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Abstract XML is in widespreaduseasacommonformatof exchangeddocumentsthroughtheInternet,andis expected

to increase.SoXML databasewhich cantreatmassive XML documentsis a prime task. In this articlewe implementand

benchmarkXRel, which is independentof DTD. First we introducea methodto implementa moduleto translatea XPath

expressionto SQL query. Next webenchmarkXRel by Xmark,whichbenchmarksXML database.
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1 ùSú´ûÃü
XML (ExtensibleMarkupLanguage)u�¹�ýÃþwÿ����p�
ªX«�±8��·Ã¸w���r������©�Æ�� ¹�v8x�yH{|�~��������
�w�J� �0�4�����w�t|����������w�r|X��xQy��r� ��¥�¦
���a§Q��¨	��
 XML ©wªa«(����·w�X����¯a°w³�µw¶��
���}·Ã¸�°�º�� XML ���p����Ã£X¤��������Xë�©Q½Ã�
XML �Q|��¾Ã|t¿a��ÀpÁ�� Â�¢X³XÄXÅ�©pÆt�r¨

XML �z|t��¾t|�¿a�aÖ���ÒXÓS������u�¹Ãö�÷��z|t�
¾Ã|�¿a¹�������� (objectoriented)��|��¾p|Ã¿ � XML ë���p|p�4¾Ã|�¿a��ë�§Q�"!aÓ$#w³�%$&J� �z�a§t�Ù³Ã¹' ©�(�ö÷w�t|Ã�¾p|�¿X� ë�§t�)!XÓ�uX¹ 1) *�(4¥�¦��
�a§��ï�Q|p�H¾t|�¿�©ÃÆ+�-,�. ' ��/�¿1032�³54�®XÌ�6
±���¹ 2) °aº��}�t|Ã�}³zö÷w��|��H¾Ã|p¿$7�¤$89����
�X§z� ¹ 3) :5; 20 ®�<�¤$=U�´ÀpÁ�¤tía�r¹Ãã äwå5*�>
ÿ���?���@�A�BDC ( y"E�F�GQ~�/IHJF ) �$��#��$K�LÃ��8
9�³�Æ��X²Ã��ÍNMO+P}¹ XML �DQ�Ìp��R�S�TVU$WQ¹$XY UW��"Z�[8� �\Ãëw±(����¤$]�\p©pÆt��¨
ö÷��Q|p�}¾t|Ã¿���ëÃ§a� XML ���Ã��Î�Ï�ì�í î�Ð
Ñw±���ÒaÓU�r� � XRel [1, 2] ³QÆ���¨ XRel u��X�wÈpÉ
Ê (DTD) ¤ ËaÌ�å�ßÃ¹4à�á��1^�_Xâ�� XML �a�p�Xö÷
�p|Ã�´¾Ã|�¿w¤�Î�Ïw±z��²X� ³X©p½a�ÒwÓ�©�ÆÃ��¨ XML

�X�Ã�Xö}÷w�t|��H¾p|p¿a¤�Î�Ï�±8�}·Ã¸�¤�ö÷�¿ ô |X�
� DTD �rëp§���`5Ra±U��ÒXÓa³�ÆQ�H³Q¹ XRel ©Ãuz²
��¤D�z��� DTD ³�a�b�Í�§X¹ DTD � æ�c ����(�ö4÷Q¿ô |X��� æNc ±8�)aNbw³�Í�§$#��1\ed��1faÔ�¨
ÕQ²�©�Ç�ÀtÁ�©�u XRel ¤Qíg� ÎÃÏJ� �8· XML ���
¤������rÝeh��"� XPath â�¤tíX�wã�äaåz� SQL âp¤ æ
�X±��HçÃèÃé�|�ê���Ö�×z�r¹rÕa� æ �Xç�è�é |�ê��rë�§
·rð�ëU������/Ni$jt~�¿�k$lDm�n�� ÐpÑ�/Ã¿10V2a��ýNo
�r·p¨OÞ�· XML ��|Q� ¾Q|t¿���ØtÚ�Û�ÜV��p�©QÆz�
Xmark ��ëÃ§X� XRel ��Ø�Út� ÛaÜU��·Ã¨
Ç�?�����ýNqÃu�ò��z�ìr� ©tÆp��¨ 2 s�©�u�ö�ZwÀpÁ
¤�ÔX§��w«�ñÃ¹ 3 sp©�u XRel �$t�uQ��Ý�¼ ¨:Þ�· 4 s
©�uwÇXÀtÁÃ©ÃÖ�×U�r· XPath ât� SQL ât¤�íX� XRel

ã ä�å�â�¤ æ �a±8�ç�èÃé |�ê"�¹rÕ�� æ �açÃèÃé | ê
��ëÃ§X·�ðÃëV/p¿�0�2w¤�Ô�§��a«XñQ¹ 6 sp©Ãu XRel �
XML �Q|p�}¾p|p¿z�r������ØÃÚ�ÛaÜ�¤rÔ�§a� Y�v ±8�r¨
*�
Ã¤ 7 sp©�u�ÞQ� ¸Q�"��
p�w�xQ¤�Ô�§X�a«�ñ(��¨
2 y$z�{N|
2.1 yD}�~��3�������Xü�����$� XML ~��3�)���N�����N���

Ç���sÃ©�u XML �Q|��¾t|Ã¿X���$��K�L�¤�Ô�§X�a«
ñU��¨ XML �X�p��Î�Ï���¹rÐÃÑ�¹ c$� ÍNMw�$�N@p��±
�}·Ã¸w����|��¾�|Ã¿�/X¿$0V2�uX¹}ÀpÁ�ëp¹�wëU��(}¤
Â�¢X³aÝVh��z��§Q��¨ XML ���Ã���Q|��¾�|Ã¿�Ã��Î
Ï�Ó�u�°Q½����3�w��¹ XML ���p�wÕ��XÞ�Þ Î�Ïa±8��!
ÓU� XML ���Ã����U� ���Q|��¾t|Ã¿�¿ ô |X��¤��$�
±8�)!�Ó�������� ¤��V�t�a²Ã�´³�©t½p��¨

