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Abstract. View updating is a long standing difficult problem. Given awidefined
over base data sources and a view update, there are sefferardiupdates over the
base data sources, calliednslations that perform the update. A translation is said to
becorrectif it performs the update and at the same time does not updgtpation
of the view not specified in the update (view side-effecys The view update prob-
lem finds a correct translation for a given view update if oxists. In the relational
scenario, previous research has attempted to study theuydate problem either by
utilizing only the schema knowledge, or by directly examinthe base data. While
utilizing only the schema knowledge is very efficient, we aoé guaranteed to find
a correct translation even if one exists. On the other hatamaing the base data is
guaranteed to find a correct translation if one exists, begiig time-consuming. The
view update problem is even more complex in the XML context ghuthe nested hi-
erarchical structure of XML and the restructuring capéibsi of the XQUERY view
specification. In this paper we propose a schema-centnioeinark, named HUX,
for efficiently updating XML views specified over relatiorgdtabases. HUX is com-
plete (always finds a correct translation if one exists) arefficient. The efficiency
of HUX is achieved as follows. Given a view update, HUX firspits the schema
to determine whether there will never be a correct trarstatr there will always be
a correct translation. Only if the update cannot be claskif@éng the schema, HUX
will examine the base data to determine if there is a corracistation. This data-
level checking is further optimized in HUX, by exploitingetltschema knowledge
extracted in the first step to significantly prune the spacpoténtial translations
that is explored. Experiments illustrate the performaremefits of HUX over previ-
ous solutions.

1 Introduction

Both XML-relational systems [6, 20] and native XML systerid] support creating XML
wrapper views and querying against them. However, updateatipns against such vir-
tual XML views are not yet supported in most cases. While sdvesearch projects [4, 22]
began to explore this XML view updating problem, they tyflicpick one of the transla-
tions, even if it is not correct (in other words, they mightlpa translation that causes view
side-effects). Allowing side-effects to occur is not pre&ktin most applications. The user
would like the updated view to reflect changes as expectstkad of bearing additional
changes in the view.

One approach to solve this problem is to determine the viee-sifects caused by
each translation. Here, for each translation, compare ithe before the update and the
view after the update as in [21]. If a side-effect is detectieen the translation is rejected.
However, this could be very expensive, as the space of gegssilnslations could be very
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large, and also computing the before and after image for gaaslation could also be
very time consuming.

Some other approaches such as [16] allow the user to deteiifnihe side-effects
caused by a translation are acceptable. In other wordsstrs participate in setting rules
for pruning down the candidate translations. However, irsioases users do not have
such knowledge, and simply want the view updated exactlkxpsaed. This is the same
scenario that we assume in this paper. Therefore we empdosttategy that a translation
will be directly rejected if any view side-effects are detet

To identify the space of possible translations, the corscepprovenance [5] and lin-
eage [11] are used, where lineage refers to descriptioniseobtigins of each piece of
data in a view. In [11], the authors exhaustively examinaepessible translation ob-
tained from the lineage to determine if the translation eausy view side-effects. This is
done by examining the actual instance data. This dataicexqgproach can be quite time
consuming as shown in [5].

In stead of a data-centric approach, the schema of the bdsaariew could be used
to determine a correct translation for a view update, if oxiste. Such schema centric
approaches are proposed for Select-Project-Join vieweirelational context in [13, 15].
In [4], the authors map an XML view to a set of relational vieavsl therefore transform
XML view update problems back to relational view update peais. Such a transforma-
tion, however, is not sufficient to detect all the possiblewside-effects, as we will dis-
cuss in the following two sections. A pure schema-basedagupris efficient, but rather
restrictive. The disadvantage of a pure schema-basedagpi®that, for many view up-
date cases, it is not possible to determine the translayagrilhether there exists a correct
translation) by only examining the schema.

Now, with the following three examples, let us examine hoe @hove data-based or
schema-based approach can be used in XML view updates gcdnghese examples, a
view update can be classifiedtaanslatable, which indicates there exist a side-effect free
translation, or otherwisentranslatable using either schema or data knowledge. Also we
assume that when we delete an element in the XML view, we widte all its descendant
elements as well.

