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Ý$ E¿éù `*' [�õ �Ì � �  �� E¿õ �³ 3 #Í4� æ© PÌ � ,÷

¿ ���³ Ú�â®�ß(object-oriented database : OODB)� 9$ý XML Ú�âõ *_ 

� ��õ vÇ �� îý °. Æ f[ù � ¢ Ý$ E¿éú j¥ � OQL ��õ îY:

÷¿ �ý � æ¢ Ûß uS¿t °| E¿ Ûß �ªú CK¢°. CK � �ªù Ý$

E¿é� j¥ü� ��� ³� E¿� Â© Lî¢ E¿ é»�õ Ù�¢°. �ýL Ûß Å	

Y E¿ é»�õ S¦ � 9$¥÷¿�  #� Ûß�ú �Ì � °½� E¿� Â¢ *_

Y ³�¢ E¿� Â¢ Ûß � ú ôè� �Ù êÀ  �°. � �ªù Ý$ý E¿é� Â

© �U Ûßõ �  � PÌ � �ªÃ° *_ � ú m� ½ �L B
+-!ý Ûß uSõ

¾3 ºÍ � ML PÌ£ ½ �q ìÌ�� Í½ °.

Abstract

Extended path expressions are used to denote multiple paths concisely by using `*' charac-

ter. They are convenient for expressing OQL queries to retrieve XML data stored in OODBs.

In this paper, we propose a multi-path index scheme as a new index scheme to e�ciently pro-

cess queries with extended path expressions. Our proposed index scheme allocates a unique

path identi�er for every possible single path in an extended path expression and provides

functionalities of both a single path indexing and multiple path indexing through the compo-

sition of index key and path identi�er while using only a index structure. The proposed index

scheme provides better performance than single-path index schemes, and is practical since it

can be implemented by little modi�cation of leaf records of a B+-tree index.
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1 tttÁÁÁ

âV \� Ú�â pÞú æ¢ Pì\� vu÷¿ C¡òL �� XML(extensible markup lan-

guage) [1] Ú�âõ îñ:÷¿ 9$ L *_ � æ© �ù �u� /� �±üL �°. ��

0� [GÍ Ú�â®�ß(relational database : RDB)# ���³ Ú�â®�ß(object-oriented

database : OODB)õ �Ì � XML Ú�âõÃ° îY:÷¿ 9$ L*_ �æ¢ �u�ß

� ° [2, 3, 4]. "& ���³ Ú�â®�ß� Ú�â ?Ý� XML� "�ú ��ß¥3 ��£

½ �L, XML� Â¢ ��qõ �U �� ��qõ Ý$ � �Ù£ ½ �� :[� XML� 9$

$X¿t �aú �L �°. XML� Â¢ ��� �U �� ��q�t� �Ùü� MÏ � �ú

�Å¿  �Ú � |  #� ����� ÷S [Gõ #Í4� E¿é� vÇ� Ì �îÄ°� >�

°. °üù � ¢ �õ Ã ,�°.

�� 1-(a)� XML Ú�â� ßÅ�� ©¾ � DTD(document type de�nition)� ¢ �õ Ù

Û:÷¿ Ã ,�L, �� 1-(b)� �� 1-(a)� XML DTD� ©¾ � XML [tõ OODB� 9

$ � æ¢ OODB� ßÅ�õ #Í6 ,�°. �� 1-(b)�t P? dY �Úþ� [��ù ��

Á�ß® Á�ß� ��ú #Í6°. XML DTDõ OODB� ßÅ�¿ ºÞ � �ª� Â©t�

÷L[¶[3]�t Cèý �ªú PÌ¢°. OODB� ßÅ�õ �© 9$ý XML Ú�â� Â©t�

°üY �� E¿éú �Ì¢ ��� �  °.

� �� �1:

subsection� Æ[� /[:÷¿ ºEý ( � 2000[ 1Ú 1� t:ú ?� *_ �.

select b from b in book

where b.chapter.section.subsection.body.mdate = `2000:01:01';

E¿éú j¥ � ��õ �ý � æ©t� E¿é÷¿ vÇý ���� ÷S [Gõ 0� ��

õ ò»¿ �[©b  �Ú � YAú �� Ò_(object navigation)��L ¢°. �� Ò_ù %ß

¾ \� ��õ �[ � :[� �ù ¡£½�õ î� 6, "& �[©b  � ���� %ß¾

\� �qK �� EÍ�� � ¡£½�� ÌÎ �� 3 ý° [5]. �ý � �� Ò_ú îY:÷

¿ �Ù � æ¢ Ûß uS¿ |� Ûß(nested index), E¿ Ûß(path index) [6], °| 

Ûß(multi index), ASR(access support relation) [7], GW S Ûß [5] #� CKü}°.

¢` XML Ú�âõ `ý 3 *_ � æ©t� °üY �� `*' õ �Ì¢ E¿éú PÌ£

½ �°.

� �� � 2:

Æ[� 4Ì� /[:÷¿ ºEý ( � 2000[ 1Ú 1� t:ú ?� *_ �.

select b from d in book
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<!DOCTYPE book [
<!ELEMENT book        (title,author+,preface,chapter+,appendix)>

<!ELEMENT section     (title,body*,subsection+)>
<!ELEMENT subsection  (title,body+)>
<!ELEMENT body        (paragr|figure|table)>

<!ELEMENT chapter     (title,author*,body*,section+)>

<!ATTLIST body         mdate  #CDATA>

...

(a) DTD A�

(b) OODB ßÅ�

�� 1: XML DTD® ºÞý OODB ßÅ�

where b.*.body.mdate = `2000:01:01';

��t `*' [�õ j¥ � b.*.body.mdate® �ù E¿éú `Ý$ E¿é(extended path ex-

pression)'��L A� 6 XML DTD Z� ºÞý OODB ßÅ��t � ¢ ?� ßÅ� E

¿õ #Í6°. 0�t b.*.body.mdate� b.chapter.body.mdate, b.chapter.section.body. mdate,

b.chapter.section.subsection.body.mdateõ ôè� #Í4� ,�°. Xt s�¢ �U� Ûß �

ªù ?� ßÅ� \� ³� E¿� Â¢ �� Ò_ú �Ù � Ûß �ª�t¿ Æ f[�t C

K � �ªY uÛ � `³� E¿ Ûß'¿ A�¢°.

