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Abstract

This paper addresses the question of updating relationabases through XML views. Using a notion
of query treego capture the notions of selection, projection, nestinguging, and heterogeneous sets found
throughout most XML query languages, we show how XML viewgressed using query trees can be mapped
to a set of corresponding relational views. We then show hmtates on the XML view are mapped to updates
on the corresponding relational views. Existing work onatpd relational views can then be leveraged to
determine whether or not the relational views are updatatiterespect to the relational updates, and if so, to
translate the updates to the underlying relational datgabas

1 Introduction

XML is frequently used as an interface to relational databadn this scenario, XML documents (or views)
are exported from relational databases and published,aexe, or used as the internal representation in
user applications. This fact has stimulated much researexporting and querying relational data as XML
views [23, 33, 32, 16]. However, the problem of updating atiehal database through an XML view has
not received as much attention: Given an update on an XML vk relational database, how should it be
translated to updates on the relational database? Sinpedhkem of updates through relational views has been
studied for more than 20 years by the database communitytitdibe good to use all that work to solve the
new arising problem of updates though XML views. Specificall there a way to leverage existing work on
updating through relational views to map view updates tauttderlying relational database?

In the relational case, attention has focused on updatesghrselect-project-join views since they represent
a common form of view that can be easily reasoned about uggigkd foreign key information. Similarly,
we focus on a common form of XML views that allows nesting, posed attributes, heterogeneous sets and
repeated elements. An example of such a view is shown in figuwehich was defined over the database of
figure 1. In this XML view,booksare nested under tigoductsnode, and thaddressnode composes attributes
in a nested record format. Theoductsnode is composed of tuples of two different typlespkanddvd

We represent XML view expressions @sery trees Query trees can be thought of as the intermediate rep-
resentation of a query expressed by some high-level XMLyglagrguage, and provide a language independent
framework in which to study how to map updates to an undegly@iational database. They are expressive
enough to capture the XML views that we have encounteredantige, yet are simple to understand and ma-
nipulate. Their expressive power is equivalent to that oRIBAD files [17]. Throughout the paper, we will
use the term “XML view” to mean those produced by query trees.

*Research partially supported by CNPq as well as NSF DBI-2965



Vendor(vendorlidvendorName, url, state, country)

Book(isbn title, publisher, year)
DVD(asin title, genre, nrDisks)
Sell-Book(vendorldisbn price)

— foreign key(vendorld) references Vendor

— foreign key(isbn) references Book
Sell-DVD(vendorld asin price)

— foreign key(vendorld) references Vendor

— foreign key(asin) references DVD
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Figure 2: View 2: vendors, books and dvds
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Figure 3: View 1: books and vendors
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The strategy we adopt is to map an XML view to a set of undegly&fational views. Similarly, we map an
update against the XML view to a set of updates against thenlyidg relational views. It is then possible to
use any existing technique on updates through relatioeals/io both translate the updates to the underlying
relational database and to answer the question of whethmtahe XML view is updatable with respect to the

update.

This strategy is similar to that adopted in [13] for XML viewsnstructed using the nested relational algebra
(NRA), however, our view and update language are far moremgén In particular, nested relations cannot
handle heterogeneity. Thus, the NRA is capable of repregettie XML view of Figure 3 but not that of
Figure 2, and maps an XML view to exactly one underlying reta! view.

The outline and contributions of this paper are as follows:

e Section 2 defines query trees, their abstract types, ana@séting XML view DTD.
e Section 3 presents the algorithm for mapping an XML view tetwod underlying relational views, and

proves its correctness.

e Section 4.1 defines a simple XML update language and algositio detect whether or not an update is
correct with respect to the XML view DTD.

e Section 4.2 gives an algorithm for mapping insertions, rications and deletions on XML views to
updates on the underlying relational views, and Sectiomprb8es its correctness.



<books>
<book @ sbn="1111">
<title>Uni x Network
Progranm ng</title>
<price>38</price>
</ book>
<book @ sbn="2222">
<titl e>Conputer
Net wor ks</title>
<price>29</price>
[namc"@isbn'] [ name = title ] [ name = price ] </ book>

value = $b/isbn value = Sbititle value = Ssbiprice

name = ‘books

name = ‘book
[$b := table(*Book")]
[$sb := table(*Sell-Book")]
[where $sbiprice > 30 and
$sbiisbn=Sbrisbn]

</ books>

Figure 4: Example of query tree and its resulting XML view

e Section 4.4 illustrates our approach by showing how to uségabhniques of [21] detect if an XML view
is updatable with respect to a given update.

e Section 5 shows how query trees can be easily extended toradgigg capabilities.

e Section 6 discusses the expressive power of our languadegvatuates our technique with respect to
existing proposals on extracting XML views of relationatatzases.

Related work can be found in section 7. We conclude in se&iwith a discussion of future work.

2 Query Trees

Query trees are used as a representation of the XML viewatdrequery. We use this abstract representation
rather than an XML query language syntax for several readéingt, reasoning about updates and the updata-
bility of an XML view is performed at this level. Second, thase easy to understand yet expressive enough
to capture several important aspects of XQuery such aswgestomposed attributes, and heterogeneous sets.
They can therefore be thought of as the intermediate primzpfesm for a subset of many different XML query
languages. For example, we have developed an implemeantdtour technique which uses a subset of XQuery
as the top-level language [14].

After defining query trees, we introduce a notion which wal bised to describe the mapping to relational
queries, the abstract type of a query tree node. We use thienraf typing to define the semantics of query
trees, and then present their result type DTD.

2.1 Query Trees Defined

An example of a query tree can be found in Figure 4, whichee#és books that are sold for prices greater than
$30. The query tree resembles the structure of the resiiiMb view. The root of the tree corresponds to
the root element of the result. Leaf nodes correspond tibatérs of relational tables, and interior nodes whose
incoming edges are starred capture repeating elementgesk of this query is also presented in figure 4.

Query trees are very similar to theéew forestsof [23] and schema-tree queriggresented in [11]. The
difference is that, instead of annotating all nodes withriHational queries that are used to build the content
model of a given node, we annotate interior nodes in the tsg&yonly the selection criteria (not the entire
relational query). An annotation can besaurceannotation or avhereannotation. Source annotations bind
variables to relational tables, amthereannotations impose restrictions on the relational tableking use of
the variables that were bound to the tables.

In the definitions that follow, we assume tHatis a relational database over which the XML view is being
defined.T is the set of table names ©f. At is the set of attributes of a given taldec T.

Definition 2.1 A query tree defined over a databaBds a tree with a set of nodé$ and a set of edges in
which: Edgesare simple or starred ("*-edge"). An edgessmpleif, in the corresponding XML instance, the
child node appears exactly once in the context of the paredénandstarredotherwise Nodesare as follows:

1. All nodes have a name that represents the tag name of theeXdviient associated with this node in the
resulting XML view.

2. Leaf nodes have a value (to be defined). Names of leaf nloalestart with “@” are considered to be
XML attributes.

1They can also capture grouping, and we present such exteinssection 5.




3. Starred node@odes whose incoming edge is starred) may have one or moressannotations and zero
or more where annotations (to be defined).

Since we map XML views to relational views, nodes with the samame in the query tree may cause
ambiguities in the mapping. This problem can easily be sbhweassociating with each node name a number
corresponding to its position in the query tree, and usingtérnally in the mapping. For simplicity, in this
paper we will ignore this problem and use unique names foesadthe query trees.

Returning to the example in Figure 4, there is a *-edge froartiot (hamedooks to its child namedbook
indicating that in the corresponding XML instance there hayeverabooksubelements diooks There is a
simple edge from the node namiedokto the node nametitle, indicating that there is a singlitle subelement
of book The node name@isbnwill be mapped to an XML attribute instead of an element.

Before giving an example of how values are associated wittesowve definsourceandwhereannotations
on nodes of a query tree.

Definition 2.2 A source annotation within a starred node: is of the form[$z := table(")], where$x denotes
avariable andI” € T is a relational table. We say th&t: is bound taT” by s.

Definition 2.3 A where annotatioon a starred node: is of the form{where$z,/A4; op Z; AND ... AND
$x /AL Op Zk], k > 1, whereA; € A, and$z; is bound toT; by a source annotation om or some ancestor
of n. The operatoopis a comparison operatof=, #, >, <, <, >}. Z; is either a literal (integer, string, etc.)
or an expression of the forfy /B, whereB € A and$y is bound tdl” by a source annotation om or some
ancestor ofn.

Definition 2.4 The value of a node is of form$xz/A, whereA € A and$z is bound to tablé” by a source
annotation orm or some ancestor of.

In Figure 4, the nodbook has source annotations and where annotations. The sounogatans bind
variable$bto the relational tablBook and variablé sb to the relational tabl&ell-Book The where annotations
restrict the books that appear in the view to those with pgieater than $30, and specify the join condition of
tablesBookandSell-Book The value of the nod@isbnis specified a$b/isbn indicating that the content of
the XML view attributeisbnwill be generated using attributgbn of the tableBook

A more complex example of a query tree can be found in Figuigrio(e for now the types associated
with nodes). This query tree retrievesndors and for eaclvendor its @id, vendorNamgaddressand a set
of books anddvds within products The rootvendorshas a set offendorchild nodes (*-edge). Theendor
node is annotated with a binding f8v (to table Vendor), and has several children at the end oflsimgges
(@id, vendorNameandaddres$. The value of itsd attribute is specified by the pa$iv/ivendorld and that of
vendorNamés specified by the pathiv/ivendorNameThe nodeaddresss more complex, and is composed of
stateandcountrysubelements.

