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Abstract In this paper, we show algorithms for XPath processing in environments where target XML data is huge data on

ROM disc media, such as DVD-ROM, but the size of writable memory is relatively small compared with the size of the target

data. In existing XML stream processing systems for XML data on network, we need on-line algorithms because we can read

the data only once, but in the environments explained above, we can read data as many times as we want, and therefore, what

we need is an off-line algorithm with low space complexity. However, there is a trade-off between the amount of memory

needed and the amount of I/O to data on ROM. Because the access to ROM discs is usually slow, the cost of I/O is also an

important factor for efficient query evaluation. To balance these two factors, we show an algorithm which, given the size of

available memory, evaluate XPath queries with using given size of memory and by scanning the data as smaller number of

times as possible.
Key words XML, query processing, optimization
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é�ê#Â 8 ÊG/ P1 ¸ �

a �-¼nt$Èju�Ý&Å�Ó�Õ;Ö çjv ¾+À�ê-Å$w�x
Ë�Ä�Å%�"ü ç �&Ý*� current-depth Á ^ny ñ�� ç M$ó�©�ªÔü 1z Ñ���� Â 2�{ ñ�� ç M&ó�©Dª�ü 1 |m&����&Å��
N	¼�Â (1,a) ¸ ^!y ñ� ç M	ó�©HªNüHÂ current-depth=1 ü+é
Å-�  �Â stat Á 0 ¸�� [ Â�Ó�Õ¿Ö � a � ç P1 Ë�Ä�Å �

a ��üd2!}Ô¾ Â
t�È�u�Ý-Å4��ü{� ú J3Å#�#Ê��(Â
���AË*��ÿ¿ü�Ý-Å �

/ ��F � ç5è
ª ô ê Ú�ú û ¸-) Ú Â Pi �nt-È�u#Ý ( ý�Ó�ÕkÖI¸-1���Á$~�¼ i Ë
Ä3Å#��à��+À#Â#���3Â )�* ¾�À3ê�Å�Æ�Ç&È(É Pi ¸ i ü current-

depth ¸*28} �,S õ �� �¸�) Ú Â i = current-depth = 1 Ë"Ä
Å�� [ Â.��¸�Ó#Õ;Ö Á P1 ¼Ct�È	u�Ý"Å	��ü�� ú J�Å*�-Ø%�(Ë#Â
stat

ç��8� ¾�Â stat=1 ü�Ý&Å*�6�#��Á�Â P1 ¼;t�È$u�Ý&Å�Ó�ÕÖ���� 8 Jb/ Â P2 ¼Ct$È�u Ý�Å�Ó#Õ×Ö ç�v ¾�À3ê�Å	w�x3Ë�Ä3Å
��ü ç �-Ý�����¸ ����ç	� /��×¾ S õ ü�Â (5 Â b)

ç M	ó�©�N�F
��.�Ë stat=2 ü+é0/ Â (6 Â c)

ç M	ó�©&N�F���."Ë stat=3 üté
/ Â ô ê Ú�ú�û ¸ Î � _ �����	�	��ü�� ú J"Å��
�#¸��8�	Ë�Ân��Ð stat ü current-depth ¼%��9$é%`�a C »

Á�Â XPath Ã	¸�56� ç l Â XML ý�Õ�ñ�¸�16� ç d ü ¾+À�Â�Òp�

log l bit ü log d bit

ü+é�Å��&���"é XML ý-Õ�ñ�Á�Â3�"Á��liQÀ'�{1|�#Á3Ø�����K
1¨i5é�ê�) Ú �/�$üjN�K+é4� [ Â6��¸4`�abC<»&Á���R���Â ô #
¼�é.&+é�ê�»×ü � $G&��"Å*�

4. 2 4�5�68789n:8<�= // ?�@3A!B!D3ErFLH8I�5�J�K�6
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3 XML õ4ö�÷���k 2

NN¼#Â ô ê Ú�ú�û ÃH� �
// �%F � Ë�î/¦b����À-ê�Å�) Ú ¼ 8

ê�À � $�Å��.��¸�) Ú Á�Â
• counter[i]: Ò-Æ�Ç&ÈtÉ (Pi) ¸!t	È�u�Ó�Õ×Ö Ð	¸ ��§ ò#ñç#? ê-Å*��£�¨$¸�) Ú ü1©	é|/ Â�Ò"Æ�ÇxÈ�É�¼nt�È	u�Ý"Å�Ó�Õ

Ö ¸ O � ç ��§ ò.kt¾+À3êHý#� �&§ ò.k(¾���Ó Õ×ÖQ¸ 2�{ ñ��
� O �-Ý&Å&ü �&§ ò#ñ ç | &5Ý��
3 ü�¾�À3Â þ 3 ¸3ý&Õ&ñNü ô ê Ú&ú-û �

Q = //a//b//c � çJ�
$$Å��.��¸�) Ú Â �ª§ ò�ñ counter=[0 Â 0 Â 0] Â 8 Ê / Ân«.J
&�¬�¼ �

a ��Â � b ��Â � c ��¸ O � �G§ ò�ñ ç�?Q Ý$Å���N�¼�Â þ
3 ¸	Ó�Õ Ö ç ¬¿¼!Mxó
©6ªdütÂ$Ê;m (1 Â a) � P1 ¼8t�È$ud¾
counter[1]=1 ü�Ý	Å*��NN¼ (2 Â c)

ç MNó�©Dª¿ü P3 ¼;t�È	u3Ý
Å*� Â% �Â counter=[1 Â 0 Â 0] üQÂ P3 àH/�«	¼3Ä3Å P2 ¸ ��§ òñ*� 0 Ë-Ä�Å�� [ Â (2 Â c) Á ��§ ò.k(¾té ê���PLQ$¼�ÂCN¼ �§ ò6k,���3À3ê-Å3ñ��-¢	¸ 2�{ ñ�*���	�!��) Ú Á�Â
����Ý�Å��§ ò�ñ ç |m&�¾HÂ	Ê
F �&§ ò.k����3À�ê3é ê"ñ��-¢	¸ 2�{ ñ
�*���!����) Ú ÁL®3¯�Ý�Å�������Ý"Å ��§ ò ñ*� 0 Ë�é ê�q�s
¸���¼��	�"Å 2�{ ñ�� Á�Â��/m-Ø3¸ ��§ ò�ñ�Ë ��§ ò.k,�����
9 : ¸ 2�{ ñ���Ë�Ä3Å�Á!m�Ë�Ä�Å	��ü(¼#s Q ���!��ê��
��¸ ���Nçj� /��d¾ S õ üQÂ (5 Â b) Ë P2 �#Â (6 Â c) Ë P3 ���§ ò.k���� Â ô ê Ú-ú�û ¸ Î � _ ������Å*�
��¸L���"Ë�Á�Â	��9	é�`�abC5Á�Ò�Æ�ÇxÈ�É�¸ ��§ ò�ñ�¸�ó Ë

