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Abstract - Office Open XML, an XML-based file format
for office data, has been standardized, adopted by
Microsoft Office 2007 and supported by other major
office suites like OpenOffice. The question we trjto
answer in this paper is where Oracle XML Database
(XMLDB) stands with respect to the new advances in
XML Open standards. We present the XMLDB
architecture that allows integration with Office Open
XML. We discuss the implications for content search
generation and validation, brought by transparently
storing office content in the XMLDB Repository. We
explain how to use the XML storage model, XML
indexes and XMLDB Repository features for improved
querability, and how to integrate Office Open XML
content search with relational, non-XML data source
available in a database.
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l. INTRODUCTION

from object relational (shredded over relationddl¢éa and
views), to a native binary XML format [5].

With respect to the storage transparency requirefign
XMLDB already offers a filesystem like abstractiaof
XML content stored in the database, via the XMLDB
Repository. Structured as well as unstructured esdntan
reside in the repository and accessed via WebDAVTd?
protocol, as well as via PL/SQL APIs and SQL views.
Furthermore, with the Oracle SecureFiles projett X/1L
content can be stored in the server or a file systéth
relatively little performance difference. Here, wecus
mainly on (2), and on detailing how to tune the &&tory
storage for best performance.

With large simplifications, both OOXML and Open
Document Format (ODT for now) documents are ZIP-
compatible archives that contain XML files togetheith
files describing relationships among these; motlig, the
actual content of the document is stored as XMLr Fo
simplicity, for the remainder of this paper, we Iwile
talking about OOXML, with the note that the same
approach can be taken for ODT and for that mateahy
archive XML-based ZIP-compatible file format.

We present the architecture of a system that allht
content manipulated in Office 2007 or OpenOfficeb®
transparently handled in the XMLDB repository and

Office Open XML [1] (OOXML for now) has emerged as jj|ustrate the key benefits of this system:

one of the industry standard file formats for regrging
word documents, spreadsheet, presentation andschidras
been adopted by popular office applications: iths file

1) By transparently storing archived XML-based filas i
the XMLDB Repository, XML content can be navigaiad

format for Word 2007. OpenOffice version 3.0 suppor g fjle-system fashion (via WebDAV).

importing OOXML, with more products expected todov.

2) As the XML content internally resides in the

With these emerging document standards come teahnicdatabase, we maintain all the benefits of databases

challenges. Systems are supposed to offer faststioge
rates of data based on XML formats for data that thabe
persisted on disks or filesystems, provide goodrajitity
and processing of such data, and integrate with easse
and popular file content management
Moreover, users are expecting similar querabilityd a
accessibility options on their filesystem XML dada if it
were stored in a database. Thus, more contentgearent

filesystems: manageability, backup and recovergusty,
integration with other features of the RDBMS.

3) New data conforming to the emerging open XML
standards can coexist with data stored in the dagglthis

applicationsallows for both XML content validation based on an

RDBMS, as well as for dynamic content generation.
4) Internally, the system stores OOXML content in the
binary-XML format allowing for good compression and

solutions have made the shift to (1) transparenih w disk space management, streaming XPath evaluation,

respect to the exact storage of the XML content &)
integration with popular document handling applimas.

XMLDB has been around for almost a decade [2][8]. |

allows for storing XML data in the database as bleta
column or in a filesystem-like Repository [4], thatows
secure access to the data. Oracle XMLType is aineaiion
and supports different storage models under theerspv
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piecewise updates, improved fragment-level quetabind
integration with other database features like parting,
utilities, native binary-XML midtier processing etc

5) XMLIndexes are built on top of the binary-XML
OOXML content; since query evaluation is internally
optimized for binary-XML in the presence of XMLInxks,
this model gives efficient inter-document fragmeavel
search and intra-document XML processing.
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6) Applications need not devise or implement their ownexamplesof events are PRE-CREATE, POST-CREATE,
authentication and authorization policy enforcemiegic; PRE-UPDATE, POST-UPDATE, RENDER etc.
instead, one can rely on the database authenticatid the  Application code, calleévent handlersis used to integrate
Access Control List (ACL) mechanism that protectsapplication logic with the XMLDB repository. For @ample,
XMLDB resources. _ _a recycle-bin application can be built on top of XNB