The nodeproductshas two *-edge childrerhookanddvd Source annotations of theoknode include
bindings for$b (Book) and$sb(Sell-Book) and its where annotations connect tuples ik B@bk to tuples in
Book, and tuples in Sell-Book with tuples in Vendor (join diions). Nodedvd has source annotations fbd
(DVD) and $sd(Sell-DVD). Its where annotation connects tuples in SeHEDto tuples in DVD and tuples in
Sell-DVD with tuples in Vendor. The result of this query tied/iew 2, shown in Figure 2.

From now one, we assume that a query tremois-emptyi.e. that it consists of more than a root node.

2.2 Abstract Types

In our mapping strategy, it will be important to recognizedas that play certain roles in a query tree. In
particular, we identify five abstract types of nodes:r, 7n, 7¢ andrs. We call themabstract typedo
distinguish them from the type or DTD of the XML view elements

Nodes in the query tree are assigned abstract types as $ollow

The root has abstract type

Each leaf has abstract type (Simple).

Each non-leaf node with an incoming simple edge has ab$ygge - (Complex).

Each starred node which is either a leaf node or whoseemib&rs only simple edges has an abstract type
of 7 (Nested).

PN E



name = ‘vendors”

name = ‘vendor’ Tr

[$v := table(*“Vendor™)]

Ts T lk Tc
name = ‘@id" name = ‘vendorName'| | e name = ‘products’
value = $vivendorld] fvalue = $vivendorNam = product
15 / % \
name = state’ | [ name = ‘country® name = ‘book’ name = ‘dvd® N
value = $vistate | | value = $vicountry [$sb := table(*Sell-Book")] [S5d = table(“Sell-DVD™)]
[$b = table(“Book”)] [$d := table(*DVD")]
where $ 5 1d [where $ 5 |
and $bjisbn=S$sbiisbn] and Sdusin-Ssdasin] )

name = ‘@bprice| [ name = btitle’ | [ name = ‘isbn’> | hame = ‘@dprice] [ name = dtitle> | | name = ‘asin’
value = Ssbiprice| | value = Sbitle | | value = Sbrisbn | |value = Ssd/price | | value = Sdtitle | | value = Sd‘asin

Figure 5: Query tree for View 2

5. All other starred nodes have abstract typgTree).

Note that each node has exactly one type unless it is a st@atdode, in which case it has types and
TN -

As an example of this abstract typing, consider the quesyitrdigure 5, which shows the type of each of
its nodes. Sincbookanddvdare repeating nodes whose descendants are non-repeaties) titeir types are
TN rather thanrr.

The motivation behind abstract types is as follows. To magatgs in the XML view to updates in the
underlying relational database, we must be able to idemtifpapping from the attribute of a tuple in the
relational database to an element or attribute in the XMhvikdeally, this mapping is 1:1, i.e. each attribute
of a tuple occurs at most once in the XML view and can therelf@erepdated without introducing side-effects
into the view. In general, however, it may be a 1:n mapping @lass of views allowed by our query trees and
its associated abstract type views captures this mappingsically.

Specifically:

e 7r/7N identifies potential tuples in the underlying relationaladese. Nodes of type-/my are mapped
to tuples, and the node itself serves as a tuple delimitenderof typerr may have children of typer,
i.e. nesting is allowed.

e 75 identifies relational attributes (columns). A node of tygemust have a node of type- or 7y as its
ancestor. Starred leaf nodes are an exception to this hég:rteed not to have such ancestor.

e 7¢ identifies complex XML elements. Since they do not carry a@athis type of node is not mapped to
anything in the relational model. Nodes of type are present in our model to allow more flexible XML
views, but are not important in the mapping process.

We call the XML views produced by query trees and their asdediabstract typegell-behavedecause, as
we will show in the next section, they can be easily mappedstt af corresponding relational views. However,
before turning to the mapping we prove two facts about quesstthat will be used throughout the paper.

Proposition 2.1 There is at least oney node in the abstract type of a query trge

Proof: Since query trees are assumed to be non-emptypust have at least one leaf. This means ghahust
have at least one starred nadssince the leaf node has a value which involves at least amabla which must

be defined in some source annotation attached to a starred &aace the tree is finite, at least one of these
starred nodes is either a leaf node or has a subtree of simgései.e. the starred node is@ node. ]

Proposition 2.2 There is at most oney node along any path from a leaf to the root in the abstract typa
query treegt.

Proof: Suppose there are twg; nodesyn; andns, along the path from some leaf to the rooyof Without loss
of generality, assume that is the ancestor of;. By definition of 7y, no must be a starred node. Therefore
n1 has a *-edge in its subtree, a contradiction. ]

We will refer to the abstract type of an element by the abstyge that was used to generate it followed by
the element name. As an example, the abstract type of theeptelvd in Figure 5 is referred to asy(dvd),
and its type (DTD) is<IELEMENT dvd (dtitle, asin)>



eval(gt, d)
evaluate(roofft, d))

evaluatef. ,d)
{Assume a node type has functions abstract_typefamet), valueg), childreng:), sourcest), and wheref) (with the obvious meanings).}
Let bindings{}be a hash array of bindings of variable attributes to valingtally empty.
caseabstract_typef)
7|7c: buildElementg)
Tr|7N: tableq)
Tg: print "<namef)>valuef)</name)>"
end case

buildElementf.)

lettag = "namegq)"

for each attribute: in children:) do
add "name¢) = valueg)" to tag

end for

print "< tag >"

for each non-attribute in children:) do
evaluate¢)

end for

print "</namef)>"

tablef)
let w be a list of conditions in sources)
for eachw 7] do
if w[i] involves a variable in bindings{} then
substitute the value binding{ for v
end if
end for
calculate the seB of all bindings for variables in sources) that makes the conjunction of the modified:]’s true, usingd
for eachb in B do
addb to bindings{}
buildElementt.)
removeb from bindings{}
end for

Algorithm 1: Eval algorithm

2.3 Semantics of Query Trees

The semantics of a query tree follows the abstract type afiddes, and can be found in algorithm 1. The
algorithm constructs the XML view resulting from a queryetrecursively, and starts witl being the root of
the query tree. The basic idea is that the source and whertaiums in each starred nodeare evaluated,
producing a set of tuples. The algorithm then iterates dwesd tuples, generating one element corresponding
ton in the output for each of these tuples and evaluating thelidilofn once for each tuple.
Thebindings{}hash array keeps the values of variables, taken from therlynttgrelational database. We
assume that values inindings{} are represented &x/A = 1, $x/B = 2 where$z is a variable bound to a
relational tablel’, A andB are the attributes f and1 and2 are the values of attributesand B in the current
tuple of T'.

2.4 DTD of a Query Tree

Query tree views defined over a relational database haveladefaied schema (DTD) that is easily derived
from the tree. Given a query tree, its DTD is generated asvidli

1. For each attribute leaf node nanted with parent named’, create an attribute declaration
<IATTLIST E @A CDATA #REQUIRED>

2. For each non-attribute leaf node nanteccreate an element declaration <!ELEMENT(#PCDATA)>

3. For each non-leaf node nam&dcreate an element declaration <!ELEMENT F;, ..., Ex, Exi1*, ...,
E,*)>,whereEq, ..., £}, are non-attribute child nodes éfconnected by a simple edge, abigl, . *, ..., E,*
are child nodes of' connected by a *-edge. In case= 0, then create an element declaration <!ELE-
MENT E EMPTY>

As an example, the DTD of the view produced by the query treevahn figure 5 is:

<! ELEMENT vendors (vendor*)>

<! ELEMENT vendor (vendor Nane, address, products)>
<! ATTLI ST vendor id CDATA #REQUI RED>

<! ELEMENT vendor Nane (#PCDATA) >

<! ELEMENT address (state, country)>



<I ELEMENT state (#PCDATA)>

<! ELEMENT country (#PCDATA) >

<! ELEMENT products (book*, dvd*)>

<! ELEMENT book (btitle, isbn)>

<I ATTLI ST book bprice CDATA #REQUI RED>
<! ELEMENT btitle (#PCDATA)>

<! ELEMENT i sbn (#PCDATA) >

<! ELEMENT dvd (dtitle, asin)>

<I ATTLI ST dvd dprice CDATA #REQUI RED>
<I ELEMENT asin (#PCDATA) >

<! ELEMENT dtitle (#PCDATA)>

Note that all (#PCDATA) elements are required. When theevalia relational attribute is null, we produce
an element with a distinguished null value.

3 Mapping to Relational Views

In our approach, updates over an XML view are translated tb @@late statements on a set of corresponding
relational view expressions. Existing techniques sucl2as35, 29, 9, 38] can then be used to accept, reject or
modify the proposed SQL updates. In this section, we discagsan XML view constructed by a query tree is
mapped to a set of corresponding relational view expression

Map. Given a query tregt with only onery node, the corresponding SQL view statement is generated as
follows. Join together all tables found in source annoteticalledsource tablekin a given noder in gt, using
the where annotations that correspond to joins on sourdestiébn. as inner join conditions. If no such join
condition is found then use “true” (e.g. 1=1) as the join dbad, resulting in a cartesian product. Call these
expressionsource join expressionsJse the hierarchy implied by the query tree to left outen @durce join
expressions in an ancestor-descendant direction, sortbastrs with no children still appear in the view. The
conditions for the outer joins are captured as follows: lfi@a is an ancestor of. and a where annotation
in n specifies a join condition on a table inwith a table ina, then use this annotation as the join condition
for the outer join. Similar to inner joins, if no conditionrfthe outer join is found, then use “true” as the join
condition so that if the inner relation is empty, the tupléthe outer will still appear. Use the remaining where
annotations (the ones that were not used as inner or outecgoiditions) in an SQL where-clause and project
the values of leaf nodes. The resulting SQL view statememesents an unnested version of the XML view.
Source join expressions are as follows:
<source tabl e> AS <source variabl e> | NNER JO N

<source table> AS <source variable> NNER JON ...
ON <i nner j oi ncond>

The resulting SQL expression is:

SELECT <l eaf val ue> AS <| eaf name>, ...,
<l eaf value> AS <| eaf nane>
FROM (<source join expression> LEFT JON
<source join expression> ON <outer joincond>) LEFT JON ...
WHERE <r enmi ni ng "where" annotation> AND ...
AND <r emai ni ng "where" annotation>

For example, the relational view corresponding to the qtresyin Figure 4 is:

SELECT b.isbn AS isbn, b.title AStitle, sh.price AS price
FROM (Book AS b INNER JO N Sel | - Book AS sb
ON sbh.isbn=b.isbn) WHERE sb.price > 30

The mapping algorithm is presented in details by algorithmte auxiliary functions used in this algorithm
have obvious meanings. The one that is not so obvious isiumeariable(n). It returns the variable that was
used in the value of a leaf node, without theFor example, if the value of nodeis $x/A, thenvariable(n)
returnsz. When the parameter is a source annotatiothen the function returns the variable referenced in
this source annotation, without thge.g. withs = $x in table("X"), functionvariable(s) returnsz). Function
attribute(n) returns the relational attribute that was used to specéytiue of a leaf node. Using the example
of value of leaf node, attribute(n) returnsA.