1.1 Motivating Examples

Fig. 1(a) shows a running example of a relational database tmurse registration sys-
tem. An XML view in Fig. 1(c) is defined by theiew queryin Fig. 1(b). The following
examples illustrate cases of classifying updates as ataidé or untranslatable. XML
update language from [22] or update primitives from [4] caruked to define update op-
erations. For simplicity, in the examples below we only usdekete primitive with the
format(deletenodel D), wherenodelDis the abbreviated identifier of the element to be
deleted!. For exampleCl is the firstCourseelementP1. TAL is the firstTA element of
the firstProfessorelement. We us@rofessort; to indicate the first tuple of base relation
Professor

Example 1.Updateu; ={deleteP1. TA1} over the XML view in Fig. 1(c) deletes the
student “Chun Zhang”. We can deleé&tudentTA- to achieve this without causing any
view side-effect. We can determine that any TA view elemamnt lse deleted by deleting

! Note that the view here is stiirtual. In reality, thisnodel Dis achieved by specifying conditions in the update query.
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Professor Course sidséﬁg'r?gp\ cid
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Key:{pid — Key={sid
Pt Key={cid} FK: cid H{Cou}rse.cid
(a) Relational Database
<View>
<View> Cl  <Course>Math</Course>
FOR $c IN DOCUMENT(Course/Row) C2  <Course>Physics</Course>
RETURN C3  <Course>English</Course>

< Course> $c/cname/text(x/Course> P1  <Professor
FOR $p IN DOCUMENT (Professor/ROW), P1. PN1 <PInfo>David Finkel </PInfo>

$c IN DOCUMENT (Course/ROW) P1. PC1 < Course>Math</Course>
WHERE $p.pid = $c.pid P1. TA1 <TA>Chun Zhang /TA>
RETURN P1. TA2 <TA>Mike Fishex/TA>
<Professop </Professoy-

<PName> $p/pname/text(x/PName>, P2  <Professor
< Course> $c/cname/text(x/Course>, P2. PN2 <PInfo>David Finkel </PInfo>

FOR $s IN P2. PC2 <Course>Physics</Course>
DOCUMENT(StudentTA/ROW) P2. TA3 <TA>Feng Leel/TA>
WHERE $s.cid = $c.cid </Professoy-
RETURN P3 <Professor
<TA> $s/sname/text(X/TA> P2. PN3 <PInfo>Tim Merrett</PInfo>
</Professor- P2. PC3 < Course>English</Course>
</View> </Professoy-
(b) View query </View>
(c) XML view

Fig. 1. Running Example of the Course Registration System

the corresponding tuple in the studentTA relation, byzitij only the schema knowledge
(as we will study in Section 4)The schema knowledge is sufficient to determine that
this update is translatable.

Example 2.Consider the update, = {deleteP2. PC2}.

The appearance of the view elemé&2. PC2 is determined by two tuple$rofessort;
andCourset,. There are three translations for this view upda@ie:{ deleteProfessort; },
T>={deleteCourset,} and Ts={deleteProfessor;, deleteCourset,}. All three trans-
lations are incorrect and cause view side-effects - tréinsla 1 will delete the parent
Professor view element (P2), translation T2 will delete ohthe Course view elements
(C2), translation T3 will delete both P2 and C2. We can deiteerthat there is no correct
translation for deleting any Course view element by utiligonly the schema knowledge
(studied in Section 4)The schema knowledge is sufficient to determine that this up-
date is untranslatable.

Example 3.Consider the update; = {deleteP3}. This can be achieved by deleting
Professort; }. Let us consider the updatg = {deleteP2}. The appearance of the view
elementP2 is determined by two tuple®rofessort; andCoursets. However, we cannot
find any correct translation for this view update: if we delgburset,, view elementC2

will also get deleted; if we deleterofessort,, view elementP1 will also get deleted. The
difference betweens andu, indicates that sometimes the schema knowledge itself is not
sufficient for deciding translatabilitf'he translatability of these updates depends on
the actual base data.
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1.2 HUX: Handling Updates in XML

Our Approach Our XML view updating system is calledUX (Handling Updates in
XML). The main idea behind HUX is illustrated by Figure 2. Asuaer feeds an up-
date over an XML view element into the system, HUX first uébzhe schema knowledge
of the underlying source to identify whether there existoaert translation. If we can
conclude from the schema knowledge that the update is siatable, it will be immedi-
ately rejected. Similarly, if we can find the correct tratiska of the view update, we will
directly pass it to the SQL engine for update execution. Qriign we find that the trans-
latability of the update depends on the actual data, we witie to the second step, where
data checking is performed. By integrating schema checkimtjdata checking together,
we can guarantee to find correct translations efficientiné exits.