Ä6/ Â XPath Ã&¸#5�� ( Æ Ç�È(É�¸(Ð )
ç

l Â XML ý3Õ�ñ#¸�1.�ç
d ü�Ý"Å	ü�Â Ò ��§ ò ñ�¼ log d bit ��9�Ë�ÂC°.`�a0CI»$Á

l log d bit

ü+éb/ Â��-� ��Â���R���Â ô #N¼�éG&té�ê�»×ü � $G&,�&Å��
4. 3 4�5�68789n:8<�= / ?p±²= // ?�³�´�µn¶/·3B/53JLK�6
N$¼�Â ô ê Ú-ú3û ÃH� �

/ �¿ü �
// � ç$¸/. è N3Ë�ê�Å-) Ú ¼8 ê�À � $-Å��6��¸#) Ú Á�Â��4�&¸��3Ð ç-?�Q Ý��	T�à�ê��

• counter[i]: Ò-Æ�Ç&ÈtÉ (Pi) ¸!t	È�u�Ó�Õ×Ö Ð	¸ ��§ ò#ñ
• depth[i]:

��§ ò.k(¾#����¸�16� ç	¹�7
• current-depth: ���3ÂCM	ó�©�N�Ë3ê�Å3Ó ÕdÖ ¸�16�

3dü�¾AÀ Â þ 4 ¸�ý�Õ-ñ"ü ô ê Ú-ú�û �
Q =//a/b//c � ç � $�Å��

��¸�) Ú Â�£/¨ ü�P�Q"Â counter=[0 Â 0 Â 0]
ç*?�Q Ý$Å*�	Ê���Â

XPath Ã Ì ¸nº�Imt�¸ Æ�ÇNÈ�É P2( Ý-é ú&% �
b � ) ¼;t�È$u�Ý

Å3Ó Õ×Ö ç ��§ ò6k�Ý�Å�»�Â � b �-Á �
a �-¸�
"Ë�é � �!T é.&+é

ê
�Nà
��À#Ã Ì ¸�I�I0t�¸ Æ�Ç�È�É P1( Ý�é ú�% �
a � ) ¼nt�È

u�Ý&Å�Ó�Õ;Ö ç ��§ ò.k�Ý"Å�»&Á�Â�Ø�¸��-¸ current-depth
ç

depth[1] ¼ ¹47 Ý	Å��6��¸�1�� ¹�7 ����9	é�¸3Á#Â�!p¼ ¼ �
/ �

��½liQÆ3Ç�È�É�¸ ó Ë-Ä�/ Â6��¸�3-Ë-Á P1 F � Ë�Ä�Å*�
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4 XML õ�öd÷��lk 3

þ
4 ¸�Ó Õ×Ö ç ¬&¼LM&ó�©Dª�üQÂ$Ê�m (1 Â a) � P1 ¼CtxÈ	u¾AÂ counter[1]=1 üAÝ$Å��.�#¸C»�Â current-depth=2

ç I	�!Q
¼ ¹�7 Ý"Å��D�%&�¼�M$ó�©&N�Ë3êmi#ü5Â�N$¼ (5 Â b) ¸ �

b �!�
P2 üjt�È$u�Ý&Å���Â����GK ��§ ò.k(¾�� P1 ¸ ¹�7 ¾���16� 2

ü current-depth=4
ç 2;}d¾�Â���¸ (5 Â b) Á P1 ¸ � 
!��Ë�é

êD�-ü,� ÷ J0/ Â (5 Â b) Á ��§ ò.k(¾té�ê��.��¸ ���xçj� /��
ÝÔüHÂ (7 Â b) Ë P2 �#Â (11 Â c) Ë P3 � ��§ ò.k�����Â Î � _
�D���"Å��6��¸��n�"Ë-Á�Â�c4eG`*a0C�Á�Ò�Æ�ÇxÈ�É ¸ ��§ ò�ñ
ü�Â���� þ ÕCux¾�À3ê�Å���n�`-ò6k ¸�1�� ç	¹�7 Ý�Å$��Ð-Â�1
� ¹�7 ¸���9&é�Æ�ÇNÈ�É ¸�1�� ç I���Q-¼ ¹�7 Ý�Å	�3Ð�F � Ë
Ä�Å�� [ Â XPath Ã$¸#56� ç l Â XML ý-Õ�ñ#¸�1.� ç d ü�Ý�Å
ü�Â	��9&é�°.`�abCI»$Á

l log d + (l − 1) log d + log d = 2l log d bit

üAé�/ Â���¸#) Ú ��Â���R��&Á ô #	¼�éG&Aé ê�»;ü � $G&{�&Å��
Ê���Â6��¸�) Ú ¸ ��� ¸�Â ^!y ñ� ç M&ó�©�N4F�»&¸�@*AGB

C ��E ç Ê�ü [ Å�ü{� 2 ¸$à õ ¼�é"Å��
I . Ë3Â!M�ó�©�NHF
Ó�Õ×Öd� 2�{ ñ��Ë�Ä�Å-) Ú Á�Â ^Cy ñ� ç M	ó�©�N!F�) Ú ü ¸"! æ�ç S õ �.��¸4@�A.BHC ��E ç Ê&ü [ Å	üp� 3 ¸�à õ ¼
é�Å��&Ê���Â6��¸�@�A.BDC ��E Ë*v ? Ý&Å	��Ð-Â3½�ÐNÁ ^Cy ñ
� ç M&ó�©�N�F�) Ú ü�P$#�Ë-Ä�Å*�

4. 4 4�5�68739;:/<&%('�³�¶*)!K36
N	¼�Â ô ê Ú-ú�û Ã%�*¤ ùÔçAè ª�) Ú ¼ 8 ê�À � $�Å��6��¸

) Ú Â"Ä�Å#9 : ç,+.- Ý"Å*�	.-Ë-Á�Â"Ø3¸�9 : � Î ¼�é�Å�J6Kõ J0/�(d¾(é�ê�) Ú �-Ä�Å�� [ Â
I(1�Â Î�2�3 ü ¾AÀ���=�Ý"Å
��9	��Ä�Å*�Ô¾-JN¾HÂ Î�2�3 ¸tÐ	� z $�Å&üpv ?
w�x é�`�abC
» ç�4 $-Å w�x O	��Ä�Å��.��¸ ô #N¼����-Ý"Å �
�/.65 ¸87 ü
¼ 8 ê�À�Â$Ê�m�8 9 Ý&Å��

4. 4. 1
Î�2�3 o%q09xÈ�k Â Î o	q�9�È�kQ¸ ¹.:ô Ú�ú�û �*¤ ùxçAè ª*) Ú Â	Ê�m�Ân��Ð;ü�¾AÀD�	&t¼

