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Abstract

XML has become an important medium for data exchange, amddadntly used as an interface to —i.e. a view
of — a relational database. Although much attention has hgsd to the problem of querying relational databases
through XML views, the problem of updating relational dataés through XML views has not been addressed. In
this paper we investigate how a subset of XQuery can be udmdltbupdatable XML views, so that an update to
the view can be unambiguously translated to a set of updateseounderlying relational database, assuming that
certain key and foreign key constraints hold. In particulae show how views defined in this subset of XQuery can
be mapped to a set of relational views, thus transformingptbblem of updating relational databases through XML
views into a classical problem of updating relational dadabs through relational views.

1. Introduction

XML has become an important medium for data exchange, amgdgiéntly used as an inter-
face to — i.e. a view of — a relational database. Much attari@s been paid to the problem
of querying relational databases through XML views [1, 2, Gjven a query in some XML
guery language, how is the query translated to an SQL quemsigthe relational instance and
the result then manipulated to produce an XML result? Howedbe problem of updating the
relational database through an XML view has not been adedesSiven an update to an XML
view expressed in some XML update language, how is the upddatelated to an update on
the relational instance? In particular, are there class&dMh. views which areupdatablefor a
given type of update (insertion, deletion or modificatiam}he sense that the XML update can
be translated to an update on the relational instance whererly tuples affected are those who
completely satisfy the update specification?

For example, consider the database of Figure 1 which cantaformation about authors,
conferences, papers and books. An XML view of this databdsehngroups papers published
by year for each author is shown in Figure 2(a). Suppose wi wwishange the title of Mary
Jones’s paper with id "IR", and reference this element in theatgpdpecification by using the
path expressionr esul t/ aut hor [ @ d="1"]/ paper s/ paper[ @d="IR']/ti tl e. Since Charles
Green is also a co-author of this paper, translating thiatgtb the relational database would
result in Charles Green’s IR paper also being updated in thé Xiéw. This view is therefore
not updatable with respect to the given update. Howevereitipdate the title of the paper with
id "IR" using the path expressiampaper[ @d="1R']/titl e (i.e. omit the author in the update
path) no such side-effects would occur. Since we are notifgpeg the author in the update
path expression, all titles of papers with id "IR" would be @dtkin the view, and no side effects
would occur.
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Author Conference

id name email confld confHame
T(iary Jones maryjonesiassa Com DERE  |Conference on Database and Expert systems Applications
F|Charles Green  |charlesgibib com FoD YMPOSILM on Principles of Dalabase Sy Slems
S[Michael Furt urigicos com [OH |Conference on wery Large Data Dazes
Ba Paper
author | i=bo | | pid title confld [year gg{‘aﬂe“;‘a'g;_s
T 1234 [Tk Datahaszes and TR LOB 2002 CONS TRAINT CanfPaper
T| T235| [GWED [Querying the Weh [DERE 2000]  foreign key (corfld) references Conference
T 1235 [WS VED SLUFvEY (RN)5) 2007 Ontable Ba:
T AT Pa Book COMSTRAINT AuthorBa
- - _ foreign key (author) references Author
21257
Ao (2MMDOC] BId | [isbn | fitle | year | CowsTRAINT BookBa
TR T254|BookT 2000)  foreign key (bn) references Book
K T[@WER| [ TZ35[0ockZ | 2007|  Ontable Pa:
31236 TIED oo T COMSTRAINT AutharPa
foreign key (author) references Suthor
Gl T237BookE | 2001 o oL TRAINT PaperPa
g xg 0akS 2007 foreign key (pid) references Paper

Figure 1: Sample database

In previous work [4], we addressed this problem by considgtine nested relational algebra
(NRA) [5] as the language defining the XML view, and showed &miNRA view can be mapped
to a relational view. In doing so, we were able to build upoavpus work on updates to
relational views [6, 7], and map a new problem (updatingti@hal databases through NRA
views) to a well studied problem.

Although the NRA captures many essential aspects of XML, iti@dar the notion of tuples
and nesting, it does not capture other aspects of XML, inqa4dar the ability to create hetero-
geneous sets (or lists). As a simple example, consider the ¥k of Figure 2(b), which lists
papersand bookspublished by year. Since the nested set is heterogeneopergpand books
have different attributes), this cannot be specified in thRRANHowever, such a view is easily
defined in standard XML query languages.

In this paper, we therefore consider a subset of XQuery [8¢lhllows nesting as well as
heterogeneous sets, and show how updates over XML viewsrapagated to the underlying
relational database. The key observation is that XML vievith \weterogeneous sets can be
mapped to aetof nested relational views. For example, the view in Figui® 2an be mapped
to a set consisting of the nested relational view of Figueg a(d its counterpart containing only
book information by year for each author. Updates to such Xi#ws can then be mapped to a
set of updates to the underlying nested relational tables.

We chose XQuery as the XML query language since it is widebepted, and is becoming
somewhat of a standard. We also borrowed some ideas from $8)L&h extension to SQL be-
ing developed by INCITS: we use the SQLX representation faticmnal tables{ow), and define
an input function to XQuery calledabl e to access relational tables. This function, however, is
slightly different from the one proposed in SQLX.

The structure and contributions of this paper are:

1. Section 2: The definition of a subset of XQuery for extragtipdatable XML views from
relational databases. The subset is augmented with twoeswres: a functionabl e to
extract data from relational sources and transform tupisa set of XML nodes, and a
macro operatoxnest to facilitate nesting. Note thainest does not add anything to the
language, and that queries containimgst can be mapped to XQuery.

