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Why XML?

* Web data means XML and...
— Web-based data sharing systems (e.g., Google base)

* ... XML is everywhere else
— Microsoft’s Office Open XML standard
— OASIS OpenDocument standard

* DBMS support
* Web Services
* Semantic Web
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Data Management for the Masses

* Several popular online data stores

— Allow the users to organize their data in any way they
wish, while offering pre-defined, customizable
schemas from different application domains

— Provide flexible, easier query paradigms than XQuery
mixing querying and searching (schema-free XQuery
[Li et al.”04])

— GoogleBase, FreeBase, CraigslLists ...
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Data Exchange

* Data exchange consists in taking data structured
under a source schema and
of a target schema that reflects the source data
as accurately as possible [Fagin et al.’03]

* Data exchange appears naturally in information
integration and Web data management settings
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Data Exchange Mappings

* To define good mappings, one

must understand:

— The source and
target schemas

— Which data is where

° These are done with
the help of tools

Source: stylusstudio.com

Y

W

Add Source Document Set Target Document

iba Quote stockguotes, xsd =
. CompanyMame \ﬂj,, — StockQuotes R =
& StockTicker — Cormpary W=
% StockCuote — \ Mame W
& LastUpdated — Ticker &
& Change JEVENLES W
& Operfrice m — Quote W
1 F‘lfwl—linhprirn If Block °
< > Function Block * £ »

-

Conditional Block ¥ nandmokashi. com A

declare namespac

declare namespace soap = "http://schemas.xanlsoap

for S$ouote in doc{ws:///stock-guote.wscce’) /=oap
return

= =
= =
= =
fSCucte/a: StockTicker/text ()}
</ =
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State-of-the-Art in Data Exchange

* Heavy artillery: DBMS on each end of the
mapping, coupled with sophisticated mapping

design tools
— Prototypical example: IBM’s CLIO

* Costly operation: migrating data between two

similar corporate applications
[Sikka VLDB 2006 Keynote]

— Typical organizations have hundreds of database
applications
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Classical Data Integration/Exchange

* Mappings are expressed in a variety of
formalisms: SQL, XQuery, LAV, GAV, and GLAV

e Classical notion of mediated schema
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Classical Data Exchange

* Lack in user support [Doan & Halevy’05]

— Poor explanations to users about how the mapping
works; especially needed when the mapping doesn’t
work as expected

* Lack in formal understanding [Doan & Halevy’05]

— Most works have focused on tools and prototypes,
little attention has been devoted to understanding
what these mappings are and what they do
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P2P Data Exchange

* P2Pis a promising paradigm
for distributed data
management [Aberer’03] ﬁ x
* Data sources exchange
data amongst them
independently of

each other !

— No centralized
mediated schema
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Data Exchange For the Masses?

* Most P2P connections are brief, most exchanges
are “one-of” affairs

* Users are not trained in data management (they
don’t even see the “database” for the most part)

* Lower cost for data management results in a
myriad of schemas for the same application
domain [Halevy et al.’07]

* Needed: better mapping tools, easy to use data
manipulation paradigm
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Outline

* |n this talk | will briefly discuss ...

* A simple and flexible data exchange framework
for XML (FleDEx) [WIDM’'07]

* Ongoing work on allowing casual users to update
XML documents
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FLEXIBLE XML DATA EXCHANGE




Example: Exchanging Music Data

album
" albu

artist \titl e

“Nora Jones” “Not too late”

track track
“Wish | could” “Not too late”

Music grouped by genres
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media
group .
group
name —=DVD
“Miles Davis” S0
title

“Kind of Blue™

style
“Instrumental }

sbng song

ti{le t*le

“So What” “All Blues”

Music grouped by artists/bands



Data Model

* We capture simple, unordered XML
* Each element label becomes a type (a la DTDs)

* Two kinds of nodes:

— Entities (or XML inner
element nodes)

— Attributes (XML leaf - L;i"e
“Not Too Late”
nodes—elements/attributes)

name

“Norah Jones”

track title track

title

“Wish I could” “1” ... ., ’
Sinkin' soon
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Abstraction of DTDs

* The schema specifies the nesting of entities and
the attributes that describe them

collelction collection
music music.genre l
/ Cl; music.CD
genre
VAN ¥ a
title year

(a) DTD Graph. (b) FDM Schema.
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FleDEx - Flexible Data Exchange

* STEP1: Automatic o D Lo
discovery of @ @/ l
G
correspondences /N
between source and U= 155 /tk
target data e > G
— We consider bc -----------

