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Abstract We developedefficient evaluationtechniquesfor continuousqueries,i.e. queriesevaluatedperiodically, on XML

datachangingdayby day. We assumequeriesarewritten in XPath,which is widely usedtoday. Insteadof completelyreeval-

uatingqueries,we computethedifferencesfrom thepreviousanswerswith minimal evaluationby usingthe informationon

changes.To achieve this,we maintaintheinformationon deletionof which nodein thedatacausesdeletionof which nodein

theanswersto which queries.In addition,whensomenodeis addedto thedata,we canusethesameinformationto omit the

evaluationof partof queries.
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2 ô�õ9öø÷2ù2(�ú�ô�û�õ�ü�ýuþ�(yÿ��

deleteNode(Nodenode)

1 if ( ÷2ù�������ô�õkö (��
	�� = 0) 
2 /* ������(�ô�õ9ö���÷�ù���������� */

3 ù�����������(�ú�ô�û�õ�ü5ýuþ������y÷2ù
4 � else 
5 if (( �G(! #"yþ%$ % ÷2ù&���#��ô�õkö (��
	%� ) = 0) 
6 /* �&'�(!)��+*-,�(��G(�./.�0213� */

7 4%5;û76982(-:3;&<>=76�?%@���ô�õ9ö (% #"yþ!$
�
8 ÷�ù�������ô�õ9ö (>�
	��20>ACBED�ú�ô�û�õ�ü�ý�þ��
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10

11 ÷�ù����#��ôuõ9ö�0%I�J/K#</L%����ô�õkö (��
	���0
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4!5;ûO6982(-:
;&<�=769?�@#��ôuõkö (
13 �/	��e'� #"�þ!$/�PANBEQ#� ÿ%�/@#�
14 � else 
15 /* �+�
(!)��+*>,�(-�SROT�ù��U���#� */

16 ù>�����#����(�ú�ô�û�õ�ü5ý�þ��P����÷�ù
17 �
18 �
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1
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(0,30)

(30,1) (30,1)

(3,1) (3,1)(5,1) (5,1)&
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3 ÷2ù2(!g2(�ú�ô�û;õ�ü5ý�þ�(�ÿ%�
node ÿ%�3h ÿ%�
i

1 (0, 30) (0, 1)

2 (30,1) ÷2ù
3 (3, 1) ÷2ù
4 (5, 1) ÷2ù
5 (30,1) (30,1)

6 (3, 1) (3, 1)

7 (5, 1) (5, 1)
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4 ô�õköon�c
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addNode(Nodenode)

1 if ( n�c_���#��ô�õ/öp�����+q�(�5;û76982<>=76�?%@#� ) 
2 4!5;ûO6P82(-:3;+<�=O69?�@#��ô�õ9ö (! #"�þ%$/<
3 node.contribution �Pr/s/@#��t
4 � else 
5 �Xd�uP(!)��+*>,&<�=O69?�@#��ô�õ9öv<-�
	!�&�PACB9L%����t
6 w�ô�õkö (! #"yþ%$
��x�s�@#��t
7 �
8

9 �G(! �"�þ!$/<P�Xd�u����&<�=76�?�@#��ô�õ9ö (��
	�����r
s/@#�>t

7. y z
{U| N .5C
, | Ð N�VS}U~µY ~O�7� N#�U�Fd�f =}� 0+�eÔ�U�>�� �>V�M�oe[ C no </p�q U � �}x���mOk 7 8 ¡ � m
\ ] 7 8G~>� V�_Jæ ~O�U� 0&���9VGM�oe[�]�^ 7 8GO>P 0 �� N .
C XML RSFTU
¤3�k0��>N	ÎU� Y;[H¤
��R@S>T3��S@Ú
V�W5XZY C���§ x Qe~ XPath U SQL V��O� Y�[ � _ Y ~O ¤
�FRHS/T2��S�ÚeV . Oracle9i 64bit U3� w Y C 2CPU(900MHz

UltraSPARC-CU), 6GB 0�[+� Ë U3�_�J0 SunBlade2000 �eN�#� U;_/æ ~�O
� w Y ~ XML R�SeT .	C XML R�S�T��5S5Ú�0 �� b�c�0 ~� 0��	S É N ?8 XMark [5] U w o�[S�S�sY ~GO5P 0 XMark