2. Section 3: A method for mapping XML views to a set of relatibviews. The relational
views can then be used to check for XML view updatability.

3. Section 4: An overview on how updates into XML views araéstated to updates on the
corresponding relational views.

Related work is given in section 5, and section 6 concludepdper with a summary and

future research.



<resul t>
<aut hor id="1">
<name> Mary Jones </ nane>
<addr ess>
<enmi | > maryj ones@aa. com </ emai | >
</ addr ess>
<papers year="2002">
<paper id="IR'>
<title> Databases and IR </title>
<confld> VLDB </confld>
</ paper >
</ paper s>
<papers year="2000">
<paper id="Q\EB">
<title> Querying the Wb </title>
<conf | d> DEXA </confld>
</ paper >
</ paper s>
<papers year="2001">
<paper id="WEB">
<title> Web Survey </title>
<confld> VLDB </confld>
</ paper >
</ paper s>
</ aut hor >
<aut hor id="2">
<nane> Charles Geen </nane>
<addr ess>
<emai | > charel s@bn. com </ enwi | >
</ addr ess>
<papers year="2002">

<result>
<aut hor id="1">
<name> Mary Jones </nane>
<addr ess>
<enmi | > maryj ones@aa. com </ emai | >
</ addr ess>
<papers year="2002">
<paper id="IR'>
<title> Databases and IR </title>
<confld> VLDB </confld>
</ paper >
</ paper s>
<papers year="2000">
<paper id="Q\EB">
<title> Querying the Wb </title>
<conf | d> DEXA </confld>
</ paper >
<book isbn="1234">
<title> Bookl </title>
</ book>
</ paper s>
<papers year="2001">
<paper id="WEB">
<title> Web Survey </title>
<confld> VLDB </confld>
</ paper >
<book isbn="1235">
<title> Book2 </title>
</ book>
<book isbn="1238">
<title> Book5 </title>

<paper id="IR'> </ book>
<title> Databases and IR </title> </ paper s>
<confld> VLDB </confld> </ aut hor >
</ paper > ..
</ paper s> </result>
</result> (a) (b)

Figure 2: (a) Nested relational XML view (b) XML view
2. A Subset of XQuery to Build XML Views

Our goal is to find a subset of XQuery which produces updatéMe views. As shown in [4],
this subset should certainly include queries which prodwested relations. However, we wish to
broaden this to queries which allow multiple sets within ated component. We call such XML
views “well-behaved” in the sense that they can be mappedsti af corresponding relational
views, whose updatability can be reasoned about usinglsstath techniques.

DEFINITION 1 A well behaved XML view is an XML tree extracted from a relalaratabase
with the following abstract type:
Tu=Fy:{E: 7} ({E: 7} )*
mrie=[(E:7s, | E:1c, |{E 7}, (E:1s | E:10) (L E: 75|, E:1c|,{F:m})*]
cr=[(E:1s|E:1c)(E 75|, E:7170)*]
(where “[...]" denotes a tuple and “{...}" denotes a setjy denotes a tuple type. denotes a
non-repeating complex type amg denotes an atomic type (e.g. #PCDATA or CDATA))is an
element name denoting the root of the document,/aiglan element or attribute name.

Note that well behaved views always have a rdgf)( have at least one repeating element
(right under the root), and that repeating elements areyal@alimited by an element. We adopt
the convention that attribute names start with “@".



Nodes of typerr whose descendants are non-repeating nogdelsr(;) are renamed toy.

For example, the view in Figure 2(b) is well behaved. We shiogvd4chema of the view
below, with the abstract type of each element shown to thd.rijote that the elememapers
has tuples of two different typepdperandboolk. Additionally, paperandbookare repeating
nodes whose descendants are non repeating nodes. Forabas feheir types are renamed to

TN -
result : (7)
{aut hor: (7r)
[@d: CDATA, (7s)
name: #PCDATA, (7s)
addr ess: (7¢)
[emmi | : #PCDATA], (7s)
{ papers: (7r)
[ @ear: CDATA, (7s)
{ paper: ()
[@d: CDATA, (7s)
title: #PCDATA, (7s)
confld: #PCDATA]}, (7s)
{ book: (7n)
[ @sbn: CDATA, (7s)
title: #PCDATA]} (7s)

1}
]
}

XQuery’s syntax is very broad and has lots of operators. Soinleese operators - such as
order related operators - do not really make sense when wpradeicing views of relational
databases in which there is no inherent order. Furthermagggegate operators create ambiguity
when mapping a given view tuple to the underlying relatiatatbbase. We will therefore ignore
ordering operators and outlaw aggregate operators. Trasghat the use okt in our subset
of XQuery must be very carefully controlled, and for thisgeawe will allow it only as expanded
by a new macro callegnest .

The subset we have chosen is called UXQuélpdatable XQuery and contains the follow-
ing:

e FWORTf or/ where/ order by/returnexpressions (note that we do not alloet expres-

sions).

e Element and attribute constructors.

e Comparison expressions.

e An input functiont abl e, which binds a variable to tuples of a relational table tlsat i

specified as a parameter to the function.

e A macro operator calledhest , which facilitates the construction of heterogeneousatkest

sets.

The EBNF of UXQuery is shown in Appendix A. The formal semasnit€UXQuery matches
the semantics of XQuery [10] with the exception of the newiirfpnctiont abl e and the macro
xnest , which we discuss next.

