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Motivation
XQuery/XPath Full Text 1.0

e upcoming W3C Recommendation for content-based XML queries
e brings DB and IR world together
o firstimplementations available (Qizx, MXQuery, xDB, BaseX)

Challenges

e large text corpora/XML instances
o complete embeddingin XQuery language
o classical retrieval features: stemming, thesaurus, stop words

— all features need to be supported, yet performance is essential
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Queries

Document-based location path with predicate

//book|[title ftcontains 'Crime and Punishment']

Optional filters and options

//book[section ftcontains ('heritage' ftand 'claim'
window 10 words) language 'en' with stemming]/title

Queries without document reference

'a b ¢' ftcontains 'b'

Dynamic item values

func:merge($a) ftcontains { func:stem($a), $b, $c }
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BaseX
Native XML Database and ' st 3G

il: idit-:lewﬁ} gpzn SL_:E‘%{., FEER & o 10 Hit(s)
XQuery Processor e ] 7]

e first complete XQuery Full Text e N ) 1 = ==

for Scountry in //country
where $country/Epopulation = 100000000

.i m p le m e ntat-i O n return $country

 high XQuery conformance (99.9%) | ° =]> 7]
e variousindex structures: fext popiaton_ (3|

<country id="f0_358" name="Russia" =
capital="f0_1598" population=" =

names, paths, values, full text 1730 datacode=iS” toral ares="

17075200" population_growth="-0.07" 7 country =
infant_mortality="24.7" gdp_agri="&" 7 country —
° t' ht b k d f t d l' gdp_total="796000" inflation="7" indep ¢ country 1=
_date="24 08 1991" government=" ¥ country
-I g a C en / ro n e n CO u p -I n g ’ federation” gdp_ind="41" gdp_serv="53" @id="f0_475"
° ° car_code="R"> @name="China"
r'e a l_t'l m e q u e r'y'l n g =name=Russia</name= @capital="f0_1676"
<city 1d="f0_5025" country="f0_358"= @population="1210004992"
=name=5Sergiev Posad</name= @datacode="CH"
. =name=Zagorsk=</name= @total_area="9596960"
[ ] B S D O 3 O 7 =population year="95"=114000</ @population_growth="0.98"
O p e n S O u rce ( S-I n Ce population= @infant_mortality="39.6"
<fcity> @gdp_agri="19"
<city id="f0_5047" country="f0_358"> @gdp_total="3500000"
<name>=Seversk=</name> v | @inflation="10.1" |
- @eovernment="Communist state" L]
doc("factbook. xml) 6MB
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Storage

Document Storage

* inspired by XPath Accelerator! and MonetDB/XQuery

Germany

« flat, compressed table storage, using pre/dist/size encoding:

1 pre dist size data
<A> A 1 1 11 A
<B>xw xy</B> / 2 1 1 B
<C> 2/ 4 11 3 1 0 =xw xy
<D>x</D> B C £ : 3 6 ¢
x</ ‘ ‘ 5 1 1D
<D>xy xw</D> 3 5 7 9 12 6 1 0 x
XW X X
8 1 0 xy xw
(/C) 6 8 10 9 5 1 D
<E>y x</E> x XyxW Xy 0 1 0 xy
11 10 1 E
</A> 12 1 0 v x

1 Torsten Grust, Accelerating XPath Location Steps. SIGMOD 2002
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Storage

Indexes /K

e names (tags, attribute names) B 40\15

e paths (unique location paths) y s \g |
XWXy D D D yX

» values (texts, attribute values) 6 g 10\

Full Text Index
o Compressed Trie Tne
e node: characters and pre, pos value pairs / \
« value pairs are sorted oozt 7 so20
— essential for pipelined evaluation / \
Y3 ,0[8,1 3 ,1/8,0
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Evaluation
Sequent-ial.scan /A/C[D/text () ftcontains "x"]
o performs the predicate test for each location path QueryPlan
e touchesall addressed nodes at least once v

Index-based processing / v \

 performs the predicate test first Root | | chitd=:A | - [ chitd::C

o traverses the inverted path for all index items l
FTContains

Hybrid Approach / \

« combination of sequential and index-based LocationPath | | "’

processing / \

child::D child::text()
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Evaluation: Index-Based

Indexing on document level

e popularapproachin relational databases
— no performance boost for large documents

Indexing of location paths

» simple queries with fixed path can be easily sped up
— does not work for nested/more complex queries

XQuery Index Functions

o allows for explicit index calls
— no benefit forinternal query optimization
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Evaluation: Index-Based
Dynamic Approach

e alltextnodesareindexed

o predicates with ftcontains are analyzed forindex access

e costs are estimated for each index access

e cheapest predicates are rewritten to index operators

* remaining location paths are inverted (utilizing the XPath Symmetries?)