Split. For a query tree with more than ong node, this process is incorrect. As an example, considepubey
tree of Figure 5 which has twey nodes bookanddvd). If we follow the mapping process described above, the
tables DVD and Book will be joined, resulting in a cartesiaaduct. In this expression, a book is repeated for



mapt|])
Let sql[] be an array of strings, initially empty; Letumbergt be the number of split trees it []
for k from 1 to numberqgt do

Letn be the node of typen in gt[k]

sql[k] ="CREATE VIEW " + namef) + " AS "

sqllk] = sql[k] + "SELECT "

Let NV be the list of leaf nodes int[k]

for i from 1 to size{V) do

get nextn in N
if > 1then
sqlk] = sql[k] +"," + variablef) + "." + attribute) + " AS " + name)
else
sql[k] = sql[k] + variableg) + "." + attribute(:) + " AS " + name)
end if
i=i+1
end for

sqlk] = sql[k] +" FROM "; Let from =""; Let N be the set of starred nodesdgn[k]
for eachn in N do
Letjoin =""; Let S be the list of source annotationssn Let W be the list of where annotations in
for i = 1 to size) do
getnextsin S
join = join + table@) + " AS " + variable(s)
if i < size(S) then
join = join +" INNER JOIN "
end if
i=i+1
end for
Letcount =0
for i = 1 to size{V') do
get nextw in W
if w is of the form$z /A op $y/ B AND $z is bound to tableX by a source annotation € .S AND $y is bound to tabl&” by a source annotatio|
s’ € Sthen
if count = 0then
join=join +"ON"+z.Aop y.B

else
join =join+"AND"+ z.A op y.B
end if
i=1+1; count = count +1
end if
end for

if count = 0then
join =join +" ON (1=1)"
end if
if size(S) > 1then
join ="("+ join +")"
end if
Let A be the set of starred ancestorsfLet count = 0
if n has a starred ancestbien
join ="LEFT JOIN" + join
for i = 1 to size{¥) do
get nextw in W
if wis of the form$x /A op $y/ B AND (($z is bound to tableX on noden AND $y is bound to tabl&” on a nodez in A) OR $z is bound
to tableX on a nodez in A AND $y is bound to tabl&” on noden)) then
if count = 0then
join =join +"ON"+ z.A op y.B

else
join=join +"AND"+ z.A op y.B
end if
end if
1=1+1;,count =count +1
end for

if count = 0then
join =join +"ON (1=1)"
end if
from="("+ from+ join +")"
end if
end for
sql[k] = sql[k] + from; Let W' be the set of all where annotations on nodegtk]. Let count = 0
for eachw’ in W’ do
if w’ is of the form$z /A op Z AND Z is an atomic valuéhen
if count =0then
sql[k] = sql[k] +"WHERE"+xz.A op Z
else
sqllk] = sql[k] +"AND" + z.A op Z
end if
end if
end for
end for
returnsgql(]

Algorithm 2: Themapalgorithm



split(qt)
Let gt[] be an array of query trees, initially empty
Leti=0
Let V be the set of nodes of typey in gt
for each node: in N do
inci
{initialize t[¢] with gt}
qtli] = qt
repeat
delete fromgt|:] all subtrees rooted at a nodef type 7y, wherez # n
retype the ancestors of the deleted nodes
until n is the only node of type in gt[7]
end for
returngt||

Algorithm 3: Thesplit algorithm

name = ‘vendors”

name = ‘vendor®
[$v = table(*Vendor”)]

Tg = k T

name = ‘@id’ name = ‘vendorName’
value = $vivendorld | value = $v/vendorNam

name = ‘products’

name = ‘address’

™

Ts
name = ‘state’ name = ‘country’
value = Svistate value = Sv/country

name = ‘book’
[$sb := table(**Sell-Book”)]
[$b = table(*Book")]
where $sb/vendorld=S$v/vendorld
and Sbiisbn=9$sbisbn]

Ts

name = ‘@bprice’| [ name = bitle’ | [ name = ‘isbn
value = $sbiprice | | value = $brtitle | | value = $brisbn

Figure 6: Partitioned query tree fox (book)

name = ‘vendors’

name = ‘vendor’
[$v = table(*Vendor”)]

15 = \E\ Te
name = ‘@id” | [name = ‘vendorName|
value = Svivendorld | fvalue = Sv/vendorNam

name = ‘address’ name = ‘products

™

Ts name = ‘dvd’
[$sd = table(“Sell-DVD™)]
[$d := table(*DVD")]
where $sdvendorld=$vivendorld
and $d‘asin=Ssd/asin]

name = ‘country’
value = $vicountry

name = ‘state’
value = $vstate

Ts

name = ‘@dprice’| | name =‘btitle” name = ‘isbn’
value = $sd/price | | value = $bititle value = $bfisbn

Figure 7: Partitioned query tree fox (dvd)

each DVD, violating the semantics of the query tree. We mhestefore split a query tree into sub-query trees
containing exactly oney node each before generating the corresponding relatiomabky After the splitting
process, each sub-query tree produced is mapped to a nelatiew as explained above.

The splitting process consists in isolating a nadef type 7y in the query tregt, and taking its subtree as
well as its ancestors and their non-repeating descendgipestc andrg) to form a new tregt;. Recall that
gt must have at least ong; node by Proposition 2.1.

The first step to generatg; is to copygqt to gt;. Then, delete fromgt; all subtrees rooted at nodes of type
TN, except for the subtree rootedsat Observe that deleting a subtreenay change the abstract type of the
ancestors of. Specifically, ifr has an ancestarwith typerr, andr is a’s only starred descendant, the type of
a becomesy after the deletion of. Continue to delete subtrees rooted at nodes of typa ¢t; and retype
ancestors untik is the only node of typey in gt;. The process is repeated for every node of typeén ¢t and
results in exactly oney node per split tree.

Formally, thesplit algorithm (algorithm 3) splits a query tree, producing one split tregt; for each node
of typery in gt.

The result of this process for the query tree of Figure 5 iswshio Figures 6 and 7. Using these split trees,
the corresponding relational viewsewBookandViewDVDare (we name these views so we can refer to them
in the examples of section 4):
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vendorName state  country  bprice btitle isbn dprice  d@titl asin

t1 1 Amazon WA us 38 Unix Network Programming 1111 NULL  NULL NULL
to 1 Amazon WA us 29 Computer Networks 2222 NULL  NULL NULL
ts 1 Amazon WA uUs NULL NULL NULL 29 Friends D1111
ta 2 Barnes and Noble  NY us 38 Unix Network Programming 1111 NULLNULL NULL

ts 2 Barnes and Noble ~ NY us 38 Computer Networks 2222 NULL NULL INU

Table 1: Tuples resulting fromvalRel(evalft, d)) for the query tree of Figure 5

id  vendorName state  country  bprice btitle isbn dprice  d@titl asin
t1 1 Amazon WA us 38 Unix Network Programming 1111 NULL  NULL NULL
ta 1 Amazon WA us 29 Computer Networks 2222 NULL  NULL NULL
ts 2 Barnes and Noble  NY us 38 Unix Network Programming 1111 NULLNULL NULL
ta 2 Barnes and Noble ~ NY us 38 Computer Networks 2222 NULL  NULL  INU
ts 1 Amazon WA us NULL  NULL NULL 29 Friends  D1111
te 2 Barnes and Noble  NY us NULL  NULL NULL NULL  NULL NULL

Table 2: Tuples resulting fromelEval({ViewBook,ViewDVD}))

CREATE VI EW VI EWMBOOK AS

SELECT v.vendorld AS id, v.vendorNane AS vendor Nane,
v.state AS state, v.country AS country,

sh.price AS bprice, b.isbn AS isbn, b.title AS btitle
FROM (Vendor AS v LEFT JON (Sell-Book AS sb INNER JO N
Book AS B ON b.isbn=sb.isbn) ON v.vendorl|d=sb. vendorld);

CREATE VI EW VI EADVD AS
SELECT v.vendorld AS id, v.vendorNane AS vendor Nane,

v.state AS state, v.country AS country,

sd.price AS dprice, d.asin AS asin, d.title ASdtitle

FROM (Vendor AS v LEFT JON (Sell-DVD AS sd I NNER JO N

DVD AS d ON d. asi n=sd. asi n) ON v.vendor | d=sd. vendor | d)

As described aboveplittakes as input the original query trgeand produces as output a set of query trees

{qt1, ..., qt, }, each of which has oney node;maptakes{qt1, ..., gt,,} as input and produces a set of relational
view expression§Vi, ..., V. }, where eaclV; is produced frongt; as described above. It follows directly from

these algorithms that:

Proposition 3.1 The number of relational view expressionsnap(splitgt)) is the number of y nodes ingt.