Semanticsof t abl e() . XQuery has three input functionisnput , col | ecti on anddocurnent
[11]. In UXQuery, the only input function available to theausst abl e. This function takes as
input a table from a relational database and returns a sapl&d in the following form:

<r ow>
<l-- tuple attributes -->

</ row>

Following SQLX [9], we translate this input function to XQueas follows.



22.
1. <conferencePapers> 23
2. {for $c in tabl e("conference") 24'
3. return 25'
4. <conference id="{$c/confld/text ()}">26'
5. { $c/ conf Nane} 27'
6. {xnest $p in table("paper") 28-
7. by $year in ($p/year) 29'
8. where $p/ confl d=$c/ confld 30'
9. return 31'
10. <papers year="{$year/text()}"> 32'
11. { 33'
12. <paper > 34'
13. {$p/ pi d} 35'
14. {$p/title} 36-
15. </ paper > 37'
16. } 38'
17. </ paper s> 39'
18. } ’
40.
19. </ conf erence>
41.
20.
42.
21. </ conferencePaper s> 43

<conferencePaper s>
{for $c in table("conference")
return
<conference id="{$c/confld/text()}">
{$c/ conf Nane}
{let $p° := table("paper")
for $year in distinct-val ues($p’ /year)
return
<papers year="{$year/text()}">
{for $p in tabl e("paper")
where $c/confld=$p/confld and $p/year =$year
return
<paper >
{$p/ pi d}
{$p/title}
</ paper >

</ paper s>

}

</ conf erence>

}

. </ conf erencePaper s>

Figure 3: Example of a query that uses the xnest operator (lines In@Zsaranslation to regular XQuery

syntax (lines 23-45)

define function tabl e($tabl eNane as xs:string) as node*

let $tuples : =
return $tuples

}

Semantics of xnest .

docunent (concat ( $t abl eNane, "

.xm "))/ /row

The xnest operator is used to specify possibly heterogeneous sets of

nested tuples that agree in the value of one or more attabiitee tuples are clustered according
to the value of these attributes, which we gadsting attributesA simple (non-heterogeneous)
example of such a query is shown in Figure 3 (lines 1-21). Tlerygspecifies a join of tables
conference and paper. For each conference, it shows thereogE name, the conference Id,
and the papers for that conference clustered by year. Thegedtribute in this case igear.

The syntax foxnest is defined by the following EBNF:

Nest ;1= Nestd ause Byd ause Wher eCl ause "return" Header
Nest Gl ause ::= "xnest "$" VarNane "in" TableExpr ("," "$" VarName "in" Tabl eExpr)*
ByCl ause = "by" "$" VarName "in" UnionExpr ("," "$" VarNane "in" Uni onExpr)*
Header ::= "<" QNane (QName "=" NestAttValue)+ ">" ( "{" ElGoup "}" )+ "</" QName ">"
| "<" QNanme ">" ( "{" "$" VarName "}" <" QNane ">" "{" "$" VarNane "/" TextTest "}"

"</" QName ">")+ ("{" ElGoup "}" )+ "</" QName ">"

NestAttValue ::= """ "{" "$" VarName "/" TextTest "}" "'"
[ » " {" "$" VarName "/" TextTest "}" '"’

El G oup = El nt Constructor
Uni onExpr ="(" "$" VarNane "/" QNarme ( ("union" | "|") "$" VarNane "/" QNane)* ")"

A query containing anest operator can be normalized to one using pure XQuery syntax.
The normalized query corresponding to the query in Figurn@g 1-21) is shown in Figure 3
(lines 22-43). The normalization process makes sure tlen#st variable (in the example,

$yean appears in thédeaderelement as an attribute or a sub-element.

In the example, the

Headerelement ispapers Notice that in the normalized query, we still use the inputdtion

t abl e.

Continuing with the example, theaest operation (lines 6-18) is normalized to the expression
shown in lines 27-40. The expression consists oéta f or (lines 27-28) and an additionabr
(lines 31-38) for eacklGroup(lines 11-16) specified in the query. In the normalizatioogess,
we introduce new variables in thet clause. These variables are primed ('), and correspond to
the variables specified in thk@est operator. There will be one primed variable in tke clause



<conf er encePaper s>

{f or $C in tabl e( "confer ence") name = ‘conferencePapers’ T
return [$c in table(“conference™)]
<conference id="{$c/confld/text()}">

{$c/ conf Nane}

{for $p in table("paper") gm@TﬁT&m@i Ty
where $c/confld = $p/confld and $p/year > 2000 [whersSliré/:oneilgig;r/cimﬂd
return and $p/year > 2000]
<paper >

{$p/ pi d} Ts
{$p/title} name = ‘@id’ name = Sc/confName
{ $p/ year } value = $c/confld value = $c/confName

</ paper >

} s Ts Ts
</ conf erence> [

name = ‘paper’

name = $p/pid name = $p/title name = $p/year
value = $p/pid value = $p/title value = $p/year

</ conf er encePaper s>

Figure 4: Example of UXQuery that joins two relations and its auxiliary quesy tr

for each variable specified in thk@est operator (XQuery does not accept variable names with
(). However, we use them here for ease of explanation).

The normalization process also makes sure that nested reiemee related to the nesting
variable. This is done by adding a new condition in ther e clause. In the example (line 32)
we added a condition requiring that the paper was publishéuki year specified bfyear

Note that this example shows a nesting over a single atérlwit that it is possible to specify
nests over more than one attribute.

A formal specification of the normalization process can hmtbin Appendix B.

3. Mapping Well-behaved XML Viewsto Relational Views

In order to check the updatability of well-behaved XML viesanstructed by UXQuery, we map
a given XML view to a set of corresponding relational views aise the techniques of updating
through relational views to determine the XML view updali&piln particular, we use the Dayal
and Bernstein technique [6, 12, 13].