7) Straightforward integration of OOXML content with Repository using a PRE-DELETE event handler for all

existing Oracle applications that render query oUtm  fq|qers except the recycle-bin folder that creatésard-link
formats chosen by the application. For instancegiation to the file that is to be deleted to recycle-bin.

with Bl Publisher for presenting fragment-level ORK Application specific event handlers are loaded itite

extraction results as PDF. . ) -
Oracle Database and associated to all or certaourees in

The paper is organized as follows: In Section &, give . . : ) ;
. ; . the repository viaesource configurationsa particular type
the necessary background information for understgnithe ) .
of resource. Once associated, the event listemerssad for

Oracle XML Database, with a focus on XML storage an : -
indexing (Section 1l.LA) and the Repository for XML ;?gtozﬁ)SOSItory access — SQL views, PL/SQL APIs or

resources (Section 11.B). Section Il details thgstem
architecture for storing OOXML documents in XMLDB.
Special considerations on dynamic content generatiod m
content validation make the subject of Section While '
Section V gives an evaluation of document and frexgm ) ) ) ) )
level security enforcement possible for OOXML dsttared The XMLDB Repository is a filesystem-like abstracti
in the database. In Section VI, we discuss fragrrems tha_lt resides in the Or_acle database and allowsures®
query processing for OOXML, and Section VIl detafieir ~ (With. XML, text or binary content) to be stored and
usage for a project tracking Oracle database agtjgit. We accessed either via protocols like WebDAV(RFC254:8)

conclude and point to related work in Section VIII. FTP, or via PL/SQL and JCR. Data in the repositisry
organized hierarchically, in folders and leaf reses, while

internally it is stored in database tables.
.  BACKGROUND MS Office 2007 uses WebDAV to save and open
documents. The event handling mechanism of XMLDB
Repository ensures that, when an OOXML document is
saved under the specified path in the repositdry, event
A. XML Storage and Indexing handlers unzip it transparently (using the standard
XML content can be stored in the Oracle databaseri Java.util.zip class) in the XMLI_DB Repository andethctual
as large objects, in text format (CLOB), shreddedhject- contents are moved to a Binary XML XMLType table.
relational if schema-based (see [2]), or in theenacent Similarly, all the component files are zipped oe thay out
binary-XML format (see [5]). With the binary formatML of the repository at render time when the document
tags are compacted into token identifiers. Besigesiced ~—OPened. , ,
disk footprint, the binary-XML storage allows fast query As the actual XML content is stored in an RDBM_Seon
processing [5]. can take _advantage of the full-range of XML proo&ss
XML tables and columns can be indexed for improveo?‘.’a"ab'e, in the ldatabase. The XML .content table ba
XQuery performance. The XMLIndex [7] comes in ajoined with relational _tables present in the dambaThe
number of flavors: unstructured content can be/fuitiexed ~ event-based mechanism can be further exploited to
via an unstructured index, where essentially athgan the ~dynamically build and enhance content that canamiqed
XML content are indexed; semi-structured and stmect (0 an application as OOXML, or to validate OOXML
content can be indexed via structured XML indexeisere ~ content against data available in a database. Vsters
the index creation statement specifies an XMLTABLE@&rchitecture is illustrated in Figure 1. .
construct and the exact paths to be maintainethdyndex; ~ Figure 2 is an example of how the storage table iend
finally, one can fine-tune an unstructured index byindex are created.
indicating that only certain types of paths be itk via
path-subsetting XML indexes. The application depelto
has the additional option of creating asynchronXiélL

indexes to defer index maintenance to a time when t TWO main applications of this framweork are autdmat
server is less busy. content validation and generation.