The correctness of the set of relational view expressiosidtieg frommapandsplit can be understood in
the following sense: Each tuple in the bindings relationglie XML view is in one or more instances of the
corresponding relational views. To be more precise, we défia following:

Definition 3.1 Theevaluation schemé& of a query treg;t is the set of all names of leaf nodesg;in

Definition 3.2 Let x be an XML instance of a query tree with evaluation schem&, in which the instance
nodes are annotated by the query tree type from which theg gemerated. Let be the deepesty or 77
instance nodes for some root to leaf pathrinLetp be the set of nodes in the path fronto the root ofz. An
evaluation tupleof x is created fromn by associating the value of each leaf nddbat is a descendant of
or of some node ip with the attribute inS corresponding to the name gfand leaving the value of all other
attributes inS null.

The multi-set of all evaluation tuples ofis called itsevaluation relatiomnd is denote@valRel().

For example, table 1 shows the resulevtlRelf) for the query tree of Figure 5.

Definition 3.3 Let {V4, ..., V,,} be defined over a relational scheri3 andd be an instance oD. Then

relEval{V1, ..., V,,},d) denotes the set of relational instances that result froningkhe outer union of the
evaluation of eaclV; overd: relEval({V1, ..., V,.}, d) = evalV(Vy, d) U ... U evalV(V,, d), where J denotes
outer union, ancevalV(V,d) instantiatesl” overd.

For exampletelEval({ViewBook, ViewDVDY) is the outer union oévalV(ViewBookj) andevalV(ViewDVD,
d), whose result is shown on table 2.

The correctness of the set of relational views resultingnfroap andsplit can now be understood in the
following sense:

Theorem 3.1Given a query treet defined over a databage and an instancé of D, thenevalRel(evalft, d))
C relEval(map(split{t)), d).
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Proof: The C operation needs the two multi-sets being compared to benwwdmpatible. By definition, the
schema oévalReis theevaluation schemé&, which is composed of all leaf node nameginThe execution of
map(splitgt), d) results in a set of relational viewd’, ..., V,, }. Each viewV; is a schema composed of names
of leaf nodes imyt; (which is produced bgplit(¢t)). By definition ofsplit, each split tregt; contains a single
Tn noden;: the subtrees rooted at; nodes different fromn; are deleted from¢;. However, nodes deleted in
gt; are preserved int;, so that each nodein gt is in at least one of thet,, ...qt,,. Consequently, the schema
of 1 UJ... U Vi, equalssS.

Assumet is in evalRel(evalft, d)), but not inrelEval(map(splitgt)), d). Letx be the XML view resulting
from eval(gt, d). Sincet is in evalRel(evalft, d)), it was constructed by taking values from the leaf nodes in a
given pathp. The pathp starts in a node: which is the deepest node of typg or 7 in a given subtree and
goes up to the root of. If n is of typery, andV; is the view corresponding te, thent is in evalV({/;,d), and
consequently, is in relEval(map(splitgt)), d), a contradiction. If: is of typerr, then the node that originated
n in the query tree has at least one node of typein its subtree. Assumg;, ..., V;, are the relational views
corresponding to thosey nodes. Consequentlyjs in V; | ... J V&, and thus irrelEval(map(splitft)), d), a
contradiction. [

Furthermore, the tuples melEval(map(splitt)), d) — evalRel(evalft, d)) represent starred nodes with an
empty evaluation (which we call “stubbed” nodes). More mely:

Definition 3.4 Letxz be an XML instance of a query tree with evaluation schem&, andn be ary or 7
instance node in:. Astubbed tupl®f z is created fromm by associating the value of each leaf nddkat is an
ancestor of: with the attribute inS corresponding to the name bfand leaving the value of all other attributes
in .S null.

The set of all stubbed tuples ois denotedstubsf).

As an illustration of a stubbed tuple, consider tuflén table 2. Since the XML instance of Figure 2 does
not have any book sold by vendBarnes and Noblethere is a tupled, Barnes and Noble, NY, US, null, null,
null] in ViewBookwhich was added by the LEFT join. This is correct, sineadoris in a common part of the
view, so its information appears both¥\ewBookandViewDVD However t; is not in table 1, since when the
entire view is evaluated, this vendor joins with a DVD.

Theorem 3.2Given a query tregit defined over a databagse and an instancel of D, then every tuple in
relEval(map(split{t)), d) — evalRel(eval{t, d)) C stubsf).

Proof: Tuples inrelEval(map(split¢t)), d) that are not irevalRel(evalft, d)) are those resulting from left outer
joins with no match in a given relational vieW € map(splitgt), d). Sincestubsf) contains tuples that has
nulls in attributes related to descendant nodes, and a LEFT JMy s keeps information the ancestor, then
relEval(map(splitgt)), d) — evalRel(evalft, d)) C stubsf). [

Note that the statement of correctnesads$that the XML view can be constructed from instances of the
underlying relational views. The reason is that we do nowkmntether or not keys of relations along the path
from 7 nodes to the root are preserved, and therefore do not hawglkemaformation to group tuples from
different relational view instances together to recorddttivie XML view. When keys at all levelsre preserved,
then the query tree can be modified to a form in which the viegiterate over the underlying relational views
instead of base tables, and used to reconstruct the XML Wéncall this algorithnreplace

Replace. For query trees that preserve the keys of each source tabie iresulting XML view, we can use
the corresponding relational views to reconstruct the viggsuming thamapgt) = {V1,...,V,,}, the algorithm
replacereplaces references to relational tables in the source &edenannotations aft by references to the
set of relational viewd/,...,V,,. This must be done in a way such that for any instash@# the underlying
relational databasP, evaluating;t overd is the same as applyirayaloverreplace(t) using the evaluation of
the relational viewd4,....V,, produced bymap(split(qt)).

Before presenting the algorithm, we present some defimitibat will be used within this section. We say
view(n) is the relational view corresponding to nodgf n is of typery. Atts(r) is the set of leaf node names
whose values are specified using the variables declared @mmoFor example, in Figure BAttspook) =
{bprice, btitle, isbh. Notice that we exclude the "@" from attribute names. In fiaegne way, the function
AttsAncestrals() returns a set of leaf nodes whose values are specified ugiiadphes declared in the ancestors
of noden. As an exampleAttsAncestraldgfook) = {id, vendorName, state, country, hrlThe functionvar(n)
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replacet)
Letgt, = qt
for each node: of type rx or 7 in gt,- do
remove all source and where annotations frem
if abstract_typet) = 7 then
def = createSourceDef(,view(n))
else

Letny, ..., n,, be the set of nodes with abstract type in the subtree rooted at
de f = createSourceDefy(view(r.1) UNION ... UNION view(n, )))
end if

Let s be a source annotation
s = [variable) := Table(X)], where X is defined agle f
Annotaten with s
if n has a starred ancestetthen
Let w be a where annotation
Let W be a string
for eachel in AttsAncestrals¢) do
W =W +var(a)lel = var(n)lel
if el is not the last element iAttsAncestralst) then
W=W+"AND"
end if
end for
Annotaten with w = [where W]
end if
end for
for each node: of type rs in gt,- do
Let the value ofn be of the form$z /A
Let a be the starred ancestorof(if n is starred, them = n)
Replace the value of by var(a)/ A
end for
returngt,.

createSourceDef(, viewNamg
def ="SELECT DISTINCT " +AttsAncestralst) + "," + Atts(n) + "FROM " + viewName
returnde f

Algorithm 4: Thereplacealgorithm

returns a unique variable name to be used in nadd¥ote that every call ofar(n) for the same node returns
the same variable name. The functi@ar($x) finds the node: in which variablesx was defined, and return the
result ofvar(n).

Thereplacegt) algorithm (algorithm 4) takes each starred nad@ ¢t and analyze it. It first removes all
source and where annotations fram Then, it creates a single source annotation that boundsvainesed
variable$x to X, whereX is defined over the relational views that carries values émtem. The complete
algorithm is shown on algorithm 4. It returns a modified queeg qt,., which reference¥;,...\V,, instead of
base tables.

4 Updates

Given an update against a well-behaved view, we translateat set of SQL update statements against the
corresponding relational view expressions, so existingkwa updates through relational views can be used to
translate the updates to the underlying relational datablsthis section, we start by defining XML updates
and then describe the translation. We also summarize hoetesrdine whether or not an update is side-effect
free.

Although no standard has been established for an XML updatgulage, several proposals have appeared
[7, 36, 12, 28]. The language described below is much simplen any of these proposals, and in some
sense can be thought of as an internal form for one of theBerrlanguages (assuming a static translation of
updates [12]). The simplicity of the language allows us wufon the key problem we are addressing.

4.1 Update language

Updates are specified using path expressions to point to af setget nodes in the XML tree at which the
update is to be performed. For insertions and modificatithesupdate must also specifyacontaining the
new values.

Definition 4.1 An update operation is a triple <t,A,ref>, wheret is the type of operation (insert, delete,
modify); A is the XML tree to be inserted, or (in case of a modificationpsomic value; andef is a simple
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path expression in XPath [18] which indicates where the upd®to occur.