• candidateOffset:
Î�2.3 ¸�o%q;9xÈ�k ç$¹�7 Ý"Å

• answerOffset:
Î o%q�9�È�k çj¹�7 Ý"Å

• m: v ?�w
x `*a0CI» ç �-Ý�ðDy�` Õ�ñç v ? Ý	Å���¤ ù �*<N¸ ö�÷ ¸ ��� ÁD���	Ê�Ëkü�P�Q$Ë�Ä-Å��ô ê Ú�ú�û Ã	¸�¤ ù�ç0= i ö�÷ ��>H�!���!����Á�ÂHq@? ÿ A Ì
¸�����Û�Ü$¸�oHq09NÈGk ç Î.2�3 ü ¾AÀ ¹�7 Ý&Å��-Ø$¾AÀ Â"Ø
¸�!�Â�¤ ù ¸�¥�¦�Ã	��>D�!���3À Â Î�2.3 ü�¾+À ¹�7 ¾AÀ3ß3ê
��9 : � Î ü+é-Å!��ü�� ú JD����) Ú Â ¹�7 ¾���o%q�9�ÈGk çA ¼�Â�ý�Õ-ñ ç�B / O Ý���3×ü�¾+À�Â þ 4 ¸�ý-Õ�ñ�ü ô ê Ú�úû �

Q = //a/d[.//c] � ç vG�(À.��¸"! æ ¸C7 ü ¼ 8 ê�ÀJ8 9 Ý&Å��
��¸�) Ú Â$Ê�m ô ê Ú-ú3û Ã ç��

//a/d//c ��¼L��D;¾5Â��-�"Ê#Ë
¼38 9 ¾��L�;� (5.1 E 5.3

ç#? ê À ) Ë )�* ¾�À�êbi �.��¸ ô êÚ"ú3û Á�ÊCm(Â (1 Â a) ¼;txÈ	uÔ¾AÂ	N�¼ (2 Â d) ¼�t�È$u�Ý	Å��B / O Ý Î Á	��¸ (2 Â d)
ç �×üHÝ"Å ö3÷ í-Ë�Ä�Å�� [ ÂD���+Ë

(2 Â d) ¸�o	q09$ÈHk ç Î�2�3 o	q;9$ÈHk (candidateOffset) ü
¾(À ¹�7 ¾tÀ�ßui ��Ø�¾(À Â�¤ ù ¸ Ì ¸�¥�¦�Ã�¼���"Ý$Å P3

�
2 XPath FHG;�"IKJ(L�öNMCO (”/” ø ”//” P�Q )

Algorithm slaAndSlaSlaStart

function

check-counter() : counter RTS;UHVHW0X&YCZ3
�\[H]n�^ Z1h._a`��0RTbdceV�""f,g0h ’-1’ Rib0j"kal
check-hold(Pi) : Pi �Km8n,on�8paq�÷"r�sKZ1���._KtauvxwTyCz R�cT{�#0|� .}"~  �R�S8U&|\� yHz ci{L#�g;h

[8� v #K� (
v*w

) RTb�ceV*ci{L#�""f,g0h ’-1’ Rib0j
slaAndSlaSlaStart(node)

Input: node

1 current-depth++ �
2 j � check-counter() �
3 if j = -1 do

4 for i �$[H�;� ^ Z h._a`�� to 0 do

5 if Pi = node & depth � check-hold(Pi) &

6 depth + 1 = cuurent-depth do

7 counter[i]++ �
8 if i = [H�;� ^ Z1h._a`�� do

9 another-match � ture �
10 end if

11 if Pi u v*weyHz �\�C�C"	���._�t do

12 Pi � v*wTyCz �
13 end if

14 goto end �
15 end if

16 else if Pi = node & check-hold(Pi) = -1 do

17 7 � 14 ø����
18 end else if

19 else do

20 i−− �
21 end else

22 end for

23 end if

24 else do

25 for i � j to 0 do

26 7 � 21 ø����
27 #9 match � ture �
28 end for

29 end else

Output: match V another-match

ç )�* Ý&Å�� [ ý�Õ-ñ çH+x- ¾+À�êDýtÂ P3 Á (6 Â c) Ë3txÈju
Ý"Å*�
��¸��	.-Ë ô ê Ú�ú3û ¸ Î � _ �D���	��� Â Î � _ �D����Å

� á ¼�Â _ �H���!� Î ¸�oHq09NÈGk ¸(Û3ÜNÊ�Ë��¨/ Î ç O � Ý
Å$üHÂ ROM ¸��3Õ!>�� Í ¸4� [ ¼�@�>&9�Æ�� Í ��5 i5éH�(À
¾�Ê õ �-ü�� � $.&,�&Å��"Ø%�+Ë Â�Ý���¼ Î üté�Å ö3÷ í ç�B
/ O �Lm�Â���¸ Î ¸�o%q�9�ÈDk ç Â�����K ¹�7 ¾�� Î.2�3 o%q
9$ÈHk (candidateOffset) J.& B / O ¾HÂ�Ø�� ç Î o	q;9$ÈHk
(answerOffset) ü�¾AÀ ¹�7 ¾a�-Ý*�"Ø	¾AÀ�Â�ý-Õ�ñ ¸ +x-�ç
½ � N	¸ Î çjv ¾AÀ�ê0i �¹�7 Ý&Å Î�2.3 o%q�9�ÈGk Ñ Î o%q09xÈ�kQ¸+Ð$Á�Â����$¸�`
a|C�v ? »��#ðHy
` Õ3ñ m

ç�4 $�é ê�}	~�Ë ¹
7Nç ½ � Å��  
¼!`�amC�v ? »H� m

çC4 $&Å w
x OD�6��#*�.&5Â�ý�Õ"ñ ¸ +-�ç Ì&� ¾HÂ ¹�7 ¾�� Î oHq09NÈGk ç �-üt¼�Â.�-�&Ê�Ë�¼ _ �
¾#� Î ç�B / O ¾ O � ¾HÂ answerOffset

ç >DC�@&¾�À#Â�ý�Õ
ñ�¸ +.-xç Ì&� ¾��#).�	J�&\� ^ Ý"Å*�
Ä Å(ê Á+Â answerOffset

ç >%C @�¾�À@�QÂ candidateOffset

¸�ó�Ë�`�auC v ? » ç84 $3Àk¾ Ê õ ) Ú ��Äm/ õ Å��.� ¸$à



�
3 XPath FCGn�"IKJ(L
ö MCO (”/” ø ”//” PCQ &

��� i�� )

Algorithm slaAndSlaSlaEnd

slaAndSlaSlaEnd(node)