/Display error
untranslatable message

untrar|slatable

et view updat A Is the update i
1 Start Grstim iy Achema Checklng< End

translgtable

Execute the
orrect Translation

translatable

Fig. 2. Flowchart of HUX

Let us illustrate HUX for the motivating examples. Duringtichema level check,
updateu; is classified as translatable. We translate this update leyiig the correspond-
ing tuple in theStudentT A relation. Updateu, will be found to be untranslatable by
the schema-level check and is directly rejected. Updajemndu, cannot be classified as
translatable or untranslatable by the schema-level cHéwkefore we proceed to the data-
level check, where we find that is translatable and, is not. As the correct translation
of ug has also been identified, it will be updated andwill be rejected.

In addition, we can further optimize data-checking step hljzing the extracted
schema knowledge to prune down the search space of findingottranslations. For ex-
ample, consider Example 3. When updating a Professor viemeatt, there are three pos-
sible ways: deleting the corresponding tuple in Professinlet deleting the corresponding
tuple in Course table or deleting both of them. However, asanayzed in the schema-
checking step, each Course tuple also contributes to tlsteexie of a Course view ele-
ment. Therefore we cannot delete a Professor view elemetielieying its Course tuple as
a Course view element will get deleted as view side-effddterefore, on the data level,
we only need to check the Professor base tuple. Details oftnavaximally utilize schema
knowledge in the data-checking are presented in Section 5.

XML-Specific ChallengesNote the above integration of two approaches can be applied t
all data models. In this paper, we examine the scenario vthendew update is against an
XML view built over relational databases. For studying thisblem, we will try to extend
relational view update solutions to handle this scenanidHe following two reasons:

1. There has been lot of work on relational view update problencluding both schema
approach [1, 10, 17,15, 13] and data approach [12].
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X C: Select * From Course C
V'OEW P: Select * From Professor P, Course C
Where P.pid = C.pid
P. PN: Same as P node
P. PC: Same as P node
P. TA: Select *
From Professor P, Course C, StudentTA S
Course.cname where P.pid=C.pid and C.cid = S.cid
PInfo.pnam€ourse.cnameTA.snam  (b) SQL Query for each schema nod€+efers to the Course
node,P the Professor nod®,. PNthe PInfo nodeP. PCthe
(a) Schema Graph Professor.Course node, aRdTA the TA node.

Fig. 3. Schema graph of the XML view in Figure 1

Cours
PInfi

2. We can treat XML views as a "composition” of a set of relatibviews [20, 4]. Here,
each node in the schema graph of the view (Fig. 3) can be cenesichs generated by
a relational view, with an associated SQL query. The setsifimces of a schema node
is therefore given by this SQL query.

Intuitively, an update over a certain XML view schema nodelsatreated as an update
over its relational mapping view. This in turn can be handisdelational view update
problem. However, a simple transformation of XML view upelatoblem into relational
view update problem will not suffice. The relational view apel problem considers side-
effects only on elements with the same view query as the eletode updated. However,
an XML view has many different view schema nodes, with défemapping SQL queries,
and we need to examine the side-effects on all these elenhettis following sections, we
will highlight these differences and explain how they aradiad in our HUX approach.

Contributions. We make the following contributions in this paper. (1) We gse the
first pure data-driven strategy for XML view updating, whigharantees that all updates
are correctly classified. (2) We also propose a schemasduipdate translatability reason-
ing strategy, which uses schema knowledge including no keys and foreign keys to
efficiently filter out untranslatable updates and identignslatable updates when possi-
ble. (3) We design an interleaved strategy that optimaliploimes both schema and data
knowledge into one update algorithm, which performs a ceteptlassification in polyno-
mial time for the core subset of XQuery vied§4) We have implemented the algorithms,
along with respective optimization techniques in a worlsggtem called HUX. We report
experiments assessing its performance and usefulness.

Outline. Section 2 formally defines the view updating problem andewsithe clean
source theory. The pure data-driven side-effect checkiagegy is described in Section 3,
while the schema-driven one is described in Section 4. Webguoenthe power of both
schema and data checking into the schema-centric updatethig of HUX (Section 5).
Section 6 provides our evaluation, Section 7 reviews thetedlwork and Section 8 con-
cludes our work.

2 Preliminary

An XML view V is specified by aiew definition D E Fy, over a given relational database
D. In our caseDEFy is an XQuery expression [24] calledvéew query Let G be the

2 The complexity analysis is omitted for space consideration
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domain of update operations over the view. ke€ U be an update on the vieW. An
insertionadds while adeletionremoves an element from the XML view. iéplacement
replaces an existing view element with a new one.