The path expressioref is evaluated from the root of the tree and may yield a set oeaadhich we call
update points In the case of modify, it must evaluate to a set of leaf nod&s. restrict the filters used in
ref to conjunctions of comparisons of attributes or child elateavith atomic values, and call the expression
resulting from removing filters imef the unqualified portionof ref. For example, the unqualified portion of
Ivendors/vendor[@id="01"]s /vendors/vendor

Definition 4.2 An update pathref is valid with respect to a query tregt iff the unqualified portion ofef is
non-empty when evaluated gh

For examplejvendors/vendor[@id="01")/vendorNanig a valid path expression with respect to the query
tree of Figure 5, since the patbendors/vendor/vendorNarigenon-empty when evaluated on that query tree.

The semantics of insert is thAtis inserted as a child of the nodes indicateddfy the semantics of modify
is that the atomic valué overwrites the values of the leaf nodes indicateddfyand the semantics of a delete
is that the subtrees rooted at nodes indicatetebware deleted.

The following examples refer to figure 2:

Example 4.1 To insert a new book selling for $38 under the vendor with id£” we specify:t = insert ref=
Ivendors/vendor[@id="01"]/ produgcts
A = {<book bprice = "38">

<btitl e>New Book</btitl e><i shn>9999</i sbn>
</ book>}.

Example 4.2 To change theendorNamef the vendor with id = "01" ttAmazon.conwe specifyt = modify,
ref = /vendors/vendor[@id = "01"]/vendorNam& = {Amazon.com}.

Example 4.3 To delete all books with title "Computer Networks" we speci delete ref = /vendors/vendor/
products/book]btitle="Computer Networks"]

Note that not all insertions and deletions make sense sheeesulting XML view may not conform to
the DTD of the query tree (for details, see section 2.4). kan®le, the deletion specified by the patkn-
dors/vendor/vendorNanveould not conform to the DTD of figure 5 sineendorNamés a required subelement
of vendor We must also check that’s inserted and subtrees deleted are correct.

Definition 4.3 An update <,A,ref> against an XML view specified by a query tigds correctiff

refis valid with respect tgt;

if ¢ is a modification, then the unqualified portionreff evaluated ornyt arrives at a node whose abstract type
isTg;

if ¢ is an insertion, then the unqualified portionaff + the root of A evaluated onyt arrives at a node whose
incoming edge is starred (equivalently, its abstract tygeri or 7x);

if ¢ is a deletion, then the unqualified portioniaff evaluated oryt arrives at a node whose incoming edge is
starred;

if nonempty, thed conforms to the DTD of the element arrived atriay .

For example, the deletion of example 4.3 is correct sbuekis a starred subelementpfoducts However,
the deletion specified by the update paAtandors/vendor/vendorNaneenot correct sinc&endorNamaes of
abstract typeg, as would the deletion specified by the invalid update pathdors/vendor/dvd

As another example, the insertion of example 4.1 is corieceébook(arrived at byvendors/vendor/produdts
is a starred subelement pfoducts the DTD forbookis <I[ELEMENT book (btitle, isbn)>, and conforms
to this DTD. However, the following insertion would not berect for the update pathrendors/vendor[@id =
"01")/productsand

A = {<book bprice="38"><rating>Children</rating></book>}

since thasbnandbtitle subelements are missing, andokdoes not have eating subelement.
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translateUpdatef, gt, u)

caseu.t
insert translatelnsertf, gt, u.ref, u.A)
delete translateDelete(, gt, u.ref)
modify translateModifyg, gt, u.ref, u.A)

end case

Algorithm 5: ThetranslateUpdatalgorithm

translatelnseri(, gt, ref, A)
{Insert A in the XML view V" usingref as insertion pointA must be inserted under every node resulting from the evatuat re f in V. gt is the query|
tree.} {Assume thatiew(n) returns the name of the rel. view associated with nofe
Let p be the unqualified portion ofe f concatenated with the root &
Let m be the node resulting from the evaluatiorpoigainstgt
Let N be the set of nodes resulting from the evaluation®f in V
for eachn in N do
if abstract_typet) = 7 then
generatelnsertSQL(view(), root(A), n, V')
else
Let X be the set of nodes of abstract type in A
for eachz in X do
generatelnsertSQL(view}, x, n, V)
end for
end if
end for

generatelnsentSQRelView, r, InsertionPoint, V')
{Inserts the subtree rooted atinto RelV iew}
sql ="INSERT INTO" + RelV iew + getAttributesRel V iew)
sql = sql + " VALUES ("
for i = 0 to getTotalNumberAttributeg{e! V iew) - 1 do
att = getAttributeRelV iew, i)
if att is a childn of r then
sql = sql + getValue)
else
Find att in V, starting fromInsertion Point examining the leaf nodes unfil’s root is found
Let the node found ber
sql = sql + getValuefn)
end if
if i < getTotalNumberAttributesRelV iew) - 1 then
sql=sql+","
else
sql =sql +")"
end if
end for

Algorithm 6: Thetranlatelnsertalgorithm

4.2 Mapping XML updates to relational views

We now discuss how correct updates to an XML view are traedléd SQL updates on the corresponding
relational views produced in the previous section.

Throughout this section, we will use the XML view 2 of figure § @an example. The relational views
ViewBookandViewDVDcorresponding to this XML view were presented in section 3.

The translation algorithm for insertions, deletions andlifications translateUpdateis given in algorithm
5. What it does is to check the type of update operation andt@akorresponding algorithm to translate the
update. All the three algorithm&énslatelnserttranslateDeleteandtranslateModify assume that the update
specification: was already checked for schema conformance.

4.2.1 Insertions

To translate an insert operation on the XML view to the unded relational views we do the following: First,
the unqualified portion of the update pagfi is used to locate the node in the query tree under which tleetioa
is to take place. Together with, this will be used to determine which underlying relatiovialvs are affected.
Secondref is used to query the XML instance and identify the updategoifhird, SQL insert statements are
generated for each underlying relational view affectedgigiformation inA as well as information about the
labels and values in subtrees rooted along the path fromwgatdte point to the root of the XML instance.
Observe that by proposition 2.2, there is at most one nodgpefty along the path from any node to the
root of the query tree and that insertions can never occombely node, since all nodes belowg node are
of type g or 7 by definition.
The algorithmranslatelnseris presented in algorithm 6.
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For example, to translate the insertion of example 4.1, weahis unqualified update patendors/vendor/
productson the query tree of figure 5, and find that the type of the uppaitet is 7 (products). Continuing
from 7 (products) using the structure of\, we discover that the onlyy node inA is its root, which is of
type 7w (book). The underlying view affected will therefore béewBook We then use the update pa#f=
Ivendors/vendor[@id="01"]/product® identify update points in the XML document. In this cagere is one
node (8). Therefore, a single SQL insert statement agaiestWiewBookwill be generated.

To generate the SQL insert statement, we must find valuedifattabutes in the view. Some of these
attribute-value pairs are found iy, and others must be taken from the XML instance by traveriiegpath
from each update point to the root and collecting attribugtkie pairs from the leaves of trees rooted along this
path. In example 4.1A specifiesprice="38", btitle="New Book” andisbn="9999". Along the path from the
node 8 to the root in the XML instance of figure 2, we fidd“01” , vendorName="Amazon’state="WA”"
andcountry="US”. Combining this information, we generate the following SiQkert statement:

I NSERT | NTO VI EWBOXX (i d, vendorNane, state, country,

bprice, isbn, btitle)
VALUES ("01", "Amazon","WA", "US", 38, "9999", " New Book")

As another example, consider the following insertion agfaime view 2:t = insert ref = /vendors

A={<vendor id="03">
<vendor Name>New Vendor </ vendor Nane>
<addr ess>
<st at e>PA</ st at e>
<count ry>US</ country>
</ addr ess>
<pr oduct s>
<book bprice="30">
<btitle>Book 1</btitle><isbn>9111</i sbn></book>
<book bprice="30">
<btitl e>Book 2</btitl e><i shn>9222</i shn></book>
<dvd dprice="30">
<dtitle>DVD 1</dtitl e><asi n>D9333</ asi n></ dvd>
</ product s>
</ vendor >}.

The unqualified update patéf evaluated against the query tree of figure 5 yields a nd¢dendors) which
is the root. Continuing from here using labelsAnwe discover two nodes of type;: 7 (book)andry (dvd).
We will therefore generate SQL insert statementgitmvBookand as well a¥iewDVD

Evaluatingref against the XML instance of figure 2 yields one update poiotienl. Traversing the path
from this update point to the root yields no label-value pésince the update point is the root itself). We then
identify each node of typey in A, and generate one insertion for each of them. As an examgalersing the
path from the firstry (book) node inA yields label-value pairbprice = "30", btitle = "Book 1", andisbn =
"9111". Going up to the root of, we have = "03", vendorName = "New Vendarstate = "PA"andcountry =
"US". This information is therefore combined to generate thiwfahg SQL insert statement:
I NSERT | NTO VI EWBOXK (id, vendorNanme, state, country,

bprice, isbn, btitle)
VALUES (" 03", "New Vendor","PA","US", 30,"9111", "Book 1");

In a similar way, information is collected from the remaigimvo 7y nodes inA to generate:

I NSERT | NTO VI EMBOXK (i d, vendorName, state, country,
bprice, isbn, btitle)

VALUES (" 03", "New Vendor","PA","US", 30, "9222", "Book 2");

I NSERT | NTO VI EWDVD (i d, vendorName, state, country,
dprice, asin, dtitle)

VALUES ("03","New Vendor","PA","US", 30, "D9333","DVD 1");

4.2.2 Modifications

By definition, modifications can only occur at leaf nodes. flacess a modification, we do the following: First,
we use the unqualifietf against the query tree to determine which relational viengst@ be updated. This
is done by looking at the first ancestor of the node specifietebwhich has typer; or r, and finding all
nodes of typery in its subtree. (At least oney node must exist, by definition.) If the leaf node that is being
modified is of typery itself, then it is guaranteed that the update will be mappdy o the relational view
corresponding to this node.

