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Abstract

With the widespread di�usion of XML as a format for represen ting data gen-

erated and exc hanged o v er the W eb, main query and up date engines ha v e b een

designed and implemen ted in the last decade. A kind of engines that are pla ying a

crucial role in man y applications are main-memory systems, whic h distinguish for

the fact that they are easy to manage and to in tegrate in a programming en viron-

men t. On the other hand, main-memory systems ha v e scalabilit y issues, as they

load the en tire do cumen t in main-memory b efore pro cessing.

This Thesis presen ts an XML partitioning tec hnique that allo ws main-memory

engines to pro cess a class of X Query expressions (queries and up dates), that w e

dub iter ative , on arbitrarily large input do cumen ts. W e pro vide a static analysis

tec hnique to recognize these expressions. The static analysis is based on paths

extracted from the expression and do es not need additional sc hema information.

W e pro vide algorithms using path information for partitioning the input do cumen ts,

so that the query or up date can b e separately ev aluated on eac h part in order

to compute the �nal result. These algorithms admit a streaming implemen tation,

whose e�ectiv eness is exp erimen tally v alidated.

Besides enabling scalabilit y , our approac h is also c haracterized b y the fact that

it is easily implemen table in to a MapReduce framew ork, th us enabling parallel

query/up date ev aluation on the partitioned data.

Keyw ords : XML, X Query , X Query up dates, Pro jection, Data P artitioning,

MapReduce.





Chapter 1

Résumé en F rançais

Con ten ts

1.1 intr oduction générale . . . . . . . . . . . . . . . . . . . . 3

1.2 contributions . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.3 l 'or ganisa tion du manuscrit . . . . . . . . . . . . . . . . 8

1.1 intr oduction générale

L

a dernière décennie a vu la di�usion rapide des données semi-structurées et en

particulier le standard XML (eXtensible Markup Language) dans nom breux

applications qui s'appuien t sur le w eb p our l'éc hange et le partage de données.

XML est un successeur de SGML, il a été rapidemen t adopté comme format naturel

p our représen ter les données semi-structurées p our lesquelles le mo dèle relationnel

et le mo dèle ob jet ne son t pas appropriés. La grande �exibilité des données XML

a rendu ce format univ ersel et a p ermis son utilisation p our éc hanger des données

en tre des applications di�éren tes sur le W eb.

A�n de p ermettre la di�usion de XML, plusieurs outils on t été dé�ni p our

la transformation, l'in terrogation, la manipulation et la mo délisation des données

XML. En particulier, le W orld Wide W eb Consortium (W3C) a in tro duit X Query

[ W3S10 ] comme langage de requête et X Query Up date [ Gro11a , Gro11b ] p our met-

tre à jour des do cumen ts XML. Les deux langues on t été in tensiv emen t étudiées par

la comm unauté scien ti�que, en particulier dans un but d'optimisation de l'exécution

des requêtes et des mises à jour.

Une principale utilisation de X Query est l'in terrogation et la mise à jour des don-

nées XML qui son t simplemen t sto c k ées dans des �c hiers ou générées en streaming.

En général, dans ces con textes, toutes ces fonctionnalités complexes qui caractérisen t

les DBMS traditionnels ne son t pas nécessaires. Le b esoin principal dans ces con-

textes est la disp onibilité d'un moteur de requête et mise à jour facile à installer

et à in tégrer dans un en vironnemen t de programmation. P our cette motiv ation,

de nom breux moteurs X Query on t été mis au p oin t p endan t les dernières années,

comme Galax [ gal ], Saxon [ sax ], Qizx [ qiz ] et eXist [ exi ]. Ces systèmes son t générale-

men t conformes par rapp ort aux sp éci�cations du W3C. Ils traiten t les données en

mémoire cen trale: les données son t d'ab ord en tièremen t c hargé dans la mémoire
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cen trale, puis traitées (in terrogés ou mises à jour). P our cette raison, ces systèmes

son t généralemen t classés comme de systèmes mémoire-cen trale.

En citan t Cong et al. [ GCL12 ], les systèmes mémoire-cen trale son t le meilleur

c hoix dans

. . . plusieurs domaines comme les sciences de la vie (par exemple, Bi-

ologie), l'astronomie, et même p our la gestion des do cumen ts XML t yp-

iques corresp ondan t aux �c hiers Microsoft O�ce (étan t donné que les

présen tations P o w erP oin t, les �c hiers W ord et Excel son t actuellemen t

sto c k ées au format XML). Dans tous ces domaines, la gestion des do cu-

men ts XML est cen trée sur des �c hiers et aucun système de gestion des

données XML traditionnels n'est mis en place.

En particulier dans les domaines tels que les sciences de la vie et de l'astronomie,

les do cumen ts XML on t une taille imp ortan te (plusieurs GBs), ce qui p eut compro-

mettre la p ossibilité d'utiliser un moteur de mémoire-cen trale p our le traitemen t des

requêtes.

A ctuellemen t, les systèmes mémoire-cen trale qui son t très �exibles et faciles à

installer et à utiliser, ne p euv en t pas passer à l'éc helle.

Une solution partielle p our ce problème est prop osée. Cette solution est basée sur

la pro jection. La pro jection XML est une tec hnique d'optimisation prop osée dans le

but de surmon ter les limitations des moteurs mémoire-cen trale p our l'in terrogation

des do cumen ts XML. Cette tec hnique rep ose sur une observ ation simple selon laque-

lle les requêtes son t en général sélectiv es cad qu'elles ciblen t seulemen t une sous-

partie des do cumen ts in terrogés. L'idée consiste alors à iden ti�er de manière statique

les parties nécessaires à l'év aluation des requêtes et à utiliser cette information p our

ne c harger en mémoire cen trale que les parties du do cumen t qui son t accédées par

la requête. La pro jection p ermet ainsi de traiter des do cumen ts v olumineux même

sous des con train tes de mémoire imp ortan tes.

La pro jection a été utilisée p our la première fois dans [ MS03 ] puis étendue

dans [ BCCN06 , KSS08 ] en prenan t en compte le sc héma du do cumen t in terrogé.

L'utilisation des sc hémas p ermet de réduire la taille de la pro jection en exploitan t la

p ossibilité d'inférer de manière précise les données nécessaires à l'év aluation d'une

requête. Dans les tec hniques de [ BCCN06 , KSS08 ], l'information inférée consiste

en l'ensem ble des étiquettes des no euds nécessaires à l'év aluation des requêtes. Cet

ensem ble est app elé typ e-pr oje cteur .

Les appro c hes précéden tes et basées sur la pro jection ne fournissen t qu'une so-

lution partielle aux problèmes de scalabilité des systèmes mémoire-cen trale, et les

do cumen ts d'en trées pro jetées p ourraien t encore dépasser la capacité de la mémoire

cen trale. Cela p eut être le cas lorsque (i) le �c hier d'en trée est énorme, (ii) la

sélectivité de la requête est faible (elle a b esoin d'une grande partie du do cumen t

d'en trée), ou (iii) cas d'év aluation d'un w orkload (par exemple, un ensem ble de re-

quêtes qui doiv en t être év aluée sur le do cumen t d'en trée). Dans ce dernier cas, la
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taille de la pro jection globale p eut dépasser la taille de la mémoire cen trale. La

pro jection globale p eut être in utile puisque tout le do cumen t en en trée p eut être

nécessaire p our le w orkload.

Il est imp ortan t de dire que les problèmes de scalabilité dép enden t égalemen t du

t yp e particulier de moteur qu'on v eut utiliser, et sur les paramètres de la mémoire

in terne. En fait, la plupart des systèmes mémoire-cen trale son t implémen tés en Ja v a,

et leur scalabilité dép end de la quan tité de mémoire cen trale précisée en paramètre de

la JVM (Ja v a Virtual Mac hine). Dans tous les cas, même p our les grandes quan tités,

les problèmes de scalabilité de la pro jection standard son t toujours optimisés, la

taille de la pro jection de do cumen ts augmen te lorsque la taille du do cumen t en

en trée augmen te.

L'ob jectif principal de cette Thèse est de prop oser une tec hnique qui assure la

scalabilité p our les requêtes et les mise à jours indép endammen t:

ˆ du t yp e du système mémoire-principal.

ˆ de la quan tité de mémoire cen trale qui est v alable.

ˆ de l'utilisation du sc héma d'informations de sc héma.

À cette �n, dans cette Thèse, nous prop osons une tec hnique d'optimisation basée

sur le partitionnemen t des données XML. Cette tec hnique rep ose sur l'observ ation

que, dans plusieurs cas pratiques, les requêtes X Query et les mises à jour sélection-

nen t d'ab ord une séquence de sous-arbres à l'aide d'une sous-requête (par exemple,

une expression XP ath), puis év aluen t des op érations sur cette séquence des sous-

arbres. P ar exemple, en ce qui concerne les requêtes, 13 des 20 requêtes de XMark

Benc hmark [ SWK

+
02b ] v éri�en t cette propriété et p our les mises à jour, 16 des 20

mises à jour qui on t été prop osées dans [ BBC

+
11 , Sah11 ] son t itérativ es.

Dans le cas de requêtes, lorsque cette propriété est satisfaite par une requête

Q , le do cumen t d'en trée p eut être divisé en un ensem ble de parties f D1; : : : ; D� g,

de sorte que l'év aluation Q(D) de la requête Q sur le do cumen t d'en trée D est

égale à la concaténation des év aluations Q(Di ) de la requête Q sur les parties Di

du do cumen t d'en trée D .

Dans le cas des mises à jour, la même stratégie p eut être adoptée, à la di�érence

que les mises à jour partielles U (Di ) doiv en t être recom binées p our obtenir le do cu-

men t mis à jour U (D) . Alors que dans le cas de requêtes, une simple concaténation

des résultats partiels est su�san t. En particulier, nous utilisons la commande cat

p our fusionner ces résultats partiels a�n de pro duire le résultat �nal. P our les mises

à jour, et puisque nous utilisons des informations supplémen taires lors de la création

des partitions a�n de s'assurer que les parties créées son t bien formées, des informa-

tions supplémen taires par rapp ort des balises supplémen taires son t nécessaires a�n

de correctemen t re-com biner des parties mises à jour et éliminer ces balises p our

obtenir le résultat �nal U (D) . Ces informations auxiliaires son t opp ortunémen t

mises en place p endan t le partitionnemen t.
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A v ec la scalabilité, notre tec hnique de partitionnemen t p eut être facilemen t adap-

tée dans un en vironnen t MapReduce [ DG08 ], ce qui p ermet l'in terrogation et la mise

à jour parallèle des parties. Cette év aluation parallèle est p ossible puisque dans le

cas des requêtes et des mises à jour itérativ es, l'év aluation de c haque partie p eut

se faire indép endammen t de l'év aluation des autres parties. P ar conséquen t, cette

appro c he p eut aisémen t transp osée dans un en vironnemen t MapReduce qui joue un

rôle très imp ortan t dans les plates-formes basée sur le cloud.

1.2 contributions

Cette Thèse prop ose une nouv elle tec hnique de partitionnemen t basé sur l'év aluation

de requêtes X Query et les mises à jour.

La première con tribution de cette Thèse se concerne les requêtes. Dans ce con-

texte, les con tributions principales son t les suiv an tes et son t égalemen t présen tés

dans [ Nic12 ]:

ˆ Nous présen tons d'ab ord une caractérisation formelle de la classe de requêtes

qui satisfon t la propriété de division décrite ci-dessus: nous app elons ces re-

quêtes r e quêtes itér atives . En s'appuy an t sur cette caractérisation formelle,

nous dév elopp ons une tec hnique d'analyse statique qui extrait des c hemins et

des informations sur les v ariables liées à la requête, et puis les analyse a�n

de détecter statiquemen t commen t le do cumen t d'en trée est na vigué par la

requête. En se fondan t sur les informations de c hemin nous p ouv ons éviter

l'utilisation d'informations de sc héma qui n'est pas toujours disp onible.

ˆ Nous présen tons ensuite un algorithme de partitionnemen t qui exploite les

c hemins extraites lors de l'analyse statique p our iden ti�er la partition cor-

recte p our le do cumen t d'en trée. Nous présen tons d'ab ord une sp éci�cation

d'algorithme basée sur la représen tation DOM puis nous utilisons le parseur

SAX qui p ermet la p ossibilité d'e�ectuer le partitionnemen t en streaming, en

utilisan t p eu de mémoire. P our améliorer encore les a v an tages de notre ap-

pro c he, nous com binons le partitionnemen t a v ec la pro jection standard, de

sorte que lors de la création de parties de do cumen t, les sous-arbres qui ne

son t pas nécessaires par la requête son t éliminées. L'utilisation de la pro jec-

tion standard n'est pas cruciale p our assurer la scalabilité, ce qui est notre

ob jectif principal puisque dans notre appro c he, la taille maximale de c haque

partie p eut réglée par l'utilisateur. La pro jection con tribue à réduire le coût

du partitionnemen t, car elle accélère l'exécution des requêtes sur la partition.

ˆ Ensuite, nous présen tons une év aluation exp érimen tale in tensiv e qui con�rme

que, lors que de l'utilisation de notre appro c he de partitionnemen t, des moteurs

mémoire cen trale p euv en t traiter des do cumen ts de taille arbitraire, au prix

d'un coût d'exécution légèremen t sup érieur à celui des appro c hes de pro jection

qui n'utilisen t pas de sc héma. Nos exp ériences mon tren t égalemen t que le
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partitionnemen t p ermet la scalabilité p our les w orkloads, car dans ce cas le

do cumen t en en trée est divisé une fois p our toutes les requêtes (ou les mises a

jour) du w orkload.

La deuxième con tribution de cette Thèse se concerne les mises à jour. Dans ce

con texte, les con tributions principales son t les suiv an tes:

ˆ Nous analysons d'ab ord les cas où l'év aluation des mises à jour p eut être

correctemen t appliquée sur les partitions, puis nous fournissons une anal-

yse statique p our caractériser ces mises à jour, que nous app elons mises à

jour itér atives . Cette caractérisation exige des restrictions sur les mécanismes

d'in terrogation qui son t utilisés dans les expressions sour c e et tar get des mises

à jour. Nous allons mon trer que ces restrictions son t acceptables puisque une

large classe de mises à jour p eut être traitée a v ec notre appro c he.

ˆ Et puis, nous présen tons une tec hnique de partitionnemen t qui se distingue de

la tec hnique des requêtes par les asp ects suiv an ts:

Premier asp ect: la pro jection n'est pas utilisée, a�n d'a v oir une recom binaison

simple et e�cace des mises à jour partielles. Ceci est égalemen t justi�é par

le fait que le partitionnemen t est déjà su�san t p our générer su�sammen t de

p etites pièces (parties du do cumen t d'en trée). L'utilisation de la pro jection

exige un pro cessus sophistiqué de la recom binaison (puisque les sous-arbres

élagués au cours de partitionnemen t doiv en t être reconn us) et de remettre dans

le résultat �nal du pro cessus. Ce t yp e d'op ération a été fait par [ BBC

+
11 ],

où l'utilisation des informations de sc héma a été cruciale p our assurer une

formalisation claire et e�cace.

Deuxième asp ect: les c hemins utilisés au cours de partitionnemen t son t dé-

duite en le mettan t en compte la nature particulière de mises à jour. Ces

c hemins son t utilisés p our assurer que les sous-arbres qui év en tuellemen t été

sélectionnées par les c hemins T ar get ne son t jamais divisés p endan t le par-

titionnemen t. L'atomicité de ces sous-arbres est nécessaire p our assurer que

l'év aluation de la mise à jour p eut être correctemen t répartir sur toutes les

parties d'en trée.

ˆ Ensuite, nous présen tons les résultats des tests étendus mon tran t l'e�cacité

de notre tec hnique. A la di�érence du cas des requêtes, la sur-coût du au

partitionnemen t n'est pas négligeable. T outefois, les résultats de ces tests

mon tren t que notre ob jectif principal, la scalabilité est largemen t réalisée.

Concernan t les résultats des tests, nous a v ons utilisé deux moteurs mémoire-

cen trale principaux, Saxon [ sax ] et Qizx [ qiz ]. Notre c hoix est motiv é par le fait

que Saxon est un système très p opulaire, qui se distingue p our son exhaustivité

dans la couv erture de la plupart des normes du W3C p our le traitemen t XML (par

exemple, le sc héma XML, XSL T, X Query et les mises à jour). Di�éremmen t, Qizx
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est sp écialisée dans la requête X Query et la mise à jour, et soutien t des tec hniques

sophistiquées p our optimiser le temps d'exécution et la consommation de mémoire.

La troisième con tribution de cette Thèse mon tre est le fait que la tec hnique

prop osée est été facilemen t adapté p our être exécuté dans un cadre MapReduce

[ DG08 ]. À cette �n, les notions principales de ce paradigme son t in tro duites puis

l'arc hitecture de la mise en o euvre de notre tec hnique sur MapReduce est été illustrée

et discutée.

1.3 l 'or ganisa tion du manuscrit

Ce man uscrit est comp osé de h uit c hapitres don t un c hapitre de résumé en français,

et un autre c hapitre in tro duction.

Les six autres c hapitres son t organisés comme suit:

ˆ Chapitre 3 Le c hapitre préliminaire est consacré à la présen tation des nota-

tions et des langages (XP ath et X Query [ Gro03 , W3S10 ]) de requêtes et de

mises à jour (X Query up date F acilit y [ Gro11a ]) utilisés tout au long de ce

man uscrit.

ˆ Chapitre 4 Dans ce c hapitre, nous examinons les principales caractéristiques

des deux appro c hes principales prop osées p our la pro jection XML. La première

appro c he [ MS03 ] concerne les requêtes, et est basé sur l'extraction des c hemins

de la requête et l'utilisation de ces c hemins p our pro jeter le do cumen t en

en trée. La deuxième appro c he p our les requêtes a été prop osé dans [ BCCN06 ],

et exige des informations sur le sc héma des données. Nous ne parlerons pas par

rapp ort a cette appro c he car cette thèse n'utilise pas le sc héma des données, et,

p our le fragmen t X Query que nous considérons, les p erformances de [ BCCN06 ]

son t très pro c hes à celle prop osée dans [ MS03 ] en termes de la réduction de la

taille des do cumen ts.

La deuxième tec hnique que nous allons discuter concernan t des mises à jour

[ BBC

+
11 , BCMS09a , BCMS09b ],qui et est la seule tec hnique de pro jection

existan t p our les mises à jour. Elle est basé sur les informations de sc héma

et sur l'inférence des t yp es, plus une op ération Mer ge qui, comme nous le

v errons, est nécessaire p our recom biner la mise à jour de la pro jection a v ec le

do cumen t original.

Dans ce c hapitre, en plus d'illustrer commen t la pro jection p eut être utilisée

p our traiter une large classe de requêtes et mises à jour XML p our des do cu-

men ts de grande taille, nous allons mon trer que ces tec hniques, même si elles

son t assez e�caces, ne passen t pas à l'éc helle. Ceci a motiv é notre in térêt p our

des tec hnique de partitionnemen t.
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Le c hapitre est organisé comme suit. La section 4.1 in tro duit la pro jection

standard XML qui est prop osée par [ MS03 ] a v ec quelques dé�nitions princi-

pales, l'algorithme analyse du c hemin qui extrait l'ensem ble des c hemins de la

pro jection à partir d'une requête X Query arbitraire. Ensuite, nous expliquons

l'algorithme de c hargemen t dans la mémoire utilisé p our créer la pro jection.

La section 4.1.1 illustre les limitations de la tec hnique de pro jection standard

XML en testan t plusieurs requêtes sur des do cumen ts XMark et de base de

données DBLP . Dans la section 4.2 , nous in tro duisons, à tra v ers des exemples,

le concept de la tec hnique de pro jection basee sur le t ypage et prop osé par

[ BBC

+
11 ]. Et puis, dans la section 4.2.1 , nous illustrons les limitations de

cette tec hnique dans la utilisan t des mises à jour. En�n, nous concluons ce

c hapitre dans la section 4.3 .

ˆ Chapitre 5 Dans ce c hapitre, nous a v ons présen té une nouv elle tec hnique de

la pro jection de partitionnemen t de do cumen t d'en trée XML. Cette tec hnique

se généralise des appro c hes existan tes et basées sur le c hemin, et s'applique à

une large classe de requêtes.

L'appro c he prop osée analyse une requête d'en trée et, si la requête est itér ative ,

l'appro c he v a extraire tous les c hemins p ertinen ts et les utilise p our exécuter la

pro jection et le partitionnemen t sur le do cumen t d'en trée, et puis obtenir des

p etites parties. Notre étude exp érimen tale assure que l'exécution de la requête

d'en trée sur c haque partie indép endammen t et en com binan t les résultats par-

tiels obten us par ces parties, n'imp orte quel moteur mémoire-cen trale existan t

p eut traiter une requête itérativ e sur des très grand do cumen ts d'en trée.

Ce c hapitre con tien t trois parties principales. La première partie (les sec-

tions 5.1 , 5.2 , 5.3 ) présen te notre tec hnique d'analyse statique utilisée p our

caractériser des r e quêtes itér atives , p our lesquels les données XML p euv en t

être partitionnés p our l'év aluation de la requête. La deuxième partie (Section

5.5 ) présen te notre algorithme de partitionnemen t. D'ab ord, une sp éci�cation

précise est formalisée en s'appuy an t sur une représen tation basée sur DOM

formalisation p our des arbres d'en trée. Et puis une v ersion basée sur SAX

est fournie. Comme indiqué dans l'in tro duction, p our accen tuer les a v an tages

de notre stratégie, la pro jection est utilisée p endan t le partitionnemen t. La

troisième partie (les sections 5.6 , 5.7 ) explique la mise en o euvre des algo-

rithmes basés sur SAX parseur, et présen te les résultats des tests obten us à

partir d'exp ériences que nous a v ons menées en utilisan t deux moteurs princi-

paux p our X Query . En�n, nous concluons ce c hapitre dans la section 5.8 .

ˆ Chapitre 6 Dans ce c hapitre, nous présen tons une tec hnique de partition-

nemen t p our les mises à jour XUF (X Query Up date F acilit y). Comme le cas

des requêtes, le partitionnemen t p ermettan t le traitemen t des grands do cu-

men ts, et qui ne p ouv ait pas être mise à jour en utilisan t des moteurs mémoire-

cen trale existan ts comme [ qiz , exi , bas ], même en utilisan t la tec hnique de la
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pro jection standard basée sur la tec hnique prop osée dans [ BBC

+
11 ].

Dans ce c hapitre, nous caractérisons une classe des mises à jour, app elées mises

à jour itér atives , p our lesquelles une év aluation basée sur le partitionnemen t

est p ossible : tout d'ab ord, les do cumen ts son t partitionnés en plusieurs parties

puis les parties son t mises à jour indép endammen t, et en�n les parties mises

à jour son t fusionnées en utilisan t une op ération de fusion a�n d'obtenir le

résultat �nal cad le do cumen t en en trée mis à jour.

P our caractériser des mises à jour itérativ es, nous utilisons une analyse basée

sur des c hemins. Les c hemins extraits seron t égalemen t utilisés p our le par-

titionnemen t. A la di�érence des requêtes, le partitionnemen t ne s'appuiera

pas sur la pro jection, les c hemins son t utilisés p our s'assurer uniquemen t que

c haque partie con tien t tout ce qui est nécessaire p our c haque op ération de mise

à jour. La pro jection n'est pas utilisée, a�n d'éviter les op érations de fusion

complexes sur des parties mises à jour, op ération nécessaires p our récup érer

les sous-arbres élagués lors de la construction du do cumen t global actualisé.

L'e�cacité de l'appro c he prop osée est démon trée par des exp ériences appro-

fondies comparan t notre appro c he basée sur le partitionnemen t a v ec la pro jec-

tion prop osé dans [ BBC

+
11 , MS03 ]. Il est imp ortan t de dire que cette dernière

appro c he basée sur le t yp e des données est la seule appro c he de pro jection p our

traiter les mises à jour X Query .

Le c hapitre est structuré comme suit. Dans la section 6.2 , nous in tro duisons

quelques notations préliminaires sur le langage des mises à jour utilisées dans

cette appro c he, et puis nous présen tons notre fonction d'extraction de c hemins.

Dans ls section 6.3 , nous décriv ons formellemen t les mises à jour itérativ es. En-

suite, dans la section 6.4 , nous présen tons notre tec hnique de partitionnemen t

p our les mises à jour itérativ es, et in tro duisons les dé�nitions formelles et

les sp éci�cations basés sur DOM du partitionnemen t et de la fusion. Dans

la section 6.5 , nous fournissons les algorithmes (basés sur le streaming) de

partitionnemen t et de fusion utilisés p our exécuter notre scénario de parti-

tionnemen t p our les mises à jour. Le c hapitre se termine a v ec les résultats des

tests dans la section 6.6 et quelques conclusions présen tées dans la section 6.7 .

ˆ Chapitre 7 A v ec la scalabilité, notre tec hnique de partitionnemen t présen tée

dans les c hapitres précéden ts p ossède un autre a v an tage celui de p ouv oir exé-

cuter les requêtes et les mises à jour en parallèle. Ceci est p ossible puisque

une large classe des requêtes et des mises à jour son t itérativ es et p ermetten t

l'év aluation de celles ci sur c haque partie indép endammen t de l'autre.

Dans ce c hapitre, nous présen tons les idées essen tielles d'une mise en o euvre

parallèle p ossible de notre tec hnique de partitionnemen t à l'aide du mo d-

èle de programmation MapReduce [ DG08 ]. Nous tenons à souligner que

l'arc hitecture que nous prop osons est le résultat d'une collab oration a v ec Carlo
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Sartiani (professeur adjoin t à l'Univ ersità Basilicate della, Italie) et Maurizio

Nole (étudian t du Master à l'Univ ersità Basilicate della, Italie).

Nous présen tons d'ab ord les bases du paradigme MapReduce dans la section

7.1 , puis nous mon trons commen t notre tec hnique p eut être mise en o euvre

dans une plate-forme de MapReduce dans la section 7.2 . En�n, nous tirons

notre conclusion dans la section 7.3 .

ˆ Chapitre 8 Conclusion et p ersp ectiv es: Dans ce c hapitre, nous a v ons présen té

une nouv elle tec hnique de partitionnemen t p our de do cumen t XML. Cette

tec hnique généralise les appro c hes existan tes et basées sur le c hemin, et

s'applique à une large classe de requêtes et mises à jour.

Une des particularités de notre appro c he est qu'elle n'utilise pas le sc héma. Il

utilise les informations de c hemin pro v enan t de la requête / mise à jour a�n

d'e�ectuer l'analyse statique nécessaire p our reconnaître la nature itérativ e de

la requête / mise à jour et utilise les informations de c hemin p our e�ectuer

le partitionnemen t. Une autre particularité de cette appro c he est qu'elle p eut

s'appuy er sur n'imp orte quel système mémoire-cen trale, car aucune in terv en-

tion dans le mécanisme in terne du système n'est nécessaire. En�n, nous a v ons

vu que notre appro c he p eut être mise en o euvre dans une plate-forme par-

allèle comme MapReduce de manière aisée p ermettan t ainsi à l'in terrogation

et la mise à jour en parallèle. P our les ensem bles de do cumen ts de taille im-

p ortan te, et p our de grands cluster de mac hines, cette utilisation p ermet de

réduire considérablemen t le temps comparé à une exécution sequen tielle des

requêtes/mises à jour.

Il existe plusieurs p ersp ectiv es. T out d'ab ord, nous prév o y ons d'étendre cette

appro c he aux autres fragmen ts de X Query en particulier à des requêtes con-

tenan t des op érateurs d'agrégation (telles que le group-b y). En plus, nous

prév o y ons d'étendre cette tec hnique dans le cas où les requêtes e�ectuen t des

join tures. Dans ce cas, des tests e�ectués on t rév élé que le temps d'exécution

p eut être imp ortan t en utilisan t des systèmes mémoire-cen trale. P our p erme-

ttre le partitionnemen t de la requête / mise à jour on doit redé�nir l'analyse

statique p our tenir compte des conditions de join ture et probablemen t recourir

à la réécriture des requêtes /mises à jour. À notre a vis, dans ce scénario une

appro c he MapReduce p ourrait aider à réduire le temps d'exécution.

Comme deuxième p ersp ectiv e, nous aimerions explorer les p ossibilités de ma-

nipulation des w orkloads constitués de requêtes et de mises à jour. Une fois

l'analyse de c hemin e�ectuée p our caractériser la nature itérativ e du w orkload,

le partitionnemen t p eut être e�ectué p our l'ensem ble des requêtes et mises à

jour comp osan t ce w orkload.

En�n, nous prév o y ons d'utiliser la plate-forme MapReduce p our la mise en

o euvre de notre appro c he, en utilisan t le sc héma illustré dans le c hapitre 7 .
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En particulier, nous allons nous concen trer sur notre implémen tation, p our

adapter notre co de dans la plate-forme MapReduce. Dans ce con texte, nous

allons égalemen t nous concen trer sur les tests exp érimen taux a�n de dé�nir

p our quel t yp e de requête / mise à jour l'exécution de MapReduce est plus

rapide plus que l'exécution traditionnelle cen tralisée.
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T

h e last decade has seen the rapid di�usion of the eXtensible Markup L anguage in

man y application �elds. XML is a successor of SGML, and w as rapidly adopted

as a natural format for represen ting semi-structured data, whose structure can not

b e easily mo deled according to standard relational and ob ject-orien ted data mo dels.

The great �exibilit y whic h is b ehind the XML data mo del made it a univ ersal data

represen tation format, and allo w ed the use of XML as a con v enien t medium for

exc hanging data b et w een di�eren t W eb applications.

T o supp ort the di�usion of XML, sev eral to ols for transforming, querying, manip-

ulating, and mo deling XML data ha v e b een de�ned. In particular, the W orld Wide

W eb Consortium (W3C) in tro duced X Query [ W3S10 ] as the standard query lan-

guage for XML data, and, more recen tly , X Query Up date F acilit y [ Gro11a , Gro11b ]

as an extension of X Query to up date XML do cumen ts. Since their in tro duction,

b oth languages ha v e b een in tensiv ely studied b y the researc h comm unit y , in partic-

ular in directions aiming at optimizing query and up date execution.

One of the main use of X Query , is to query and up date XML data that are sim-

ply stored in �les or generated b y a stream. Generally , in these con texts all those

complex functionalities c haracterizing traditional DBMSs are not needed. The main

need in these con text is the a v ailabilit y of a query/up date engine whic h is easy to

install and to in tegrate in a programming en vironmen t. With suc h motiv ation man y

ligh t-w eigh t X Query pro cessors ha v e b een devised in recen t y ears, lik e Galax [ gal ],

Saxon [ sax ], Qizx [ qiz ], and eXist [ exi ]. These systems usually pro vide full compli-

ance with resp ect to the W3C sp eci�cations, and pro cess data in main memory fash-

ion: data are �rst en tirely loaded in the main-memory and then pro cessed (queried

or up dated). F or this reason, these systems are usually classi�ed as main-memory

systems.

By quoting Cong and al. [ GCL12 ], main-memory systems are the b est c hoice in

. . . domains lik e Life sciences (e.g., Biology), Astronom y , and ev en for

the managemen t of t ypical XML do cumen ts corresp onding to Microsoft
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O�ce �les (since p o w erp oin t presen tations, W ord �les, and Excel spread-

sheets are all curren tly stored as XML). In all these domains, the man-

agemen t of XML do cumen ts is �le-system cen tric and no traditional

XML data managemen t systems is y et in place (since non-exp ert users

often �nd these latter systems to b e hard to use and main tain).

Esp ecially in domains lik e Life science and Astronom y , XML do cumen ts are

lik ely to b e h uge (sev eral GBs), whic h can jeopardize the p ossibilit y of using a

main-memory engine for query pro cessing. In other w ords, main-memory systems,

while v ery �exible and easy to set-up and use, cannot scale up with do cumen t

size. A partial solution to this problem is o�ered b y pro jection-based tec hniques

[ BCCN06 , KSS08 , MS03 ] that allo w one to prune out, at loading time, parts of the

data that are not necessary for the query or the w orkload b eing pro cessed. F or some

of the existing pro jection tec hniques, sc hema information in the form of DTDs or

XML Sc hema de�nition is needed [ BCCN06 , KSS08 ].

Pro jection-based approac hes pro vide only a partial solution to the scalabilit y

issues of main-memory systems, as the pro jected input do cumen ts ma y still exceed

the main-memory capacit y . This ma y b e the case when (i) the input �le is h uge, (ii)

the query selectivit y is lo w and it needs a large part of the input, or (iii) a w orkload

(i.e., a set of queries) has to b e ev aluated on the do cumen t. In the last case, a single

global pro jection meeting the query needs of the whole w orkload is lik ely to exceed

the main-memory size, while running a query at a time, and pro jecting (and loading)

data for eac h run w ould result in a quite ine�cien t and still failure-prone pro cess.

This due to that the global pro jection normally will b e h uge, and in the w orst case

it will b e con tained the whole input do cumen t for satisfy all queries comp osed the

w orkload. Therefore, the standard pro jection still failure in case of pro cessing a

query w orkload.

It is w orth observing that scalabilit y issues also dep end on the particular kind

of engine one w an ts to use, and on in ternal memory settings. In fact, most of

main-memory system are implemen ted in Ja v a, and their scalabilit y dep ends on the

amoun t of main-memory giv en to the Ja v a Virtual Mac hine. In an y case, ev en for

large amoun ts, scalabilit y problems of standard pro jection still p ersist, as the size

of do cumen t pro jection increases as the size of the input do cumen t increase.

The main ob jectiv e of this Thesis is to o�er a tec hnique that ensures scalabilit y

for b oth queries and up dates indep enden tly of:

ˆ the kind of main-memory system.

ˆ the amoun t of a v ailable main-memory .

ˆ the presence of sc hema information.

T o this end, in this Thesis, w e prop ose an optimization tec hnique based on

data p artitioning . This tec hnique relies on the observ ation that, in man y practical



2.1. contributions 15

cases, X Query queries and up dates �rst select a sequence of subtrees b y means of a

sub query (e.g, an XP ath expression), and then iterate op erations on this sequence

of subtrees. F or instance, concerning queries, 13 out of 20 queries of the XMark

b enc hmark meet this prop ert y , while concerning up dates, 16 out of 20 up dates in

the b enc hmark adopted in [ BBC

+
11 , Sah11 ] are iterativ e.

In the case of queries, when this prop ert y is satis�ed b y a query Q , the input

do cumen t can b e split in to a collection of parts f D1; : : : ; D� g, so that the ev aluation

Q(D) of the query Q o v er the do cumen t D turns out to b e equal to the concatenation

of the ev aluations Q(Di ) of the query Q o v er the do cumen t parts Di .

F or up dates, the same strategy can b e adopted, with the di�erence that partial

up dates U (Di ) ha v e to b e recom bined so that the up dated do cumen t U (D) can b e

obtained. While in the case of queries a simple concatenation of partial result is

su�cien t. In particular w e use the command cat to com bine these partial results

in order to pro duce the �nal one. F or up dates, and since w e use additional tags

during the creation of the partitions in order to hold the w ell-formedness of the

created parts, auxiliary information ab out these additional tags is needed in order

to c orr e ctly re-com bine up dated parts and eliminate these tags to obtain the �nal

up date result U (D) . This auxiliary information is opp ortunely built up during

partitioning.

Besides scalabilit y , our partitioning tec hnique can b e easily adapted to b e

adopted in a MapReduce [ DG08 ] framew ork, enabling parallel querying or up dating

of parts comp osing a partition. This is due to the fact that iterativ e queries and

up dates enjo y the prop ert y that ev aluation on eac h part do es not need information

coming from ev aluation on another part. The p ossibilit y of an easy transp osition

in a MapReduce framew ork pla ys an imp ortan t role no w ada ys, giv en the curren tly

rapid and large di�usion of cloud-based platform based on this paradigm.

2.1 contributions

This Thesis prop oses a no v el tec hnique for partitioning-based ev aluation of X Query

queries and up dates.

The �rst con tribution of this Thesis fo cuses on queries. In this con text, main

con tributions are the follo wing ones, and are also rep orted in [ Nic12 ]:

ˆ W e �rst presen t a formal c haracterization of the class of queries that enjo y the

ab o v e describ ed splitting prop ert y: w e dub these queries as iter ative queries .

By relying on this formal c haracterization, w e dev elop a static analysis tec h-

nique that �rst extracts paths and information ab out b ound v ariables from the

query , and then analyses them in order to statically detect ho w the do cumen t

is na vigated b y the query . Relying on path information allo ws us to a v oid the

use of sc hema information, whic h is not alw a ys a v ailable.
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ˆ W e then presen t a partitioning algorithm that exploits the paths extracted

during the static analysis to iden tify the correct partitioning for the input

do cumen t. W e �rst presen t DOM-based sp eci�cation of the algorithm, and

then a SAX based on enabling the p ossibilit y of p erforming partitioning in a

streaming fashion, with a v ery limited memory fo otprin t. T o further impro v e

the b ene�ts of our approac h, w e com bine partitioning with standard pro jec-

tion, so that during the creation of do cumen t parts, sub-trees not needed b y

the query are pruned out. The use of pro jection is not crucial to ensure scal-

abilit y , whic h is our main purp ose, since our approac h is so that the maximal

size of eac h part can b e tuned b y the user. Pro jection helps in reducing the

o v erhead of partitioning, since it sp eeds up query execution on the partition.

ˆ Then, w e presen t extensiv e exp erimen tal ev aluation that corrob orates that,

when using our partitioning approac h, main-memory engines can pro cess do c-

umen ts of arbitrary size, at the price of a mo dest o v erhead with resp ect to

sc hema-less pro jection tec hniques; our exp erimen ts also sho w that partition-

ing allo ws for a scalable managemen t of w orkloads, as the input do cumen t is

partitioned once for all.

The second con tribution of this Thesis concerns up dates. In this con text, main

con tributions are the follo wing ones:

ˆ W e �rst analyze cases in whic h up date ev aluation can b e correctly done on

partitions, and then pro vide a static analysis to c haracterize suc h up dates,

whic h w e call iter ative up dates . This c haracterization requires restrictions on

the querying mec hanisms that can b e used in sour c e and tar get expressions

of up dates. W e will sho w that these restrictions are mild, in the sense that a

wide class of up dates can b e dealt with our approac h.

ˆ W e then presen t a partitioning tec hnique whic h distinguishes from that of

queries for the follo wing t w o asp ects.

First, pro jection is not used, in order to ha v e a simple and e�cien t re-

com bination pro cess of partial up dates. This is also justi�ed b y the fact that

partitioning is already su�cien t to generate small enough parts. The use of

pro jection w ould require a sophisticate re-com bination pro cess, since subtrees

pruned out during partitioning should b e recognized and rep orted in the �nal

result of the pro cess. This kind of op eration has b een done [ BBC

+
11 ], where

the use of sc hema information w as crucial to ensure a clear formalization and

e�ciency .

Second, paths used during partitioning are inferred b y k eeping in to accoun t

the particular nature of up dates. These paths are used in order to ensure that

subtrees ev en tually selected b y target paths are nev er split during partitioning.

A tomicit y of these subtrees is necessary to ensure that the up date ev aluation

can b e correctly distributed o v er all the input parts.
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ˆ Then, w e presen t extensiv e test results sho wing the e�ectiv eness of out tec h-

nique. Di�eren tly from the case of queries, the o v erhead due to partitioning

is not negligible. Ho w ev er test results sho w that our main goal, scalabilit y is

largely attained.

Concerning test results, w e used t w o main-memory engines, Saxon [ sax ] and Qizx

[ qiz ]. Our c hoice is motiv ated as follo ws. Saxon is a v ery p opular system, whic h

distinguishes for its exhaustiv eness in co v ering most W3C standards for XML pro-

cessing (e.g., XML Sc hema, XSL T, X Query queries and up dates). Di�eren tly , Qizx

is sp ecialized in X Query query and up date, and supp orts sophisticated tec hniques

to optimize b oth execution time and memory consumption.

As a third con tribution, this Thesis sho ws that the prop osed framew ork can b e

easily adapted in order to b e run in a MapReduce framew ork [ DG08 ]. T o this end,

main notions b ehind this paradigm are in tro duced �rst, and then the arc hitecture

of the MapReduce implemen tation of our framew ork is illustrated and discussed.

2.2 str ucture of the thesis

The Thesis is organized as follo ws:

ˆ Chapter 2 In tro duces XML and X Query Up date F acilit y and pro vides some

basic notions and de�nitions.

ˆ Chapter 3 Presen ts standard pro jection tec hniques and sho ws limitations of

these ones in terms of scalabilit y .

ˆ Chapter 4 Presen ts our partitioning tec hnique for X Query queries, together

with exp erimen tal results.

ˆ Chapter 5 Presen ts our partitioning tec hnique for X Query up dates, together

with exp erimen tal results.

