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View Maintenance for Hierarchical Semistructured Data

Abstract
Over the last few years, efficient access to heterogenous data sources has become tremendously important.
One common technique for increasing efficiency is to maintain locally sorted views in data warehouses, which
must be kept current with respect to the changes in the underlying data sources. While this problem has been
extensively studied in the context of select-project-join (SPJ) views and relational warehouses, many of the
data sources accessible today over the Web are highly irregular. Views over this irregular data often perform
complex restructuring and regrouping far beyond traditional SPJ views.

This paper describes WHAX (Warehouse Architecture for XML), an architecture for defining and maintaining
views over hierarchical semistructured data and relational data sources with key constraints. The WHAX
model is a variant of the deterministic model of [8], but is more reminiscent of XML. The view definition
language is a variation of XML-QL that has been adapted to the WHAX model, and supports selections, joins,
and important restructuring operations such as regrouping, flattening, and aggregation. The incremental
maintenance technique is based on the notion of multi-linearity and generalizes several well-known techniques
from the relational case.
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ï�E
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ñ
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ñÃðBHPî�	�� 8
���XÿPóDHIE�õ�îNì¨Ecô�î�ô�î�óPô�îNì¦î�Gxõ�î�HÃEXì�RfSqTWV þrú�E
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p �_ëPî �xÿPî�ô<�!	 E�GPùXÿIE�ùXî RfSqTWV þ87/êr��í�Ecì�î�H ðcGÉè/éÌê�þ97/ê ����"����0ùcî�GIî�ôaE
	sò�.�î�ì®ô�î&	sE�þ
õ�òsðcGIE�	Q6;J�� �XÿIî�ômòÝîNì®EcGIH EcHIH6òuõmòÝðXGIE
	�	��ËE�	�	sð���ì	óDð��*î�ô�öÈÿ;	¨ômî�ì¦õ�ômÿIï�õ�ÿPômòÝGIù!õ�ëPômðcÿIùcë
ô�î�ùcômðcÿPóIòÝGPùËE�G�H±EcùcùXô�î�ùXE�õmòÝðXGIì�üqM;îÌóPômî�ì�î�GxõKEËô�îNìkõmô�ò ïeõmòÝðXG ðcö�RfSUTWV)þ97/êÍõ�ëIE�õ
òsì�óPômð�ú8Ecí;	��Kñ�ÿ;	Ýõ�ò�	sòÝGPîNE�ô���EcGIH�ëPî�G�ï�î	E
	�	sð���ì�îG#Kï�òsî�Gxõ�òsGIï�ô�î�ñ
î�GxõmE
	'úxòsî��Íñ=E�òsGxõ�î�þ
GIE�G�ï�îcü

p :PðXô�H6î&	Ýî�õ�òsðcG®ÿPóDHIE�õ�îNì����*î¨HPî�úcî&	ÝðXó�E�G®î�øBõ�î�GIì�òÝðXG�ð�ö6õmëPî�ï�ðXÿPGxõ�òsGPù�õmî�ïaëPGPò �xÿPî*ÿIì¦îNH
öÈðcô�6;J���úBòÝî&��ì�òsGËõ�ëPî=ômî�	 E�õmòÝðXGIE
	�ñÃð6H6î�	rüm�_ëPîKõ�î�ïaëIGPò��xÿPîKï�E�G°E
	 ì�ðVíDî=ÿIì�î�H;öÈðXô
úBòÝî&�ÍH6î$IIGPòÝõ�òsðcGIì_òsGBúcð
	ÝúBòsGPù
EcùcùXô�î�ùXE�õmòÝðXGYü