Second, we generate the SQL modify statements. The quadfisanref are combined with the terminal
label ofref and value specified bix to generate an SQL update statement against the view. Tresponding
algorithm is presented in algorithm 7.
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translateModify{/, qt,re f,A)
Let p be the unqualified portion ofe f
Let m be the node resulting from the evaluatiorpohgainstgt
if abstract_typet) = 7 then

r=m
else

Let r be the ancestor o, whose abstract type isp, 7¢ or Tn
end if
if abstract_type() = 7 then

generateModifySQL(view), A, ref)
else

Let X be the set of nodes with abstract type underr

for eachz in X do

generateModifySQL(view§, A, ref)

end for

end if

generateModifySQLRelV iew, A, ref)
sql ="UPDATE" + RelView +" SET"
Let ¢ be the terminal node ine f
sqgl=sql +t+"="+ A
for each filterf in re f do
if fis the firstfilter inre f then
sql =sql +"WHERE " + f
else
sql=sql +"AND "+ f
end if
end for

Algorithm 7: ThetranslateModifyalgorithm

translateDeleté(, qt,ref)
{Deletes the subtree rootedat f from V'}
Let p be the unqualified portion ofe f concatenated with the root af
Let m be the node resulting from the evaluatiorpofigainstyt
if abstract_typet) = 7 then

generateDeleteSQL(viewd), re f)
else

Let X be the set of nodes of abstract type underm

for eachz in X do

generateDeleteSQL(view), e f)

end for

end if

generateDeleteSQHelV iew, ref)
sql = "DELETE FROM " + RelV iew
for each filterf in re f do
if fis the firstfilter inref then
sql = sql ++"WHERE " + f
else
sql=sql +"AND "+ f
end if
end for

Algorithm 8: ThetranslateDeletealgorithm

For example, consider the update in example 4.2. The urigpaalef is /vendors/vendor/vendorName
The 7y nodes in the subtree rootedandor(the firstr, or 7 ancestor oivendorNamgare y (book) and
7~ (dvd), and we will therefore generate SQL update statements tbr\iewBookandViewDVD We then use
the qualificatiorid = "01" from ref = /vendors/vendor[@id = "01")/ vendorNantegether with the new value
in A, to yield the following SQL modify statements:

UPDATE VI EWBOOK SET vendor Nanme=" Anmazon. conf’ WHERE i d="01";
UPDATE VI EMDVD SET vendor Nanme="Amazon. conf WHERE i d="01"

4.2.3 Deletions

Deletions are very simple to process. First, the unqualpidion of the update patfef is used to locate the
node in the query tree at which the deletion is to be perforiiai is then used to determine which underlying
relational views are affected by finding al nodes in its subtree. Second, SQL delete statements areatgshe
for each underlying relational view affected using the @icaltions inref. The corresponding algorithm is
presented in algorithm 8.

As an example, consider the deletion in example 4.3. The aliitpd update path expression /igen-
dors/vendor/products/booKhe onlyrx node in the subtree indicated by this path in the query treg(sook)
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This means that the deletion will be performedfiawBook Examining the update pathhendors/vendor/products/
book[btitle="Computer Networks"}yields the label-value pabtitle="Computer Networks: Thus the deletion
on the XML view is translated to an SQL delete statement as:

DELETE FROM VI EMBOOK WHERE bti t| e=" Conput er Networks"

Itis important to notice that if a tuplein one relation “owns” a set of tuples in another relationarfareign
key constraint (e.g. a vendor “owns” a set of books), theetit#ls must cascade in the underlying relational
schema in order for the deletion o$pecified through the XML view to be allowed by the underlyiatational
system.

4.3 Correctness

Since we are not focusing on how updates over relationals/eeemapped to the underlying relational database,
our notion of correctness of the update mappings is thedcefin each relational vietteated as a base tahle
Let z = eval(gt, d) be the initial XML instancey be the update as specified in Definition 4.1, apply(z,
u) be the updated XML instance resulting from applying x. The functiontranslateUpdatet, qt, v) (shown
in section 4.2) translatesto a set of SQL update statement${, ..., Uim,, ---, Un1, ..., Unm, }, Where each
U;; is an update on the underlying view instange= evalV({;,d) generated bynap(splitgt)).
We use the notation] = applyR{;, {Ui1, ..., Uin,}) to denote the application oftf1, ..., Uin,} t0 v,
resulting in the updated view{. If the set of updates for a given is empty, then; = v;.

Theorem 4.1Given a query tregt defined over database, then for any instancé of D and correct update
u overgt, evalRel(applyg, v)) C v} U ... U vl,, whereJ denotes outer union.

Proof: Since the update does not change the view schema, and the application of aateifgg over viewv;
also does not changg’'s schema, by theorem 3.1 we have te@alRel(applyf, «)) andv; | ... |J v/, have the
same schema (are union compatible).

Insertions Suppose is a tuple inevalRel(applyt, u)), resulting from a insertion of a subtreein Assumet is
notinvy J ... Y v;,. Assume updat#;; is the translation of:.

Consider a tupl¢ which was inserted by updatg; in v;. SinceU;; is the translation ofi, ¢’ has the values
of one of the subtrees that were inserted ioy u, and also the values afthat were above the update poiwatf
of u. As a consequencest', andtisinv; U ... |J v}, a contradiction.

The same applies for the insertion of a more complex subtteeill generate several tuples, ..., t, to
appear irevalRel(applyt, u)). Each of these tuples will be inserted in the relational giéy a set of updates
Uij, ..., Ur. SO we have thagvalRel(applyt, v)) € vi U ... | vj, holds for insertions.

Modifications Suppose is a tuple inevalRel(applyt, w)), resulting from a modification of a leaf value in
Assumet is notinv U ... |J v,. Assume updat¥;; is the translation of..

Consider a tuple’ which was modified by updat€;; in v;. SinceU,; is the translation ok, ¢ had a
single attribute modified - the one that was updated.ihs a consequence=t', andtisinvi |J ... J v}, a
contradiction.

The same applies for modifications that affect more than eakihz, that is, whenref in u evaluates to
more than one update point. For every node affected by théfitettebn, will be generated one modification
Ui;. Since by theorem 3.1 all tuples@valRelg) are invy | ... U v, thenevalRel(applyt, «)) C v U ... U
vl
DeletionsFollowing the inverse reasoning of insertions, every s#tteleted from makes a tuple to disappear
from evalRel(applyf, «))s. Analogously, the translatidr;; of « will make that tuple to disappear fronj | J
... J v}, soevalRel(applyt, u)) C v; | ... | v, holds. L]

Theorem 4.2Given a query tregt defined over a database and an instance of D, thenv; | ... J v/, —
evalRel(apply¢, v)) C stubs(applyt, u)).

Proof: Insertions of uncomplete subtrees or deletions of uncotmsigbtrees may cause tuples to be filled in
with nulls because of the LEFT JOINS in somje These tuples, however, will be #tubs The reasoning is the
same as in proof of theorem 3.2. m

Note that a correctness definition likpply(evalgt,d), u) = eval(gt, d’)), whered' is the updated relational
database state resulting from the application of the tededlview updatest{11, ..., Uim,, ---, Un1, .-, Unm,, }
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to updates onl, does not make sense due to the fact that we do not controtahslation of view updates.
Therefore we cannot claim that they are side-effect free.
In the next subsection, we discuss a scenario in which taimatan be made.

4.4 Updatability

There are several choices of techniques that could be ustdnsiate from updates on relational views to
updates on the underlying relational database. Some @rssitanslation to be correct if it does not affect any
part of the database that is outside the view [9, 29]. Othensider a translation to be correct as long as it
corresponds exactly to the specified update, and does rat affiything else in the view [21]. Still others use
additional information to build specific translators fochariew [26, 31, 38]. Here, we choose [21] to illustrate
how reasoning abowide-effect freeelational view updates can be extended to XML views.

In [13], we define conditions under which XML views consteatby “nest-last” nested relational algebra
(NRA) expressions are updatable. Since nest-last NRA egjmes perform nests over a relational algebra
expression, our results are based on the ability to unne$MRA expression to obtain a (single) corresponding
relational view, and then build on the results of [21] to detepdatability. Since query trees also express
nesting and are mapped tosatof corresponding relational views, we can use these regultsason about
the updatability of XML views constructed by query trees. &gsume the underlying relational database is in
BCNF (as required by [21]), and impose three restrictiongjoery trees: (1) each table must be bound to at
most one variable; (2) each value in a leaf node must be unihatis, if the value of. is specified agx/A,
then this value specification does not appear on any otherindte query tree; (3) comparisons@me f must
be equalities. These restrictions are imposed so that thdtireg relational views do not include joins of the
same tables, and projections of the same attribute (asregbjoy [21]). The restrictions on equalities are also
required by [21].

Theorem 4.3 A correct update: to an XML view defined by a query trgeis side-effect free if for alll{;, V;),
whereV; is the corresponding relational view gf; andU; is the translation of: overV;, U; is side-effect free
inV;.

Proof: In our approach, a given XML update can be mapped to setof updates over the corresponding
relational views. Formallyy = Uz; (U;, V), n > 1. The update: is an atomic operation, that is, it has to be
executed completely, or aborted.

Suppose one of the updatés.( Vi), 1 < k < n is not side-effect free. Sinaeis an atomic operation, it
needs all of itsx» components to work correctly to be considered successiuhs€quently, if updatd i, V%)
fails, u also fails. Additionally, if updatel(i, Vi) is not side-effect free, themis also not side-effect free. m

Based on theorem 4.3, we can now answer a more general qudsttbere a class of query tree views for
which all possible updates are side-effect free? To andvieguestion, we summarize the results of [13] and
[21] for conditions under which NRA views are updatable, gederalize them for XML views constructed by
query trees.