ˆ Chapter 6 Illustrates ho w our partitioning tec hniques can ensure parallel

query and up date ev aluation b y means of the MapReduce paradigm.

ˆ Chapter 7 Discusses related w orks, conclusiv e remarks and directions for

future w orks.
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T

h is c hapter has t w o essen tial sections. In the �rst one, w e presen t some basic

notions ab out XML data and its c haracteristics. In the second section, w e

�rst in tro duce the XML query languages: XP ath and X Query , and then in tro duce

the up date extensions pro vided b y X Query Up date F acilit y language. All of these

languages are W3C standards [ Gro03 , Gro11a , W3S10 ].

3.1 XML

XML (eXtensible Markup Language) is among the most p opular data formats for

represen ting data generated and exc hanged b y W eb application. In particular, XML

is widely adopted to describ e di�eren t kinds of data suc h as HTML (Hyp erT ext

Markup Language) data, relational and ob ject database, m ultimedia �les (audio,

video), and so on.

XML actually is a simpli�ed form of SGML (Standard Generalized Markup

Language), and it is a W3C standard 1998 [ BPMM08 ]. The syn tax of XML data

is v ery similar to that of HTML. Ho w ev er, there are some deep di�erences b et w een

b oth of them. The most imp ortan t one is that HTML has prede�ned elemen t tags

and attributes whose b eha vior is w ell sp eci�ed, while XML do es not. F or instance,

in XML the user can adopt a <name> tag, while in HTML the user is obliged to use

prede�ned tags suc h as <body> , <head> , <title> , <p> , etc.

The p ossibilit y of using non-prede�ned tags mak es XML data self-describing .

This, together with the p ossibilit y of free elemen t nesting and mixed con ten ts, mak e

XML an high �exible language for data represen tation.
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3.1.1 T extual Represen tation

A ccording to the W3C, the basic comp onen t of an XML do cumen t is the element ,

whic h consists of a piece of text enclosed b y an op en-tag and its corresp onding

close-tag . The con ten t of eac h XML elemen t can b e simple text v alue, a sequence of

elemen ts, or a mixed sequence whic h includes the t w o previous forms (text v alues and

elemen ts). Figure 3.1 represen ts a simple fragmen t of an XML do cumen t. It sho ws

that elemen ts are denoted b y markup tags. F or example, the op en-tag <name> and

the close-tag </name> represen t an XML elemen t, and the text v alue Jean Scott

included b et w een b oth of them refers to the con ten t of this XML elemen t. Elemen ts

with empt y con ten t are called empty elements , and ha v e an abbreviated notation, as

indicated b y the empt y elemen t <email/> . The elemen t <note> con tains a complex

sequence whic h includes elemen ts suc h as <telephone> and text v alues. Elemen ts

can b e annotated with attributes that con tain meta data ab out the elemen t and its

con ten ts. F or example, the elemen t <person> has a single attribute named gender

with a simple v alue M .

<person gender = "M">

<name> Jean Scott </name>

<age> 35 </age>

<email/>

<note> The personal phone of Jean is :

<telephone> 0033110203040 </telephone>

</note>

</person>

Figure 3.1: T extual represen tation of an XML fragmen t.

3.1.2 W ell-F ormedness of XML

A ccording to the W3C, an XML do cumen t is considered as w ell-formed if the fol-

lo wing constrain ts are met. W e summarize b elo w the main ones.

ˆ An XML do cumen t m ust b e con tain at least one elemen t.

ˆ Only one elemen t m ust b e con tain the whole XML do cumen t; this elemen t is

called the r o ot element .

ˆ All elemen t tags m ust b e nested prop erly , and there is no o v erlap b et w een

them.

ˆ T ags in XML are case sensitiv e. This means that <Name> , <NAME> and <name>

are not the same.

ˆ A ttribute v alues m ust alw a ys b e quoted.

Here, w e ha v e a list of non w ell-formed examples of XML elemen ts:
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ˆ <name>Jean Scott</lastName>

The op en-tag and close-tag do not matc h.

ˆ <person><age></person></age>

The elemen t tags are not nested prop erly .

ˆ <country> </couNtry>

Due to case sensitivit y , op en-tag and close-tag do not matc h.

ˆ <person gender = M>

The attribute v alue misses quotes.

As already said, in this Thesis w e fo cus on a sc hema-less approac h, in the sense

that w e do not rely on sc hema information. Ho w ev er w e brie�y in tro duce DTD

(Do cumen t T yp e De�nition) whic h is a widely used sc hema language. This in tro-

duction will help in understanding related w orks on up dates [ BBC

+
11 ] that mak e

use of sc hemas in the form of DTD.

In a n utshell, A DTD sc hema consists of a set of declarations used for describing

the structure of elemen ts and attributes. The con ten t of eac h elemen t is describ ed b y

means of regular expressions. elemen ts, attributes and another constructors are used

to describ e the formal structure of the con ten t for a w ell-formed XML do cumen t.

T o this end, regular expressions are used.

DTD declarations ha v e the follo wing form:

<!ELEMENT element-name (element-content )>

where element-name represen ts the name of elemen t tag in an XML do cumen t (suc h

as p erson, name, email, etc.) while element-content is either an empt y con ten t or

a regular expression o v er tags and text-sym b ols represen ting the structure form of

the elemen t-con ten t.

Eac h DTD starts with the declaration of the ro ot elemen t, and then it con tin ues

with sp eci�cation of other elemen ts. A DTD for our (addressBook:xml) do cumen t

is describ ed in Figure 3.2 . In particular, the declaration sa ys that its con ten t has to

b e a sequence of zero or more of elemen ts tagged as person . The DTD also sp eci�es

that con ten t of eac h elemen t person consists of t w o elemen ts name and age , follo w ed

b y t w o optional telephone and email elemen ts, and �nally an essen tial note ele-

men t. The v alue #PCDATA is used to declare the text-con ten t of eac h elemen t no de

in the do cumen t (addressBook:xml) . This text-con ten t consists of a sequence of

c haracters (string v alues) without in terlea v ed XML elemen t no des. The declaration

for the person attribute sa ys that t w o p ossible v alues are admitted, and that �M�

is the default one.

In man y con texts, it is con v enien t to ha v e a tree represen tation of an XML

do cumen ts. In man y examples that w e use in next c hapters, w e rely on tree rep-

resen tation. An y XML do cumen t is actually tree shap ed. The ro ot corresp onds to
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<!DOCTYPE addressbook[

<!ELEMENT addressbook (person *)>

<!ELEMENT person (name, age, telephone?, email?, note)>

<!ATTLIST person gender (M|F) "M">

<!ELEMENT name (#PCDATA | (firstname, lastname))>

<!ELEMENT firstname (#PCDATA)>

<!ELEMENT lastname (#PCDATA)>

<!ELEMENT age (#PCDATA)>

<!ELEMENT telephone (#PCDATA)>

<!ELEMENT email (#PCDATA)>

<!ELEMENT note (#PCDATA | email | telephone)*>

]>

Figure 3.2: DTD of addr essBo ok.xml XML do cumen t.

the ro ot elemen t, c hildren of this elemen ts corresp ond to sub-elemen ts and textual

no des, and so on. A tree represen tation of our addressBo ok elemen t is giv en in

Figure 3.4 .

In the next c hapters, w e will mainly fo cus on do cumen ts only con taining ele-

men ts. This is to simplify the formal treatmen t; our approac hes easily extend to

attributes. As a consequence, �gures will b e simpler to o, as only elemen t no des will

o ccur.

Figure 3.4 uses a graphical tree represen tation to describ e the addressBo ok do cu-

men t. In this Thesis, w e will often rely on graphical tree represen tation to illustrate

our concepts.

3.2 Quer ying XML

This section in tro duces t w o XML query Languages: XP ath and X Query , b oth

W3C standards. An excellen t o v erview ab out the X Query language is presen ted in

[ K CD

+
03 ], and another o v erview ab out XP ath language is in tro duced b y [ Gro03 ].

A formal in tro duction to these languages is out of the scop e of this Thesis. In this

section, w e only fo cus on the basic structures of XP ath expressions and X Query

languages, and in tro duce them mainly b y means of examples. Subsequen t c hapters

will then pro vide formal c haracterizations of the fragmen ts of these languages w e

will deal with.

3.2.1 XP ath Language

XML P ath Language (XP ath) is one of the most p opular languages used in XML

tec hnologies. It pro vides supp ort for na vigating through XML trees in order to

select no des satisfying some structural and v alue-based prop erties.

The main constructor in XP ath language is the expression. Essen tially , an XP ath

expression consists of a sequence of steps separated b y the sym b ol / . Eac h step
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<addressbook>

<person gender = "M">

<name> Jean Scott </name>

<age>35</age>

<email/>

<note>The personal phone of Jean is :

<telephone>+331 102 03 040 </ te lep ho ne >

</note>

</person>

<person>

<name>

<firstname>Steve n</ fi rst na me >

<lastname>Wesley </l as tna me >

</name>

<age>38</age>

<telephone>+3315 52 099 40 </t el ep hon e>

<email>steven.we sl ey@ IT com pa ny .co m< /e mai l>

<note>

Work administrator, his mobile phone:

<telephone>+338 117 73 700 </ te lep ho ne >

his email:<email>ste ven .b os s@s pe ed yma il .c om< /e mai l>

</note>

</person>

</addressbook>

Figure 3.3: A w ell-formed XML do cumen t.

consists of three parts; t w o mandatory parts are axis and no de test , while an optional

part is pr e dic ate .

Informally , the three comp onen ts of step are de�ned as follo ws:

1. an axis de�nes the relationship b et w een the con text no de and the no des se-

lected b y the step.

2. a no de test sp eci�es the no de t yp e and the expanded-name of the selected

no des.

3. zero or more pr e dic ates , whic h use arbitrary expressions to further re�ne the

set of selected no des.

The ev aluation of eac h step returns a sequence of no des. The curren t no de o v er

whic h a step is ev aluated is called c ontext no de , and the v alue returned b y an XP ath

expression is the v alue returned b y the last step of this expression.

F or example, when the follo wing step child::person is ev aluated, the axis

child selects all c hildren no des of the c ontext no de . Then, among these no des,

the condition person selects only c hildren no des corresp onding to elemen ts named

as person . It is v ery imp ortan t to note that no des are resulted according to the
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Figure 3.4: T ree represen tation of addressBo ok XML do cumen t.

do cumen t order. Also, it is imp ortan t to note that XP ath assumes that na vigation

through a do cumen t alw a ys starts from what is called the do cument r o ot , whic h can

b e seen as a virtual no de ha ving as only c hild the do cumen t ro ot elemen t. The

do cumen t ro ot is selected b y the simple expression =, so for our previous address-

Bo ok do cumen t /child::addressbook selects the ro ot elemen t addressbook , while

/child::addressbook/child::person select the sequence of all person elemen ts.

The follo wing brief description presen ts some of a v ailable axes in XP ath (Figure

3.5 illustrates these na vigating axes):

ˆ self axis selects the con text no de itself.

ˆ child axis selects all c hildren of the con text no de.

ˆ descendant axis selects all descendan ts (c hildren, grandc hildren, etc.) of the

con text no de.

ˆ descendant-or-self axis selects all descendan ts of the con text no de and the

con text no de itself.

ˆ parent axis selects the paren t of the con text no de, whic h is either an elemen t

no de or the ro ot no de (or an empt y sequence if the con text no de is the ro ot

no de).

ˆ ancestor axis selects all ancestors (paren t, grandparen t, etc.) of the con text

no de, from its paren t to the ro ot no de.

ˆ ancestor-or-self axis selects all ancestors of the con text no de, from its

paren t to the ro ot, and the c ontext no de itself.

As said b efore, the second essen tial part used to comp ose an XP ath step is the

no de test , whic h has one of the follo wing forms:
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ˆ node() : selects no des of an y t yp e.

ˆ text() : selects text no des.

ˆ tag : selects only no des that ha v e the elemen t-name tag . F or example, the

elemen t-name age in the step child::age , whic h selects only no des corre-

sp onding to elemen ts named as age .

Figure 3.5: Na vigational XP ath axes.

In the follo wing w e giv e some examples of XP ath expressions. The next query

selects all email elemen ts that are c hildren of person elemen ts. This is p erformed b y

using a sp eci�c path to b e follo w ed in order to select the requested email elemen ts:

/child::addressbook/child::person/child::email

whic h can ha v e the follo wing abbreviated v ersion (the child:: part is omitted)

/addressbook/person/email

Another abbreviation that is admitted is that allo wing the use of //a instead of

/descendant-or-self::node()/child::a . So the follo wing query selects all email

elemen ts in the do cumen t addressBook.xml .

//email

XP ath uses predicates in its query syn tax to limit the extracted data from an

input XML do cumen t. The follo wing predicate is used to select all person elemen ts

that ha v e an attribute gender with a v alue "M" :

doc("addressbook.xml")//person[gender = "M"]
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3.2.2 X Query Language

The X Query language is a �exible and p o w erful query language for XML data.

X Query language is built on XP ath expressions, and can b e used in sev eral tasks,

suc h as:

ˆ Extract information from an XML database to use in a W eb service.

ˆ Generate summary rep orts ab out data stored in an XML database.

ˆ Searc h textual do cumen ts on the W eb for relev an t information.

ˆ T ransform XML data to XHTML to b e published on the W eb.

In all these con texts, XP ath is not su�cien t, as mec hanisms to select tuples of

no des, and build new ones are needed. The most used fragmen t of X Query consists of

FL WR expressions. The name FL WR comes from the initial letters of the follo wing

clauses:

ˆ for -clauses �rst select a sequence of no des, and then p erform some query

op erations on eac h no de;

ˆ let -clauses bind a sequence of no des to a sp eci�c v ariable, whic h can b e used

in to another expression;

ˆ where -clauses �lter no des dep ending on a b o olean expression;

ˆ returtn -clauses build v alues resulted b y a query .

Most of these clauses are optional, except the return clause .This clause is

alw a ys attac hed with at least one for or let clause. In general, a FL WR expression

ma y con tain man y for/let clauses b efore the return clause.

The simplest FL WR expression con taining a for clause has the follo wing form:

for $x in Q1 return Q2

First of all, this query ev aluates Q1 , and then for eac h no de in the resulting

sequence, it binds this no de to the v ariable $x and ev aluates Q2 accordingly . Note

that the ev aluation of Q2 is p erformed according to the sequence order of Q1 result.

The �nal result is obtained b y concatenating all Q2 results.

The follo wing examples illustrate a query returns the sequence age elemen t of

all person elemen ts in the do cumen t addressBook.xml presen ted in Figure 3.3 :

for $x in doc("addressbook.xml")//person

return $x/age

The follo wing example uses a where clause to select exactly the same result of

the previously seen query doc("addressbook.xml")//person[gender = "M"]
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for $x in doc("addressbook.xml")//person

where $x/@gender = "M"

return $x

X Query also pro vides if-then-else expressions. F or instance, the ab o v e query

is equiv alen t to the follo wing one using this kind of expressions:

for $x in doc("addressbook.xml")//person

return

if $x/@gender = "M" then $x else ()

where () denotes the empt y sequence.

The follo wing query pro duces t w o kinds of elemen ts dep ending of the gender of

p ersons:

for $x in doc("addressbook.xml")//person

return

if $x/@gender = "M" then <m/> else <f/>

An example illustrating ho w m ultiple for/let clauses can b e com bined is the

follo wing one:

let $x := doc("addressbook.xml") return

for $y in $x//person

let $w := $y/age

where $w > 35

return $y/note

In the ab o v e example, eac h for/let clause is ev aluated in a scop e determined

b y previous clauses. The query ab o v e will return the follo wing data:

<note>

Work administrator, his mobile phone:

<telephone>+33811773700</telephone>

and private email:<email>steven.boss@speedymail.com</email>

</note>

3.2.3 X Query Up date F acilit y

The X Query language is pro vided with a p o w erful extension, called X Query Up date

F acility (XUF), for up dating XML do cumen ts. The XUF language b ecame a W3C

candidate recommendation in 2009, and w as �nalized as recommendation in 2011

[ Gro11a ]. Basic up dating op erations pro vided b y XUF are the follo wing ones:

1. delete one or sev eral no des.
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DeleteExpre ::= "delete" ( "no de" j "no des" ) T argetExpr

RenameExpre ::= "r ename" "no de" T argetExpr "as" string-v alue

ReplaceExpr ::= "r eplac e" ( "value of no de" j "no de" ) T argetExpr

"with" SourceExpr

InsertExpre ::= "insert" ( "no de" j "no des" )
SourceExpr InsertExpreT argetChoise T argetExpr

InsertExprT argetChoice ::= "as" ( "�rst" j "last" ) "into" j "after" j "b efor e"

Figure 3.6: The W3C syn tax of simple X Query up dates.

2. rename a name of an elemen t no de.

3. replace an existing no de with a new no de or sev eral new no des.

4. insert a no de or sev eral no des in to an existing no de.

The syn tax of the XUF language, according to the W3C recommendation, is

rep orted in Figure 3.6 . In this syn tax, the T argetExpr computes the target lo cation

where the up date op eration is taking place, while the SourceExpr returns a new

fragmen t whic h will b e inserted or replaced in the target lo cation.

In Figure 3.7 , w e illustrate the main up date mec hanism b y means of some ex-

amples. The input do cumen t D is rep orted in Figure 3.7 -(a).
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(a) Input XML do cumen t D (b) U1(D ) , (insert new no de) (c) U2(D ) , (replace no de)
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(d) U3 (D ) , (replace v alue of no de) (e) U4(D ) , (rename no de) (f ) U5 (D ) , (delete no des)

Figure 3.7: Simple X Query up dates.

The result of the �rst simple up date U1(D ) on the input do cumen t D rep orted

in Figure 3.7 -(a) is illustrated in Figure 3.7 -(b). This up date inserts an empt y new

no de <new/> after the last /a/b/c in D , b y using the follo wing expression:
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U1 = insert node <new/> after doc(D :xml )=child :: a=child :: b=child :: c[last()]

Figure 3.7 -(c) illustrates the up date result U2(D ) of the do cumen t D pro duced

b y a simple up date U2 . This up date replaces the no de (and its subtree) selected b y

/a/b with another subtree selected b y /a/d .

U2 = replace node doc(D :xml )=child :: a=child :: b
with doc(D :xml )=child :: a=child :: d

Figure 3.7 -(d) illustrates the up dated result U3(D ) after ev aluating the simple

up date U3 on D , whic h replaces the text-v alue of the last c -no de lo cated after the

no de selected b y /a/b with a new v alue "tata" , as follo ws:

U3 = replace value of node doc(D :xml )=child :: a=child :: b=child :: c[last()]
with " tata"

Figure 3.7 -(e) illustrates the up dated result U4(D ) pro duced b y ev aluating the

simple up date U4 on the do cumen t D . This up date renames the lab el-name of the

last f -c hild no de as "new" , as follo ws:

U4 = rename node doc(D :xml )=child :: a=child :: f [last()] as " new"

The last up date result U5(D ) illustrated in Figure 3.7 -(f ) whic h deletes all sub-

trees ro oted at g -no de of f -no des existed in the do cumen t D , as follo ws:

U5 = delete nodes doc(D :xml )=child :: a=child :: f=child :: g

A second form of X Query up dates relies on conditional or FL WR expressions.

F or example, consider the follo wing conditional up date:

U6 = let $x := doc(D :xml )=child :: a=child :: d return

if $x=child :: g then

delete node $x
else

replace value of node $x with " node"

This up date deletes eac h c hild g -no de of d -no de if it exists, otherwise it replaces

the lab el-name of d -no de with "node" . The result of ev aluating this up date on the

do cumen t D is illustrated in Figure 3.8 -(b).

Another example is used to apply a simple up date rename during an iteration:

U7 = let $i := doc(D :xml ) return

for $x in $i=child :: a=child :: f
where $x=child :: g

return rename node $x=child :: g as " node"

This up date na vigates the whole do cumen t D and c hec ks eac h /a/f subtree

whether it con tains a c hild g -no de, if it exists then the up date will rename the
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(a) Input XML do cumen t D (b) U6(D ) , (conditional expression) (c) U7 (D ) , (FL WR expression)

Figure 3.8: Complex X Query up dates.

lab el-name of g -no de with a new lab el node , otherwise no up date will b e p erformed

in D . The �nal up date result U7(D ) is illustrated in Figure 3.8 -(c).

It is w orth noticing that according the W3C seman tics, some constrain ts m ust

b e preserv ed during the up date execution. F or previous examples of simple/com-

plex up date expressions, these constrain ts are held and describ ed in the follo wing

remarks.

Remark 1 In order to execute a simple insertion, the T argetExpr m ust b e a single

no de, otherwise if it is an empt y sequence or con tains a set of no des, a run-time

error will rise and the insert up date will not b e p erformed.

Remark 2 In order to p erform a simple deletion, the T argetExpr m ust b e a single

expression to a v oid getting a dynamic error during the execution.

Remark 3 In order to p erform a simple replacemen t, the SourceExpr m ust b e a

con ten t sequence whic h is either an empt y sequence, a set of elemen t no des or string

v alues. Otherwise a run time error is risen.

A ctually these constrain ts are orthogonal to our w ork, and w e assume that our

up date language satis�es these constrain ts.

3.3 conclusion

This c hapter has pro vided a simple in tro duction to XML, the query language

X Query and the up date language X QU. The presen ted in tro duction is far from

b eing exhaustiv e. Ho w ev er, w e ha v e fo cused on a signi�can t fragmen t co v ering

mec hanisms used in practice. In this Thesis w e fo cus on suc h fragmen t.
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A

s w e said in the in tro duction, XML data pro jection is one of the most imp ortan t

tec hniques used for reducing the memory consumption of main-memory XML

(query/up date) engines. The main idea b ehind this tec hnique is quite simple and

pro ductiv e as w ell: giv en a query Q on an XML do cumen t t , instead of ev aluating Q
on t , the query Q is ev aluated on a smaller do cumen t t 0

obtained from t b y pruning

out, at loading-time, all subtrees of t that are not necessary to ev aluate Q . The

pro jection t 0
is often m uc h smaller than the original t due to the high selectivit y of

queries. This tec hnique ensures a big impro v emen t in terms of the execution memory

consumption, as it allo ws the main-memory engine to query large do cumen ts, and

also ensures gains in terms of querying time.

In this c hapter, w e discuss main features of t w o main approac hes prop osed for

XML pro jection. The �rst one [ MS03 ] concerns queries, and is based on query

path extraction and on the use of extracted paths to pro ject the input do cumen t.

Another approac h for queries has b een prop osed in [ BCCN06 ], and requires sc hema

information ab out data. W e will not discuss it as this Thesis is in a sc hema-less

setting, and, for the X Query fragmen t w e consider, p erformances of [ BCCN06 ] are

closed to that of [ MS03 ] in terms of size reduction.

The second tec hnique w e will discuss concerns up dates [ BBC

+
11 , BCMS09a ,

BCMS09b ], and is the only existing pro jection tec hnique for up dates. It is based on

sc hema information and on t yp e inference, plus a no v el Mer ge op eration that, as w e

will see, is needed to recom bine the up dated pro jection with the original do cumen t.

In this c hapter, b esides illustrating ho w pro jection can b e used to pro cess a wide

class of XML queries and up dates on large XML do cumen ts, w e will sho w that these
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tec hniques, ev en if quite e�ectiv e, do not scale up with resp ect to do cumen t size.

This has motiv ated our in v estigation to w ards partitioning tec hniques.

The c hapter is organized as follo ws. Section 4.1 in tro duces the XML standard

pro jection prop osed b y [ MS03 ] and some principal de�nitions, the path analysis al-

gorithm whic h extracts the set of pro jection paths from an arbitrary X Query query .

Then explain the loading algorithm used to create the pro jection. Section 4.1.1 illus-

trates the limitations of the XML standard pro jection tec hnique b y testing sev eral

queries on XMark do cumen ts and DBLP database. In Section 4.2 , w e in tro duce,

through examples, the concept of the t yp e-based pro jection tec hnique prop osed b y

[ BBC

+
11 ]. Then in Section 4.2.1 , w e illustrate the limitations of this tec hnique with

up dates. Finally , w e dra w our conclusion in Section 4.3 .

4.1 p a th-based pr ojection f or queries

The path-based, and sc hema-less, approac h for XML pro jection has b een prop osed

b y Marian and Siméon in [ MS03 ]. The main con tribution of this w ork is a static

analysis algorithm used to extract paths from an X Query query . Extracted paths

sp ecify whic h parts of an input XML do cumen t are su�cien t to execute the X Query

query , and are used b y a streaming algorithm to prune out parts of the do cumen t

that are not needed b y the query .

T o illustrate, consider the follo wing query on XMark do cumen ts [ SWK

+
02a ]:

Q1 = for $b in /site/people/person[@id="person0"] return $b/address

By ev aluating this query on the input XML do cumen t D illustrated in Figure 4.1 ,

w e ha v e that this query do es not need to pro cess all parts in the original do cumen t.

A ctually , it only needs to pro cess parts corresp onding to the follo wing pro jection

paths (w e will see later the meaning of #):

P1 = /site/p eople/p erson/@id

P2 = /site/p eople/p erson/address#

The resulting do cumen t obtained b y using these paths for pro jection is illustrated

in Figure 4.1 .

In [ MS03 ], a simple fragmen t of XP ath [ Dra02 ] is used to de�ne the syn tax of

the pro jection paths. Eac h pro jection path starts from the ro ot and consists of a

simple path expression follo w ed b y an optional "#" �ag. This optional �ag is used

to indicate whether the descendan t subtrees returned b y the whole path expression

should b e k ept in the pro jected do cumen t. In Figure 4.1 it can b e observ ed that

the whole subtree selected b y the pro jection path P2 is k ept in the pro jection.

The syn tax of a simple path expression is de�ned b y the follo wing grammars:
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<site>

<regions>...</re gi on s>

<people>

<person id="person0">

<name>Xiulin Poch</name>

<emailaddress>ma ilt o: Poc h@ un izh .c h< /em ai la ddr es s>

<phone>+0 (847) 37140499</phone>

<homepage>http:/ /ww w. uni zh .c h/ Poch</homepage>

<creditcard>1655 3174 7975 9805</creditcar d>

<watches>

<watch open_auction="op en _au ct io n12 4" />

</watches>

</person>

<person id="person1">

<name>Remco Sevcikova</name>

<emailaddress>ma ilt o: Sev ci ko va@ ed u. sg< /e ma ila dd res s>

<phone>+0 (628) 90891260</phone>

<address>

<street>69 Yaru St</street>

<city>Brunswick< /c it y>

<country>United States</country>

<province>Maine< /p ro vin ce >

<zipcode>23</zip co de >

</address>

<homepage>http:/ /ww w. edu .s g/ Sevcikova</homep ag e>

</person>

...

</people>

...

</site>

Figure 4.1: A fragmen t of the input XMark do cumen t D .

SimpleP ath ::= Axis :: NT j SimpleP ath=Axis :: NT
Axis ::= child j self j desc endant

j desc endant-or-self j attribute
NT ::= node() j text()

As it can b e seen, this tec hnique assumes that X Query queries use only do wn w ard

axes.

The path extraction algorithm prop osed in [ MS03 ] is able to extract a set of

pro jection paths from an arbitrary X Query expression. W e omit here details ab out

the rules, and in the sequel w e fo cus on the pro jection algorithm using extracted

paths, as partitioning algorithms w e will presen t share some mec hanisms with this

one.

The pro jection algorithm pro cesses the input in a SAX fashion [ v er00 ]. In par-
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ticular, this pro jection algorithm w orks in a recursiv e w a y . It starts to parse the

original do cumen t D , and considers eac h no de read from D as an indep enden t ev en t.

It uses the follo wing sp eci�c SAX ev en ts during the pro cess:

SAXEvent ::= OpeningTag (qName)
j Characters (String )
j ClosingTag (qName)

The OpeningTag (qName) ev en t o ccurs when the op ening tag of an elemen t is

met; the tag v alue is represen ted b y (qName) . The Characters ev en t o ccurs when

a text no de is met during the parsing, and the text v alue is represen ted b y String .

The ClosingTag (qName) ev en t is dual and o ccurs when a closing tag is met.

When the SAX parser b egins the pro cessing op eration, the loading algorithm

starts to c hec k the corresp ondence b et w een the curren t pro jection paths and the

OpeningTag tok en of the curren t no de qName. If this qName matc hes the �rst

step of eac h pro jection path, this means that the loading algorithm should k eep this

no de in the pro jection D 0
whic h is normally smaller than the original do cumen t D .

Moreo v er, the algorithm in this case will c hec k if the creation of D 0
needs to k eep

the subtree of this curren t qName or not. If there is no matc h b et w een the curren t

qName and the curren t pro jection paths, here the algorithm will skip this qName
together with all the ones that follo w un til the corresp onding close-tag.

Figure 4.2 presen ts a simple XML example on whic h w e will explain ho w the

loading algorithm w orks:

<a>

<g><b></b></g>

<b><c><f></f></c ></ b>

<d><e></e></d>

<b></b>

<c></c>

</a>

Figure 4.2: An XML do cumen t fragmen t.

In this example, the loading algorithm will use a certain set of pro jection paths

/a/b/c#, /a/d to create a pro jected fragmen t from the original one presen ted in

Figure 4.2 . All op eration steps of the loading algorithm are explained clearly in

Figure 4.3 .

It is w orth observing that the algorithm is not fully sp eci�ed in [ MS03 ], since

the fo cus is on the path-extraction algorithm. The description pro vided in [ MS03 ]

is limited to some examples, and the w a y itself and descendan t axes are dealt with

is not discussed in details. In the next c hapters, w e will formally sp ecify b oth path-

extraction and pro jection mec hanism. Exp erimen tal results w e pro vide next ha v e

b een obtained b y using our implemen tation whic h is presumably equiv alen t to that
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Figure 4.3: Loading algorithm of [ MS03 ] for building a pro jection.

of [ MS03 ]. In our implemen tation, w e ha v e follo w ed principles outlined in [ MS03 ]

in order to minimize as m uc h as p ossible the size of pro jection. F or instance, in

the presence of a pro jection path desc endant :: a, the pro jection pro cess prunes out

no des not ha ving a descendan t lab eled as a.

4.1.1 Limitations of Standard Pro jection for Queries

The path-based XML pro jection tec hnique in tro duced in [ MS03 ] is an e�ectiv e tec h-

nique: it allo ws main-memory systems to query large do cumen ts. Unfortunately ,

as already said in the in tro duction, this tec hnique still has limitation since for v ery

large do cumen ts and for queries needing a large part of the input for ev aluation,

the pro jected do cumen t is lik ely to b e to o big to b e loaded for querying b y the

main-memory system.

In particular, the follo wing kinds of X Query queries are lik ely to need to o large

pro jections.

ˆ Queries p erforming the descendan t na vigation are lik ely to select large p ortions

of the input. F or instance, for XMark data, some p erformed tests rev ealed that

for a simple query lik e ==text, the pro jection tak es around 65% of the original

do cumen t.

ˆ F ull-text queries need to query textual no des of the input. As textual con ten t

of an XML do cumen t can co v er large p ortions of it, the needed pro jection is

lik ely to b e large to o. An example of suc h queries is the query N2 hereafter

discussed.

ˆ Queries pro ducing a do cumen t with the same con ten t of the input, but with

di�eren t structure, actually need the whole do cumen t to b e pro cessed. A ctu-

ally , ev en the structural reorganization concerns sub-parts of the do cumen t,
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Size of standard pro jection in (MB)

Query 1GB 2GB 3GB 4GB 5GB

Q1 15,1 26,2 39,3 52,5 66,5

Q2 36,4 62,8 94,3 125,9 159,4

Q3 36,4 62,8 94,3 125,9 159,4

Q4 44,2 76,5 115 153,6 194,5

Q5 5,2 8,9 13,3 17, 8 22,5

Q6 6,61 11,5 17,3 23,1 29,3

Q7 30,9 53,4 80,1 106,8 135,4

Q8 21,5 37,2 55,9 74,5 94,5

Q9 25,2 43,5 65,4 87,3 110,8

Q10 77,1 133,2 200,1 266,9 338,6

Q11 28,1 48,7 73,1 97,6 123,8

Q12 21,3 36,8 55,4 73,9 93,8

Q13 33,1 57,2 85,9 114,5 145,5

Q14 328,4 567,4 851,2 1,1GB 1,4GB

Q15 149,8 258,3 386,5 514,1 651,2

Q16 153,3 264,3 395,6 526,2 666,4

Q17 20,9 36 54,1 72,2 91,6

Q18 7 12,1 18,2 24,3 30,8

Q19 20,5 35,5 53,3 71,1 90,2

Q20 12,8 22,2 33,4 44,5 56,5

N1 543,5 938 1,37GB 1,83GB 2,32GB

N2 670,8 1,13GB 1,69GB 2,26GB 2,86GB

N3 527,6 910,6 1,33GB 1,78GB 2,25GB

T able 4.1: Size of pro jected do cumen ts.

pro jection is lik ely to b e to o large. An example of suc h queries is the query

N1 discussed in the sequel.

Query execution time

on the standard pro jection

Query Pro jection Saxon Qizx

size in (MB) in (sec) in (sec)

D1 313 - 194,11

D2 517 - 381,43

T able 4.2: Qizx and Saxon p erformances on pro jected DBLP do cumen t.

The ab o v e queries are lik ely to o ccur in practice and need large pro jections ev en

for not so big do cumen ts. Ho w ev er ev en quite selectiv e queries, lik e the XMark

ones, can mak e pro jection fail when the input is quite large. Next w e will sho w

exp erimen tal results rep orting the size of pro jections obtained b y means of the
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path-based tec hnique, for eac h XMark queries and for do cumen ts with size ranging

from 1GB to 5GB. W e will also sho w the same kind of test results for three new

XMark queries ( N1 , N2 , and N3 ), also t w o queries ( D1 and D2 ) to b e ev aluated

on a 800MB DBLP do cumen t [ v er11 ]. These �v e new queries need to v ery large

pro jections. The syn tax of these new queries is illustrated b elo w.

N1 = let $auction := doc(" xmark:xml ") return

for $i in $auction=site==item
where $i=location=text () = " UnitedStates"
return

<itemInfo name =" $i=name=text() ">

<paymentWay> $i=payment=text() </paymentWay>

<shippingWay> $i=shipping=text () </shippingWay>

<moreInfo> $i=description </moreInfo>

<mailboxInfo> $i=mailbox </mailboxInfo>

</itemInfo>

N2 = let $auction := doc(" xmark:xml ") return

for $i in $auction=site==description
where con tains(string(exactly-one( $i )), "gold")

return $ i=node()

N3 = let $auction := doc(" xmark:xml ") return

for $i in $auction=site==item
where empty($i=payment=text())
return

<item id=" $i=@id " name=" $i=name=text() " location=" $i=location=text () ">

{ $i=description; $i=mailbox }

</item>

D1 = let $auction := doc(" dblp:xml") return

for $a in $auction=dblp==author
return

<AuthorName> { $a=text() } </AuthorName>

D2 = let $auction := doc(" dblp:xml") return

for $a in $auction=dblp=node()
return

<item>{ $a=author , $a=title , $a=booktitle, $a=year}</item>

T est results ab out pro jection sizes are rep orted in T able 4.1 for what concern

XMark do cumen ts, while T able 4.1 rep orts data ab out tests on queries D1 and D2

on DBLP data.

By analyzing XMark test results w e can observ e the follo wing.
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Saxon query execution time (sec)

on the standard pro jection

Query 1GB 2GB 3GB 4GB 5GB

Q1 3,7 5,8 7,9 11,4 12,9

Q2 7 11,5 - - -

Q3 7,5 12,5 - - -

Q4 8,3 14 19,7 - -

Q5 1,5 2,2 3,1 3,9 5,2

Q6 2,1 3,1 4,5 5,4 7,2

Q7 4,9 7,6 11,1 14,1 -

Q8 - - - - -

Q9 - - - - -

Q10 - - - - -

Q11 - - - - -

Q12 - - - - -

Q13 4,7 6,1 8,8 10,8 14,6

Q14 - - - - -

Q15 9,5 - - - -

Q16 10,3 - - - -

Q17 4,4 7,2 10 13,5 17,24

Q18 2 2,9 4,4 5,22 6,5

Q19 7,3 12,1 18 25,9 -

Q20 3,5 5,7 8,3 10,5 13,9

N1 - - - - -

N2 - - - - -

N3 - - - - -

T able 4.3: Saxon p erformance on pro jected do cumen ts.

ˆ Queries Q1 , Q5 , Q6 , Q13 , Q17 , Q18 and Q20 are v ery selectiv e, and resulting

pro jection are lik ely to b e pro cessed b y main-memory engines.

ˆ Queries Q2 , Q3 , Q4 , Q7 , Q19 are less selectiv e, and for systems lik e Saxon the

size of the pro jection is suc h that it can not b e loaded in main-memory .

ˆ F or full-text XMark queries Q14 , Q15 , Q16 , w e ha v e that the standard pro jec-

tion is not e�ectiv e, and all pro jected do cumen ts generated for these queries

tend to b e quite big.

ˆ Concerning our queries N1; N2 and N3 , these require v ery big parts (no des and

text) of the input do cumen t to b e ev aluated. So pro jected do cumen ts ha v e

size that can not b e handled ev en b y p o w erful systems lik e Qizx [ qiz ].

The ab o v e discussion is fo cused on pro jection sizes. In the next sections, w e will

pro vide tests precisely illustrating where pro jection fails for the t w o engines Saxon

[ sax ] and Qizx [ qiz ].
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Qizx query execution time (sec)

on the standard pro jection

Query 1GB 2GB 3GB 4GB 5GB

Q1 8,1 12,8 18 24,3 30,6

Q2 13,9 23,7 35,4 48 60,4

Q3 13,9 24,9 39,4 50,6 65,6

Q4 14,5 38,9 38 51,4 113,6

Q5 2,9 6,1 11,4 18,4 27,9

Q6 3,4 7,9 15,3 25,1 39,3

Q7 10,5 16,5 25,8 33,8 43,3

Q8 11,4 19,8 29,2 39 48,4

Q9 13,9 22,9 33,4 45 57,2

Q10 88,2 150,7 225,8 298 374,1

Q11 32,6 65,9 117,8 178 266,2

Q12 30,8 59,3 106,1 163,5 233

Q13 11,9 19,6 28,5 38 48,5

Q14 126,3 229,2 - - -

Q15 48,6 84 128,7 203,4 229,4

Q16 49,8 96,9 131,8 180,7 233,1

Q17 10,5 17,4 26 34,1 43,2

Q18 3,1 5 7,2 9,9 11,9

Q19 13,1 22,1 37,9 46,1 57,3

Q20 7,3 11,9 17,3 27,3 29,2

N1 275,2 - - - -

N2 338,8 - - - -

N3 213,5 - - - -

T able 4.4: Qizx p erformance on pro jected do cumen ts.

Concerning DBLP data, w e ha v e that for the queries D1; D2 pro jections are quite

large, making querying imp ossible when the engine can not rely on large amoun ts of

main-memory . F or systems lik e Saxon ev en if the allo cated main-memory is large,

pro jected �les are to o big to b e pro cessed. W e tried with 1GB for the Ja v a Virtual

Mac hine memory , and for b oth queries pro jection failed to b e pro cessed.

Concerning Qizx, p erformed tests sho w ed that pro jection w ork ed for these

queries with 512MB for the JVM memory , but since pro jection tak es 35% and 50%

of the input do cumen t, w e strongly susp ect that for bigger future v ersions of the

DBLP database pro jections are lik ely to exceeds memory capacit y of Qizx.

4.2 type-based pr ojection f or upd a tes

As already said, concerning up dates the only existing pro jection tec hnique is the

sc hema-based one prop osed in [ BBC

+
11 ] and extensiv ely studied in Amine Baazizi
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Thesis [ Baa12 ] and Marina Sahaky an Thesis [ Sah11 ]. So, ev en if our prop osed

approac h is sc hema-less, w e discuss here ab out this sc hema-based approac h.

Sc hema information is used to p erform a t yp e inference op eration that starts

from the input up date and sc hema yields what is called a t yp e-pro jector. Essen tially ,

this t yp e-prjector consists of the set of t yp es of no des the up date ma y need for its

ev aluation. As w e will illustrate next, the notion of t yp e-pro jector whic h is adopted

is deeply di�eren t from that of queries prop osed in [ BCCN06 ]. Also, pro jection is

not su�cien t for the framew ork to w ork since after ha ving up dated the pro jected

input w e do not ha v e y et global up dated do cumen t. This is b ecause, in particular,

subtrees pruned during pro jection are missing. This motiv ated the adoption of a

Mer ge op erator allo wing to merge in streaming the up dated pro jection and the

original do cumen t, in order to pro duce the �nal up dated do cumen t.

More in detail, for an up date U and input do cumen t t t yp ed b y a DTD D the

framew ork w orks as follo ws:

1. a t yp e-pro jector � is inferred from the up date U and with resp ect to the input

DTD D .