\Y QE)U—, u(v)

() (4)
DEF, DEF,

@U u(d)

Fig. 4. Correct Translation of View Updates

Definition 1. A relational update sequendé on a relational databaseé is a correct
translation of an update: on the view iff u(DEFy (D)) = DEFy (U (D)).

A correct translation is shown in Fig. 4 holds. Intuitivedycorrect translation exactly
performs the view update and nothing else, namely, withtavt gide-effects.

Clean Extended Source Theorylhe clean source theorjl3], has been widely used as
theoretical foundation for the relational view update peotn[12,5]. LetRy, R, ..., R,
be the set of relations referenced by the SQL qudgnf a view schema node Informally
aview element’s generatorg(e) is{ R}, R, ..., R}, whereR; € R;(i = 1..n) contains
exactly the tuple inR; used to derive. For example, the generator of tReofessorview
P1 in Fig. 1(c) isg(P3) = {Professor.ta, Course.ts}. The definition of the generator
follows [13], also calledData lineagg12] andWhy Provenancgb].

Further, eachR? is asourceof the view element, denoted lsy For example, there
are two possible sources BB, namely,s;={ Professor.ta}, ss={Course.t3}. A clean
sourceis a source of an element used only by this particular eleargthto other one. For
instancegs; is a clean source aP3, but ss is not sinces, is also part of the generator of
C3.

Given an element and its sources. Let £ be the set of tuples; in databaseD,
which directly or indirectly refer to a tuple in the sourgehrough foreign key con-
straint(s). In other wordsE is the additional set of tuples that will get deleted when
we deletes. Now, extend(s) = s U E is called theextended sourceof s. For example,
extendProfessort;)={Professor;, StudentTA;, StudentTA-}.

As concluded in [13,25], an update translation is correetnid only if it deletes or
inserts a clean extended source of the view tuple. Intijtiie means that the update
operation only affects the “private space” of the given vadeament and will not cause any
view side-effect.

However, the update translatability checking based on lgencsource theory above
must examine the actual base data. Also, the number of palténainslations of a given
update can be large [5]. Therefore we propose instead tohessechema knowledge to
filter out the problematic updates whenever possible. Thisgs the search space in terms
of candidates we must consider. We thus introduce a set oégmonding schema-level
concepts as below.
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e A view element v A view schema node

g(e) The generator of G(v) The schema-level Generator of

s The source oé S The schema-level Source of

extend(s)|The extended source @ Extend(S)|The schema-level Extended SourceXif
(a) Main Concepts at the Data-level (b) Main Concepts at the Schema-level

Fig. 5. Main Concepts Used for View Updates

Given a view element and its schema node Schema-level generat@¥(v) indi-
cates the set of relations from which the generate) is extracted. SimilarlyS denotes
the set of relations the sourealerived from, namedchema-level sourc&or example,
G(P)={ProfessorCourség. Schema level sources include={ Professo}, S,={Coursg.
Note thatS C Extend(S) C D.

XML View Elements Classification Given an XML view update on elemeata correct
translation for this update can update any descendant eteshe in addition to updat-
ing e. However, this translation shouttbt affect any of the non-descendant elements of
e. We classify these non-descendant elements into thregograsi shown in Figure 6.
Group-NonDescincludes view elements whose schema nodes are non-destemdes

of v. Group-Self includes those whose schema node.isGroup-Descincludes those
whose schema nodes are descendants of

Np-NonDesc

)
Group-Self
E Group-Desc

Fig. 6. Schema Tree Structure

For example, let the view elementbe P1 from Fig 1. Then Group-NonDesc in-
cludesCl, C2, C3. Group-Self included?2, P3. Group-Desc include®2. PN2,
P2. PC2, P2.TA3, P3.PN3, P3.PC3. For updating a view elememt if there is
a translation that performs the update without affecting @lement of any of the three
groups, then this is a correct translation of the given updat

3 Data-driven View Updating

Using clean source theory, most commercial relational date systems [21, 2, 8] and
some research prototypes [5, 12] directly issue SQL queriesthe base data to identify
view side-effects. If any clean source (exclusive dataagee[12]) is found to exist, then
this source can be a correct translation. Below we extergdapproach to find a clean
extended source for updating elements in an XML view.

Given the generatagy(e) = { R}, R3, ..., R } of a view element of a schema node
Intuitively, deleting anyR; from the generator will certainly delete the elemenHow-
ever, whenR? get deletedextend(R}) (all the base tuples that directly or indirectly refer
to it) will also get deleted. Thus if any € extend(R}) also belongs tg(e’), wheree’



8 Ling Wang, Ming Jiang, Elke A. Rundensteiner and Murali Man

is another view element other tharor its descendants, will also get deleted. This is a
view side-effect and implie®; cannot be a correct translation. Therefore®jfis a cor-
rect translation, all the view elements should remain ungked after deletingztend(R),
excepte and its descendants.