Input: node

1 current-depth −− �
2 j � check-counter() �
3 if j = -1 do

4 for i � [H�;� ^ Z1h._K`�� to 0 do

5 if Pi = node & depth � check-hold(Pi) &

6 depth - 1 = cuurent-depth do

7 counter[i]−− �
8 if i = [��n� ^ Z1h._K`�� &

9 counter[i] = 0 do

10 match � false �
11 end if

12 else if i = [��n� ^ Zlh._a`�� do

13 another-match � false �
14 end else if

15 else do

16 �
17 end else

18 if Pi u vxwTyCz �i�"�C"	����_Kt do

19 Pi � v*w���� �
20 end if

21 goto end �
22 end if

23 else if Pi = node & check-hold(Pi) = -1 do

24 7 � 21 ø����8�
25 end else if

26 else do

27 i−− �
28 end else

29 end for

30 end if

31 else do

32 for i � j to 0 do

33 if Pi = node & depth � check-hold(Pi) &

34 depth - 1 = current-depth do

35 counter[i]−− �
36 18 � 21 øi���
37 else if Pi = node & check-hold(Pi) = -1 do

38 counter[i]−− �
39 18 � 21 øi���
40 end else if

41 else do

42 i−− �
43 end else

44 end for

45 end else

Output: match V another-match

õ é�) Ú ¼�Á�Â Îd2 3 ç�¹	7 ÝxÅ
	Ô¼H`�a�C{v ? » ç u��tÈ
>�¾(Â�%( ¾���ð�yH`�Õ$ñ m

ç�4 $&Ø õ ¼�é4�.T�Â"Ø&¸��
.xË$¸ + - Û&Ü ç �D= ¾#À	I�1 + -vç Ì � ¾�Â6���!���xÁ� ��é candidateOffset ¸ v�� Á�S ú m(Â|���	Ê Ë�¼ _ �k¾
� candidateOffset � Î ü#éNÅ�JuK õ J$¸�� - ¸�ó ç SÔê
é!�u&tÂ-ý$Õ$ñ-¸ + -×ç ½ � Â�ý$ÕNñ�¸ 2 ú /#Ê�Ë��|�0&tÂ
candidateOffset

ç >DC,@"¾�À�Â8���HK���=k¾#�tÛ Ü!J6& +�-ç � ^ Ý"Å*��3×ü�¾AÀ þ 5 ü ô ê Ú�ú�û
Q = //a[b]//c//d
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5 XML õ4ö�÷���k 5

ç v ? Ý&Å��&Ê�m�Â
£��"Ë*¤ ( ��à õ10 Â��
2 ô ê Ú�ú3û ç

Path =

{

//a//c//d

//a/b

ü � $	Å���Øx¾�À3Â�ÒkÓ3Õ Ö 0 �v¾�À �r§ ò3ñ ç�? ê�Â.�*�
Ê�Ëdü�P!Q 0��!�kç ¾�À"êui �3ÝNÅ�üAÂ���2 þ J0&���2 ô êÚ"ú�û 0 �;¾�À Î*2x3 0 é"Å32�Á (4,d)(5,d)(9,d)(11,d) Ë"Ä-Å��
à��+À#Â candidateOffset=(4,d)(5,d)(9,d)(11,d) üAé�/ Â��!& 0+�- Á�½Nê�À-êuiÁ�&Ø�2�! + - ¾(À�ê ip�$Ë�Â (1,a) 2�
	Ë&Ä
Å �

b ��� O ��Ý-Å"üQÂ candidateOffset Á answerOffset
;

ü54 !76+Â-ê 8 Ë � Î ü�6�À Î�8 Ë.ý�Å�q�s 0 é&Å
�3Â6��2
Ê-Ê (1,a) 2�
$Ë&Ä"Å �

b �4��ê 8 Ê�Ë � O � û m�Â (1,a) 2 2{ ñ�� � O � û m�Â candidateOffset � z $n½ � Å�üAÂD`�a
C�v ?:9 �!08o 0 �(;6��#ð�y4`�Õ�ñ m

çC4 $"Å w�x O%��Ä
Å���ØG��Ë3Â���2�) Ú Á Â6��2��.	Ë�2 +�- Û-Ü ç �=<76?>
ß�ê�>3@ (1,a) 2�
	Ë&Ä"Å �

b � ç (1,a) 2 2�{ ñ���� O �	ÝNÅ
Ê�Ë�@ þ ÕCu�Ý"Å*�BA 0 @ (1,a) 2J
�Ë=C3D �

b �4� O �-Ý���T
@
���FE�G candidateOffset ü36H> ¹47 6�>�ý
��o�q&9�I�kKJ
answerOffset

; üL4x!;6K@n¬�N�M 8 6�>�N;OQP  0 (1,a) 2

�G=C�D �

b ��R O?S 6HT�U�VXW
@ candidateOffset 2?YZJ	¬
N�[]\/^F6/>3N_OQP�`F6�>�@�`BVZaH2Hb:cdR 2�{fe DFgh@fi:<
6K>fj3N3k?@3l �fm .d2 +�-fnfo=p a5q�r�s�2 +�- J��=t e DHPu 2Xvdw/T?b:c 0 v:x?>�@XCya p #1z
{=|dJ/]U:k�}B~_\��� 9 J 4�� T3N?����Gf@ I/O �
���KJ����X| 0H����� T:R�a�b
c�JH�7w u g1R�Gy�3D�P���{dR:@fb�c]207���GXCXD�Rf@��=��@
`:2H�:� 0�� N:>
�X� e D
P

4. 4. 2 �f�y2���I��y�����:�y21  :
{y2?¡XG�¢
@��:�dG�TfN
£3¤�2?¥XR�� 0 �¦IK� e D�§:¨¦J5�
�]6?k�R�@�©3ª 0 ¢Z�f�y21¥F21£:¤=R�« 0 �]I/� e D/§f¨¬?C
D�k:z
@=`f21§f¨�@Z®�2Z�f�F2?¥=R?¯ 0 �]IK�]6Hk p JKi3° e
D�±3²dR=C�D
P u 2?b3cy¢
@�³�N
¨=´3µ�¶�l�2:C=D:·�¸�r3¹¦º
���3»]I?¼�½���IK� e D:¾�r;¿�R�À��Á� e D ( Â�VBÃy½�T�D ) §
¨F½3¢HÄ;ÅLÆ:Çy½fT�D
P�¡;gfÅ/È:É 6 g5³�NB¨�´3µ

Q = //a[.//b]/c Ê
� � eFË P�É 6 JBÌ Ë gKÍ (1,a) g (5,a) j]v�Î (7,a) Ï 2

� ÏÐ
a Êy¾�r;¿ÑR�Àf�Á�1Å�È3N Ë u g/R�´ p Ë PX`yÅ/È:³�N
¨=´fµ
¶�Ï P1=//a G�Ò Ë u g p aLÍ3À��Á�1ÅHk�¾�r;¿hJBÓdÔf��� eXËu gH½fT Ë P u ÏHÕ�J�Ö:×ØgfÅ1k?{XG�Íf{:iyÙ�G�Ï?ÚfÛ¦J � N
È u Ï�³�N
¨�´3µFJKb3c_Å�È3NO�ghÍyÙ
ÜHÍ u Ï�³3N
¨=´:µyJ

Path =

{

//a/c

//a//b

gÞÝ � Ë P�`�Å5È3ÓdÔ���s [a,c]=[0,0] g [b]=[0] J ��ß eXË P uu G [a] Ï3ÓFÔ��fs3J 2
� �:ß e�Ë ±3²]¢3T:N=Ï�G [b] G=¢
à