Insertions. An insertion over an NRA view is side-effect free when theresponding relational view is a
select-project-join view, the primary and foreign keyslo source relations df are in the view and joins are
made only through foreign keys. In terms of query trees,ritiéans that the primary keys of the source relations
of qt; must appear as values in leaf nodegffand thewhereannotations int; specifies joins using foreign
keys, for all split treegt; corresponding to a query trge.

Deletions and modifications.Deletions and modifications over an NRA viédiare side-effect free when the
above conditions for insertions are met arids well-nested13]. By well-nestedwe mean that the source
relations inV” must be nested according to key-foreign key constraintseruhderlying relations. We rephrase
this condition in terms of query trees as follows:

Definition 4.4 A query treegt is well-nestedf for any two source relation® and S in gt, if S is related toR
by a foreign key constraint then the source annotationfarccurs in an ancestor of the nodeontaining the
source annotation fof. Additionally, attributes o2 must not appear as values in the descendants of

The results above identify three classes of updatable XMiwsi one that is updatable for all possible
insertions; one that is updatable for all possible insegjadeletions and modifications; and a general one
whose updatability with respect to a given update can beoreababout using theorem 4.3. Furthermore, we
can now prove the following:
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Figure 8: View 3: books and dvds clustered by price

Theorem 4.4Given a query tregt with the restrictions mentioned above and defined over a BG@&tBbase
D, then for any instancé of D and correct update: over gt: apply(evalgt,d), u) = eval(gt, d")), whered’
is the updated relational database state resulting fromaplication of the translated view updatds{, ...,
Uimys -, Una, -, Unm,, } USiNg the techniques of [21].

We leave the study of updatability using other existingtietal techniques for future work.

5 Extending Query Trees to Support Grouping

Figure 8 shown an example of XML view with group nodes. It imlagous of that of Figure 2, with the
exception that nowooks anddvds are clustered bgrice underproduct
To support grouping, we make the following changes to thendifh of query trees:

Definition 5.1 Nodes of query trees can be of three types:
Leaf nodeshave a value (to be defined), which is eitlpeojectedor grouped Names of leaf nodes that start
with “@” are considered to be XML attributes.

Starred nodegnodes whose incoming edge is starred) may have one or moreesannotations and zero or
more where annotations (to be defined). An exception is nad&drred nodes witlgroup children, which
must have no source annotation.

A Group node(one that has aroupedvalue) must have siblings that are starred nodes or groupesasf a
restricted form (see definition 5.2).

Definition 5.2 The value of a node can beprojectedor grouped
A projected valuas of form$z /A, whereA € A and$z is bound to tablé” by a source annotation om or
some ancestor of. Projected values must be unique, eig/A cannot occur twice within the tree.

A grouped valuds of formGROUP§z1 /A4 | ... |82 /Asm), wherem > 1 and A; € A, and$z; is bound
to T; by a source annotation on a sibling noderofThe domains ofl,, ... A,,, in D must be the same. Group
nodes with the same parent must be defined over the same settleszy, ..., z,,, and must have siblings
b1, ...b,, Wwhose incoming edges are starfedrurthermore, the parent of nodemust be starred, and it must
have no source annotations.

The intuition behind multiple group nodes with the same ptiseto allow tuples to be clustered based on a
set of attributes rather than a single attribute.

Additionally, it is necessary to add another starred abstygpe to our set of abstract types, so we can
distinguish grouped nodes. We call this type Nodes of typer are identified as follows: each starred node
which has one or more GROUP children has abstracttype

As an example of query tree which uses group nodes, considequery tree shown in Figure 9. It is the
query tree that generates the XML view of Figure 8. Noticé thare is a hodgrice whose value is grouped:
GROUP($sh/price | $sd/price)

2Notice that we do not require thel#1 /A1 | ... |$2m /Ax,) in the group operation be in the same ordebas..by, .
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name = ‘vendors’

name = ‘vendor’
[Sv = table(*Vendor”)]

T

Ts T l Ic *

name = ‘@id’ name = vendorName | [ o]
value = Svivendorld | falue = $vivendorNamgf )

name = ‘products’

Ts T Ts * Ty N
name = state name = country name = ‘@price’ name = *book name = ‘dvd’
value = $vistate ) | value = Svicountry alue = GROUP ($sbiprice | $sd/price [$sb = table(*Sell-Book")] [$sd = table(“Sell-DVD™)]
[$b := table(“Book")] [$d := table(“DVD™)]
(where $sb/vendorld=$ Id [[where $sd‘vendorld=¢ 1
and $brisbn=S$sbvisbn] and $diasin=S$sd/asin]
T Ts T T

name = btitle name = isbn name = dtitle name = asin
value = $bititle | |value = Sbisbn | | value = $dtitle | | value = $d‘asin

Figure 9: Query tree with grouped values

Given these definitions, we now show how el andsplit algorithms are modified to support grouping.
The eval algorithm has to have an additional function cadieadip, which deals with the generation of grouped

nodes. Notice that this is the only difference between tgerghm below and algorithm 1.

eval(gt, d)
evaluate(rootft, d))

evaluatef. ,d)
Let bindings{}be a hash array of bindings of variable attributes to valinitally empty.
caseabstract_typet)

7|7c: buildElementg)

Tr|7N: tableq)

TG group(e)

Tg: print "<namef)>valuef:)</namef)>
end case

buildElementf.)

lettag = "namegq)"

for each attribute: in children:) do
add "name¢) = valueg)" to tag

end for

print"<tag >"

for each non-attribute in children:) do
eval(c)

end for

print "</namef.)>"

tablef)
let w be a list of conditions in sources)
for eachw[7] do
if w(é] involves a variable in bindings{} then
substitute the value binding§ for v
end if
end for
calculate the seB of all bindings for variables in sources) that makes the conjunction of the modified:]'s true
for eachb in B do
addb to bindings{}
buildElementt)
removeb from bindings{}
end for

group(n)
etg, ... gs be the GROUP children of

let w be a list of conditions in sources(), for all starred nodes» that are children of.
for eachw[7] do
if w(é] involves a variable in bindings{} then
substitute the value binding§ for v
end if
end for

calculate the seB of all bindings for variables in sources( (for all starred nodesn that are children of.) that makes the conjunction of the modified

w(i]'s true
let V1=, values ofi’'th group term ing , taken fromB
let...
let V,={J ; values ofi'th group term ing,, taken fromB
for eachvy in V7 do
add variable bindings ;/p= value(g, ) for each group variable, to bindings{}
for eachvs in V do
add variable bindings ;/p= value(y) for each group variable, to bindings{}
buildElementt.)
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name = ‘vendors’

name = ‘vendor’
[$v = table(*Vendor™)]

Ts T \C T

(Crome—prodwe )

name = ‘@id" | [name = vendorName’] . R
name = ‘address

value = $vivendorld | [value = $v/vendorNam

Ts

name = ‘state’
value = $vistate

(] [ ]

name = ‘book’
value = Svicountry value = GROUP ($sb: price)]

[$b = table(*Book’)]
where $sbivendorld=Svivendorld

name = ‘btitle” name = ‘isbn’
value = $bititle value = $bfisbn

Figure 10: Partitioned query tree fox (book)

name = ‘vendors’

Tr

name = ‘vendor®
[$v = table(*Vendor”)]

Tg T T T

name = ‘@id’ name = ‘vendorName I name = ‘products’

’va]uc = $v: v:‘ndorldl ['aluc = $vivendor NamJ

name = ‘address’

™n

T
S name - ‘dvd’
name = ‘state’ name = ‘country’ name = ‘@price’ [$sd := table(“Sell-DVD™)]
value = Svistate | | value = Svicountry value = GROUP ($sbiprice)

name =‘btitle” name = ‘isbn”
value = $bititle value = $bfisbn

Figure 11: Partitioned query tree fox (dvd)

remove variable bindings; /p= value() for each group variable; in bindings{}
end for
remove variable bindings; /p= value(y:) for each group variable; in bindings{}
end for

Thesplit algorithm needs to take care of group values. It needs tovemparts of the value of group nodes,
so that variable references are correct in each split treeanfexample, the query tree of Figure 8 has a group
nodeprice whose value iSSROUP($sb/price | $sd/price)lhe two split trees generated by the split algorithm
will have a nodeprice referencing just one of the variables eagkb(or $sd), as shown in Figures 10 and 11.