2. a pro jection t 0
of t is built using a t yp e-pro jector � .

3. the up date U is ev aluated o v er the pro jection t 0
, yielding the partial up dating

result U (t 0) .

4. an algorithm called Mer ge is used; this algorithm parses in streaming and

sync hronized fashion b oth the input t and the partial result U (t 0) in order to

pro duce the �nal result U (t ) . This is done for reco v ering all no des pruned out

during the pro jection of t .

The main di�erence b et w een these approac hes is that the t yp e-pro jector pro-

p osed in [ BCCN06 ] is comp osed b y one lev el, while a 3-lev el comp onen ts used to

build the t yp e-pro jector prop osed in [ Baa12 , BBC

+
11 , Sah11 ].

The t yp e pro jector adopted for queries in [ BCCN06 ] is one-lev el, while the t yp e-

pro jector prop osed in [ Baa12 , BBC

+
11 , Sah11 ] is 3-lev el. The main features of

using a 3-lev el t yp e pro jector are the follo wing ones. The �rst one is to optimize

(minimize) the size of pro jections. In particular, the 3-lev el t yp e pro jector allo ws

to a v oid k eeping in the pro jection useless text no des that w ould b e k ept with the

1-lev el t yp e pro jector prop osed in [ BCCN06 ]. This feature enables an in teresting

impro v emen t in case of using do cumen ts con tain large parts of textual con ten t. The

second feature of using the 3-lev el t yp e pro jector is that no rewriting of the up date

is required. The third feature is that this t yp e-pro jector is sp eci�cally designed to

deal with particular kinds of up date expressions. This is done with the purp ose to

facilitate the complexit y of Mer ge pro cess. The last feature is that this tec hnique is

totally indep enden t from X Query engines.

More in detail, the 3-lev el t yp e pro jector � prop osed in [ BBC

+
11 ] is comp osed

b y the follo wing three comp onen ts f � no; � olb; � ebg, where:
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ˆ the �rst comp onen t � no (no de-only) is used to pro ject only the no des.

ˆ the second comp onen t � olb (one-lev el-b elo w) is used to pro ject the no des plus

their c hildren.

ˆ the third comp onen t � eb (ev erything-b elo w) is used to pro ject the no des plus

all their descendan ts.

Next w e are going to pro vide some examples to explain the mec hanism of the

up date 3-lev el t yp e pro jection tec hnique. After this w e will discuss limitations in

terms of scalabilit y .

Consider the follo wing up date u1 on the input do cumen t t illustrated in Fig-

ure 4.4 and the DTD D illustrated in Figure 4.5 :

u1 = for $x in =doc=child :: a
where $x=child :: d return delete $x=child :: b

Supp ose that the partial up dated do cumen t u1(t 0) has b een pro duced b y up dat-

ing t 0
whic h is the pro jection of the original do cumen t t . In order to pro duce the

�nal result u1(t ) , w e parse, b y using mer ge pro cess, the original do cumen t t and

the partial up dated do cumen t u1(t 0) .

The t yp e-based pro jector in [ BCCN06 ] assumes that eac h no de (lik e a,b,c, ...)

of the input do cumen t t is adorned with an iden ti�er i inside square brac k ets, as

illustrated in Figure 4.4 . Eac h no de in t has an iden ti�er i is next denoted b y t@i .

The iden ti�er i of eac h no de in t carries on information ab out the no de p osition in

t , according to do cumen t order.

In the pro jection t 0
of t , the iden ti�er of a pro jected no de is preserv ed, therefore

it ma y not re�ect the new p osition of the no de in t 0
(it is the case, for instance,

of the no de t0@1:4 in Figure 4.4 -(4)). In the partial up dated do cumen t u1(t 0) , new

iden ti�ers are assigned to inserted or replaced no des (see next examples).

No w the Mer ge pro cess is presen ted. This pro cess starts to parse (merging) b oth

t and u1(t 0) , nothing sp ecial happ ens un til the no des (lab eled a ) t@1 and u1(t 0)@1
are met. Here, the t w o no des c hec k ed b y Mer ge are: the �rst c hild no de t =@1:1
lab eled b of t@1, and the �rst c hild no de u1(t 0)@1:4 lab eled d of u1(t 0)@1. In the

examined no des, the c hild rank 4 of u1(t 0)@1:4 is strictly greater than the c hild rank

1 of t@1:1. Also, the lab el b b elongs to the pro jector � , indicating that the no de

t@1:1 has b een pro jected in t 0
. Th us, the no de t@1:1 is not output (it has b een

deleted b y the up date u1 ), the original do cumen t t is further parsed.

The next t w o no des c hec k ed are: t@1:2 lab eled c and u1(t 0)@1:4 lab eled d. Once

again, the c hild rank 4 of u1(t 0)@1:4 is strictly greater than the c hild rank 2 of t@1:2,

ho w ev er this time, the lab el c do es not b elong to the pro jector � (the no de t@1:2
w as not needed for the partial up date and th us not pro jected in t 0

) and th us the

no de t@1:2 is output in the �nal result, the original do cumen t t is further parsed.
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for $x in =doc=a
where $x=d return delete $x=b

� no= f doc; a; b; dg
� olb= � eb= ;

(1) The up date u1 (2) The pro jector � 1 for u1

do c

[" ]

a
[1]

b
[1 :1]

'o of '

c
[1 :2]

c
[1 :3]

d
[1 :4]

f
[1 :4:1]

g
[1 :4:2]

a
[2]

d
[2 :1]

f
[2 :1:1]

f
[2 :1:2]

do c

[" ]

a
[1]

b
[1 :1]

d
[1 :4]

a
[2]

d
[2 :1]

(3) XML do cumen t t (4) Pro jection t 0
of t wrt � 1

do c

[" ]

a
[1]

d
[1 :4]

a
[2]

d
[2 :1]

do c

[" ]

a
[1]

c
[1 :2]

c
[1 :3]

d
[1 :4]

f
[1 :4:1]

g
[1 :4:2]

a
[2]

d
[2 :1]

f
[2 :1:1]

f
[2 :1:2]

(5) P artial up date u1(t 0) (6) Final result u1(t )

Figure 4.4: A simple example with t yp e-based pro jection.

The pro cess will con tin ue merging t and u1(t 0) un til b oth do cumen ts are fully

parsed. It is w orth noting that p ositions of no des in the original do cumen t pla y a

crucial role in the Mer ge pro cess.

Dealing with insertion Consider the follo wing up date u2 o v er the same input

do cumen t t (see Figure 4.4 -(3)) with resp ect to the same DTD D (see Figure 4.5 ):

u2 = for $x in =doc=child :: a
return insert as last <e>new<e/> into $x

In tuitiv ely , the path corresp onding to data needed for the up date u2 is

=doc=child :: a and the t yp es of no des tra v ersed b y this path are � 2= f doc; ag. The

pro jection � 2(t) of t as w ell as the partial up date u2(� 2(t)) are illustrated in Figure

4.6 . Recall that no de iden ti�ers in � 2(t) corresp ond to no de iden ti�ers in t , the same

holds for unc hanged no des in u2(� 2(t)) , and that new (inserted or replaced) no des

in u2(� 2(t)) are giv en new iden ti�ers. In Figure 4.6 , i and i0 are new iden ti�ers.

In the follo wing, w e will see ho w the Mer ge pro cess parses b oth the original

do cumen t t and the partial up date result u2(� 2(t)) in order to pro duce the �nal

result u2(t) . After parsing the ro ot elemen ts of b oth do cumen ts, the curren t t w o

no des examined b y Mer ge are: t@1:1 lab eled b and the new no de u2(� 2(t))@i lab eled

e. Here, the new iden ti�er i do es not carry an y information ab out c hild rank of the

new no de and ev en if the pro jector tells us that the no de t@1:1 has b een pro jected
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<!DOCTYPE doc[

<!ELEMENT doc (a*)>

<!ELEMENT a (b*,c*,d?)>

<!ELEMENT b (#PCDATA)>

<!ELEMENT c (#PCDATA)>

<!ELEMENT d ((f|g)*)>

<!ELEMENT f (#PCDATA)>

<!ELEMENT g (#PCDATA)>

]>

Figure 4.5: DTD of the XML do cumen t t illustrated in Figure 4.4 .

do c

[" ]

a
[1]

a
[2]

do c

[" ]

a
[1]

b
[1 :1]

c
[1 :2]

c
[1 :3]

d
[1 :4]

a
[2]

d
[2 :1]

do c

[" ]

a
[1]

e
[ i ]

'new'

a
[2]

e
[ i 0]

'new'

do c

[" ]

a
[1]

b
[1 :1]

c
[1 :2]

c
[1 :3]

d
[1 :4]

e
[ i ]

'new'

a
[2]

d
[2 :1]

e
[ i 0]

'new'

� 2(t) � u2 (t) u2(� 2(t)) u2(� u2 (t))

Figure 4.6: Dealing with insertion.

out, there is no w a y to decide whether it has to b e output b efore the inserted no de

or after. Recall here the assumption made for Mer ge : information ab out the up date

u2 is not a v ailable.

In order to solv e this problem, related to insertion, w e mo dify the pro jector, to

tak e in to accoun t that for the up date u2 the path =doc=child :: a is the target of

an insertion. The pro jector � u2 will ha v e 2 comp onen ts: the t yp e doc of category

no de-only and the t yp e a of category one-level-b elow . Applying this new pro jector

to a do cumen t pro ceeds as follo ws: the no des lab eled b y t yp es of category no de-only

are pro jected; the no des lab eled b y t yp es of category one-level-b elow are pro jected

together with eac h of their c hildren. Descendan ts of these c hildren are not pro jected,

unless other comp onen ts of the pro jector require this pro jection.

Going bac k to our example u2 , applying the pro jector � u2 =( � no; � olb) with

� no= f docg and � olb= f ag to the do cumen t t leads to the do cumen t � u2 (t) describ ed

in Figure 4.6 together with the partial up date u2(� u2 (t)) . Since no w the new no des

are inserted inside the pro jection con taining all their siblings, it is easy to c hec k

that the do cumen ts t and u2(� u2 (t)) can b e merged in a v alid, and simple w a y .

It is w orth men tioning that our t yp e pro jector a v oids unnecessary no de pro jec-

tion: the pro jection of all c hildren of a one-level-b elow no de is forced, but lab els of

these c hildren do not tak e part of the t yp e pro jector.
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do c

[" ]

a
[1]

b
[1 :1]

'fo'

c
[1 :1:2] 'ot'

c
[1 :3]

d
[1 :4]

do c

[" ]

a
[1]

b
[1 :1]

'fo ot'

d
[1 :4]

do c

[" ]

a
[1]

b
[1 :1]

'fo ot'

do c

[" ]

a
[1]

b
[1 :1]

'fo'

c
[1 :1:2] 'ot'

d
[1 :4]

t3 � 3(t3) u3(� 3(t3)) � u3 (t3)

Figure 4.7: Dealing with string and mixed-con ten ts.

Dealing with String and mixed-con ten t In order to deal these cases, w e will

mo dify the DTD D b y rede�ning the rule for b as <!ELEMENT b (String|c)*> and

consider the follo wing up date u3 :

u3 = for $x in =doc=child :: a
where $x=child :: b=( ) = 0 foot 0

return delete $x=child :: d

In tuitiv ely , =doc=child :: a=child :: d and =doc=child :: a=child :: b=text() are the

paths corresp onding to data needed for the up date u3 . The asso ciated t yp es are

� 3= f doc; a; b; String; dg. Let us consider the do cumen t t3 and its pro jection � 3(t3)
b oth illustrated in Figure 4.7 . Notice that pro jecting t3 with resp ect to � 3 has the

side e�ect to concatenate the t w o Strings 'fo' and 'ot' and consequen tly , the no de

u3(� 3(t3))@1:4 lab eled d is deleted when the up date u3 is applied on the pro jected

do cumen t � 3(t3) . Recall the assumption that Mer ge is not supp osed to c hange the

elemen ts parsed in t3 and u3(� 3(t3)) , and has only access to the pro jector. Th us,

w e cannot exp ect that merging the original do cumen t t3 and the partial up dated

result u3(� 3(t3)) will pro duce the �nal up dated do cumen t.

The problem here is due to mixed-con ten t no des and solv ed b y mo difying the

pro jector in the same w a y as for insertion. The new pro jector � u3 generated for

the example will ha v e 2 comp onen ts: � no= f doc; a; dg of category no de-only and

� olb= f bg of category one-level-b elow .

Dealing with elemen t extraction Consider the DTD D and the follo wing up-

date u4 :

u4 = for $x in =doc=child :: a
return replace $x=child :: b with $x=child :: d

First, it is clear that replace up dates ha v e to b e treated lik e insert with resp ect

to the target path $x=child :: b: replace is a delete follo w ed b y an insert. Second,

b ecause the path =doc=child :: a=child :: d is mean t to return the elemen t copied at

the target no de computed b y =doc=child :: a=child :: b, the complete subtrees ro oted

at no des of t yp e d ha v e to b e completely pro jected. F or this up date, w e prop ose to

generate a pro jector � u4 comp osed of three sets of t yp es:
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ˆ � no= f docg of category (no de-only).

ˆ � olb= f ag of category (one-lev el-b elo w).

ˆ � everyb= f dg of category (ev erything-b elo w).

No w w e will explain the b eha vior of the 3-lev el t yp e pro jector with resp ect to the

category (ev erything-b elo w): a no de lab eled b y a t yp e of this category is pro jected

together with its sub-forest. Indeed, applying the pro jector � u4 on the do cumen t

t of Figure 4.4 -(3) pro duces almost the whole do cumen t with the exception of the

String 'oof' whic h is pruned out.

A ctually , the third comp onen t of the t yp e pro jector ensures higher precision and

e�ciency with resp ect to [ BCCN06 ]. In particular, it allo ws a v oiding to include the

t yp es of the no des in the subtree of a (ev erything-b elo w) no de in the t yp e pro jector,

and accelerates the pro jection pro cess it-self.

In T able 4.5 , w e pro vide the comp osition of the 3-lev el t yp e pro jector for 20

X Query up dates prop osed in Marina SAHAKY AN Thesis [ Sah11 ].

4.2.1 Limitations of Up date T yp e-based Pro jection

Despite the high precision of the 3-lev el t yp e-pro jector approac h, there are still

problems in terms of scalabilit y . As for queries, this is due to the fact that as

the input size increases, pro jection increases as w ell, and when mec hanisms already

discussed for queries are presen t in up dates, pro jection can so on b ecome to o large

to b e pro cessed.

Di�eren tly from queries, curren tly there is no b enc hmark for up dates that is

widely recognized b y the researc h comm unit y . F ortunately , a ric h set of up dates

has b een prop osed in Marina Sahaky an Thesis [ Sah11 ]; these up dates use XMark

do cumen ts as inputs, and a part of them has b een used in [ BBC

+
11 ]. These up dates

are b elo w indicated:

U1. for $x in $doc/site/closed_auctions/closed_auction

where not ($x/annotation) return

insert node <annotation>Empty Annotation</annotation>

as last into $x

U2.for $x in $doc/site/people/person/address

where $x/country/text()="United States" return

(replace node $x with

<address>

<street>{$x/street/text()}</street>

<city>"NewYork"</city>

<country>"USA"</country>

<province>{$x/province/text()}</province>
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Up date � no � olb � eb

U1 site, closed_auctions, annotation closed_auction ;
U2 site, p eople, address p erson, coun try , street,

pro vince, zip co de

;

U3 site, regions, africa, asia, australia, eu-

rop e, namerica, samerica, item

lo cation ;

U4 site, regions, africa, asia, australia, eu-

rop e, namerica, samerica, item, mail-

b o x, mail

; ;

U5 site, regions, africa, asia, australia,

europ e, namerica, samerica, listitem,

b old, mailb o x, mail, item, description,

text, op en_auctions, op en_auction,

closed_auctions, closed_auction, an-

notation, parlist

; ;

U6 site, p eople, homepage, emailaddress p erson, name ;
U7 site, p eople,emailaddress p erson, name, coun try address

U8 site, regions, australia ; ;
U9 site, op en_auctions, op en_auction,

closed_auctions

closed_auction annotation

U10 site, op en_auctions, op en_auction priv acy ;
U11 site, op en_auctions, bidder, initial op en_auction, increase ;
U12 site, regions, africa, asia, australia,

europ e, namerica, samerica, mailb o x,

mail

item, date ;

U13 site, op en_auctions,op en_auction,

annotation, description, k eyw ord,

b old

text, emph ;

U14 site, regions, africa, asia, aus-

tralia, europ e, namerica, samerica,

item, description, parlist, listitem,

mailb o x, mail, closed_auctions,

closed_auction, annotation,

op en_auctions, op en_aucton, text,

emph

; ;

U15 site, categories, category , listitem description parlist

U16 site, closed_auctions ; ;
U17 site closed_auctions ;
U18 site, categories, category , description,

parlist

listitem ;

U19 site, categories, category , description parlist listitem

U20 site, op en_auctions op en_auction bidder, increase

T able 4.5: The comp osition of 3-lev el t yp e pro jector for 20 up dates used in [ Sah11 ].
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<zipcode>{$x/zipcode/text()}</zipcode>

</address>)

U3.for $x in $doc/site/regions//item/location

where $x/text()="United States"

return (replace value of node $x with "USA")

U4.delete nodes $doc/site/regions//item/mailbox/mail

U5.for $x in $doc/site//text/bold return

rename node $x as "emph"

U6.for $x in $doc/site/people/person

where not($x/homepage)

return insert node

<homepage>www.{$x/name/text()}Page.com</homepage>

after $x/emailaddress

U7.for $x in $doc/site/people/person,

for $y in $doc/site/people/person

where $x/name = $y/name

and not ($y/address)

and $x/address/country='Malaysia'

return insert node $x/address

after $y/emailaddress

U8. delete nodes $doc/site/regions/australia

U9. let $k := $doc/site/closed_auctions/closed_auction[last()]

for $b in $doc/site/open_auctions/open_auction[last()]

return replace node $k/annotation with $b/annotation

U10. for $x in $doc/site/open_auctions/open_auction

where ($x/privacy="Yes")

return delete node $x

U11. for $x in $doc/site/open_auctions/open_auction

where $x/bidder/increase < 20

return insert node

<bidder>

<date>08/17/2000</date>

<time>15:15:15</time>

<personref/>

<increase>1.50</increase>

</bidder>

after $x/initial
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U12. for $x in $doc/site/regions//item

where ($x/mailbox/mail/date/text()="07/04/1998")

return insert node <incategory/> before $x/mailbox

U13. for $x in $doc/site/open_auctions/open_auction/annotation/

description/text

where ($x/keyword/emph/text()="unique")

and ($x/bold)

return insert node <emph>newTexT</emph> before $x/bold

U14. for $x in $doc/site//text/emph

return delete node $x

U15. for $x in $doc/site/categories/category/description/parlist

where ($x/listitem/parlist) return

replace node $x with $x/listitem/parlist[1]

U16. for $x in $doc/site/closed_auctions

return delete node $x

U17. for $x in $doc/site/closed_auctions

return insert node

<closed_auction>

<seller/>

<buyer/>

<itemref/>

<price>39.58</price>

<date>02/15/1998</date>

<quantity>1</quantity>

<type>Regular_new</type>

<annotation/>

</closed_auction> as last into $x

U18. for $x in $doc/site/categories/category/description

/parlist/listitem

where ($x/parlist)

return replace node $x/parlist with <text>newText</text>

U19. for $x in $doc/site/categories/category/description/parlist/listitem

return replace node $x with $x/parlist/listitem[1]

U20. for $x in $doc/site/categories/category/description/parlist/listitem

return replace node $x with $x/parlist/listitem

T able 4.6 illustrates the dimension of pro jections (in MB) for eac h up date and

for XMark do cumen ts whose size ranges from 1GB to 10GB and 15GB.
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Size of t yp e pro jected do cumen ts in (MB)

for 20 di�eren t up dates

Input Size U1 U2 U3 U4 U5 U6 U7 U8 U9 U10

1GB 19.1 46.6 11.1 14 69.6 36.6 43.1 4 KB 311 5.2

2GB 33 80.5 19.2 24.2 120.2 63.2 74.4 4 KB 535.6 9.1

3GB 48.1 120.8 28.9 36.4 180.3 85.1 111.9 4 KB 861.5 13.7

4GB 64.2 161.2 38.7 48.7 240.4 126.5 148.9 4 KB 1.15 GB 18.3

5GB 81.4 204.4 49.1 61.8 305 160.4 188.9 4 KB 1.45 GB 23.2

6GB 96.1 241.3 58 73 360.3 189.4 222.9 4 KB 1.72 GB 27.4

7GB 112.9 283.5 68.2 85.8 423.2 222.6 262 4 KB 2.02 GB 32.2

8GB 128.1 321.7 77.3 97.3 480.1 252.6 297.3 4 KB 2.29 GB 36.5

9GB 144.4 362.8 87.3 109.8 541.2 284.8 335.2 4 KB 2.58 GB 41.2

10GB 163 409.7 98.6 124 610.8 321.7 378.6 4 KB 2.91 GB 46.5

15GB 233.3 650.1 586.6 177.6 874.5 583.2 578.5 4 KB 4.46 GB 66.8

Input Size U11 U12 U13 U14 U15 U16 U17 U18 U19 U20

1GB 57.2 68.7 59.2 69.3 16.1 4 KB 3.1 1.2 16.1 67.3

2GB 98.7 118.5 102.1 119.8 27.4 4 KB 5.4 2.1 27.3 116.1

3GB 148.1 177.9 161.1 179.7 45.4 4 KB 8.1 3.2 45.3 174.2

4GB 197.7 237.3 215.2 239.6 59.5 4 KB 10.8 4.3 59.3 232.6

5GB 250.4 301 272.8 304 75.8 4 KB 13.7 5.4 75.5 294.5

6GB 295.5 355.3 321.9 359 89.4 4 KB 16.1 6.4 89.2 347.5

7GB 347 417.3 378.5 421.8 104.7 4 KB 18.9 7.5 104.4 408

8GB 393.5 473.2 429.4 478.4 117.2 4 KB 21.5 8.4 116.8 462.7

9GB 443.5 533.5 483.4 539.3 134 4 KB 24.2 9.6 133.6 521.5

10GB 500.7 602.4 546.4 608.7 149 4 KB 27.3 10.7 148.5 588.6

15GB 716.8 861.9 780.4 871.5 226.2 4 KB 39.1 15.5 225.5 883.9

T able 4.6: Size reduction b y t yp e pro jection.

F rom test results ab out sizes of pro jections w e can observ e that used in man y

cases pro jection ha v e a relativ ely small size. Ho w ev er, for systems lik e Saxon, start-

ing from the 1GB do cumen t and for 512MB of main-memory for the JVM, sev eral

up dates can not b e ev aluated. Of course if w e increase the JVM memory size, prob-

lems disapp ear for the 1GB do cumen t, but they re-app ear after for bigger �les. F or

Saxon thinks get w orst for bigger sizes: for the 5GB do cumen t pro jection allo ws to

execute only 6 out 20 up dates (see T able 4.7 ).

F or Qizx thinks are di�eren t. Ho w ev er, scalabilit y is still not ensured as it can

b e seen for the 15GB �le: 12 our 20 up dates could b e executed (see T able 4.7 ).
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Up date 1GB 2GB 3GB 4GB 5GB 6GB 7GB 8GB 9GB 10GB 15GB

U1

Saxon 7.671 13.125 31.594 - - - - - - - -

Qizx 5.988 10.345 14.955 20.119 25.340 29.401 34.454 38.072 42.009 47.176 59.665

U2

Saxon 21.604 - - - - - - - - - -

Qizx 45.356 84.15 93.026 120.582 151.153 - - - - - -

U3

Saxon 5.306 8.708 11.555 14.419 - - - - - - -

Qizx 12.146 20.422 23.925 31.028 38.522 44.336 52.067 58.042 70.074 78.367 -

U4

Saxon 7.294 12.215 29.801 - - - - - - - -

Qizx 13.781 20.744 26.778 34.861 44.135 52.545 60.968 67.108 78.656 89.855 99.554

U5

Saxon - - - - - - - - - - -

Qizx 68.363 108.233 119.798 156.766 197.669 225.574 275.608 320.105 367.504 416.487 -

U6

Saxon 16.196 - - - - - - - - - -

Qizx 45.768 65.636 78.783 102.380 129.314 - - - - - -

U7

Saxon 40.116 - - - - - - - - - -

Qizx 86.084 197.421 324.657 523.130 823.594 1139.02 - - - - -

U8

Saxon 0.289 0.266 0.266 0.266 0.266 0.266 0.266 0.266 0.266 0.266 0.266

Qizx 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54

U9

Saxon - - - - - - - - - - -

Qizx 226.217 - - - - - - - - - -

U10

Saxon 235.344 725.794 - - - - - - - - -

Qizx 4.123 7.155 12.230 14.051 17.545 20.112 22.620 24.711 26.460 31.196 -

Up date 1GB 2GB 3GB 4GB 5GB 6GB 7GB 8GB 9GB 10GB 15GB

U11

Saxon - - - - - - - - - - -

Qizx 60.327 111.701 121.640 144.387 188.488 219.966 - - - - -

U12

Saxon - - - - - - - - - - -

Qizx 62.832 103.504 114.388 130.234 169.113 191.240 243.874 272.829 297.499 - -

U13

Saxon 8.849 14.267 - - - - - - - - -

Qizx 31.476 53.16 83.797 106.396 138.138 185.425 204.588 236.866 895.262 - -

U14

Saxon - - - - - - - - - - -

Qizx 60.584 77.854 108.855 141.928 187.238 213.861 254.537 297.178 343.826 - -

U15

Saxon 1.985 3.038 5.789 6.967 8.210 9.751 10.224 12.184 13.349 14.709 -

Qizx 8.937 15.317 20.692 25.828 31.911 39.015 45.543 51.416 60.944 65.165 76.25

U16

Saxon 0.264 0.264 0.264 0.264 0.264 0.264 0.264 0.264 0.264 0.264 0.264

Qizx 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158

U17

Saxon 1.246 1.92 2.484 2.89 3.02 3.30 3.96 5.57 5.9 6.29 7.15

Qizx 1.607 3.188 5.665 6.967 7.682 8.617 9.552 10.590 11.384 12.489 13.22

U18

Saxon 0.522 0.751 4.184 4.89 5.902 6.01 6.85 7.65 7.70 8.5 9.34

Qizx 1.094 2.452 4.755 5.067 6.182 6.857 9.552 10.590 11.384 12.489 13.552

U19

Saxon 1.752 2.725 3.775 4.781 6.803 8.79 9.874 10.753 11.852 12.421 -

Qizx 7.183 12.26 18.013 22.143 26.669 30.883 35.554 39.566 44.272 48.684 52.45

U20

Saxon - - - - - - - - - - -

Qizx 67.878 113.731 129.587 173.089 222.251 287.289 332.112 376.297 437.769 483.709 -

T able 4.7: Qizx and Saxon p erformances for t yp e-based pro jected do cumen ts.
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4.3 conclusion

In this c hapter, w e in tro duce the XML pro jection tec hnique, whic h is one of the

most imp ortan t tec hnique used for reducing the memory consumption. Also, w e

presen t t w o mains approac hes prop osed for XML pro jection tec hnique for queries

and up dates. As illustrated in this c hapter, these tec hniques still fail in sev eral cases,

for whic h the pro jected do cumen t is still quite big to b e loaded in main memory .

As w e ha v e seen, limitations are sensible to the kind of used engine, and to the

amoun t of a v ailable main-memory allo cated for the JVM. In the next c hapters, w e

prop ose our tec hnique to solv e o v ercome suc h limitations, w e will c ho ose a relativ ely

small size for the main-memory (512MB) to sho w that the approac h b eha v es w ell in

this con text, b y allo wing querying and up dating do cumen ts of arbitrary sizes under

some conditions met b y the query/up date expression.
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T

h is c hapter includes three main parts. The �rst part (Section 5.1 , 5.2 , 5.3 )

presen ts our static analysis tec hnique used to c haracterize iter ative queries,

for whic h XML data can b e partitioned for query ev aluation. The second part

(Section 5.5 ) presen ts our partitioning algorithm. First an high lev el sp eci�cation is

formalized b y relying on a DOM-based represen tation of input trees. Then a SAX

based v ersion of the partitioning algorithm is pro vided. As said in the in tro duction,

to accen tuate b ene�ts of our strategy , pro jection is used while partitioning. The

third part (Section 5.6 , 5.7 ) discusses ab out the implemen tation of the SAX-based

algorithms, and presen ts test results obtained from exp erimen ts w e conducted b y

using t w o main X Query engines. Finally , w e dra w our conclusion in Section 5.8 .
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Figure 5.1: Pro jecting-partitioning scenario for an input do cumen t D and a giv en

query Q and partitioning path PP .

5.1 preliminaries

5.1.1 Data Mo del

F ollo wing [ BC09 ], w e represen t XML data b y means of a store � , whic h asso ciates

to eac h no de lo cation (or iden ti�er) l either an elemen t no de or a text no de. F or

simplicit y w e disregard attributes in the formal treatmen t, while they are considered

in the implemen tation.

When l is an elemen t no de, w e ha v e � (l)=a[ L] (also written l  a[L]2 � ) where

a is the elemen t tag and L=(l 1; : : : ; ln ) is the ordered sequence of the c hild lo cations

for l . When l is a text no de, w e ha v e � (l)= text [s] (also written l  text [s]2 � ) where

the string s is the textual con ten t of the l no de.

An XML tree is a pair t =( �; lt ) , where lt is the ro ot lo cation of the tree. W e

denote b y dom(� ) the set of lo cations of a store (analogously dom(t ) for a tree).

Giv en a lo cation l2dom(� ) , � @l denotes the subtree of � ro oted at l . Sometimes,

for simplicit y , when t =( �; lt ) , w e abusiv ely use t instead of � and, for instance, w e

write l  a[L]2 t instead of l  a[L]2 � , and similarly for an asso ciation of the form

l  text [s].

In the follo wing, w e pro vide formal de�nitions of � and its comp onen ts.
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De�nition 5.1.1 (Lo cation Sequence L) A lo c ation se quenc e L is de�ne d by the

fol lowing gr ammar:

L ::= () j l j L; L

wher e () is the empty se quenc e, l is a single lo c ation, and L; L denotes the c onc ate-

nation of lo c ation se quenc es.

De�nition 5.1.2 (XML Store � ) A stor e � is a �nite mapping

� = f l1  � 1; l2  � 2; � � � ; ln  � ng

e ach � i c an b e either a text value text [s] wher e s is a string value r eferr e d to the

textual c ontent of the no de l ; or a an element a[L] wher e L is a lo c ation se quenc e

(se e De�nition 5.1.1 ).

W e use f Lg to denote the set of lo cations in the sequence L. Also, W e sa y that

L0
is a pro jection of L, denoted b y L0 � L, if L0

is obtained from L, b y erasing some

of its lo cations. Note that sequence pro jection preserv es ordering.

F or instance l1; l3 � l1; l2; l3 , while l3; l1 6� l1; l2; l3 (ordering is not preserv ed).

In order to de�ne XML partition, w e need the follo wing notion of XML pro jec-

tion.

De�nition 5.1.3 (XML Pro jection) A tr e e t 0=( � 0; lt 0) is a pro jection of a tr e e

t =( �; lt ) , note d as t 0 � t , if lt 0=l t , and for e ach lo c ation l2dom(� 0) :

l  a[L0]2 � 0
implies (9L: l  a[L]2 � and L0 � L)

Note that pro jection preserv es tree ro ots, and it is used to de�ne XML par-

tition. Figure 5.2 sho ws a simple XML tree, its asso ciated store, and a p ossible

pro jection. In this �gure, w e ha v e that the ro ot lo cation is lt =l 1 , and the set of

lo cations in the pro jection � 0
is dom(� 0)= f l1; l2; l3; l5g, and dom(� 0)� dom(� ) where

dom(� )= f l1; l2; l3; l4; l5; l6g.

De�nition 5.1.4 (XML P artition) A c ol le ction of tr e es f t1; : : : ; t� g is a parti-

tion of a tr e e t if, for e ach i=1 : : : � , t i � t , and if for e ach lo c ation l2dom(t ) , we

have:

l  text [s]2 t implies 9 t i : l  text [s]2 t i or
l  a[L]2 t implies f Lg=

S

l  a[Li ]2 t i

f Lig

A tree t i of the partition is called a part . The t w o ab o v e prop erties sa y that eac h

text no de has to b elong to at least one part, and that elemen t no des are partitioned

in suc h a w a y that no c hild is left out.

Figure 5.3 con tains t w o p ossible partitions of the do cumen t in Figure 5.2 . As

a do cumen t can b e partitioned in m ultiple w a ys, it is crucial to carefully design

the partitioning strategy , so that the query result equals to the concatenation of

query results on eac h part of the partition. W e will see next ho w to c ho ose the righ t

partition in terms of a path analysis on the query .
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a l1

b l2

" co" l5 c l6

b l3 " go" l4 � =

8
>>>>>><

>>>>>>:

l1  a[l2; l3; l4]
l2  b[l5; l6]
l3  b[()]
l4  text [" go"]
l5  text [" co"]
l6  c[()]

An XML tree t The store t =( �; l1)

a l1

b l2

" co" l5

b l3 � 0 =

8
>><

>>:

l1  a[l2; l3]
l2  b[l5]
l3  b[()]
l5  text [" co"]

A pro jection t 0
of t The store t 0=( � 0; l1)

Figure 5.2: Represen tation of XML trees as stores and pro jection.

a l1

b l2

" co" l5 c l6

a l1

b l3 " go" l4

a l1

b l2

" co" l5

a l1

b l2

c l6

a l1

b l3 " go" l4

P art t1 P art t2 P art t0
1 P art t0

2 P art t0
3

Figure 5.3: T w o p ossible partitions of the XML tree t of Figure 5.2 .

5.1.2 Query Language

In this approac h, w e use the fragmen t of X Query describ ed b y the grammar illus-

trated in Figure 5.4 . This fragmen t comprises ( for , let and return ) clauses as

w ell as ( if-then-else ) statemen ts, and allo ws the user to sp ecify self , child , and

desc endant-or-self XP ath axes [ BBC

+
10 ] (for simplicit y , w e will write dos instead

of desc endant-or-self ). The grammar uses a for tag sym b ols.

In the grammar illustrated in Figure 5.4 : () refers to the empt y sequence; Expr
is an X Query expression; Q1; Q2 denotes the query concatenation; a[Q] denotes an

elemen t no de with a lab el " a", where the con ten t of this no de is a query Q .

W e sa y that a query Q is wel l-forme d if and only if i) it do es not con tain free

v ariables (i.e., v ariables with no corresp onding for/let binders), ii) no v ariable

name is used t wice in for/let bindings, and iii) it starts na vigating the do cumen t

b y means of non- self step.

Condition (i) ensures that w ell-formed queries start na vigating do cumen ts from

their ro ot elemen t. F or instance, the query for y in x=Step return Q is not

w ell-formed b ecause it starts the na vigation from a v ariable x whic h do es not rep-

resen t the ro ot elemen t, while the query for y in =Step return Q is w ell-formed .
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Query Q ::= () {empt y sequence}

j Expr {X Query expression}

j a[Q] {elemen t no de lab eled b y a}

j Q1; Q2 {concatenation}

j if (Q) then Q1 else Q2 {conditional expression}

j for x in Q1 return Q2 {iteration}

j let x := Q1 return Q2 {let-binding}

X Query Expression Expr ::= x j x=Step j =Step

XP ath Step Step ::= Axis :: NT

XP ath Axis Axis ::= self j child j dos

No de T est NT ::= a j node() j text()

Figure 5.4: Query language grammar.

The restriction (ii) simpli�es the analysis, and can b e alw a ys obtained b y renam-

ing. Condition (iii) excludes queries lik e for y in =self :: NT return Q , it is

assumed to simplify the formalization, and is non restrictiv e, as in most practical

cases queries start the na vigation b y means of either child or dos axis.

In this approac h, w e fo cus on queries issued on a single do cumen t. Indeed,

m ultiple do cumen t queries are lik ely to b e not iterativ e, and their treatmen t go es

far b ey ond the scop e of this approac h. Also, w e fo cus on for/let expressions using

elemen t construction only on the righ t-hand side expression Q2 , as happ ens in most

practical cases. F or instance all XMark queries are of this form, pro vided that in

some queries let bindings are inlined. Inlining consists of replacing eac h use of

let-v ariables with the query they are b ound to. F or instance,

let x := b[=child :: a] return res[x; =dos :: d]

is rewritten in to res[b[=child :: a]; =dos :: d]. Of course, this rewriting preserv es

query seman tics.

The ev aluation of a query Q on an input tree t =( �; lt ) , denoted b y Q(t ) , yields

a pair (� Q ; LQ ) , where the store � Q is a forest whic h extends the initial store � with

the new elemen ts built b y Q , while LQ is the sequence of lo cation no des returned b y

the query whose con ten ts is describ ed in � Q . In order to presen t a formal seman tics

of this X Query fragmen t, a concise and elegan t formalization can b e found in [ BC09 ].

In order to de�ne equiv alence among query results, w e also need the follo wing

notions. Equiv alence among t w o trees, denoted b y t �= t 0
, holds if and only if the t w o

ro oted trees are isomorphic (they p ossibly di�er only in terms of name of lo cations).

When � and � 0
are forests and L=(l 1; : : : ; ln ) and L0=(l 0

1; : : : ; l0n ) are sequences of

lo cations, w e write (�; L) �= (� 0; L0) to state that, for i=1 ::n , w e ha v e � @li �= � 0@l0i .
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1: E(() ; � ; m) = ()

2: E ((Q1; Q2); � ; m) = E(Q1; � ; m) [ E (Q2; � ; m)

3: E(a[Q]; � ; m) = f Pf for yg j Pf for yg2� g [ E(Q; � ; 1)

4: E(x; � ; 0) = f Pf for xg j Pf for xg2� g

5: E(x; � ; 1) = f Pf for xg=dos :: node() j P f for xg2� g

6: E(=P; � ; 0) = f =Pg

7: E(=P; � ; 1) = f =P=dos :: node()g

8: E(x=P; � ; 0) = f P0f for xg=P j P0f for xg2� g

9: E(x=P; � ; 1) = f P0f for xg=P=dos :: node() j P0f for xg2� g

10: E(if Q then Q1 else Q2; � ; m) = E(Q; � ; 0) [ E (Q1; � ; 1) [ E (Q2; � ; 1)

11: E(for x in Q1 return Q2; � ; m) = � 0 [ E (Q2; � [ � 0; m)

where � 0 = f Pf for xg j P2E(Q1; � ; 0)g

12: E(let x := Q1 return Q2; � ; m) = � 0 [ E (Q2; � [ � 0; m)
where � 0 = E(Q1; � ; 0)

13: E(P=@attr :: a; � ; m) = E(P; � ; m)

Figure 5.5: P ath extraction function.

Finally , when � and � 0
ha v e disjoin t domains (no common lo cation), w e de�ne the

concatenation (�; L) � (� 0; L0) as the pair (� [ � 0; (L; L0)) , where L; L0
denotes the

concatenation of L and L0
.

5.2 p a th extra ction

In our approac h, paths are used for c haracterizing iterativ e queries, and for parti-

tioning and pro jecting an input do cumen t. P aths are extracted from a query b y

using the path extraction function E() of Figure 5.5 ; this function resem bles that

prop osed in [ BCCN06 , MS03 ]. Ho w ev er, paths extracted according to E() carry a

ric her information, as they also describ e the relation with for -v ariables. P aths ob ey

the follo wing grammar:

P ::= " j =S j P=S S ::= Step j Stepf for x g

where " denotes the empt y path.

F or instance, when a path P0f for x g=P00
has b een extracted from Q , it captures

that a sub query of Q has the shap e for x in Q1 return Q2 and (i) P0
is extracted

from Q1 and selects p ossible bindings for x while (ii) P00
has b een extracted from Q2

in the con text of the previous bindings or, in other w ords, x=P00
is extracted from

Q1 .
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V ariable information in paths is imp ortan t to c haracterize iterativ e queries and to

iden tify partitioning paths (see Section 5.3 ), while it will b e ignored for the purp ose

of partitioning.

Our path extraction function E() is de�ned in Figure 5.5 b y structural induction

on queries de�ned in Figure 5.4 . This F unction has the form E(Q; � ; m) . The �rst

parameter is the query at issue. The second parameter is the en vironmen t � that

k eeps trac k of bindings of the form f for xg or f let xg b et w een query v ariables and

their corresp onding paths. W e use � b ecause w e alw a ys need to remem b er the set of

paths corresp onding to giv en v ariables in queries of the form for x in Q1 return Q2

or let x := Q1 return Q2 .