Let D andD’ be relational database instances before and after delefifgAlso, Q¥
is the SQL query for a schema nodén view schema graph. TheR?(D) andQ?(D’)
stand for sets of view elements that correspondiefore and after deletingctend(R})
respectively. ThugQ?(D) — Q¥ (D’), denoted as\(v), are view elements that are deleted
by deletingR;. The following three rules detect side effects in each othinee groups of
nodes (Fig. 6). The rules are self-explanatory and we slkapngses for the first two rules
for space considerations.

Rule 1 Consider Group-NonDesc nodé Deleting R} from g(e) will delete the element
e without causing side-effect on any elemé&ntf v if A(v') = 0.

Rule 2 Consider Group-Self node’. Deleting R} from g(e) will delete the element
without causing side-effect on any elementf v’ if A(v') = e.

For a schema nod€ in Group-Desce’ of v will get deleted ife’ is a descendant
of e. For example, considerl in Figure 7(c). Its generator iCour se.t1}. Let R} be
Cour se.t;. When R} gets deletedextend(Course.t;) = {Course.t1, StudentTA.t,
StudentTA.to} gets deleted as well. This in turn deletes, s1”, s2’ and s2” in Fig-
ure 7(c), which causes view side-effects.

<View>
FOR $c IN DOCUMENT( Course ) /Row,

RETURN View vi View
<Course> Select * F c ew
$ clnameltext) Course  Select” From Gourse . 5 s 2 D3
FOR $s IN DOCUMENTGtudentTA )/Row Select * From ° °
RETURN Student Course, StudentTA
<Student> X
$ s/sname/text) (b) view schema graph and SQL query s1 s2 s3 st s2 s3 s1"s2" s3" s3' s
</Student> (d) view instance if
</Course> (c) view instance before the update we delete Course.t1

<Niew>
(a) XQuery over DB in Fig 1 (a)

Fig. 7. Examples for Group-Desc

Let us make it more general. Let the SQL query for ned® Q¥ (R1, Ra, - .., R,).
Let v’ be a node in Group-Desc, whose SQL quer@is(Ry, R, ..., Ry, S1, So, .. .,
Sm) (note that”" will include all relations specified if)?). For an element of nodev,
letg(e) = {R},R;,..., R:}. The elements of’ that are descendants efare given by
Q" (R}, R5,...,R%, S1,S,,...,5,). Todetermine if deleting?; causes side effects on
elements of’, we need to check whether the elements’dhat are deleted are those that
are descendants ef as stated below.

Rule 3 Consider Group-Desc nodé€. Deleting R} will delete e without causing side-
effects on elements of nodeif A(v') = QY (R{,R5,...,R:,51,52,...,5m).

3 As extend(R}) gets deleted when deletirg), terms "deletingR;” and "deletingextend(R;)”
are used interchangeably.
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Theorem 1. Consider a sourcek? of e. For Vv, wherewv is a schema node in the view,
if there are no side effects caused by deletitjgaccording to Rules 1 - 3, theR; is a
correct translation for deleting.

4 Schema-driven View Updating

In the previous section, we described the approach of ifyamgi side-effects byexamin-
ing the actual base dat& his approach isorrectandcomplete meaning we can always
reject all untranslatable updates and identify all traiasle updates. However, this data
examination step could be quite expensive. We now proposera effective solution
based on schema knowledge. Using schema knowledge onlyillaassify an update as
untranslatablg Example 2)translatable(Example 1) andincertain(Example 3).

On the schema level, when we classify an update as "trabsddtdt implies for all
the database instances, there exists a correct transtatitims update. Just like in Sec-
tion 3, we will set three rules to check if the given user vigudate can achieve this in
Section 4.1. Similarly, when we classify an update as "urgiaable”, it implies for all the
database instances, any translation of this update wikhydveause side-effects. We will
discuss this in Section 4.2. For those updates that we cguiapantee it is translatable or
untranslatable, we will examine the actual base data tsifyas

4.1 Schema-level Translatable Updates

To classify an update as always translatable (Example 1hawe to check whether a clean
source always exists for any update on the schema node. Towifa rules are used to
identify whether it is possible to delete a source withowresausing any side-effects on
Group-NonDesc, Group-Self and Group-Desc nodes. Note aseweé to guarantee this
update is translatable for all database instances, trefil rules tend to be conservative,
which means they may be too strict for some specific instarte@sa specific database
instance, we will not reject an view update if none of its slations satisfy all these rules,
we only claim that we haven’t found a correct translation.