Q�ÌX�H�Ã|��´¾�|X¿w��ëa§p�H��©�u�Í��ï¹ XML �H�Ã|
�����t��(a��¤p���  ëÃ���t|p�¾p|Ã¿��}ý�oa±��X²Ã�
³N�3�gP �J��¨ XML ���p��Õ��pÞ�Þ ÎÃÏ�±8�)!�Ó����
ë�±8�ï�z|��¾�|Ã¿XuX¹rvej0	 ¢¡ XML �t|��¾�|Ã¿
�)£D¤����w²���(�Æ��r¨"ö÷���|Ã�¾�|Ã¿�/�¿D0V2r�D¥
äÃua¹1¦�Ç�£X¤ CLOB (CharacterLargeObject) �r� �rÎ
Ï(������²Ã�Ù³�4X§ [3] ¨+§e�¨¤ Oracle9i ©�uX¹¨?��Ã£
¤au � ·�¤ XML È�³N©�ªJ�¬���a§Q� 1 ¨

XML ���t�$���U��� �z|t��¾t|p¿p¿ ô |��Ã¤����X±
�«!�Ó(�r� �au�¹}ýÃþN��p¤Qí���!XÓÃ¹�ç���ê��$�p¤tí
�"!XÓ����rÔX��!XÓr³��V��P�����¨�ýXþ���p¤pí���!aÓ
©Ãu �z|t��¾Q|p¿p¿ ô |���u XML ���p�$?N�Xýpþ ( Æ
��§�ua���wÈtÉwÊ�³�Ì�6�±U��¥Xä�u�����ÈtÉwÊ ) �1¬V�
±8� [4] ¨�Þr·Ã¹rç��Xêg�$�t¤Qía��!�Ó�©�u��Q|t�}¾�|
¿�¿ ô |���u XML �Q|t����ý�qNb���1¬N��±U� [5, 6] ¨
² ��!�ÓX©�u�¹�àÃáp� XML �����$®aýÃþp��ÎaÏa±U��·
¸a¤5¯�É�� ·��Q|��}¾�|Ã¿�¿ ô |X�p��ëÃ§z��¨
2.2 XML ~��g�¨���V����°N±�²�³�´�µ
Ç���s�©�u XML ��|t�¾�|p¿a��Ø�ÚaÛaÜNK�Lt¤rÔ�§
��«�ñ(��¨ XML �Q|p�¾�|p¿���Ö��w±8��·p¸w��4¶��
ÒaÓ�³�%�&��¬�z��§���·Ã¸w¹rÕ ��PH��Ø�Út��É�º�£a¤�·¸ ±Q�}·X¸r��Ø�ÚwÛrÜ��1pw³�ÂH¢J� ��ÔrÔ�Æp��¨���¹ [7]

u XML Ø�ÚaÛaÜN��pX³�º����4ñ�½D»ÃÉ�¦N¼Ã��òÃ�tíS¼
¤pÞ��r¸X��§��a¨ (1) ½�¾ÃÎpÏ (bulk loading), (2) ¿aý
q (reconstruction),(3) À5Á�Â�Ã (pathtraversal),(4) È æ
� (casting),(5) ÄVbV (missingelement),(6) ÅVÆ�Ç5È
(orderedaccess),(7) ÉNÊ (references),(8) Ë�Ì (joins), (9)Í�Î ¹$Ï��aÐÃÑ (containment,full-text search)

XML ã�Ìrå5Ð$��Ñp��Ø�Ú�Û�ÜÃ��Ò�Ó(�r���a¹ 5 s�©�ÔÕ ±�� Xmark [8] ³tÂ�¢J�����a§t�r¨%²��tí8¼ ÍXã�Ì�å
Ð��$ÑVÖ�×���Ø���ÛaÜ�ÙÛÚr�r� �au�¹$/Ã¿0V2D¦$ÜQ¹¨Ý
]Ã��Þ�ß�à�áeâ [7] ãåä5æ$ç3èDé�Ü�êë�ì5Ù�Úí$î1ï�ðñóò ÈNô�õ (accessprotocol)öø÷ ñúùVû Ë�ü3ê$ý�þgöÿ÷ ñ�� ß� à�������â
	��3ê�����DÐ�������ö����Dà�á5â [9] ã

3 XRel �����
XRel ð���� �����"!���æ�#¨ß��%$ XML &�'�ê (�ß�)
�+*�, í ùNû ê%-�.�/5á5âã0*�,�132���ï�ð�÷ XML &
'4#35�&�6�7+î1ï�8:9<; â"=�54>�# ?�@�A%B4/�C�D+î$÷
?�@�ê+E ( F�GN÷H%I3÷
&�JLK ) 1NMPO�ï���Q�"!��3æ�ê
�
��ý413*�,�R�âãTSDê�-�.Q#ß���â5í¨÷ DTD UQF�G
E41 V�W�R�â�S5í�YXJ÷+Z�[�\Nê�á]93^3â XML &�'�#
*�,LRIâ�SNí à�/�_�âãa`L9
1�bN�%c�d��5ê�e3fLgVê%$h 1�÷
�i�4�!4�3æLj��eäVæ$ç�è /�k�l:`m;�ï���â B+

=e÷ R =�����ê û�no 5i# � ß�R â�SVí«àQ/�_Nâ�ã ùû 1+2���ï�ð�÷L�"�L�Q�Q��!Q��æYp<q rVê�bN� ceð SQL

14s]tu�P`v; âN$ h ÷ XML ê�$ h ê�b+�LcQwLx414s�â

1”OracleTechnologyNetwork” y URL: http://otn.oracle.com/tech/xml/z
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{}� |�~�~����

´
1: XML µ�q

b+��cQ\Q# SQL \�1L¶�·�R�â
¸�F�à�áVâ$ã¹SDê3*Q,�-
.Nð��"�������"!��Væ�#3º�»3RIâ�S5í
�PX½¼�¾�/�_�÷�¿
$ ùNû -�.�132���ï�ð�b�Lc�w�x5ê�À�d%��Ái#+ÂLÃ�R�â
SNíÄ/�¼�¾�/�_5â1ã