The third parameter used in E() rules is a b o olean �ag m to distinguish b et w een

sub queries that generate fragmen ts of the result of the outer query ( m=1 ) and

sub queries that are only used for binding v ariables or �ltering results ( m=0 ). When

( m=1 ), the terminal rules 5, 7 and 9 extend extracted paths with a dos :: node()
step, so to capture all the no des required b y the query to build the result.

F or queries of the form for x in Q1 return Q2 (rule 11 in Figure 5.5 ), the

function E() �rst extracts paths from Q1 ; these paths are, then, enric hed with

information ab out v ariable bindings and added to the en vironmen t � , whic h is used

for the recursiv e extraction of paths from Q2 . In particular � is used to asso ciate the

righ t path to eac h free o ccurrence of the v ariable x in Q2 (rules 4 and 5 in Figure 5.5 ).

Rules of let expressions are similar, with the exception that they do not k eep trac k

of information ab out let-v ariables (rule 12 in Figure 5.5 ). Information ab out let-

v ariables is not needed b ecause w e are only in terested in information telling us that

there is an iteration p erformed b y the query . Only for-v ariables are needed to this

end.

Example 1 Consider the follo wing query Q :

Q = for $x in =child :: a=child :: b
return if ( $x=child :: c) then $x=text () else ()

This query is from the form ( for x in Q1 return Q2 ) where:

Q1 = =child :: a=child :: b
Q2 = if ($x=child :: c) then $x=text () else ()

By using our extraction function E(Q) de�ned in Figure 5.5 , w e ha v e that:

Rules :6:8 E (Q1; � ; 1) = f =child :: a; =child :: a=child :: bf for x gg

Rule :10 E(Q2; � ; m) = E($x=child :: c; � ; 0) [ E ($x=text () ; � ; 1) [ E (() ; � ; 1)
= f =child :: a=child :: bf for x g=child :: c=dos :: node()g [

f =child :: a=child :: bf for x g=child :: text ()g [ ()
= f =child :: a; =child :: a=child :: bf for x g;

=child :: a=child :: bf for x g=child :: c=dos :: node()g

Rule :11 E(Q; � ; m) = f =child :: a; =child :: a=child :: bf for x g;
=child :: a=child :: bf for x g=child :: c=dos :: node()g
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So the �nal set of extracted paths of this query is f P1; P2; P3g, with

P1 = =child :: a
P2 = =child :: a=child :: bf for x g
P3 = =child :: a=child :: bf for x g=child :: c=dos :: node()

Example 2 Consider the follo wing query Q :

Q = for $x in =child :: a
for $y in $x=child :: b

return ( $y=child :: d , $y=child :: e)

The set of extracted paths of this query is f P1; P2; P3; P4g, with

P1 = =child :: af for x g
P2 = =child :: af for x g=child :: bf for y g
P3 = =child :: af for x g=child :: bf for y g=child :: d=dos :: node()
P4 = =child :: af for x g=child :: bf for y g=child :: e=dos :: node()

�

P aths extracted from a query express prop erties of the query data needs. In

Examples 1 , 2 w e ha v e that all no des that are either selected b y the paths or

tra v ersed in order to reac h a no de selected b y a path, form a sound pro jection for

b oth query examples. By sound pro jection w e mean a pro jection of the input tree

that preserv es query results.

W e will see later that these pro jections can b e obtained quite e�cien tly b y

opp ortunely matc hing extracted paths against no des of the input do cumen ts, visited

in a streaming fashion b y means of a SAX parser.

In our w ork w e assume the follo wing. F or queries of the form

for x in Q1 return Q2 , and similarly in case of let expression, w e supp ose that

the sub query Q1 do es not use concatenation. F or example, the follo wing query is

not allo w ed:

Q = for $x in (=child :: a=child :: b; =child :: a=child :: b) return $x

W e omitted this case from our study b ecause w e ha v e t w o iden tical paths ex-

tracted from the query Q (see b elo w E(Q) ), asso ciated with the same binding v ari-

able x and coming from di�eren t sub expressions. This could mak e formalizations

quite cum b ersome, as information ab out the pro v enance of extracted path should

b e gathered during extraction.

E(Q) = f =child :: a=child :: bf for xg; =child :: a=child :: cf for xgg

A ctually , for the purp ose of partitioning (and pro jection) v ariable information

in extracted paths is not needed. P artitioning (and pro jection) will use extracted
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paths once v ariable information has b een eliminated. F or instance, rather than

(=child :: af for x g=child :: bf for y g) the path (=child :: a=child :: b) is used.

V ariable bindings are erased b y means of the function ErVar (P) (illustrated in

De�nition 5.2.1 ) whic h indicates the path obtained from P b y remo ving f for �g
o ccurrences. Hereafter, for simplicit y , w e will often abbreviate E(Q; ; ; 1) with E(Q) .

De�nition 5.2.1 ( ErVar (P) ) Given a wel l-forme d query Q and its set of extr acte d

p aths P 2 E(Q) , the function ErVar (P) r emoves al l f for �g o c curr enc es in P if

they exist. By induction on the structur e of P , the syntax of ErVar (P) is de�ne d

as fol lows:

ErVar (" ) = "
ErVar (=Step=P) = =Step=ErVar (P)
ErVar (=Stepf for xg=P) = =Step=ErVar (P)

wher e " denotes the empty p ath (we assume =P=" = =P ).

5.3 itera tive queries and p ar titioning p a ths

Our approac h is based on the idea of partitioning an input do cumen t t in to a

collection of do cumen ts f t1; : : : ; t� g and pro jecting eac h t i according to Q , so that

Q(t ) �= (Q(t 0
1); : : : ; Q(t 0

� ) ), where t 0
i is the pro jection of t i . The input do cumen t is

partitioned according to a partitioning path P , whic h is opp ortunely c hosen among

the paths extracted from Q . Indeed, paths extracted from Q are also used to

pro ject eac h partition t i . In order to guaran tee the correctness of query ev aluation,

this approac h can b e applied only when Q �rst selects a sequence of no des S , and

then iterates o v er the no des in S b y exploring their corresp onding subtrees. Queries

satisfying this requiremen t are called iter ative and are quite common in practice.

The query of Example 1 is iterativ e. It selects the sequence S of no des sp eci�ed b y

the sub query =child :: a=child :: b. Then for eac h no de in S , it ev aluates the if-sub

query . As a concrete example, 13 out of the 20 XMark queries are iterativ e: namely ,

queries from Q1 to Q6 , and Q14 to Q20 are iterativ e. These queries are giv en in

Section A.1 of App endix A .

F or an iterativ e query o v er a do cumen t t , there ma y b e more than one path

that could b e used for partitioning t . W e �rst c haracterize this set of candidate

partitioning paths and then sho w ho w to pic k the b est one. In the de�nition b elo w,

w e sa y that the path P2E(Q) is maximal if no other path in E(Q) con tains P as

a pre�x.

De�nition 5.3.1 (Candidate P artitioning P aths) Given a w ell-formed query

Q , a c andidate p artitioning p ath for Q is a p ath ErVar (P) with P2E(Q) such that:

(i) P is of the form P0f for xg.

(ii) P do es not use text no de test.

(iii) for e ach maximal p ath P02E(Q) , P0= P=P00
.



62 Chapter 5. P artitioning and Pro jecting XML Do cumen ts

The set of al l c andidate p artitioning p aths for Q , is her e after denote d by

Candidate(Q) .

Condition (i) states that eac h candidate path is used for iterating inside the

query Q . Condition (ii) rules out candidate paths that w ould iterate on text no des

(lik e in the query for x in =dos :: text() return Q0
) b ecause w e w an t to ensure that

partitioning is p erformed on a sequence of elemen t no des rather than a sequence of

text no des. The tec hnical reason is that pro jection of text no des whic h are sibling

pro duces a text no de (the concatenation of the text no des) rather than a sequence of

text no des. Although this restriction can b e relaxed, w e giv e priorit y to presen ting

the core of the partitioning metho d here. Condition (iii) is the most imp ortan t one:

the restriction on maximal paths is needed since otherwise the minimal common

pre�x of E(Q) paths w ould b e a candidate.

As an example, for the query and extracted paths in Example 1 , w e ha v e that

ErVar (P1)= =child :: a and ErVar (P2)= =child :: a=child :: b are candidate paths.

As another example, for the query and extracted paths presen ted in Example

2 , the ErVar (P1) and ErVar (P2) are candidate paths, while ErVar (P3) is not a

candidate, as the pre�x relation do es not hold with resp ect to the path P4 . Figure 5.6

illustrates the pro cess of �nding the candidate paths of Example 2 .

Figure 5.6: Scenario of �nding candidate paths of Example 2 .

Note that if w e alter the query in Example 2 b y considering the follo wing new

returned clause return ( $x=child :: d , $y=child :: e) :

Q = for $x in =child :: a
for $y in $x=child :: b

return ( $x=child :: d , $y=child :: e)

then the only candidate is P1 , while the path P2 cannot b e safely used for parti-

tioning the input due to $x=child :: d in the return clause.

Also, if w e c hange the query in Example 2 as follo ws (note that the path selecting

no des for the second iteration starts from the do cumen t ro ot):
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Q = for $x in =child :: a=child :: b
for $y in =child :: a=child :: b

return ( $x=child :: d , $y=child :: e)

then w e ha v e no candidates, b ecause due to the presence of di�eren t v ariables $x and

$y v ariables in extracted paths, condition (iii) of De�nition 5.3.1 do es not hold for

an y paths. This query is not recognized as an iterativ e query (there is no candidate

path). In fact, the kind of partitioning w e w an t to adopt can not b e used for this

query as it p erforms t w o iterations .

De�nition 5.3.2 (Iterativ e Queries) A w ell-formed query Q is iter ative if and

only if Candidate(Q) 6= ; .

If the query Q is iterativ e, then the sequence of no des selected b y a candidate

path in a do cumen t t , can b e partitioned in order to split query ev aluation.

De�nition 5.3.3 (P artitioning P ath) Given an iter ative query Q , we say that

the p ath P is the p artitioning p ath for Q if and only if P is the c andidate p artitioning

p ath of Q having maximum length.

In the follo wing, a partitioning path will b e denoted PP . Going bac k to the

query of Example 1 , w e ha v e PP= =child :: a=child :: b.

Another example, is ab out the query of the Example 2 , w e ha v e that :

Candidate(Q) = f =child :: a; =child :: a=child :: bg

and PP= =child :: a=child :: b b ecause it has maxim um length comparing with the

other candidate path =child :: a.

Sev eral cases of XMark queries are recognized as iterativ e queries, some of these

queries and their partitioning paths are rep orted in Figure 5.7 .

Pic king up the longest candidate as partitioning path minimizes the size of trees

b elonging to the sequence selected b y the path, hence maximizing the lik eliho o d

that eac h part yielded b y partitioning �ts in the a v ailable main-memory .

5.4 pr ojection

A particular feature of our approac h is that while p erforming partitioning, pro jection

is p erformed to o, in a single pass on the input do cumen t t : the pro jected partition

f t 0
1; t 0

2; : : : ; t 0
� g is directly obtained from t , hence a v oiding scanning the do cumen t

t wice and storing in termediate results on p ersisten t storage.

In this section, w e will formalize the pro jection pro cess, whic h will b e then

plugged in the de�nition of the partitioning algorithm. As already said, pro jection

is made in terms of paths extracted from a query , once f for xg o ccurrences ha v e

b een eliminated.
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Query P artitioning P ath PP

Q1 =child :: site=child :: people=child :: person

Q2 =child :: site=child :: open_ auctions=child :: open_ auction

Q5 =child :: site=child :: closed_ auctions=child :: closed_ auction

Q13 =child :: site=child :: regions=child :: australia= child :: item

Q14 =child :: site=dos :: item

=child :: site=child :: closed_ auctions=child :: closed_ auction=child :: annotation

Q15 =child :: description=child :: parlist= child :: listitem= child :: parlist
=child :: listitem= child :: text=child :: emph=child :: keyword

Q16 =child :: site=child :: closed_ auctions=child :: closed_ auction

Q17 =child :: site=child :: people=child :: person

Q18 =child :: site=child :: open_ auctions=child :: open_ auction

Q19 =child :: site=child :: regions=dos :: item

Q20 =child :: site=child :: people=child :: person

Figure 5.7: P artitioning paths of some iterativ e XMark queries.

In the de�nition b elo w, w e will formalize our query pro jector, and presen t some

examples whic h explain ho w the pro jection pro cess w orks.

De�nition 5.4.1 (Query pro jector) Given a w ell-formed query Q , we de�ne the

pro jector � of Q as the set � = f ErVar (P) j P2E(Q)g.

Pro jecting an XML do cumen t t according to a set of paths � is a recursiv e

pro cess and w orks as follo ws. A ccording to the do cumen t order, eac h no de is visited

and compared against the curren t set of paths to c hec k whether the no de matc hes

the �rst step of eac h extracted path.The example b elo w illustrates ho w pro jection

w orks.

Example 3 Consider the tree t in Figure 5.2 and assume to pro ject it according

to the path =child :: a=dos :: c. Before matc hing the �rst no de (actually the ro ot

elemen t no de) against the path, w e p erform a lev el alignmen t transformation o v er

the path itself, b y replacing the �rst step =child :: a with =self :: a, th us obtaining

=self :: a=dos :: c.W e can, then, c hec k that the l1 no de matc hes the �rst step. As

a side result of this phase, the path is rewritten in to the r esidual p ath =dos :: c,

in order to prepare the matc hing against the no des of the next tree lev el. Then,

b efore analyzing the l2 no de, a new alignmen t op eration is p erformed. This time,

due to the presence of the recursiv e step =dos :: c, t w o paths are pro duced: =self :: c
and =self :: node()=dos :: c. These t w o paths are then compared with l2 , whic h



5.4. pr ojection 65

Figure 5.8: P ath =child :: a=dos :: c transformations.

actually matc hes the head self :: node() axes of the second path, whic h is then

rewritten in to its residual =dos :: c. P ath alignmen t then w orks as b efore and

pro duces =self :: c and =self :: node()=dos :: c for the no de l5 ; in this case no path is

matc hed. The next no de considered is l6 , still matc hed against the paths =self :: c
and =self :: node()=dos :: c. No w w e ha v e a matc hing with =self :: c, and the no de

is added to the pro jection. This en tails that the ancestors l2 and l1 are included in

the pro jection as w ell. The pro cess then go es on in a similar w a y with other no des,

whic h will not b e included in the pro jection due to no matc hing with compared

paths. Figure 5.8 illustrates the pro cess ab o v e in details.

�

Before illustrating the pro jecting-partitioning pro cess, w e need a few preliminary

de�nitions and notions. Hereafter a matc h for a path is called a terminal matc h,

while an ancestor of a matc h is called a non-terminal matc h.

F or instance, for the input tree in Figure 5.9 , and the path P = =dos :: c, terminal

matc hes are no des l3 , l10 , l15 and l17 , while non-terminal matc hes are ancestors of

these no des, i.e. l1 , l2 , l9 and l13 .
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a l 1

b l 2

c l 3

d l 4 e l 5

f l 6

d l 7

" gogo" l 8

b l 9

c l 10

e l 11

d l 12

f l 13

g l 14 c l 15

" tata " l 16

c l 17

d l 18 h l 19

An input XML document t

a l 1

b l 2

c l 3

d l 4 e l 5

b l 9

c l 10

e l 11

f l 13

c l 15

" tata " l 16

c l 17

d l 18 h l 19

a l 1
1

b l 1
2

c l 1
3

d l 1
4 e l 1

5

b l 1
9

c l 1
10

e l 1
11

a l 2
1

f l 2
13

c l 2
15 c l 2

17

d l 2
18 h l 2

19

P rojected document t 0 P rojected part t 0
1 P rojected part t 0

2

Figure 5.9: P artition plus pro jection.

Giv en a tree t =( �; lt ) and a path P , w e �nd terminal and non-terminal matc hes

of P b y means of an iterativ e pro cedure that visits the tree t in a top-do wn manner,

and matc hes eac h no de to a set of paths obtained from P b y means of t w o rewriting

op erations.

A �rst rewriting aims at aligning paths eac h time a deep er lev el is visited. F or

instance, in the previous example the ro ot no de is compared to the set of paths

f =self :: c; =self :: node()=dos :: cg, obtained b y the alignmen t of P= =dos :: c. The

path =self :: node()=dos :: c is an unfolding of the original one, and is needed to

matc h c no des at deep er lev els in subsequen t steps of the pro cess.

Pro jector alignmen t is p erformed b y the function Down(� ) , whic h aligns all

paths in a set � , according to the follo wing de�nition.

De�nition 5.4.2 (P ath Alignmen t) The alignment Down(� ) of a pr oje ctor � is

de�ne d as

S
P 2 � Down(P) wher e:

1: Down(=child :: NT =P) = f =self :: NT =Pg
2: Down(=dos :: NT =P) = f =self :: NT =P; =self :: node()=dos :: NT =Pg
3: Down(" ) = f "g

P aths obtained b y alignmen t all start with a self step, whic h a terminal or

non-terminal no de has to necessarily matc h. After alignmen t, resulting paths ma y

con tain consecutiv e steps using the self axis (in particular, if the path already

con tained a self step b efore alignmen t). W e assume that a path extracted from

a query do es not con tain the self axis in the �rst step. This assumption is not

restrictiv e as in practice the �rst step alw a ys p erform a do wn w ard na vigation. If

consecutiv e self steps lik e in =self :: b=self :: c o ccur in an aligned path, then the

path is discarded from the pro cess as it has empt y seman tics. Non-con tradictory

consecutiv e self steps (lik e =self :: b=self :: node() ) are collapsed in a single self
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step (lik e =self :: b) b y means of a simple rewriting. These simple rewritings are

routinely made after eac h alignmen t op eration; obtained paths are then considered

for matc hing with the curren t no de, as discussed shortly .

W e discuss no w the second rewriting function. In the searc h of matc hes for a

path P in a tree t , giv en a no de whose tag or text v alue is � 2f a; text [s]g, and the

corresp onding set of aligned paths is � (obtained from P ), the residuation function

Res(� ; � ) returns a path set � 0
and a v alue MATCH 2f ok_ t ; ok_ nt ; failg. The path

set � 0
will b e recursiv ely matc hed against c hildren of the no de after an alignmen t

op eration, while MATCH sp eci�es whether the curren t no de is a terminal matc h,

a p ossible non-terminal matc h, or neither a terminal nor a non-terminal no de. A

p ossible non-terminal matc h is �nally con�rmed as suc h when one of its descendan ts

happ ens to b e deemed as a terminal matc h in subsequen t steps.

Deriving the v alue MATCH pro duced b y residuation relies on the follo wing bi-

nary (comm utativ e and asso ciativ e) function ] , sho wn in T able 5.1 , where the sym-

b ol � indicates an y v alue.

MATCH 1 MATCH 2 MATCH 1 ] MATCH 2

ok_ t � ok_ t
ok_ nt fail ok_ nt
ok_ nt ok_ nt ok_ nt

fail fail fail

T able 5.1: The function ] .

De�nition 5.4.3 (P ath Residuation) The r esidual of a p ath P is de�ne d by dis-

tinguishing the fol lowing c ases (r e c al l that � 2 f a; text [s]g):

Res(a ; =self :: NT ) = <" ; ok_ t> if NT 2f a; node() g
Res(a ; =self :: NT =P) = <=P ; ok_ nt> if P 6= " and NT 2f a; node() g
Res(text [s] ;=self :: NT ) = <" ; ok_ t> if NT 2f text() ; node()g
Res(� ; =P) = <" ; fail> otherwise

The r esidual of a p ath set � = f P1; P2; � � � ; Png is then de�ne d as fol lows:

Res(� ; � )= <
S n

i=1 f P
0

i g;
Un

i=1 MATCH i> with Res(� ; Pi )= < P
0

i ; MATCH i>

As illustrated shortly , residuation is alw a ys applied after an alignmen t op era-

tion, and pro duces paths that are immediately aligned when descending to a new

lev el of the tree. That said, going bac k to our observ ation concerning the handling

of consecutiv e self steps, note that since eac h path extracted from a query nev er

starts with a self step, and since m ultiple and consecutiv e self steps are ev en tually

collapsed (otherwise the path is discarded) after alignmen t, residuation alw a ys tak es

as input paths starting with a self step, follo w ed b y a non- self step, and ev en tually
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pro duces new paths b y simply discarding the initial (matc hed) self step. This ex-

plains wh y the de�nition of alignmen t (De�nition 5.4.2 ) do es not include a case for

a �rst self -step.

T o illustrate ho w the just presen ted rewriting functions are used to select ter-

minal and non-terminal matc hes of a path, consider again the input tree in Figure

5.9 , and the path P= =dos :: c. T erminal and non-terminal matc hes of this path are

determined as illustrated next, where for eac h no de w e indicate the corresp onding

aligned and residuated paths. W e fo cus on the �rst 8 no des, according to do cumen t

order, as T able 5.2 illustrates.

no de � alignmen t residuation

l1 a � 1= Down(f Pg) Res(a; � 1)= <� 2; ok_ nt>
= f =self :: c; =self :: node()=dos :: cg with � 2= f =dos :: cg

l2 b � 3 = Down(� 2) Res(b; � 3)= <� 4; ok_ nt>
= f =self :: c; =self :: node()=dos :: cg with � 4= f =dos :: cg

l3 c � 5= Down(� 4) Res(c; � 5)= <� 6; ok_ t>
= f =self :: c; =self :: node()=dos :: cg with � 6= f =dos :: cg

. . .

l6 f � 7= Down(� 6) Res(f ; � 7)= <� 8; ok_ nt>
= f =self :: c; =self :: node()=dos :: cg with � 8= f =dos :: cg

l7 d � 9= Down(� 8) Res(d; � 9)= <� 10; ok_ nt>
= f =self :: c; =self :: node()=dos :: cg with � 10= f =dos :: cg

l8 text[gogo] � 11= Down(� 10) Res(text [gogo]; � 11)= <" ; fail>
= f =self :: c; =self :: node()=dos :: cg with � 10= f =dos :: cg

T able 5.2: Rewriting functions Down(� ) and Res(� ; � ) .

A ccording to the residuation ab o v e indicated, l1 and l2 are deemed as non-

terminal matc hes since b oth no des ha v e a descendan t no de l3 b eing a terminal

matc h. Observ e that a terminal matc h is selected when a single-step path in the

curren t set of aligned paths is matc hed b y the curren t no de: this means that the

last step of the initial path is successfully matc hed. Concerning no des l6 and l7 ,

they ha v e no descendan t that residuation deems as a terminal matc h, hence these

no des are not deemed as non-terminal matc hes.

Algorithm 1 presen ts the co de of the Pr oje ction algorithm. It tak es as input a

store � , a curren t lo cation l , and a pro jector � . It outputs a pair (� 0; Size) where � 0

is the pro jection of the tree ro oted at l ( � @l ) with resp ect to the pro jector � . The

v alue Size is the size of the pro jected do cumen t and will b e used when com bining

partitioning and pro jection.

This algorithm uses Down(� ) and Res(� ; � ) for alignmen t and residual rewriting.

These b oth function are at the core of our tec hnique. In order to compute Size, the

algorithm uses the function length(x) (see Example 4 ) returning the length of the

string of x (whic h can b e either an elemen t tag or a con ten t of a textual no de). Note
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Algorithm 1: Projection

Input : A store � , a lo cation l2dom(� ) , a pro jector � ;

Output : A store � 0
, an in teger Size;

1 b egin

/* Case 1. � (l) = text [s] */

2 if Res(text [s];� ) = < � ; fail> then

3 � 0:= ; ; Size:= 0

4 else

5 � 0:= f l  text [s]g; Size:= length(s)

/* Case 2. � (l) = a[ L] */

6 <� 0; MATCH > := Res(a; � ) ;

7 if MATCH = fail then

8 � 0:= ; ; Size:= 0

9 else if MATCH = ok _ nt and L = () then

10 � 0:= f l  a[()]g;

11 else

12 let L = (l 1; l2; � � � ; ln)
13 for i = 1 :::n do

14 (� i ; Sizei ):= Projection (� ; l i ; Down(� 0))

15 � := f l i2L j � i 6= ;g
16 if (MATCH = ok _ t) or (MATCH = ok _ nt and � 6= ; ) then

17 � 0:= f l  a[Lj � ]g [
S n

i=1 � i ; Size = 2 :length(a) +
P n

i=1 Sizei

18 else

19 � 0:= ; ; Size:= 0

20 return (� 0; Size)

that the size of an elemen t includes the size of b oth the start and end tag.

Example 4 Consider the tree t = <a><b>coco</b></a> . W e ha v e that:

length( <a> ) = 1
length( </a> ) = 1
length( "c o c o" ) = 4

length( <b>"c o c o"</b> ) = 1+ 4+ 1 = 6
length(t ) = 1 + 6 + 1 = 8

�

Also, in the algorithm the notation Lj � indicates the lo cation sequence obtained

from L b y retaining only lo cations in the set � , and preserving the sequence ordering

(w e ha v e Lj � � L).

Algorithm 1 consists of t w o main cases. When the curren t no de lo cation l con-

tains a text no de, if residuation do es not fail, then for at least one path in the
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pro jector the last step matc hes the no de l (recall that only the �nal step in a path

can use the text no de condition).

When the curren t lo cation, instead, con tains an elemen t no de, then a more

complex analysis is necessary . If residuation fails, then the empt y store is output. If

the curren t no de is an in termediate matc h for the curren t pro jector, and the no de

has no c hild, then the no de is added to the pro jection; this is necessary b ecause this

no de can b e later on matc hed as a terminal no de after residuation of the pro jector,

during the recursiv e pro cess. F or instance, consider a pro jector including =a=b=self ::
node() and a tree where the ro ot a has an empt y b elemen t as c hild. Otherwise,

pro jection is recursiv ely propagated on c hild no des. Then, if the curren t elemen t

no de is a terminal matc h for the pro jector, this no de is added to the pro jection

together with its pro jected subtrees; if the curren t elemen t matc hes an in termediate

step of a path in the pro jector, then the no de will b e added to the pro jection if at

least one of its descendan t will matc h a �nal step in the pro jector. If none of the

ab o v e conditions holds, the empt y pro jection is output.

Di�eren tly from [ MS03 ] w e pro vide here a formal sp eci�cation of the pro jection

algorithm. Also, the algorithm describ ed is DOM-orien ted. W e presen t it just to

pro vide a clear and formal sp eci�cation. In Section 5.6 w e will pro vide some detail

ab out our SAX-based streaming implemen tation, whic h has a negligible memory

fo otprin t.

Lemma 5.4.4 L et Q b e a w ell-formed query, � its asso ciate d pr oje ctor and t =( �; lt )
a tr e e. Assuming that Projection (� ; l; Down(� ))=( � 0; Size) we have:

(i) Q(t ) �= Q(t 0) wher e t 0=( � 0; lt ) , and

(ii) Size= size(t 0)

5.5 The p ar titioning algorithm

The partitioning algorithm tak es as input an XML do cumen t D , an iterativ e query

Q , and a threshold v alue maxSize. Through the static analysis tec hnique describ ed

in the previous sections, the algorithm extracts the set of pro jection paths � and the

partitioning path set PP . These t w o sets of paths � and PP driv e the pro jection-

partitioning pro cess, as the follo wing example illustrates.

Example 5 Consider the query Q b elo w and the XML do cumen t of Figure 5.9 .

Q = for x in =dos :: c return (x=child :: d; x=child :: e)

A ccording to previous de�nitions, this query is iterativ e with partitioning path PP =
=dos :: c. Also, the set of extracted paths � is (for-v ariables are erased):

� = f =dos :: c; =dos :: c=child :: d=dos :: node() ; =dos :: c=child :: e=dos :: node()g

Through � w e can prune out all no des of the do cumen t that are not touc hed dur-

ing query ev aluation, and create after that the pro jected parts t 0
1 and t 0

2 , con taining

the fragmen ts that are su�cien t for correctly ev aluating Q .
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This means that the store � 0
should con tain only the follo wing lo cations

f l1; l2; l3; l4; l5; l9; l10; l11; l13; l15; l16; l17; l18; l19g and neglect the others.

� 0 =

8
>>>>>>><

>>>>>>>:

l1  a[l2; l9; l13]; l2  b[l3];
l3  c[l4; l5]; l4  d[()] ;
l5  e[()] ; l9  b[l10];
l10  c[l11]; l11  e[()] ;
l13  f [l15; l17]; l15  c[l16];
l16  text [00tata00]; l17  c[l18; l19];
l18  d[()] ; l19  h[()]

If, just to illustrate, w e assume that the ab o v e pro jection cannot b e pro cessed,

then partitioning is needed. A ccording to De�nition 5.3.3 , the partitioning of the

input tree in Figure 5.9 is made according to the partitioning path in PP= f =dos ::
c}. The tree is tra v ersed top-do wn according to do cumen t order and the �rst part

is determined as follo ws. During the visit of the tree, non-terminal and terminal

matc hes of the partitioning path are added to the part. Whenev er a terminal matc h

of PP is met, its subtree is pro jected according to our pro jection (see Algorithm 1 ),

in order to limit as m uc h as p ossible the n um b er of created parts.

Just after a pro jected sub-tree of a PP terminal matc h has b een added to the

part, a c hec k is made in order to v erify whether the curren t size of the part has ex-

ceeded a giv en threshold maxSize. In the curren t example, w e consider maxSize=12 ,

whic h is exceeded when the subtree ro oted at the second PP terminal matc h is added

to the part. Recall that eac h time an elemen t is added to a part, the curren t size

is incremen ted b y t wice the length of the elemen t tag (b oth starting and ending

tags ha v e to b e tak en in to accoun t), while eac h time a text no de is added to the

part the curren t size is incremen ted b y the length of the text con ten t of the no de.

This causes the creation of a second part. With maxSize=12 w e �nally ha v e the

t w o parts indicated in Figure 5.9 . Note that no des that are neither non-terminal

nor terminal matc hes of the partitioning path are pruned out during partitioning.

These no des can b e safely pruned out b ecause they are useless to the ev aluation of

the query Q . This is b ecause PP is a pre�x of eac h path in � (extracted from the

query , De�nition 5.3.1 ), and that a no de is needed b y Q if it is (an ancestor of ) a

matc h of a path in � (for the same reasons, in Figure 5.9 , note that since subtrees

ro oted at terminal matc hes of PP are pro jected according to � ; for instance, the

no de l16 is not in the second part).

Note that ancestors of PP no des ma y b elong to more than one part, in particular

this is the case for the do cumen t ro ot no de. A t the same time, w e need to create

a store with unique lo cations, so w e endo w eac h l i with an iden ti�er j indicating

that l i b elongs to the part j of the partition. The partition will b e represen ted b y

a single store � P
.

1

This store � P
will con tain t w o parts using the follo wing indexed

1

While the de�nition of partitions rely on m ultiple trees (stores), w e opt here for a single global

store to easy the sp eci�cation of the algorithms. As w e will see, eac h single tree of the partition

can b e reco v ered straigh tforw ardly .
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lo cations:

dom(� P) = f l11; l12; l13; l14; l15; l19; l110; l111; l21; l213; l215; l217; l218; l219g

�

Besides path alignmen t and residuation, the threshold v alue maxSize pla ys a

k ey role in the whole partitioning pro cess. The c hoice of maxSize dep ends on man y

factors, suc h as the input do cumen t, the query b eing pro cessed, the sp eci�c query

pro cessor b eing used, the hardw are con�guration and the a v ailable main memory ,

the programming language used for implemen ting the query pro cessor, the memory

managemen t tec hnique adopted, and the op erating system running on the hard-

w are. maxSize, therefore, can b e determined only through a trial-and-err or pro cess

dep ending on the o v erall con�guration, and cannot b e formally predicted.

Note that if maxSize is to o large, it can happ en that one or more parts are

to o large to b e loaded in main memory , hence undermining the whole approac h.

Surprisingly enough, as w e will see later, our exp erimen tal ev aluation sho w ed that

the actual v alue of maxSize do es not in�uence either partitioning time or the total

querying time on the partition.

5.5.1 The Algorithm

Algorithm 2 pro vides a formal presen tation of our partitioning sc heme. It is a

recursiv e algorithm and tak es as input a 5-tuple < l; � ; PP; cSize; pId ;> represen ting

the curren t state of the recursiv e pro cess: namely , this tuple indicates that the

curren t no de to b e matc hed against the curren t aligned partitioning path-set PP
and pro jector � is l , that the curren t size of the part under construction is cSize, and

that the curren t n um b er of created parts is pId . Of course, the algorithm is initially

in v ok ed with cSize=0 and pId=1 , while the lo cation l is the ro ot of the input XML

tree t = ( �; l) . Also, PP is Down(f PP Qg) , the alignmen t of the initial partitioning

path for the iterativ e query Q to execute, while � is Down(� Q) , the alignmen t of

the pro jector � Q of the query Q (see De�nition 5.4.1 ) . The store � is assumed to

b e a global parameter.

In the algorithm, the function PartLabel(� ; pId ) pro duces a new store obtained

from � b y renaming eac h lo cation l to lpId
. W e will use PartLabel � 1(� 0) to undo

the renaming in the store � 0
.

The algorithm distinguishes among three main cases. In the �rst case (lines

3-10), the curren t no de is an elemen t no de b eing a terminal matc h for the initial

partitioning path PP . In this case, our pro jection algorithm is called to compute the

pro jection of the subtree ro oted at this no de together with its size. If no pro jection

algorithm is a v ailable, Projection (� ; l; � 0) just returns the input subtree and its size.

Then (lines 7-10) the algorithm adds the resulting subtree to the curren t part, and

c hec ks whether the size of the pro jected subtree plus the curren t size do es not exceed

the maximal size: if the c hec k is p ositiv e, then the curren t size is incremen ted with
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Algorithm 2: Partition

Input : A lo cation l2dom(� ) , a partitioning path-set PP , a pro jector � , a part size

cSize, a part n um b er pId ;

Output : A store � P
, a part size cSize0

, part n um b er pId 0
;

1 b egin

2 let � (l) = a[ L]
/* Case 1. l is a PP target node */

3 if Res(a; PP) = < � ; ok_ t> then

4 � 0:= Res(a; � ) ;

5 (� 0; Size):= Projection (� ; l; Down(� 0)) ; /* projection always keeps

node l in � 0
*/

6 � P := PartLabel(� 0; pId ) ;

7 if cSize+ Size � maxSize then

8 cSize0:= cSize+ Size; pId 0:= pId

9 else

10 cSize0:= 0 ; pId 0:= pId + 1

/* Case 2. l is not a PP target node */

11 if Res(a; PP) = < PP 0; ok_ nt> then

12 pId �rst := pId ; �
temp

:= ; ;

13 cSize
temp

:= cSize+ 2 :length(a) ;

14 � 0:= Res(a; � ) ;

15 let L = (l 1; l2; � � � ; ln) ;

16 for i = 1 :::n do

17 (� P
i ; cSize

temp

; pId ):= PartProj (l i ; Down(PP 0); Down(� 0); cSize
temp

; pId ) ;

18 �
temp

:= �
temp

[ � P
i ;

19 if �
temp

= ; then

20 cSize0:= cSize
/* no descendant of the current node l is added in the

partition */

21 else

22 cSize0:= cSize
temp

;

/* Max-Pid returns the biggest part number used in the store

*/

23 pId last := Max-Pid (�
temp

) ;

24 D:= dom(�
temp

) ;

25 � P := � P [ �
temp

;

26 for p = pId �rst :::pId last do

27 � P := � P [ f (lp a[r ename � extr (L; p; D)])g

28 pId 0:= pId ;

/* Case 3. l does not match PP */

29 else if Res(a; � ) = < � ; fail> then

30 � P := ; ; cSize0:= cSize; pId 0:= pId

31 return ( � P
, cSize0

, pId 0
)
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the pro jection size Size, otherwise the curren t size is reset to 0 and a new (empt y)

part is created (this empt y part will b e �lled in subsequen t steps of the pro cessing).

In the second case (lines 11-28), the curren t l no de is a p ossible non-terminal

matc h for the partitioning path PP . A temp orary curren t size v ariable cSizetemp

registers the curren t size plus t wice the length of the curren t tag (b oth start and

ending tags ha v e to b e tak en in to accoun t). By considering cSizetemp as the curren t

size, the computation recursiv ely go es on for eac h c hild l i of the l no de (lines 16-20).

F or eac h l i partitioning is made according to paths obtained b y alignmen t of paths

resulted b y residuation (line 17), and the resulting parts are k ept in a temp orary

store �
temp

. Also, partitioning for eac h c hild no de l i is made according to the

curren t size and partition n um b er pro duced b y the partition pro cess for the c hild

l i � 1 .

Once partitioning for all c hildren is done, the resulting store �
temp

is c hec k ed for

emptiness (line 19). If the store is empt y , then the curren t no de l is not deemed as a

non-terminal matc h as it has no descendan t b eing a terminal matc h. Hence, the no de

do es not con tribute to the curren t part (it is pruned out), and the output curren t

size is set to the input curren t size; note that in this case the input part iden ti�er

pId is unc hanged. Otherwise (lines 21-27), the curren t partition and size ha v e to

b e up dated. The output curren t size is set to cSizetemp (line 22), registering the

curren t size of the curren t part or, ev en tually , the last part created while pro cessing

c hildren l i . After this (lines 23-25), the curren t partition � P
is enric hed with � temp

and (lines 26-27) with elemen ts for the curren t lo cation l indexed b y all new part

n um b ers pId j 's pro duced while pro cessing l i 's subtrees (recall that for a c hild l i more

than one part could b e created). In this case l has to b e indexed accordingly . T o this

end, the algorithm uses a function r ename � extr (L; p; D) whic h tak es as input the

sequence L of c hildren lo cations, a part iden ti�er p, and the domain D=dom( � P )
of the created sub-partition. The role of the function r ename � extr (L; p; D) is to

extract the sub-sequence of L used to create the part p in � P
, and to adorn with p

eac h lo cation in this sub-sequence. F ormally , w e ha v e:

r ename � extr (L; p; D) =

8
>><

>>:

() if L = ()

lpi ; r ename � extr (L0; p; D) if L = l i ; L0
and lpi 2D

r ename � extr (L0; p; D) if L = l i ; L0
and lpi =2D

F or instance, if the curren t no de of the case is l ! a[l1; l2; l3] and for subtrees

ro oted at l1; l2 data are put in part 3, while for the subtree ro oted at l3 data are

put/split in t w o parts 4; 5, then the renaming extraction pro duces l31; l32 and l43 and

l53 .

Finally , the third case (lines 29-30) applies when the curren t no de do es not matc h

the partitioning path, hence the algorithm pro duces an empt y part, and preserv es

the curren t part size and n um b er.
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a l 1

b l 2

c l 8 c l 9

b l 3

c l 10

" coco" l 21

d l 11 c l 12

f l 4

d l 13 d l 14

" gogo" l 22

b l 5

g l 15 c l 16

" tata " l 23

f l 6

d l 17 e l 18

g l 7

b l 19

c l 24

f l 20

d l 25

Figure 5.10: An input XML tree t .

5.5.2 Dealing with a W orkload

A nice prop ert y of our pr oje cting-p artitioning system is that it can deal with a

w orkload formed b y queries Q1; : : : ; Qn in a natural w a y . T o this end, it su�ces to

consider a global pro jector � = [ n
1 � i and set of partitioning paths PP = [ n

1 f PP ig
where � i and PP i are, resp ectiv ely , the pro jector and the partitioning path of Qi .

This follo ws from the fact that our system is already sp eci�ed to deal with a

set PP (recall that Down() pro duces set of paths in the presence of dos axis). So,

with PP = [ n
1 f PP ig the partition is made in terms of no des matc hing at least one

of the paths PP i 's, and the corresp onding subtrees are pro jected b y means of the

global pro jector � k eeping in to accoun t the data needs of the whole w orkload.

T o illustrate the e�ectiv eness of our pr oje cting-p artitioning algorithm with w ork-

load (describ ed ab o v e). Example 6 explains, in details, ho w to deal with a w orkload

formed b y t w o iterativ e up dates.

Example 6 Consider the follo wing iterativ e queries on the XML do cumen t t illus-

trated in Figure 5.10 :

Q1 = for $x in =child :: a=child :: b return $x=child :: c
Q2 = for $y in =child :: a=child :: f return $y=child :: d

Since that w e ha v e t w o indep enden t queries, t w o di�eren t stores ( � 1; � 2 ) will

b e created to sp ecify a pro jection for eac h query during the pro cess. A ccording to

De�nition 5.4.1 and b y using the function E() to extract paths from Q1 and Q2 , w e

ha v e the follo wing distinct pro jectors:

� 1 = f =child :: a; =child :: a=child :: b; =child :: a=child :: b=child :: c=dos :: node()g
� 2 = f =child :: a; =child :: a=child :: f; =child :: a=child :: f=child :: d=dos :: node()g

Dep ending on the ab o v e describ ed pro jectors, t w o pro jected trees t
0

Q1
and t

0

Q2

can b e created b y using path information in the pro jectors, along the lines of stan-

dard path-based pro jection [ MS03 ]. As it can b e seen, eac h pro jected tree con tains

elemen t no des that are su�cien t to ev aluate its query , as illustrated in Figure 5.11 .

