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Contexte: AClI TRALALA

TRAnNnsformations, Logiques et LAngages

Theorie et pratique de l'interrogation de donnees XML
automates d'arbres
langages fonctionnels, typage semantique (CQL et CDuce)
complexite de (sous-ensembles de) XPath, XQuery
compression XML
traitements XML a la volee
optimisation algebrique

optimisation de chemin d'acces aux donnees
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Plan

The need for physical data independence in XML databases
Our proposal: XML Access Modules (XAMSs)

Algebraic language describing XML materialized views
and indices

Answering XQueries over XAMs
Constraint-based containment and rewriting
Outline of a XAM-based XML DBMS architecture

Conclusion
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The need for physical data
Independence in XML databases
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Query processing on XML

persistent stores

query answer
l A

Query optimizer

(+knowledge
on store and
indexes)

v

Query execution

v t

Many existing storage and
iIndexing models for XML

Different applications and data
sets call for different storage
structures

relational "native" structure or
storage struct. storage struct. value index
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Query processing
persistent stores

query answer
l A

Query optimizer

(+knowledge
on store and
indexes)

v

Query execution

v t

on XML

Many existing storage and
iIndexing models for XML

Different applications and data
sets call for different storage
structures

Rewriting the optimizer for every
new storage model not an
option

We need:

High-level language for
describing disk-resident
storage structures

relational "native" structure or
storage struct. storage struct. value index

Algorithms for query answering
Physical data independence
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Query processing on XML
persistent stores

query answer Many existing storage and
l ? Indexing models for XML
Optimization and execution Different applications and data
sets call for different storage

___________________________________________________________________

structures
XML Access Modules

Rewriting the optimizer for every

| {Qa\éﬂ« book ] : new storage model not an
J 5 ; option

, We need:
[Tag=« author »] [Tag=« title »] i
ID Val Val i High-level language for
i i describing disk-resident
'''''''''''''''''''''''''''''''''''''''''''''' storage structures

. ' ' Algorithms for query answering
relational "native" structure or Physical data independence
storage struct. storage struct. value index




Related problems

XML query cache

Several data fragments have been loaded in cache by
previous queries

Problem: answer a new query based on cache fragments ?
XML database self-tuning

Given a document and some queries, which indexes/
materialized views to store to improve performance ?

Local-as-view data integration
Several data sources, each storing part of a global dataset

Problem: answer a query over the global data by combining
data sources ?
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XML Access Modules (XAMS)
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A languagetor XML materialized
views and indexes

Granularity

Small: values, persistent IDs

Large: full subtrees
Organization

Trees seem natural

Nested tuples have clean algebraic foundations
Specification

Value and structure conditions (~ selections)

Value and structure information (~ projections)
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

For any node, the XAM may store: bib 1

1D sz ook
Va AN

- Cont author author title year
Tsichritzis h ata Models Cormen Algorithmslggg
autnor 6 10
3 Lochovsky yleggzr 9
L1 s L
X1 tuples :[(2)
(7) ]
D u [Tag="book"]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics
ID: 11D bib 1

o order-preserving /\b
book 2 ook 7

s structural

n upward navigable / \ / \\

u update resilient

author title  author title year
Tsichritzis ata Models Cormen . 1999
3 author year 6 3 Algosslthmslc)
Lochovsky “19g0
X1 -
X1 tuples :[(2)
(7) ]
ID ofe?) [Tag="book']
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

bib 1

AN

Val [Tag="book"] author author title year

Tsichritzis ata Models Cormen Al orithmslggg
3 author year 6 g 5 10
Lochovsky “19g0

5

X2 tuples : [ (D)
(O) ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

bib 1

AN

author author title year

Tsichritzis h ata Models Cormen Algorithmslggg
" ' autnor

Val @ [Tag: @yEEﬂJ] 3 Lochovsky yleggzr 6 9 10

5

A3

X3 tuples: [("1982")
("1999") ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

bib 1,10

T PANENANS

author title  author title year
Tsichritzis h ata Models Cormen Algorithms_ll_ggg
n n au Or )
IDs Cont (e} [Tag="book"] 3. gonovsky YEX O4 86 07 0.8
5,3