Similar to the idea in data-checking in Section 3, we will sioier every Sourcé €
G(v) as atranslation, as deleting the gener&pe S will deletee. For eacht, we use the
following rules to check if deleting tuples frof; will cause side-effects on nodes in dif-
ferent groups. We again describe these rules without exaaaslthey are self-explanatory
and for space considerations.

Rule 4 Given a view schema node Deleting a sourceés € G(v) will not cause any
side-effect on view element of naden Group-NonDesc if Extend() N G(v’) = 0.

For elements in Group-Self, the approach is similar to tioattfie relational view
update problem [15, 13]. Here, we first construct a Computalependency Graph as
below.

Definition 2. Computation Dependency GraphGe.
1. Given a view schema nodecomputed by SQL que®”. Let Ry, Ry, ..., R, be

relations referenced b@". EachR;, 1 < ¢ < nforms anode irGo. o
2. LetR;, R; be two nodesk; # R;). There is an edgé?; — R; if Q has a join

condition of the formiz;.a = R;.b andR;.b is UNIQUE inR;.
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3. If Q has a join conditionR;.a = R;.b whereR;.a is UNIQUE forR; and R;.b is
UNIQUE for R, then there are two edgds; — R; and alsoR; — R;.

Fig. 8 shows the computation dependency graptfand P.T'A nodes in Fig 3.

Course.pid = Professor.pid StudentTA.cid = Course.cid Course.pid = Professor.pid

Course Professor StudentTA Course  Professor

(@) (b)

Fig.8.(a) G¢ of P-node and (b of P. TA-node

Rule 5 Given a view schema nodeand its computation dependency gragh. Delet-
ing a sourceS of v will not cause side-effect in any view element of Group-ibéife
corresponding node & in G can reach all other nodes.

For a nodev’ in Group-Desc, we check that the view query fdrcaptures all the
key/foreign key constraints between any relatioriziy’) - G(v) and the Sourcé of v.
We say that a query captures a key/foreign key constraimefirences k, if the query
includes a predicate of the form k=fk. Intuitively, this enss that when a tuple f is
deleted, the only view elements that are affected are theeddsants oé, the view element
to be deleted.

Rule 6 Deleting a source of v will not cause any view side-effect in any view element of
nodev’ in Group-Desc if for any?; € G(v') — G(v), key/foriegn key constraints between
R; andS are captured in the query far'.

Theorem 2. For a given view update, if a translationU does not cause side-effects on
Group-NonDesc nodes (by Rule 4, on Group-Self nodes (by3w@ed on Group-Desc
nodes (by Rule 6), thdli is a correct translation.

4.2 Schema-level Untranslatable Updates

Schema-level untranslatable updates are determined bylthbelow. If the generator of

a view schema node is the same as that of its parent node, then it is guarante¢d th
deletion of any source of an elementodvill cause side-effects on its parent element. See
Example 2 in Section 1.1.

Rule 7 Given a view schema nodgand its parent schema nodg, a sourceS of v will
cause side-effects ap if S € G(vp).

Theorem 3. Given a view schema node and its parent schema nodg, if G(v) =
G(vp), then there is no correct translation for updating any eleiref v.

4.3 Schema-level Uncertain Updates

If for a view schema node, we cannot determine at the schema-level whether an update
of an element ofv is translatable or untranslatable, we say that update sfrtbde is
schema-level uncertain.
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5 Schema-centric XML View Updating Algorithm

Given a user view update, after applying rules defined ini@eet, we may not still be
able to classify it as translatable or not. In such casesaneise rules defined in Section 3
to determine which translations are correct. With thosesulve can always classify an
update as translatable or untranslatable. Further, thereditsons made during the schema-
checking can be used to optimize the data-checking.

For example, consider the updatesandu, in Example 3 in Section 1. Here, is
P in the schema graph shown in Figure 3. There are two relatio§v): Professor
and Course. After applying the schema checking rules on these two la#inas sepa-
rately, we cannot find a correct translation, and these egdat classified as “uncertain”.
Now we perform the data-checking. However, the schemakihgceveals thaCourse
is not a correct translation, and hence this need not be ekde&kirther, while checking
Professor, the schema-checking reveals that there will be no sidectsfionP. 7' A, and
hence side-effects oR.T'A need not be examined during data-checking.