� e]Ë P u V;a�J ��ß Å�Ífá¦½3q�r�s=JHâXã7Å?ÈXNÁO:gKÍFÙ



Ü (1,a) G3�]I��¦Å?ÓyÔ3��s [a,c]=[1,0] g�T Ë P��y½�Í (2,b) G
��I/�¦Å?Ó]Ô3�fs [b]=[1] gHT Ë P u Ï m�� G�Í (1,a) ¢���»¦I
¼ a[.//b] l3Ï��3� [.//b] J��yk e u g/R����ØÅHk3Ï�G�Í u VFJ
(2,b) Ï
	��Xs:�fJ���������1����¬5Í�i�° eXË ±:²=R�Ò Ë P u
Ï1�f��JX®1Ï=vXw/½Hif° edË p ¢
Í����3Í o N�È3jOQP�`fÏ��3Í
(5,a) Í (6,c) G��¦I/� ((6,c) ¢�� �  ��ÁÅBk (5,a) ÏBÃFGXÒ Ë k
z ) Å5ÍdÓ]Ô��fs:¢ [a,c]=[2,1] Í [b]=[1] gHT �QÍXÓ]Ô���s��=U
G"!�# eXË gLÍ�³:N
¨�´:µ3R"��k � V:È:N Ë vXw/½1Ý � a5V Ë P
Å p Å Í�©�ªd½3¢ (2,b) ¢ (1,a) ÏHÃ�$=Ò%�QÍ�&('XO ÓFÔ:�¦�1Å
k (5,a) ÏHÃ)$�T:N�k3zBÍ u Ï�³�N
¨=´3µd¢��]k � V�È�N3TfNfP� Ù*� Í�Ò Ë �:»,+B¼�½��,+K� edË ¾�r;¿ÑR�À:�7� e�Ë vdw/T
§:¨�ÍXÓ�Ô3��sBR"�Fk � V3È�N Ë u gKR�Í�±=ÜZÅ�¬�³�N
¨=´:µ
R��Fk � VXk u g:g-#�� edË u g/R�$d��TfN�P�vfxHÈ�Í u ÏXv
w1T
§�¨y½�¢�Í [.//b] R��yk � VXk�Ï3¢�Í (1,a) Ï a ½�.;Å�È/$
Ò Ë u g�0
��1)2�½1i3°_Å�È:j_O ±:²dR�Ò%�QÍ��FÏ
354*0 ��ßedË P

• checkNodePath: �:��l3Ï1¥F½��(+5� edË ¾�r_¿ÑR�Í=`
ÏB�=�60�� � �=»,+B¼�0]®BÏ7� � Ï�¾3r�¿5½3�,+�� � µdÈXNË p
u Ï�3�4�¢K���Xl�½�¥�g�Å È S V�ÈfN Ë ��»�+/¼�Ï�4�¤��fU �ß Å�Í ����Ï�l�Ï�¥gKT Ë�8 ��»�+K¼�½B�)+L� e=Ë ¾Br¿90
ÓXÔ

�y� e=Ë ª=½HÍ�³:NH¨3´�µB¶Xl7$3`�Ï/���(0:�FxKÈ�N Ë ��»�+K¼
½B��+L�]Å ÈfN Ë ¾?r¿ÑÏ;� � 05 �� e=Ë 3�4�$:Ò Ë P�¬�w<�7=
«�>d®/Ï�¡?0 � N�ÈH��� e�Ë g�ÍBÙ1Ü
Í (1,a) $���+��FÅ/ÓXÔ��Bs
[a,c]=[1,0] g�T Ë P
�d½
Í (2,b) $f�?+5�yÅhÍ:ÓdÔf�Bs [b]=[1] g
T Ë R�Í u Ï m ½fÓ�Ôf�]��Å?k u Ï Ð

b Ê3¢�� � R ”2”( v?�A@B�
½�¢1Í 2 �f� ) Ï Ð

a ÊDCf«F¾Br¿90 //a[.//b] g5N]wh��»�+K¼B½B��+
� � µ Ë;E gfÅ�È�ÓdÔ3��� � V3È:N Ë Ï5�yg/NZw u g�0
F � È
jØO�±:²�R�Ò Ë P u3u $�«?>]® �fß ÅHk�3�4 checkNodePath

0 � N
Í checkNodePath[1]=2 g�Å (checkNodePath[i] Ï;GBH
Ï�Id�1q,+?[?� i ¢
Í?�:�yÏ�l:Ï 8 �f»*+H¼�Ï1á�JF½���K edË P
{fidÏ Path $�¢ i =

Ð
b ÊXÏ�I��Hq,+
[B� = 1 g/T Ë P ) Í3ÓdÔ

�]��ÅHk Ð
a ÊX¾Br;¿�Ï
� � 0K ��_ÅKÈfj_OQP=Ù�k?Í u Ï1b:c(0L�M ½ e�Ë k:z�Í����*0
� � ��»,+B¼ ( {yÏ
¡)$=¢ Ð

a Ê ) ½�.
Å/È�¢
Í ( �:��N=Ù�k:¢1�:��O)$�`BVX½
P�ORQØg�Å/È / R�Ò Ë §
¨F¢
Í u VdÙ"$"ST�-��R�Í�`]w:$�TfN?§f¨y½X¬ ±=Ü ) 3�4 depth

0 ��ß Å Í u Ï��f»,+B¼�½H�5�F½��*+/�¦ÅHk�¾�r_¿�Ï�� � 0/ 
� eyË P u VF½FvfxHÈ3Í (6,c) 0:Ó]Ô=���BÅBk�§�¨¦½�Ó]Ô=�:s
[a,c]=[2,1] Í�ÓXÔ���s [b]=[1] gKT*� Í (5,a) Ï/Ã�$3Ò Ë (6,c) 0:U
�9VdÅ�k�N�RBÍHÓXÔ��BsB¢��dk � V Ë RBÍ checkNodePath[1]=2

0:WBX e=Ë u g-$BÍBÓXÔ��]� � V�k Ð b Êf¾Br¿Ñ¢;� � ”4” Ï Ð
a Ê

¾�r;¿ ((5,a)) Ï?Ã�$�¢�T�O Í7� � ”2” Ï Ð
a Êd¾�r_¿ ((1,a)) ÏHÃ

$�Ò Ë u gKRf´ p � Í�ÓdÔ���� R��Fk � V�È3N3Èy¬ �3�]½��%+
��Å1TfN�k:zBÍ u Ï�³�N
¨�´3µX¢
�yk � V3È3N�T�N u gKRf´ pË P�`
V¦g/¢;Y�½HÍ (1,a) Í (7,a) ½B�?+L�yÅLÍ�ÓXÔ���s [a,c]=[2,0]

gHTZ�QÍ (8,b) 0/â�ã;Å
k��]½
ÍdÓFÔ���s [b]=[1] g edË g;& m
½�Í checkNodePath[1]=3 gL /�ØÅ�È3j;O u g;$fÍ (10,c) 0�Ó
Ô��¦�?ÅHk�g���½�Í [a,c]=[2,1] gHT6� Í:«?>�®L /�ØÅ�È�j�N=k
checkNodePath Ï1Y ”3” 0;W�X eXË u g�½=v�� Í3ÓdÔf�]�1Å1k
��� Ï Ð

b Êy¾:rÁ¿h¢�� � ”3” Ï Ð
a ÊF¾:r7¿LÏBÃ�$dÒZ�QÍd`�ÏÐ

a ÊF¾frÁ¿�Ï
Ã�$XÒ Ë Ð
c Êy¾�rÁ¿ R�N=ÙfÓ�Ô3�¦� � VXk3k:z�Íu Ï�³�N
¨=´:µ�R��Fk � V�k u g/R�´ p Ë P