.
scalingfactor V ��A �+� 7/8!�#� 0	g ¸H| U�� �8�P m = N ¸�C



OS � � V�� 4Gq�L é � 0 ��� U/�+� 7J8
P m = N ¸582O {+�7�
N .GC XMark 0 scalingfactor U 10 V3�U sYy[ XML R�SFT�U¡ � Y ~�O ¡ �ZY ~ XML RS>T
0�¢#£ Ì@. 1,172.32(MB) N C¤ �s� SÆ��U È o>[O¥B¿X¦�S®��Y ~ ��� C�� YFN 16,703,210� S���N 846,755,696§U£©¨¹0	R@S>T5U �O� 0+ªO« m Y ~5O�l
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ó
5 )�++<-®3)
� XPath (/(!)��+*-,

Path

Q1: /site[people/person/name[text()=’Marek Gill’]/categories/category/name

Q2: /site/closedauctions/closedauction[.//price[text()=’146.02’]]/buyer

Q3: /site/openauctions/openauction/bidder

ó
6 ú�ô�û�õ�ü5ý�þ!��b%cNd9��ô�õ9ö°¯e'�±2õS$�²!³2´
(!)��+*>, ��(-¯ ú�ô�û�õ�ü5ýuþ�(>¯ µ/³·¶¸¯

Q1 10,000 20,007 434,017

Q2 5 17 421

Q3 59,777 706,193 17,099,979

Ä5Å V C�� S�� =GÇ@ÈF|�Qk8�^5C n�o <�p�q 0 àF=�È Ù |�Q8 � � `y� CG� �}x���m7k 7 8�:@< m }O~ ��� V�M�oe[�\ ]
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7 ô�õköø÷2ù2(�Á!Â�Ã3Ä�(*)�+

(!)��S*>, I3ROT�Å/x�s�d9����� (ms) Æ�Ç2È�É (ms)

Q1 3,845 25

Q2 8,816 20
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ú�ô�û�õ�ü�ý�þ�(yÿ%� 135
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9 Q1 (�Á�Â�Ã
ÄË�Ì3Í É Á�Â�Ã
Ä (ms)

I!à3x!s 3,395á i�R#T 1 5yû76P8Oâ-� Ë�Ì 61á i�R#T 2 5yû76P8Oâ-� Ë�Ì 81á i�R#T 3 5yû76P8Oâ-� Ë�Ì 131

�2��� Ë�Ì 3,556
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ó
10 (%)��+*>,�<>=769?7d�ä!) Q1 (�Á�Â�Ã
Ä

=O6�?7dPä%)
5;û76P8 I!à3x!s (ms) Æ/Ç2È�É (ms)á i�ROT 1 5;û7698Oâ 20 10á i�ROT 2 5;û7698Oâ 20 71á i�ROT 3 5;û7698Oâ 3,345 3,426

����� Ë�Ì 11,537 11,557

nGo <>p�q V	Ý Û�Þ Y��Go :�<eC��&Ý m�kJU�_µ`����Hd@fV



\5� C �#� ��H= g ¸>�2. � p x���oS�O� m �5æ ~5Oe V�n5o <Fp�q Q2 V�MHo@[@0�Î 11 U+Ð 8 m C ¾#¿ 0+�O�
dHf . gHh�V �#�e798P m . N ¸ ���Hæ ~=�C Q1
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o <>p�q U�_µ` P m = N ¸8�O
ó

11 Q2 (�Á�Â�Ã3ÄË�Ì
Í É Á�Â�Ã3Ä (ms)

I!à
x�s 1,862á i�ROT 1 5;û76�87â-� Ë�Ì 34

���#� Ë�Ì 1,870á i�ROT 2 5;û76�87â-� Ë�Ì 1,981

����� Ë�Ì 2,014
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ó
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5;û7698 I!à
x�s (ms) Æ/Ç2È%É (ms)á i�ROT 1 5;û76P8Oâ 10 10

�!�&q 1,963 1,976á i�ROT 2 5;û76P8Oâ 931 1,880

���2� Ë!Ì 941 1,991

�O� m Y�[ ��Ý m�kJU�_a`9���edfV�\�� C g5h�V �5�H=	�� �æ�[kY Ð æ ~�O>P�P N C }�~ �#� V�Mo5[+���ed5f�0è2å
U�Î 13 V2Ï 7�O

ó
13 Æ�Ç2È�É�(-Á�Â�Ã3Ä�(/q>æ
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5�û76P8 h25yû7698
.�0 (%)��+*>, �3x (ms)á i2ROT 1 5yû76P87â 0 10 10

�!�&q 34 1,942 1,976á i2ROT 2 5yû76P87â 1,870 10 1,880

���2� Ë!Ì 1,981 10 1,991
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