We must therefore first map an XML view to its set of correspogdelational views. The
main idea behind the mapping process is to unnest the XML wiedvproduce the flat corre-
sponding relational views. In order to do so, we use an auryilguery tree that carries infor-
mation about the structure of the XML view, the source of edbtL element/attribute and the
restrictions applied to build the view. Each non-leaf notithe auxiliary query tree has a name
and possible annotation, and each leaf node in the tree hlas@ and a value.

To illustrate, we give a simple example that does not havertbet operator. Figure 4 shows
a query and its corresponding auxiliary query tree. Anmatatare shown between brackets (]
1. There are two types of annotations: "where" annotati&md "variable binding" annotations.
Each XML element specified in the query is represented by & imothe auxiliary query tree.
When an XML element is generated by an expression containuagiable, we name the node
with the corresponding expression (see n®gépid). Attributes are represented in the auxiliary
query tree in the same way as subelements, with the differérat their name starts with "@"
(see nodedid).

Auxiliary query trees are constructed from the view queryadiews: For each XML ele-
ment/attribute returned by the query, a node is createckitrée. For each node, we annotate all
variable bindings andher e conditions found between the node and the next non-leaf mode
the query. As an example, nodenferencePapelis the query tree of Figure 4 has an annotation
for the binding of variablé&c. Nodeconferencénas annotations about the binding of varigfe



and the conditionvhere $c/confld=$p/confld and $p/year > 2000

In the subset of XQuery we are using, leaf nodes can be catstrin two different ways: We
can specify the entire element using a variable {&dg conf Nane} ), or we can explicitly spec-
ify an XML element, and the value of its content using a vdeggle.g<nane>{ $c/ conf Nane/
t ext () } </ nane>). Both constructors are mapped to leaf nodes in the auxijagyy tree.

Connections in the auxiliary query tree represents pai@it/celationships. A repeating
element is connected to its parent by an *-edge, while npeatng elements are connected by
a simple edge. Repeating elements are those returned afdera axnest . Additionally, the
root node of arelement groupvithin axnest also receive an *-edge.

With this auxiliary query tree, we are now able to map an XMéwiconstructed with UX-
Query to its set of corresponding relational views. The gemaapping process is as follows:

SELECT <l eaf val ue> AS <leaf name>, ..., <leaf value> AS <l eaf nane>

FROM (<rel ati on> AS <variabl e> LEFT JO N <rel ati on> AS <vari abl e> ON <joi ncond>) LEFT JON ...
<rel ati on> AS <vari abl e> ON <j oi ncond>

WHERE (<"where" annotation> OR <"where" variable> IS NULL) AND ...
AND (<"where" annotation> OR <"where" variable> | S NULL)

For query of Figure 4, the generated relational view is thiefiong:

SELECT c.confld AS id, c.confName AS confName, p.pid AS pid, p.title AStitle, p.year AS year
FROM conference AS ¢ LEFT JO N paper AS p ON c.confld=p.confld
WHERE (p.year > 2000 OR p.year |S NULL)

The name of each attribute in the relational view (specifitel @nAs expression) is gener-
ated by the evaluation of the expression specified in the rdr@ach leaf node. As an example,
the nodeid hasname="@id’, so the nhame&®@id is copied to the SELECT expression without
the "@". The nodeonfNamespecifiesmname=$c/confNameThis expression is evaluated as the
name of theconfNamaeattribute pointed by variabl$c, which is obviouslyconfName The same
is done for the other attributes.

TheFRroMclause is constructed using the source table of each vareiiotated in the auxil-
iary query tree. The variable name is used as an alias. For@gabcis a variable that is bound
to theconferenceable, scacis its alias in theROviclause. We useerT JO N between ancestor-
descendant nodes in the tree because it preserves empty Hatsnesting. For example, if a
conference has no papers, the conference will still appeituei XML view.

The WHERE clause is generated using the annotations in the tree that nod used as join
conditions. For each of these conditions, we add an “OR IS NWdlause to ensure that empty
sets are preserved in the nesting (e.g. otherwise confesé¢at have no papers would not appear
in the view, because they do not satisfy thHERE condition).

The auxiliary tree of queries involvingnest are constructed in a slightly different manner.
Annotations of variables and where clauses withimast expression are placed on the node
that represents theeaderelement of thexnest expression. For example, the query in Figure 3
is shown again in Figure 5 together with its auxiliary queset Proceeding with the mapping
process, the query in Figure 5 corresponds to the followatagional view.

SELECT c.confld AS id, c.confName AS confName, p.year AS year, p.pid AS pid, p.title AStitle
FROM conference AS ¢ LEFT JO N paper AS p ON c.confld=p.confld

There are cases where an XML view is mapped to more than oagor&l view, as in
the query of Figure 6 (the resulting XML instance is shown igufe 8). This XML view is
mapped to two relational views: one containing data aboiltcas and papers, and the other one
containing data about authors and books. The decision ofeatbe‘split” the view is based on
f or s that appear on the same nesting level in the normalized @tirer normalized query for the
query in Figure 6 is shown in Figure 7). Each of theses creates a new set of tuples, which



<conf er encePaper s>

H T
{for $c in table("conference") name = ‘conferencePapers’
return [$c in table(“conference”)]