Both sets of dom(t
0

Q1
); dom(t

0

Q2
) will con tain only the follo wing lo cations :

dom(t
0

Q1
) = f l1; l2; l3; l5; l8; l9; l10; l12; l16; l21; l23g

dom(t
0

Q2
) = f l1; l4; l6; l13; l14; l17; l22g
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a l1

b l2

c l8 c l9

b l3

c l10

" coco" l21

c l12

b l5

c l16

" tata" l23

a l1

f l4

d l13 d l14

" gogo" l22

f l6

d l17

Standard projected t
0

Q1
Standard projected t

0

Q2

Figure 5.11: Standard pro jections t
0

Q1
, t

0

Q2
XML trees created from the input t .

If, just to illustrate, w e assume that trees whose size is bigger than 12 cannot b e

loaded for query pro cessing (w e assume that the size is in terms of c haracters) then

w e ha v e that Q1 cannot b e ev aluated on the pro jection t
0

Q1
illustrated in Figure 5.11 .

Here, w e need partitioning for query ev aluation. A ccording to De�nition 5.3.3 , w e

ha v e that the partitioning path for Q1 is PP= =child :: a=child :: b. A safe c hoice

for the threshold v alue is maxSize= 10 .

a l1
1

b l1
2

c l1
8 c l1

9

b l1
3

c l1
10

" coco" l1
21

a l2
1

b l2
3

c l2
12

b l2
5

c l2
16

" tata" l2
23

a l1

f l4

d l13 d l14

" gogo" l22

f l6

d l17

P rojected part t1
0

Q1
P rojected part t2

0

Q1
Standard projection t

0

Q2

Figure 5.12: P artitioning scenario on t for a giv en iterativ e query Q1 .

Figure 5.12 sho ws the t w o parts created b y partitioning (and pro jection). In

particular, the new store � P
Q1

con tains the follo wing indexed lo cations:

dom(� P
Q1

) = f l11; l12; l18; l19; l13; l110; l121; l21; l23; l212; l25; l216; l223g

After �nishing the partitioning pro cess (describ ed ab o v e), w e can ev aluate Q1
on the t w o parts and obtain the �nal result b y simply concatenating the t w o partial

results in the ob vious order.

No w, supp ose that w e w an t to ev aluate a w orkload W = f Q1; Q2g on the same

XML tree t presen ted in Figure 5.10 . By using standard pro jection, [ MS03 ] prop ose

to consider a global pro jection for ev aluating all queries. So w e need to create a

global pro jection of t b y considering the global pro jector � W = f � 1; � 2g, as illustrated

in Figure 5.13 :

� W = f =child :: a; =child :: a=child :: b; =child :: a=child :: b=child :: c=dos :: node() ;
=child :: a; =child :: a=child :: f; =child :: a=child :: f=child :: d=dos :: node()g

A ccording to previous assumptions, w e ha v e once again that the global pro jection

do es not �t in the memory . F ortunately , our tec hnique adapts gracefully to the case
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a l1

b l2

c l8 c l9

b l3

c l10

" coco" l21

c l12

f l4

d l13 d l14

" gogo" l22

b l5

c l16

" tata" l23

f l6

d l17

Figure 5.13: Global pro jection t 0
for the w orkload ( Q1; Q2 ).

of a w orkload, and this allo ws us to o v ercome the problem, as follo ws. W e use the

follo wing set of partitioning paths [ n
1 f PP ig extracted from Qi , for i = 1 ; 2. In

particular, PP W = f PP 1; PP 2g where

PP 1 = =child :: a=child :: b
PP 2 = =child :: a=child :: f

Figure 5.14 illustrates the global partitioning whic h is capable to satisfy the

query needs of the en tire w orkload.

a l1
1

b l1
2

c l1
8 c l1

9

b l1
3

c l1
10

" coco" l1
21

a l2
1

b l2
3

c l2
12

f l2
4

d l2
13 d l2

14

" gogo" l2
22

a l3
1

b l3
5

c l3
16

" tata" l3
23

f l3
6

d l3
17

P rojected part t
0

1 P rojected part t
0

2 P rojected part t
0

3

Figure 5.14: P artitioning scenario on the global pro jection t 0
of w orkload ( Q1; Q2 ).

�

In the ab o v e examples, w e ha v e that eac h single created pat has a size whic h is

less than maxSize. A ccording to our partitioning algorithm, this is not alw a ys the

case: it ma y happ en a part creation ends as so on as its size exceeds the threshold.

Soundness of partitioning is stated b y the follo wing theorem, using the notation

Part i (� P) to indicate the i -th part � i in the partition � P
: formally � i = f l i  

a[L] j l i  a[L] 2 � Pg.

Theorem 5.5.1 (Soundness of P artition and Pro jection) L et maxSize b e a

size thr eshold value, let Q1; : : : ; Qm b e w ell-formed queries with their r esp. pr oje ctor

� j and p artitioning p ath PP j . L et t =( �; lt ) b e an XML tr e e. Then:

Assuming

ˆ � = [ m
1 � j ,

ˆ PP= [ m
1 f PP j g and
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ˆ Part (l t ; Down(� ); Down(PP); 0; 1) = ( � P ; cSize; pId ) .

we have:

Qj (t) �= Qj (t1) � : : : � Qj (tpId )

wher e t i = PartLabel � 1(Part i (� P )) .

5.6 streaming implement a tion

W e implemen ted our partitioning algorithm in a streaming fashion on top of a SAX

parser [ v er00 ]. In our implemen tation, w e considered the follo wing SAX ev en ts:

SAXEvent := startDocument called at the start of the input do cumen t

j startElement (qName) called at the op en-tag of the curren t qName

j endElement (qName) called at the close-tag of the curren t qName

j Characters (String ) called to pro cess the text-con ten ts

of the curren t qName

In our SAX implemen tation of partitioning w e used four main stac k-based data

structures (see lines 3-5 of Algorithm 3 ).

These stac ks are used to record the curren t status of the algorithm when an op en-

tag is met, so that the status can b e reco v ered when the corresp onding close-tag is

met.

ˆ The �rst stac k stacktag is used to record op en tag-name of the no de qName
b eing pro cessed, the result of the residuation of Res(qName; PP) , the mo dal-

it y v alue (whic h is either part or proj , it will b e explained later), a b o olean

�ag isStored, whic h is set to true only when the op en-tag has b een written in

the curren t part.

ˆ The second stac k stack� is used to record all alignmen t results of the pro jector

path-set.

ˆ The third stac k stackpp records alignmen t results of the partitioning path-set.

The implemen tation also trac ks some global v alues in the follo wing v ariables:

ˆ cSize, the size of the curren t part.

ˆ pId , the curren t n um b er of created parts.

ˆ � , the pro jector.

ˆ PP , the partitioning path set.

ˆ Size, the size of the XML subtree no des ro oted at the no de matc hing PP .
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By using this status information, w e can split the pro jection-partitioning al-

gorithm in t w o distinct pro cedures, whic h are executed when startElement and

endElement are in v ok ed, resp ectiv ely .

Before starting the pro cessing, our algorithm tak es the follo wing inputs (see

Algorithm 3 ):

ˆ the input XML do cumen t t .

ˆ the set of extracted paths � and the set of partitioning path PP extracted

from an iterativ e query Q .

ˆ the threshold in teger v alue maxSize.

and it is initially in v ok ed with cSize=0 and pId=1 (line 2 of Algorithm 3 ). Also,

all data structures needed to p erform the partitioning stacktag , stack� and stackpp

will b e initialized.

Algorithm 3: Pro jection/P artition-Init-DataStructu re

Input : An input XML do cumen t t , a pre-de�ned in teger v alue maxSize; a set of

paths � extracted from a giv en query Q , a partitioning path PP ;

Output : Initialize global v ariables cSize, pId , and three stac k-based data structures

stacktag , stack� and stackpp ;

1 b egin

2 cSize:= 0; pId := 1
3 stacktag := ()
4 stack� := ()
5 stackpp := ()

Algorithm 4: SAX-startDo cumen t

Input : A pro jector � , a partitioning path PP , a �ag Modality ;

Output : Side e�ect on � , PP and Modality ;

1 b egin

2 � := Down(� )
3 PP:= Down(PP)
4 Modality := part

Both startElement and endElement algorithms w ork in t w o p ossible mo dalities,

the partitioning mo dalit y ( part ) and the pro jection mo dalit y ( proj ). The �rst one

concerns the case that the curren t no de is either a (p ossible) non-terminal matc h

or a terminal matc h of a partitioning path in PP . Under this mo dalit y the algo-

rithms implemen t the sp eci�cation rep orted in the DOM-based Algorithm 2 ). The

second p ossible mo dalit y captures the case where the curren t no de b elongs to a

subtree ro oted at terminal no de of a partitioning path. Under this mo dalit y , the

t w o algorithms implemen t the pro jection as giv en b y Algorithm 1 .
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Algorithm 5: SAX-c haracters

Input : A string v alue str , curren t part size cSize
Output : Side e�ect on the curren t part size cSize

1 b egin

2 MATCH:= Res(str ; � )
3 if MATCH 6=fail then

4 cSize:= cSize+ length(str )
5 writeOutput (str )

In startDocument ev en t (Algorithm 4 ), the algorithm p erforms the �rst align-

men t Down(� ) of the pro jector � and the �rst alignmen t of the partitioning path PP
(see lines 2-4), then it initializes the Modality �ag with part , whic h is the starting

mo dalit y of our algorithm; pro jection starts when a target path of a partitioning

path is met.

In startElement (see Algorithm 6 ), w e put most of the logic of the DOM-based

sp eci�cation partitioning and pro jection algorithms (Algorithms 1 and 2 ): indeed,

all partitioning and pro jection decisions are based on information that is a v ailable

when an op en tag is met. Concerning the partitioning mo dalit y (lines 2-26), w e

put here the up dates of Size and cSize, as w ell as the residuation and alignmen t

of the curren t partitioning path PP (line 3), but w e defer partitioning decisions

to endElement calls. Concerning the pro jection mo dalit y (lines 27-49), w e put

here residuation of the curren t pro jector � (line 28), the resulting case analysis to

decide whether the curren t no de has to b e pro jected, and alignmen t of the path-set

pro jector to the next lev el.

In endElement (see Algorithm 7 ), w e �rst p erform a p op op eration on the stac k

stack� (line 2) and obtain information stored in the follo wing v ariables (lines 3-5):

MATCH is the curren t matc h v alue, currModality is the curren t w orking mo dalit y ,

and currStoredCase is the curren t storing status of the curren t qName in to the

output. If currStoredCase = false then the algorithm simply terminates the close-

tag corresp onds to the op en-tag not stored in the partitioning.

If information got from the stac k tell us that w e are in the partitioning mo dalit y

and the curren t storing case currStoredCase= true , then w e mak e the follo wing

case analysis on the MATCH information relativ e to the curren t close-tag, and got

from the stacktag (lines 6-30).

In the case the curren t closing-tag is for a non-terminal matc h of partitioning

paths ( MATCH=ok _ nt ) (lines 7-10), w e increase the curren t part size cSize with

length(qName) ; write the curren t qName in to the curren t part; and �nally p op the

top elemen t of stackpp .

If the curren t closing-tag is for a terminal matc h of a partitioning path

( MATCH=ok _ t ) (lines 11-30) then a pro jection phase comes to its end. So w e

c hange the Modality �ag to part (line 12); compare the curren t part size cSize plus
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Algorithm 6: SAX-startElemen t

Input : Op en-tag qName, a part n um b er pId , a part size cSize;

Output : Side e�ect on cSize and Size, Modality , � and PP ;

1 b egin

/* qName is in the partitioning modality case */

2 if Modality = part then

3 MATCH:= Res(qName; PP )
4 switc h MATCH do

5 case ok _ nt
/* Case 1. qName is non-terminal PP node */

6 stack tag :add(qName; ok _ nt ; part; false )
7 � := stack � :add(Down (� ))
8 PP := stackpp :add(Down (PP ))

9 case ok _ t
/* Case 2. qName is a terminal PP node */

10 for i =[0 ::(stack tag :size � 1)] do

11 ancestT rNode _ tagname := stack tag (i ):get(0)
12 ancestT rNode _ isStored := stack tag (i ):get(3)
13 if ancestT rNode _ isStored = false then

14 stack tag (i ):set(3):= true
15 writeOutput (ancestT rNode _ tagname )
16 cSize:= cSize + length (ancestT rNode _ tagname )

17 else if ancestT rNode _ isStored = true then

18 SkipElement _ stack tag (i )

19 stack tag :add(qName; ok _ t ; part; true )
20 � := stack � :add(Down (� ))
21 PP := stackpp :add(Down (PP ))
22 cSize:= cSize + length (qName)
23 writeOutput (qName)
24 Modality := proj

25 case fail
/* Case 3. qName does not match PP */

26 stack tag :add(qName; fail ; part; false )

/* qName is in the projection modality */

27 else if Modality = proj then

28 MATCH � := Res(qName; � )
29 switc h MATCH do

30 case ok _ nt
/* Case 1. qName is non-terminal � node */

31 stack tag :add(qName; ok _ nt ; proj; false )
32 � := stack � :add(Down (� ))
33 Size:= Size + length(qName)

34 case ok _ t
/* Case 2. qName is terminal � node */

35 for i =[0 ::(stack tag :size � 1)] do

36 ancestT rNode _ tagname := stack tag (i ):get(0)
37 ancestT rNode _ isStored := stack tag (i ):get(3)
38 if ancestT rNode _ isStored = false then

/* Switch flag isStored to true value to write the current

element stack into the current part t
0

pId */

39 stack tag (i ):set(3):= true
40 writeOutput (ancestT rNode _ tagname )
41 cSize:= cSize + length (ancestT rNode _ tagname )

42 else if ancestT rNode _ isStored = true then

43 SkipElement _ stack tag (i )

44 stack tag :add(qName; ok _ t ; proj; true )
45 � := stack � :add(Down (� ))
46 Size:= Size + length(qName)
47 writeOutput (qName)

48 case fail
/* Case 3. qName does not match � */

49 stack tag :add(qName; fail ; proj; false )
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Algorithm 7: SAX-endElemen t

Input : Close-tag qName, part size cSize, pro jection size Size, part n um b er pId ;

Output : Side e�ect on cSize, pId , � , PP Modality ;

1 b egin

/* Pop the top element from stacktag and keep match, currModality,

currStoredCase values */

2 � := stack� :pop
3 MATCH:= stacktag :pop(stacktag (top):get(1))
4 currModality := stacktag :pop(stacktag (top):get(2))
5 currStoredCase:= stacktag :pop(stacktag (top):get(3))

6 if currModality = part and currStoredCase= true then

7 if MATCH=ok _ nt then

8 cSize:= cSize+ length(qName)
9 writeOutput (qName)

10 PP:= stackpp :pop

11 else if MATCH=ok _ t then

12 Modality := part
13 if cSize+ Size � maxSize then

14 cSize:= cSize+ Size
15 writeOutput (qName)

16 else

/* Close current part t
0

pId */

17 writeOutput (qName)
18 for i =[( stacktag :size � 1)::0] do

19 currT agName:= stacktag (i ):get(0)
20 currStored := stacktag (i ):get(3)
21 if currStored= true then

22 writeOutput (currT agName)

23 cSize:= 0 ; pId := pId + 1
/* Create new part t

0

pId */

24 for i =[0 ::(stacktag :size � 1)] do

25 currT agName:= stacktag (i ):get(0)
26 currStored := stacktag (i ):get(3)
27 if currStored= true then

28 writeOutput (currT agName)

29 cSize:= cSize+ length(qName)
30 PP:= stackpp :pop

31 else if currModality = proj and currStoredCase= true then

32 if MATCH=ok _ nt then

33 cSize:= cSize+ length(qName)
34 writeOutput (qName)

35 else if MATCH=ok _ t then

36 cSize:= cSize+ length(qName)
37 writeOutput (qName)
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the pro jected subtree size Size with the maximal part size allo w ed maxSize (line

13), and create a new part if the size the curren t part has exceeded maxSize. The

creation of a new part requires one to iterate on the stac k stacktag , close all the

op en tags (lines 17-22); in this case the algorithm also resets cSize to 0 and increase

the part n um b er pId b y 1 (line 23); then reop en the same tags in rev ersal order in

the new part and increase cSize with the length of eac h tag length( currTagName )
for eac h reop ened tag (lines 24-28). A t the end of b oth cases, w e increase the cur-

ren t part size with length(qName) (line 29), then w e p op the top elemen t from the

stackpp (line 30).

Going bac k to the case analysis on the mo dalit y got from the stac k at the

b eginning of the algorithm, the remaining case is that of the pro jection mo dalit y .

If currStoredCase= false nothing happ ens. Otherwise, if currStoredCase= true
then w e mak e a case analysis on the MATCH v alue (lines 31-37).

In the case of the curren t closing-tag b eing a non-terminal matc h for the pro jector

path-set ( MATCH=ok _ nt ), w e increase the curren t size cSize with the length of

close-tag qName length(qName) , and write it in to the curren t part (lines 32-34).

If the curren t closing-tag is a terminal matc h � ( MATCH=ok _ t ), w e increase

the curren t size cSize with the length of this close-tag length(qName) , and write it

in to the curren t part (lines 35-37).

In Characters ev en t (see Algorithm 5 ), w e only increase the curren t part size

cSize with the length of the text-con ten t str of the curren t no de qName and write

it in to the curren t part.

T o illustrate ho w the streaming pro jection-partitioning algorithms w orks, w e will

use the follo wing example.

Example 7 Consider the follo wing iterativ e query Q :

Q = for $x in =child :: doc=child :: a=child :: b return $x=child :: c

and the input XML do cumen t t rep orted in Figure 5.15 where w e assume

maxSize=12 , and w e ha v e the follo wing partitioning path PP and the follo wing

pro jector � :

PP = f =child :: doc=child :: a=child :: bg
� = f =child :: doc; =child :: doc=child :: a; =child :: doc=child :: a=child :: b;

=child :: doc=child :: a=child :: b=child :: cg

F or our example, the pro cessing starts with Down(� ) , Down(PP) and in par-

titioning mo dalit y . When the op en tag <doc> (see Figure 5.16 ) is met, the algo-

rithm p erforms a residuation on this tag and curren t partitioning path-set. W e ha v e

MATCH=ok _ nt meaning that the curren t qName is a p ossible non-terminal matc h

for the partitioning path-set (but it is not a target no de). In this case, the algorithm

adds the record [doc, ok_ nt ,part,false] at the top of stacktag . The same pro cess

rep eats for the next op en-tag <a> whic h is non-terminal no de for the partitioning
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Input do cumen t t Pro jected P art t 0
1 Pro jected P art t 0

2
<doc>

<a><b><c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a>

<a><f><d>go</d></f></a>

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

<doc>

<a>

<b>

<c></c>

</b></a>

</doc>

Figure 5.15: An input do cumen t t and its pro jected parts t 0
1; t 0

2 .

path-set. So the record [a, ok_ nt ,part,false] is added at the top of stacktag (see

Figure 5.17 ).

Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[doc,ok_nt,part,false]

PP = f =child :: a=child :: bg
� = f =child :: a; =child :: a=child :: b; =child :: a=child :: b=child :: cg

Figure 5.16: Pro jection-partitioning pro cessing: the curren t op en-tag is <doc> .

Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a> <b><c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a> <b><c></c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[a,ok_nt,part,false]

[doc,ok_nt,part,false]

PP = f =child :: bg
� = f =child :: b; =child :: b=child :: cg

Figure 5.17: Pro jection-partitioning pro cessing: the curren t op en-tag is <a> .

The next ev en t is for the op en-tag <b> whic h residuation deems as a PP terminal

no de. Here the algorithm visits the whole stac k stacktag to write all ancestors op en-

tag relativ e to non-terminal matc hes and whose isStored v alue is false in to the

curren t part t 0
1 . F or eac h written op en-tag the corresp onding isStored v alue is set

to true , and the whole record is k ept in to stacktag . Also, the size of eac h stored

op en-tag is added to the curren t size cSize. Then w e write the curren t op en tag <b>

in to the curren t part t 0
1 and add the follo wing [b, ok_ t ,part,true] at the top of

stacktag . W e then p erform a new path alignmen t on b oth partitioning and pro jector
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path-sets and put them in the corresp onding stac ks. Finally , w e set Modality = proj
to indicate that a pro jection phase b egins for the subtree ro oted at the curren t <b>

no de. Figure 5.18 illustrates some e�ects of previous steps.

Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b> <c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b> <c></c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[b,okt,part,true]

[a,ok_nt,part,true]

[doc,ok_nt,part,true]

PP = f�g ; cSize = 3
� = f =child :: cg

Figure 5.18: Pro jection-partitioning pro cessing: the curren t op en-tag is <b> .

The algorithm then go es to curren t qName whic h is <c> and deemed b y

residuation as a terminal � no de. Here the algorithm will k eep the record

[c, ok_ t ,proj,true] at the top of stacktag ; write the curren t tag in to the curren t

part t 0
1 ; p erforms Down(� ) and k eep the result in stack� ; increase the pro jection

size Size with the length(c) . E�ects are illustrated in Figure 5.19 .

Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c> </c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c> </c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[c,okt,proj,true]

[b,okt,part,true]

[a,ok_nt,part,true]

[doc,ok_nt,part,true]

PP = f�g ; cSize = 4
� = f�g

Figure 5.19: Pro jection-partitioning pro cessing: the curren t op en-tag is <c> .

No w w e ha v e the close-tag </c> . Here the algorithm p erforms the follo wing

tasks: p op the top elemen t of stacktag and k eep [c,okt,proj,true] in the fol-

lo wing v ariables currT ag; MATCH ; currModality; currStoredCase v alues; p op the

top elemen t of stack� . Then the algorithm c hec ks v alues for currModality and

currStoredCase. In the curren t case, w e ha v e proj and true . The pro cess is in

pro jection mo dalit y so it increases the curren t part size cSize with length( </c> ) ,

and writes the close-tag </c> in to the curren t part t 0
1 . E�ects are illustrated in

Figure 5.20 .

Then the pro cess go es to the next qName whic h is </b> . the algorithm

p ops the top elemen t of stacktag . Here w e ha v e a close-tag of a PP target no de

( MATCH=ok _ t , currModality = part and currStoredCase= true ). In this case the
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Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c></c> </b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c> </b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[b,okt,part,true]

[a,ok_nt,part,true]

[doc,ok_nt,part,true]

PP = f�g ; cSize = 5
� = f =child :: cg

Figure 5.20: Pro jection-partitioning pro cessing: the curren t close-tag is </c> .

algorithm will p erform the follo wing tasks: increase the curren t part size cSize with

length(qName) ; p op the top elemen t of stackpp ; put Modality = part to declare that

the parsing of the curren t target no de subtree is �nished. Then the algorithm c hec ks

whether the curren t size cSize plus the pro jection size Size exceed the maximal size

maxSize; this is not the case (curren t size is 6), so the algorithm add Size to the

curren t cSize, and write the curren t close-tag </b> in to the curren t part t 0
1 , then go

to the next qName </a> . E�ects are illustrated in Figure 5.21 .

Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c></c></b> </a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c></b> </a>

<a><b>

<c>co</c>

</b></a>

</doc>

[a,ok_nt,part,true]

[doc,ok_nt,part,true]

PP = f =child :: bg ; cSize = 6
� = f =child :: b; =child :: b=child :: cg

Figure 5.21: Pro jection-partitioning pro cessing: the curren t close-tag is </b> .

No w w e ha v e qName </a> and [a,ok_nt,part,true] the top elemen t

of stacktag . Here w e ha v e a non-terminal PP no de ( MATCH=ok _ nt and

currModality = part ), so the algorithm will increase cSize with length(qName) ;

write it in the curren t part t 0
1 ; and �nally p op the top elemen t from stackpp , and

then go es to the next no de (see Figure 5.22 ).

The pro cess parses an op en tag <a> and rep eats the same previous treatmen t. It

pushes [a, ok_ nt ,part,false] on the stacktag , then go es to the next no de, whose

qName is <f> whic h do es not matc h PP . Here the algorithm prunes out this qName
and do es not write it in to the curren t part t 0

1 , also no path alignmen ts will b e done.

It only k eeps the follo wing v alues [f, fail ,part,false] at the top of stacktag , and

the curren t size cSize do es not increase. The algorithm con tin ues in the same w a y for

the next no de <c> , p erforms the same previous treatmen t and prune it out. The only
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Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[doc,ok_nt,part,true]

PP = f =child :: a=child :: bg ; cSize = 7
� = f =child :: a=child :: b; =child :: a=child :: b=child :: cg

Figure 5.22: Pro jection-partitioning pro cessing: the curren t close-tag is </a> .

thing that the algorithm will do is to add the follo wing record [c, fail ,part,false]

at the top of stacktag . E�ects are illustrated in Figure 5.23 .

Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c></c></b></a>

<a><f><c> </c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[c,fail,part,false]

[f,fail,part,false]

[a,ok_nt,part,false]

[doc,ok_nt,part,true]

PP = f =child :: bg
� = f =child :: b; =child :: b=child :: cg

Figure 5.23: Pro jection-partitioning pro cessing for parsing the subtree <a><f><c> .

As illustrated in Figure 5.24 , for the follo wing no des </c></f></a> , the algo-

rithm just delete their information from stacktag and ignore writing them in the

curren t part t 0
1 , b ecause their relativ e op en-tags did not matc h PP (their � v alue is

false ).

The pro cess con tin ues in the same w a y for the no des <a><b><c>to</c> un til

reading the close-tag of the target no de </b> , here the algorithm c hec ks if the curren t

size cSize plus the pro jection size Size is more than the maximal size maxSize=12 .

In our case this c hec k is p ositiv e, so the algorithm here close all op en tags stacktag ,

in bac kw ard order, in the curren t part t 0
1 , reset cSize to the v alue 0, and increase

pId with 1 to b ecome 2 in our example. Then the algorithm starts a new part t 0
2 ,

�ushes op en-tags in stacktag in the new part, according to do cumen t order. E�ects

are sho wn in Figure 5.25 ).

Next steps of the pro cess are similar. The pro cess ends up with t w o di�eren t

pro jected parts t 0
1 and t 0

2 , eac h one con tains only no des that are su�cien t to ev aluate

Q , as illustrated in Figure 5.26 .

�
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Input do cumen t Pro jected P art stack tag

t t 0
1 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a >

<a><f><d>go</d></f></a >

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c></b></a>

<a><b>

<c>co</c>

</b></a>

</doc>

[doc,ok_nt,part,true]

PP = f =child :: a=child :: bg
� = f =child :: a=child :: b; =child :: a=child :: b=child :: cg

Figure 5.24: Pro jection-partitioning pro cessing for parsing the follo wing close-tags

</c></f></a> .

Input do cumen t Pro jected P art Pro jected P art stack tag

t t 0
1 t 0

2 [qName, MATCH ; Modality , isStored ]

<doc>

<a><b><c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b> </a>

<a><f><d>go</d></f></a>

<a><b><c></c></b></a>

</doc>

<doc>

<a><b>

<c></c>

</b></a>

<a><b>

<c>to</c>

</b></a>

</doc>

<doc>

<a>

[a,ok_nt,part,false]

[doc,ok_nt,part,true]

PP = f =child :: bg ; cSize = 14 � maxSize
� = f =child :: b; =child :: b=child :: cg

Figure 5.25: P arsing the subtree <a><b><c>to</c></b></a> , and create a new pro-

jected part t 0
2 .

After generating the pro jected parts, w e ev aluate our iterativ e query Q on eac h

part t
0

i 's to obtain the results Q(t
0

i ) 's, and w e use a simple concatenation to merge

all partial results, to pro duce the �nal result Q(t ) , where: Q(t )= Q(t 0
1):Q(t 0

2) .

5.7 experiment al ev alua tion

In the previous sections, w e describ ed a no v el XML data partitioning sc heme that,

giv en a query Q and an input do cumen t t , partitions t in a set of fragmen ts

f t1; : : : ; t� g so that Q(t ) is equiv alen t to the concatenation of Q(t1) , . . . , Q(t� ) .

When this partitioning sc heme is applicable, it can impro v e the scalabilit y of exist-

ing main-memory engines, as it allo ws the system to pro cess one part at time.

In this section w e presen t an exp erimen tal ev aluation of the prop osed approac h.

W e will �rst sho w that the prop osed algorithm signi�can tly impro v es the scalabilit y

of a p opular main-memory query engine. Then, w e will sho w that partitioning,

when com bined with a pro jection algorithm, in tro duces little o v erhead with resp ect

to the pro jection algorithm. Finally , w e will exp erimen tally analyze the relation

b et w een the o v erall p erformance of the system and the actual v alue of maxSize (the
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Input do cumen t t Pro jected P art t 0
1 Pro jected P art t 0

2
<doc>

<a><b><c></c></b></a>

<a><f><c></c></f></a>

<a><b><c>to</c></b></a>

<a><f><d>go</d></f></a>

<a><b><c></c></b></a>

</doc>

<doc>

<a><b><c></c></b></a>

<a><f><c></c></f></a>

<a><b>

<c>to</c>

</b></a>

</doc>

<doc>

<a><f><d>go</d></f></a>

<a>

<b>

<c></c>

</b></a>

</doc>

Figure 5.26: Final pro jected parts t 0
1; t 0

2 pro duced b y pro jection+partitioning algo-

rithm.

maxim um part size).

5.7.1 Exp erimen tal Setup

W e implemen ted our partitioning algorithm, as w ell as a standard path-based pro-

jection algorithm, in Ja v a 6 and tested their b eha vior on the XMark b enc hmark

[ SWK

+
02a ]. In particular, w e ev aluated our system on XMark do cumen ts b y rely-

ing on t w o widely used X Query engines, Saxon [ sax ] and Qizx [ qiz ]. While Saxon is

an engine supp orting all main W3C standards for XML manipulation and sc hema

v alidation, Qizx is sp ecialized on querying and up dating, and o�ers p o w erful op-

timization tec hniques. Ho w ev er, w e will see that ev en with the use of standard

path-based pro jection, these systems do not scale up in terms of do cumen t size

(other p o w erful systems lik e BaseX [ bas ] ha v e quite similar p erformances). Our test

results sho w that our tec hnique o v ercome this limitation for iterativ e queries, as it

allo ws these engines to scale up to arbitrary do cumen t sizes.

All exp erimen ts w ere p erformed on a 2.53 Ghz In tel Core 2 Duo mac hine (4 GB

main memory) running Mac OSX 10.6.8. All XML do cumen ts w ere loaded on an

external USB2 7200 rpm 1 TB disk unit.

T o a v oid the p erturbations in tro duced b y system activit y , w e ran eac h exp eri-

men t ten times, discarded the b est and the w orst p erformance, and computed the

a v erage of the remaining results.

5.7.2 T ests Results

W e used do cumen ts whose size ranges from 1GB to 5GB for Saxon and from 1GB to

9GB for Qizx. Concerning the threshold v alue maxSize, w e set ( � 25MB) for Saxon,

and ( � 95.36 MB) for Qizx. These di�erences in terms of memory and part sizes

are due to di�erences of p erformance b et w een the t w o engines in terms of memory

managemen t. F or b oth Saxon and Qizx w e allo cated 512MBs for main memory of

the Ja v a Virtual Mac hine.

Concerning queries, w e considered XMark queries Q1� Q5 , Q10 , Q14� Q20 , (see

Section A.1 of App endix A ) whic h form the iterativ e core of XMark [ SWK

+
02a ].

Also, w e wrote the follo wing three new XMark queries ( N1; N2 and N3 ):
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N1 = let $auction := doc(" xmark:xml ") return

for $i in $auction=site==item
where $i=location=text () = " UnitedStates"
return

<itemInfo name =" $i=name=text() ">

<paymentWay> $i=payment=text() </paymentWay>

<shippingWay> $i=shipping=text () </shippingWay>

<moreInfo> $i=description </moreInfo>

<mailboxInfo> $i=mailbox </mailboxInfo>

</itemInfo>

N2 = let $auction := doc(" xmark:xml ") return

for $i in $auction=site==description
where con tains(string(exactly-one( $i )), "gold")

return $ i=node()

N3 = let $auction := doc(" xmark:xml ") return

for $i in $auction=site==item
where empty($i=payment=text())
return

<item id=" $i=@id " name=" $i=name=text() " location=" $i=location=text () ">

{ $i=description; $i=mailbox }

</item>

and t w o queries ( D1; D2 ) to b e ev aluated on a 800MB DBLP do cumen t [ v er11 ]:

D1 = let $auction := doc(" dblp:xml") return

for $a in $auction=dblp==author
return

<AuthorName> { $a=text() } </AuthorName>

D2 = let $auction := doc(" dblp:xml") return

for $a in $auction=dblp=node()
return

<item>{ $a=author , $a=title , $a=booktitle, $a=year}</item>

5.7.3 Exp erimen ts

In our �rst exp erimen t w e ev aluate and compare scalabilit y of b oth Saxon and

Qizx. W e consider a 1GB do cumen t and a 5GB do cumen t for Saxon, and 2GB

and 9GB for Qizx test. F or eac h do cumen t and for eac h query , w e compare total

execution time obtained with only pro jection with that obtained with partitioning

(and pro jection). T otal execution time includes the o v erall time required b y the

system to partition and/or pro ject the input do cumen t, to ev aluate the input query

on the pro jection/partition, and (in the case of partitioning) to concatenate the �nal

results.
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Figure 5.27: Pro jection vs partitioning+pro jection - with input do cumen t 1GB -

using Saxon.

W e �rst commen t on results obtained b y using Saxon. When pro jection only is

used, this system starts sho wing limitations ev en for a 1GB do cumen t, for whic h

queries Q10 and Q14 could not b e executed due to memory failure. As sho wn in Fig-

ure 5.27 , our partitioning tec hnique enables execution of all XMark iterativ e queries,

with no o v erhead (absence of o v erhead is due to the com bination of pro jection and

partitioning).

As illustrated in Figure 5.28 , for the 5GB do cumen t, impro v emen ts of our par-

titioning tec hnique are substan tial: 8 queries could not b e executed with only pro-

jection, while all queries are executed b y means of partitioning.

Figure 5.29 rep orts execution times obtained with Saxon and partitioning, for

all considered do cumen t size. As sho wn b y the �gure, our tec hnique scales up and

has a linear b eha vior.

input in GB 1 2 3 4 5

pro j in GB 593.92 MB 0.98 1.48 1.97 2.50

T able 5.3: Global pro jections size.

Concerning Saxon, w e also compared pro jection vs partitioning for a w orkload

comprising all XMark iterativ e queries. A ctually w e p erformed this exp erimen t

b y using a global pro jection, con taining all paths extracted from XMark iterativ e

queries, and starting from 1GB un til 5GB. By using only pro jection, already for a
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Figure 5.28: Pro jection vs partitioning+pro jection - with input do cumen t 5GB -

using Saxon.

Figure 5.29: Scalabilit y of the partitioning approac h - using Saxon.

1GB do cumen t w e could not run the w orkload as the pro jected do cumen t w as to o

large for Saxon. T able 5.3 illustrates the size of these global pro jected do cumen ts.
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F ortunately , b y using our partitioning tec hnique, w e w ere able to run the w orkload

for eac h size, as illustrated in Figure 5.30 . Again, the tec hnique features a linear

b eha vior.

Figure 5.30: Scalabilit y of the partitioning approac h: w orkload - using Saxon.

Figure 5.31: Pro jection vs partitioning - with input do cumen t 2GB - using Qizx.
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Figure 5.32: Scalabilit y of the partitioning approac h: w orkload - using Qizx.

Concerning Qizx, w e p erformed the same kind of exp erimen ts. As already said,

Qizx is sp ecialized on querying and up dating, and this has p ermitted the adoption

of e�cien t do cumen t represen tation in main-memory . F or a 2GB do cumen t, Qizx

do es not exhibit an y limitation with the use of pro jection. As can b e seen in Figure

5.31 , again no o v erhead is exhibited b y our partitioning tec hnique.

F or the 9GB do cumen t, things are di�eren t, see Figure 5.33 . Fiv e queries could

not b e executed with the sole use of pro jection. Instead, our partitioning tec hnique

enabled the pro cessing of all queries.

Results ab out scalabilit y b y using Qizx are rep orted in Figure 5.39 . Again test

results sho w that our tec hnique scales up with a linear b eha vior.

Concerning Qizx and scalabilit y on the w orkload of XMark iterativ e queries,

results are rep orted in Figure 5.32 . As the �gure illustrates, partitioning scales up

without problems and still in a linear fashion. W e rep eated this exp erimen t b y using

pro jection only; ho w ev er, w e got no exp erimen tal results, as, ev en in the case of the

1GB do cumen t, the pro jected do cumen ts w ere to o big to b e handled b y the query

engine.

5.7.4 Exp erimen ts on Queries f N1; N2; N3g; and f D1; D2g

In the previous c hapter, w e presen ted queries N1; N2 and N3 as examples of queries

requiring large pro jections of XMark do cumen ts. With the same aim, w e also pre-

sen ted queries D1 and D2 o v er DBLP data.
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Figure 5.33: Pro jection vs partitioning - with input do cumen t 9GB - using Qizx.

Figure 5.34: Scalabilit y of the partitioning approac h - using Saxon.

A ctually , w e ev aluate our partitioning/pro jection tec hnique on the queries

N1; N2 and N3 . W e consider a 1GB do cumen t un til 5GB do cumen t for Saxon

test. As illustrated in Figure 5.34 , our partitioning tec hnique enables executions of

these three queries with no o v erhead. It is w orth noticing that these queries could

not b e executed with only pro jection due to their large pro jected do cumen ts. As
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Figure 5.35: Pro jection vs partitioning - with input do cumen t 1GB - using Qizx.

Figure 5.36: Pro jection vs partitioning - with input do cumen t 2GB - using Qizx.

sho wn b y the �gure, our tec hnique scales up and has a linear b eha vior.

W e rep eat the same kind of previous exp erimen ts for our queries N1; N2; N3 with

Qizx. As illustrated in Figure 5.35 , for a 1GB do cumen t Qizx do es not exhibit an y

limitation with the use of only pro jection, but query ev aluation with partitioning
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resulted m uc h faster. This can b e explained b y the fact that handling a big pro-

jection en tails some o v erhead whic h disapp ears when handling small parts. F or the

2GB do cumen t, the three queries could not b e executed with the sole use of pro jec-

tion (see Figure 5.36 ). Instead, our tec hnique enabled the pro cessing of these three

queries. T ests results on scalabilit y from 1GB to 5GB are illustrated in Figure 5.37 .

The linear b eha vior previously observ ed is con�rmed once again.

W e then p erformed exp erimen ts on queries D1 and D2 on a 800MB DBPL

do cumen t, b y using on Saxon and Qizx, T able 5.4 rep orts the results for b oth queries

b y using pro jection only , and b y using our partitioning/pro jection tec hnique. In this

cases Qizx w as able to pro cess b oth queries with only pro jection, but Saxons failed.

With partitioning, Saxon w as able to execute b oth queries.

Figure 5.37: Scalabilit y of the partitioning approac h - using Qizx.

P erformance of the partitioning

approac h on DBLP database

Query T otal Time (sec) T otal Time (sec)

with Saxon with Qizx

D1 249.23 208.47

D2 409.62 358.17

T able 5.4: Qizx and Saxon p erformances with the partitioning approac h - on DBLP

database.
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tioning approac h.

In our �nal exp erimen t w e in v estigate the relationship b et w een maxSize and

the pro cessing time, i.e., the impact of di�eren t v alues of maxSize on the o v erall

p erformance of our approac h. T o this end, w e ev aluate all the queries in the iterativ e

core on the 4GB do cumen t and v ary maxSize from 100000000 b ytes to 700000000

b ytes ( � 668 MB). This kind of tests is quite time consuming, so w e fo cused on

Qizx, but w e exp ect similar results for Saxon (b y considering smaller part sizes).

The results are sho wn in Figure 5.38 . Surprisingly enough, w e can observ e that

the v alue of maxSize has no signi�can t impact on the o v erall p erformance. This

could seem coun ter-in tuitiv e, as bigger v alues of maxSize should decrease the total

n um b er of b ytes written to disk. A ctually this test rev eals that our tec hnique can

b e used ev en in con texts of high limitations concerning a v ailable memory . F or suc h

a con text, small maxSize v alues can b e used without compromising p erformance.

5.7.5 Summing Up

T o summarize, our exp erimen ts sho w that existing main-memory engines do not

scale with resp ect to do cumen t size. It is w orth observing that this remains true ev en

for bigger sizes of the main-memory of the Ja v a Virtual Mac hine. Bigger memory

w ould only imply a shift of the maximal do cumen t size that can b e handled.