Advantages

+ many queries with nested/complex location paths can be optimized
+ query writing and query optimization are uncoupled

2 Dan Olteanu et al., XPath: Looking Forward. XMLDM Workshop 2002
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Evaluation: Index-Based

/A/C[D/text () ftcontains "x"]

QueryPlan

l

LocationPath

QueryPlan

Y
LocationPath

W

FTIndex parent::D parent::C

8 DN 0 =

Root child::A child::C

'

FTContains

LocationPath }” x"

VAN

child::D child::text()

XQuery Full Text Implementation in BaseX

"x" LocationPath

Y\

parent::A parent::doc()

FTIndex("x")/parent::D/parent: :C
[parent: :A/parent::doc()]
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Evaluation: Index-Based

/descendant: :D[text () ftcontains "x"]

QueryPlan QueryPlan
LocationPath LocationPath

A AN

Root descendant::D FTIndex parent::D

' '

FTContains "x"

Location'éh }x FTIndex("x") /parent ::D

'

child::text()
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Evaluation: Index-Based
QueryPlan
let $auction doc("XMark.xml") l
return FLWOR
for $p in $auction/site/people/person / \
where $p/address/country = "United States" o [retor
and $p/name ftcontains ] \'
"Nikil" ftand "StO]'OVitCh" LocationPath LocationPath
return $p/emailaddress l l \
InterSection self:: Variable child::
node() $p emailaddress
/ v >_
LocationPath LocationPath LocationPath
N '\ AN

TextIndex

country

"United States"

XQuery Full Text Implementation in BaseX

parent::

parent::
address

parent::

person

FTIntersection parent::
name
FTIndex FTIndex
"nikil" "stolovitch"

parent:: pa
person

people

rent::

parent::
site

parent::
doc()
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Evaluation: Hybrid
Hybrid Approach

e the ftnot operator cannot
be processed by only using
the index

e vet, index can be applied
to avoid tokenization of
all text nodes

o optimized plan combines
seq. scan and index access

 sortedness of nodes and
index results leads to
linear costs

XQuery Full Text Implementation in BaseX

QueryPlan

'

LocationPath

VAN

Root descendant;::*

FTContains

/

N

LocationPath FTNot
child::text() "x"

—>

. . T~
University of Konstanz F2iy |
Germany S
NI
QueryPlan
LocationPath
Root descendant::*
FTIndexContains
LocationPath FTIndexNot
b
child::text() FTIndex
Y

”X”
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Evaluation: Pipelining

Iterative/pipelined Evaluation

e items are processed one-by-one
e constant memory consumption
 mostefficient if large results are reduced to small, final result sets

Index Access

o all XQFT operators can be processed in an iterative manner
o apipelinedindex operator returns single items

— this way, the same full-text operators can be applied on both sequential
and index-based processing

e again, the sortedness of index results avoids pipeline blocking
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Evaluation: Pipelining

Index-based evaluation of ftand / /% [text () ftcontains

. . NN ft d [}
* FlIntersection operator merges index results: x" ftand "y"]

/A QueryPlan
2 4 \11 / \ l
B C E
‘ / \ ‘ LocationPath
3 5 7 9 12
6,0(10,0(12,1 101120
XWXy D D D y X / \| | ,1[12, / \
6 8 10 ‘ FlIntersection parent::*
X XyXWw XY

W
3,0/8,1 Y 3,1/8,0 / \

FTIndex FTIndex

o firstargument call delivers value pairs [6,0] and [10,1]
[6,0] is skipped, [10,0] and [10,1] are merged & returned l l
e finally, [12,1] and [12,0] are merged & returned x Y
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Evaluation: Pipelining

Index-based evaluation of wildcards //%[text () ftcontains

"x.%" with wildcards]

o Wildcards results are merged by FTIndex

(ftor works similar): QueryPlan
1
i l
2 4 \11 \ LOCatiOnPath
B C E /

3‘ 5,////; \\\\\\9 12‘ 6,0[10,0[12,1 10,1|12,o ‘/// \\E‘
xwxy D D D y X \ FTIndex parent::*
6 8 10 ‘ l

3,0/8,1 Y 3,1/8,0

[3,0] and [3,1] are merged and returned
e nextresultsare: [6,0],[8,0]8,1], [10,0], [12,1]
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Performance

=+=(1: Sequential

=m-01:Index

=+=—(2: Sequential
=m=(2:Index

=+=(13: Sequential
=m=(3: Hybrid

= (1: Result Size
—1Q2: Result Size
[—1Q3: Result Size

Q1:
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Database and Information Systems Group