X4 tuples :[((2,5), <book year="1982"><author>Tsichritzis</author>

<author>Lochovsky</author> <title>Data Models</title>
</book>)

((7,9), <book year="1999"><author>Cormen</author><title>Algorithms</title>
</book>) ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

xs bib 1,9

// \ /\

]
[Tag="book"] IDs author

author title
. Tsichritzis ata Models Cormen Algorithms
| 3.1 author year 6,4 86 97
Lochovsky 1982 ! !
@ [Tag="@year"] Val 4.2 53

X5 tuples: [ ((2,5), "1982") ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

bib 1,9

¥ - boomok 78
I I

j
[Tag="book"] IDs author

author title
Tsichritzis ata Models Cormen .
‘5 3,1author yea 64 gg egrynms
Lochovsky 1982 ! !
@ [Tag="@year"| Val 42 g3

X5 tuples: [ ((2,5)) ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

L5 bib 1,9

T boomok 7,8
[Tag="book"] IDs / \ / \

author title author title
‘ﬂ Tsichritzis h ata Models Cormen Algorithms
: : 3,1 author year 6,4
@ [Tag="@year"] Val Lochovsky y1982 86 97
4.2 53

X5 tuples: [ ((2,5), "1982")
((7,9), ) ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics

xﬁ bib 1,9

—|_ boomok 7,8

[Tag="book] IDs author title  author title
‘5 Tsichritzis h ata Models Cormen Algorithms
author 6.4
" " 3,1L0Ch0VSky y16922r ! 8,6 9,7
@ [Tag="@year"] ValR 4.2 55

X5 contents: "1982" --> [ ((2,5), "1982") ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics
bib 1,13

TN NN

author title  author title year
3,2 ata Models 10,9 . 1999
y 12,10
' 4 1982
lasthame 75
ag="lastname"| Tsichritzis ' lastname
al 4.1 Cormen
11,8
lasthame
X6 tuples: [ (2, "1982", "Tsichritzis") Locgoz\%/sky

(2, "1982", "Lochovsky")
(9, "1999", "Cormen") ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics
bib 1

A\ NEANN

author title  author title year
3 ata Models 10 1999
Val ‘i IL author year g A'gol”éhms 13
lasthame 19782
D‘ag "Iasiname“] Tsichritzis lastname
I 4 Cormen
11
lasthame
Lochovsky
6

X6 tuples: [ (2, "1982", [ ("Tsichritzis"), ("Lochovsky")])
(9, "1999", [ ("Cormen") ]) ]
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XML Access Modules (XAMS)

Tree-based language; nested tuple semantics
bib 1

TN N

author author title
3 ataModels 10 ,
Val ‘i IL author year g A'gol“éhms
lasthame 19782
D'ag:"lasiname“] Tsichritzis lastname
al 4 Cormen
11
lasthame
Lochovsky
6
X6 tuples: [ (2, [("1982")], [ ("Tsichritzis") ("Lochovsky")])
9, [, [ ("Cormen”) ]) |
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XAM semantics

For a document d, consider basic relation e4(ID,Tag,Val,Cont)

TeZ.VaI,eB.vaI

X Bottom-up paranthesized
6 T structural join expression 0

+ selections, projections | n

[><]e1.ID anc e3.1D

e

n
="author"] PLe1.1D paxe2.1D
oTag:"b@
O'ag:"lasiname“] Orag="@year" (ezd) X
al

e3.1D par e4.1D
O1ag= auth@)\

O.Tag:"lastname" (e4d)

T Twweial




XAM semantics With access
restrictions

Let X, be the XAM obtained from X by removing all R annotations

Let t, be a tuple of bindings for the R-annotated attributes

Content of X with bindings t; =

ORattribs=to(cONntent of X)

D'Ellg:"lasinam e"]
a
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XAM generality

Capture many of the XML fragmentation schemes previously
proposed for storage and indexes

Tag and path partitioning, "Shared", 1-index, F-index...
Also capture original nesting !!!
Do not capture
Other navigation axes: "all a elements with their b siblings"
Negation (antijoins): "all a elements without a b child"
Value joins across unrelated elements

Restructuring
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Answering queries over XAMs