3.1 XRel Å�Æ�Ç XML ÈLÉ���Ê�Ë
XML &�'Nð%Ì�?�@N÷LF�G�?4@5÷LH�I�?4@N÷%&�J�K�?
@5êÎÍÐÏ�Ñ�êL?4@�Ò09+��â"=�5Q>�/�ý�RYSeí«à�/�_eâ$ã
XRel /3ðV÷4SÓ;Ô9�ê ?Õ@5êÔÖÄ× F�G (Element) ÷%H�I
(Attribute) ÷&�J%K (Text) êLØ;�Ù%;gê+?Q@�1��
RIâ�ýV÷Ú s½ÛQF�GNê+Ü�Ý�ý�¾ (Path) 1��R�â«ýVêÞÍß2Nê1ý413*
,�R	â�ãTØ3ê�à5÷+?�@5ê3�]����ð ñ�á F�G�U4H�I]1��
R�â"â�ãVê3Ì�F�G (XML &�'5ê =�5�>5ê3Ì�?�@ ) ÒÞ9)ê
Ü�Ý3öVí ñåäLæ &�J�ÒÞ9�ê+çiè:éê�göDê+ë��Lc�/$ý�¾Þ`
;Ûâ1ã´

1 /�ý:`ì;�â XML &�'�# XRel 1isÕtÓ�+���i�4�
!Q�5æ�13*�,�î+$Õí¨ê�#ý 1– 4 1þ�RNã

ý 1: Elementý
docID pathID start end index reindex

1 1 0 238 1 1
1 2 9 39 1 1
1 3 43 168 1 1
1 4 56 103 1 2
1 4 108 155 2 1
1 6 172 230 1 1

ý 2: Attribute ý
docID pathID start end value

1 5 57 57 NAIST
1 5 109 109 RAIST

ý 3: Text ý
docID pathID start end value

1 2 16 31 XML andDatabase
1 4 84 94 YamadaTaro
1 4 136 146 SugitaZiro
1 6 181 220 XML standsfor ...

3.2 XRel Å�Æ�Ç XML ÈLÉ���î�ï
XRel /�ð�÷�bN�%c�dL�Vê%$ h XPath \�# SQL \�1%¶

·+î1ï4�N���Õ�4�N!4�eæ�/�d��:`ÐcÛâ
ð�ëÕ# k�l�R	â�ã
S<;]1�s]t � ß � ð��
�%�4����!��3æ�ê+W�ñ�#3òLó�R�â
SVí�eî%1 XML &�'Vê%=�5�>�#ií�í31 XPath,XQuery

���$ê XML bN��c�w�x4#ß���ï�b+��c4#3ôaÖÓS5í"à�/

ý 4: Path ý
pathID pathexp

1 #/book
2 #/book#/title
3 #/book#/authors
4 #/book#/authors#/author
5 #/book#/authors#@affiliation
6 #/book#/summary

_�â�ã�¿+$�Sõ;rí«ðö�1 � ß � à�÷ ò SQL b
�3c�#¨ß��
ï�b�%c�#
ôøÖúù�.]í½û4ü�9m;	â"àV÷�SLS
/�ð3ý+;i�L��ã
µ�þ�&�/Nð XPath \�# SQL \�1L¶�·�R âN-�.�#L¼�ÿ
î+$�ê�/�÷ Ø�ê�����#+ã���R�âãÔ¿���¶�·�-�. [1] 1 2
��ï���	Iâ�ã

XPath \Nð�
�ê4s0Öß1ý�RÕSVí"à�/4_Nâ�ã������������������������������ �!�#"$���%"&�('
S�SN/ �*),+��&).-0/21435+6� � �&+,7#8 ð�ØN;�Ù�;4ÜQÝ�ý�¾3÷9�

x�#¨ý�îD÷ �(�(�:+;�(�(' ð%Ø;�Ù%;=<�>�÷@?=>9A�B�ê!C�Dgî
#1ý�RNã
SDê�s0Öß� XPath \�1%2���ï�÷ Ü�Ý$ý�¾ �� ÒÞ9½Ü�Ý

ý�¾ �*" ¿ /�#9E�19F$GIH�/�2��KJ3÷3ÜQÝ�ý�¾ �#) ÒÞ9
��x �%) #9FLG�H�/�2Q����MPí¨êQ# XPathCoreNPOKQgí
� Ö-ã `�9+1iSê XPathCoreNRO�QTS1ê�Ü�Ý�ýQ¾4# Ì
?�@�ÒP9"�L$IâÄÜ�Ý�ý�¾�1�U h $]í�ê�#�bN�%cPN=OVQ�í
� Ö ã

XPath \�# SQL 1+¶%·�Rgâ+1�ð�÷+¿W�XSIY+[�\Iíî¨ï
XPath \�ÒÞ9NbN�LcPNPOVQ�1L¶�·�î÷LØ+;�ÒÞ9Nb+�%cTN
O�Q�# SQL \Q1%¶�·�R âãZ ü![3÷ XPath \

/book[authors/author=’YamadaTaro’]/title

ð�÷ ´ 2 ê�sYÖm��b
�%c\N=O9Q 13¶%·Þ` ;¶âDã ´ 2 /�÷
ÜQÝ�ý�¾ ���+ �:� ð�Ø+;�Ù�; ñ

#/bookö«÷ ñ #/book#/titleö
#ý î÷ � � Ò09 � � reê�]=^�ð � �`_ � � 1Va�b `õ;
â�S�í+#$þ�RNã ¿�$���x � �.� ð � � #Kc�d�1]sÕtfe+â
$ h ê���x�/�áÎt¢÷ � � ÒÎ9 � �.� r�ê�]T^Nð � �.� S$êñ
#/book#/authors#/author ö _ � � 1Ka�b `m; â�S3í3#$þ
RNã

XPathCoreNLO�Q�1�éKgÞ_$÷ XPath \5ð�
Vê SQL \
1 ¶%·Î`ì;	â1ã S�S�/ �� 1��
RIâ"ýVð ElementýVê e0

í Path ýVê p0 ÷ ���h� 1��
RIâ"ýVð Text ý5ê t00 í Path

ýVê p00 ÷ �:� 1��NR â�ý3ð Elementý3ê e1 í Path ý
ê p1 /Vá3â1ã SÐ; 9)êN?4@�1��NR�â�c�d3ð�ØN;�Ù%; 4,