Result Size Seconds
(mb)

10 MB 100
1MB 10
100 KB 1
10 KB 0,1
1KB 0,01
100 B 0,001

doc("xmark")//keyword[text() ftcontains "barrel"]

University of Konstanz 554
Germany

— Result Size
logarithmic (mb)

i

==

]
1/””.
/'.ﬂ/
‘.
—] L~
/
-l’/
111 MB 1GB 11GB

Q2: for $mail in doc("xmark")/site/regions/*/item/mailbox/mail
where $mail//text/text() ftcontains "seeking.*" with wildcards
return $mail/from

Q3:

for $item in doc("xmark")/site/regions/*/item

where $item//listitem/text/text() ftcontains ftnot "preventions"
return <result>{ $item/location/text() }</result>

10 MB

1MB

100 KB

10 KB

1KB

100 B
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| b BaseX 5.71 - adressen (= (O[5 1]
File Edit View Options Help
et N LRIFEERE 0@ 1 Hit(s)

[Search = H l Maximin [ > " ? l
T T T T T T T T T T T T T | T T T T T T g T T P T R R P R AT T T ]
adressen.xml
Text [ﬁ:f " = l addresshook
address address address address
<street=44, Rue 5t Maximin</street= ’E‘ M. 5ih. City M city name C. N3Me Cu
MU =0 TPl ] s (e ol P o
5 13 = street street
R R T T T T T T T AT R A A A R AT AT AT T T T A AT, =l COUMN.. Coun
code Ge code 44 Rue 5t Maximin |__'
QUEI')P' Info ' - City coU. City COU.
Evaluating: 0.85 ms address - address - Wa.. |Po.. |He.. |Fi..
_— M. 5. Ccity N.. sir. city
Query: /descendant:*:Maximin | descendant-or-self*[@ | % || |G, . === |H.i| o =" |{]'| . address
= ) = P |
name ftcontains "Maximin"] | /descendant-or-self:*[text() Lo p— | e P P e
ftcontains "Maximin"] = code <Al1Matches pre="30">
Compiling: dd <Match>
X L acaress <StringInclude string="Maximin">
- Removing unknown tag/attribute "Maximin — |lnaerlEny Tinginciude sLring= Haximin
- Removing unknown tag/attribute "name"” y. . = <TokenIlnfc pos="3">
- Pre-evaluating () ficontains "Maximin® W — </StringInclude> .
- Remc:uing always_false expression: false() [ </Match>
- Applying full-text index
- Removing empty sequences.
Result: (FTIndexAccess("Maximin"Vparent:*) v |

doc("adressen. xml”)faddressbookfaddress fstreet/text()

3 MB

XQuery Full Text Implementation in BaseX
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Frontend

BaseX 5.71 - XMark111MB

File Edit View Optons Help

«to @ N PRIFEERE 0 & 259 Hit(s)
XQuery* e[

regions uctions le
namerica

for %mail in /site/regions/*/item/mailbox/mail

where $mail//text/text() ftcontains
"seeking.*" with wildcards

return $mail/from

o 0Dk

|

Query Info I
Evaluating: 280.23 ms

Query: for $mail in /site/regions/*/item/mailbox/mail =
where $mail/ftext/text() ftcontains

"seeking,*" with wildcards =
Sz ETET T T T T R R A T ]

Comtre Text — J@)a

- Converting where clause to predicate

closed_auctions

- Merging descendant-or-self step(s) =from=Jerri Hatakka mailto:Hatakka@bellatlantic.net=/from= 4]
- Applying full-text index =from=Lukas Masaki mailto:Masaki@unl.edu=/from= E
Result: for $mail in FTIndexAccess("seeking.*" with <frm>D.ﬁ.I_D.ﬁ. Uhrik ma_iltn:lhrik@cmcnfdia.ca<ffro|11>
wildcards)/parent:*text/ancestor:*:mail[parent:*:mailbox/ sfrom=Maia Graft mailto:Graft@fernuni-hagen.de</from>
parentz*:item/parent:*/parent:*:regions/parent:*:site/ “from=Kripasindhu Litecky mailto:Litecky@dec.com=/from=
parentzdocument-node()] return $mailfrom | || =from*Irini Cedeno mailto:Cedeno@cohera.com=/from=

LY <from=Fran Worthington mailto:Worthington@umich.edu</from= 7

doc("111mb. xml™) | 17mB
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Conclusion
XQuery Full Text is getting popular!

e many of our users are already working with XQFT
e more and more implementations arise

Open Challenges

e suitable scoring algorithms for XML data (see INEX, SIGIR, ...)

e runtime optimizations to allow forindex access of variable
ftcontains strings

...thanks for listening!
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