, and keep those that lead
to the better overall similarity scoring

— Combined state-of-the-art matching algorithms
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Matching Types A, B

* L: Label similarity between A,B

* K: Keyword similarity between A,B
— Takes tf-idf into account

* C: Attribute overlap between A,B

* C: For numeric values, we look into the overlap
between their distributions
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Combining Matching Scores

* We use noisy-OR gates [Pearl’88]:

OR

ONEN®

P
®

* The final score of a node is high if any (or both)
incoming is high
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FleDEx - Flexible Data Exchange

o . . artist ﬂ.\,-q_—— album
STEP2: consider I /».\).A/’/
all candidate /CD\\D
mappings ][] rack
. Ch itabl A /X
oose a suitable one @ Gw> G G
— Avoid redundancy whenever’ b

possible; never introduce redundancy

— Ex: artist and title must be duplicated for each style to

compose a album and all tracks must be repeated for
each duplicate album!
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FleDEx — Flexible Data Exchange

* STEP3: translate the source data

name Il >artist.name CD.title song.title | song.track
Norah Jones | Not Too Late | Wish | could | 1
Norah Jones | Not Too Late %inkin’ soon | 2

title
“Not Too Late”

m Translated instance

track

“Norah Jones”

title
“Wish I could” “1” «p “Not Too Late” “Norah Jones”

“Sinkin' soon”
num title num

W'h[ ld” “Ky» (2))
s oo ! “Sinkin' soon”

title
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FleDEX: Results

* Goal: produce “good” mappings on real data

* Evaluation metric: f-measure (accuracy)

* Real data:

Source Collection

Target Collection

Domain Entities Attr. Entities Attr. Overlap
Movies 774 7 8.914 19 10
Music 714 40 10,000 4 4
Books 789 5 1,211 19 4

Articles 1.630 6 8.000 13 4

* Details in [WIDM'07]
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<movie>
<title>Night of the Living Bread</title>
<imdb_key>0133313</imdb_key>
<year>1990</year>
<rating votes="22">7.1</rating>
<genre>Short</genre>
<genre>Comedy</genre>
<genre>Horror</genre>
<keyword>parody</keyword>
<keyword>independent-film</keyword>
<credits>
<director>Kevin S. 0'Brien</director>
<cast>
<cast_member>Vince Ware</cast_member>
<cast_member>Katie Harris</cast_member>
</cast>
</credits>
<runtimes>
<runtime country="USA">8</runtime>
</runtimes>
<country>United States of America</country>
<languages>
<language>English</language>
</languages>
<certifications>
<certification country="USA">Unrated</certification>
</certifications>
<user_comment>
<p>Being someone who lists Night of the Living Dead at number
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<movie>
<title>
Africa's Elephant Kingdom
</title>
<mid>
1800020075
</mid>
<url>
P e
<details>
<description>
An elephant family is tracked as they make their way
</description>
<production_status>
Released
</production_status>
<genres>
<genre>
Documentary
</genre>
</genres>
<running_time>
40 min.
</running_time>
<release_date>1998</release_date>
<MPAA_rating>
Not Rated
</MPAA_rating>
<distributors>
<distributor>
IMAX Corporation
</distributor>
</distributorss



Results: Combining Scores

X combined & content - keywords & values © labels =0=combined =f#=content ~“*~keywords
1 =>=values  =¥*=labels
0.9 1
0.8 0.9
0.7 0.8 -
0.6 0.7
0.5 0.6 -
0.4 0.5
0.3 04 -
0.2 0.3
0.1 0.2
0 0.1
movies music books papers 0 T T T T T T )
1 5 10 15 20 25 30
Source document size
Size=50 Movies domain
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More Results

=0=articles =~books ““*~movies =>&music
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FleDEx: Summary of Results

* High accuracy in finding mappings even with
pretty small databases (as few as 50 objects)

* High accuracy even with low overlap between the
source and target data

* High accuracy with noise (i.e., real data that does
exists in the source or the target only, but not in

both)
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SCHEMA-FREE XML UPDATES




Updates for the Masses?

* Consider this simple operation: copying movies
from one database into another

movies
rhannel genre
.-—- # i ‘-
it t @name
name |em lem il
Q"E/
title genre mle genre m°"<
The Departed Thriller \Sublime Horror . / .
title year
DejaVu | 1996
RSS feed studio
unknown
My database
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Updates for the Masses?