%l INRIA




Problem statement

Input: a query Q and a set of XAMs X,, X,, ..., X,

Output: all algebraic expressions e(X;, X,, ..., X,) such that
for any document d, Q(d)=e(Xy, X,, ..., X,)(d)

Algebraic expression ingredients:

[X[ par/anc [XI: pred

X par/anc [X]pred X par/anc [><pred
n n n n
X par/anc [X]pred <L par/anc XL pred

scan(Xi), o,

navigation in XML serialized trees (Cont attributes)
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Problem statement

Input: a query Q and a set of XAMs X,, X,, ..., X,

Output: all algebraic expressions e(X;, X,, ..., X,) such that
for any document d, Q(d)=e(Xy, X,, ..., X,)(d)
Remark: if e1=X1 ™ X2 is equivalent to Q, then also
e2=x2 ™ X1 is equivalent to Q
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Problem statement

Input: a query Q and a set of XAMs X,, X,, ..., X,

Output: all algebraic expressions e(X;, X,, ..., X))
(up to algebraic equivalence)
such that for any document d, Q(d)=e(Xy, X,, ..., X,)(d)
Remark: consider the XAM X and queries Q1= //al/lb, Q2=//b
X T X can be used for Q1 in general.

LBj X can also be used for Q2 if all b elements
€D [Tag="a"] have an a ancestor

J
€2 [Tag="b"] Cont
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Problem statement

Input: a query Q and a set of XAMs X,, X,, ..., X,
structural constraints on the document used by Q
Output: all algebraic expressions e(X;, X,, ..., X))
(up to algebraic equivalence)
such that for any constr'd. doc. d, Q(d)=e(X{, X,, ..., X,)(d)

Remark: we are interested in plans that can actually be translated
Into executable ones

[><|: par/anc

Navigation only on Cont attributes

n
M parfanc X par/anc [X]Har/anc DX parianc  Only on ID s,n
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Problem statement

Input: a query Q and a set of XAMs X,, X,, ..., X,
structural constraints on the document used by Q

Output: all valid algebraic expressions e(X, X, ..., X,)

(up to algebraic equivalence)
such that for any constr'd. doc. d, Q(d)=e(X{, X,, ..., X,)(d)




Rewriting algorithm outline

1. Construct algebraic expressions from Q
Downward XPath leads to XAM-like algebraic expressions

Downward XQuery leads to a join over several XAM-like
algebraic expressions XQ,, XQ,, ..., XQ,.

2. Inject constraint information into Q and X,, X,, ..., X,..

3. For each XQ;

3.1 Construct gradually larger algebraic expressions starting
from m(Scan(X;)), until current expr. is contained in XQ;.

3.2 Cover XQ; with unions of contained rewritings

4. Combine all rewritings for XQ4, XQ,, ..., XQ,, via joins
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From X Path to algebra

T|re2.Cont

70 X

llallb Ple1.1D anc e2.1D




From X Path to algebra

TTe3.Cont

17°

lla[//bltext()=5]//c Pde1.1D anc e2.1D

AN

el.ID anc e2.1D aTag:"c" (e3d)

oTag ="a" eld)
GTag ="b",val="5" (ezd)




From XQuery to algebra

for $xin//a, $y in //b
where $x/c/text()=3$y/d/text()
return
<new>
{ for $z in $x//f [><131.|D par e2.1D

return <c> {$z//g} </c>} /\ [XEQB.ID anc e4.I1D
</new>
Frag=rar (€1o) (62) Oragir (€3y)

o.Tag ="c" o-Tag ="g" (e4d)

Do -
e5.1D par €6.1D Join:
/\ e2.Val=e6.val
o-Tag:"b" (e5d)

c,.Tag ="d" (e6d)

n
DLe1.1D anc e3.1D
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INjecting constraints In views and
gueries

Annotate views and query with information allowing to infer which
view nodes may bring information for which query node

E.g. //*[inproceedings] is the same as //article
/[*[inproceedings] is the same as //*[booktitle]
We used enhanced DataGuides as constraints. Schemas also apply.