°üù �U� ³� E¿ Ûßõ PÌ � Ý$ E¿é� Â¢ Ûß � ú �Ù � EÍ

#Í( ½ �� [C>��°.

� Ý$ýE¿�©¾ ����E¿��½��I�8;�Ûß��½��I�3ý°.

0�t Ûß 9$ W�� �� ü» � �q#L *_ � ê Fq�3 ý°. "& �X *

_(exact match key look-up)� EÍ�� � � �<& 9 ý°. Z¢ �� *_(key range

look-up)è�� ���Ûßõ*_¢@Yõ ¿¦©b � EÍ��q ¿¦�0ò�Ù

�: ¡£½�� �f¢°.
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� Ûß� Â¢ �¦: [ý� q·°. � Ý$ E¿� ©¾ � ��� ³� E¿õ Ú�â

®�ß[ý��NI4q���Â©ÛßõzA©b¢°.Z¢ÛßõQC£:�ê

[´ý Ý$ E¿� Â© zAý Ûß� qE ,�� ���õ [ý�� 7J©b ¢°. �

YA�t Ý$ý E¿� j¥ü� �Ù ³� E¿� Â©t� Ûß� U& # #"� E¿

� Â©t� �©� Mú ½ê �3 ý°. � �[� �� Ûß [ý� q·L Ûßõ �

Ì � ��� �� 3 ý°.

�� Æ f[�t� E¿� �½� �IKê Í½¢ � ú Ã�6 [ý ��ê `ý¢ Ý$ E¿

� Â¢ Ûß �ª÷¿t °| E¿ Ûß �ª(multi-path index scheme)ú CK L� ¢°.

Æ f[ù °üY �� u�ý°. �q�� $�t� E¿� Â¢ Ûß �ªY [´ý �U �

uõ SP �°. 3 $�t� CK � Ûß �ªú PÌ � æ¢ S& � Æ f[�t PÌ �

= ��Ìq��Â¢ A�õz<¢°. 4 $�t�CK �Ûß�uS� u� �ªúz<¢

°. 5 $ù CK � �ª� ì¹ú �© �U �éY� ò�>ú U_ÃL � "�ú NIÆ°. �

��÷¿ 6 $ù @Áú ��°.

2 [[[´́́ ���uuu

XML ê� #� ³G�� XML Ú�âõ s¿ 7� èßðú �Ì � [ý �÷# Ú�â� j

� �� LtÙâ� Ú�â®�ß èßðú �Ì � ,� ��: 8��°. �� 0� RDB#

OODBõ�Ì � XML(Z� SGML)Ú�âõ[ý �æ¢�u�½±ü}°. [2, 8, 9]� RDB

õ �Ì � XML Ú�âõ [ý � �ªú CK L �°. �� �ª� 0ò8 RDB� $> è

ßð� KA�, Ý$�, /:Üý �� �ý #ú ßÌ � 8�t îý °. �8 OODBõ �Ì¢

�éùÚ�â®�ß�Ú�â?ÝY XML� ?Ý�$� îP t¿ XML Ú�â�9$Y *_

� ��ß¥3�Øq� ½ �°� $>� �°. [3, 4]� OODBõ �Ì¢ �é� Â© °ØL �°.

OODBõ �Ì � �éù XML� Å�õ s¿ �� ³æ¿ 9$ � :[� t¿ ÷S [G�

�� ���ú îñ:÷¿ Ò_ � ,� *_ � Y [´ � |Å¢ [&� ý°. �® �� E

¿ \� U& � ���� Ò_ú îY:÷¿ �Ù � æ© |� Ûß® E¿ Ûß, °| 

Ûß, ASR, Object Skeleton [10] #��ª��CKü}°.��ù��� Í×, ºE�S� üñ,

9$ W�� �?� #� Q8�t�� $³>ú��L ��� W�:÷¿³� ßÅ� E¿� Â

¢ �� Ò_ú �Ù � æ¢ Ûß �ª����>�°. 0�t X$�t® �� `*' õ j¥ 

� Ý$ E¿é� Â¢ Ûß � ú CW ��� N� °.

î¦n(uniform) Ûß �ª [11]ù E¿ \� ?� Á�ß® �,��  æ Á�ß� Â© �

� Lî¢ E¿ é»�õ £¾ LE¿ Ûß�³
 d�� ©¾ E¿� �Y � Á�ß��E

4



¿ é»�õ �À êÀ ¢ ,�°. � OODB� "�Y [´ý � �� Ûß �  Á�ß GW

Ûß � Y E¿ Ûß � ú ôè� �Ù � æ¢ Ûß �ª�°.

� �ªùÆf[�CK ��ªY�ô��¿üp:�³¢�ª÷¿Á�ßGWÛß®

E¿ Ûßõ ôè� �Ù£ ½ �L B+-!ýõ ¾3 ºÍ � ML PÌ£ ½ �÷t¿ ìÌ�ê

m°. �8 [11]� �ªù CK � �ªY� µý ³� Ûß E¿� æX � \æ- æ Á�ß�

ú uÛ �*_ �æ¢�ª���C¢>��°.�fý:÷¿�³�E¿�Â¢Ûß�

ª�°. [12]�t� 1-index, 2-index, �ýL T-indexõ CK L �°. ��ù sq� E¿é� Â

¢ ¡ù�Í® ¡ù�Í� � d�� ©¾ � E¿� Â¢ Ûß AÃõ Ú�â®�ß� 9$ 

� �ª÷¿ Ç ½ �°. �, A�é÷¿ vÇý ��� E¿� Â¢ ASR [13]ú �ßî!(extent)¿

�� u� L ¡ù�Íõ �© Ù � E¿� Â¢ ASRú xØ � �ª�°. �: ASRù � E

¿ \� ?� ���� �� é»�(object identi�er, OID)õ E¿ Ûß [6]¿ î� �,� I¦

� E¿ \� �Aý == Á�ß� � � ���ú î�¢°.1 � # Milo Ûß �ªù ô�¢

Ûß AÃ� �Ä©t 9$ü� :[� 9$W�ú �� PÌ L Ûß �ê� 0ô ¡£½�

� ¾°. 0�t °| E¿� Â¢ *_è ³� E¿ Ûß �ªY �ô��¿ E¿� ½� �I�

½À *_� 0ô ¡£½�� �� 3 ý°.