OPENOFFICEXML DATA STORE AND RETRIEVAL -
SYSTEM ARCHITECTURE

We focus first on giving the necessary background
information on XMLDB.

IV. CONTENTVALIDATION AND GENERATION

B. Repository Events A. Content validation
XMLDB provides an infrastructure for associating  Storing the XML content of an OOXML in the database

custom application code with XMLDB Repository aco ~ allows applications users to transparently validte
Various actions on the repository are definedeasnts;

Copyright (c) IARIA, 2011 ISBN:978-1-61208-002-4 90



DBKDA 2011 : The Third International Conference on Advances in Databases, Knowledge, and Data Applications

C
Bl

MS Office

Relational
Application

C
Create

Update
Query

INDEXTYPE IS XDB. XM.I NDEX
PARAMETERS('PATHS(INCLUDE(
/w:document/w:body/w:sdt//w:tbl)

NAMESPACE MAPPING
(xmiIns:w="http://schemas.openxmlformats.org/wordpr
ocessingxml/2006/main™))");

REATE TABLE BOOK_XML OF XMLTYPE XMLTYPE STORE AS
NARY XM.;

REATE INDEX BOOK_XIDX ON BOOK_XML(OBJECT_VALUE)

=

XML, PDF, HTML

Figure 1: System architecture

OOXML content based on relevant data across maltipl
relational databases.

Consider for instance the case of a publisher datafor
managing the books submitted for review. Each bigol
single Word 2007 document and, for the purposehi t
section, we assume that the content is stored in
BOOK_XML table created via the statement shown in
Figure 2. Author and book names, as well as thgalni
editing date and the actual publishing date areedtin a
relational table of the form shown in Figure 3.

The system is supposed to validate the author ané b

names, as well as the date information in the Word

document against the relational table. This caneasily
incorporated into the application by issuing quehecks
involving the relational table BOOK_DATA and XML
extract operators on the XML content in BOOK_XML.
Figure 4 shows an example of a query against th
XMLType table BOOK_XML that selects all the tagsdan
their corresponding values from the document. Rropeg
predicates with this query will achieve the desiresllts.

Figure 5 shows a simple query that finds the oldeg
publishing date of all authors who have at least lbook in
the category “Technical”. It involves both the XMyjde
table BOOK_XML and the relational table BOOK_DATA.

Using such joins, various validation rules can ppliad
automatically at ingestion time. For instance, nswre that
only authors of some technical books publishedrpidoa
fixed date are allowed to upload new books undeeréain
repository, the application event handlers caneissuery
similar to Figure 5.

CREATE TABLE BOOK_DATA(
AUTHOR_NAME  VARCHAR2(4000),
BOOK_NAME  VARCHAR2(4000),
START_DATE ~ TIMESTAMP,
PUBLISHING_DATE TIMESTAMP);

Figure 3: Relational table
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Figure 2: Binary XML t able anc XMLIndex

B. Dynamic Content Generation

Any content that can be retrieved from the databese
be added to an OOXML document. For instance, an
application that stores book-related documents imaye
access to various relational databases for puhtishi
companies extra information, or book prices offelad
different vendors. Such additional content may @ymot
be stored as XML. Applications may expect to seteok
document in the repository and, upon retrievalgeéd back

from the repository the book document together witéa

corresponding data from the other databases. Anothe
desirable usage we have encountered comes froml Exce
applications: as loosely formatted Excel sheetsdappped
in the repository, structured parts (e.g., colurtimst are
titted "owner", "user" or "manager") are looked against
n LDAP database and edited to include a hyperhitk
"mailto: <email address retrieved from LDAP databés
This functionality is achieved by having a rendeerdg on

the XML content resource issue queries on variaimes,

§ELECT BOOK_INFO.* FROM BOOK_XML BOOKS,
XMLTABLE(xmInamespaces
(‘http://schemas.openxmlformats.org/wordprocessing
ml/2006/main’ as "w"),