:W57/�573 <?3�5�Z?9 i$_!û|G±õ�ëIòsì«óIE�óDî�ô��K�¨îÌHPð°GPð�õ«ï�ðcGIì�òsHPî�ô Zl>$;L:$>[:�;!HPE�õaE°ìkõmô�ÿ�ïeõ�ÿIô�îNì=Ecì=òsG
èªéÌê ü36BòsGIï�î�óDðXì�òuõmòÝðXGIìÃð�ö/î�	sî�ñÃî�Gxõmì=ï�E�G¾ïaëIE�GIùcî�H��BGIE�ñÃò ï�E
	�	�����úBòÝî&� ñ=E�òsGxõ�î�GIE�GIï�î
ð�ö­ðcôaH6î�ômî�H±ìkõmô�ÿ�ïeõ�ÿIô�îNì=òsìKñ
ðXô�î!H6ò*#Kï�ÿ;	Ýõ�ü*û|GPòÝõ�ò E
	�ò H6îNEcìKï�E�G¾í�î�öÈðXÿPGIH¾òsGD� ��<���EcGIH
E�ômî/íIô�òsî c �TH6î�ìmï�ômòÝíDî�HTòsG 66î�ï�ü;8Iü':PÿIô¦õmëPî�ômñÃðcômî��0�¨î�H6ð=GIð�õ�òÝGBúXî�ì¦õ�òsùXE�õmîªóIô�ðXó�î�ô¦õmòÝîNì_ð�ö
õ�ëPî��XÿIî�ô<��	 E�GPùXÿIE�ùXî��'ì�ÿIïaë Ecì	î�ø6óPômî�ìmì¦òsúcî�GPî�ìmì­ÿPGIH6î�ô�ñ®ÿ;	uõmòuþ�	sòÝGPîNE�ômòuõ>�XüqO�ð��¨î�úcî�ô��W�*î
í�î&	Ýòsî�úXî�õ�ëIE�õ�õ�ëIî�õ�îNïaëPGPò �XÿIî�ì�óIô�ðXó�ðxì¦îNHTòsG�õ�ëIòsì�óIE�óDî�ô�Ecô�î­öÈÿIGIHPE�ñÃî�GXõaE
	�E�GIH!ï�E�G!íDî
î�øBõ�î�GIH6î�HTõmð
ðcõ�ëPî�ô&�6ñÃðXô�î­óDð��¨î�ô¦öÈÿ;	W	 E�GIùcÿIEcùcî�ì_EXìQ�¨î&	�	rü

�_ëPî=ô�îNìkõ	ðcö_õ�ëPîKó�E�óDî�ô	ò ì	ðXô�ùxE�GPò�.�îNH÷EXì­öÈð�	�	Ýð���ì�üm6BîNï�üX�VóIô�îNì¦î�GXõaì	E�ñÃð�õmòÝú�E�õmòÝGIù
èªéÌê¾î�ø6EcñÃó;	Ýî
�YE�GIH;ì�ëPð���ì/ëPð��¸õmëPî�RCSUTWV¸E�óPóIô�ðxEcïaëÏH6ò*N�î�ôaì/öÈô�ðXñ î�ø6ò ìkõmòÝGPù�úBòsî��
ñÃEcòÝGxõmî�GIEcGIï�î�õmî�ïaëPGIò��xÿPîNì�öÈðcôªì¦î�ñ
ò ì¦õ�ômÿIïeõmÿPô�îNH!HPE�õaEPü+�_ëPî�RfSqTWV HIE�õmEKñ
ð6H6î&	'ò ì�î�øBþ
ó;	sEcòÝGIî�HÃòsGA6Bî�ïcü
%;�cöÈð�	�	Ýð��*î�H
í0�®õ�ëPî�úBòsî��RH6î$IIGPòÝõ�òsðcG 	 E�GPùXÿIE�ùXî_òÝGA6BîNï�ü]eIüLM;î�H6îNì�ï�ô�òsíDî
õ�ëPî!ñ®ÿ;	uõmòuþ�	sòÝGPîNE�ômòuõ>�ÉóPô�ðXó�î�ô¦õ>� öÈðcômRfSqTWV þrúBòsî���ìÃòsG 66î�ï�üt)÷EcGIH±î�øBõ�î�GIH õ�ëPî!òsGIï�ô�î�þ
ñ
î�GxõmE
	MúBòÝî&� ñ=E�òsGxõ�î�GIE�GIï�î­õ�îNïaëPGPò �XÿIî�õ�ð«HPî�	sî�õ�òsðcG�ì�òÝG�66î�ï�ü=<Pü 66î�ï�üW"ÃH6îNì�ï�ô�òsí�îNì�ëPð��
E�ùcùXô�î�ùXE�õ�îo�xÿPî�ômòÝîNì¨ï�E�G=íDîªî$#Kï�òsî�Gxõ 	��ÃñÃEcòÝGxõaE�òsGPî�HÃòsG RfSUTWV�ü]M;îªï�ðcGIï�	Ýÿ�H6î�òsGM6BîNï�ü08
��òuõmë�E
íPômòsî�ö�H6òsìmï�ÿ�ì�ì�òÝðXGTðcö'öÈÿ6õmÿPômî �¨ðXô[H�ü
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G¨ðcGIì�òsHPî�ô_õ�ëIî	èªéÌê î�øPE�ñÃó;	sî	ì¦ëIð���GVòsG :�òÝù�üm� ��òÝõ�ë!òsG6öÈðcômñ=E�õ�òsðcG�E�íDðcÿPõªï�ðXG6öÈî�ômî�GIï�î
óPÿPí;	sòsï�E�õmòÝðXGIìTEcGIH Ecÿ6õ�ëIðcôaì�ü 
 C¨EcïaëRóPÿPí'	Ýò ï�E�õ�òsðcG ë�EcìVE°õ�òÝõ 	sî°E�GIH E!	sòsì¦õVðcö®E�ÿPõ�ëPðXô
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GIE�ñÃî�ì�ü�J)ÿIí;	Ýò ï�E�õ�òsðcGIìÃEcô�îVùcômðcÿPóDî�H ��òuõmëPòsG õmëPîÌï�ðXG6öÈî�ômî�G�ï�îVòÝG ��ëPò ïaëÉõmëPî�� E�óPóDî�Ecô
E�GIHTî�EXïaëVEcÿ6õ�ëPðXô�GIE�ñÃî­ômî�öÈî�ôaì*õ�ðKE
óDî�ôaì¦ðXGYü