<conference id="{$c/confld/text()}">

{$c/ conf Nane} % T
{xnest $p in tabl e("paper") [ name = “conference’ }
by $year in ($p/year)
where $c/ confl d=$p/confld
return T Ts il
<papers year =" { $yea|' / t ext () } "> { name = ‘@id’ } { name = $c/confName J name = “papers’
{ <paper > value = $c/confld value = $c/confName [$p in table(paper™)]
{$p/ pl d} [where $c/confld=$p/confld]
($p/title}
</ paper >} Ts sk ™n
</ paper s> name = ‘@year’ . N
} pap { valuc:$p/yycar } {name— paper
</ conf er ence> o — [

{ name = $p/pid } { name = $p/title }

</ conf er encePaper s> value = Sp/pid value = $p/title

Figure 5: Example of UXQuery that nests elements, and its corresponaiiiiagy query tree

should be mapped to distinct relational views. Informationievels above is considered to be
common to both set of tuples. The resulting relational viewessshown below (we name these
views in order to be able to reference them in next section):

CREATE VI EW VI EWMBOOK AS
SELECT a.id AS id, a.nane AS nane, a.enmil AS emmil, b.year AS year, b.title AStitle,
b.isbn AS isbn
FROM (author AS a LEFT JO N ba AS ba ON ba.author=a.id) LEFT JO N book AS b ON b.isbn=ba.isbn

CREATE VI EW VI EWPAPER AS
SELECT a.id AS id, a.nanme AS nanme, a.emmil AS emmil, p.year AS year, p.title AStitle,
p.pid AS pid
FROM (aut hor AS a LEFT JO N pa AS pa ON pa.author=a.id) LEFT JO N paper AS p ON p. pid=pa.pid

The algorithms described in this section are available 4j.[1

4. Checking for XML View Updatability

In this section, we use the mapping from an XML view to its esponding relational views as
explained in section 3 to exemplify update operations owdiLX/iews. We further discuss the
intuition of determining the updatability of XML views caingcted by UXQuery. A complete
study of updatability of XML views produced by UXQuery is lmad the scope of this paper.

Before presenting our update strategy, it is necessary toedpfiecisely what we mean by
side-effects, or problematic updates.

DEFINITION 2 Let D be a relational database and a view query definition oveb. LetU be
an update over the view produced Byandt its translation to the relational database. We say
thatU is a side-effect free update whéifV' (D)) = V(¢(D)).

Our syntax for updates is similar to that of [4]. An updateragien is a triple «,A,ref>,
whereu is the type of operation (insert, delete, modifgyjs the XML tree to be inserted, or (in
case of a modification) an atomic value; arflis a simple path expression in XPath [15] which
indicates where the update is to occur. Note that the patresgipn may evaluate to a set of
nodes in the tree. Deletions do not need to specify, aince all the nodes under the evaluation
of ref will be deleted.

In the examples of this section, we use the XML view resulfrogn the query in Figure 6 as
shown in Figure 8. The update operations are also specifiejure 8.



<aut hor s> B
. " " name = ‘authors
{for $a in table("author") [$a in table(“author™)] | T

return

<author id="{S$a/id/text()}"> ko
(Sa/ nare)
<addr ess> Tg B S T
{ $a/ emai | } name = ‘@id’ name = $a/name — “address’ name = ‘publications’
</ addr ess> value = $a/id value = $a/name name = “address [$ba in table(“ba”)]
: " " : W [$b in table(“book™)]
{xnest $ba_|n tables b? ), $b_|n tableg b )," ‘ Tg [where Sbiauthor-$wid AND
$pa in table("pa"), $p in table("paper") - - $b/isbn=Sbarisbn]
! name = $a/email " t, o5
by $year in ($b/year | $p/year) [$pa in table(“pa”)]
[$p in table(*paper”)]

where $ba/aut hor=%$a/id and $b/i sbn=$ba/i sbn and
$pa/ aut hor=$a/id and $p/ pi d=$pa/ pi d
return
<publications year="{$year/text()}">
{<book>
{$b/title}
{$b/i sbn} ™ Ty

</ book>} name = @year name = ‘book’ name = “conf’
value = $b/year union $p/year

{<conf >
{$p/title} TM T Ts

{ $p/ p| d} name = $b/title name = $b/isbn name = $p/title name = $p/pid
</ conf >} value = $Sb/title value = $b/isbn value = $p/title value = $p/pid

</ publications>

}

</ aut hor >

}

</ aut hor s>

Figure 6: Example of UXQuery that mixes information of different relationh@ésame nesting level and
the corresponding auxiliary query tree

[where $pa/author=$a/id AND
$p/pid=Spa/pid]

Ts

An attempt to insert a new author in this view would be spetiisU;. This would be

translated to the following insertions over the relatioviaivs:

I NSERT | NTO VI EMBOX (id, nane, enmail)
VALUES (4, "Robert Wite", "white@zz.cont)

I NSERT | NTO VI EWPAPER (i d, nane, emmil)
VALUES (4, "Robert Wite", "white@zz.cont)

The translation mechanism also uses the auxiliary queeydfehe view definition query.
First, the path expression mef (without the filters specified between brackets (if any))\vale
uated against the auxiliary query tree. Then the structbitheoview being inserted is “super-
imposed” on the auxiliary query tree. After this, we checlsé® what portions of the tree are
referenced by the update operation and decide which rekdtiagews the operation should be
translated to. In this first example, the subtree being iadas on the “common” part of the tree,
so we translate it to both relational views (we discuss mdtéves to this method in Section 6).
Once we decide which views to map the insertion to, we geaematiNSERT SQL statement
containing the information specified in the subtree beisgited, and also with information col-
lected from the leaves under the elements along the pathrebio the root of the XML tree
(this will be clearer in the next example).