/w:document/w:body/w:sdt'

passing BOOKS.OBJECT_VALUE

COLUMNS

TAG VARCHAR2(100) PATH
/w:sdt/w:sdtPr/iw:tag/@w:val' ,

VALUE XMLType PATH
[/w:sdt/w:sdtContent/w:p/w:r//w:t//text()' )

BOOK_INFO;
TAG VALUE
Title  The art of writing code

Category Technical
Chapter Chapter 1: Introduction
Chapter Chapter 2: Understanding code

Section Computer Languages: Similarity and
Differences

Chapter Chapter 3: Writing code

Figure 4: Selecting tags and corresponding values
from Word 2007
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SELECT FRAGVAL.VAL AS "Extracted Fragment"
FROM BOOK_XML BOOKS,
XMLTABLE( XMLNAMESPACE

‘lw:document/w:body/w:sdt'
PASSING BOOKS.OBJECT_VALUE
XMLTABLE( XMLNAMESPACES
‘lw:document/w:body/w:sdt'

PASSING BOOKS.OBJECT_VALUE

WHERE TAGS.TAG = :search_in_tag AND
FRAGVAL.TAG=:return_tag AND

(‘http://schemas.openxmlformats.org/wordproce ssingml/2006/main’ as "w"),
COLUMNS TAG VARCHAR2(4000) PATH ‘/w:sdt/w:sdt Priw:tag/@w:val',
WHOLE XMLTYPE PATH '/w:sdt/w:sdtConte nt') TAGS,

(‘http://schemas.openxmlformats.org/wordproce ssingml/2006/main’ as "w"),

COLUMNS TAG VARCHAR§(4000) PATH '/w:sdt/w:sdt Priw:tag/@w:val',
VAL XMLTYPE PATH '/w:sdt/w:sdtContent Iitext()") FRAGVAL

INSTR(UPPER(TAGS.WHOLE), UPPER(:search_string ))>0;

Figure 5: Example of OOXML join with relational dat a

generate XML fragments from the queries results andhformation just like any other XML data. This hadarge

update the XML content with them.

V.  SECURITY AND PRIVACY CONSIDERATIONS

We mentioned in Section Il that a user can opetoax
document in Word and save it in a folder in the XDR
repository residing in the database. The user makd to
provide valid database user/password credentiadsder to
connect to the repository. Once the user is auttaet],
access control over OOXML data residing in the sifpoy
is handled, as for any other resources in the rEpgsvia
access control list (ACL) checks.

ACL checks are by default enforced at a documerlle
With XMLDB integration with Office 2007, certain
fragments of the documents can be tagged with Aflid
honored by the application at the fragment level.

VI. FRAGMENT-LEVEL SEARCH AND RETRIEVAL
OOXML documents can be queried to

number of applications. For example:

1) Searching using XQuery across a set of documents to
retrieve relevant documents or parts.

2) Extracting out a specific part of the document sagh
abstract, instead of whole documents, to use for re
publishing, report generation etc.

3) Extracting out information from MS Word tables
embedded in documents for application uses such as
aggregation, population of relational tables etc.

4) Transparently control access to search results by
taking advantage of the document and fragment-level
security options when storing OOXML as content fie t
XMLDB repository.

When certain elements are tagged using content-
controls, they can be queried in the WHERE classeell
as selected out as showin in Figure 6.

