
7KH�;&'(�/LEUDU\7KH�;&'(�/LEUDU\
;;PO�PO�&&RPSUHVVHG�RPSUHVVHG�''RFXPHQW�RFXPHQW�((QJLQHQJLQH

Paolo Ferragina
Andrea Mastroianni
Dipartimento di Informatica, Univ. Pisa



Great opportunity for IR…Great opportunity for IR…

Queries may exploit the tag structure to refine, rank and 
specialize the retrieval of the answers. For example:

z Proximity refined by exploiting the text structure
<author> ivo rossi </author> <author> ugo verdi </author>

Ad-hoc search engine
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z Word disambiguation driven by tag names
<author> Brown … </author> <university> Brown … </university>
<color> Brown …. </color>             <horse>  Brown … </horse>

z Context extraction driven by “tag enclosure” Æ well-formedness
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XML storage: four approachesXML storage: four approaches

z IR oriented : full-text search capabilities

– Forget the existence of text structure

– Tag queries solved by searching for <tag

– Proximity exploited to solve queries on text + structure

z Flat : just file storage and processing routines (DOM or SAX)

– Very slow and memory demanding in the DOM case

z Database oriented : built on top of existing DBMS

– Relational or object-oriented

z XML native : aim at providing XML storage support



XML native storageXML native storage

The literature offers various proposals:

z TReSy: String B-tree Æ large space occupancy   (1997)

z Xset, Bus: build a DOM tree in main memory at query time

z XYZ-find: B-tree for storing pairs <path,word>

Three interesting issues…

1.  Space occupancy is usually not evaluated (it is high for DB-approaches) 

2.  Data structures and algorithms forget known results 

3.  No software in the form of a library for public use and development 

³KLVWRU\´

z Natix: DOM tree is partitioned into disk pages (see e.g. Xyleme)

z Some commercial products: Tamino,…    �QR�GHWDLOV���

9 Fabric: Patricia tree for indexing all possible paths

9 XISS: Inverted indexes + numbering scheme for doc structure access

9 A plethora of other proposals….
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XCDE Library: XCDE Library: RequirementsRequirements

z XML documents may be:
– strongly textual (e.g. linguistic texts)

– may occur without a DTD
– retrievable in their original form  (for XSL, browsers, post-processing…)

z The library should offer:
1. Minimal space occupancy  (doc + index ~ original doc size)

⇒ space critical applications: e.g. H�ERRNV��7DEOHWV��3'$V�«

2. State-of-the-art algorithms and data structures

3. XML native storage for full control of the performance

4. Flexibility for extensions and software development



XCDE Library: XCDE Library: Design choicesDesign choices

z Single document indexing:
– Simple software architecture
– Index customizable on each file (they are heterogeneous)

– Ease of management, update and distribution
� Blocking via XML tagging to speed up query

z Full-control over the document content:
– Approximate or Regexp match on text or attribute names and values
– Partial path queries, e.g.  //root_tag//tag1//tag2, with distance

z Well-formed context extraction:
– for rendering via XSL, Braille, Voice, OEB e-books, …



XCDE Library: XCDE Library: The structureThe structure
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Basic featuresBasic features

Not limited to Linux …

SURYLGHG�WKDW�WKRVH�OLEUDULHV�DUH�VXSSRUWHG�E\�WKH�26���

• Main features:
– Developed in C, tested under RedHat Linux 7.2 e Apache 1.3
– Uses two public libraries: Zlib e Expat

• User may customize
– definition of words and separators, including entities
– set of data structures to be built

9 Available for research and teaching purposes



Data engine:Data engine: The document storageThe document storage

z We keep a Two-Level View:
– Phisical view Æ original ASCII file
– Logical view Æ file with internal entities expanded

• Original text compressed twice by 
- Byte-aligned tagged Huffword Æ keep word identities
- Gzip on blocks of 16Kb size Æ exploit phrase repetitions

<!ENTITY unipi   “University of Pisa”>
…
Paolo Ferragina, &unipi; Æ Paolo Ferragina, University of Pisa

This ensures that …

WKH�FRPSUHVVHG�ILOH�RFFXSLHV�DERXW�����RI�LWV�RULJLQDO�VL]H��



Data engine:Data engine: The indexesThe indexes
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Data engine:Data engine: Context data structureContext data structure

• A special data structure:
– Succinct space + fast access to doc structure

<?xml version=“1.0” ?>
…
<weather-report>

<date> 25/12/2001 </date>
<time> 09:00 </time>
<area> Pisa, Italy </area>
<measurements>

<skies>  sunny </skies>
<temp scale=“C”> 2 </temp>

</measurements>
</weather-report>

…

TXHULHG�
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¾ Space =  4(#tags)
¾ Context queries in O(1) time



Query engine:Query engine: Some detailsSome details

As a result  …

9 :H�FDQ�LPSOHPHQW�;SDWK��DQG�´PRVW�RIµ�;TXHU\ �
9 6SDFH�a RULJLQDO�ILOH�VL]H��YHU\�IDVW�DUELWUDU\�,5�RU�SDWK�TXHULHV

�IURP�����WR�����GXH�WR�GLFWLRQDU\�DFFHVV����

z Text query supports :
– Standard word queries: prefix-match, suffix-match, substring-match;
– Complex word queries: Approximate match, Regular expressions;
– Proximity search.

z Tag-Attribute query supports :
– Arbitrary path expressions, e.g. //doc/chap/*/page/*/line
– All tags that enclose a given text position;
– Fast computation of distances in tag nesting;
– Complex searches on attribute values, and/or tag-attribute pairs.





An example of useAn example of use

What we did ?