* Consider another operation: updating a database
with more accurate information

movies
~film o
ti?le rated @na?ﬁe
Deja Vu \ PG-13 Thriller
' " i
company |\ released '"°‘"{
Touchstone Picturd 2006 / -

imdb data

My database
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Updates for the Masses?

title genre
The Departed Thriller

title genre
Sublime Horror

film
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movies

o : N
movie title studio

k The Departed Warner

title studio
Sublime Warner
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Updates for the Masses?

SA1l: DO INSERT
let $item := doc('input.xml’)//item[1]
return <movie>
<title>string($item /title)< /title>
<studio>string($item/../name)< /studio>
< /movie>
INTO doc('db.xml’)//genre[@name="Thriller"]

Inserting
Movie 1

SA2: DO INSERT
let $item := doc('input.xml ")/ /item|2]
return <genre name="string($item/genre)">
<movie>
<title>string($item/title)< /title>
<studio>string($item/../name)< /studio>
< /movie>
< /genre>
INTO doc('db.xml’)//movies

Inserting
Movie 2
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XQuery for Casual Users

° |deas:

— Provide IR-style search that takes the structure into
account

* Methods:
— Approximate XML Joins [Guha et al.’02]
— Schama-Free XQuery [Li et al.’04]
— Approximate XML matching [Amer-Yahia et al. 03]
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Structured Updates

° A s a triple su=(op, loc, c)
— op: INSERT-BEFORE, APPEND, REPLACE, DELETE
— loc: XPath expression over the target database

— c¢: new content that goes in the database

* An update program consists of several individual
structured updates
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Structured Updates

U = (APP,
doc('db.xml’)//genre[@name = "Thriller”],
Inserting ) . )
Movie 1 <movie><title>The Departed</title>
<studio>Warner</studio></movie>)
U = (APP,
doc('db.xml")//movies,
<genre @name = "Horror">
_ <movie><title>The Departed</title>
Inserting
Movie 2 <studio>Warner</studio></movie>

</genre>)
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Schema-Free Update Framework

* Mechanism for the user to specify the source and
target nodes involved in the operation
— Point-and-click
— Copy-and-paste

* Update semantics

— Conservative: avoiding redundancy

* Producing the equivalent structured updates
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Update Language — Examples

* |Inserting all the data in the RSS document:

* |nserting a specific movie

* Updating with the imdb data:
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Towards Schema-Free Updates

* Goal: translate schema-free update operations
into structured updates

* Qverview:

- : re-format the incoming data (FleDEx)

— : find which “data items” are already
in the database

— Determine where to effect the update
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Data Fitting: Translating Instances

item

/N

title genre
Sublime Horror

title genre
The Departed Thriller

company released
Touchstone Pictures 2006

genre

genre movie
/ title «
@name @name Deja Vu
Thriller )

3 Horror | yzeoaro . ratin

mOVIe movie StUdio PG- l 3
Touchstone Pictures @country
unknown

title studio title studio

The Departed  Warner Sublime  Wamer
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Data Fitting — Rewriting Instances

* Once we find the correspondences:
— We decide data to map and
— We add required elements/attributes

bibitem (author+, editor+, title, paper (author+, title, proceedings, year, pages)
booktitle, year, pages) article (author+, title, journal, volume, pages)
proceedings (editor+, title, year, publisher)

. o _
<bibitem> journal (editor+, name, publisher)

<author>Amihai Motro</author>
<editor>Won Kim</editor>
<title>Management of Uncertainty in database Systems</title>
<booktitle>Modern Database Systems</booktitle>
<year>1995</year>
<pages>457-476</pages>

</bibitem>
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Anchor Discovery

. . partial isomorphism
between the source and target tress

. . if a node in the source is
anchored, so are all of its ancestors

* Goal: given an XML tree t,, determine whether
there is a tree t, in the database such that t, and
t, “represent the same object”

— Related work: finding duplicates [Weis et al.’05]
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Ambiguity in Anchoring

movies
QNI -------mmmmmmse e =genre
@name ------- = @name l
v Chriller Thriller
MOVI@ ------vememmnnmnnnnnannns = movie
year title «--eeene--- > litle year
V  Dejzvu Deja Va 1996
studio )
Touchstone Pictures studio
unknown

Unambiguous anchoring
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genre
u

|
N

moyvie

@name---== @name \
cult cult }:;_
--------------------------- = movie _ movie
. |, P
e |
‘* v
BOIOF =-==---==========- > actor
Bol Bol actor
= ¥ Joe