Note that unlike full document search, specifictparf
the document can be searched like a table or tagged
elements. For example, a repository of books can be
searched with queries lik€ind all books and their authors

retrievehat have at least one chapter with title containkeyword

SELECT BOOK.AUTHOR_NAME, min(BOOK.PUBLISHING_DATE)
FROM BOOK_DATA BOOK
WHERE BOOK.BOOK_NAME IN
(SELECT XMLCAST(XMLQUERY('
declare namespace

PASSING BOOKS.OBJECT_VALUE
RETURNING CONTENT) AS VARCHAR2(100) )
FROM BOOK_XML BOOKS
WHERE XMLEXISTS('
declare namespace

PASSING BOOKS.OBJECT_VALUE))
GROUP BY BOOK.AUTHOR_NAME
ORDER BY BOOK.AUTHOR_NAME;

w="http://schemas.openxmlformats.org/wordpro cessingml/2006/main";
/w:document/w:body/w:sdt[w:sdtPr/w:tag/@w:val="Titl e"J/w:sdtContent//w:t//text()’

w="http://schemas.openxmlformats.org/wordprocessing ml/2006/main";
/w:document/w:body/w:sdt[w:sdtPr/w:tag/@w:val="Cate gory"][w:sdtContent//w:t//text()="Technical"

Figure 6: Querying content control
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SELECT doc.cl.getStringVal() “LAYER NAME”", doc.c2.g
FROM BOOK_XML T,
XMLTABLE( ‘XMLNAMESPACE
(‘http://schemas.openxmlformats.org/wordproces
‘for $i in $root//w:tbI[2]/w:tr
where fn:contains{$i}/w:tc[1], $layer)
return $i’
PASSING T.OBJECT_VALUE as “root”, :p20_layer_na
COLUMNS C1 XMLTYPE PATH ‘/w:tr/w:tc[1]/text()’
C2 XMLTYPE PATH ‘/w:tr/w:tc[2]//text()’

etStringVal() “EFFECTS”

singml/2006/main’ as "w"),

me AS “layer”

5 doc;

Figure 7: Query the tables in a Word document for lkeywords

'‘haunted' and have been published in the last defcahd
“Find all authors who have at least one book whditle
contains keyword 'haunted' and who have had att Ifes

integrated with various applications. For exam@eacle
Bl Publisher can be used to display the report in various
formats such as PDF, Excel sheet etc. Similarly,sbarch

publications in the last 15 yearsAll this information, even results can be utilized to generate parts of otbéfice

though embedded deep inside the Office documeatsbe

retrieved.

documents or they can be used to populate reldtiabkes.

Certain parts of the documents like tables andrégu

can be seearched without requiring any user inpall.aFor

VII. CASESTUDY

example, Figure 7 shows a query that looks for lergw We have built an internal application to track

defined by bind variablep20_layer_namein the first

column of the ? table of adocxdocument.

development projects in various releases of Omdatabase.
It allows online and real-time access to product

The search results can be returned in XML format andevelopment tracking tools. Part of the processlires

() d9-06 = 32541.doc - Microsaft Ward =

]
=/ Home nsert  Pagelayout  References  Mailngs  Review  View  Developer | AddIns | STProject

Oracle Bl Publisher = | Data = Insert ~ Preview = Tools ~ Help =

Refrash Update Query Connect | Refresh Connect Query

Menu Commands Custom Taolbars ¥DE oML

R A A A S W, AR A R MR BN

Note: Instructions for completing the funct
instructions afterreading and fellowing

cation appearinred. Plea:
bmitting the document f

Functional Specification for mmm=Binary
XML Supporty, Fmem=RDBMSD,
m=DB11gR1 (11.1.0.0.0)p

Project ID: (e (32541 0D

Note: Ifthis specificationis foranindividual feature, enterthe ProjectFeature mumber and Feature Name,

b Status:

1 —Review Draft])

Author:  (@#ss[Asha Tarachandani, Sabina Petride]}
Project Manager: (= {Nipun Agarwal])

Contributors: (emewsSam Idiculal)

ChangeLog

Version Reviewers Changes

Figure 8: Functional Specification Word document
with custom tags
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maintaining a database of technical specificatiar f

products. Typical technical specifications are 2hBsize

on average, with about 2000 projects with technical

specifications per release (up to 4TB of contentrplease).
This site has an estimated 19K users. The typeaiches

and updates are real-time, while it is not rareafdBA to

) Create a Project - Mozilla Firefox

@ = C (ar |1 hepilstagkez.us.orade. com:7777iplsiapex/7p=121:31 :299350800905401 : NO% F 121 _BREADCRUME_P1,F1

| 1] Create a Project
ORACLE" ST Project

Home Page MyReports Metrics Releases Focus Areas/Dhj. Projects Features Admin
Projects > Create > Project
Project Data (2]