An example where we use additional information to genere@dNISERT SQL statement is
specified inl;. In this example, sinceef points to an interior node, the information collected
from the leaves under the elements along the path fiednto the root of the XML tree are also
used in the INSERT statement. In this example, we use thegsithame emailandid. The

translation is as follows:

I NSERT | NTO VI EMBOX (id, nane, emil, year, title, ishn)
VALUES (1, "Mary Jones", "maryjones@aa.coni', 2000, "Book6", 9888)

It is also possible to insert an author with publicatiofi)( As the structure of the subtree
being inserted matches elements in the auxiliary queryth@geare split into separate relational
views, we split the subtree being inserted in the same wag.r&sulting translation is:



<aut hor s>
{for $a in table("author")
return
<author id="{$a/id/text()}">
{$a/ nane}
<addr ess>
{$al emuil}
</ addr ess>
{let $bal := table("ba"), $bl := table("book"), $pal := table("pa"), $pl := table("paper")
for $year in distinct-values($pl/year | $bl/year)
return
<publications year="{$year/text()}">
{for $ba in table("ba"), $b in tabl e("book")
where $ba/aut hor=$a/id and $b/i sbn=$ba/i sbn and $b/year =$year
return
<book>
{$b/title}
{$b/isbn}
</ book> '}
{for $pa in table("pa"), $p in table("paper")
where $pa/ author=$a/id and $p/ pi d=$pa/ pi d and $p/ year =$year
return
<conf >
{$p/title}
{$p/ pi d}
</conf> }
</ publi cati ons>

}

</ aut hor >

</ aut hor s>

Figure 7: Normalized query corresponding to query in Figure 6

I NSERT | NTO VI EMBOX (id, nane, emil, year, title, ishn)
VALUES (5, "Janmes Perez", "james@zz.conl, 2000, "View Updates", 999)

I NSERT | NTO VI EWPAPER (id, nane, emil, year, title, pid)
VALUES (5, "Janes Perez", "janmes@zz.cont, 2000, "Views and XM.", "VIEW)

As an example of a modification update, consifigrwhich modifies the title of a given
book. The attribute to be modified is the last attribute dpetin the path expression nef.
The conditions for the modification are the filters used inghéh expression. This would be
translated as:

UPDATE VI EWBOOK SET title="Querying the Wb usi ng XM."
WHERE i sbn=1234

As mentioned in the introduction, a problematic update agpen would occur if we had
specified an author in the path expressionlgf Consider the previous example, with the
following path expression:aut hor s/ aut hor [ @ d="1"]/ publ i cat i ons/ book[ i sbn="1234"]
/title. The translation for this operation would include inforinatabout the author too, but it
would not be possible to translate this to the underlyingtr@hal database without causing side
effects. More specifically, the book under author w@hd="2" would also be changed.

An example of deletion would be specified@s As with modifications, we use the filters
specified in the path expression to generate the WHERE clauge afelete statement. This
would be translated to the relational view as:

DELETE FROM VI EVBOOK
WHERE i d=1 AND year =2000

DELETE FROM VI EWPAPER
WHERE i d=1 AND year =2000

As we can easily see, view updatability depends on the upgeeation being applied. How-
ever, it depends also on the structure of the view. We were tabiranslate most of the update



<aut hor s> U1: uw=insert ref =/ aut hor s,

<aut hor id="1"> A = {<author id="4">
<nanme>Mary Jones</ nane> <nanme>Robert Wit e</ nane>
<addr ess> <addr ess>
<emai | >mar yj ones @aa. conx/ enmai | > <emai | >whi te@zz. conx/ enai | >
</ addr ess> </ addr ess>

<publ i cations year="2000"> </‘author>}.
<book><tit| e>Bookl</titl e><i sbhn>1234</i sbn></book> Uz: w = insert ref = //author[@d="1"]

<conf > / publ i cations[ @ear ="2000"],
<title>Querying the Web</titl e><pi d>QNEB</pid> A = { <book>
</ conf > <title>Book6</title>
</ publ i cations> <i sbhn>9888</i shn>
<publ i cations year="2001"> </ book>} .

<book><tit| e>Book2</titl e><i shn>1235</i sbn></book> r/,: 4 =insert ref =/ aut hor s,
<book><ti t| e>Book5</titl|e><i shn>1238</i sbn></ book> , _ {<author id="5">
<conf><title>Web Survey</title><pi d>Ws</ pi d></ conf> <name>Janes Perez</ names

</ publ i cati ons> <addr ess>
<publications year="2002"> <emmi | >j ames@zz. conx/ enai | >
<conf > </ addr ess>
<titl e>Databases and I R</title><pid>l R/ pi d> <publication year="2000">
</ conf > <book>
</ publ i cati ons> <title>View Updates</title>
</ aut hor > <c;infsEn>999</ i sbn></ book>
<author id="2"> <title>Views and XM.</title>
<name>Char | es G een</ name> <pi d>VI EW/ pi d></ conf >
<addr ess> </ publ i cati on>
<emai | >char| es@bb. conx/ enai | > </ aut hor >}.

</ addr ess>
<publ i cati ons year="2000">

<book><tit| e>Bookl</titl e><i sbhn>1234</i sbn></ book>
</ publications>

Uy: uw = modify, A = {Querying the Web using XML},
ref =/ / book[isbn="1234"]/title.

Us: wu = delete ref = //author[@d="1"]

</ aut hor s> / publ i cations[ @ear ="2000"] .