Instead, our exp erimen ts pro v e that the partitioning approac h scales b eautifully

and is only sligh tly slo w er than the pro jection approac h. T o mak e exp erimen ts

feasible in a reasonable time w e considered 5GB and 9GB as the maximal size of

do cumen ts. Ho w ev er, since the maxSize can b e tuned to �t in the a v ailable main

memory , w e ha v e that partitioning scales for arbitrary sizes.
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W e also disco v ered that the actual v alue of maxSize has no signi�can t impact on

the o v erall p erformance; this suggests that maxSize can b e tuned b y lo oking only

at a v ailable main-memory .

5.8 conclusion

In this c hapter w e presen ted a no v el pro jection-partitioning tec hnique for XML

do cumen t. This tec hnique generalizes existing path-based approac hes, and applies

to a large class of queries.

The prop osed approac h analyzes an input query and, if the query is iter ative ,

extracts all the relev an t paths and uses them to pro ject and partition the input

do cumen t. As sho wn in our exp erimen tal ev aluation, b y executing the input query

on eac h part and com bining the partial results, existing main-memory query engines

can pro cess an iterativ e query on v ery large input do cumen ts.

As eac h part can b e queried indep enden tly b y a distinct instance of the query en-

gine, w e are curren tly in v estigating p oten tial applications of the prop osed approac h

to cloud computing en vironmen ts.
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Figure 5.39: Scalabilit y of the partitioning approac h - using Qizx.
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I

n this c hapter, w e presen t a partitioning tec hnique for X Query Up date F acilit y

(XUF). As for queries, partitioning enables the treatmen t of large do cumen ts,

that could not b e up dated b y using existing main-memory engines [ qiz , exi , bas ],

ev en b y using the existing pro jection-based tec hnique [ BBC

+
11 ].

In this c hapter, w e c haracterize a class of up dates, called iter ative up dates, for

whic h a partitioning-based ev aluation is p ossible: �rst do cumen ts are partitioned,

then parts are up dated indep enden tly , and �nally up dated parts are merged b y

using a fusion op eration in order to obtain the �nal up dated do cumen t.

T o recognize iterativ e up dates w e rely again on a path-based analysis. Extracted

paths will b e also used for partitioning. Di�eren tly from queries, partitioning will not

rely on pro jection, and paths will b e used to ensure that eac h part con tains all that

is needed for eac h single up date op eration. Pro jection is not used in order to a v oid

complex merge op erations on up dated parts, in order to reco v er pruned subtrees

when constructing the global up dated do cumen t. E�ectiv eness of the prop osed ap-

proac h is sho wn b y means of extensiv e exp erimen ts comparing our partitioning-based
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Figure 6.1: P artitioning up date scenario.

approac h with the pro jection-based one prop osed in [ BBC

+
11 , MS03 ]. It is w orth

men tioning that this last one is t yp e-based, and is the only a v ailable pro jection-

based approac h for up dates.

The c hapter is structured as follo ws. In Section 6.2 , w e in tro duce a few prelim-

inary notations ab out the up date query language used in this approac h, then w e

pro vide our path extraction function. In Section 6.3 , w e formally describ e iter ative

up dates. Next, in Section 6.4 , w e presen t our p artitioning tec hnique for iterativ e

up dates, all formal de�nitions and DOM-based sp eci�cations of b oth partitioning

and fusion. In Section 6.5 w e pro vide all streaming algorithms (partitioning and

fusion) used to p erform our partitioning up date scenario. The c hapter ends with

test results in Section 6.6 and some conclusiv e remarks in Section 6.7 .

6.1 O ver view

In order to simplify the presen tation and the formal treatmen t of our static analysis,

w e fo cus on a particular class of simple XUF up dates, SXUF for short. In a n utshell,

restrictions p osed on the XUF fragmen t are the follo wing ones. Only do wn w ard

XP ath axes self , child and dos are allo w ed. Concerning up date op erations, source

and target expressions use a simple class of queries. These restrictions are mild

enough to capture a wide class of up dates used in practice. More details will follo w.
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The main steps of our partitioning scenario for an SXUF up date U and an input

XML do cumen t t are the follo wing ones:

o P ath Extraction: W e extract paths � and target paths � ap from an SXUF

up date U .

o Static analysis: W e use the sets of extracted paths �; � ap to c hec k whether

the up date U is iterativ e or not.

o P artitioning and Up dating: If U is iterativ e, w e use the partitioning tec h-

nique to create sev eral parts t1; t2; � � � ; t� . As for queries, partitioning is so

that eac h t i is a w ell-formed XML do cumen t. F or optimization purp oses, b y

using information coming from target paths in U , the partitioning pro cess also

�ags those parts that do not need to b e up dated as they con tain no target

no de. W e then up date eac h part that needs to, and obtain the do cumen ts

t 0
1; t 0

2; � � � ; t 0
� , where either t 0

i = U (t i ) or t 0
i = t i (if this part is not to b e up-

dated) for i = 1 : : : � . F or simplicit y , in the formal treatmen t made in the

sequel w e assume that eac h part is to b e up dated, while w e will come bac k to

this assumption in Section 6.5 , when discussing implemen tation issues.

o F usion: After pro ducing the up dated parts, w e use a fusion op eration � to

concatenate them. During the fusion pro cess, eac h U (t i ) is pro cessed in a

streaming fashion, one at a time.

Figure 6.1 illustrates the whole mec hanism of our partitioning up date scenario.

It is w orth noticing that one of the con tributions of this approac h is to pro vide

streaming algorithms for p erforming partitioning and fusion. As already an ticipated,

the partitioning pro cess is able to �ag parts that do not need to b e up dated, th us

sa ving time when up dating only parts that need to.

6.2 preliminaries

6.2.1 Simple X Query Up date F acilities (SXUF)

The grammar of SXUF is illustrated in Figure 6.2 . This language comprises for ,

let and return clauses as w ell as if-then-else conditional statemen t. Also, SXUF

con tains all elementary XUF up date expressions (delete, insert, rename and replace).

The main restrictions b ehind SXUF are the follo wing ones:

ˆ All query paths P and target paths Ptg used in the syn tax of SXUF language

ob ey the same grammars illustrated in Section 5.2 of Chapter 5 , whic h w e

recall b elo w:
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T arget P ath Ptg ::= =P j x=P
Simple Query Qs ::= () j b j =P j x=P

j < a> Qs<=a> j Qs; Qs

T arget P osition Pos ::= as first into j as last into

j before j after

No de Case N ::= node j nodes

Up dates U ::= delete N Ptg {deletion}

j r ename N Ptg as a { a is text-v alue}

j r eplac e N Ptg with Qs {replacemen t}

j insert N Qs Pos Ptg {insertion}

j U ; U {sequence}

j if Q then U else U {conditional}

j for x in Q return U {iteration}

j let x := Q return U {let-binding}

Figure 6.2: Syn tax of SXUF.

P ::= =Step j P=Step
Step ::= Axis :: NT
Axis ::= self j child j dos
NT ::= a j node() j text()

ˆ Simple query expressions Qs, used as source expression for in replace/insert ,

are only allo w ed to use elemen t and sequence construction, plus path na viga-

tion to select no des in the input do cumen t.

ˆ Query expressions Q used in for/let and conditional up dates can b e an y

query expression allo w ed b y the query grammar presen ted in Figure 5.4 of

Chapter 5 .

As already said, restrictions b ehind SXUF ha v e the purp ose of ensuring a smo oth

formal c haracterization of iterativ e up dates. A t the same time, SXUF is expressiv e

enough to co v er most of needs in practical scenario.

F or instance, sev eral up date expressions used in W3C X Query Up date F acilities

1.0 [ Gro11b ] strictly resp ect the syn tax of the SXUF language, while other up dates

use function calls, conditions and arithmetic op erations that are not supp orted b y

our simple grammar. Ho w ev er, as w e will illustrate, our approac h can b e easily

extended to deal with these mec hanisms b y means of simple query rewriting. As

another example, all up date expressions used in [ BBC

+
11 ] and in Marina Sahaky an's

Thesis [ Sah11 ] are SXUF up dates. The syn tax of these up date expressions are

illustrated in Section A.3 of App endix A .

Examples of SXUF expressions are b elo w illustrated:
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U1 = delete nodes $doc=child :: a=child :: f

U2 = insert node <n=> as first into $doc=child :: a=child :: b

U3 = rename node $doc=child :: a=child :: f as " new"

U4 = for $x in $doc=child :: a=child :: b
return insert node <m> " toto" <=m> after $x

The follo wing expressions are not SXUF up dates:

U5 = insert node < new= > after

$doc=child :: a=child :: f [last()]

U6 = for $x in $doc=child :: a=child :: f return

replace value of node $x=d with $x � 100

In U5 , the target Ptg mak es use of the last() function not allo w ed b y SXUF,

while in U6 the source expression con tains an arithmetical expression $x � 100, again

not allo w ed b y SXUF. Ho w ev er, these t w o up dates can b e easily rewritten in to the

follo wing ones.

U 0
5 = for $x in $doc=child :: a=child :: f

return insert node < new= > after $x

U 0
6 = for $x in $doc=child :: a=child :: f return

replace value of node $x=d with $x

The rewriting is suc h that the iterativ e c hec k and partitioning can b e made in

terms of the rewritten up date, while the original one is used for up date ev aluation on

the obtained partition. These simple rewritings can b e easily lifted to the general

case, th us enabling the application of our tec hnique to a wide class of up dates

o ccurring in practice.

6.3 itera tive upd a tes

As already indicated, our up date scenario is based on the idea of partitioning an

input do cumen t D for an up date U in to a collection of parts f D1; D2; � � � ; D� g, suc h

that the �nal up date result U (D) on the do cumen t D equals to the concatenation

of all partial up date results on eac h part Di pro duced b y our partitioning strategy .

This concatenation is p erformed b y using a fusion op erator � , so that:

U (D) �= U (D1) � U (D2) � � � � � U (D� ) (6.1)
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Essen tially , the fusion op erator concatenates up dated parts, b y taking care of

considering only once no des replicated in m ultiple parts b y partitioning. W e will giv e

later on details ab out formalization of its seman tics and streaming implemen tation.

In order to apply partitioning, w e ha v e to b e sure that a partitioning for the

input can b e done so that Equation 6.1 can hold. This needs to b e decided statically ,

b efore activ ating the partitioning scenario. If an up date meets this prop ert y (*) it

is called iter ative .

Before pro viding a static analysis to recognize iter ative up dates, w e see through

some examples wh y our partitioning up date scenario can b e used in some cases of

up dates, while it is imp ossible to apply it in the other cases.

In the follo wing, w e are going to presen t three di�eren t kinds of up dates: for

the �rst one (e.g., U8 and U9 ) an y kind of partition w orks; for the second kind of

up dates (e.g., U10 ), only some partitions are go o d; for the last one (e.g., U11 and

U12 ), no partition w orks.

W e start the discussion with the �rst class. Figure 6.3 illustrates the XML

do cumen t t used as input for the follo wing up dates U8 and U9 used in examples.

a
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f

g

f

g

a

b

c

f

g

a

f

g

f

g

An XML do cumen t t P art t1 P art t2

Figure 6.3: An XML do cumen t t and a p ossible partition.

U8 = delete nodes =child :: a=child :: f=child :: g

U9 = for $x in =child :: a=child :: f=child :: g
return insert node <n/> after $x

The �rst up date U8 deletes g-no des selected b y the target path =child :: a=child ::
f=child :: g. By ev aluating U8 on the input t , w e get the up date result U8(t ) whic h

is rep orted in Figure 6.4 .

Supp ose that for the up date U8 , w e consider the p ossible partition t1; t2 illus-

trated in Figure 6.3 .

In order to ensure the p ossibilit y of distributing the up date U8 on the partition

t1 and t2 , the up date result U8(t ) m ust b e equal to the concatenation of all partial

up date results U8(t i ) 's pro duced b y ev aluating U8 on eac h part t i . A ctually this is

the case as illustrated in Figure 6.4 .
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U8(t ) U8(t1) U8(t2) U8(t1) � U8(t2)

Figure 6.4: Equiv alence b et w een U8(t ) and U8(t1) � U8(t2) .
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An XML do cumen t t P art t 0
1 P art t 0

2

Figure 6.5: Another p ossible parts t 0
1; t 0

2 of the XML do cumen t t .

Another partition is illustrated in Figure 6.5 that also w orks with U8 . Figure 6.6

illustrates the equiv alence b et w een the up dated result U8(t ) and the concatenation

of partial up date results U8(t 0
1) � U8(t 0

2) . A ctually , the up date U8 is suc h that its

execution can b e spread o v er an y p ossible partition.
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U8(t ) U8(t 0
1) U 0

8(t2) U8(t 0
1) � U8(t 0

2)

Figure 6.6: Equiv alence b et w een U8(t ) and U8(t 0
1) � U8(t 0

2) .

No w, let us consider the up date U9 whic h inserts an empt y new no de <n/>

after eac h g -no de (c hild of =child :: a=child :: f ) in the same do cumen t t . By

ev aluating U9 on t and on its partition t1 , t2 prop osed in Figure 6.3 , w e ha v e that

the up dated result U9(t ) and the concatenation of the partial results U9(t1) � U9(t2)
are equiv alen t, as Figure 6.7 illustrates.

Also for the other partition ( t 0
1 , t 0

2 ) prop osed in Figure 6.5 for the same input

do cumen t t , Equation 6.1 holds for the up date U9 .

The up date U8 meets the prop ert y (*) that ensures that eac h mo di�cation p er-

formed b y the up date only dep ends on the curren t target no de. The same prop ert y

is met b y up date U9 .

The follo wing up date U10 whic h uses the input do cumen t t rep orted in Fig-
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U9(t ) U9 (t1 ) U9(t2 ) U9 (t1) � U9 (t2)

Figure 6.7: Equiv alence b et w een U9(t ) and U9(t1) � U9(t2) .

ure 6.8 , illustrates that for some up dates, one should b e more careful in c ho osing

a partition of the input do cumen t. This up date inserts a new empt y no de <n/> as

last in to the target path Ptg = =child :: a=child :: f , as follo ws:

U10 = for $x in =child :: a=child :: f
return insert node <n/> as last into $x

This up date is similar to the t w o previous ones in that eac h mo di�cation is

fo cused on the curren t target no de, but, di�eren tly , eac h up date op eration needs that

the sub-tree ro oted at the curren t target no de has not b een split during partitioning.

This is b ecause of the as last into clause. If the subtree is split, sa y , in t w o parts,

then the <n/> w ould b e inserted t wice for a target no de. This is illustrated in the

sequel.
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An XML do cumen t D P art D1 P art D2 P art D 0
1 P art D 0

2

Figure 6.8: An XML do cumen t D and t w o di�eren t kinds of partition.

By ev aluating the up date U10 on the input do cumen t D and the partition D1 ,

D2 as Figure 6.9 illustrates, w e observ e that the up date result U10(D ) and the

concatenation of partial up date results U10(D1) � U10(D2) are equiv alen t, and th us

w e can sa y that this partition w orks with the up date U10 .

Instead if w e use the other partition D 0
1 , D 0

2 (illustrated in Figure 6.8 ), w e ha v e

that U10(D ) and the concatenation U10(D 0
1) � U10(D 0

2) are not equiv alen t, as il-

lustrated in Figure 6.10 . This is b ecause the up date U10 inserts a new no de n as

last of eac h subtree ro oted at f -no de on the do cumen t D and its parts D 0
1 and D 0

2 .

This means that w e will ha v e t w o no des n in the �rst subtree ro oted at f of the

concatenation result D 0
1 � D 0

2 .

The next examples illustrate the third kind of up dates previously discussed, and

for whic h no partition w orks.
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Figure 6.9: Equiv alence b et w een U10(D ) and U10(D1) � U10(D2) .
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Figure 6.10: Non-equiv alence b et w een U10(D ) and U10(D 0
1) � U10(D 0

2) .

Consider the follo wing up date U11 on the input do cumen t t (illustrated in Fig-

ure 6.3 ) whic h replaces a target no de c with a set of no des lab eled b y g :

U11 = replace node =child :: a=child :: b=child :: c with

=child :: a=child :: f=child :: g

and let us ev aluate this up date on b oth partitions t1; t2 (illustrated in Figure 6.3 )

and t 0
1; t 0

2 (illustrated in Figure 6.5 ) for the input do cumen t t .

Observ e that the ab o v e up date p erforms t w o main op erations: it na vigates

through the whole do cumen t in order to ev aluate the source expression Qs= =child ::
a=child :: f=child :: g, and use the obtained result to up date target no des found b y

ev aluation of the target expression Ptg = =child :: a=child :: b=child :: c. This en tails

that distributing the up date on an y partition, w ould prev en t the source expression

from correctly building its result. This in turns prev en ts Equation 6.1 from holding,

as exempli�ed next.
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U11(t ) U11(t1) U11(t2) U11(t1) � U11(t2)

Figure 6.11: Non-equiv alen t case b et w een U11(t ) and U11(t1) � U11(t2) .

Figure 6.11 illustrates that the up date result U11(t ) and the concatenation of

partial up date results U11(t1) � U11(t2) are not equiv alen t. The same happ ens if w e

use the other partition t 0
1; t 0

2 , as Figure 6.12 illustrates, and an y other partition.
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Figure 6.12: Non-equiv alen t case b et w een U11(t ) and U11(t 0
1) � U11(t 0

2) .

Consider no w the up date U12 , ev aluated on the input do cumen t t and its pro-

p osed parts t1 and t2 , illustrated in Figure 6.3 . This up date inserts the set of

subtrees =child :: a=child :: f=child :: g as last in to the only b -no de. As for the

previous up date, the source expression needs the whole input tree for its ev aluation.

Then, partitioning can not b e applied, as illustrated in Figure 6.13 .

U12 = for $x in =child :: a=child :: b
return insert node =child :: a=child :: f=child :: g as last into $x

Concerning U12 , note that a sligh t v ariation w ould mak e partitioning applicable:

U 0
12 = for $x in =child :: a=child :: b

return insert node $x=child :: c as last into $x

No w the source expression $x=child :: c needs the curren t sub-tree selected b y

the outer iteration, and this mak es partitioning applicable.
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Figure 6.13: Non-equiv alen t case b et w een U12(t ) and U12(t1) � U12(t2) .

F rom previous examples, w e can conclude that in order to guaran tee the real-

ization of Equation 6.1 for a giv en up date U , our partitioning up date scenario can

b e applied only when the up date U p erforms man y times the same op eration on

di�eren t subtrees, and eac h subtree con tains all the information for the op eration.

Previous examples also illustrate that these subtree should b e not split b y parti-

tioning (see up date U10 ). Up dates satisfying this requiremen t are called iter ative

up dates .

Informally , iterativ e up dates are those ones describ ed b y the SXUF grammars

and suc h that:
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ˆ if the up date is elemen tary , then its target expression is a simple up date ex-

pression, while its source expression Qs do es not use XP ath expressions (only

elemen t, sequence and text no de construction are allo w ed).

ˆ otherwise, the up date �rst selects a sequence of no des, and then p erform

up date op erations inside eac h subtree ro oted at one of these no des.

In order to formally c haracterize iterativ e up dates and to p erforms data par-

titioning for them, w e need to extract paths P and target paths Ptg from these

up dates, and then w e need to analyze these paths. T o this end, w e de�ne the func-

tion Epath (U ) for extracting path, and the function Etarget (U ) to extract target

paths from an up date U . Both functions are de�ned along the same lines of the ex-

traction function for queries, de�ned in Figure 5.5 of Chapter 5 . The t w o functions

are de�ned in Figure 6.14 .

Example 8 Consider the follo wing up date U13 and the same XML do cumen t t
illustrated in Figure 6.3 .

U13 = for $x in =child :: a=child :: f
return rename node $x=child :: g as " n"

By using the path extraction functions Epath (U13) and Etarget (U13) illustrated

in Figure 6.14 , w e sho w that the set of extracted paths is � = f P1; P2; P3g, and the

set of target paths � ap= f P3g, where

P1 = =child :: a
P2 = =child :: a=child :: f f for x g
P3 = =child :: a=child :: f f for x g=child :: g=dos :: node()

�

As for queries, the v ariable information is not useful to p erform the partition.

Hence and in the rest of this c hapter, w e will rely on extracted paths once v ariable

information has b een eliminated. In Example 8 , w e will use the path ( =child ::
a=child :: f ) rather than ( =child :: a=child :: f f for x g). W e will do this b y means

of the function ErVar (P) (already de�ned in De�nition 5.2.1 of Chapter 5 ).

W e are no w ready to pro vide a formal c haracterization of iterativ e up dates.

De�nition 6.3.1 (Iterativ e Up date) Iter ative up dates ar e de�ne d ac c or ding the

fol lowing c ase analysis.

ˆ if U is an elementary up date, then it is iter ative if and only if one of the

fol lowing holds.

1: U = delete N Ptg

2: U = r ename N Ptg as a

3: U = r eplac e N Ptg with Qs

4: U = insert N Qs Pos Ptg
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Epath (U ; � ; m) �

Epath (() ; � ; m) = ()

Epath ((Qs1; Qs2) ; � ; m) = Epath (Qs1 ; � ; m) [ Epath (Qs2 ; � ; m)

Epath (< a> Qs<=a> ; � ; m) = Epath (Qs ; � ; 1)

Epath (=P ; � ; 0) = f =Pg

Epath (=P ; � ; 1) = f =P=dos :: node()g

Epath (x=P ; � ; 0) = f P0f for xg=P jP0f for xg2� g

Epath (x=P ; � ; 1) = f P0f for xg=P=dos :: node() jP0f for xg2� g

Epath ( delete N Ptg ; � ; 1) = Epath (Ptg ; � ; 1)

Epath ( r ename N Ptg as a ; � ; 1) = Epath (Ptg ; � ; 1)

Epath ( r eplac e N Ptg with Qs ; � ; 1) = Epath (Ptg ; � ; 1) [ Epath (Qs ; � ; 1)

Epath ( insert N Qs Pos Ptg ; � ; 1) = Epath (Qs ; � ; 1) [ Epath (Ptg ; � ; 1)

Epath ((U1; U2) ; � ; m) = Epath (U1 ; � ; m) [ Epath (U2 ; � ; m)

Epath (if Q then U1 else U2 ; � ; m) = E(Q; � ; 0) [ Epath (U1 ; � ; 1) [ Epath (U2 ; � ; 1)

Epath (for x in Q return U ; � ; m) = � 0 [ Epath (U ; � [ � 0; m)
where � 0= f Pf for xgjP2E(Q; � ; 0)g

Epath (let x := Q return U ; � ; m) = � 0 [ Epath (U ; � [ � 0; m)
where � 0= E(Q; � ; 0)

Etarget (U ; � ; m) � ap

Etarget (() ; � ; m) = ()

Etarget ((Qs1; Qs2) ; � ; m) = ()

Etarget (< a> Qs<=a> ; � ; m) = ()

Etarget (=P ; � ; 0) = f =Pg

Etarget (=P ; � ; 1) = f =P=dos :: node()g

Etarget (x=P ; � ; 0) = f P0f for xg=P jP0f for xg2� g

Etarget (x=P ; � ; 1) = f P0f for xg=P=dos :: node() jP0f for xg2� g

Etarget ( delete N Ptg ; � ; 1) = Etarget (Ptg ; � ; 1)

Etarget ( r ename N Ptg as a ; � ; 1) = Etarget (Ptg ; � ; 1)

Etarget ( r eplac e N Ptg with Qs ; � ; 1) = Etarget (Ptg ; � ; 1)

Etarget ( insert N Qs Pos Ptg ; � ; 1) = Etarget (Ptg ; � ; 1)

Etarget ((U1; U2) ; � ; m) = Etarget (U1 ; � ; m) [ Etarget (U2 ; � ; m)

Etarget (if Q then U1 else U2 ; � ; m) = Etarget (U1; � [ � 0; 1) [ Etarget (U2; � [ � 0; 1)
where � 0= f P jP2E(Q; � ; 0)g

Etarget (for x in Q return U ; � ; m) = Etarget (U ; � [ � 0; 1)
where � 0= f Pf for xgjP2E(Q; � ; 0)g

Etarget (let x := Q return U ; � ; m) = Etarget (U ; � [ � 0; 1)
where � 0= E(Q; � ; 0)

Figure 6.14: P ath extraction function for up dates.
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ˆ if U is either a let-up date or a for-up date expr ession, then it is iter ative if and

only if it satis�es the pr op erties r e quir e d by De�nition 5.3.2 in Chapter 5 by

c onsidering Epath (U ) as the set of extr acte d p aths.

ˆ If U = U1; U2; � � � ; Un , then it is iter ative if e ach Ui is.

In the ab o v e de�nition, the �rst case has b een already motiv ated b y means of

examples. The second case relies on De�nition 5.3.2 whic h presen ts iterativ e queries.

It is w orth noticing that when this case applies, the iterativ e up date U ma y con tain

elemen tary up date sub-expressions not meeting prop erties 1-4, as in the follo wing

examples.

Example 9 Consider the follo wing up date U :

U = for $x in =child :: a=child :: b
return insert nodes $x=child :: f=child :: g as last into $x

A ccording to De�nition 6.3.1 , w e ha v e that the inner insert-up date is not iter-

ativ e, but the whole up date is. As w e will see, partitioning will b e made in suc h a

w a y that a subtree selected b y the partitioning path =child :: a=child :: b is nev er

split in to t w o distinct parts. This ensures the p ossibilit y of correctly distribute the

up date ev aluation on subtrees selected b y the partitioning path.

�

Still concerning the second case, it is w orth noticing that let-updates are iter-

ativ e only if the let binding do es not use paths. F or instance, the follo wing up date

is not iterativ e.

U = let $x := =child :: a=child :: b return

if $x=child :: c then

delete node $x

This is b ecause the let binding p erforms a global visit of the do cumen t b efore

ev aluating the inner up date. F or reasons already explained, this global visit prev en ts

an y p ossible partitioning based ev aluation.

Instead, the follo wing up date is iterativ e:

U = let $x := <c/> return

for $y in =child :: a=child :: b return

insert $x after $y

Also note that in the second item of the de�nition of iterativ e up dates, if-

expressions are not considered. A ctually these expressions ma y o ccur as inner sub-

expressions of iterativ e up dates, lik e in the follo wing v arian t of the ab o v e example.
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U = let $x := <c/> return

for $y in =child :: a=child :: b return

if $y=child :: d then insert $x after $y

The reason wh y if-expressions ha v e b een excluded as top-lev el expressions, is

that in the general case the query de�ning the if-condition ma y require a global

visit of the input do cumen t, and as already seen this mak es partitioning imp ossible.

The third item of the c haracterization of iterativ e up dates captures sequence

up dates. P artitioning can b e applied for suc h up dates, if it can b e applied for eac h

single up date. This is quite in tuitiv e. Shortly an example will b e discussed.

As seen in previous examples, the crucial issue while partitioning for up dates

is to a v oid splitting some particular subtrees. In order to sp ecify a partitioning

algorithm, w e need to kno w ho w to recognize suc h subtrees. T o this end, w e use the

set of target paths in the case the up date is iterativ e according to conditions 1-4,

or the partitioning path (De�nition 5.3.3 ) otherwise. W e call suc h a path atomic ,

since subtrees they p oin t to cannot b e split. Since an up date can b e a sequence of

di�eren t up dates, actually partitioning has to consider a set of atomic paths during

the construction of a partition. The follo wing example illustrates this.

Example 10 Consider the follo wing up date U and the input XML do cumen t t
illustrated in Figure 6.3 :

U = (for $x in =child :: a=child :: b return delete node $x ),

(for $x in =child :: a=child :: f return rename node $x as " n" )

Here, the set of atomic paths of U , denoted AP (U ) , is f P1; P2g with

P1 = =child :: a=child :: b
P2 = =child :: a=child :: f

�

F rom the ab o v e discussion the follo wing atomic-paths extraction de�nition fol-

lo ws. It faithfully re�ects the c haracterization of iterativ e up dates. W e denote with

AP (U ) the set of atomic paths of the iterativ e up date U .

De�nition 6.3.2 (A tomic P aths) Assume U is an iter ative up date.

ˆ If one of the fol lowing holds

1: U = delete N Ptg

2: U = r ename N Ptg as a

3: U = r eplac e N Ptg with Qs

4: U = insert N Qs Pos Ptg

then AP (U ) = f Ptg g
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ˆ if U is either a let-up date or a for-up date expr ession, AP (U ) = f PPg wher e

PP is the p artitioning p ath of U ac c or ding to De�nition 5.3.3 .

ˆ If U = U1; U2; : : : ; Un , then

AP (u) =
n[

i =1

AP (Ui )

Note that the ab o v e t w o de�nitions directly giv e conditions to deal with a w ork-

load of n iterativ e up dates U1; U2; : : : ; Un . In this case the en tire w orkload is iter-

ativ e, and atomic paths can b e extracted just as indicated ab o v e for the sequence

case.

6.4 p ar titioning f or itera tive upd a tes

As already said in the in tro duction, our partitioning tec hnique for up dates do es

not p erform pro jection. The main motiv ation for this is to a v oid complex merge

op erations (lik e the ones used in [ BBC

+
11 ]) for reco v ering subtrees pruned out b y

pro jection. A ctually , this is not a limitation since partitioning alone is already

su�cien t to ensure that eac h part is small enough to b e pro cessed b y an y main-

memory X Query engine. This is b ecause, as for queries, the size of eac h part can b e

con trolled b y stopping its generation as so on as its size exceeds the threshold v alue

maxSize. This v alue can b e �xed along the same principles indicated for queries in

the previous c hapter, in particular b y k eeping in to accoun t main-memory features

of the particular giv en used engine.

Our partitioning algorithm tak es as input an XML do cumen t D , an iterativ e

up date U and a threshold maxSize v alue. Through the static analysis tec hnique

describ ed in the previous sections, our tec hnique extracts the set of atomic paths

� ap = AP (U ) from the iterativ e U . These paths guide the partitioning pro cess so

that, a said b efore, subtrees they select are not split.

T o illustrate ho w the partitioning algorithm w orks, let us consider the input

do cumen t t in Figure 6.15 and the follo wing iterativ e up date U :

U = for $x in =child :: a=child :: f return

insert node <n= > as last into $x

for whic h w e ha v e AP (U )= =child :: a=child :: f . Let us assume that maxSize=8 .

During partitioning, similarly to the case of queries, and for the same reasons,

b oth path alignmen t and residuation are p erformed on atomics paths.

W e start the partitioning pro cess from the ro ot elemen t l1 (see in Figure 6.15 )

whic h is a Pap non-terminal no de. Here a path alignmen t Down(Pap) is p erformed,

the curren t size cSize is increased with the length of the curren t no de 2:length(a)
and the curren t l1 is added to the �rst part t1 . The next no de considered is l2 .

In this case, the curren t no de is a terminal Pap no de. In this case w e p erform the

follo wing steps:
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Figure 6.15: An XML do cumen t t and its parts t1; t2; t3 .

ˆ w e parse the whole subtree of the curren t no de and write it in the curren t

part; while doing this w e also calculate the size Size of this subtree.

ˆ w e increase cSize with the length of the curren t no de, and Size.

ˆ w e add l2 (with its subtree l3 ) to the curren t part t1 .

The pro cess go es on in a similar w a y with l4 and l5 . After ha ving parsed the

second one, the curren t size happ ens to exceed the maxSize. This implies that the

curren t part has to b e ended and a new one has to b e started. T o this end, the

algorithm resets cSize0
to 0 v alue, increases the n um b er of parts pId 0

with 1, and

creates new part tpId 0
(w e ha v e pId 0=2 ).

Then, the pro cess go es to the next lo cation l6 whic h do es not matc h Pap , and

con tin ues the parsing follo wing lo cations of its subtree l7; l8; l9 , and stop this parsing

at the lo cation l10 , due to the fact that the curren t size of the part exceeds maxSize.

So the algorithm will close the curren t part, and create another part whic h will

con tain the rest of the input do cumen t lo cations f l10; l11; l12g. The pro cess ends up

with three di�eren t parts as illustrated in Figure 6.15 .

As for queries (Chapter 5 ), w e adopt a unique store for the partitioning resulted

b y our algorithm. Again, some no des ma y b elong to more than one part; this

happ ens for the ro ot no de in particular. The resulting partitioning store con tains

three di�eren t parts formed b y the follo wing indexed lo cations:

dom(� P) = f l11; l12; l13; l14; l15; l21; l26; l27; l28; l29; l31; l36; l310; l311; l312g

W e no w pro vide a formal presen tation of our partitioning algorithm and its

auxiliary functions.

6.4.1 P artitioning Algorithm

Algorithm 9 pro vides a formal presen tation of the partitioning pro cess.

This algorithm is recursiv e and tak es as inputs the follo wing 5-tuples

< l; Pap; cSize; pId ; ListpId > represen ting the curren t state of the recursiv e pro cess.

Namely , this tuple indicates that the curren t no de to b e matc hed against the curren t

target path Pap is l ; that the curren t size of the part whose creation is in progress is
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Algorithm 8: Parse

Input : A store � , a lo cation l2dom(� ) ;

Output : A store � 0
, an in teger Size;

1 b egin

2 if � (l) = text [s] then

3 � 0:= f l  text [s]g; Size:= length(s)

4 if � (l) = a[()] then

5 � 0:= f l  a[()]g; Size:= 2 :length(a)

6 else

7 let L = (l 1; l2; � � � ; ln)
8 for i = 1 :::n do

9 (� i ; Sizei ):= Parse(� ; l i )

10 � 0:= f l  a[L]g [
S n

i=1 � i ;

11 Size = 2 :length(a) +
P n

i=1 Sizei

12 return (� 0; Size)

cSize; that the curren t n um b er of created parts is pId ; and �nally that the curren t

indexed list ListpId included parts pId 's. Of course, the algorithm is initially in v ok ed

with cSize=0 and pId=1 , while the lo cation l is the ro ot of the input XML do cu-

men t (�; l) , and Pap is the set of atomic paths extracted from the iterativ e up date

U according to De�nition 6.3.2 .

In this algorithm, w e still use the function PartLabel(� ; pId ) whic h pro duces a

new store obtained from � b y renaming eac h lo cation l to lpId
.

The algorithm distinguishes t w o main cases.

ˆ In the �rst case (lines 3-11) the curren t no de is a terminal matc h for the atomic

paths. In this case, the function Parse(� ; l) parses the subtree ro oted at the

curren t no de and results the corresp onding store � 0
plus the size of the subtree

Size (line 4). The function Parse(� ; l) is illustrated in details in Algorithm 8 ,

it p erforms a simple parse of the tree and up dates the tree size eac h time a

new no de is encoun tered. After this parsing, the resulting subtree store � 0
is

lab eled b y means of PartLabel(� 0; pId ) . Then (lines 6-11), the algorithm adds

the resulting subtree to the curren t part, and c hec ks whether the Size size of

the subtree plus the curren t size cSize exceeds the maximal size maxSize: If

the c hec k is negativ e, then curren t size cSize is increased with Size, otherwise

the curren t size cSize is reset to 0, a new (empt y) part is created, and the

curren t pId is increased with 1.

In this case, in order to optimize the time consumed for up dating parts, the

algorithm uses an in teger list ListpId (lines 9-10) whic h con tains a list of iden-

ti�ers pId of the parts that needs to b e up dated. In this case w e ha v e a no de

whic h is a p ossible target no de of the up dates, so the curren t part is added to

the list.



118 Chapter 6. P artitioning for X Query Up dates

Algorithm 9: Partition

Input : A lo cation l2dom(� ) , a set of atomic paths Pap , a part size cSize, a part

n um b er pId , an empt y list of part pId 's List pId ;

Output : A store � P
, a part size cSize0

, part n um b er pId 0
, list of pId 's List pId

0
;

1 b egin

2 let � (l) = a[ L]
/* Case 1. the current l is a Pap terminal node */

3 if Res(a; Pap ) = < � ; ok_ t> then

4 (� 0; Size):= Parse(� ; l)
5 � P := PartLabel(� 0; pId )
6 if cSize+ Size � maxSize then

7 cSize0:= cSize+ Size; pId 0:= pId

8 else

9 if pId 0 =2 List pId then

10 List pId
0:= List pId ; pId 0

/* Current closed part will be

updated */

11 cSize0:= 0 ; pId 0:= pId + 1

/* Case 2. the current l is a Pap non-terminal node or does not

match Pap */

12 else

13 pId �rst := pId ; � P := ; ;

14 let L = (l 1; l2; � � � ; ln)
15 for i = 1 :::n do

16 (� P
i ; cSize; pId ; List pId ):= Partition (l i ; Down(Pap ); cSize; pId ; List pId ) ;

17 � P := � P [ � P
i ;

18 pId last := Max-Pid (� P ) ; D:= dom(� P ) ;

/* Max-Pid() returns the biggest part number used in the store

*/

19 for p = pId �rst :::pId last do

20 � P := � P [ f (lp a[r ename � extr (L; p; D)])g

21 cSize0:= cSize+ 2 :length(a)
22 if cSize0 � maxSize then

23 pId 0:= pId

24 else

25 cSize0:= 0 ; pId 0:= pId + 1

26 return ( � P
, cSize0

, pId 0
, List pId

0
)

ˆ In the second case (lines 12-25), the curren t no de l either is a p ossible non-

terminal matc h of atomic paths, or do es not matc h them. In b oth cases, the

computation recursiv ely go es on for eac h c hild l i of the l no de, after ha ving

aligned atomic paths to the new tree lev el (line 15). After this partitioning

pro ceeds in a w a y whic h is similar to that of the partitioning algorithm for

queries (Algorithm 2 ). When the recursiv e calls on c hildren of l i has termi-
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nated, and the partitioning store up dated (lines 18-20), the curren t part size

is up dated and the c hec k for ev en tually creating a new part is made (lines

21-25).

Going bac k to the iterativ e up date U used in our previous example, thanks to

the use of the ListpId list, at the end of the partitioning pro cess w e kno w that the

second part do es not need to b e up dated b ecause it do es not con tain an y target

no de. Figure 6.16 illustrates the input three and up dated parts.
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Figure 6.16: P artitioning up date scenario on the input do cumen t t and its parts,

for a giv en iterativ e up date U .

In the follo wing section, w e will presen t our fusion op eration and its formal

de�nitions, then w e will pro vide details ab out the streaming implemen tation of our

partitioning and fusion algorithms.

6.4.2 F usion Op eration

As illustrated b efore, the last step in our partitioning up date scenario is the fusion

op eration. The main idea b ehind this op eration is to concatenate all partial up-

date results U (Di ) 's in a streaming w a y , to pro duce the �nal up date result U (D) .

The parts Di 's are already created b y the partitioning algorithm 9 , and the partial

up dated results U (Di ) 's are p erformed b y using a particular X Query engine.

The fusion op eration tak es as input the set of up dated parts U (Di ) and returns

U (D) . A particular issue in the fusion pro cess concerns the presence of rep eated

lo cations is distinct parts. F or our example, rep eated lo cations are:

l11; l21; l31; l26; l36 2 dom(� P)

The fusion pro cess has to b e carefully sp eci�ed in order to ensure that these lo cations

are re-collapsed to a unique lo cation, as illustrated in Figure 6.17 . In this �gure,

the �nal up date result U (t1) � t2 � U (t3) con tains only one ro ot elemen t l1 and l6 ,

while the rep eated no des app eared in distinct parts will b e eliminated.

The fusion op eration � is de�ned via the follo wing de�nitions.

De�nition 6.4.1 ( ErIndex (l j
i ) ) Given an indexe d lo c ation l ji , the function

ErIndex (l j
i ) r emoves the index j fr om l ji :

ErIndex (l j
i ) = l i
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Figure 6.17: F usion scenario on distinct (up dated and non-up dated) parts.

De�nition 6.4.2 (F usion of lo cations F (l i ; C) ) Given a c ol le ction of tr e es C =
f t1; t2; � � � ; t� g, we have

F (l i ; C) = l i  a[L]

with

L = ErIndex (Li ) � ErIndex (Li +1 ) � : : : � ErIndex (Lm )

and l ji  a[Lj ] 2 t j for j = i : : : m , and for some i and m with 1 � i � m � � .

De�nition 6.4.3 (F usion � ) The c ol le ction of tr e es C = f t1; t2; � � � ; t� g r epr e-

sents the set of p arts cr e ate d by p artitioning the input tr e e t = ( � t ; l) for an iter ative

up date. F or e ach tr e e t j = ( � j ; l j ) the r o ot no de l j is the same for al l p arts in C , but

with di�er ent index j .

The up date d p arts ar e note d as t
0

1; t
0

2; � � � ; t
0

� . The fusion op er ation � c onc atenates

al l tr e es t
0

1; t
0

2; � � � ; t
0

� to pr o duc e the �nal up date r esult of the input tr e e t , as fol lows:

t
0

1 � t
0

2 � � � � � t
0

� = ( � 0; l)
where � 0 = f

S
l i 2 � t

F (l i ; C)g [ f l  a[ErIndex (L)] j 9 i : l?  a[L] 2 t ig

A b ove, lo c ations l? ar e those new ly cr e ate d by the up date.