DataGuide [14]� XMLY �ù "�ú � � uSÜý Ú�â(semistructured data)� Â¢

9$ èßð LORE�t îY:÷¿ PÌþ ½ �� Ûß uS�°. � # DataGuide� "A

E¿� ©¾ � ?� ���� �� é»�õ ?I nù �[� Á�ß �ßî! ��® îP t

¿ E¿ Ûß¿ Ã�� q·°.

3 CCCccc SSS&&& ��� ÌÌÌqqq AAA���

� $ù CK � °| E¿ Ûß �ªú PÌ£ ½ �� ÞE� Â¢ S&Y Æ f[�t PÌ 

� Ìq�� Â¢ A�õ z<¢°.

3.1 °°°||| EEE¿¿¿ ÛÛÛßßßõõõ PPPÌÌÌ£££ ½½½ ������ SSS&&&

CK � °| E¿ Ûßõ PÌ 3 þ XML DTD� "�Y [´ � °üY �ù S&ú �A

¢°.

$9 XML DTD 4� Å�(element)® ��(attribute)� �öù ©¾ DTD 4�t� î�©b

 6 °ô DTD� ô�¢ �öú �� ,� �Ì�ê t¿ °ô ,÷¿ ¢°. �ô��¿ Å�� Â

ÿ � f�ü� OODB�t� Á�ßê t¿ °ô XML DTD� U& � ô�¢ �ö� Å�

EÍ�� t¿ °ô ,÷¿ �A¢°. �ýL ô�¢ DTD 4� Å�® ��� �ö | t¿ ô�¢

11-index� EÍ ³
 d�� � � ��, 2-index� EÍ�� è�Y � ��, T-index� EÍ �Aý ���.
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,� {qb ¢°. �ýL CK � �ªù DTD ½u�t ¿Þ(cycle)� U& �E¿� Â©t�

Ûßõ zA£ ½ {°. � � ù òó �xþ �A�°. Z¢ ô�¢ �ö� ��� °½� Å�

� Â© PÌþ EÍ�� �,�� Ú�â Í�� ?� ô�¢ ,÷¿ �A¢°.

CK � �ªù XML� IDREF Í� ��� Â¢ Ûß E¿� �Ù � M�°. � IDREF

õ �© °ô XML ��õ �ýÅ�EÍ#ô�¢ XML �� 4� °ô ��õ�ýÅ�EÍ��

Â©t� �� E¿õ PÌ£ ½ {� ,÷¿ ¢°. �,ù IDREF� EÍ ìC �,� ÷S£ Â\

� qE Í�� ��� þ � N ½ {÷t¿ OODB� ßÅ� \�t ÷S[Gõ ���¿ vÇ£

½ {3 üL 0�t E¿ Ûßõ PÌ£ ½� {� :[�°.

3.2 ÌÌÌqqq AAA���

�� ��q�tPÌü� �U� E¿éù  #� E¿�ú #Í4t¿³� E¿é�� £ :, �

U E¿é vÇ� `*' [�õ @¦ � °üY �ù Í×¿ #Í6 E¿éú °Ü E¿é(relaxed

path expression)��  �.

Pf : � :Pr

��t Pf® Prù `*'õj¥ �M�³�E¿é÷¿��;E¿(pre path)®óE¿(post path)¿

A�¢°. XML� Å�� OODB�ßÅ�¿P\ýó��Á�ß�©¾ �:[�Æf[�t

� Å�®Á�ßõô#¢�y¿PÌ¢°.�ýL�U�E¿éY°ÜE¿éú¦�Ý$E¿

é÷¿ A�¢°. 0�t A.B.C.D ® A.B.C.D.D1Y�ù �U� E¿éù ³¿ E¿é�L A.*.D

Z� A.B.*.D.D1Y�ù E¿éù °Ü E¿é÷¿ Ç ½ �÷6 P �� ?� Ý$ E¿é÷¿ Ç

½ �°. A.*.D® A.B.*.D.D1�;E¿� �� A® A.B�L óE¿� �� D® D.D1� ý°.

XML� DTD Å� Z� OODB� ßÅ��t #Í& Á�ß� �ö� �¢ E¿éú `ßÅ�

E¿'� L, �,����PÌü}ú:� `�� E¿'�A�¢°.ßÅ�E¿� 0�Ú�â®

�ß� 9$ý �´� ���ù `E¿ ßäß(path instance)' Z� `�� E¿(object path)'¿ A

�¢°.

4 °°°||| EEE¿¿¿ ÛÛÛßßß ���ªªª

� $�t� °| E¿ Ûß� uÇ �ª� Â© z<¢°. ��� Ý$ E¿é� sqPú :, °

| E¿ Ûß� °üY �ù YA÷¿ uÇý°.

1. °| E¿ Ûßõ uÇ � æ©t� $9 sq� Ý$ E¿é� ©¾ � ��� ³� E

¿õ üI4L ��� Â© `E¿ é»�(path identi�er, PID)'õ £¾¢°.
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2. �� �ý�õ �© ³� E¿»¿ Ú�â®�ß4� ìC Ú�âõ *_ � Ûß AÃõ

½�¢°.

3. ½�ý Ûß AÃõ °| E¿ Ûß� 9$¢°.

��t � ¥« YAù �� �ý�õ �Ì � �ýüt¿ � YA� Â¢ ��¢ �ý YAù f

� L (1) E¿ é»�õ £¾ � �ªY (2) °| E¿ Ûß� 9$ü� AÃ � 9$ uS (3)

°| E¿ Ûß� Â¢ *_ �ª � �ê �ªú ò»¿ z<¢°.