In summary, when doing data-checking, schema-checkinwlauige can help us in
two ways:

1. Prune down translations. Those translations identieda@orrect on the schema-level
need not be considered at the data-level.

2. Prune down view schema nodes. Given a translafipmand a schema nod¢€ in
Group-NonDesc, Group-Self or Group-DescFif will never cause any side-effects
onv’, there is no need to check side-effectsvdon the data-level.

In order to pass the observations from the schema-levelkaigeto the data-level
checking, we introduce a data structu§¢(v) (Search Space), that keeps track of the
observations made with regards to the update of an elementldfe column names are
all the relations inG(v) (they are the different possible translations). The row esare
nodes in the schema graph of the view (the nodes for which we teedetermine whether
there will be side-effects). Consider the view defined inufégl in Section 1. The initial
Search Space (before any rules are applied) consists of s¢eema node®, P.PN,
P.PC, PTA, C are shown in Figure 9.

SS(C) SS(P). SS(P.PN). SS(P.PC) SS P.TA|) =
ransfations transtation: ransiations | professor| Course| StudentTA

iew schema Course iow schema fodes. Professor| Course [ iow schema ng
P
PPN P.PN P.PN
P.PC P.PC P.PC
P.TA P.TA P.TA
C o} C

Fig. 9. Initial Search Space for view schema nodes in Figure 3

During the schema-level checking, if we determine thatatieh R; in G(v) does not
cause side-effects on a view schema nodeve denote it a&+/” in the cell(R;,v’). On
the other hand, if we determine th&g will cause side-effects o', we denote it a8 x”
in the cell(R;, v"). If the schema-level check cannot provide any guarantegsvelsether
there will be side-effects o’ or not, then the cell is left blank. Let us illustrate how the
schema level checking proceeds for our example in Fig. 1.
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First Step: Schema-CheckingAfter applying Rule 7 on each relation @(v), SS(P)
andSS(C) remain unchanged. For the rest of view schema nodes, tleittsepaces are
updated as in Figure 10. This also implies we should not denstro fessor for deleting
view elements ofP.PN, P.PC and P.T'A nodes. Now, we can classify any update on
P.PC andP.PN as untranslatable, as every one of their Sources will cadsectfects.

SS(P.PN), SS(P.PC)

SS(P.TA)
-anslations| Translations
\\L%ﬁes\ Professor | Course Professor| Course | StudentTA|
'iw chema n < M m
P X X
P.PN

PPN
P.PC
P.TA
G

P.PC
P.TA
Cc

Fig. 10.Search Spaces after applying Rule 7

Now, we utilize rules in Section 4.1. Currently, we need teahtranslatiorCourse
for C, Professor for P and StudentT A for P.P A. After applying the three rules, up-

dated search spaces are shown in Figure 11. We classify alajaupnP.T A as translat-
able, and the correct translation is to delete fiSitndentT A.

SS(P)

) SS(P.TA)
—~— S| Prof [ = [ e Professorl Course| StudentTA

few cnem rofessor| ourse iew schema nodes.__ ourse iew schemaT

P i P X v

P.PN v P.PN P.PN X v

PPC v P.PC P.PC X v

PTA v P.TA P.TA v

c v X c v c v

Fig. 11.Search Spaces after applying rues in Section 4.1

Second Step: Data-CheckindJpdates onP andC nodes are classified as uncertain by
the schema-level checking, therefore given a user updataeged to do a data-level check.
However, for update of an element of noBewe need to check whether the source from
Professor table will cause any side-effect on elements of ndjevhich implies we
need to use Rule 2 only. Now, for updates andu, in Example 3, we find thats is
translatable, and the correct translation is defdteo fessor.ta }; u4 is untranslatable.

6 Evaluation

We conducted experiments to address the performance inopactr system. The test
system used is a dual Intel(R) Pentiumlll 1GHz processorigmory, running SuSe
Linux and Oracle 10g. The relational database is built usiRG-H benchmark [23]. Two
views are used in our experiments, with their view schemaw/sibelow.