5 ôji�÷ 6, 7, 11 ôkiJ÷ 12,13 ôkiu1þ0`m;râ1ã ¿%$ � �
í � �.� í)ê9aKbi�"�Vð 9, 10 ôjiJ÷ � � í � � í)êIaKb��
�eð 15,16 ôki½11þ `ì; âã
1: SELECT DISTINCT e1.docid, e1.start, e1.end
2: FROM element e0, path p0, text t00, path p00,
3: element e1, path p1
4: WHERE p0.pathexp LIKE ’#/book’
5: AND e0.pathid = p0.pathid
6: AND p00.pathexp LIKE ’#/book#/authors#/author’
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lnm lpo

q�mrm

sutwv�x�x�y sutwv(xzx�y sut|{,} {�~ �

sutwv(x�xzy�sutw�;�w{,�(x��r�.sutw�;�w{��(xz�%��� �&�;���;�(�����6��xz�

´
2: b��cTNPOKQ

7: AND t00.pathid = p00.pathid
8: AND e0.docid = t00.docid
9: AND e0.st < t00.st
10: AND e0.ed > t00.ed
11: AND t00.value LIKE ’Yamada Taro’
12: AND p1.pathexp LIKE ’#/book#/title’
13: AND e1.pathid = p1.pathid
14: AND e0.docid = e1.docid
15: AND e0.st < e1.st
16: AND e0.ed > e1.ed
17: ORDER BY e1.docid, e1.st;

4 �V�K�=�K�\�V�L��������������Æ �P¡L��¢¤£
4.1 XPath ¥V¦4§ XRel �V�K�=¥I¨��\�K�����L�����
&�© [1, 2] /�ª�«:`m;P$ XPath 1�s�â�b ��cÕ# XRel

ê SQL 14s�â bN��c�\�1%¶�·�R�â
-�.Q#%¼Lÿ�îN$VãR¬ N=Oè
wLxNð Java #!®���÷W¯�ü�9ì;4$ XPath \�#�°W±
t:²¤³3U�A%x�´�13C�6�R�â�ê�1�ð�JKµ�6�7·¶ 5�&L6�74#
ô Öì$ h êK¸¤¹�/eáeâ JavaCC(Java CompilerCompiler)

#9®���$3ãº�»P¼ ��½4µQq5ê$¾�Oæ9¿eð XPath2SQL /5÷IÀ��Vð
XPath \�/\¯4üÕ9ß; â$ãÁ¯�üÕ9ß;P$ XPath \4#�b%��c
N�OVQ)ý�¾�1%¶ ·�Rgâ�¾�O1æ QueryGraphí QueryGraph

1isitfÂ�Ã:`m;P$Qb ��cLNLO�Q�ý�¾�# SQL \�1L¶�·�R
â�¾�O�æ GenerateSQLí"ÒÎ9�gâ$ã Sê º�»=¼ �I½Iê
�����Nd��VêKÄ3;�ð ´ 3 ê�sYÖÐ1L��âãÅ �Nê�$ h ê9Æ�Ç���+í1î�ï�ð9À��Þ`v;]$ XPath \�#
D�R StringgetXPath() ÷�b3��c=N$O�Q�#9D�R Stringget-

QueryGraphExp()÷ SQL \4#VD�R StringgetSQL() #V®
òIî$Vã
À+?Q1 Ú�È â XPath \ ñ /book[authors/author=’Yamada

Taro’]/title ö
#!À�� íî¨ï�÷ QueryGraph1�s�t½b+�Lc�N
O�Q 1L¶�· `ì; â1ãøb+�LcPNPO9Q�ð XPath2SQL É�Ê�/

5êQs0Öß1ý�¾0`ì; â1ã
A[0] : #/book

P[0][0] : compare #/book#/authors#/authorequal ’YamadaTaro’

A[1] : #/book#/title

Ø5îDï�S¨ê�b� c=N�O9Q1ð GenerateSQL1Qs�tmÀL?�/
þ�î$ SQL \�1 ¶�· `ì; â$ã

ËÍÌÍÎ Ï ÐwÑ.ÏÓÒ ÔÖÕ

ÑzÎ ×wÎ ÏÓÒ ØÙÎÛÚ,Ë.Ü

Ý�Þ Ò Ø Õ

ÝzÞ Ò Ø Õwß àáÏÛÎÑ.ÏÓÒ Ô�Õ

ÝzÞ Ò Ø Õ�âwÚ,Ë.Ü

Ú,Ë.Ü

Ý�Þ Ò Ø ÕÝzÞ Ò Ø Õ

ÝzÞ Ò Ø ÕÍß�àãÏÓÎÑ.ÏÛÒ ÔÖÕ
Ú,ËÍÜ äæåèç éÓê�ë�ìrí

ä0åèç ê�îÓåãïãðæñ�ïãòÙóÓôrõ,öæóÓìrí

äæåèç ÷ÍøÖòæç ôÓì�í

´
3: XPath2SQL

4.2 ¢�£
4.2.1 ¢�£¤ù�ú�ûKü��%�Q�

4.1 ?�/KªV«gî$ XPath \�Ò]9 XRel b� c�\ r5ê+¶%·º\»=¼ ��½Õ#I®���$%M¤®	í$îDï XML &�'Nê ù�û ä5æç
è�#+5¤ý�îN$VãTSDê ù5û ä5æ1çVè�ð�÷3*�,Î`ì;Õ$ XML

&�'Nê3=�5�>�11é9g���ï � ® � _
XPath \�1�s�t½b+�%c

#3ô���÷�ä5æ�çeè _
XPath \4# SQL \Q1L¶�·�î$÷LØ5ê

SQL \�#����L���Q�Ä!��Næ�1�b%� �¤þNce÷ ù�ûKÿ ü�#��� ¶�·Iî�ï$ý�þ�R�â�ã
S¨ê�ä�æDç�è$ð ´ 4 1DþLR���1��%2�ê9Ê��%1�s�tÐ�3âDã

XPath2SQL À�� `m;P$ XPath \4# SQL \Q1�¶�·�R âº�»P¼ �!½ ã (Java 14s�â )

Database XML &�'Q# XRel ê *�,�-�.Q#9®���ï%*�,�î
$Q�
�������"!4�5æ�ã

Translator SQL b ��cgê ÿ ürí�î1ï
	��0`m; â&�'¤Ê
CQ# XML &�'�ÒÞ9�i_ Å R º�»�¼ � ½�ã (Java 1
s�â$ã )