4.1 EEE¿¿¿ ééé»»»������ £££¾¾¾

XML DTD®ÛßõzA£Ý$E¿é P�sqPú:,sq�XML DTD(Z�ºÞýOODB

ßÅ�)õ�T 8t P� � � ���³� E¿éú©¾ E¿é�Â¢ `1£ E¿é'Z� `1

£ E¿'¿ A�¢°. �ýL P� ?� 1£ E¿é� �¦ú `E¿ �ßî!'� A� L "(P )¿

#Í6°. NLý� 1ù sq� Ý$ E¿é� Â¢ E¿ �ßî!õ u L E¿ é»�õ £¾ 

� NLý�ú #Í6 ,�°. XML DTDõ OODB ßÅ�¿ ºÞ �ú :, ��[�t E¿é÷

¿ vÇþ ½ �� Vù Ù�� XML DTD�t Ù? Å� - �é Å� Z� Å� - �� [G�t

¿ � >ú �Ì � E¿ �ßî!õ üI7 ½� �°. $9 NLý� 1�t PÌü� head(P )®

tail(P )� °üY �� A�¢°.

� head(P ) : E¿ P� �$ XÅ Å�

� tail(P ) : E¿ P� �$ �Å Å� Óù ��

�ýL Å� E� Â¢ child(E)� Eõ u� � �é Å� Z� E� ���� �¦ú #Í4� ,

÷¿ ¢°.

NLý� 1ù sq� E¿é� `*' õ j¥ � M� ³� E¿é EÍ�� sq� E¿é�

÷¿ E¿ �ßî!õ X�°. �� °Ü E¿é� sq� EÍ�� tail(pre path(P ))� ©¾ �

Å�¿Ùâ head(post path(P ))� ©¾ � ?� 1£ E¿õ ü� æ© search path ¥½õ Ò;

¢°. search path ¥½� �¿ J;�ù Å�(e)� �é(c) |� head(post path(P ))� ©¾ �

,� ���õ *P¢°. �� S&� �� �éú üU÷8 ßØ� �� Ç&«�� Ò_ E¿ A

Ã® ©¾ �é Å�(Óù ��)õ ¦�t E¿ �ßî! �¦� Y�¢°. �� c� Ù? Å��8

search path ¥½� Â¢ &� Ò;(recursive call)ú �© Ò_ú G�¢°. � ¢ Ò_ YAù �

é� {� ³
 Å�(leaf element)# ��ú �[£ :«� G�ý°. �ßî!� u©�L #8 ü

I� ��� ³� E¿� Â© E¿ é»�õ £¾¢°.

���CCC 1 �� 1-(a)� XML DTD�Â©NLý� 1ú�Ì �Ý$E¿é book.chapter.*.title�

E¿ �ßî!� � � 1£ E¿� E¿ é»�õ £¾ 8 °üY �°.
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Algorithm 1 E¿ é»�õ £¾ � NLý�

1: Input: XML DTD, p : extended path expression

2: Output: "(p)

3:

4: if p is a single path expression then

5: "(p)  p;

6: return

7: end if

8: "(p)  ;

9: Pf  pre path(p)

10: Pr  post path(p)

11: check validity of path Pf and Pr

12: from tail(Pf )

13: to head(Pr)

14: initialize stack

15: search path(from)

16: assign a serial number for each member path in "(P )

17:

18: procedure search path(e)

19: if e is leaf element then

20: end procedure

21: end if

22: push e into stack

23: for all c 2 child(e) do

24: if c = to then

25: "(p)  "(p) [ f concatenate (path in stack, c) g

26: else if c is element then

27: search path (c)

28: end if

29: end for

30: pop stack

31: end procedure
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book.chapter.title - PID : 1

book.chapter.section.title - PID : 2

book.chapter.section.subsection.title - PID : 3

4.2 °°°||| EEE¿¿¿ ÛÛÛßßß��� îîî���üüü��� AAAÃÃÃ ��� 999$$$ uuuSSS

4.2.1 °°°||| EEE¿¿¿ ÛÛÛßßß��� îîî���üüü��� AAAÃÃÃ

Ý$ E¿é P � Â¢ °| E¿ Ûß i� °üY �ù AÃ�ú î� �Ú � ¢ AÃ� Û

ß� Â¢ *_Y ºE � Ûß� xØ� PÌý°.

� Pi { Ûß E¿

� Di { Ûß� �³, � ¿�³(forward,E¿� �³Y �X) Z� ��³ (backward, E¿�

��³)

� Hi { E¿� è� Á�ß¿t ¿�³ Ûß� EÍ�� head(pre path(P )), ��³� EÍ

�� tail(post path(P ))� ©¾¢°.

� Ti { E¿� � Á�ß¿t ¿�³ Ûß� EÍ�� tail(post path(P )), ��³� EÍ��

head(pre path(P ))� ©¾¢°.

� Ei { Ûß iõ �© *_ � ¢ ?� 1£ E¿ = "(P )

� BTi { Ûß Ú�âõ 9$ L �� B+-!ý ��� �� é»�

� � 1£ E¿» AÃ : sp 2 "(P )

{ sp { 1£ E¿� E¿é

{ �(sp) { E¿� ©¾ � E¿ ßäß� �½

{ PID { E¿ é»�

4.2.2 °°°||| EEE¿¿¿ ÛÛÛßßß��� 999$$$ uuuSSS

°| E¿ Ûß� Ûß AÃ� ³
 ª��� uSõ ºEèÇ B+-!ýõ �Ì � 9$¢°.

�� 2� °| E¿ Ûß� ³
 ª��� uSõ #Í6 ,�°. ��� � ÙÛ� �y � �

� °üY �°.

� record header { ©¾ ª��� ¾� #ú �À¢ ½Ì AÃ

� key value { Ûß Å	
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record header key value # paths (PID1, #OIDs, OIDs) � � � (PIDn, #OIDs, OIDs)

�� 2: °| E¿ Ûß ³
 d�� ª�� uS

� # paths { t¿ °ô E¿� �½

� PID { ©¾ E¿� E¿ é»�

� #OIDs { E¿� ©¾ � �� é»�� �½

� OIDs { E¿� ©¾ � ��� �� é»��

��t E¿ é»�� X <�t z<ý E¿ é»� £¾ NLý�� �© sq�°. °| E¿ 

Ûß� |� d� uS� ��: B+-!ý� |� d� uS® ô� °. °| E¿ Ûß� 

Ûß Å	Y ©¾ü� Å	� �@ý E¿� °ô Å �� �� ��� �� é»�õ 9$ � 8

�t [6]�t Cèý |� Ûß(nested index)® îP °.