:H�XVHG�WKH�;&'(�OLE�WR�LPSOHPHQW�D�VLPSOH�;0/�VHDUFK�HQJLQH��

z Collaboration with CIBIT        (Biblioteca Italiana Telematica, Prof. Tavoni)

– About 1500 texts marked with TEI-XML

– Texts have strong linguistic content and are highly structured

– Attribute values are complex strings with letters and numbers

z Design requirements:

– IR-queries on words and attribute values

– Queries may involve groups of files, specified on-line

– Well-formed context extraction for customized visualization
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Plan of future activitiesPlan of future activities

Future research …

¾ Exploit state-of-the-art compressed indices for dictionaries;
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XCDE data engine

XCDE query engine

General query 

Algorithmic Engineering

FXUUHQW�VWDWH���

¾ Extend XCDE to manage highly populated collections;

� Study XML ranking, clustering, doc-struct encodings, fast path or tree queries.

¾ Implement a more powerful query language and a user-friendly interface;





A glimpse onto A glimpse onto XML featuresXML features

z Text-based tag language, ~ HTML but data oriented.
z Ground rules on XML syntax:

– Ease document parsing and processing;

– Self-describing mark-up Æ represent any kind of data.

z It is platform independent.

all you’ve got !!   �%��.HUQLQJDQ�

Allows “write once, distil anything, publish everywhere” (XSL)

“ What you see is what you get ”   �:<6,:<*�ODQJXDJHV�



An example of query An example of query 

-–tag -–xml_exact weather-report -–tag –-xml_exact  area --word -–xml_exact  Pisa --word -–xml_exact  Italy

<?xml version=“1.0” ?>
<weather-report>

…
…

<area> Pisa, Italy </area>
…

</weather-report>

z How do we find the area of Pisa in the weather-report document ?

Pisa Italy

weather-report

--tag --xml_exact weather-report --xml_dist 1 --tag --xml_exact area
--proximity 1  --word --xml_exact Pisa --word --xml_exact Italy

z Or more precisely:

area

no
distance



DBMS and XMLDBMS and XML

z Main idea:
– Represent the document tree via tuples or set of objects
– Query engine use standard join and scan
– Some additional indexes for special accesses (e.g. Fabric)

z Some advantages:
– Standard DB engines can be used without migration
– Query languages are well known: e.g. SQL

– Query optimisers are well tuned

z Some disadvantages: twofold mapping for storage and query !
– Query navigation is costly, simulated via many joins

– Query optimiser looses knowledge on XML nature of the document

– Number of tables is high and much space is wasted



The query language in a “nutshell”The query language in a “nutshell”

tag-query + word-query *

–tag  –xml_exact weather-report    –tag –xml_exact  area --word -–xml_exact  Pisa --word -–xml_exact  Italy

--xml_dist d --proximity p

--xml_case

--xml_error k

--xml_exact

--xml_prefix

--xml_suffix

--xml_regexp

--xml_contained

stringa

--xml_nocase

string-query

--withattr

--withoutattr
--xml_anyvalue

string-query

--value

string-query
--xml_token_exact stringa
--xml_token_prefix stringa
--xml_token_suffix stringa

--tag –-xml_exact nometag

possibly more than once



DBMS and XMLDBMS and XML ���RI������RI���

z Main idea:
– Represent the document tree via tuples or set of objects;
– Select-from-where clause to navigate into the tree;
– Query engine use standard join and scan;
– Some additional indexes for special accesses;

z Advantages:
– Standard DB engines can be used without migration;
– OO easily holds a tree structure;
– Query language is well known: SQL or OQL;
– Query optimiser well tuned;



DBMS and XMLDBMS and XML ���RI������RI���

z General disadvantages: twofold mapping for storage and query !
– Query navigation is costly, simulated via many joins;

– Query optimiser looses knowledge on XML nature of the document;
– Need extra indexes for managing effective path queries

z Disadvantages in the relational case:                           (OUDFOH��L��L)

– Impose a rigid and regular structure via tables;
– Number of tables is high and much space is wasted;
– Do exist translation methods but error-prone and DTD is needed.

z Disadvantages in the OO case: (LRUH DW�6WDQIRUG�XQLYHUVLW\)

– Objects are space expensive, many OO features unused; 
– Management of large objects is costly, hence search is slow.



An XML document is…An XML document is… (W3C project since ‘96)(W3C project since ‘96)

z A simple piece of text containing some mark-up that is  
self-describing, follows some ground rules and is easily 
readable by humans and computers.

<?xml version=“ 1.0”  ?>
<weather-report>

<date> 25/12/2001 </date>
<time> 09:00 </time>
<area> Pisa, Italy </area>
<measurements>

<skies>  sunny </skies>
<temp scale=“ C” > 2 </temp>

</measurements>
</weather-report>

Tags come in pairs 
and are possibly nested

Data may be irregular, 
heterogeneous
and/or incomplete



A simple query languageA simple query language

z Designed to:
z validate the XCDE library; 
z search into an Italian literary collection of XML-TEI texts.

z Type of queries supported:

Tag1 Attributes1

Tag2 Attributes2

Tagn  Attributesn

word1 word2 word3 wordm

distance2

distancen

proximity



Why this project ?Why this project ?

z XML is becoming the standard for data representation and 
exchange amongst applications over the web.

z Several XML projects in academia and industry:
– Data models and query languages (XQL, Xquery, Lore,...).
– Tools and applications (Xmill, editors, XSL, EDI,…).

;0/�RIIHUV�DQ�RSSRUWXQLW\�IRU�EHWWHU�,QIRUPDWLRQ�5HWULHYDO �

z An especially active field:
– Solutions for storing, updating and retrieving information from XML data 

which may be heterogeneous, irregular and/or incomplete.