����� � �
�����

����� � ���� !" #%$ ��&' )('*%+%,-��.'!� /�!��10 !12

�3��� � �54 �6���

798;: <5= �
> 7 � ? : = � �-@ 7ACB : D5= � E

´
4: XML &�'�ê ù3û ä5æçeè

4.2.2 ùGFIHKJKú�L�MKNPOL��î�ï�ù�ú�û�ü
SDê XML &�'Nê ùNû ä5æçeè$ê M¤® Z í$îDï�ä�Q�è

¾¨æSRUT�VXW¨ê ù�û ä�æ�ç�è%#!ªV«%R�â�ãKY�®eî
$ XML

&�'Nð�ä�Q�è=¾$æ
R�T�êZV[WL# JonBosak
_ �INLÂ È î

3



$ XML &�' 2 /�\5â�ã SDê
�����1ð 37 ê XML &�'�Ò
9�0t ÷S]�_�`«ðS^�_�õ 7.65MB /P\3âã

�14SDê�ä5æ$ç3èê � ®�.Q#1þ�RNã
1. `Ia
bSc�ê ñ XPathö ê
&�J3KKÀ��Zd (text inputfield)

1 XPath \�#�À��Iî÷ ñ ¶�·göUei��f�#Zg�R�ã
2. SQL \1ý$þhbSc�1L�Nâ�ê+/�÷ji 37 &�'�1�k Rgâ ù�û
Ò�÷ 3 &%'�1�k3Reâ ù�û Ò�#ml ionIpqd (radiobutton)

/Sn
pIî÷ ñ b+�Lc�öqei��f�#Ig�RNã (
´

5 rts )

3. SQL bN�%c ÿ ü�ý�þ�b�c�1��3â1ã XML &�'NêVÊ�C
#�± t Å RQ1�ð ñ ý�þ�öZe���f�#Ig�RNã

4. XML &�'Vê XPath \Q1�s�â b+��cvu�wVê9Ê�C�&�'_ ý�þ `ì; â1ã 1 1�x�âã (
´

6 rts )

´
5: SQL \�ý�þtbtc

´
6:

ÿ ü�ý�þtbtc

5 Xmark Å�Æ�Ç XRel �Ky�z�{S|
Xmark _
b [8]3 ð XML �����"!��5æ�ê+I���ë�ì�ét}
ê%$ h 1�÷ ôI~�¶
��� ��� (scalable)XML &�'�êVÂIÃ í�÷
XQuery 14sS�%b+��c�ê�����#+k�lIîDï��X�Z� S�S"/Nð
XRel ê3I���ë�ì�#+ôaÖõ$ h 1 Xmark #I®���$��
5.1 Xmark ��� XML ÈLÉ��
�h�

Xmark /K�P� R[� XML &�'v��èhf���S���ié��I���� è é���¼I� `�����������P�t���I�¤®Þ`����¡ �¢h��\
t�£ Xmark ����Øt�¥¤�¦¨§ XML  t¢ª©�Â�Ãv«��Z¬P
xmlgen ®m¯°¦ XML  t¢t±h²S³G©I´t_�£ZµX¶P·Z¸
¯G���
xmlgen �U¹�ºG®q·¡¸��K£¼»K�X½q¾¡¿ÁÀ�Â OS Ãv¤SÄ�Åv£ÇÆ
È � XML  S¢�É�±I²ËÊÌ��ÍKÎ�®¡£ÁÏIÐtÑhÒ�Ó�Ô (scaling

2 Õ URL: http://metalab.unc.edu/bosak/xml/eg/shakes200.zipÖ�×�ØÚÙÜÛ-Ý
3 Õ URL: http://monetdb.cwi.nl/xml/ Þ

factor) Ãª¤ªß±K²h«[Í XML  �¢tàIáXâ�Ê�©Iã�äI«[Í
Î
®ÁÉ�åSæçÄ���Í�è

5.2 Xmark éhêPë�ìKí
Xmark ��î XML ���P�¡�P�v�X®Z·U¸�àqï�ðP©ZñKòPó

Ã�ô
õt«öÍZ¬�
Ã�£ XML àv÷IòSøPù
ú��Pû�Í XQuery

©Iüt¯
¬ 20 àt÷qòSø�©Iý
þ[·q¸
¯XÍZèÿ���� £ XML �P�t� �t���KÃ��ª·m¸��	��
����©����
¬�÷qòKøªà������h©qôhõ�«[Íq¬vSàt÷qòSø�®�·q¸v÷ 2–4

É�ûvÍ�è�� «��v¸Kàh¶�����à �"!hà$#�%tà & ' (increase)

©)(K«*�h÷qòKø+PûvÍ�÷ 2 î-,vàP¤�¦¨§ XQuery +/. �
Ä10�ÍZè
FOR $b
IN document("auction.xml")/site/open_auctions/op

en_auction
RETURN <increase> $b/bidder[1]/increase/text()

</increase>

5.3 Xmark ë�ìKítê XRel ë�ìSí"2
ê�3�45�6$7 +Sî XQuery Ãt¤ZÍm÷mò�ø�© XRel Ã�8�9tÍ SQL: Ã�¤�ÍZ÷UòIøPÃ�;-<�óSÃZÑ�=K«¥Í È)> ó�?)@�A
î"?�¯hè
·m¬UÉB�¡¸�C Xmark +Zý)DËÊE0çÍ�÷�òZøtî-@)F�G�+ XRel

÷�òKøXÃIÑ-=¥·U¬vèIH�JPÃ�8�9PÍZ÷ 2 © XRel ÷Uò�øXÃ
Ñ�=¥·q¬LK�àv©),�Ã M
«tè
SELECT ’<increase>’||t1.value||’</increase>’
FROM element e0, pth p0, txt t1, pth p1
WHERE p0.pathexp LIKE ’#/site#/open_auctions#/op

en_auction#/bidder’
AND e0.pathid = p0.pathid
AND e0.idx = 1
AND p1.pathexp LIKE ’#/site#/open_auctions#/open

_auction#/bidder#/increase’
AND t1.pathid = p1.pathid
AND e0.st < t1.st
AND e0.ed > t1.ed
ORDER BY t1.st;