Figure 8: XML view resulting from query in Figure 6 and examples of updagrations

operations specified over the view above because the viethadsllowing properties: it keeps
the primary keys of all the tables involved, and joins weralenaver foreign keys. For a view
that does not obey these restrictions, we would not be altarislate most of the sample update
operations. For details, please see [4].

We use the technique of Dayal and Bernstein [6, 12, 13] tola#apdates on the relational
view to updates on the underlying relational database.riaik presents algorithms to update
the underlying relational database when a unique, sidetdifee translation exists, and detects
when such an update does not exist (for a summary of the Higwiwe use, please refer to
[16]). Using these algorithms, it is possible to determirteether the XML view is or is not
updatable with respect to a given update.

5. Related Work

There has been a lot of work addressing the problem of bgjliNIL views from relational
databases [1, 2, 3, 17, 18]. Most of them approach the probiebuilding adefault XML view
from the relational source and then using an XML query laggua query the default view [1,
2, 3, 17]. Most of these approaches use extended SQL to Ihalddfault view. The exception
is XPERANTO [2], whose default view is an XML document contagall the database tables
represented in XML. This view can then be queried using X@asigmented with a new input
function calledvi ew. This function accesses the default XML view in the same viray our
input functiont abl e is used to access relational tables. However, we do not haveoincept of
a default view. Our functionabl e accesses the relational tables directly.

Another difference between XPERANTO and our approach isttiat generate a single
SQL query for each query over the view. Their translatiorolmgs transforming an XQuery



into a representation called XQGM, which is very similarte internal representation of SQL
queries in DB2 (QGM). However, the purpose of transformingug€y into SQL is different in
our approach. XPERANTO does this transformation with thd gbasing the relational engine
to execute the query. We perform the transformation becamsgant to use the relational view
to check for XML view updatability.

None of the above proposals addresses the problem of ugdhgnresulting XML view
and mapping the updates to the underlying relational datgaljd9, 20] presents a proposal for
updating XML views over relational databases. The viewgarsstructed by a subset of XQuery.
However, the subset is not clearly identified. The concethisproposal is also to avoid side-
effects in updates. Their translation algorithms are basetthe Object-View approach [21].

Commercial databases also provide ways of exporting relatidata as XML. IBM DB2
XML Extender [22] uses a mapping file called DAD#dta Access Definitionto specify how
a given SQL query is mapped to XML. This mapping file is very ptew, and is generally
built using a wizard. Oracle 9i release 2 uses SQL/XML [9].LS&erver extends SQL with a
directive calledrFOrR XMW [23]. As we can see, most commercial databases have theinawyn
of dealing with XML, which makes it difficult to use them for @ssing legacy databases. As
for updates, DB2, which allows the creation of XML documenmtsif relational tables, requires
that updates be issued directly to the relational tablesSQh Server an XML view generated
by an annotated XML Schema can be modified usipdategrams Instead of using INSERT,
UPDATE or DELETE statements, the user provides a before énafgvhat the XML view looks
like and an after image of the view [24]. The system computesdifference between these
images and generates corresponding SQL statements ta cbidages on the relational database.
Oracle offers the option of specifying an annotated XML Sohgbut the only possible update
operation is to insert XML documents that agree with an aamedt XML Schema.

There has been a significant amount of work in querying XMLuseents stored in relational
databases [1, 25, 26]. Proposals for updating XML documstotsed in relational databases
include [27, 26]. These approaches are different from oerzabse they consider a different
question: they query XML documents stored in relationahases, while we query relational
databases to extract XML views. Therefore, the underlysgumptions used are different. For
example, querying XML documents stored in relational dasals must preserve document or-
der, while in our case, order is not important, since thetieial model is unordered. On the
other hand, the flat nature of relational databases may cadaadancy when translated to XML
views, which may cause problems regarding updates asrétest in the introduction. That is,
a well designed relational database does not imply a rechaydlaee XML view. This prob-
lem is not critical for XML documents stored in relationaltalaases since well designed XML
documents [28] tend not to be redundant. Additionally, taxgsproposals for updating XML
documents stored in relational databases do not considategpthrough views.

6. Discussion and Future Work

In this paper we propose a subset of XQuery, UXQuery, to uplthtable XML views over rela-
tional databases. The main contribution of the paper is gomggrom an XML view constructed
using UXQuery to a set of corresponding relational viewsicWlare then used to translate up-
dates over the XML view to updates over the correspondingticglal views. The approach
therefore reduces the problem of updating XML views to a wtltied problem, that of updat-
ing relational views.

There are a few open problems in our approach. The main proileelated to the allowed



update operations. Currently, we are allowing only upddtasdan be unambiguously mapped
to the relational database without causing side effectsblPmatic updates are not allowed. A
possible solution to this limitation is to obtain user inpat problematic updates. This solution
would be based on dialogs with the user, in a way similar tdgfslproposal [7, 21]. These di-
alogs could occur at view definition time, or when a problemapdate is issued. As an example,
if a user attempted to update a book title by specifying a gahalso includes an author (as in
/ aut hor s/ aut hor [ @d="1"]/ publ i cat i ons/ book[ i sbn="1234"]/title), we would ask the
user if he wants to modify all the titles of the book wisiihn="1234". If so, the operation would
be performed, otherwise, the operation would be cancelled.