�_ëPî�ômî	E�ômî­õ>�¨ðA�*E#�6ì*õ�ð«òsH6î�Gxõ�òÝö �7,@E�GIH�ÿIóDHPE�õ�î#/�E�G!ðXí��kî�ï�õ�òsG!èªéÌê��cü+:Mòsôaìkõ��IðcGIî
ï�E�GÃÿIì�î!YBZ'ij573�5�Zl9 i0õmð	H6î�ìmï�ômòÝíDî�E�óIE�õ�ë ��òÝõ�ëPòsG=õ�ëIî�H6ð6ï�ÿPñÃî�GXõ��cîXü ù�ü�õ�ëPî�õ�ëPòsômHÃó�E�óDî�ô)òsG
õ�ëPî=ì�î�ï�ðXGIHÌï�ðcG6öÈî�ô�î�GIï�îXü�O�ð��¨î�úcî�ô&��ó�ðxì¦òÝõ�òsðcGIì­ï�E�GÏïaëIEcGPùcî
H6ÿPômòÝGIùTÿPó�HPE�õ�î�ì ,[îcü ùIüDõ�ëIî
òÝGIì�î�ô�õ�òsðcG�ðcö0E
GPî&� I�ômì¦õ�E�ÿ6õmëPðcô(/(�PEcGIHVó�ðxì¦òÝõ�òsðcG�ì�òÝGVõmëPî	úBòÝî&�Íï�E�G�íDî	H6òkN�î�ômî�Gxõ�öÈômðcñ
õ�ëPî�óDðXì�òuõmòÝðXGTòsGVõ�ëPî	ì�ðcÿIômï�î ,[îcü ùIü��mì¦î&	ÝîNïeõ�E
	�	YE�ÿ6õmëPðcôaìQ��òÝõ�ë�T������I%���	O/eü
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HPE�õaE/ñ
ð6H6î&	@ü

