢, v�{¸587 �ÀB�1¯B2s�B�{r3@?-Ac5�{~B�3@¹D?-1�sr587 P�/2��twx�j s�B�3pB9,�¼ 1

 31]C7 `BT ��H%�%�%H9,

C G F �w,$.0/o/2{�5;��� ��,"z9B�<m{rUC5H�kx ,�?r�pB�1r oU-?-1%� �b, �ÀM6B�U-3pB2l6/21%�kB�1�s�x�,$zf¹~B2s9<>/21�,\v P�B2l@3E?-1�sr587¥P�/2�:l65;<m?Qº
l@3@�@��O;3@�r�65�s�s�B�3pB9,À¼ 1 %6VYT + �9{~B�¡c5�l�S�G�+ Q S%R%�D�)H%�%�9+%,

CIROF��b,3?"UC/2�65�l6O;�¿B�1�s �b,���/%lpl@<^B�1r1�,�zf36/2�@?-1r¡°B�1�s �4��5;�@no?-1r¡\t�x�jDs�B�3pBµ��l@?-1r¡¢B�1¥¨?�wx �=z�,w¼ 1 3�J[JBJ
T�! ��! JC�;E��>� ���	���>�;E +j��#>#$�	���>� ��+��%�%�9,

CIyOF�¨�, �w/2UCs9<^B�1 B�1�s ��, ��?Csr/2<¢, �wB�3pB�¡%�r?Csr5�l��À�V1~B�KrU-?-1r¡ �4��5;�@n�P�/2�@<��rUWB�3@?C/21 B�1�s¯/2{r3@?-<m? �'B�3@?C/21 ?-1
l65;<m?Cl63@�@��O;3@�r�65�s°s�B�3pB�K~B2l65�l�, ¼»1 % VYT + �rv�3@¹�5;1�l�� ���65�5�O�5H��+��%�c�o,

C �$F��, �4B�¡4B2s9?Cl@¹%�~z�,9v�UQº��w¹~B�U-?QP�BD�rjÀ,9jkB� 9l@¹r<^B�1~B�1%�rv�, �L?C5;�@<^B�1%�~z�,9T"B�{~B��@? ��/%l$� ��,rT"B�365;U �N�b,�zf�@?-A%B2l@3pB�A%BD�
B�1�s 	 , �¥��,¤½�?-<:K¸5;��� v 1~B�3@?-Ac5�t�x�j�s�B�3pB�K~B2l65%,¤½k5�Op¹r1r?CO�B�U��65;{¸/2�@3�� � 1r?-Ac5;�6l@?-3 n¯/�PEx°?COp¹r?-¡4B�1%�
¹f3@3@{£� THT � � �E,Â5�5�O�l�, �r<m?CO6¹�,Â5�s9�2T�s9K2Tq3@?-<�K 5;�*T	��v�{r�@?-UkH%�%�%H9,

CI¦OF��, ��, �4B�¡4B2s9?Cl6¹%�)zf¹4�r�@�r¡`v�UQº��w¹~B�U-?QP�BD�rjkB� 9l=jkB� 9l@¹r<^B�1~B�1%��vL1�s9�65 � ��?C5;�@<^B�1%�)zf3 nfU-?WB�1�/%lLT"B�{~B��@? ��/%l$�
�%?-¡%1�5�l6¹¯T"B�365;U � ��?-Ac5�l@¹�zf�@?-A%B2l@3pB�A2BD�A�VB�1�s 	 ���f?-1r¡ �¥��,£½�?-<:K¸5;�°��v 1~B�3@?-Ac5\twx�j¤s�B�3pB�K~B2l65%,�¼ 1

 31]C7 `BT �9{~B�¡c5:yc�2HD��H%�%�%S9,

CI�OF��, �c?WB�1r¡ � ��,�j �%� ��,2�£B�1r¡ � B�1�s ��,�tL��,�twT"B��65;1f3^�)vL1 5��^O;?C5;143E¨?� ��x¥z4º�K~B2l65�s�t�x�j s�B�3pB�K~B2l65
l@n9l@365;<¢,V¼ 1 3 � T-J ��H%�%�%H9,

C-+��OFb.�, .�,	�EB�1r1�5�B�1�s �b,rx�/f5;�@ c/23@365%,À� �^O;?C5;143Ll636/2�pB�¡c5E/�P"twx�j£s�B�3pB9,À¼ 1 3 � T-J ��H%�%�%�9,
C-+%+UF��b,
�w¹~BD��x�, 	 /%l@¹r?- %B ��BD��B�1�s z�, � 5;<:�r�pB9, v�1 twx�j�?-1�sr5879?-1r¡¯l@3@�@��O;3@�r�65 �u?-3@¹ �65;UWB�3@?-Ac5 �65;¡%?C/21