���CCC 2 �� 3ù �� 1�t Cèý XML DTD ßÅ�� 0ò� XML [t�ú OODB� 9$¢

,÷¿ Ú�â®�ß� �Ù�ú #Í6 ,�°. �� 3�t Ùù ��(object)õ �y 6 Ù 4�

Ä�� ©¾ ��� �� é»�õ �y¢°. Ù �� Ä�� mdate� 	�°. `Books'¿ vèý o0

��� book Á�ß� ?� ��� Â¢ �� é»�õ î� L �� book Á�ß� �ßî! �

��L o1Y o2� �� book Í�� XML ��õ 9$ � Ø! Å�� ©¾ � ���°. °üù

sq� Ú�â®�ß� Â© E¿ book.chapter.*.mdate� Â¢ °| E¿ Ûßõ i� £ : �,

� uS®, ô�¢ E¿� Â© �U� |� Ûßõ �Ì°ú : �,� ³
 ª�� uSõ Ã

,�°.

{ °°°||| EEE¿¿¿ ÛÛÛßßß

� Pi { book.chapter.*.mdate

� Di { backward

� Hi { book

� Ti { mdate

� Ei { book.chapter.body.mdate,

book.chapter.section.body.mdate,

book.chapter.section.subsection.body.mdate

� 1£ E¿» AÃ
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{ book.chapter.body.mate { PID: 1, �: 2

{ book.chapter.section.body.mdate { PID : 2, � : 2

{ book.chapter.section.subsection.body.mdate { PID : 3, � : 7

� Ûß 4� ³
 ª��� f� YA { � 1£ E¿»¿ Å	Y jâ 	� ûú 8;¢ °

ü °| E¿� Y�¢°2

1. PID 1 � ©¾ � 1£ E¿� Å	Y jâ 	� ûú 8;¢ @Y:

(`2000:01:01', o1), (`1999:11:03', o2)

2. æ�t 8;ý @Yõ °| E¿ Ûß� Y�¢ ó� f�ü� °| E¿ Ûß� ³


 ª���:

(`1999:11:03', 1,(1, 1, o2)),

(`2000:01:01', 1,(1, 1, o1))

3. PID 2� ©¾ � 1£� Â© æ� PID 1�t® �ù YAú $Z ó� °| E¿Û

ß ³
 ª���:

(`1999:11:03', 2, (1, 1, o2) (2, 1, o1)),

(`2000:01:01', 2, (1, 1, o1) (2, 1, o2))

4. PID 3� ©¾ � E¿� Â© æ�t® �ù YAú $Z �ó� °| E¿Ûß ³


 ª���(/[):

(`1999:11:03', 3, (1, 1, o2) (2, 1, o1) (3, 1, o1)),

(`2000:01:01', 3, (1, 1, o1) (2, 1, o2) (3, 4, o1 o1 o2 o2)),

(`2000:02:01', 1, (3, 2, o1 o2))

{ |||��� ÛÛÛßßß

|� Ûß� ³
 d� uS� �� 2� Ûß ³
 d� uS�t #paths ® PIDk(k =

1; : : : ; N) � #OIDs ��õ C½¢ ,Y �ù uS�°. �ýL ³� E¿ Ûß�t¿ Ý$ E

¿� � 1£ E¿� Â©  #� Ûß� f�ý°. � E¿»¿ f�ý Ûß� ³
 ª��õ

#Í48 °üY �°.

� book.chapter.body.mdate� Â¢ |� Ûß

(`1999:11:03', o2), (`2000:01:01', o1)

2°| E¿ ³
 ª��� ½Ì AÃ� f� � #Í4}°.
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�� 3: XML [tõ OODB� 9$¢ �

� book.chapter.section.body.mdate � Â¢ |� Ûß

(`1999:11:03', o1), (`2000:01:01', o2)

� book.chapter.section.subsection.body.mdate � Â¢ |� Ûß

(`1999:11:03', o1), (`2000:01:01', o1 o1 o2 o2), (`2000:02:01', o1 o2)

4.3 °°°||| EEE¿¿¿ ÛÛÛßßß��� ***___ ��� ���êêê ���ªªª

°| E¿ Ûß� Â¢ *_ YAù �� B+-!ý® ô� ü ³
 ª��� *_�ú µý¢°.

� B+-!ý® ô�¢ �é÷¿ Ûß !ýõ Ò_ ü /[:÷¿ ³
 d��t� sq� ��

E¿õ �T � �� é»��úxØ 8 ý°. 0�t Ù � *_ E¿� Â¢ E¿ �ßî!õ

?� u L E¿ �ßî! 4� ��� ³� E¿� Â¢ E¿ é»�õ üI6°. �ýL #8 s

q� Å	÷¿ |� d�® /[ ³
 d�õ üù °ü, Å	Y E¿ é»�� 	� �X � ��

é»��ú *_ 8 ý°. NLý� 2ù � YAú #Í6 ,�6 °üù � YA� Â¢ ��°.

���CCC 3 �C 2�t PÌ¢ °| E¿ Ûß® �� 3� Ú�â®�ßõ �Ì � °ü� � ��

õ �ý � YA�°.

1. select b from b in Books where b.chapter.section.*.mdate = `1999:11:03';

2. select b from b in Books where b.chapter.*.mdate = `2000:02:01';

�¥«�����E¿ book.chapter.section.*.mdate� E¿�ßî!� book.chapter.section.body.mdate®

book.chapter.section.subsection.body.mdate�L ©¾ü� PID� 2® 3�ý°.0�tsq�mdate
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Algorithm 2 °| Ûß� *_ NLý�

1: Input: key(key value), pids(set of PIDs)

2:

3: traverse index nodes using the key in the same manner with B+ tree.

4: if key not found then

5: return

6: end if

7:

8: r  leaf record having the key

9: s  ;

10: for all PID in r do

11: if PID exists in pids then

12: s  s [ OIDs corresponding to this PID

13: end if

14: end for

15: return s

	 `1999:11:03'÷¿ Ûßõ *_¢ °ü, ³
 d� |�t Å	� �X L PID� 2 Z� 3�

ü� �� é»�õ *_ 8 book Á�ß� �� o1ú üú ½ �°. � ¥« ��� EÍ�� �

� E¿� Â© �C 2� Ûß E¿� ?� ©¾üt¿ PID 	� \[{� Å	 `2000:02:01'Y

�X � ,ú ?� ü÷8 book Á�ß� �� o1, o2� *_ý°.