6 N�O
5 J�+BP/Q�·K¬ Xmark ©KüP¯�¸ XRel àIïªð�ôtõ[©R �m¬�èLS)TtÃ�U�üª·�¬�V�W);B8*XZY�[�\�©�] 5 Ã�MK«tè

] 5: S�TPÃ�UvüG·q¬-[�\
^`_Za1bZcZd

Pentium4 (1.8GHz)egfZhjilk
1GBmjn�oEp$qsrutgv
MIRACLE LINUX StandardEditionVersion2.0wyxyzE{Zx�|
Oracle9iDatabaseStandardEditionRelease1
(9.0.1)for Linux

6.1 }"~/�"�
Oracle9i +�î XML Ã ���$���Z��Ã)�-�¥·q¸h¯�Í�¬t�C� # XRel © Oracle9i à XML ;hð¥®y���I«ªÍ��Sä�+�û)�

¬vè ·��ª·$?ZÉËÄ�C Oracle9i +
î XML ���
à �����/�
;vð�© �¥·U¸"8[Ä¨Å�C Xmark à 20 àt÷qò�øG© È-� K�SR +Xâ¡Å Xmark ÃLX
Í�ïPð
ô
õtÉ����Sð�+PûPÍtÎ�®��
Ä XRel © Oracle9i à XML ;vðË®��"�
«[Í�Î�®mî����
·q¬�è
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� Î)+ XML ���Pàv÷Zòhø��"���*�����+PûXÍ XML

QueryEngine4 ( �� ¡� XQEngine�h®¡¯£¢ ) ©�¤�¥"¦Pè �
à �L§�î�C Xmark +�ü"¨öÊ©0ª¸h¯PÍ XQuery

: ©�ª)«�S
T�[-\B+/S R ��ð?�¬B ��®mÉ�¯X®y¥�°-?-��Z¬XÎ�®ÁÉ
��§�+�ûtÍZè XQEngine î Java Ã�X�ßg«"±ËÊs0�C XPath,

XQL, XQuery Ã*XtÍI÷Zòhø¥© R ¢ Î�® É+ªâtÍSè ¬"¦
· XQuery àIÏ�²vÃ ³�´vÃSî �-�G·U¸�8[Ä¨Å/C Xmark +
ü/¨çÊg0[¬ 20 àv÷qòhøªàµ¢y¶ 6 � àt÷IòSø�É�S R �Kð
+Pû��I¬�è
6.2 N�O�·�¸

Xmark à XML �/�t±K²h³ xmlgen ©Zü�¯�Ï
Ð�ÑvÒvÓ
Ôª© 0.01 ®S·q¸ 5 XML �B�P©K±S²ö·Z¬Pè XML ���và
áªâ�Ê�î 1161652¹��Iº ( » 1.2M ¹��Iº ) +vû�Í�è

Xmark +KýSþçÊg0�¸h¯ªÍ 20 à�÷Uò�ø 6 Ã � ¯h¸"S�T�©R �q¬�¼"½�¾�] 6 Ã)M�¿tèÀ]Pà XRel, XQEngine à$ÁPîÂ ÷UòKøªà�S R 6BÃ +�û�ÍIè£S R 6/Ã î � 0Ä-0 10 ÅR �I¬�Æ�Ç�È�+�û�ÍIè (XRel)/(XQEngine)à$Áªî Â ÷qò
øªÃ � ¯t¸ XRel +tà�S R 6BÃ ¾ XQEngine +tà"S R 6Ã +-É��Z¬�È�+�û�ÍZè
,$JCÊ,�ËyJ"+
î�C�S�T�¼�½vÃ � ¯�¸ XRel Ì�Í/+/C�Î

¬ XRel ® XQEngine ®�¾��-�¥·q¸�Ï�Ð�¾ R ¢�è
] 6: S�T�¼"½

Q XRel (ms) XQEngine(ms) (XQEngine)/(XRel)
1 6.8 48.5 7.13
2 73.2 3509.3 47.9
3 599.7 – –
4 56.0 – –
6 8.8 2761.9 314
7 33.2 – –
8 257.7 – –
9 4383.0 – –
13 18.2 129.9 7.14
14 245.8 – –
15 14.6 214.6 14.7
16 95.0 226.8 2.39
17 256.1 – –
18 13.9 – –
19 2807.4 – –

6.3 XRel Ñ"Ò�ê"Ó/Ô
XRel àv÷IòSøXîBC-ÕPä-¿öÍ�J 7 Ã-�"�B¿ËÍ�Ö�×�¾��
�X·$C�J 7 Æ�Ø
à)Ù�Ú����L¾�Û���C)�/Ü�ÝBÞKòC��/
-J
?/°�à ß�àPÃZò/á�¿¥Í��¾ Û��¥Í)CP®m¯�q¬"@���+ R�â
0�Íqè � Î�+ � 0�Ä�0Gà
÷qò�øªÃ � ¯h¸BC�Ö�×�ãC���Ü
ÝBÞZò�à ã�C���
-J�à�ã�C���Ü-Ý��-�tà)ã¾�] 7 Ã$M"¿�è
Îy0 ÄqàBS R 6�Ã ®�÷Kò�ø[à��/äåXößy,ªà[Î�®�É��

�¥ÍZè
1. Õvä�¿öÍ�Ö�×�ã
É�æ�¯t÷Zòhø (Q3,Q8,Q9,Q14) ®�C
ß/à¥Ã��Ü/Ý[Æ�Ø�à"����¾"�ö·�çª÷Kò
ø (Q3, Q8,

4 Õ URL: http://www.fatdog.com/Þ
5 èjéëêZìlíuîyï 0.01 ðuñsògó�ôsõ÷ö XQEngine ø1ù©ólúgûëüjý1þÿ��

32768 �©ø�ð������
	 ���� òZò����
6 � 4 �������ëõZö ègéëê1ìlísîyï 0.01 �ëñsò��Êð ø��
�
������� �! w�xÊz ��"�# ü�$  ò�%uø��&��� ïuê÷ì ñuò��

] 7: ÷qòSø�à-�"ä
Q '&( (ms) )�* �&�
��+-, .&/
0 �&�
�&1�2
1 6.8 3 1 0 0
2 73.2 2 0 1 0
3 599.7 5 0 2 1
4 56.0 4 2 0 0
6 8.8 1 0 0 0
7 33.2 3 0 0 0
8 257.7 4 0 1 1
9 4383.0 9 0 2 2
13 18.2 3 0 0 0
14 245.8 4 1 0 0
15 14.6 1 0 0 0
16 95.0 3 0 0 0
17 256.1 3 0 0 0
18 13.9 1 0 0 0
19 2807.4 3 0 0 0

Q9) î�S R 6BÃ ¾ &-' ÊjøçÍIè
2. ß�à�Ã��/Ü�Ý�ÞKò (Q1,Q4) Â/�/
�J (Q2) ¾ �¥·$ç
÷qò�øªî�S R 6BÃ ¾4365�Ê�øçÍIè

H�7�Ã � ¯t¸�î XRel àv÷qòKø+�î-Õvä-¿[Í�ÖB×"ã�Ã
�X·�¸ � 0/Ä)0]hÉSü"¨ËÊg0ËÍZè ÊKÄ�Ã � 0 Ä à)¼Sò98
WhÉ R�â 0�Íqà)+C�ÖB×-ãPà)&-'hÂ/¼hò�à;: IºZ¾ &-'
ÊjøËÍ��/Ü-ÝXÆ)Øhà-���vÃ*X�ßZS R 6/Ã É�&�'B¿GÍv®�Ï� Äg0çÍZè Î ç�<=7�î�C���Ü-ÝBÞ�òKÂ"��
-J�à)ß-à�Ã�X
ßg]Pà?>
É�¼hò/HvÃA@ËÄg0�Í�çCB�CvÎë0 Ä�à)ß-à*¾ ��¿
ÍSÎ�®�Ã�XXß÷S R 6BÃ ÉD365�¿[Í�®�Ï � Äj0�ÍZè

6.4 XRel E XQEngine Emê�}"~GFCH6I�Ó/Ô
XRel, XQEngine à6J6K�Ã � ¯�¸�¨;L
à�ûªÍ$S"T�¾ R
¢ÁÎ�®É/+Pâ$çv÷Uò�øvî Q1,Q2,Q6,Q13,Q15,Q16 à 6
� àt÷UòSø�+vû�ÍZètÎ÷0 Ä 6 � àv÷�òSøªÃ � ¯S¸�î)¿��
¸tÃ-8�¯�¸ XRel à�KhÉ XQEngine XGß�KNM9O�?����L¾
·q¸6PGÍZè Î
Î�+tî"S R 6BÃ à=QhÉtáªâAP Q2,Q6 RSQ
Étá�â;T�?DP Q1,Q13,Q16 Ã � P
¸��DUB¿[Í�è ?-8�Q
É
áPâ;T KSV�Ê9T�K�?APWRZ·�ç Q15 î�C�Õtä)¿XÍ�Ö/×KÉ
È-� à�÷Zò�ø�+Pû�ßjC-Ì=X�? ( ±�ú�¾)�ËÊ�?DP ) XPath

:
Ã�X�Íq÷qòSøªà�ð6Y�à=QhÉ[Z�ãD\+�ûPÍ
ÎCR É��/�¥ÍIè

Q2 î��"
)J�¾Uü[P�çt÷�òIø�+vûößgCy�"
�J�¾��)¿¥ÍU÷
òKø�î XRel Ã]R��Z¸-��^�Ãhî�çöÄ6TIÎ_R É/���¥ÍZè Î
à�� §Uî XRel +tî9`6a�]�Ã �/
PÃ/��¿[Í�b;cGd (index,

reindex) KÊ²feWgih/8 ßgCXÎqà4bjcGd"¾��[k�Ã?^vülg ç
ÎCR�Ã�XSÍfR�Ï � Äj0�ÍZè

Q6 î�� // ��¾Zü[P9h-Ö/×�¾)ÕtäGg$çt÷UòSø�+vûçßgC$Õ
ä ¿¥Í�Ö/×*�UÃ � // ��¾ �jg�ç�÷Uò�øvî XRel ÃjR��Nh��
^ªÃSî"ç[Ä[TIÎ[R É/���¥ÍZè Îqà$��§Uî XRel +tî�Õvä
¿GÍÊÖ"×�] 5 à$�/�IÉ�Ì"?�ÍÊ��Ü�Ý�ÞZò�+tûGß1C � // � îfm
�onqpor�csp � % �SÃ�Xªß÷S 5 Êg0Wh"8 ßgC-Õvä�¿[Í�Ö
×)�/�hà�V-Wj: Àº ÉDtuT�?��oh9P�Í��öÄ�RÊÏ � Äg0çÍqè

Q1, Q13,Q16 î�Õ�ä�¿öÍ�Ö×hÉ 3 � àP÷qòhø�+�ûçßjC
Õvä)¿�Í�Ö�×SÉ/& � Í
ÎfRmî XRel Ã]R �Ah��=^XÃ
î"ç
Ä6TZÎ6R É����GÍqè Î�à)�L§Uî�Õ
ä)¿¥Í�Ö�×�É 1 � +�û
Í Q15 Ã����_h)]PÆ)Ø
à ¼KòvàA8"W�É6vD`lR�?ËßgC
ÎUà
V"WW:�ÀºÌÉfM6P��ËÄDR�Ï � Äj0�ÍIè
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7 wCE4x]ENy6zSê9{_|
7.1 wfE4x}D~ �/+tî���9b;cfdo��c��¾Zü_P"ç XML �/�tà�²
eB8LXyY���@"A/+PûPÍ XRel à�S6��R � àSôhõ�Ã � P
h-±-��çPè

XRel à-S��vÃ � P[hhî�C XPath
: �öÄ SQL ÷Uò�ø_�

àKÑ-=6���G�icin¥Ã � P[h-±���C � à��tüsR=gih�à�¬P¿
�f� 6�IÀhài�W�qà$���/¬B �®�¾$P�Q]g�ç�è XPath

:
�çÄ SQL ÷IòSøf��àSÑ�=[���;�?cin ¾�S 5 ¿öÍtÎfRUÃ
XGß©C4^vü97B��Ä�� � Äg0�çt÷qò�ø : ¾�¬� ��®o��+u�� ó�Ã SQL