Soundness of our partitioning scenario is stated b elo w, for the general case of an

up date w orkload.

Theorem 6.4.4 (Soundness of P artition and F usion) L et maxSize b e a size

thr eshold value, let U1; : : : ; Um b e w ell-formed iter ative up dates with their r esp e cting

atomic p ath sets Papj
. L et t =( �; lt ) b e an XML tr e e. Then:

Assuming

ˆ Pap= [ m
1 f Papj

g and

ˆ Partition (l t ; Down(Pap); 0; 1;pId ) = ( � P ; cSize; pId ) .

we have:

Uj (t) �= Uj (t1) � : : : � Uj (tpId )

wher e t i = PartLabel � 1(� P
i ; pId ) .

In the follo wing section, w e will pro vide a streaming represen tation of our par-

titioning and fusion algorithms.
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6.5 streaming implement a tion

Previous formalizations of partitioning and fusion algorithms are not amenable to

handle big �les, as they are DOM-orien ted: they assume that the whole input stores

are a v ailable. As already said, this DOM-based form ulation is presen ted to giv e a

formal sp eci�cation of the algorithm.

T o handle arbitrary large �les, w e implemen ted previous partitioning and fusion

algorithms in a streaming fashion on top of a SAX parser [ v er00 ]. In our implemen-

tation, w e consider the SAX ev en ts already considered for the case of queries (see

Chapter 5 ):

SAXEvent := startDocument

j startElement (qName)
j endElement (qName)
j Characters (String )

Our SAX implemen tations has t w o essen tial tasks: the �rst one is to p erform the

partitioning (see Section 6.5.1 ), and the second one is to apply the fusion op eration

o v er the up dated partitioning (see Section 6.5.2 ).

6.5.1 P artitioning

The SAX implemen tation of partitioning is similar to that for queries (Section 5.6

of Chapter 4). It uses t w o main stac k-based data structures. These stac ks are used

to record the curren t status of the algorithm when an op en-tag is met, so that the

status can b e reco v ered when the corresp onding close-tag is met. The �rst stac k

stacktag is used to record op en-tag name of the curren t no de b eing pro cessed qName,

the result of the residuation of Res(qName; � ap) , an iden ti�er tagId of the curren t

op en-tag no de qName. The second stac k stack� ap is used to record all alignmen t

results Down(� ap) of the atomic paths � ap .

Also, the partitioning algorithm uses and main tains t w o text-�les during the

pro cessing: the �rst one F ile art whic h con tains all arti�cial tags and their tagId 's.

These arti�cial tags are those ones created during partitioning to preserv e the w ell-

formedness of generated parts, but that do not b elong to the original �les. These

tags are closed and reop ened when the creation of a part ends, and when the creation

of the follo wing part b egins. The second text �le F ile pId con tains iden ti�ers (natural

n um b ers) corresp onding to parts that need to b e up dated. As already said, �lter

partitioning only parts men tioned in this �le will b e up dated, th us sa ving pro cessing

time as some parts will b e not pro cessed.

The implemen tation also records some v alues in the follo wing global v ariables:

ˆ cSize the curren t size (no des and text-v alues) of the curren t part.

ˆ pId the curren t n um b er of created parts.

ˆ tagId the curren t iden ti�er no de.
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ˆ � ap the set of atomic paths.

ˆ containsAtomicNode the n um b er of terminal � ap no des in the curren t part.

Algorithm 10: P artition-Init-DataStructures

Input : An input XML do cumen t t , a pre-de�ned in teger v alue maxSize, a set of

atomic paths � ap extracted from a giv en up date U ;

Output : Initialize �ag containsAtomicNode, stac ks stacktag and stack� ap , text �les

F ile art and F ile pId ;

1 b egin

2 cSize:= 0; pId := 1; tagId:= 0; containsAtomicNode:= 0
3 stacktag := ()
4 stack� ap := ()
5 create F ile art

6 create F ile pId

Algorithm 11: SAX-startDo cumen t

Input : A set of atomic paths � ap ;

Output : Side e�ect on � ap and Modality ;

1 b egin

2 � ap := Down(� ap )
3 Modality := part

Algorithm 12: SAX-c haracters

Input : A string-v alue str , curren t part size cSize;

Output : Side e�ect on the curren t part size cSize;

1 b egin

2 writeOutput (str )
3 cSize:= cSize+ length(str )

Algorithm 13: SAX-endDo cumen t

Input : Flag containsAtomicNode, part n um b er pId ;

Output : Side e�ect on the text-�le F ile pId ;

1 b egin

2 if containsAtomicNode=1 then

/* Set the current part tpId to be updated */

3 writeF ile pId (tpId ::to-b e-up dated )

By using this status information, w e can split the partitioning algorithm in t w o

distinct parts, whic h are executed when startElement and endElement are in v ok ed,

resp ectiv ely .
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Algorithm 14: SAX-startElemen t

Input : Op en-tag qName, part n um b er pId , part size cSize, no de id tagId ;

Output : Side e�ect on cSize, tagId , � ap and containsAtomicNode;

1 b egin

2 MATCH:= Res(qName; � ap )
3 cSize:= cSize+ length(qName)
4 tagId:= tagId + 1

5 if Modality = part then

6 switc h MATCH do

7 case ok_ nt
/* qName is a non-terminal match � ap */

8 stacktag :add(qName;MATCH ; tagId; part )
9 stack� ap :add(Down(� ap ))

10 � ap := stack� ap :peek
11 case ok_ t

/* qName is a terminal match � ap */

12 stacktag :add(qName;MATCH ; tagId; part )
13 stack� ap :add(Down(� ap ))
14 � ap := stack� ap :top()
15 containsAtomicNode:= 1
16 Modality := parse

17 case fail
/* qName does not match � ap */

18 stacktag :add(qName;MATCH ; tagId; part )

19 writeNodeAttribute (qName;tagId)

20 else if Modality = parse then

21 stacktag :add(qName;� ; � ; parse)
22 writeOutput (qName)

Before starting the pro cessing, our partitioning algorithm tak es the follo wing

inputs (see Algorithm 10 ):

ˆ the input XML do cumen t t .

ˆ the set of atomic paths � ap extracted from the iterativ e up dates (recall that

the case of a w orkload is considered to o).

ˆ the threshold in teger v alue maxSize for the part sizes.

and it is initially in v ok ed with cSize=0 , tagId=0 and pId=1 (line 2 of Algorithm

10 ). Also, all data structures needed to p erform the partitioning stacktag , stack� ap ,

F ile art and F ile pId will b e de�ned (lines 3-6 of Algorithm 10 ).

During partitioning w e asso ciate a unique iden ti�er tagId with eac h elemen t

w e put in the partition. This iden ti�er is needed in order to distinguish among



124 Chapter 6. P artitioning for X Query Up dates

Algorithm 15: SAX-endElemen t

Input : Close-tag qName, part n um b er pId , part size cSize
Output : Side e�ect on cSize, pId , � ap and containsAtomicNode

1 b egin

2 MATCH:= stacktag :pop(stacktag (top):get(1))
3 currT agId := stacktag :pop(stacktag (top):get(2))
4 currModality := stacktag :pop(stacktag (top):get(3))

5 if currModality = part then

6 Size:= length(qName)
7 switc h MATCH do

8 case ok_ nt
9 � ap := stack� ap :pop

10 case ok_ t
11 � ap := stack� ap :pop
12 Modality := part

13 if cSize+ Size � maxSize then

14 cSize:= cSize+ Size
15 writeOutput (qName)

16 else

/* Close current part tpId */

17 for i =[( stacktag :size � 1):::0] do

18 currT agName:= stacktag (i ):get(0)
19 currT agId := stacktag (i ):get(2)
20 writeOutput (currT agName)
21 writeF ile art (currT agName j currT agId j pId j close)

22 if containsAtomicNode=1 then

/* Set the current part tpId to be updated */

23 writeF ile pId (tpId ::to-b e-up dated )
24 containsAtomicNode:= 0

/* Reset cSize to 0 value and increase pId with 1 */

25 cSize:= 0 ; pId := pId + 1

/* Create new part tpId */

26 for i =[0 ::(stacktag :size � 1)] do

27 currT agName:= stacktag (i ):get(0)
28 currT agId := stacktag (i ):get(2)
29 writeNodeAttribute (currT agName; currT agId )
30 writeF ile art (currT agNamejcurrT agId jpId jopen)
31 cSize:= cSize+ length(currT agName)

32 cSize:= cSize+ length(qName)
33 writeOutput (qName)

34 else if currModality = parse then

35 cSize:= cSize+ length(qName)
36 writeOutput (qName)
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original and arti�cial tags, and will b e erased during fusion. This iden ti�ers is a

p ositiv e in teger, whose v alue starts from 1 and whic h is incremen ted eac h time a

new op en-tag is met. Later on w e will illustrate details of this asp ect.

In startDocument ev en t (see Algorithm 11 ), the algorithm p erforms the �rst

alignmen t Down(� ap) (line 2) and initializes the mo dalit y �ag Modality with part
v alue (line 3). W e will explain the functionalit y of this �ag later.

Both startElement and endElement algorithms w ork in t w o p ossible mo dalities,

the partitioning mo dalit y ( part ) and the parsing mo dalit y ( parse). The �rst one

concerns the case that the algorithm is in the searc h of a terminal-matc h for Pap

and the terminal matc h is either not-found or the the curren t no de is one. Under

this mo dalit y the t w o algorithms implemen t the sp eci�cation rep orted in the DOM-

based Algorithm 9 ). The second p ossible mo dalit y is for the case that the curren t

no de is inside a subtree ro oted at a terminal Pap no de. Under this mo dalit y , the t w o

algorithms implemen t the sp eci�cation giv en in the parsing DOM-based Algorithm

8 ; under this mo dalit y , the a new part can not b e created; the en tire subtree has to

b e added to the curren t part.

In startElement ev en t (see Algorithm 14 ), w e put most of the logic of the

DOM-based sp eci�cation partitioning and parsing algorithms (Algorithms 8 and 9 ).

A ctually , all partitioning decisions are based on information that are a v ailable when

an op en-tag is met. Also, w e put the up dates of cSize, tagId and the residuation of

the atomic paths set Res(qName; � ap) (lines 2-4), but w e defer partitioning decision

to endElement calls.

Concerning the partitioning mo dalit y (lines 5-20) and if the MATCH v alue is

either ok_ nt or ok_ t , w e put the curren t status ( qName, MATCH , tagId , part ) of

the algorithm in to the stacktag , w e also p erform a path alignmen t of the curren t � ap

and put the result in to the stack� ap (lines 7-10 and 11-16). In addition to these tasks,

and in case of MATCH=ok _ t w e do the follo wing: w e set containsAtomicNode to

1 to indicate that the curren t part con tains a terminal � ap no de (line 15) and as

suc h it has to b e up dated; �nally w e set the Modality �ag with parse v alue during

the ok_ t matc hing case (line 16), as for the follo wing subtree no new part has to

b e created. If MATCH v alue is fail , w e only k eep the curren t information ( qName,

fail , tagId , part ) in to the stacktag (line 18). Finally w e write the curren t op en-tag

qName in to the curren t part. Note that in the partitioning mo dalit y , w e add a new

attribute tId whic h con tains the curren t tagId v alue for eac h op en-tag qName (line

20).

Concerning the parsing mo dalit y (lines 21-23), w e only k eep the follo wing infor-

mation of the curren t qName ( qName, -, -, parse) in to the stacktag (line 22), and

write op en-tag qName in to the curren t part (line 23). Note that w e do not consider

a tagId for eac h qName manipulated in the parsing mo dalit y .

In endElement (see Algorithm 15 ), w e �rst p erform a p op op eration on the

stacktag and k eep the information in the follo wing v ariables: MATCH is the cur-
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ren t matc h v alue; currT agId is the curren t tag iden ti�er; and currModality is the

curren t w orking mo dalit y (lines 2-4). This p op op eration p ermit to reco v er status

information at the momen t the corresp onding op en-tag w as met.

If the information got from the stacktag tell us that w e ha v e a part curren t

mo dalit y (line 5), w e calculate the length of the curren t qName and k eep it in

Size v ariable (line 6), then w e mak e the follo wing case analysis on the MATCH
information relativ e with the curren t close-tag qName, and got from the stacktag

(lines 5-34). While if the information tell us that w e ha v e a parse curren t mo dalit y

(line 35), w e only increase the curren t size cSize with the length(qName) (line 36),

and then write the curren t close-tag qName in the curren t part (line 37).

If the curren t close-tag is for a non-terminal Pap no de (lines 8-9), w e p op the top

elemen t of the stack� ap . While If the curren t close-tag is for a terminal Pap no de

(lines 10-12), w e p op the top elemen t of the stack� ap , and c hange the Modality �ag

to part (line 12).

Since the parsing of the atomic subtree has ended, w e compare the curren t size

part with the maximal part size allo w ed maxSize (line 13). If the creation of a new

part has to b e done, then w e iterate on the stac k stacktag , close all the op en tags

(lines 17-21), and k eep these closed-tags with their information tag-name, tagId ,

pId and tag-case whic h is either op en or close in to the text �le F ile art . Then w e

c hec k if the curren t close part will b e up dated or not. T o this end, w e c hec k if the

containsAtomicNode v alue equals 1 (line 22), w e k eep the curren t part name ( tpId ::

to-b e-up date) in to another text �le F ile pId (line 23), and reset containsAtomicNode
v alue to 0 (line 24). Then the algorithm resets cSize to 0 and increases the part

n um b er pId b y 1 (line 25). After that the new part is created, b y reop ening all

tags k ept in to the stacktag in to the new created part, in rev ersal order (lines 26-

30). During this pro cess, w e add resp ectiv e records [tag-name, tagId , pId ,tag-case

op en] in to the text �le F ile art (line 30), and increase cSize with the length of eac h

re-op ened tag length( currTagName ) (line 31). A t the end, w e increase the curren t

part size with length(qName) (line 32), and �nally w e write the curren t close-tag

qName in the curren t part (line 33).

In Characters ev en t (see Algorithm 12 ), w e only write the text-con ten t str of

the curren t qName in to the curren t part tpId (line 2), then add the length of str to

the curren t part size cSize (line 3).

In endDocument (see Algorithm 13 ), w e need to v erify if the last created part tpId

will b e up dated or not, w e do this b y c hec king the v alue of �ag containsAtomicNode.

If it equals 1, this means that the curren t part will b e up dated, otherwise it is

considered as non-up dated part, and as w e did b efore, w e k eep the c hec king result

in to the F ile pId .

T o illustrate ho w the streaming partitioning algorithm w orks, w e will use the

follo wing iterativ e up date.

Example 11 Consider the follo wing iterativ e up date U :
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U = for $x in =child :: a=child :: b=child :: f
return rename node $x as " n"

and the input XML do cumen t t illustrated in Figure 6.18 . This up date renames

eac h c hild f -no de of the b -no de as "n" . W e ha v e � ap= =child :: a=child :: b=child :: f
and assume maxSize= 9 .

Input do cumen t t P art t1 P art t2 P art t3

<a>

<d><c></c></d>

<b>

<f><c>go</c></f>

<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b tId="4">

<f tId="5">

<c>go</c>

</f></b>

</a>

<a tId="1">

<b tId="4">

<f tId="6">

<g>to</g>

</f>

</b>

</a>

<a tId="1">

<c tId="7">

<f tId="8">

<d></d>

</f>

</c>

</a>

Figure 6.18: An input do cumen t t and its created parts t1; t2; t3 .

The partitioning pro cess starts when the do cumen t is op ened; at this momen t

atomic paths are aligned, and mo dalit y is set to partitioning. Then the ro ot elemen t

<a> is met. Algorithm 14 p erforms a residuation Res(a; � ap) ; increases the curren t

size cSize with the length of the curren t no de length(qName) ; increases the tag

iden ti�er tagId with 1. Since w e are in partitioning mo dalit y , the algorithm c hec ks

the MATCH v alue, whic h is in our case ok_ nt . This means that w e ha v e a p ossible

non-terminal � ap no de, so w e add the follo wing v alues [a, ok_ nt ,1,part] at the top

of the stacktag , p erform a path alignmen t Down(� ap) and add it to the top of the

stack� ap , and �nally write the op en-tag of the curren t qName with the curren t tagId
as attribute (w e write <a tId="1"> ) in to the curren t part (line 8 of Algorithm 14 ).

Then the pro cess go es to the next no de (see Figure 6.19 ).

Input do cumen t P art stack tag

t t1 [qName, MATCH ; tagId , Modality ]

<a>

<d><c></c></d>

<b>

<f><c>go</c></f>

<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d>

<c></c>

</d>

<b><f>

<c>go</c>

</f></b>

</a>

[a,ok_nt,1,part]

� ap = f =child :: a=child :: b=child :: f g
cSize = 1

Figure 6.19: P artitioning scenario: the curren t op en-tag is <a> .

The next ev en t is for an op en-tag <d> whic h do es not matc h the curren t set of

atomic paths, so w e only increase cSize with the length of the tag and tagId with

1, add the follo wing information [d, fail ,2,part] at the top of the stacktag , and
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write the curren t op en-tag with the resp ectiv e tagId attribute ( <d tId="2"> ) in to

the curren t part. W e rep eat the same treatmen t with the follo wing op en-tag <c>

whic h do es not matc h � ap as w ell, and add the tuple [c, fail ,3,part] at the top

of the stacktag , and write this no de with its tagId attribute <c tId="3"> in to the

curren t part (see Figure 6.20 ).

Input do cumen t P art stack tag

t t1 [qName, MATCH ; tagId , Modality ]

<a>

<d><c> </c></d>

<b>

<f><c>go</c></f>

<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"> </c>

</d>

<b><f>

<c>go</c>

</f></b>

</a>

[c,fail,3,part]

[d,fail,2,part]

[a,ok_nt,1,part]

� ap = f =child :: b=child :: f g
cSize = 3

Figure 6.20: P artitioning scenario: parsing the op en-tags <d><c> .

No w w e ha v e the close-tag </c> . Here the algorithm p erforms the follo wing

tasks: p op the top elemen t of the stacktag and k eep the p op v alues in the follo wing

v ariables MATCH , currT agId and currModality . Then the algorithm c hec ks the

currModality v alue whic h is part in the curren t case, so the pro cess will up date

Size, then add it to the curren t part size cSize, whic h no w equals to 5 and do es not

exceed the maxSize. So w e �nally write the curren t close-tag in the curren t part.

W e rep eat the same pro cess with the close-tag </d> , as illustrated in Figure 6.21

Input do cumen t P art stack tag

t t1 [qName, MATCH ; tagId , Modality ]

<a>

<d><c></c></d>

<b>

<f><c>go</c></f>

<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b><f>

<c>go</c>

</f></b>

</a>

[a,ok_nt,1,part]

� ap = f =child :: b=child :: f g
cSize = 5

Figure 6.21: P artitioning scenario: parsing the close-tags </c></d> .

The pro cess con tin ues in the same scenario for the next op en-tag <b> whic h is a

non-terminal matc h for atomic paths; the curren t cSize and tagId are increased; a

path alignmen t Down(� ap) is p erformed and the new � ap is added to the stack� ap ;

also, the follo wing record [b, ok_ nt ,4,part] is added at the top of the stacktag ; and

�nally the curren t op en-tag with its tId attribute is written in to the curren t part

�le.
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Then the pro cess go es to the next no de <f> whic h is a terminal Pap no de. The

curren t cSize and tagId are increased. Then, w e p erform the follo wing tasks: w e

add the curren t information [f, ok_ t ,5,part] at the top of the stacktag ; w e p erform

a path alignmen t Down(� ap) and push the new � ap on the stack� ap ; w e increase the

containsAtomicNode b y 1 and c hange the partitioning mo dalit y to the parsing one

Modality = parse, to start the parsing of the subtree ro oted at our curren t terminal

matc h of atomic paths. Then w e write the curren t op en-tag with its tId attribute on

the curren t part. Note that in the parsing mo dalit y , w e only k eep the tag-name and

the curren t mo dalit y parse for eac h op en-tag encoun tered in the curren t subtree.

So for the follo wing op en tag <c> w e add records of the form [c,-,-,parse] in the

stac k. The tag size is added to the curren t part size cSize , and write the encoun tered

op en- tag in to the curren t part. Figure 6.22 illustrates all tasks p erformed ab o v e.

Input do cumen t P art stack tag

t t1 [qName, MATCH ; tagId , Modality ]

<a>

<d><c></c></d>

<b>

<f><c>go < =c >< =f >
<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b tId="4"><f tId="5">

<c>go < =c >
</f></b>

</a>

[c,-,-,parse]

[f,okt,5,part]

[b,ok_nt,4,part]

[a,ok_nt,1,part]

� ap = f�g
cSize = 10

Figure 6.22: P artitioning scenario: parsing the subtree <b><f><c>go .

No w w e ha v e the curren t ev en t is for the close-tag </c> . W e are in parsing

mo dalit y . Here Algorithm 15 reco v ers information from the stacktag , and v eri�es

that the corresp onding op en-tag do es not matc h atomic paths. So it increases the

curren t size cSize with the length of the curren t close-tag </c> , and writes the

close-tag in to the curren t part. The next close-tag </f> o ccurs still in a parsing

mo dalit y . The algorithm p erforms the follo wing tasks: it reco v ers information from

the stacktag and realizes that the tag is relativ e to a terminal matc h of atomic paths.

So it p ops path information from stack� ap , then c hanges the Modality �ag to part
mo de; then it c hec ks whether the curren t part size cSize plus the Size v alue exceeds

maxSize or not. It is p ositiv e in the curren t case, so w e will close all the op en tags,

and k eep the information status [tag-name, tagId ,1,close] of these new closed-

tags in to the F ile art . Then w e reset cSize to 0 and increase the part n um b er pId b y

1, then reop en the same tags in rev ersal order in the new created part, increase cSize
with the length of eac h new op en-tag length(currT agName) , and k eep them with

their information [tag-name, tagId ,1,open] in to the F ile art . Finally w e increase

the curren t part size with length(qName) , then w e write it in the new created part

t2 . Figure 6.23 sho ws us all previous tasks.

The pro cess con tin ues parsing the subtree starting from the previous op en-tag
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Input do cumen t P art P art stack tag

t t1 t2 [qName, MATCH ,

tagId , Modality ]

<a>

<d><c></c></d>

<b>

<f><c>go</c></f>

<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b tId="4"><f tId="5">

<c>go</c>

</f></b>

</a>

<a tId="1">

<b tId="4">

<f>

<g>to</g>

</f>

</b>

</a>

[b,ok_nt,4,part]

[a,ok_nt,1,part]

� ap = f =child :: f g
cSize = 14 � maxSize

F ile art F ile pId

[b,4,1,close]

[a,1,1,close]

[a,1,2,open]

[b,4,2,open]

t1 ::to-be-updated

Figure 6.23: P artitioning scenario: parsing close-tags </c></f> , and create a new

part t2

<b> and arriv es to the curren t <f> whic h is again a terminal no de for atomic paths.

Then the curren t cSize and tagId will b e up dated. Then the same treatmen t with

terminal no des illustrated b efore will b e rep eated: w e add the curren t information of

this no de [f, ok_ nt ,6,part] at the top of the stacktag ; a path alignmen t on atomic

paths is p erformed and the new set is added to the stack� ap ; the containsAtomicNode
is set to 1; and then the �ag Modality is c hanged to parse, to start the parsing of

the subtree ro oted at the curren t terminal matc h for atomic paths; �nally w e write

the curren t tagId tag in to the curren t part t2 .

Since the curren t mo dalit y is parse, w e parse the subtree ro oted at the cur-

ren t terminal matc h, and cop y it to the curren t part, as done b efore. In particu-

lar, this subtree con tains the follo wing fragmen t <g>to , so the information status

[g,-,-,parse] is put in to stacktag . Then the pro cess go es to the next close-tag

no de </g> . Figure 6.24 illustrates the e�ect of these steps.

Both close-tags </g> and </f> will b e written in the curren t part t2 b y calling

endElement ev en t, b ecause the c hec king of exceeding the maximal size maxSize is

still negativ e ( cSize=8 ). While when w e arriv e to the close-tag </b> , the c hec king

size will b e p ositiv e. So w e will close the curren t part t2 as w e did b efore b y creating

a new close-tag </a> , and add its information status [a,1,2,close] to the F ile art .

W e c hec k then the up dating status for the closed part whic h is to-b e-up date d part,

and k eep the result t2 ::to-be-updated in to the F ile pId ; �nally create a new part

t3 whic h starts with a new op en-tag <a tId="1"> . Then the pro cess go es for the

next no de <b> . Figure 6.25 illustrates all previous tasks.

F or the rest of the do cumen t, the pro cess go es according the lines of previously

illustrated steps, and ends up with three di�eren t parts. Only parts t1; t2 will b e
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Input do cumen t P art P art stack tag

t t1 t2 [qName, MATCH ,

tagId , Modality ]

<a>

<d><c></c></d>

<b>

<f><c>go</c></f>

<f><g>to < =g >< =f >
</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b tId="4"><f tId="5">

<c>go</c>

</f></b>

</a>

<a tId="1">

<b tId="4">

<f tId="6">

<g>to < =g >
</f>

</b>

</a>

[g,-,-,parse]

[f,okt,6,part]

[b,ok_nt,4,part]

[a,ok_nt,1,part]

� ap = f�g
cSize = 6

F ile art F ile pId

[b,4,1,close]

[a,1,1,close]

[a,1,2,open]

[b,4,2,open]

t1 ::to-be-updated

Figure 6.24: P artitioning scenario: parsing op en-tags <f><g>to

Input do cumen t P art P art P art

t t1 t2 t3

<a>

<d><c></c></d>

<b>

<f><c>go</c></f>

<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b tId="4"><f tId="5">

<c>go</c>

</f></b>

</a>

<a tId="1">

<b tId="4">

<f tId="6">

<g>to</g>

</f>

</b>

</a>

<a tId="1">

<b>

<f>

<d></d>

</f>

</b>

</a>

� ap = f =child :: b=child :: f g
cSize = 10 � maxSize

stack tag F ile art F ile pId
[qName; MATCH ; tagId ; Modality ]

[a,ok_nt,1,part]

[b,4,1,close]

[a,1,1,close]

[a,1,2,open]

[b,4,2,open]

[a,1,2,close]

[a,1,3,open]

t2 ::to-be-updated

t1 ::to-be-updated

Figure 6.25: P arsing close-tags </g></f></b> , and create a new part t3 .

�agged as parts that will b e up dated. The third one will b e not �agged, b ecause it

do es not con tain an y terminal Pap no de, as illustrated in Figure 6.26 .

�

After generating three parts t1 , t2 and t3 , and up dating the parts t1 and t2 , the

next step is to concatenate the t w o up dated parts with the non-up dated third one

t3 . T o this end, w e rely on the fusion algorithm whic h is illustrated next.
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Input do cumen t t P art t1 P art t2 P art t3

<a>

<d><c></c></d>

<b>

<f><c>go</c></f>

<f><g>to</g></f>

</b>

<c><f><d></d></f></c>

</a>

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b tId="4"><f tId="5">

<c>go</c>

</f></b>

</a>

<a tId="1">

<b tId="4">

<f tId="6">

<g>to</g>

</f>

</b>

</a>

<a>

<c tId="7">

<f tId="8">

<d></d>

</f>

</c>

</a>

Figure 6.26: Final parts t1; t2; t3 pro duced b y the partitioning tec hnique.

6.5.2 F usion

This section presen ts the SAX algorithms for the fusion pro cess. The fusion algo-

rithm tak es as input the follo wing v alues:

ˆ the n um b er of created parts pId ;

ˆ the text �le F ile art whic h is already created during the partitioning pro cess,

and con tains all information ab out arti�cial op en/close tags.

Since the parts will b e parsed sequen tially , one after the other, a dynamic SAX

parser is initialized for parsing eac h created (up dated/non-up dated) part alone.

When the parsing of the curren t part is �nished, the dynamic parser automatically

go es to the next part to start the parsing pro cess (see Algorithm 16 ).

Once the �le F ile art is a v ailable, the fusion pro cess has to p erform v ery sim-

ple op erations. Essen tially , for eac h op en/close-tag, using the F ile art �le to c hec k

whether the curren t tag has to b e put to the resulting do cumen t. Again, t w o essen-

tial SAX ev en t handlers are used, one for the ev en t startElement (see Algorithm

17 ), and one for the ev en t endElement (see Algorithm 18 ).

In order to accelerate lo okup op eration on F ile art , w e �rst load all its con ten t

and store it in to an arra y w e call array art . During this pro cess, eac h line in F ile art

is split, b y using the delimiter "|" in to four di�eren t v alues ( tagName, tagId, p artId,

tagCase ), and added i to the array art . Once created this arra y will b e not c hanged,

and will b e only used for lo okup op erations.

Also w e use the stacksync to sync hronize the writing of op en/close tags of the

curren t tag in the �nal result. In particular, w e push in this stac k the curren t

op en-tag with its tagId attribute when the startElement ev en t o ccurs (see Algo-

rithm 17 ), and p op the top elemen t of this stac k when endElement ev en t o ccurs (see

Algorithm 18 ).

In startElement ev en t, Algorithm 17 �rst c hec ks whether the curren t tag con-

tains an attribute tId :

ˆ if the c hec k is p ositiv e, the algorithm will k eep the tId v alue in the currT agId

v ariable, otherwise put the v alue 0 in this v ariable (lines 2-5). Next, the

algorithm v eri�es whether the curren t tag is will b e put in the output tree
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Algorithm 16: F usion-mainProgram

Input : A text �le F ile art , a n um b er of parts pId
Output : Create the �nal up date result t f inal

1 b egin

2 openF ile(F ile art ) /* Open the text-file F ile art */

3 strLine := ReadT extF ile(F ile art ) /* Open F ile art and read it

line-by-line */

4 while ( F ile art ) is not �nishe d do

5 split (strLine; " j") /* Split current string line by using the

delimiter "|", and keep the 4 different values obtained from

this line into stackart */

6 array art :add(tagName; tagId; partId; tagCase )

7 closeF ile(F ile art ) /* Close the text-file F ile art */

/* Initialize a dynamic SAX parser for each Part */

8 for i =[1 ::pId ] do

9 StartP arser (t i ) /* Start parsing the current part t i */

10 currP Id := i /* Keep the index i of the current part t i */

11 return ( t f inal )

Algorithm 17: F usion-startElemen t

Input : op en-tag qName, array art , stacksync

Output : Side e�ect on array art and stacksync

1 b egin

2 if qName.c ontainA ttribute(tId) then

3 currT agId := getT agIdAttribute (qName)

4 else

5 currT agId := 0

/* Check all open-tags in array art */

6 for i =[0 ::(array art :size � 1)] do

7 tempT agName:= array art (i ):get(0)
8 tempT agId:= array art (i ):get(1)
9 tempP Id:= array art (i ):get(2)

10 tempCase:= array art (i ):get(3)
11 if qName = tempT agName and currT agId = tempT agId and

currP Id = tempP Id and tempCase=" open" then

12 Skip(qName) /* Do not write the current open-tag qName into

t f inal */

13 break

14 else

15 writeOutput (qName) /* Write the current open-tag qName into

t f inal */

16 stacksync :add(qName; currT agId)
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Algorithm 18: F usion-endElemen t

Input : close-tag qName, array art , stacksync

Output : Side e�ect on array art and stacksync

1 b egin

/* Pop the top element from stacksync and keep (tagname, tagid)

values */

2 tagname:= stacksync :pop[top]:get(0)
3 tagid:= stacksync :pop[top]:get(1)

/* Compare the current close-tag qName with the content of array art

*/

4 for i =[0 ::(array art :size � 1)] do

5 tempT agName:= array art (i ):get(0)
6 tempT agId:= array art (i ):get(1)
7 tempCase:= array art (i ):get(3)
8 if qName = tempT agName and qName = tagname and

tagid= tempT agId and tempCase=" close" then

9 Skip(qName) /* Do not write the current close-tag qName

into t f inal */

10 array art :remove(i )
11 break;

12 else

13 writeOutput (qName) /* Write the current close-tag qName into

t f inal */

tf inal or not. T o this end, it v eri�es whether array art con tains a line matc hing

the curren t tag and the curren t Id attribute, and whose tagCase is 'op en'

(line 11). If the c hec k is p ositiv e, this means that the curren t op en-tag is

insigni�can t and w e do not write in to the output tree tf inal , so it is dropp ed

(lines 12-13).

ˆ if the c hec k is negativ e (line 15), the algorithm simply writes the op en-tag

to the output tree tf inal (in this case either the no de has b een added b y the

up date, or it is a no de b elonging to a subtree selected b y an atomic path).

In all the ab o v e cases, the algorithm add the tuple ( qName; tId ) in to stacksync (line

16).

In the endElement ev en t, the Algorithm 18 p erforms similar steps as ab o v e, with

the di�erence that at the b eginning the top of the stacksync is p opp ed. The p opp ed

ID attribute is used for c hec king whether the curren t close-tag should b e written

in to the output tree tf inal or not (lines 4-13).

Going bac k to our example, w e see no w ho w the fusion op eration w orks to

concatenate three generated parts U (t1) , U (t2) and t3 whic h are illustrated in Fig-

ure 6.27 . Note that t3 is not up dated b ecause it do es not con tains an y terminal Pap

no de.
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U (t1 ) U (t2) non-up dated t3 U (t1 ) � U (t2 ) � t3

<a tId="1">

<d tId="2">

<c tId="3"></c>

</d>

<b tId="4"><n tId="5">

<c>go</c>

</n></b>

</a>

<a tId="1">

<b tId="4">

<n tId="6">

<g>to</g>

</n>

</b>

</a>

<a>

<c tId="7">

<f tId="8">

<d></d>

</f>

</c>

</a>

<a>

<d><c></c></d>

<b>

<n><c>go</c></n>

<n><g>to</g></n>

</b>

<c><f><d></d></f></c>

</a>

Figure 6.27: Up dated parts U (t1); U (t2) , non-up dated t3 , and the fusion �nal result.

The fusion pro cess starts parsing the �rst part, and read the �rst op en-tag <a

tId="1"> . By c hec king this tag, w e sho w that this one is signi�can t tag, so w e k eep

it in the output tree tf inal . The pair (a;1) is pushed in to the stacksync . The pro cess

go es on in a similar w a y for the follo wing op en-tags <d tId="2"> and <c tId="3"> ,

and pairs (d;2) and (c;3) are pushed in to the stacksync .

When the pro cess arriv es to the closed-tag </c> , the algorithm p ops the top

elemen t from stacksync whic h is (c,3). Then, b y also considering the retriev ed ID

attribute and array art , it c hec ks whether the curren t tag is needed to write in to the

output tree tf inal or not. This is not the case, so it writes </c> in tf inal . The same

happ ens for </d> .

The fusion pro cess con tin ues in the same scenario for the rest of the curren t

part t1 , and write the follo wing fragmen t <b><n><c>go</c></n> in to the �nal result

tf inal . When the pro cess arriv es to the close-tag </b> , here w e ha v e that the curren t

tag is insigni�can t close-tag, so the algorithm do es not write it. This happ ens for the

follo wing </a> as w ell. A t this momen t, the parsing of the curren t part �nishes, and

the pro cess go es to the up dated second part, and then the third non-up dated part,

in a similar w a y . The pro cess ends up with the �nal up dated result U (t1) � U (t2) � t3

as illustrated in Figure 6.27 .

6.6 experiment al ev alua tion

In the previous sections, w e presen ted our XML data partitioning sc heme that,

giv en an iterativ e up date U and an input do cumen t D , partitions D in a set of parts

f D1; : : : ; D� g so that U (D) is equiv alen t to the concatenation of U (D1)� : : :� U (D� ) ,

where � is our fusion op eration. When this partitioning sc heme is applicable, it can

impro v e the scalabilit y of existing main-memory engines, as it allo ws the system to

pro cess one part p er time.

In this section w e presen t an exp erimen tal ev aluation of the partitioning up date

tec hnique. W e will �rst sho w that the prop osed algorithm signi�can tly impro v es

the scalabilit y of a p opular main-memory query engine (particularly Saxon and

Qizx Query engines). Then, w e will sho w that partitioning, when com bined with a

fusion algorithm. Finally , w e will exp erimen tally analyze the relation b et w een the
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o v erall p erformance of the system and the actual v alue of maxSize (the maxim um

part size).

6.6.1 Exp erimen tal Setup

W e implemen ted our partitioning algorithm, as w ell as our fusion algorithm, in Ja v a

6 and tested their b eha vior on the XMark b enc hmark [ SWK

+
02a ]. In particular, w e

ev aluated our system on XMark do cumen ts b y relying on t w o widely used X Query

engines, Saxon [ sax ] and Qizx [ qiz ]. Saxon is an engine supp orting all main W3C

standards for XML manipulation and sc hema v alidation, while Qizx is sp ecialized on

querying and up dating, and o�ers p o w erful optimization tec hniques. Ho w ev er, w e

will see that ev en with the use of standard path-based pro jection, these systems do

not scale up in terms of do cumen t size (other p o w erful systems lik e BaseX [ bas ] ha v e

quite similar p erformances). Our test results sho w that our tec hnique o v ercome this

limitation for iterativ e up dates, as it allo ws these engines to scale up to arbitrary

do cumen t sizes.

All exp erimen ts w ere p erformed on a 2.53 Ghz In tel Core 2 Duo mac hine (4GB

main memory) running Mac OSX 10.6.8. All XML do cumen ts w ere loaded on an

external USB2 7200 rpm 1 TB disk unit.

T o a v oid the p erturbations in tro duced b y system activit y , w e ran eac h exp eri-

men t ten times, discarded the b est and the w orst p erformance, and computed the

a v erage of the remaining times.

6.6.2 T ests Results

W e used do cumen ts whose size ranges from 1GB to 5GB for Saxon and from 1GB

to 15GB for Qizx. Concerning the threshold v alue maxSize, w e set ( � 25MB) for

Saxon, and ( � 95.36 MB) for Qizx. These di�erences in terms of memory and

part sizes are due di�erences of p erformances b et w een the t w o engines in terms of

memory managemen t. F or b oth Saxon and Qizx w e allo cated 512MBs for main

memory of the Ja v a Virtual Mac hine.

Concerning up dates, w e used the follo wing up dates prop osed b y the PhD thesis

of Marina Sahaky an [ Sah11 ], whic h form the iterativ e core of XMark [ SWK

+
02a ]:

U1. for $x in $doc/site/closed_auctions/closed_auction

where not ($x/annotation) return

insert node <annotation>Empty Annotation</annotation>

as last into $x

U3. for $x in $doc/site/regions//item/location

where $x/text()="United States"

return (replace value of node $x with "USA")

U4. delete nodes $doc/site/regions//item/mailbox/mail
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U5. for $x in $doc/site//text/bold return

rename node $x as "emph"

U8. delete nodes $doc/site/regions/australia

U10. for $x in $doc/site/open_auctions/open_auction

where ($x/privacy="Yes")

return delete node $x

U11. for $x in $doc/site/open_auctions/open_auction

where $x/bidder/increase < 20

return insert node

<bidder>

<date>08/17/2000</date>

<time>15:15:15</time>

<personref/>

<increase>1.50</increase>

</bidder>

after $x/initial

U12. for $x in $doc/site/regions//item

where ($x/mailbox/mail/date/text()="07/04/1998")

return insert node <incategory/> before $x/mailbox

U13. for $x in $doc/site/open_auctions/open_auction/annotation/description/text

where ($x/keyword/emph/text()="unique") and ($x/bold)

return insert node <emph>newTexT</emph> before $x/bold

U14. for $x in $doc/site//text/emph

return delete node $x

U16. for $x in $doc/site/closed_auctions

return delete node $x

U17. for $x in $doc/site/closed_auctions

return insert node

<closed_auction>

<seller/>

<buyer/>

<itemref/>

<price>39.58</price>

<date>02/15/1998</date>

<quantity>1</quantity>

<type>Regular_new</type>

<annotation/>

</closed_auction> as last into $x
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U18. for $x in $doc/site/categories/category/description/parlist/listitem

where ($x/parlist) return

replace node $x/parlist with <text>newText</text>

6.6.3 Exp erimen ts

In our �rst exp erimen t w e ev aluate and compare scalabilit y of Saxon. W e consider a

1GB do cumen t and a 5GB do cumen t for Saxon test. F or eac h do cumen t and for eac h

up date, w e compare total execution time obtained with only standard pro jection

with that obtained from the partitioning+fusion approac h. T otal execution time

includes the o v erall time required b y the system to partition the input do cumen t,

to ev aluate the input up date on the parts, and to concatenate the partial results to

pro duce the �nal result.

Figure 6.28: Pro jection vs partitioning - with input do cumen t 1GB - using Saxon.