Ù?k1Í (8,b) Ï1t�[ds��70�â�ãZÅ5k m"� $?Í checkNodePath[1]=3

gFÅ�È Ð
a ÊF¾dr ¿HÏ/� �  \� ÅBÍd`yÏ5� (8,b) Ï�	Z�sy�

0�â]ã Å3k=ªFÍ Ð b ÊXÏyÓ;Ôy��sd¢ [b]=[0] g?M?] � V Ë R�Í
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6 XML y/zA{
|9} 4

checkNodePath[1]=3 ¢� ��60�P�U Ë P u Vy¢�Ù�� u Ï3³�N
¨�´3µ�R7�Fk � V Ë L�M5~ RXÒ Ë kfzBÍB� � ”3” Ï Ð

a ÊF¾�r;¿
Ï/Ã��=½ Ð b Ê1¾
rZ¿ RBV S Å/kdg N�w����)0�F � È�j p T�U1V3W
TFa/T�N p a-$3Ò Ë P�`dÅ5È�Í (10,c) 0hâ:ã edË gÑ B��Å�k
� �
0��=½?ÍH³:NH¨3´�µ�¶�R��dk � V Ë P�`�Ï;�¦¬Lád½/â:ã�ÅLÍ (7,a)

Ï�	(�¦sX��0�*���,�;g:S��?$FÒ3V]W checkNodePath[1]=3

0
M�] e�Ë Ï���R ( ³�Nf¨y´Xµ�¶¦l�$ u Ï��X�Ï�¥60"��xHÈ
N Ë �X»,+B¼�Ï�{ n Ï��X»,+B¼�¢���� 0"�(��$dNdT=Nyk=z ) ÍÐ
a Êy¾3rÁ¿LRXÀ�� �BÅHÈ=j�� ÍyÙ�k�³dN�¨�´�µ3¶�Ï //a[.//b] g
N¦w Í Ð a Ê�Ï?ÃB��$�Ò Ë Ð

b Ê¦g�N¦wD��� p a Í (1,a) ½�.Å/ÈF¬
(8,b) ¢��]k � V�È3N Ë g1N � Ë P u Ï
§:¨]¢ (7,a) Ï"	)��s3�
0HâXã7ÅBk m5� $:Í� ��7ÅHÈXNdk checkNodePath[1]=3 Ï�Y
0 checkNodePath[1]=2 g��ØafÅ (

u3u $=¢
� � 2 ���dÏ Ð
a Ê

¾:r7¿h½7.ØÅHÈ��,+/��ÅHÈ=N Ë gHNw ß?� ) Í�â�ãZ0�P�UfÈ=N
O Pd`�w e�Ë u gH½dv?�QÍ��/� (1,a) Ï
ÃF½ Ð

c Êy¾�rÁ¿ R�V S
Å/È]¬KÍf ��Å�È:j3N�k�� � 0
��½�³�NB¨�´fµ�¶XR7�Fk � V�k
g�!�#5$F� Ë Pu ÏHY3 ���¬;�)���*+y�  ��_g
&��)$�Í SB� Ï�}�~\ � ���
R��\�:}fr�s m 0�� � TfN
�=�5$� ��,0;PyU Ë P

4. 4. 3 MB���yÏ��*+/�y���/�3��ÏH 5�
�3�yÏ
¥F½�� edË �,+��y���/�:�Øg
&���Í��:�5O]ÏH¥y½��*+
� e�Ë ²���Í e T�´��1M��5�;g/T Ë ²B�]Ï��*+K�y���/�:�y½ �
NfÈ]¬  5� edË ±:²=R=Ò Ë P�¡_g:Å/È:É 7 gK³�NB¨�´:µ

Q = //a[b]//c//d

0/� � e�Ë P�ÙBÜ?ÍfÖ��)$
���dkXvXw1½
Í u Ï�³�N?¨�´3µ?0

Path =

{

//a//c//d

//a/b

g5Ý � Ë PX`¦Å?È3Í 8 ¾3r�¿5½�.ÁÅ?ÈdÓ�Ô=�3s���0 � NfÍ u
V]ÙB$;g"&7�Z½�b=c�0yÅ
ÈXNÁO P e]Ë g/Í u Ï3É p a u Ï:³
N
¨=´:µd½�.Å�ÈBM5�B�F½:T Ë Ï3¢ (4,d) g (9,d) $�Ò Ë P]vfx
È�Í candidateOffset=(4,d), (9,d) g/T*� Í��d½ (10,b) R5V S�eË P u Ï (10,b) ¢ candidateOffset Ï (9,d) g9.��Å/È3N Ë R
(4,d) g/¢
.��Å5ÈfNfT�NBP:v
x/ÈBÍ (9,d) Ï���0 answerOffset

½�����Å�k=NFÏ)��R�Í u ÏB.��� �UX¢=Ó�ÔX��sB¡/� �  )��Í
checkNodePath g�N�x�k�354,�3U�$�¢"!�#�$���TfNfP�T�¢XT
ahÍ5��=FÓ�Ô:���1ÅHk=¾�rØ¿R¡7� �  ��Øg/N�xBkd¬BÏ:¢
Í u V
Ù�$B���dkHÚfÛ*0 � N Ë g Í�	���s:�
R�V S�e�Ë gLMB] e�Ë p
a:$�Ò Ë PXv�x1È�Í candidateOffset g<£�¤3¶�Ï�.��B yU50Ki¥ e�Ë 354ØgfÅ�È�Í

• solutionCorrespondence:  B�Å1k������\+�� R�®�Ï��
�y½��,+�� edË p
0 � N Ë P
³]N�¨]´yµZÏ XPath ¶_½��F�ZR��ØÙ3V]ÈyN Ë §�¨]Í�³]N

¨�´�µX¶¦0�§�¨?©Z$/ª S�e�Ë g?Í��F�;Ï�46�FUf¤\«�R?$��



�
� �

� � � �
� � � �

���	����	����	����	�


�
�


�
�

�
�

�
�

�
�
�

�	�
���

�����
�� ��

�� �� �� ��
�� �� �� ��

���	����	����	����	�


�
�


�
�

�
�

�
�

�
�
�

�	�
���

���

x
7 XML y/z {
|9}

��� �"!$# # %'& ( ) *,+ -/. 01& + 2 # %/03( 4,5/&�6�7�8!$# # %'& ( ) *9+ -:. %/03( 495/& 2 # 01& +
;< ; ; ; ;

= ; ; ; ; ;= < ; ; ; ;
> ; ; ; ; ;> < ; ; ; ;