�ð6H6î�ì E�ômî¨ò H6î�GxõmòkIIîNH
íO�®ðcí��kîNïeõ�ò H6î�Gxõ�òÝõ�òsî�ì E�GIH®õ�ëIô�î�î*ÿIóDHPE�õ�îNì)E�ômî�ï�ðcG�ì¦ò H6î�ômî�HM� %'� %'�$� �
:$;��]:�579 i$:$>j3�5�Z?9'��:�;��]:H;L:$1*:$3�5�Z?9'�MEcGIH�
'<?140B: / Z�;l5 ��\=<?3�5�Z?9Iü E�óDHIE�õ�îNì�íIEXì¦îNHÏðXG÷ðXí��kî�ï�õ
òsH6î�Gxõ�òÝõ�òsî�ì&�cëPð��*î�úXî�ô��Nñ=ELHcî_òuõ*H6òk#Kï�ÿ;	uõ õ�ð�ômî�Ecì�ðcGÃE�íDðcÿPõ���ëIE�õ ó�E�ô�õmì0ð�öDõ�ëIî�úBòÝî&� ëIE8úXî
í�î�î�G!ElN�î�ï�õ�î�HYü

�'ð=ò�	�	sÿIì¦õ�ôaE�õmî��Iï�ðcGIì�òsHPî�ô_õ�ëIî�öÈð�	�	Ýð���òsGPùKì�òÝñÃó;	sî�úBòÝî&����ì¦õ�ðXô�î�E
	�	'Ecÿ6õ�ëPðXômìI��ëPð=óPÿPí6þ
	Ýò ì¦ëIî�H òsG�����T������ ���PüX:PÿPô�õ�ëIî�ômñ
ðXô�î
��ï�ðcGIì�ò H6î�ô®õ�ëPîVòsGIì¦î�ô¦õmòÝðXG ð�ö�E÷GPî&� E�ÿ6õmëPðcô
òÝGxõmð
ì¦ðXñ
î®óPÿPí;	sò ï�E�õmòÝðXG ��òÝõ�ë � û>2��Büg6BòsGIï�î
òÝõªò ìªGIð�õ/HPòÝômî�ï�õ 	��!ðcíIì�î�ômú�E�í;	sî@��ëPî�õ�ëPî�ô��=íDî�þ
	ÝðXGPùXì*õmð�����T������ ���ÃðXô�GPð�õ��Pòuõªòsì�GIð�õ�ï$	sî�EcôI��ëPî�õ�ëPî�ô�õ�ëPî	Ecÿ6õ�ëIðcô�ì�ëPðcÿ'	sHVíDî�òÝGIì�î�ô�õ�îNH
òÝGxõ�ð«õ�ëPî®úBòÝî&��ü+�_ëPî
E
	sùcðXô�òÝõ�ëPñ=ì�HPî�ìmï�ômòÝíDî�H!òsG � %;�L%'�$�Mõ�ëPî�ô�î�öÈðcômî	GPî�îNHÌE�ÿPøBò�	sòsEcô �VHPE�õaE
ìkõmô�ÿIï�õ�ÿPômî�ìªõmð!ô�î�óPô�îNì¦î�GxõªõmëPîÃô�î&	sE�õ�òsðcGIì�ëPòsóÏíDî�õ>�*î�î�GËðXí��kî�ï�õmì/òÝG;õmëPîÃúxòsî�� E�GIHÏõ�ëIðXì�î
òÝG±õ�ëIîÌì¦ðXÿPômï�î!HPE�õaE�íIEXì¦îXü��_ëIî�ì�îÌHPE�õaE;ì¦õ�ômÿIï�õ�ÿPômî�ì=ï�E�G¾í�î 	 E�ômùcî�E�G�H î�ø6ó�î�GIì¦òsúcîVõmð
ñÃEcòÝGxõaE�òsGYü

�_ëPî�E�óIóPô�ðxEcïaëPîNì_òÝG!� %;�<%;���'ëIE8úcî­õ>�*ð=ð�õmëPî�ô/ì¦î�ô�òsðcÿ�ì�H6ôaE#��íIEcï=H6ì)�;:Mòsôaìkõ��Põ�ëIî®E
	sùcðcþ
ô�òÝõ�ëPñ=ì®E�ômî=ô�îNìkõmô�ò ïeõmî�H;õ�ð <l38Zl/�5�\	ÿPó�HPE�õ�î�ì&�'òrü îcü�î�Ecïaë°ì�òÝGIù�	sî«E�õmðcñÃòsïÃÿIóDHPE�õ�îVï�E�ÿ�ì¦îNì
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