NLý� 3® NLý� 4ù °| Ûß� Â¢ Y�Y QC NLý�ú z<¢ ,�°. Ûß

� Â¢ �êù QC NLý�Y Y� NLý�ú �Ì � uÇ¢°.

Algorithm 3 °| Ûß� Y� NLý�

1: Input: key(key value), objid(OID), pid(PID)

2: traverse index nodes using key

3: if key found then

4: append objid in OID list of corresponding PID

5: else

6: allocate a new leaf record, and insert key, pid, objid

7: end if

8: adjust tree strucutr in the same manner as in B+ tree.

Algorithm 4 °| Ûß� QC NLý�

1: Input: key(key value), objid(OID), pid(PID)

2: traverse index nodes using key

3: r  the leaf record found

4: remove (pid, objid) pair from r

5: if given pid has no OID then

6: remove corresponding (PID, OID) pairs

7: end if

8: if given r has no OID then

9: remove r from the index

10: end if

11: adjust tree strucutr in the same manner as in B+ tree.
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°| E¿ Ûß� |� Ûß® �� �Aý E¿� Â© Å	Y E¿� �� ©¾ � ��

� �� é»�õ î� � �é�°. 0�t ����� ÷S [G� Y�, QC Z� ºEü� E

Í�� |� Ûß® ô� 3 Y� Z� QC� �q& �� E¿� j�ú Ò_ � E¿� Â¢

ºE AÃõ u L �,ú Ûß� �� �b ¢°. � YA� Â©t� ÷L [¶ [6]� #Í#

�°.

4.4 ¿¿¿½½½ EEE¿¿¿ ÛÛÛßßß

E¿ Ûß |�t Ûß� Å	÷¿t �� é»�õ PÌ � EÍ� ©¾ Ûß ��õ `�X

Ûß(identity index)' [15]�L ¢°. �� é»� Ûß� E¿ ßäß� ¢Å �� ©¾ �

��� �� é»�õ Å	÷¿  L °ô ¢Å ��� �� é»�õ Ûß� jâ 	÷¿ PÌ

 � EÍ�°. �X Ûß� s¿ °ü ��® �� Ûß *_ S&� Å� �� [��� Â¢

*_ S&ú j¥ � EÍ� PÌý°.

���CCC 4 t:� |�t Æ[� 4Ì �ÏÚ `XML'��� [��ú j¥ L �� ,ú *_ �.

select b from b in Books where contains(b.*.paragr, `XML');

paragr ��� t:� Æ[ú #Í4� ,÷¿t �,ù ��:÷¿ ½ï � ½� � �\� ³q¿

u�ü� íß!(text)�°. � EÍ, paragr ��� � ¾�® �\ü� *_ Í×� Ûß� Å

	÷¿ PÌ ��� Ù:¦ °. 0�t � :� paragr Á�ß� � � ���� �� é»�®

©¾ ��® [´ý Book ��� �� é»�õ û÷¿  � �� é»� Ûßõ u�¢°. �ý

L #8 æ® �ù ��� sq� EÍ °üY �ù YA÷¿ ��õ �ý£ ½ �°. $9 �� �

ý�� paragr Á�ß� � � ��õ ?� *_ � `XML' [��ú j¥ � ���ú ü�°.

�ýL 8;ý ���� �� é»�¿Ùâ ÷S [G¿ �@ý Book ��õ ü�°. � : E¿

Books.*.paragr�Â© zAý �X Ûßõ PÌ 8 *_ � ú ³\èÈ ½� �°.

Æ f[�t��XÛß�Å	ú� �����	�# íß!®�ù `	'���ú ��

ML ¿½ 3 �����"A E¿� 0� ÷S [G� �� ��� �� ÷S [G�ú î� t

¿ `¿½ E¿ Ûß (pure path index)'¿ A�¢°. �®� �Â¿ �� é»�� I¨ ��� �

� 	�# íß!õ Å¿ PÌ � Ûßõ `	 Ûß(value index)'¿ uÛ 9°. ��t s@©

b £ >ù ¿½ E¿ Ûß� �U� ³� E¿ Ûß �é�# CK � °| E¿ Ûß �é

�t ?� PÌþ ½ �� ,÷¿ ³� Å	� "�� 0� uÛ¢ ,�6 Ûß uS®� [G�

{°� ,�°. �ýL Å	÷¿t �� é»�õ PÌ � EÍ�t¿ sq� ³�¢ Å	� ©¾

 � ���ú*_ � æ¢ �X *_ �S(exact match key look-up)�� �y� �÷6 �A ©

æ� Å	� ©¾ � ���ú *_ � æ¢ �� *_ �S(key range look-up)ù �y� {°�

>�°.
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5 ���    eee���

� $�t� ��� Ý$ E¿é� Â© °| E¿ Ûßõ PÌ¢ Ûß �ªY �  �� ³�

E¿ Ûßõ PÌ¢ �éY� � ú üp �°.

�  üp� PÌ£ ³� E¿ Ûß �ª÷¿� |� Ûß [6]õ PÌ �°. |� Ûßõ

PÌ¢ �î� CK � °| E¿ Ûß �ªY ô� 3 Å 	Y E¿� �� ©¾ � ���

�� é»�� ûú 9$ � �éú PÌ¢°� >�°. Z¢ |� Ûß �é� Ûß� zAý

E¿� Â©t� °ô Ûß �éÃ° Í½¢ � ú Ã°� >�° [6]. �CÙâ� °| E¿

Ûß �éú �Ì¢ EÍõ MPI, |� Ûßõ PÌ¢ EÍõ GNI¿ #Í6°.