The cost of the schema-level marking and checking as the gimsy size increases is
shown in Fig. 12. The view. uses only the lineitem table; the vielO uses the lineitem
and orders table, and so on, and the views are WellNestedViEwe schema-level mark-
ing is done at compile time, and the time for this marking éases with the view query
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View View
* * * R.regionkey=N.regionkey
Region Region
9 . . Regionnew g
* R.regionkey=N.regionkey *
Nation Nation
» N.nationkey=C.nationkey *CN.?atlonkeyzc.nanonkey
ustomer
mer
*CUSIO e _ * C.customerkey=N.customerk
C.customerkey=N.customerk Orders
Orders
* O.orderkey=Ll.orderkey
* O.orderkey=Ll.orderkey Lineltem
Lineltem
WellNestedView DupSiblingView

size. However, given an update, the check involves onlykihgahe mark for that node
and hence it is constant, and negligible.

Time(s) Times(s) 5908

009 BN, G. System 0 HUX

45
008
4
s 007
5 006
0047 0047
25 —=—Mark-time —=— Check-time
004
2 0.03] 0.03 0053 0028
15 003
1 002 0.1 0011
001 00 001
05 001 elementto-
o4 delete

04 View
L Lo Loc LocN LOCNR Linetem  Orders  Customer  Nation  Region  RegionNew

Fig. 12. schema-Level Checking Performance Fig. 13.Hux vs. Non-Guaranteed System

Run-time Overhead of HUX Let us compare the run-time overhead of HUX. The run-
time costs of HUX include: check the compile-time mark, daa-time check if needed,
find the correct translation and perform it (if translatable compared HUX against
a Non-Guaranteed (NG) System that arbitrarily choosesreslation. The comparison
using the DupSiblingView is shown in Fig. 13. Updates on ltem, Orders, Customer
and Region are found to be translatable at the schema-ksegffective comparison, we
assume that the NG system magically finds the correct tramsl&ote the small overhead
for HUX. Nation is determined to be schema-level untraadllet. Updates on RegionKey
require a data-level check and hence is expensive.

HUX vs. Data-based View Update Systenif schema-level check can classify an update
as translatable or untranslatable, then HUX is very efficencompared to data-based
systems. Fig 14 shows that the time taken at run-time for Htd)ssconstant. However,
the data level check is much more expensive for differew gjaery sizes. The best case
for data level check is when the first translation checkeddsreect translation; the worst
case is when all the translations except the last are incidremslations.

We also compared HUX against a pure data-based XML updagistgrs as in Sec-
tion 3. Note that HUX is very efficient except when data-lesleécks also need to be
performed, as for updates against elements of Regionnenigel5.
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Tme(s  —e— HUX
—x— Data-driven best case Time(ms) 117.764

—=— Data-driven worst case 120

o 100 @ Data-driven 87.495
B HUX
80
N view 60
size

c LocN LOCNR

,
5

26.5

ot 207 13897 3.91 6.02
6
0 mo.oas 0035 0.02 .003 0.02 2 Eement-to-
} Delete
lineitem orders customer nation region regionnew

Fig. 14. HUX vs. relational view update system Fig. 15.HUX vs. Pure data-based view update system

7 Related Work

[17,15] study view update translation mechanism for SPJigsi@n relations that are in
BCNF. [3] further extends it to object-based views. [22#ti$ execution cost of updating
XML views using triggers versus indices. Recent works [4idgtthe update ovewell-
nestedXML views. However, as authors map XML view into relationaéw updating
problem, some of the constraints in XML views cannot be cagatL{19, 7] develop an ER
based theory to guide the design of valid XML views, whichidwhe duplication from
joins and multiple references to the relations. Our workie paper isorthogonalto these
works by addressing new challenges related to the deci$ivarslation existence instead
of assuming a view to be well-nested or valid.

We have studied schema-based approaches for checking igtenee of a correct
translation [25]. This work combines the schema-basedaguhes with data-based ap-
proaches efficiently to perform more updates. The concegeatrator that we used is
borrowed from [13], and is similar to the conceptsiata provenancgs] or lineage[12].

In a recent work [18], the authors propose an approach te asioxiliary data for relational
view updates; in their framework all updates are translatabdnother recent work [9]
studies the problem of updating XML views materialized datrens. However, they do
not consider performing the updates against the origidatioms from which the XML

view was published as studied in this work.

8 Conclusion

In this paper, we have proposed an efficient solution for tMLX/iew update problem.

A progressive translatability checking approach is useglisrantee that only translatable
updates are fed into the actual translation system to obtaicorresponding SQL state-
ments. Our solution igfficientsince we perform schema-level (thus very inexpensive)
checks first, while utilizing the data-level checking ontyttze last step. Even during this
last step, we utilize the schema knowledge to effectivedyice the search space for find-
ing the translation. Our experiments illustrate the besefitour approach. Our approach
can be applied by any existing view update system for armadyttie translatability of a
given update before its translation is attempted.
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