O�/o/2�6s9?-1~B�365%, ¼ 1 3 � T-J �f{~B�¡c5�l�S9+�S Q S%H%�D�)H%�%�9+%,
C-+�HOFb¶�,�j�? B�1�s �w,�x�/f/21�,>¼ 1�sr5879?-1r¡�B�1�s¿�f��5;�@nf?-1r¡¢twx�j�s�B�3pB`P�/2�F�65;¡%�rUWB��:{~B�3@¹£5879{r�65�l6l@?C/21�l',^¼ 1 � ���

% VYT +a�;������� !�# ��{~B�¡c5�lLS%y9+ Q Sc�2�D�)H%�%�9+%,
C-+�SOF�¼8,4x B�1�/2UC5�l6O;�%�ov�,fv��@?C/21%�fv�, �0/21r?QP�B�3@? �9B�1�sµv�,4TV�r¡%U-?C5�lp5%,�T"B�3@¹�l65��f��5;1�O�58º�K~B2l65�sµt�x�j��4��5;�@nm{r�6/oO�5�lNº

l@?-1r¡�,0zf�rKr<m?-3@365�s\P�/2��{r�rKrU-?CO�B�3@?C/21%�)H%�%��G�,
C-+;G F�½F,0x°?-UC/ B�1�s ��,�zf��O;?-��,�¼ 1�sr587�l@3@�@��O;3@�r�65�lµP�/2�^{~B�3@¹¤5879{r�65�l6l@?C/21�l�, V(���9�������8b=�M�g��
 �>� � � �c� ���g���


 �9����� �H� �k+�R�G4�¢�IHc�%� Q H%�%RD��+��%�%�9,
C-+�ROF�½�¹�5�¶�587r/ml@n9l@365;<¢,�¹43@3@{ � THT � � �E, ¡%14��,Â/2�@¡ T�l6/�P�3 ��B��65$T��f587r/ETo,
C-+�yOF�½�¹�5�¶L? ��t�l@n9l@365;<¢, � � �E, 7oP(�pB9, 1�5;3*T��f? �;79/2{¸5;12To,
C-+'�$F�v�,~z9B�¹4�r¡%��5;3�, ½�¹�5�� �05�5;U-3�l@n9l@365;<¢,"¹43@3@{ � THT�l6/2�r�6O�58P�/2�@¡c5%, 1�5;3*Tq{r�6/�MN5�O;36l*Tq  � 5�5;U-3�,
C-+�¦OF ��,9zf¹~B�1r<:�r¡4B2l@�r1�s�B��pB�<�� ��, �FB�1r¡ ���m,4½k�9P(365H�9.�,�)¹~B�1r¡ �E�b, ��5 � ?-3@3��fB�1�s ��, �wB��r¡%¹436/21�,�¨L5;UWB�3@?C/21~B�U

s�B�3pB�K~B2l65�l=P�/2�=�f��5;�@no?-1r¡>t�x�j¿sr/oO;�r<>5;1436l���j ?-<m?-3pB�3@?C/21�lLB�1�s°/2{r{�/2�@3@�r1r?-3@?C5�l�, ¼»1 % VYT + � +��%�%�9,
S%H



C-+��OF ��,�zf?-<>5�/21�,À½�¹�5 �FB�UWBq7�l@n9l@365;<¢,�¹43@3@{ � THT�s9K�, K�5;U-UQº�UWB�K�l�,ÂO�/2<�Tq¡4B�UWBq7 ,
CIH%�OF��, �£B�1r¡ �$z�,$T"B��@  � ��,�?~B�1%�$B�1�s£T$, 	 ��, ��?zo½ ��v s9nf1~B�<m?CO>?-1�sr587¿<>5;3@¹�/fs P�/2�:�f��5;�@nf?-1r¡°t�x�j

s�B�3pBbKfn\3@�65�5Fl@3@�@��O;3@�r�65�l�,À¼ 1 
 31]C72`[T �9{~B�¡c5�lE+%+�� Q +�H9+H�)H%�%�%S9,
CIH9+UF��w/oO;�r<>5;143wJLK9M@5�O;3�x�/fsr5;U�,�¹f3@3@{£� THT � � �E, ��S9,Â/2�@¡ TG�EJ�x#To,
CIH%HOF�½�¹�5FtL¶L��5;�@n\UWB�1r¡%�~B�¡c5%, � � �E, ��S9,Â/2�@¡ T�½u¨ T'7r�4��5;�@nI��H%�%�%S9,

S%S