5.1 ììì¹¹¹ ÞÞÞEEE

�� 4� ì¹� PÌý E¿éú OODB� ßÅ� Í×¿ #Í6 ,�°. ���t Ct� ßÅ�

E¿� è� Á�ß�6 Cp� ßÅ� E¿� � Á�ß�L � Á�ß P��� N�� t¿ °ô

1£ E¿� U&¢°. kattr� Ûß� Å¿ PÌü� Cp� ���°. �, Æ ì¹ù Ý$ E¿

Ct: � :Cp:kattr� Â¢ Ûß �  e�� £ ½ �°.

v 1ù ì¹� PÌý ��ú #Í6°. |� Ûß� EÍ�� � E¿� Â© Ûßõ  

#B zX 3 üt¿ E¿� �½�Â� Ûßõ PÌ 3 ý°. �8 °| E¿ Ûß� EÍ�

� E¿� �½� \[{�  #� Ûß�ú PÌ¢°. c� Ct Á�ß� � � ���� �½�

°. f� E¿¾ E-IÕ÷¿t � 1£ E¿� Â© Ct� ��¿Ùâ �@ü� Á�ß Cp� ���

�½, � E¿ ßäß� �½õ #Í6°. 0�t N = 8�L f = 10� :� Ct� ¢ ��� Â©

8�� t¿ °ô 1£ E¿� U& L � 1£ E¿� Â© 10�B� ��� �@üq �üú �y

¢°. 0�t Ct ��  #� ?� 80�� Cp ��� �@ý°. 0�t ì¹�t® �� Ct Á�ß

� � � ��� 1000��8�,�� �@ý Cp ��� ?� 80,000�� ý°. klù Å	 kattr�

¾��L krùÅ	�|Äêõ#Í4�,÷¿tô�¢Å	ú� Cp ����½õ�y¢°.

rqr� Å	� ;� ©æ� Â¢ �� ��� ©æõ #Í6 ,�°.

ì¹ � 	

c 1000

kl 8, 64

N 2, 4, 6, 8, 10

f 1, 5, 10

kr 1, 10, 100

rqr 1%, 5%

v 1: ì¹ �
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�� 4: ì¹� PÌý OODB ßÅ� uS

ì¹ù � EÍ� Â© MPI® GNI� 9$ W� üÌ(storage cost)Y *_ � (look-up perfor-

mance)ú üp �°. 9$ W� üÌù ��� Ûß �éú :Ì¢ EÍ �?ü� %ß¾ W�

�� júüp¢,�°.*_� üp�°è�X��*_�S� Y��*_�S� ÷

¿ uÛ � üp �°. �X *_ �Sù sq� Å	� AÝ& �X �(exact match) Å	�ú

*_ � ,�L �� *_ �Sù �A ©æ� Å	� ©¾ � ��õ *_ � ,�°. *_ �

  üp� � Ûß �ª� Â© ³�¢ *_ �Sú ½± �Ú �Åý è�ú �u÷¿  �°.

MPI® GNI� °üY��u�ý°. GNI�EÍ��Á�ß Ct¿Ùâ�� Cp:kattr� êµ£

½ �� ?� � ¢ ßÅ� E¿ N �� ßÅ� E¿� Â© �� |� Ûßõ PÌ¢°. 0�

t GNI� EÍ�� ?� N �� Ûßõ PÌ 3 ý°. MPI� EÍ�� NLý� 1ú �Ì �

��� E¿� Â© �� 4® �� PID = 1, : : :, PID = Nú £¾¢ �  #� Ûß� 9$¢

°. ?�Ûß�t¿ë�:%ß¾��$!(��ýW�����¦)� 9$¥÷¿����

Ûß� � � d��� t¿ Á ßâ�(clustering) üêÀ  �°.

5.2 ììì¹¹¹ @@@YYY

�� 5� ì¹ @Y f�ý Ûß�� ò� � %ß¾ W�ú Å� ¾�� 0� #Í6 ,�°.

kr = 1 EÍ�� MPI Ûß �é� GNI �éÃ° �ù 9$ W�ú ò� �Ú �,ù MPI�

³
 d� ª��� GNI �é� ³
 d� ª��Ã° ¾� :[� Ì �ù ½� Ûß ³
 d�

õ PÌ � :[�°. � # �® �ù 9$W�� ò�� Å� ¾�� Á½À(kl = 64) vq�

�Ú �,ù Å� ¾�� À EÍ�� MPI� ³
 d� ª��® GNI� ³
 ª��� ¾�� ò

� \Â:÷¿ vq�� :[�°. kr = 10 Z� 100� EÍ�¤ |Äü� Å	� �ù EÍ�½À

MPI �é� Ì �ù 9$W�ú PÌ 3 ü�Ú �,ù MPI� EÍ ³
 ª��  #� Ì �ù

½� jâ(�� é»�)õ 9$ � :[� @Y:÷¿ Ì :ù ½� ³
 d�õ PÌ 3 ü�

:[�°. � ¢ E³ù �� 5-(b)�t Ã"� Å	� ¾�� À EÍ� ÌÎ � 3 #Í#3 ý
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�� 5: 9$ W� PÌ�

°. [¦:÷¿� Ûß Å	� À EÍ Z� |Äü� Å	� �½� �I�½À MPI� 9$ W

� Q8�t� îý 3 ÿú N ½ �°.

�� 6ù kl = 8, f = 10� EÍ� Â¢ �X *_ �� �  e� @Yõ #Í6 ,�°. ì¹

�õ µý¢ EÍ�ê îP¢ @Yõ Ã�t¿ f� �°. �� 6ù MPI� ?� Å	� |Äê

�Ù� \[{� ¨\ Ì ^ù � ú Ã�6 "& 1£ E¿� �½� �I�½À � � ò��

v�� ,ú N ½ �°. � ¢ @Y� �X *_� EÍ Ûß m�� �³ú �� :[�°. �

GNI� EÍ 1£ E¿� ©¾ � ��� Ûß� Â© ?� �X *_ú ½±©b  t¿ `1£

E¿ Ûß� �½(E¿� �½) � 1£ E¿ Ûß� m�'� ©¾ � Ûß W��õ �[©

b  � �8, MPI� EÍ Ûß�  #� U& t¿ ¨\ Ûß� m�� ©¾ � �½� 

Ûß W���ú �[ 8 ü� :[�°. æ® �ù Pìù �� 6� #Í& ����� $� îP

 3 ºÜ � Ç\÷¿Ùâ ÌÎ Ýì& N ½ �°.