> ;?< ;@= ; ;A> ; ;A< ; ;B= ; ; ;$> ; ; ;$C ; ; ;$< ; ; ;�= ; ; ; ;DFE3GFH3I JLK MFN O P

Q3R S3TFU3VFW,XFYZ [

P \ ] ^
x

8 _a`cbedgfihkj�zmlonqpsr8tcuwvixayqza{o|a}
Ëg~ u ÏB¤)« � 0�¬��B½�Í candidateOffset �D£�¤=¶¦Ï�./�
 ��)0
� w ~g��� 2�½X¢fÍ� )��Å��g�����\�(�5�,+y�5¢:Í�³� ¨y´FµZ0����Å��]¾�� ¿ ( {��*$�¢ d) ���
³ � ¨�´dµX¶
{60?{Z½o��x?È�Í��Á¬�� � ¤�« � �o� Ë �X»(+B¼�½��(+��_Å
�¦¾�� ¿1Ï5� � 0� ?��� Ës~ � Ù�� Í u ÏX³ � ¨�´yµ($�¢
candidateOffset=(4,d), (9,d) ¢���������Í (1,a) Í (7,a) Ï7� �
(2 � 3) 0 solutionCorrespondence=(4,d,2), (9,d,3) ��Å5È? ��
ÅKÈ���� ~ u Ï1 B�_Åa�a (0�¬¡�1½?Í candidateOffset � �:�
0;.B�� ¢� Ë u �1½=v:x?È�Í_®1Ï��3�y½dv?��®HÏa���5�¤£7���� � Ë ��� � w u ��£�Í�!�#/$�� Ë ��Ý � ��� Ë¥~
Ù��
Í u Ïc 3 ��Z¬
�)���*+y�  5�¦�
&��)$�Íg§ � Ï�}�~�¨

� ��� £��\�:}��¡© m 0�� � � � �=�5$� ��,0;P¢� Ë¥~
Ù��
Í u ���1Ï«ªc¬¢�¨w®�¯�0�Ù¤�/z Ë �<ª 4 Ï=v=wK½�� Ëc~
5 °¦±³²«´¶µ³²¡·�¸
u Ïa¹�$3¢HÍ 4 ¹�$?×�º�Å�� 8 ªa¬��¨»®�¯�0 � � ��©g¼����

Ïa½¿¾(0/Ý�À¤� Ë¥~ ©«¼«Á«Â��:ÅKÈ�Í OS Ã WindowsXP Í CPU Ã
Cerlon1.4GHz Í Memory Ã 256MB Í XML Äs�¿©�¢ DBLP Ï¥ÅoÆ
Ä¡�¡©"$�Í��:°«Ç � ¢ CD-ROM $�Ò Ë¥~
É 8 ½«�3Ï
��Ã(0�1¤� ~ �B�B�fÏaÈ5Q�£�³ � ¨�´3µ=ÏcÉ¿Ê�ËÌ $�ÍgÍ5Q�£B� �BL�M }B~�¨»Î�I�®B$�Ò Ë¥~ �yÅ/È�Í��:�%0��
� 2 Ï�Ð�Ï�Ñ¡Ò=¶%0cÓ¦½�Í�� ��L/M }f~Ô¨kÎ?Is®?0�3¤Õ � µ
�
ªdÏ�³ � ¨�´fµ�É«Ê¤Ë Ì 0aÖ�×_Å¥� ~ ÙBÜ?Í�É 8 ÏcØyÏ�³ �
¨�´:µX¢
Í���½¥��ÏHÖy½1�:��£/Vi§¡� Ë �¢©g���
$�Ò Ë¥~ � Ù
�QÍ��������*+y�-0� ��;Åa���hÈ�Ù � �fz�Í�� ��L�M }B~�¨?Î

Ú
4 XPath za{�|aÛwÜ�ÝBz@p�Þ ( ß�à¿á?â�ã & Path |»z�{ )

Algorithm includePredicate

$type : ßaà¿áwä�åçæoèkéwÜ�êië"|¥ìqn¥é
”0”: êoëií ”/” r ”//” |wî¥ï�á?âoð�ñcuoò
”1”: êoëió ”//” ôaõ�ñköa÷sø»ùaúauoò
”2”: êoëió ”/” ô�õqñköc÷¿ø»ùcúcuoò

$cuurent-offset : ûaüB|qý�þkÿ�� �
$predicate[i] : ß�à¿ákë����wé��ir?í��	�«ò
$dep-correspondence[i] : 
���gu�������|��¡ø�á����
function

memory-check(m) : _a`�hqj�z���ê��ah�{iì m á�� ��úaucf�u"!
� ��úaucfcõqù$# true á&%('

I�®�0�3¡Õ*)1µ�Èy¬KÍ���½����FÏgË Ì $:³ � ¨=´:µ�É«Ê¤£,+.-
È � Ë0/ �e£�´¡� Ë¥~ ��1/$�Í�É 8 Ï32FÏ�³ � ¨�´3µ=¢��F½c�
Ï��y½1�3��£/Vi§�� Ë �¢©��d��$�Ò Ëi~ � Ù,�QÍ54�6 L�M*7�8
¨?Î)I�®�0��9-¿� �$:.; $o�/�����)���*+=< Í����)�7�,+><�Ï
 ��*0�P ��È � � ~?/ Ï?§:¨F½�� � È�¢
Í�4�6 L�M>7,8 ¨»Î�I
®)0"@�¡3µ.A
ÍdÒ Ë �B�,0;�B-¿�$C�$�Í���½��B�FÏgË Ì $:³ �
¨�´3µgÉ¿Ê¤£�+B-fÈ � Ë £�Í,Dy½$4�6 LBM>7(8 ¨?Î)I�®)0;���
Å/È � �g�hÍ3³ � ¨�´3µgÉ¿Ê¡Ë Ì £ EGF�½�@GH;Å/È � Ë0/ �q£
´s� Ë¥~
Ós�,I>J;¡��:��K�L�� �9M ��N�OyÏ 7,8 ¨çÎ)I�®¿£����¬	@

H�� Ë�PRQ ½:Ò Ë �	S�´¿� Ë0/ �¿�hÍ / ÏH©�¼�TGU\�¿��� �ÞÝ
- Ë ��Í 7�8 ¨�VGW � Ù��1¬KÍ I/O X3YZ<ÞÏ�[5\FÏ$1¿£3]3«¿���^ �9_�`¿©g�:½�� Ë Ï�$�¢«� � � ��¬ Ý9- ��� Ëc~ Åe��Å5Í��a 6 � ��³�¨�´:µ�¶RbBÍ�����½34c6 L�M*7�8 ¨»Î�I�®)0��9-«��$:B; $����)���,+=<:0"d5�Å/È � ��±3²¤£,e�' Ë ³�¨�´3µ�¶
$cb3Ò Ë £�Í,f�g�£Gh*+"i«� Ë�j�k �»��£Gh*+li�� Ë�jGk £(mn 2o� � Ä¡�¡©"$�Ò Ë ��o�Í 7�8 ¨&4�6 � Ï�[�\¤£�����>]® ³p ½«���a� � ³ � ¨=´�µ�$=Ò Ë¥~ Ù M ÈfÍ 7 8 ¨&VcW � � I/O