Submit | | Reset |

*Nlame [Binary L Support

Division Database > Product |rOBMS ¥

*Project Type HNew Code or functionality additionfmodification v | Release Famity RDEMS 111 |

*Project Category Dev | *Release |DB11gR1 (11.1.0.6.0)

Project Priotity [1 ™ Releass Group [DEcomral v

Primary Code Are v T

W Coxto Catogory) Core ~ Release Focus Area | Performance

Patent Project o =] Releass Objertive | Gemeral Server Performance
JiB oz U@ B|=i= =

This project deseribes Oracle XML DB support for Binary XML format

*Description

NOTE: You may copy and paste formatted text from M5 Word or HTML documents.
This field is limited o 4000 characters including emberided HTML formatting codle.

Project Proposal Upioad [erowse.

Lead Contacts

Dy, Manager |Nipun Agarwal | %, Manager chin | | pevwe &

Prochuct Manager | | @, Test contact | |2 Document Contact [ &

Figure 9: Creating a project transparently generats
a Word document
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) XDB Search Page - Mozilla Firefox

OB c

|| %DB Search Page

C B

ot | L http:fistackzz.us.oracle.com: 7777 plsfapesf? 17

Logout | &

Search XDB Repository

bases, Knowledge, and Data Applications

) Oracle Bl Publisher - Mozilla Firefox

© -c

IJ Oracle BI Publisher

{at J http: flocalhost ;9704 xmipserver f~administratc

TORACLE' Bl Publisher Enterprise

Welcome,
administrator Preferences
Repiorts

Home = My_Fo\ders = xmldg = umilda report Yiew Schedule History H

Result

Extracted Fragment

Prior to release 100R2, XPath processing for schema-less documents was done by
functional evaluation. XML DB added supportforan xMLindex in 100R2 that allowed
the ahility to index both schema-less and schema-hased dacuments stored as
CLOBs. In10gR2, the KMLIndexwork focused an building a framewark to improve
the perfarmance of XPath based queries for both fragment extraction and existence
checking. ¥MLindex can handle a large class of XPath expressions, a8 including
child axes, descendant axes, and equality and range predicates. Itis also datatype
aware with respect o value predicates by picking the datatype specified in the
HMLSchema. Thig information is useful during implicittexplicit type coercions atthe
time of evaluation of an ¥Path.In 11gR1, we are enhancing the ¥MLIndex framework
10 Irprove perormance, Meibility and meet more custamer requirements. In this
section, we presentthe motivation behind the various enhancements being
intraduced in 11gR1 and explain how some custorners will be able to benefitfrom
them

MFS Version 4 [RFC 3530] is a distributed file systern protocol that provides
distributed transparent file access in a heterogeneous network. Itis designed to be
operating system and network transport independent. The NFS pratocal definition is
given as a set ofwell-defined procedures, with arguments and results, to access the
undetlying file systemn. It integrates features like file locking, strong security,
operation cozlescing, and delegation capabilities. MFS server running on ¥OB does
not preclude other MFS servers running simultaneousty on the same host

Document Path

banlda
13741

82.docx

Use this section to describe the project.

Orne ofthe current limitations of XML DB is the lack of eficient XPath processing for
schema-less documents. Dacuments that do not conform ta an XML Schemna can
only be stored in CLOB columns. The only indexing options are functional indexes

Figure 10: Search results — look for"’XML” in
“Description” section and return “Abstract”

perform offline batch updates.

By moving the project tracking database OpenOffic
content to the XMLDB repository, the existing fuioctality
is maintained, while new functionality like fragnédrased
search, publishing, 2-way sync with the relatiotedle
using triggers, is gained.