Concerning results obtained b y using Saxon. When pro jection only is used, this

system starts sho wing limitations ev en for a 1GB do cumen t, for whic h up dates U5,

U11, U12 and U14 could not b e executed due to memory failure. As sho wn in Figure

6.28 . While our partitioning tec hnique enables execution of all iterativ e up dates.
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Figure 6.29: Pro jection vs partitioning - with input do cumen t 5GB - using Saxon.

Figure 6.30: Pro jection vs partitioning - with input do cumen t 1GB - using Qizx.

As illustrated in Figure 6.29 , for the 5GB do cumen t, impro v emen ts of our par-

titioning tec hnique are substan tial: 9 up dates could not b e executed with only
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Figure 6.31: Pro jection vs partitioning - with input do cumen t 5GB - using Qizx.

Figure 6.32: Pro jection vs partitioning - with input do cumen t 10GB - using Qizx.

pro jection, while all up dates are executed b y means of partitioning.

Figure 6.34 rep orts execution times obtained with Saxon and partitioning, for

all considered do cumen ts size. As sho wn b y the �gure, our tec hnique scales up and

has a linear b eha vior.
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Figure 6.33: Pro jection vs partitioning - with input do cumen t 15GB - using Qizx.

Concerning Qizx, w e consider 1GB, 5GB, 10GB and 15GB do cumen ts. F or the

1GB input do cumen t (see Figure 6.30 ) and for the 5GB do cumen t (see Figure 6.31 ),

all 13 iterativ e up dates could b e executed with the sole use of pro jection.

F or the 10GB input do cumen t (see Figure 6.32 ), the standard pro jection tec h-

nique starts sho wing limitations, and the up dates U10, U11, U12, U13 and U14

could not b e executed due to memory failure. As sho wn in Figure 6.32 . While our

partitioning tec hnique enabled to pro cess all 13 iterativ e up dates.

Also for the 15GB input do cumen t (see Figure 6.33 ). Sev en up dates could not

b e executed with the sole use of pro jection. Instead, our partitioning tec hnique

enabled the pro cessing of all 13 iterativ e up dates.

Figure 6.35 rep orts execution times obtained with Qizx and partitioning, for all

considered do cumen ts size. As sho wn b y this �gure, our tec hnique scales up and

has a linear b eha vior.

6.6.4 Summing Up

T o summarize, our exp erimen ts pro v e that the partitioning approac h scales b eau-

tifully and is only sligh tly slo w er than the pro jection approac h with up dates. T o

mak e exp erimen ts feasible in a reasonable time w e considered 5GB for Saxon and

15GB for Qizx as the maximal size of do cumen ts. Ho w ev er, since the maxSize can

b e tuned to �t in the a v ailable main memory , w e ha v e that partitioning scales for

arbitrary sizes.
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Figure 6.34: Scalabilit y of the partitioning+up date+fusion approac h - using Saxon.
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6.7 conclusion

In this c hapter, w e presen ted out partitioning based tec hnique for XML up dates.

As w e ha v e seen, the tec hniques di�ers from that for queries in man y asp ect. First

of all in what concern the c haracterization of iterativ e up dates, and secondly in

the partitioning and fusion algorithms. Some preliminary results on exp erimen tal

ev aluation, sho w ed that the tec hnique succeeds in its main purp ose: o v ercoming

scalabilit y limitations of main memory systems. W e b eliev e that similar exp eri-

men tal results could b e obtained b y using other engines, lik e the BaseX [ bas ] for

instance, whose p erformances are close to that of Qizx. As future w orks w e plan to

p erform more extensiv e tests, and to impro v e e�ciency of the fusion algorithm in

order to reduce the o v erhead in terms of time.

Another in teresting future direction w ould b e to com bine pro jection with par-

titioning. This w ould require deep c hanges in the fusion algorithm, but probably

p ermit to further lo w er the time o v erhead.
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Figure 6.35: Scalabilit y of the partitioning+up date+fusion approac h - using Qizx.
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B

e sides ensuring scalabilit y , our partitioning tec hnique illustrated in previous

c hapters also has the adv an tage that it naturally pa v es the w a y to parallel

pro cessing. This is a consequence of the fact that iterativ e queries and up dates are

suc h that ev aluation on a part do es not dep end on ev aluation on another part. As

a consequence, parts in a partition can b e queried/up dated in parallel.

In this c hapter, w e discuss the main lines of a p ossible parallel implemen tation of

our partitioning tec hnique b y means of the MapReduce programming mo del [ DG08 ].

W e w ould lik e to outline that the arc hitecture w e prop ose is the results of a collab o-

ration with Carlo Sartiani (Assistan t Professor at Univ ersità della Basilicata, Italy)

and Maurizio Nole (Master studen t at Univ ersità della Basilicata, Italy).

W e �rst in tro duce the basics of the MapReduce paradigm in Section 7.1 , and

then illustrate ho w our tec hnique can b e implemen ted in to a MapReduce platform

in Section 7.2 . Finally , w e dra w our conclusion in Section 7.3 .

7.1 MapReduce

When the �rst computers w ere adopted, programs w ere executed in a sequen tial

manner and b y means of a unique pro cessor. P arallelism w as in tro duced after in or-

der to impro v e p erformances of some particular tasks, b y executing them in parallel

on sev eral pro cessors and on di�eren t c h unks of data. These pro cessors run either

on a single computer or on m ultiple computers via a net w ork. In order to aid pro-

gramming in this con text, parallel programming paradigms ha v e b een in tro duced.
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In order to build a parallel program, w e need to sp ecify a set of tasks that can

b e executed concurren tly o v er the same input data, or create sev eral parts of input

data on whic h our tasks are concurren tly executed. A t ypical scenario that is more

and more recurring in the con text of large data collection generated o v er the W eb,

is that where the data collection is split in to sev eral parts and some prede�ned

tasks are executed on these parts in parallel. T o this end, w e ha v e sev eral parallel

implemen tation tec hniques. The most p opular one is called Master/W orker .

T ypically the Master initializes the parallel pro cess, splits it in to sub-tasks and

assigns one of them to eac h W orker . Once the W orker has terminated it return

results to the Master , whic h will opp ortunely com bine them with other W orker

results.

The MapReduce paradigm is based on these principles, and is curren tly adopted

in man y con texts where queries ha v e to b e executed on large amoun t of data, and the

size of these data is suc h that a sequen tial ev aluation w ould require an unacceptable

amoun t of time.

F ollo wing [ DG08 ], MapReduce is a parallel framew ork for pro cessing or dis-

tributing large data sets, whic h often uses a large n um b er of computers (no des),

either referred to a cluster , if these no des are lo cated in the same lo cal net w ork and

use similar hardw are, or a grid , if the no des are shared across distributed systems,

and use di�eren t hardw are. MapReduce has b een �rst in tro duced and adopted b y

Go ogle [ DG08 ].

MapReduce is successfully used in a wide range of applications including: dis-

tributed pattern-based searc hing, distributed sort, w eb access log states, in v erted

index construction, do cumen t clustering, mac hine learning [ CKL

+
07 ], and statistical

mac hine translation. Moreo v er, this framew ork has b een adapted to sev eral com-

puting en vironmen ts lik e m ulti-core systems [ RRP

+
07 ], desktop grids [ TMC

+
10 ],

dynamic cloud en vironmen ts [ MTT10 ] and mobile en vironmen ts [ DK G

+
10 ].

MapReduce libraries ha v e b een written in man y programming languages. The

most p opular free implemen tation is Apac he Hado op [ had ]. The Apac he Hado op

o�ers a framew ork that allo ws to p erform the distributed pro cessing of large data

sets across clusters of computers using the MapReduce mo del. It is designed to scale

up from single serv ers to thousands of mac hines, eac h o�ering lo cal computation and

storage. One of the main functionalities it pro vides is high robustness. The library

itself is designed to detect and handle failures at the application la y er. Eac h time a

task is detected to ha v e failed, it is restarted on another pro cessing unit. In order

to ensure high robustness, Hado op requires that eac h task stores results on the

distributed �le system (HDFS), so that in the case of a single task fails, only its

results ha v e to b e regenerated, and there is no need to restart all the tasks. Hado op

requires the Ja v a Run time En vironmen t JRE 1.6 or higher.
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7.1.1 Logical View

The main goal of the MapReduce paradigm is to pro vide a mo del that can b e

easily adopted b y programmers, ev en if they ha v e no exp erience with parallel and

distributed programming. The p ossibilit y of rapid dev elopmen t of parallel programs

has b een one the main reasons of the success of this paradigm.

The main idea b ehind MapReduce is to a v oid the user to deal with op erations

that routinely o ccurs in parallel managemen t of large data rep ositories. T o de�ne

a MapReduce job , the programmer has to sp ecify t w o functions, the Map function

and the R e duc e function. These functions are assumed to w ork on a data mo del

consisting of collections of (k ey , v alue) pairs. The k ey comp onen t is generally a scalar

v alue, while the v alue comp onen t can also b e a complex v alue lik e a record coming

from a relational database, a textual do cumen t (an XML do cumen t in particular),

or some other complex v alue.

The seman tics of Map and Reduce functions is describ ed b elo w.

ˆ The function Map , written b y the user, tak es one pair of the input dataset

( k1; v1 ) , and returns a list of pairs list( k2; v2 ) . The Map function is applied

in parallel to ev ery pair in the input dataset. This will pro duce a list of pairs

for eac h call.

Map (k1; v1) ! list (k2; v2)

ˆ The MapReduce framew ork collects all pairs with the same k ey from all lists

and groups them together, th us creating one group for eac h one of the di�eren t

generated k eys.

ˆ The function Reduce whic h is written b y the user and applied in parallel to

eac h group, accepts the in termediate k ey ki and the set of v alues vi for that

k ey . It merges together these v alues to form a p ossibly smaller set of v alues.

The in termediate v alues are supplied to the Reduce function via an iterator.

This allo ws the user to handle lists of v alues that are to o big to �t in memory .

Reduce (k2; list (v2)) ! list (v3)

The follo wing example explains the mec hanism of b oth Map and Reduce func-

tions. One of the t ypical problems for whic h MapReduce can b e successfully adopted

is that of coun ting the n um b er of o ccurrences of eac h w ord in large collection of do c-

umen ts. The Map and Reduce function the programmer has to sp ecify can b e as

follo ws:

Example 12 Consider the follo wing Map and Reduce functions:

map(String key, String value):

// key: document name

// value: document contents
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for each word w in value:

EmitIntermediate(w, "1");

reduce(String key, Iterator values):

// key: a word

// values: a list of counts

int result = 0;

for each v in values:

result += ParseInt(v);

Emit(AsString(result));

�

Once these t w o functions ha v e b een sp eci�ed, their execution happ ens as follo ws.

The MapReduce framew ork automatically splits the input k ey-v alue collection in to

sev eral splits (whose size is generally from 16MB to 64MB). Then a n um b er of Map

and Reduce W ork ers are started on sev eral pro cessing units. The framew ork assigns

a split to eac h Map w ork ers. In the ab o v e example, eac h Map W ork er pro duces a

list of k ey-v alue pairs, where for eac h pair the k ey is a w ord encoun tered in one of

the do cumen ts, and the v alue is simply 1, to indicate that one o ccurrence of the

w ord has b een encoun tered.

Outputs of Map w ork ers are pro cessed b y the framew ork so that k ey-v alue pairs

that Mapp ers (Map W ork ers) ha v e pro duced are partitioned in suc h a w a y that all

pairs sharing the same k ey are in the same part. Then the framew ork assigns a

n um b er of suc h parts to eac h Reduce W ork er.

In the ab o v e example, eac h Reduce w ork er is guaran teed to ha v e all o ccurrences

of a giv en w ord. Once these o ccurrences are coun ter, the results is made p ersisten t

on the �le system. The �nal result is the concatenation of all Reduce results.

As the example illustrates, op erations lik e initial partitioning of the k ey-v alue

collections is done b y the framew ork, as w ell as grouping op erations b efore passing

Mapp ers results to Reducers. This is of particular imp ortance for rapid and safe

dev elopmen t of parallel in tensiv e data pro cessing tasks, as the programmer has to

concen trate on the pure logic of query he/she needs to execute.

7.1.2 Execution Ov erview

T o explain the execution mo del in more detail w e rely on [ DG08 ]. Figure 7.1 il-

lustrates the o v erall �o w of a MapReduce job in the implemen tation prop osed in

[ DG08 ]. When the user program calls the MapReduce functions, the follo wing se-

quence of actions o ccurs. Note that the n um b ered lab els in Figure 7.1 corresp ond

to the n um b ers in the list b elo w.

ˆ The MapReduce library in the user program �rst shreds the input do cumen ts

in to m pieces of t ypically 16 megab ytes to 64 megab ytes (MB) p er piece. Then

it starts up man y copies of the program on a cluster of mac hines.
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Figure 7.1: Execution o v erview.

ˆ Only one part of the program is considered as Master . While the rest are

W orkers that are assigned w ork b y the Master . There are m Map tasks and r
Reduce tasks to assign. The Master pic ks inactiv e W ork ers and assigns eac h

one a Map task or a Reduce task.

ˆ A W orker who is assigned a Map task reads the con ten ts of the corresp ond-

ing input shard. It parses k ey/v alue pairs out of the input data and passes

eac h pair to the user-de�ned Map function. The in termediate k ey/v alue pairs

pro duced b y the Map function are bu�ered in memory .

ˆ P erio dically , the bu�ered pairs are written to lo cal disk, partitioned in to r
regions b y the partitioning function. The lo cations of these bu�ered pairs on

the lo cal disk are passed bac k to the Master , who is resp onsible for forw arding

these lo cations to the reduce W orkers .

ˆ When a Reduce W orker is noti�ed b y the Master ab out these lo cations, it

uses remote pro cedure calls to read the bu�ered data from the lo cal disks of

the Map W orkers . When a Reduce W orker has read all in termediate data,

it sorts it b y the in termediate k eys so that all o ccurrences of the same k ey
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are group ed together. If the amoun t of in termediate data is to o large to �t in

memory , an external sort is used.

ˆ The reduce W orker iterates o v er the sorted in termediate data and for eac h

unique in termediate k ey encoun tered, it passes the k ey and the corresp onding

set of in termediate v alues to the user's Reduce function. The output of the

Reduce function is app ended to a �nal output �le for this reduce partition.

ˆ When all Map tasks and Reduce tasks ha v e b een completed, the Master w ak es

up the user program. A t this p oin t, the MapReduce call in the user program

returns bac k to the user co de.

After successful completion, the output of the MapReduce execution is a v ailable

in the r output �les. T ypically , users do not need to com bine these r output �les

in to one �le, they often pass these �les as input to another MapReduce call, or use

them from another distributed application that is able to deal with input that is

partitioned in to m ultiple �les.

7.2 p arallel ev alua tion of itera tive queries and

upd a tes via MapReduce

As said b efore a MapReduce platform can b e realized b y means of sev eral mac hines

on whic h the Apac he Hado op op en library runs. Hado op mak es all MapReduce

functionalities a v ailable, and is widely used. So w e will refer to it in illustrating ho w

our approac h can b e transp osed in to a MapReduce framew ork.

W e �rst fo cus on XML partitioning for queries. As seen in Chapter 4, pro jection

can b e pro�tably com bined with partitioning so as to lo w er time o v erhead in the

global query execution. Some features of our tec hnique p ose some constrain ts on

the p ossible resulting MapReduce arc hitecture. W e still assume that one do cumen t

is pro cessed.

First of all, partitioning m ust b e executed b y the Master (recall the sc hema

giv en in Figure 7.1 ) since this op eration can not b e p erformed in parallel. As so on

as parts are generated, parallel ev aluation can b e started. In order to accelerate

part generation, its b etter to decouple pro jection from partitioning.

The resulting execution sc hema is illustrated in Figure 7.1 . The illustrated

sc hema is of the kind Master-Map. This a particular mo dalit y under whic h MapRe-

duce can w ork according to Hado op, and is c haracterized b y the fact that only a

Master and Map W ork ers are adopted. In the �gure, the lo cal �le system is where

the input and output queries are stored, and is distinguished from the distributed

Hado op �le system (HDFS) whic h is used to store input, output and in termediary

data of a MapReduce job.

As already said, the Master tak es the input do cumen t and p erforms the par-

titioning (without p erforming pro jection). As so on as a part is generated, a �le
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Figure 7.2: Graphical represen tation of the Master-Map sc hema.

partition N.xml is stored via HDFS (N indicates the n um b er of the part, and is

assumed to start from 0). Another �le whic h is main tained b y the Master is P art-

Num b er.txt whic h con tains, for eac h part in the partition, the n um b er of the part

and corresp onding HDFS URI; this information is needed b y a Map W ork er in order

to reco v er and pro cess a part.

A ctually , the P artNum b er.txt �le con tains the k ey-v alue collection whic h is

passed to the MapReduce job. As an ticipated, the job only activ ates Map w ork ers.

Rather than formally sp ecifying the Map function, w e describ e the tasks it p er-

forms. It receiv es as input a n um b er of pairs (part-n um b er, part-URI) coming from

the P artNum b er.txt �le. F or eac h suc h pair, then Map w ork er retriev es the XML

�le corresp onding to the part-n um b er, and executes the pro jection algorithm on it

(in a SAX fashion). The pro jected part is stored lo c al ly in order to a v oid the o v er-

head implied b y HDFS. The Map w ork er then mak es a call to a query engine lo cally

installed, in order to execute the query on the lo cally stored pro jected part. The

query engine can b e an y existing query engine, e.g., Saxon or Qizx. Once the query

result is a v ailable, it is comm unicated to the output-collector of the Map w ork er.

This collector writes the result on the HDFS supp ort. If the result is relativ e to the

part P artitionJ.xml, then the �le including the results is stored in to a �le Output-J.

Once all Map W ork ers ha v e terminated Output-I.xml �les are a v ailable on HDFS

for b eing concatenated.
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An alternativ e sc hema could b e of the kind Master-Map-Reduce, where Map

W ork ers p erform pro jections, and Reduce W ork ers deals with query ev aluation on

eac h pro jected part. This sc hema seems to ensure an higher parallelism degree, but

actually has the dra wbac k that eac h pro jected �le in order to b e passed to a Reduce

W ork er has to b e stored on the HDFS. This op eration can b e m uc h slo w er than

writing the pro jection on the lo cal �le system of the Map W ork er. In particular, this

is due to the fact that HDFS handle duplicated v ersions of stored �les, distributed

on sev eral no des connected via the net w ork.

W e b eliev e that, when compared to the cen tralized framew ork presen ted in pre-

vious c hapters, the ab o v e Master-Map sc hema could impro v e execution time for v ery

large do cumen ts esp ecially in those cases where the query p erforms time consum-

ing op erations on eac h part. Otherwise, the o v erhead implied b y the MapReduce

framew ork could en tail higher total execution time.

Concerning up dates, a p ossible sc hema is totally similar to the ab o v e describ ed

Master-Map sc hema. With the di�erence that Map W ork ers are activ ated only to

up date those parts that really need to. Besides partitioning, also fusion op eration

should b e executed in a sequen tial fashion.

7.3 conclusive remarks

In this short c hapter w e ha v e describ ed p ossible sc hemes of a MapReduce imple-

men tation of our-partitioning based framew orks. The main purp ose of the c hapter

w as to highligh t another strength of our approac h, that is the p ossibilit y of parallel

query and up date ev aluation b y relying on the MapReduce mo del.
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8.1 rela ted w orks

The main aim of our tec hnique is to allo w main-memory systems to scale up with

resp ect to do cumen t size when querying and up dating XML data. W e ha v e already

commen ted on main traditional pro jection based approac hes [ BBC

+
11 , BCCN06 ,

BCMS09a , BCMS09b , MS03 ], and seen that these tec hniques ha v e limitations in

terms of scalabilit y . On the p ositiv e side, these tec hniques do not p ose restrictions

on queries and up dates. Di�eren tly , w e ha v e fo cused on a fragmen t of X Query

query and up date languages, and prop osed a partitioning based tec hniques that

enable main-memory engines to scales up.

Concerning queries, tec hniques for partitioning XML do cumen ts ha v e already

b een explored. Our tec hnique resem bles that of [ BLS09 ] where an horizon tal parti-

tioning tec hnique has b een prop osed in order to ensure parallel execution of single

XP ath queries. The partitioning tec hnique prop osed in this w ork can b e p erformed

on the main-memory represen tation of the XML do cumen t. As a consequence, v ery

large XML do cumen ts cannot b e managed. In [ KÖD10 ], a vertic al partitioning

tec hnique has b een prop osed still with the aim of parallel and distributed execution

of XP ath queries. The tec hnique can handle v ery large do cumen ts, but requires the

use of sc hema information on the input do cumen t. Both tec hniques prop osed in

[ BLS09 , KÖD10 ] require strong in terv en tions inside a query engine. A recen t w ork

[ GCL12 ] prop oses new e�cien t algorithms for the distributed ev aluation of XP ath

queries. This w ork uses horizon tal-v ertical partitioning, and assumes data ha v e b een

statically partitioned according to existing tec hniques.

Di�eren tly from the ab o v e men tioned w orks, w e address a wide class of X Query

queries, w e do not require sc hema information, and w e are able to deal with a

w orkload executed on v ery large do cumen ts. Also, our tec hnique do es not require

to mo dify the in ternal comp onen ts of a query engine.

Concerning up dates, to the b est of our kno wledge, w e are not a w are of an y

exiting partitioning-based tec hniques. T ec hniques exist in order to optimize memory
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consumptions. The t yp e-based pro jection tec hnique has already b een discussed and

p erformed tests ha v e illustrated impro v emen ts of our approac h. Another e�ectiv e

tec hnique that can b e used to ensure scalabilit y when up dating XML �les with

main-memory engines has b een presen ted in [ CGM11 ]. This tec hnique allo ws to

apply up dates in a streaming fashion, so to minimize the memory usage. In most

cases the tec hnique has high scalabilit y abilities. A t the same time, di�eren tly from

our approac h, this tec hnique requires in terv en tions in to query-engine, in order to

reco v er the list of up date op erations to apply , and apply them in streaming to the

input. Also, in the case that a w orkload of distinct up dates has to b e applied to

a do cumen t, this tec hnique requires parsing the input do cumen t as man y times as

the n um b er of up dates. In our case, if the w orkload is iterativ e, w e can p erform a

unique partitioning, then ev aluate the w orkload on the partition, and �nally p erform

a unique fusion op eration.

8.2 conclusive remarks and future directions

In this Thesis, w e presen ted a no v el partitioning tec hnique for XML do cumen t. This

tec hnique generalizes existing path-based approac hes, and applies to a large class of

queries and up dates.

A distinctiv e feature of our approac h is that it is sc hema-less. It uses path infor-

mation coming from the query/up date in order to p erform the static analysis needed

to recognize the iterativ e nature of the query/up date, and use path information to

p erform partitioning. Another distinctiv e feature, is that the approac h can b e easily

plugged on an y main-memory system, as no in terv en tion in the in ternal mac hinery

of the system is required. Finally , w e ha v e seen that our approac h is amenable to an

easy transp osition in a MapReduce lik e pro cessing framew ork, th us allo wing parallel

querying and up dating of parts in the partition. F or h uge do cumen t sets, and in

the presence of a reasonable big cluster of mac hines, this could en tail consisten t

time reduction with resp ect to the sequen tial approac h w e prop osed here (parts are

queried/up dated sequen tially).

W e see sev eral p ossible future directions. First of all, w e w ould lik e to extend

the approac h to larger fragmen ts of X Query , and in particular to queries p erforming

group-b y op erations and aggregations. Also, w e w ould lik e to extend the tec hnique in

the case where queries p erforms joins. Esp ecially in this second case, some p erformed

tests ha v e rev ealed that execution time can b e h uge with the use of main-memory

system. T o enable partitioning query/up date ev aluation w ould need to b e split in

sev eral subtasks, some of whic h use partitioning. Then partial results of eac h task

should b e recom bined. In our opinion, in this scenario a MapReduce approac h could

help in reducing execution time.

As a second future w ork, w e w ould lik e to explore p ossibilities of handling w ork-

loads formed b y b oth queries and up dates. Once the path analysis is a v ailable to

recognize the iterativ e nature of the w orkload, and to p erform partitioning, this last
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one could b e p erformed once and reused man y times, un til the w orkload c hanges.

An adv an tage w ould also come to the reduction of fusion op erations, whic h w ould

b ecome useless as long as the w orkload is stable.

Finally , w e plan to further in v estigate MapReduce implemen tations of our ap-

proac h, along the lines of sc hemes illustrated in Chapter 7 . In particular, w e will

fo cus on implemen tation issues, and in adapting our co de to the MapReduce frame-

w ork. In this con text, w e will also fo cus on exp erimen tal tests in order to realize for

whic h kind of queries/up dates a MapReduce execution is faster than a traditional

cen tralized execution.





Appendix A

X Query Expressions and X Query

Up dates

A.1 XMark Queries prop osed in [ SWK

+
02a ]

ˆ Return the name of the p erson with ID p erson0.

Q1 = for $b in doc("xmark.xml")/site/people/person[@id="person0"]

return $b/name/text()

ˆ Return the initial increases of all op en auctions.

Q2 = for $b in doc("xmark.xml")/site/open_auctions/open_auction

return

<increase>

{$b/bidder[1]/increase/text()}

</increase>

ˆ Return the IDs of all op en auctions whose curren t increase is at least t wice as

high as the initial increase.

Q3 = for $b in doc("xmark.xml")/site/open_auctions/open_auction

where

zero-or-one($b/bidder[1]/increase/text()) * 2 <=

$b/bidder[last()]/increase/text()

return

<increase

first="{$b/bidder[1]/increase/text()}"

last="{$b/bidder[last()]/increase/text()}"/>

ˆ List the reserv es of those op en auctions where a certain p erson issued a bid

b efore another p erson.

Q4 = for $b in doc("xmark.xml")/site/open_auctions/open_auction

where

some $pr1 in $b/bidder/personref[@person = "person20"],

$pr2 in $b/bidder/personref[@person = "person51"]

satisfies $pr1 << $pr2

return <history>{$b/reserve/text()}</history>
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ˆ Ho w man y sold items cost more than 40?

Q5 = let $auction := doc("xmark.xml") return

count(

for $i in $auction/site/closed_auctions/closed_auction

where $i/price/text() >= 40

return $i/price)

ˆ Ho w man y items are listed on all con tinen ts?

Q6 = for $b in doc("xmark.xml")//site/regions

return count($b//item)

ˆ List all p ersons according to their in terest; use F renc h markup in the result.

Q10 = let $auction := doc("xmark.xml") return

for $i in

distinct-values($auction/site/people/person/profile/

interest/@category)

let $p :=

for $t in $auction/site/people/person

where $t/profile/interest/@category = $i

return

<personne>

<statistiques>

<sexe>{$t/profile/gender/text()}</sexe>

<age>{$t/profile/age/text()}</age>

<education>{$t/profile/education/text()}</education>

<revenu>{fn:data($t/profile/@income)}</revenu>

</statistiques>

<coordonnees>

<nom>{$t/name/text()}</nom>

<rue>{$t/address/street/text()}</rue>

<ville>{$t/address/city/text()}</ville>

<pays>{$t/address/country/text()}</pays>

<reseau>

<courrier>{$t/emailaddress/text()}</courrier>

<pagePerso>{$t/homepage/text()}</pagePerso>

</reseau>

</coordonnees>

<cartePaiement>{$t/creditcard/text()}</cartePaiement>

</personne>

return

<categorie>{<id>{$i}</id>, $p}</categorie>
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ˆ List the names of items registered in Australia along with their descriptions.

Q13 = for $i in doc("xmark.xml")/site/regions/australia/item

return

<item name="{$i/name/text()}">{$i/description}</item>

ˆ Return the names of all items whose description con tains the w ord `gold'.

Q14 = for $i in doc("auction.xml")/site//item

where

contains(string(exactly-one($i/description)), "gold")

return $i/name/text()

ˆ Prin t the k eyw ords in emphasis in annotations of closed auctions.

Q15 = for $a in

doc("auction.xml")/site/closed_auctions/closed_auction/

annotation/

description/

parlist/

listitem/

parlist/

listitem/

text/

emph/

keyword/

text()

return <text>{$a}</text>

ˆ Return the IDs of those auctions that ha v e one or more k eyw ords in emphasis.

Q16 = for $a in doc("xmark.xml")/site/closed_auctions/closed_auction

where

not(

empty(

$a/annotation/description/parlist/listitem/parlist/

listitem/

text/

emph/

keyword/

text()

)

)

return

<person id="{$a/seller/@person}"/>



160 App endix A. X Query Expressions and X Query Up dates

ˆ Whic h p ersons don't ha v e a homepage?

Q17 = for $p in doc("xmark.xml")/site/people/person

where empty($p/homepage/text())

return <person name="{$p/name/text()}"/>

ˆ Con v ert the currency of the reserv e of all op en auctions to another currency .

declare namespace local = "http://www.foobar.org";

declare function local:convert($v as xs:decimal?) as xs:decimal?

{ 2.20371 * $v (: convert Dfl to Euro :)

};

Q18 = let $auction := doc("auction.xml") return

for $i in $auction/site/open_auctions/open_auction

return local:convert(zero-or-one($i/reserve))

ˆ Giv e an alphab etically ordered list of all items along with their lo cation.

Q19 = for $b in doc("auction.xml")/site/regions//item

let $k := $b/name/text()

order by zero-or-one($b/location)ascending empty greatest

return

<item name="{$k}">

{$b/location/text()}

</item>

ˆ Group customers b y their income and output the cardinalit y of eac h group.

Q20 = let $auction := doc("auction.xml") return

<result>

<preferred>

{count(

$auction/site/people/person/profile[@income >= 100000]

)}

</preferred>

<standard>

{

count(

$auction/site/people/person/

profile[@income < 100000 and @income >= 30000]

)

}

</standard>
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<challenge>

{count($auction/site/people/person/profile[@income < 30000])}

</challenge>

<na>

{

count(

for $p in $auction/site/people/person

where empty($p/profile/@income)

return $p

)

}

</na>

</result>

A.2 Up date Expressions used in [ BBC

+
11 ]

U1. Insert a new no de <annotation>Empty Annotation</annotation> as last of

eac h closed_auction no de.

for $x in $doc/site/closed_auctions/closed_auction

where not ($x/annotation)

return insert node

<annotation>Empty Annotation</annotation>

as last into $x

U2. Replace address of eac h elemen t whic h its coun try is United States with

another address.

for $x in $doc/site/people/person/address

where

$x/country/text()="United States"

return

(replace node $x with

<address>

<street>{$x/street/text()}</street>

<city>"NewYork"</city>

<country>"USA"</country>

<province>{$x/province/text()}</province>

<zipcode>{$x/zipcode/text()}</zipcode>

</address>

)

U3. Replace eac h United States lo cation with the v alue USA .

for $x in $doc/site/regions//item/location
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where $x/text()="United States"

return (replace value of node $x with "USA")

U4. Delete all subtrees ro oted at mail from eac h item no de.

delete nodes $doc/site/regions//item/mailbox/mail

U5. Rename eac h bold no de with emph .

for $x in $doc/site//text/bold

return rename node $x as "emph"

U6. Insert new homepage no de for eac h person whic h do es not ha v e a homepage .

for $x in $doc/site/people/person

where not($x/homepage)

return insert node

<homepage>

www.{$x/name/text()}Page.com

</homepage> after $x/emailaddress

U7. Insert ....

for $x in $doc/site/people/person,

for $y in $doc/site/people/person

where $x/name = $y/name

and not ($y/address) and $x/country="Malaysia"

return insert node $x/address

after $y/emailaddress

A.3 X Query Up date expressions in [ Sah11 ]

U1. for $x in $doc/site/closed_auctions/closed_auction

where not ($x/annotation) return

insert node <annotation>Empty Annotation</annotation>

as last into $x

U2.for $x in $doc/site/people/person/address

where $x/country/text()="United States" return

(replace node $x with

<address>

<street>{$x/street/text()}</street>

<city>"NewYork"</city>

<country>"USA"</country>

<province>{$x/province/text()}</province>

<zipcode>{$x/zipcode/text()}</zipcode>

</address>)
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U3.for $x in $doc/site/regions//item/location

where $x/text()="United States"

return (replace value of node $x with "USA")

U4.delete nodes $doc/site/regions//item/mailbox/mail

U5.for $x in $doc/site//text/bold return

rename node $x as "emph"

U6.for $x in $doc/site/people/person

where not($x/homepage)

return insert node

<homepage>www.{$x/name/text()}Page.com</homepage>

after $x/emailaddress

U7.for $x in $doc/site/people/person,

for $y in $doc/site/people/person

where $x/name = $y/name

and not ($y/address)

and $x/address/country='Malaysia'

return insert node $x/address

after $y/emailaddress

U8. delete nodes $doc/site/regions/australia

U9. let $k := $doc/site/closed_auctions/closed_auction[last()]

for $b in $doc/site/open_auctions/open_auction[last()]

return replace node $k/annotation with $b/annotation

U10. for $x in $doc/site/open_auctions/open_auction

where ($x/privacy="Yes")

return delete node $x

U11. for $x in $doc/site/open_auctions/open_auction

where $x/bidder/increase < 20

return insert node

<bidder>

<date>08/17/2000</date>

<time>15:15:15</time>

<personref/>

<increase>1.50</increase>

</bidder>

after $x/initial
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U12. for $x in $doc/site/regions//item

where ($x/mailbox/mail/date/text()="07/04/1998")

return insert node <incategory/> before $x/mailbox

U13. for $x in $doc/site/open_auctions/open_auction/annotation/

description/text

where ($x/keyword/emph/text()="unique")

and ($x/bold)

return insert node <emph>newTexT</emph> before $x/bold

U14. for $x in $doc/site//text/emph

return delete node $x

U15. for $x in $doc/site/categories/category/description/parlist

where ($x/listitem/parlist) return

replace node $x with $x/listitem/parlist[1]

U16. for $x in $doc/site/closed_auctions

return delete node $x

U17. for $x in $doc/site/closed_auctions

return insert node

<closed_auction>

<seller/>

<buyer/>

<itemref/>

<price>39.58</price>

<date>02/15/1998</date>

<quantity>1</quantity>

<type>Regular_new</type>

<annotation/>

</closed_auction> as last into $x

U18. for $x in $doc/site/categories/category/description

/parlist/listitem

where ($x/parlist)

return replace node $x/parlist with <text>newText</text>

U19. for $x in $doc/site/categories/category/description/parlist/listitem

return replace node $x with $x/parlist/listitem[1]

U20. for $x in $doc/site/categories/category/description/parlist/listitem

return replace node $x with $x/parlist/listitem
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A.4 X Query Up date F acilities 1.0 Use Cases

1- A dd a new user (with no rating) to the users.xml view.

insert nodes

<user_tuple>

<userid>U07</userid>

<name>Annabel Lee</name>

</user_tuple>

into doc("users.xml")/users

2- En ter a bid for user Annab el Lee on F ebruary 1st, 1999 for 60 dollars on item

1001.

let $uid :=

doc("users.xml")/users/user_tuple[name="Annabel Lee"]/userid

return

insert nodes

<bid_tuple>

<userid>{data($uid)}</userid>

<itemno>1001</itemno>

<bid>60</bid>

<bid_date>1999-02-01</bid_date>

</bid_tuple>

into doc("bids.xml")/bids

3- Insert a new bid for Annab el Lee on item 1002, adding 10% to the b est bid

receiv ed so far for this item.

let $uid := doc("users.xml")/users/user_tuple[name="Annabel Lee"]/userid

let $topbid := max(doc("bids.xml")/bids/bid_tuple[itemno=1002]/bid)

return

insert nodes

<bid_tuple>

<userid>{data($uid)}</userid>

<itemno>1002</itemno>

<bid>{$topbid*1.1}</bid>

<bid_date>1999-02-01</bid_date>

</bid_tuple>

into doc("bids.xml")/bids

4- Set Annab el Lee's rating to B.

let $user := doc("users.xml")/users/user_tuple[name="Annabel Lee"]

return

if ($user/rating)
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then replace value of node $user/rating with "B"

else insert node <rating>B</rating> into $user

5- Place a bid for Annab el Lee on item 1007, adding 10% to the b est bid receiv ed

so far on that item, but only if the bid amoun t do es not exceed a giv en limit. The

�rst query illustrates the desired b eha vior if the limit is exceeded.

let $uid := doc("users.xml")/users/user_tuple[name="Annabel Lee"]/userid

let $topbid := max(doc("bids.xml")/bids/bid_tuple[itemno=1007]/bid)

where $topbid*1.1 <= 200

return

insert nodes

<bid_tuple>

<userid>{data($uid)}</userid>

<itemno>1007</itemno>

<bid>{$topbid*1.1}</bid>

<bid_date>1999-02-01</bid_date>

</bid_tuple>

into doc("bids.xml")/bids

6- Place a bid for Annab el Lee on item 1007, adding 10% to the b est bid receiv ed

so far on that item, but only if the bid amoun t do es not exceed 500. This illustrates

the b eha vior when the resulting v alue is within the limit.

let $uid := doc("users.xml")/users/user_tuple[name="Annabel Lee"]/userid

let $topbid := max(doc("bids.xml")/bids/bid_tuple[itemno=1007]/bid)

where $topbid*1.1 <= 500

return

insert nodes

<bid_tuple>

<userid>{data($uid)}</userid>

<itemno>1007</itemno>

<bid>{$topbid*1.1}</bid>

<bid_date>1999-02-01</bid_date>

</bid_tuple>

into doc("bids.xml")/bids

7- Erase user Dee Linquen t and the corresp onding asso ciated items and bids.

let $user := doc("users.xml")/users/user_tuple[name="Dee Linquent"]

let $items := doc("items.xml")/items/item_tuple[offered_by=$user/userid]

let $bids := doc("bids.xml")/bids/bid_tuple[userid=$user/userid]

return (

delete nodes $user,

delete nodes $items,
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delete nodes $bids

)

8- Erase user Dee Linquen t and the corresp onding asso ciated items and bids.

let $user := doc("users.xml")/users/user_tuple[name="Dee Linquent"]

let $items := doc("items.xml")/items/item_tuple[offered_by=$user/userid]

let $bids := doc("bids.xml")/bids/bid_tuple[userid=$user/userid]

return

delete nodes $user, $items, $bids

9- A dd the elemen t <commen t>This is a bargain !</commen t> as the last c hild of

the <item> elemen t describing item 1002.

insert nodes

<comment>This is a bargain !</comment>

as last into doc("items.xml")/items/item_tuple[itemno=1002]

10- Place a bid for Annab el Lee on item 1010, whic h do es not exist in "items.xml".

In this query , w e assume that a referen tial in tegrit y constrain t in the underlying

database system requires that no bid can b e placed on an item unless it exists in

the database.

let $uid := doc("users.xml")/users/user_tuple[name="Annabel Lee"]/userid

return

insert nodes

<bid_tuple>

<userid>{data($uid)}</userid>

<itemno>1010</itemno>

<bid>60</bid>

<bid_date>2006-04-23</bid_date>

</bid_tuple>

into doc("bids.xml")/bids

11- A dd a bid for Annab el Lee on item 1002, at a price 5 dollars b elo w the curren t

highest bid. A trigger in the underlying database ensures that a bid cannot b e made

at a lo w er price than the highest bid made so far on that item.

let $uid := doc("users.xml")/users/user_tuple[name="Annabel Lee"]/userid

let $topbid := max(doc("bids.xml")//bid_tuple[itemno=1002]/bid)

return

insert nodes

<bid_tuple>

<userid>{data($uid)}</userid>

<itemno>1002</itemno>

<bid>{$topbid - 5.00}</bid>
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<bid_date>2006-04-23</bid_date>

</bid_tuple>

into doc("bids.xml")/bids

12- Delete all parts in "part-tree.xml".

delete nodes doc("part-tree.xml")//part

13- Delete all parts b elonging to a car in "part-tree.xml", lea ving the car itself.

delete nodes doc("part-tree.xml")//part[@name="car"]//part

14- Delete all parts b elonging to a car in "part-list.xml", lea ving the car itself.

for $pt in doc("part-tree.xml")//part[@name="car"]//part,

$pl in doc("part-list.xml")//part

where $pt/@partid eq $pl/@partid

return

delete nodes $pl

15- A dd a radio to the car in "part-tree.xml", using a part n um b er that hasn't b een

tak en.

let $next := max(doc("part-tree.xml")//@partid) + 1

return

insert nodes <part partid="{$next}" name="radio"/>

into

doc("part-tree.xml")//part[@partid=0 and @name="car"]

16- The head o�ce has adopted a new n um b ering sc heme. In "part-tree.xml", add

1000 to all part n um b ers for cars, 2000 to all part n um b ers for sk ateb oards, and

3000 to all part n um b ers for cano es.

for $keyword at $i in ("car", "skateboard", "canoe"),

$parent in doc("part-tree.xml")//part[@name=$keyword]

let $descendants := $parent//part

for $p in ($parent, $descendants)

return

replace value of node $p/@partid with $i*1000+$p/@partid
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