UXQuery is obviously less expressive than XQuery. In palég it is not capable of ex-
pressing aggregations and arbitrary restructuring in th Xiew. Although this is a trade-off
imposed by our goal of updating the relational databaseigira(ML views, it may be possible
to recognize updatable portions of views expressed in a gemeral language. For example, if
the view presented author information and the total numbpapers they had written, it is still
possible to update author information even if updating th@ humber of papers is not allowed.
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A. UXQuery EBNF

In the definitions of this section we use a set of grammar definitions available Xith. documentation.
The basic tokenket t er andDi gi t are defined in [29]. The identifi&@Nane is defined in [30]. Literals
and numbers are defined in [8].

At t Val ueCont ent
Pat hExpr At t

"{" PathExprAtt "}"
"$" VarNane "/" QNane "/" NodeTest

[1] UXQuery = Quer yBody
[2] CQueryBody ;1= El mt Constructor
[3] EnmConstructor ::="<" QName AttList "/>" | "<" QName AttList? ">" ElnmtContent+ "</" QName ">"
[4] El ntContent = El nt Constructor | Encl osedExpr+
AttList = ((QNane "=" AttVal ue)?)+
Att Val ue = (""" AttvalueContent ""') | ("'" AttValueContent "'")

LNe o



[9] Var Name Nane

[10] Encl osedExpr "{" (FWRExpr | PathExpr | Nest) "}"

[11] Expr O Expr

[12] O Expr AndExpr ( "or" AndExpr )*

[13] AndExpr Conpari sonExpr ("and" Conpari sonExpr)*

[ 14] PWRExpr ((Ford ause) + Wered ause? OrderByCd ause? "return")* El nt Constructor

[15] Conpari sonExpr
[16] Val ueExpr
[17] Pat hExpr

Val ueExpr (General Conp Val ueExpr )?
Pat hExpr | Pri maryExpr
"$" VarName "/" QNane ("/" NodeTest)?

[ 18] NodeTest Text Test

[19] Text Test "text" (" ")"

[20] Ford ause "for" "$" VarNanme "in" TableExpr ("," "$" VarNanme "in" Tabl eExpr)*
[21] Tabl eExpr “table (" '"’ QNane '"' ")" | "table (" "'" QName "'" ")"

[22] Whered ause "where" Expr

[ 23] General Conp
[ 24] OrderByd ause
[25] Order SpeclLi st

L R T T B P R e
"order" "by" OrderSpeclLi st
Order Spec ("," OrderSpec)*

[26] Order Spec Pat hExpr

[27] PrimaryExpr Literal | ParenthesizedExpr

[28] Literal NurericLiteral | StringLiteral

[29] NunericLiteral IntegerLiteral | DecimallLiteral | DoubleLiteral

[30] ParenthesizedExpr ::="(" Expr? ")"

[31] Nest ;.= Nest O ause ByC ause Whered ause "return" Header

[32] NestClause ::= "xnest "$" VarNane "in" Tabl eExpr ("," "$" VarName "in" Tabl eExpr)*

[33] Byd ause o= "by" "$" VarNanme "in" UnionExpr ("," "$" VarNanme "in" UnionExpr)*

[34] Header ::= "<" QNanme (QNane "=" NestAttValue)+ ">" ( "{" ElGoup "}" )+ "</" QName ">"

| "<" QName ">" (( "{" "$" VarName "}") | ("<" QName ">" "{" "$" VarNane "/" TextTest "}"

"</" QNane ">"))+ ( "{" ElGoup "}" )+ "</" Name ">"

[35] NestAttvValue ::= """ "{" "$" VarName "/" TextTest "}" "'"

"{" "$" VarNane "/" TextTest "}"
mt Const ruct or

[36] El Goup |
(" "$" varNane "/" QNarme ( ("union" | "|") "$" VarNane "/" QNane)* ")"

[37] Uni onExpr =

B. Normalization Process for the xnest Operator

The notation for the normalization process is the same as that in [10].

[xnest Variable; in TableExpry, ..., Variable,, in TableExpr,,
by NestVariable; in (Variable;, /QNamey, | ...| Variable;,,/QNamey,,),
..., NestVariable, in (Variable,, /QNamey,, | ...| Variable, /QNamey, )

where Expr return
<EIName AttName;="{NestVariable;/text()}" ... AttName,="{NestVariable /text()}">

{EIGroup;} ...{EIGroup,,} </EIName> ]XNest

let Variable) := TableExpry, ..., Variable, := TableExpr,

for NestVariable; in distinct-values(Variable;,/QNamey, | ...| Variable;,,/QNamey,, ),
..., NestVariabley, in distinct-values(Variable,, /QNamey, | ...]| Variabley, /QNamey, )
return

<EIName AttName; ="{NestVariable;/text()}", ..., AttName;="{NestVariable/text()}">

{for fs:SubVariable(1)
where fs:SubExpr(1) and (Variable;, = NestVariable; and ...and Variable;, = NestVariabley)
return EIGroup; }

{for fs:SubVariable(m)

where fs:SubExpr(m) and (Variabler,, = NestVariable; and ... and Variabley,
return EIGroup,, }

</EIName>

= NestVariableg)

m

This normalization process assumes that:

e {Variable,,, ..., Variablg, , ..., Variablg,, ..., Variable _} C {Variabley, ..., Variablg}

e The auxiliary functionfs:SubVariable(iyeturns all variable$’, referenced irElGroup;, and also
all variablesV,, appearing in a condition of the forn¥;./Q N ame, cmp V,,/QName," in Exprin
thewher e clause of thexnest operatorcmp € {" =7,”7 <77 >77"1 =77 <=7 7 >="1},

e The auxiliary functiorfs:SubExpr(iyeturns every expression specifiedxprin thewher e clause
of thexnest operator that references a variabldsrSubVariable(i)