X$Yq<�Ï]®�����£¦®1Ï3r5=�Í3³�¨=´:µgÉ¿ÊGs � Ï3t�uFÏ(vBG�2
²9w�½�� Ë ��½5x � È0b
ÍZ¬ M ���zy��
©�¼�Äs�¡©��hÍ��?yo�
³ � ¨�´3µB�¢©g�B{�0"|;Å5Í¤�:Ï�3sÕ(0cÖ�×;ÅhÍ5}FÎ?Ý«À¤� Ë
±:²�£�Ò Ë ��Ý9- �k� Ë¥~

6 ~��R�����Z���*���
�G� $�bHÍ ROM ��Ï XML Äs�¿©�½�.s� Ë 7(8 ¨&4G6 � Ï1Ä

� ��� Ò¿É«Ê¢ª¥¬ �¨k®«¯=½ x � ÈB×«º;Åc� ~ Ù��BÍ�×«º;Åa�
É«Ê01�¶*0�¬¡�1½H©�¼%0"+ � Í3³�¨�´:µdÏiÎ�I�®��eÄ¡�¡©�Ï
�
)¥£7�B4)���c�7N�$�[.�R)¥�3È � Ë�� ¨y½g� � ÈcbBÍ�©�ª�½
�
4 7,8 ¨-$gÉ«Ê�)i��È � ËB/ �70
���ÁÅ5Í 7,8 ¨&406 � � I/O

X$Yq<�Ï�v�G�2B²9w3½5x � È�Ï1Ý¿À,0"+ M � ~ ���=b0)¤�a� Ë
½¿¾3©�¼%0"+ � Í 7,8 ¨&4c6 � � I/O X$Yq<�ÏZ<(�e�Ø¿A����Ï� �.{�Y=Ï�U ��1X½ x � È�Í>)��H½ ��� 0"+ � � � ~ Ù��BÍ��
s�� XPath 0aÎc�¡��<"� Ë ª¥¬¢¢¨ ®«¯5�XÏ��0��¬KÍ7�5��Ï3�
²��$� p $�Ò Ëi~

� �
[1] Tim Bray, Jean Paoli, C. M. Sperberg-McQueen, and Eve Maler,

editors. Extensible Markup Language (XML) 1.0 (Second Edition)
– W3C Recommendation. http://www.w3.org/TR/2000/

REC-xml-20001006, Oct. 2000.
[2] Ashish Kumar Gupta and Dan Suciu. Stream Processing of XPath

Queries with Predicates. In Proc. of ACM SIGMOD, pp. 419–430,
May 2003.

[3] Feng Peng and Sudarshan S. Chawathe. XPath Queries on Streaming
Data. In SIGMOD, pp. 431–442, 2003.

[4] Georg Gottlob, Christoph Koch, and Reinhard Pichler. Efficient Al-
gorithms for Processing XPath Queries. In VLDB, pp. 95–106, 2002.

[5] Georg Gottlob, Christoph Koch, and Reinhard Pichler. The Com-
plexity of XPath Query Evaluation. In PODS, pp. 179–190, 2003.

[6] Luc Segoufin. Typing and Querying XML Documents: Some Com-
plexity Bounds. In PODS, pp. 167–178, 2003.

[7] Simple API for XML. http://www.saxproject.org/
[8] James Clark and Steve DeRose, eds. XML Path Language (XPath)

Version 1.0 – W3C Recommendation. http://www.w3.org/

TR/xpath Nov. 1999.
[9] James Clark, eds. XSL Transformations (XSLT) Version 1.0 – W3C

Recommendation. http://www.w3.org/TR/xslt Nov. 1999.
[10] Ron Daniel Jr., Steve DeRose, and Eve Maler, eds. XML Pointer

Language (XPointer) Version 1.0 – W3C Candidate Recommenda-
tion. http://www.w3.org/TR/WD-xptr Jun. 2000.



includePredicate(node)

Input: node

1 current-depth++.

2 if type = 0 do

3 goto 12.

4 end if

5 else if type = 1 do

6 goto 68.

7 end else

8 else (type = 2) do

9 goto 88.

10 end else

11

12 j � check-counter().

13 if j = -1 do

14 for i �R
 � |�ngè������kë to 0 do

15 if Pi = node & depth � check-hold(Pi) &

16 depth + 1 = cuurent-depth do

17 counter[i]++.

18 if i = 
 � |�n�è������kë do

19 if memory-check(m) do

20 candidateOffset � cuurent-offset.

21 end if

22 else do

23 if answerOffset í����
	¥ò do

24 �«á�������çú�u�å .

25 goto 20.

26 end if

27 else do

28 while candidateOffset |��,�
	iò do

29 nomSolOffset r solutionCorrespondence

30 �3���:{�� |��søeá������gõ�ú��«á?l7{���'gò .

31 if candidateOffset ���oñ
	 ��! do

32 �«á"��#���çúcu¡å .

33 end if

34 else candidateOffset ���¥ñ¥f"!$��! do

35 candidateOffset |���á&%¥ä .

36 end else

37 end while

38 goto 20.

39 end else

40 end else

41 end if

42 if Pi ���sø&����|"')(gfeë��G�wé l

43 Pi |�ë���� é�í»ßaà,�kâ�*wùgò do

44 Pi |��¡ø ��� .

45 end if

46 if Pi |�+�,�í	�3�-��{�� �
	¥ò do

47 dep-correspondence[i] � current-depth.

48 end if

49 goto 102.

50 end if

51 else if Pi = node & check-hold(Pi) = -1 do

52 17 . 49 r"/&0 .

53 end else if

54 else do

55 i–.

56 end else

57 end for

58 end if

59 else do

60 for i � j to 0 do

61 15 . 56 r"/&0 .

62 end for

63 end else

64 goto 102.

65

66 j � check-counter().

67 if j = -1 do

68 for i �R
 � |engè����&�kë to 0 do

69 if Pi = node do

70 counter[i]++.

71 18 . 49 r�/�0 .

72 end if

73 i−− 1
74 end for

75 end if

76 else do

77 for i � j to 0 do

78 if Pi = node do

79 counter[i]++.

80 if check-counter() = -1 do

81 19 . 49 r�/&0 .

82 end if

83 end if

84 i–.

85 end for

86 end else

87

88 if stat ��2$!oø»ùcú�uoò do

89 goto 102.

90 end if

91 else if stat ��3(' Pi = node &

92 stat ��3(' Pi |��¡ø = current-depth do

93 stat++.

94 if stat ��2-!iø»ù�ò do

95 19 . 49 r"/&0 .

96 end if

97 end else if

98 else do

99 goto 102.

100 end else

101

102 for i = 
 � |�n�è��G���wë to 0 do

103 if predicate[i] = node &

104 4-|�ë����wé �
5$6�è � ø»ùcúauiò (path) do

105 predicate[i]++.

106 19 . 42 r�/&0 .

107 dep-correspondence[i] �74-|që����wé;|
108 ��{�� |��sø ( 
c���u��3��� )

109 while nomSolOffset is not empty do

110 8qù:9kù /�;çë��G� é
| dep-corresondence[i] |��«á��=< ��� .

111 if >oú"|�ë���� é�í�?cu�ú�@BA do

112 solOffset ��@BAC�&! nomSolOffset.

113 end if

114 end while

115 end if

116 end for

Output: solution( � )