�� 7ù �� *_ ì¹ @Y� |� �Ùõ Ã ,�°. kl = 8, rqr = 5%� EÍõ C½ L

� MPI�Í½¢� úÃ°."&;�:÷¿Å	�|Äê�Á½À MPI�^ù� ú#Í

6°.�,ùÅ�|Äê�v�½ÀMPI� GNIÃ°Ì:ù�½�³
d�õf� t¿��

��õ �ý � YA�t Ò_©b � ³
 d�� �½� vq�� :[�°. Å� |Ä� {�

kr = 1� EÍ� MPI� GNIÃ° �ù ½� ³
 d�õ PÌ¥�ê Ýu L kl = 8; rqr = 5%�

EÍõ C½ L� MPI� Ì Í½¢ � ú #Í6°.� ¢ Ç\ù MPI�Ûß *_ YA�t

GNI Ã° °� Ì �ù ½� ³
 d�õ �[ ��  �� ³
 d�� Á ßâ� Aê� MPI

EÍ Ì Í½ �:[,÷¿:³ý°.�8 GNI� � ��Ûßõ*_©b t¿Á ß

â� îY� Fq�°. � #, ����� ©æ� v�½À Á ßâ���¢ MPI� $>ù vq

��Ú ·= 8 ;�:÷¿ GNIÃ° �[ � ³
 d�� �½� �q#� :[�°. ��t ¢
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�� 6: �X *_ �  üp

�� s@©b £ >ù Å	� �© Aµý Í×¿ Ûßõ *_©b  � EÍ MPI� ��� 

Ûßõ *_¢ ó S;ü� @Yõ ¿¦ �b  � YA� �Å °� >�°. � ¢ \á�t�

MPI� EÍ ���t Cèý �Å è�Ã° Ì �ù è�ú �Å¿  3 þ ,�°. Æ ì¹ù ?�

��³ Ûß�ú Â\÷¿  �÷# ¿�³ Ûß� EÍ�� Å� |Äê� v�t¿ °| E

¿� ÌÎ îý£ ,÷¿ :³ý°.

�� 8ù MPI® GNIõ `¿½ E¿ Ûß'¿ PÌ¢ EÍ� Â© � ú üp¢ ,�°3. � E

Í Ûß E¿� `Ct.*.Cp'� ©¾¢°. �ýL �� é»�õ Ûß Å¿ PÌ t¿ kl = 8¿ z

A ��Ú �,ù Â°½� OODB�t PÌ � Å� ¾��°. Z¢ �ù �î¿ kr = 1�ú P

Ì°÷6 f = 10÷¿ zA �°. 4$�t z< �"� ¿½ E¿ Ûß Í×� Â©t� �X

*_�� �y� �� :[� �X *_ �S � �ú üp¢°. °� �; ì¹�t� 1ç� �

X *_ �S� Â¢ � ú üp ��� �¥ ì¹�t� �¥ ��� Ûß Å	(Z� �� é

»�)ú *_ � �X *_ �Sú 100 ¥, 1,000 ¥, 10,000 ¥ ½±¢ @Yõ Ã ,�°. �,ù

`Ct.*.Cp'E¿õÒ_ ��Xt Cp Á�ßßäß;��Â¢*_ú�©�,�� 0.1%, 1%,

10%� xØý \áú �A¢ ,�°. �� 8�t Ã"� xØñ� \[{� q� \á�t# MPI

� GNIÃ° Í½¢ � ú Ã��Ú "& N� 	� üp: À ��(6 � 10)�t� $� 10� �\

� ò�õ Ã°. �,ù MPI� �X *_�t Í½¢ � ú #Í4� ,Y ô�¢ Å� �

 6 ÌÝq °üY �ù 8�: Å :[ ,÷¿ 7Jý°. � MPI� Ûßõ  #� PÌ

 � :[� Ûß |� d��� �½� Ì :ù �8 Ûß *_ YA�t ô�¢ |� d��

ú �[£ � �� GNI� EÍÃ° Ì ¾°� ,�°. �,ù O MPI� EÍ Ûß |� d��

� £N� jÑüq �ú � �ú m�L �� 0� *_ � � ÌÎ ³\ý ,÷¿ Ç ½ �°.

3�¿9ù ¿� ß��(log scale) vèüq �°.
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(a) kl = 8, rqr = 1%
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(b) kl = 64, rqr = 1%
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(c) kl = 8, rqr = 5%
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(d) kl = 64, rqr = 5%
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6 @@@ÁÁÁ

/� OODB� XML Ú�â� 9$ $X¿t �a�L ��Ú, XML Ú�â� Â¢ *_ù �U

OQL�t� CW � MÏ �  Ý$ E¿éú PÌ£ ½ �°. Æ f[�t� Ý$ E¿éú j

¥ � ��� � ú ³\èÈ ½ �� ^¿Ï Ûß �ª÷¿ °| E¿ Ûß �ªú CK �

L � � ú e� �°.

°| E¿ Ûß� Ý$ E¿é� � 1£ E¿� Â© E¿ é»�õ £¾ L B+-!ý� ³


 d�ª��õºEè�°|E¿�Â¢Ûß��  êÀ �°.°|E¿Ûß�Ý$

E¿é÷¿ vÇü� ��� Â¢ *_ � ú ³\èÈ ½ �°. Z¢ Gý PÌüL �� B+-!

ýõ ¾3 ½A � ML PÌ£ ½ �q ^¿Ï Ûß �ª� 0ô Ù�: ôè� Cq �ª�

# L$ çÄ �ª� �Å {÷t¿ ìÌ�� Í½ °. Z¢ °½� E¿� Â¢ Ûßõ �¦:

÷¿ CW¥÷¿� Ûß [ý� Ì� L Ý$ E¿<� I¦� ��� E¿� Â¢ *_ � ú

CW£ ½ �÷6 E¿ é»�õ �Ì � �éù E¿ Ûß, ASRY �ù �U� ³� E¿ Û

ß �ª� Ö3 ÿÌ©t PÌ£ ½ �°.

8ó�� DTD 4� P�Á(cycle)ú j¥ � E¿� Â¢ Ûß � (Ú�â ½u� P�Á

ù C½)Y A�é÷¿ sq� E¿é� Â¢ Ûß � ú CW � æ¢ �u� �±þ �A�

°.
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