Ambiguous anchoring



Anchoring Algorithm

* Input: trees t,, t,
* For each tree t;in t, of the same type as t,

— Phase 1 (top-down): anchor all pairs of nodes from t,,
t; that have the same type

— Phase 2 (bottom-up): un-anchor pairs of nodes that
are not

— Un-anchor (and remember) all ambiguously anchored
nodes

D. Barbosa -- University of Waterloo, Mar 2008 44



Node Similarity

* Leaves: ¢, o are similar if the normalized edit
distance of their content low enough (<0.3)

w(Ex)

w(Ez) + w(E;,g) >

* Inner nodes: sim(e,a) =

w ( ) inverse document frequency of the paired values
Ez pairs of leaf nodes that remained anchored

E;ﬁ pairs of leaf nodes with the same type but not anchored
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Conservative Update Semantics

* Insertions: add all non-anchored nodes

* Updates: replace non-anchored nodes that have
a corresponding one (i.e., same label)

* Merges: update followed by insertion

 Deletions: remove anchored nodes from the
database
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Semantics: Examples

movies
Y
genre
_n‘ovie @npame
- Thriller Y
title ) = movie
Deja Yu /

year i a ¥

2006 title year

o Sludio PG-13 Deja Vu \, 1996
ouchstone PPictures @count .

i el A ﬁtr:jkdnlgwn

Updating an existing movie
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movies
QENFE ~----mrmremmmmerm e =genre
\_\x A’f-‘/
@name ------- = @name
[hriller Thriller v
movie movie
title studio title year
The Departed  Warner Deja Vu 1996
studio
unknown

Inserting a new movie



One Last Step: Where to Insert?

* Problem: we do not want updates that violate the

target DTD
— We need to find all

possible insertion points

— When a tree does not
anchor at all, try to find

the place where
other similar nodes
are stored
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movies

genre genre

@name

Thriller movie \@qme E
. orror
» ) %
movie title studio ‘
| " \The Departed Warner h
# X s
title year movie
Deja Vu | 2006 & Ny
studio title studio

Touchstone Pictures Sublime Warner
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One Last Step: Where to Insert?

* |dea: build an index 8
that associates ._<j\o
positions with labels

* Problem: for arbitrary  1; < a, (bx | (¢, a ))
DTDs, one can’t tell
the positions without validating the document

* Good news: there are simple DTDs for which this
becomes trivial

— [Arenas&Libkin’03], [ICDE’04], [WIDM’06]
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Experimental Evaluation

* Main test: how many mistakes happen when we
try to update a database

* We use real

Databases Site Objects
data Movies http://imdb.com 8,014
Music http://musicbrainz.org/doc/Database | 14,966
Books http://dblp.uni-trier.de/xml/ 1,211
Articles http://dblp.uni-trier.de/xml/ 8,000

(a) Test databases.

Source docs Site Format
Movies http://movies.yahoo.com HTML
Music http://www.pandora.com RSS
Books http://books.google.com HTML
Articles http://www.sigmod.org/record/xml/ XML

(b) Source documents.
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Accuracy of Data Fitting/Anchoring

* Accuracy = fl-measure

All | Simple | Complex 1
movies | 0.96 0.97 0.96 0.95
music | 0.98 0.98 0.98 0.9
books | 0.95 | 0.94 0.95 o oas
articles | 0.95 0.92 0.95 5
S 0.8 | | :
w 075 o) th
o7 | movies —— “o-gi
. d { music -->--- 47 T
Data Fitting by * books % - il
0.65 -~ . articles & i
0.6 x" o 1 ] | | I 1 LU
03 04 05 06 07 08 09 1
Anchoring threshold
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Update Correctness — Summary

* Source instance 5, intended updated instance /,
and instance produced by our method

 Atomic edits needed
to convert instances Existing N

B U U Operations P R A
SI» ~ SP insert 099 1  0.99
: update | 0.55 0.72 0.11
* Metric: merge | 0.88 0.9 0.76
delete 0.98 0.98 0.95

(n—c)+ (m—c)

m

| = | |
| = | ==
| = | =]

1 —

n —= |Usp|, m = ‘USI|7 C — |USP a USI‘
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Conclusion

* Schema-free data management benefits non-
expert, casual users

— Possible because of the “hints” in the data (schema,
structure, content)

 State-of-the-art: a long way towards allowing
non-experts to store and query data

* We've started looking into exchanging and
updating Web data

— Long way to go still
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