In general, constraints allow to:

Find more rewritings

Avoid empty-result rewritings
Find more efficient algebraic rewritings
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ULoad: a materialized view
management tool based on XAMs
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7

L Uload core
XQueryParser Unanswerable

Y /4 query parts
XQuery2XAM
Query XAMs +

predicates —p QEP
—»  XAM GUI Storage i
XAMs
Constraints
(XSum) ULoad

Storage XAM eé?:;l#}lgh

repository

> ﬁtorage XAM /

generator

Loading Stubs Access Stubs

|

XDBMS (Postgres / GeX)

doc.xml result.xml




UL oad prototype demonstration

XML materialized view management for XQuery:
Materialized view creation
Data extraction & loading in native/relational repository
Query answering over the materialized views
Materialized view extraction from XQuery queries
Also:

Guidance in choosing views and writing queries:
satisfiability / answerability tests
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Formalism for describing complex
XML materialized views. XAMs

—
[testxmark |w|
=

. > Fn: =
Xam list of Current Scenario |auctionsharel6 | v

Current Storage Scenario List

| Root(in doc order) |

L
| ID s [Tag=person] Val|

[ [Tag=eil [Tag{ [Tag= [Tag=W [Tag=d [Tag{ [Tag< [Tag=@id] Val

%\\ AN

| [Ta [TT [Tad [Tag| |[Tad [Tagd |[Taj [Tag [T [Tag=@income] Val

| YView current xam's content |

|
Generate Xam's for current Scenarioffixed schema) | | Generate Xam's for current Scenariousen I

I Add Xam from pre-existing File |

| View Current Workload | | Add query to current workload |

| Load Current Scenario | | Create a new Storage Scenario |

T T
| Store current state | Flush Current Catalog |




1IN astore

1 [] view Xam Content

Flatscanixamtest. kam_auctionshare 1)

O STREUCTURAL_ID _TYPE LSTRUCTURAL_ID_TYPE 2:5TREIMNG_TYPE 2:5TRING_TYPE 4:5TRIM
27 234, 28 285, "™ "Dominic Takano mailto:Takano@yahoo, com”, "Mechthild Renear m
(57 654 58585, "™, "Fumitaka Cenzer mailio: Cenzer@savera. com'”, "Lanju Takano maill
(57 65 4 64 64 5 ™ "Papa Godskesen mailto: Godskesen@uwindsaor.ca®, "loana Blumier
(115 11e 4, 116 115 5, ", "Aspi L'Ecuser mailto L'Ecusver@intersys, com®, "Lesley |eris ma
i (173 1804, 180 172 5, ™, "Honari Castan mailto: Castan@uni-muenchen. oe’, "Maz Lucky
W = | M Hered by [0, 1K)

d ivana@localhost:~ Lo R =
Table "xamtest.xam_auctionsharelb”
Column | Type | Modifiers
__________ - Sl - Wi
idlpre | integer I
idlpost | integer I
idldepth | integer I
id?pre | integer I
id2post | integer I [
id2depth | integer I
val? | character varying | 3
Table "xamtest.xam_auctionsharelb”
Column | Type | Modifiers ¥
—————————— e S ID s
idlpre | integer I
idlpost | integer I )
idldepth | integer I J
id2pre | integer I |
id2post | integer I F
id2depth | integer I D s [Tﬂg=mﬂ]]] Va
val? | character varying |
val3 | character warying | ; )
vald | character wvarying | J
valb | character warying |
valb | character varying |
val/ | character varging I [Tag=fr0m] Val ['I
val8 | character var‘g%ng I View current xam's content
::i?ﬂ : zn:::z:z: :zigi:g : PIT) | Generate Xam's for current Scenariogu!
valll | character varying | | Add Xam from pre—existirllg File




uerying a database of XAMs

Queries in the workload IjuinBihQuewZ :|

for $z in f/bock, $vin (fbock, §z in $x/ftitle, §t in $v/tit
wihere §z= 1§t
return <sameTitlex{$x} <otherBook>{§v}< fotherBook >

4] i I [ ¥
Xam's in the current query ijoinBihQuele |V|

l Root

query-derived XAI\/IS\ j

i
| [Tag=book] Cont

[Tag=title]
AN PREDICATES:

1) Content of Node 2 in joinBibQuery21 is edual to Content of Node 2 in joinBibQuery22

| Check Summary based Satisfiability of current query |

| Check Storage XAM sufficiency of current Query |

| Generate Logical PLans for Current Query |

| View Logical Plans Generated for Current Query |

| Convert the Logical Plans to Physical Plans for Current Query |




Logical query plansover XAMs

Queries in the workload ‘juinBihQuerﬂ |"|
for $xzin ffbook, $vin ffbook, $zin $z/title, §tin $v/tit
where §z =5t

return <sameTitle>{§z} <otherBoolo={$v} < /otherBook =

< M | ]
xXam's in the current query ijuinBihQuenrzl iVi

gv: g

File | |State|| Page|| Portrait| 1.000]| BBox|| g | wed aug 31 084517 2005 |
atiable Size
—

Open

Print All
| Print Marked
i Save Al
| Gave Marked

Root

StructJoin
B0 par $3

GenProj, [0 1 2]

h 4
[Tag=book] Cont

Structloin
$0 par $3

Redisplay

GenProj, [0 1 2]

( XAMScan(user!)
/ Y
J NAMScan(user2) XAMScan(user2) : w
i ;

AN PREDICATES. |




] satisfiable

Query is satisfiable

[ o

uery satisfiability

Queries in the workload

joinBibQuery?2 | v |

mihere fz =5t

for $zin [/bock, Ivin {/book, $z in Px/ftitle, §t in $v/tit

return <sameTitle={§x} <otherBook>{}v}< fotherBook =

4

i [ [

xXam's in the current query

joinBibQuery21 | v |

Root

b
[Tag=title]

HaM PREDICATES:

1) Content of Node 2 in joinBibQuervzl iz equal to Content of Mode 2 in joinBibQuery22

Fhanrl Comassenins hacnd CaticFiahilitu af coeeant anae




| esting query coverage by the
stored XAMS

=] UnSatisfiable ‘e B

There are nodes of the query that are not covered by the storage. Please check the XAMs of the query!
| ok |

ifirstNameWrung |V|
nook] [ ftitle="Data on the Web"1/ fauthor ffirstnarme

Xam's in the current query firstNameWrongl |V|

Root

[Tag=book] |

| [Tag=title] [Val=Data...

| [Tag=author]

HAM PREDICATES:

| Check Summary based Satisfiability of current gquery |

| Check Storage XAM sufficiency of current Query |



benind the scene: structural

constrants

Current Storage Scenario List

Xam list of Current Scenario

bib 0.20 (0)

Root

h 4

| ID s [Tag=book] Cont

[Tag=@vear] Val

14,18 (15) | text ©.20

2 [content |

Generate Xam's for current Scenario{usen |

sting File |

t 14,18 text 5.7 text 5.7

i Add query to current workload |

| Create a new Storage Scenario |

-

| Flush Current Catalog |




More information

http://www-rocg.inria.fr/gemo/XAM

A.Arion, V.Benzaken and I. Manolescu. "XML Access Modules: Towards
Physical Data Independence in XML Databases", XIME-P 2005

A.Arion, V.Benzaken, |I. Manolescu, R.Vijay. "ULoad: choosing the storage
for your XML application”, VLDB 2005 (demo)

Tech. report upcoming




Perspectives

XAMS et ULoad:
formaliser l'inclusion de requetes et la re-ecriture a base

de XAMs (completude, complexite...)

connexion avec lI'environnement de requetes CDuce




Related works
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Related works (1)

Long history of storage and indexing schemes
Also known as "shredding" strategies, path indexes

Shanmugasundaram et al. 1999, Benedikt et al. 2001,
Kaushik et al. 2002, ...
SQL/XML published in 2003

XPath containment and equivalence
Deutsch and Tannen, 2001 and later; based on chase
Suciu; Schwentick, Gottlob and Segoufin; Ozsoyoglu...
We provide a practical method for XPath rewriting under

specific constraints (easier !)
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Related works (2)

Tree pattern minimization
Amer-Yahia and Srivastava, 2001. Different containment,
no rewriting

XQuery containment

Halevy et al. 2004, different notion of containment, no
constraints

XPath rewriting with materialized views

Weak path usage. Balmin et al, VLDB 2004
Algebraic minimization of XQuery

Deutsch and Papakonstantinou, VLDB 2004
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