Figure 8 shows a typical functional specificatiddord
document where fixed fields, like tile, author, jed id etc.

are tagged for easier search. In particular, ndte t

Not_Updatabletag: the update event handlers associate

search within Tay Name | Description [E] for Keyword [XML Text viiay T.&uthors |
extract Fragmennt |Abstract = [ ease sensitive 2
Template | template v || PDF | ‘
[tempate: s | FOr U =
; ) T .

Document Result

amlda32458 docx Vijay Medi

/amlda’37460 docx Vijay Medi

amida‘32506 docx. Asha Tarachandani, Vijay Medi
famldamPlaceEvolution 53 docx Medi

AxmldaPullParser3 docx Medi

/smlda‘saurabh docx Vijay Medi

Figure 11: Search results using Bl Publisher

applications. For best performance, the XML content
stored in Binary XML format with a path-subsetted
XMLIndex on it. The event-based mechanism is a pavwe
technique allowing dynamic content generation and
validation, using any database data. Document and
fragment-level access control enforcements methods
available for XMLDB resources can be also applied.

Open XML integration with content management
cSolutions for XML is carried out successfully aldxy
MarkLogic [8] [9]. Their toolkits for Word, Excel ral
Powerpoint allow Open XML data to be saved in the
MarkLogic server and subsequently queried via X@uer
manipulated and rendered. The main focus of thdyatis
on search and retrieval of text and XML granular
information. It allows for search results transfations,
template-based content creation, and dynamic adgesfib
gearch results. There are a number of differebetween

with specification resources disallow changing XML °urs and their approaches.

content with this particular tag.

Figure 9 shows the web page for creating new pi®jec

that automatically generatiocx file for the project. Figure
10 and Figure 11 show 2 web-based search interfaces
standalone one and with Bl publisher and resuét pbpular
search. The search returns a document fragmenthingtc
the query, one for each specification documentyvel as
the Repository path of the specification, for edsi-
document access.

VIIl.  CONCLUSION AND FUTURE WORK
We have presented the XMLDB solution for storing

1) XMLDB Repository being part of the Oracle
database, applications storing Open XML content in
XMLDB implicitly benefit from all the general databe
features, like high availability, backup and reagye
security, utilities etc., as well as from more rcer
particular features like smart lobs and secures fikee can
take advantage of when choosing binary storageOfmen
XML content.

2) Fine tuning of the actual storage and of the indexe
on top of XML content is essential for good fragmlavel
querability. As detailed in Section 1l, the apptica
developer storing Open XML in XMLDB has the optioh
,specifying the XML storage format and of buildingK

querying and rendering Open XML content. Open XMLindexes tailored to a specific set of _queries c_miaptions.
content can be saved in XMLDB as a resource in thd© the best of our knowledge, there is no equivadépath-
Repository providing direct WebDAV access to Office subsetted XML index with MarkLogic, nor is the
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application developer able to fine tune the storagel [2]
indexing method for particular query sets or aggtians.

3) XMLDB  Repository events and resource
configurations allow for custom and automatic wildkv in
applications. The application developer can usg s$itigle
framework for quite different purposes, like dynami
content generation and content validation. Furtloeemthis
can also be used for 2-way synchronization betweef#]
OOXML data and relational table with the help ofeev
handlers and database triggers.

4) Both dynamic content generation and validation cart®!
use any data source in Oracle databases, whiddieslthe
entire XMLDB Repository. In particular, this covensn-
XML, arbitrary relational data, while MarkLogic ttkits are
tied to the XML content in their repositories. Rbe same [6]
reason, Open XML in the Oracle database is autcalbti
available for manipulation to any database appbticat

Clearly, this is a functionality-only comparison.s A
products will become more mature and possibly othef,
similar toolkits will be available, we expect bentdrks for
Open XML and ODT handling in XML repositories to be
set; we leave performance evaluations to futurekwor

(3]

(8]
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