: ÃSÑ"=sg�C����Dbjc�dN��c�=�Pàv÷IòSø
¾$¿GÍhÎ[R É/+�â�ÍIè ¬t¿)�f�)D�ZÀSà4�l�qà)����¬B
��®-¾�S 5 ¿[Í�Î_R�Ã*XXßjC XML �/�tà-���/¬����®
R�gih��
üPó�Ã XRel ¾qüfPªÍ�ÎCRÁÉ�+�âtÍ$�hðSï*¾)M
g$çtè
ÊSÄqÃ/C XRel à XML bjc�do�;cWR=g?h�à��[kSï

¾ M�¿BçGBSÃ�C Xmark Ã*XGß¼ïvðhôhõPà"S�T�¾ R �)çtè
S�Ttà ¼/½C�Õvä�¿GÍ�ÖB×tà�&�'ªÃjR"K�?9P�]ªÆ�Ø
à ¼
ò�Å$ãhÉ/&)'B¿¥Í�çCB�����k[��É6�9��¿[Í/K�à�à�Ci��à
XML bjc�dN��c�)���B¬���®-+PûªÍ XQEngine R��
��¿XÍCRqâ â B=hDMAOvÃ$�/�B¾ R ¢Î_RÇÉ�M�ø�çvè Î÷0
X¥ß XRel î XQEngine Ã��Wg?h XML bjc�do��c�]R
gihZïtðhÉfM6PªÎCRÁÉ��/�*� ç�è
7.2 y6z
êD{6|
7.2.1 XQuery �A��� SQL ë�ì�í"2tê�3-4_�9��ê9�[�

SQL
: ¾?��U�¿¥Í
Î[RmÃ�XGß XML �"�vÃ)�jg�æ=�Bæ� ?�÷qòhøtÉ�SðB+Pû�ÍIè S_�BC }6~ ��+tî Xmark à

XQuery ��X� I÷�òKø*¾�@�F�GC��XXß SQL ÷Uò�ø;�A¡-=
g$çvè¢g��]g XRel £ XGß��tü�ó6� XML b;cfdo��c�
¬/$��®fRAgohIü[PW¤©0u N�Sî�C XQuery

: ¾ SQL ÷�ò
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Q1: Return the name of the person with ID ‘person0’.

FOR $b IN document("auction.xml")/site/people/per
son/[@id="person0"]
RETURN $b/name/text()

Q2: Return the initial increases of all open auctions.

FOR $b IN document("auction.xml")/site/open_aucti
ons/open_auction
RETURN <increase> $b/bidder[1]/increase/text() </
increase>

Q3: Return the IDs of all open auctions whose current
increase is at least twice as high as the initial increase.

FOR $b IN document("auction.xml")/site/open_aucti
ons/open_auction
WHERE $b/bidder[1]/increase/text() * 2 <=

$b/bidder[last()]/increase/text()
RETURN <increase first=$b/bidder[0]/increase/text
() last=$b/bidder[last()]/increase/text()/>

Q4: List the reserves of those open auctions where a cer-
tain person issued a bid before another person.

FOR $b IN document("auction.xml")/site/open_aucti
ons/open_auction
WHERE $b/bidder/personref[@person="person18829"]
BEFORE $b/bidder/personref[@person="person10487"]
RETURN <history> $b/reserve/text() </history>

Q6: How many items are listed on all continents?

FOR $b IN document("auction.xml")/site/regions
RETURN COUNT ($b//item)

Q7: How many pieces of prose are in our database?

FOR $p IN document("auction.xml")/site
RETURN count($p//description) + count($p//annotat
ion) + count($p//email)

Q8: List the names of persons and the number of items
they bought. (joins person, closed auction)

FOR $p IN document("auction.xml")/site/people/per
son
LET $a := FOR $t
IN document("auction.xml")/site/closed_auctions/c
losed_auction

WHERE $t/buyer/@person = $p/@id
RETURN $t

RETURN <item person=$p/name/text()> COUNT ($a) </
item>

Q9: List the names of persons and the names of the items
they bought in Europe. (joins person, closed auction,
item)
FOR $p IN document("auction.xml")/site/people/per

son
LET $a := FOR $t
IN document("auction.xml")/site/closed_auctions

/closed_auction
LET $n := FOR $t2

IN document("auction.xml")/site/regions/europ
e/item

WHERE $t/itemref/@item = $t2/@id
RETURN $t2

WHERE $p/@id = $t/buyer/@person
RETURN <item> $n/name/text() </item>

RETURN <person name=$p/name/text()> $a </person>

Q13: List the names of items registered in Australia along
with their descriptions.
FOR $i IN document("auction.xml")/site/regions/au

stralia/item
RETURN <item name=$i/name/text()> $i/description

</item>

Q14: Return the names of all items whose description
contains the word ‘gold’.
FOR $i IN document("auction.xml")/site//item
WHERE CONTAINS ($i/description,"gold")
RETURN $i/name/text()

Q15: Print the keywords in emphasis in annotations of
closed auctions.
FOR $a IN document("auction.xml")/site/closed_auc

tions/closed_auction/annotation/description/parlis
t/listitem/parlist/listitem/text/emph/keyword/text
()
RETURN <text> $a </text>

Q16: Return the IDs of those auctions that have one or
more keywords in emphasis.
FOR $a IN document("auction.xml")/site/closed_auc

tions/closed_auction
WHERE NOT EMPTY ($a/annotation/description/parlis

t/listitem/text/emph/keyword/text())
RETURN <person id=$a/seller/@person />

Q17: Which persons don’t have a homepage?
FOR $p IN document("auction.xml")/site/people/per

son
WHERE EMPTY($p/homepage/text())
RETURN <person name=$p/name/text()/>

Q18: Convert the currency of the reserve of all open auc-
tions to another currency.

FUNCTION CONVERT ($v)
{
RETURN 2.20371 * $v -- convert Dfl to Euro

}

FOR $i IN document("auction.xml")/site/open_auct
ions/open_auction/

RETURN CONVERT($i/reserve/text())

Q19: Give an alphabetically ordered list of all items along
with their location.

FOR $b IN document("auction.xml")/site/regions//
item

LET $k := $b/name/text()
RETURN <item name=$k> $b/location/text() </item>
SORTBY (.)