The modifiedsplit algorithm is shown below:

split(qt)
Let¢[] be an array of query trees, initially empty
Leti=0
Let N be the set of nodes of typey in gt
for each node: in N do
inci
{initialize ¢[¢] with gt}
t[i] = qt
repeat
delete from¢[] all subtrees rooted at a nodef type r, wherez # n
retype the ancestors of the deleted nodes
until n is the only node of typey in ¢[¢]
for each group nodg in ¢[i] do
delete fromg all the variable references not declared as source anorgat its starred sibling
end for
end for

As for themapalgorithm, the only change that needs to be made is to adsl 6ide65 and 66, since nodes

of type ¢ are starred nodes, but they do not carry any source or whamaion.
1: mapgtl])
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2: Let sql[] be an array of strings, initially empty; Letumbergt be the number of split trees it []
3: for k from 1 to numberqt do

4:  Letn be the node of type in gt[k]

5!  sqllk] ="CREATE VIEW " + namef) + " AS "

6: sql[k] = sql[k] + "SELECT"

7. LetN bethe list of leaf nodes igt[k]

8: for i from 1 to size(V) do

9 get nextn in N

10: if 1 > 1then

11: sql[k] = sql[k] +"," + variable@q) + "." + attribute(z) + " AS " + name)
12: else

13: sql[k] = sql[k] + variable@) + "." + attributegz) + " AS " + nameg)

14: end if

15: i=i+1

16: end for

17:  sql[k] = sql[k] +"FROM"; Let from =""; Let N be the set of starred nodesgn[k]
18: for eachn in N do

19: Let join ="; Let S be the list of source annotations+n Let W be the list of where annotationsin

20: for i = 1 to size@) do

21: get nexts in S

22: join = join + table@) + " AS " + variable()

23: if i < size(S) then

24: join = join +" INNER JOIN "

25: end if

26: i=i+1

27: end for

28: Letcount =0

29: for i = 1 to size{V) do

30: get nextw in W

31: if w is of the form$x /A op $y/B AND $z is bound to tableX by a source annotatiom € S AND 3y is bound to tableé” by a source
annotations’ € S then

32: if count = 0then

33: join =join+"ON"+z.A opy.B

34: else

35: join =join +"AND" + z.A op y.B

36: end if

37: i=1i+ 1 count =count +1

38: end if

39: end for

40: if count = 0 then

41: join = join +" ON (1=1)"

42: end if

43: if size(S) > 1then

44: join ="("+ join +")"

45: end if

46: Let A be the set of starred ancestorsofLet count = 0

47: if n has a starred ancesthien

48: join ="LEFT JOIN" +join

49: for 4 = 1 to size{¥) do

50: get nextw in W

51: if w is of the form$z /A op $y/ B AND (($x is bound to tableX on noden AND $y is bound to tabl&” on a node: in A) OR ($x is bound

to tableX on a nodez in A AND 8y is bound to tabl&” on noden)) then

52: if count = 0then

53: join =join +"ON"+x.A opy.B

54: else

55: join =join +"AND"+ z.A op y.B

56: end if

57: end if

58: i=1i+ 1 count =count +1

59: end for

60: if count = 0then

61: join =join +"ON (1=1)"

62: end if

63: from="("+ from+ join +")"

64: else

65: if abstract_typet) != 7 then

66: from = from + join

67: end if

68: end if

69: end for

70:  sqllk] = sql[k] + from; Let W’ be the set of all where annotations on nodegtdk]. Let count = 0
71: for eachw’ in W’ do

72: if w’ is of the form$x /A op Z AND Z is an atomic valu¢hen
73: if count = 0then

74: sql[k] = sql[k] +"WHERE"+xz.A op Z

75: else

76: sql[k] =sql[k] +"AND "+ z.Aop Z

77: end if

78: end if

79: end for

80: end for

81: returnsql|]
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5.1 Updatability

Extending query trees with group values reflects in our udullity study. Specifically, we present a rewritten
version of theorem 4.3 when group nodes are considered.

Theorem 5.1A correct update: to an XML view defined by a query treeis side-effect free if:

. u does not modify the leaf child of/g; node, or in other wordsef does not point to @roupnode;

2. u does not delete a starred child ofrg node; and

3. For all (U;, V;), whereV; is the corresponding relational view gf; and U; is the translation of. overV;, U;

is side-effect free ifi;.

Proof: We divide the proof in three steps, one for each conditiohé&theorem.

Condition 1: To prove this condition, all we need to do is to show an exarapéemodification of a group node
that causes side-effects. Suppose we specify a modificatienthe view in Figure 8 byef = /vendor/ ven-
dor[@id="1"]/products[@price="38")/@priceand A = {29}. The evaluation ofref yields node 8. Although

it seems fine to modify the value of this node, the reconstidi ML view would collapse the subtree rooted at
node 13 with the subtree rooted at node 8. This happens lewaugre changing the value of node 8 to a value
that was already in the view, and the semantics of GROUP megjthat nodes that agree in the valugote
should be collected together. As a consequence, the XML miedified by the user will be different from the
reconstructed view — a side-effect.

Condition 2: This condition can also be proved by a contra example. Censidieletion over the view in
Figure 8 with update pattef = /vendor/vendor[@id="1")/products[@price="38"]/boakwhich evaluates to
node 10. The deletion of this book will also make the subtoeed at node 8pfoductd disappear. This is
because node 10 was the only book being sold by this pricertihidevendor. Consequently, the update is not
side-effect free.

Condition 3: This condition is the statement of theorem 4.3 itself. Fdgaser to that theorem for proof. =

Condition 3 states that if an update passes the “groupinditons” (conditions 1 and 2), then the update is
side-effect free if all updates in its translation onto timelerlying relational views are side-effect free. Hence,
any side-effect free relational view update technique ¢bel used.

Recall that reasoning about whether or not an update isesfdet free involves the query tree rather than
the resulting XML instance. There may therefore be instafi@ewhich updates to grouped nodesadcause
other updates to be introduced in the recomputed view. Elesiipclude changing the value of node 9 to $20
in figure 8 and deleting the subtree rooted at node 18. Thes&éthle) updates are outlawed in our approach.

There are two ways in which we could allow the desired updattegoup nodes above: (1) perform instance
analysis to catch exactly the cases that produce sidet&ffac(2) allow side-effects in these special cases, or
re-define side-effects to exclude empty groups or groupstwtollapse. We leave this for future work.

6 Evaluation

For purposes of presentation, the query tree languagemegsia this paper was kept simple to highlight how
the mapping of the query tree and updates are performed.

Query trees can be extended in a number of ways, for exampleaiovith grouping, aggregates, function
applications and so on. An example of such extension canuelfim section 5, where we allogrouped values
which allow tuples that agree on a given value to be clustergether, as well as leaf nodes with attributes.

However, another consideration that must be kept in mindwvetxéending the language is whether or not the
relational views resulting from the XML view are updatablbe language presented in this paper, with suitable
restrictions on the way in which joins and nesting are penfxt with respect to keys and foreign keys in the
underlying relational database, presents a subset of XQuavhich side-effect fre@ipdates can be defined as
discussed in the previous section. While grouped valueteafidodes with attributes do not affect these results,
the addition of functions and aggregates would. Analogousdrk on updating views in relational databases
which restricts views to select-project-join queries, vewdrtherefore initially decided against considering a
richer language (although we plan to do so in future work).

3The termexact translatiorused in [25] is equivalent to our notion of side-effect free.

23



name = ‘resule | T
T m T,
(9 Ty C
name = ‘sellBooks’ name = ‘book’ name = ‘dvds’

[$b := table(“Book”)]
Ts TN L

name = ‘vendor’

[$v := table(“Vendor™)]
[$sb := table(“Sell-Book™)] — —
[where $v/vendorld=$sb/vendorld] { name = *btitle’ } { name = “dtitle }

value = $v/vendorName value = $bititle value = $d/title

Figure 12: Example of query tree

The EBNF for the subset of XQuery corresponding to our lagguaith grouped values) can be found in
the section 6.2.

To evaluate our language, we first discuss the restrictiogif form of queries, and what query trees can
or cannot express. Second, we examine the power of expnessguery trees, and compare it with existing
proposals in literature. We have also analyzed the “prality¢ of XML views constructed by query trees by
collecting examples of real XML views extracted from redatil databases and evaluating whether or not query
trees can capture them. For these real XML views, query trees sufficiently expressive.

6.1 Limitations of Query Trees

Although query trees are quite expressive, there are sosirctm®ns.

Values must come from the relational database We do not allow constants to be introduced as values in
leaves, nor do we allow functions to calculate new valuemfvalues in the database. Allowing constant values
in leaves is potentially useful (for example, to add a versiamber to the view), but they are not interesting
from the perspective of updates to the relational databaseam they themselves be updated since they are not
part of the database schema. Calculating a value from a setluds (e.g. taking the average of a relational
column) creates a one to many mapping which cannot be updasshrch on relational views also disallows
this case. However, calculating a new value from a singleevah the database (e.g. translating length in
centimeters to length in inches) could be allowed as longeterse function was also specified.

Queries are trees rather than graphs.This restriction disallows recursive queries, which aspaisallowed in
SilkRoute [23]. For example, suppose the relational datalcantained a relation Patriarchs(PName, CName)
with instance {(John, Marc), (John, Chris), (Justin, Jdhrhn XML view of this that one might wish to
construct would be:

<Patri arch>
<Name>Just i n</ Name>
<Chi | dren>
<Nane>John</ Nane>
<Chi | dr en> <Nane>Mar c</ Nane>
<Name>Chri s</ Name>
</ Chi | dren>
</ Chi | dren>
</ Patriarch>

Since recursive queries cannot be mapped to select-pfojaajueries, our technique would have to be
extended significantly to reason about them.

On the other hand, query trees are flexible enough to regrbséegrogeneous structures (e.g. the view in
Figure 5). It can also represent query trees with a repetafgnode, as shown in Figure 12 (note thahdor

is labeled withry andrg). The XML view resulting from this query tree is as follows:
<resul t>
<sel | Books>
<vendor >Amazon</ vendor >
<vendor >Bar nes and Nobel </ vendor >
</ sel | Books>
<book><btit| e>Uni x Network Progranm ng</btitle></book>
<book><btit| e>Conput er Networ ks</btitle></book>
<dvds>
<dvd><dtitle>Friends</dtitle></dvd>
</ dvds>
</resul t>

It turns out that XML views with heterogeneous content aqebeding leaves arise frequently in practice, but
that recursive views are not common. We therefore belieagtlie above restrictions do not limit the usefulness
of our approach.
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6.2 Power of Expression

We have shown how to transform the XML view update problern thie well studied relational view update
However, since our proposal is basedjoery treesthe next question is: Are query trees expressive
enough to be used in practice? To answer this question, wpa@the power of expression of query trees with

problem.

SilkRoutes'view forest§23]; XPERANTO [32]; and DB2 DAD files [17].

Since most of these proposals are based on the XQuery [18} uguage, we first show how a query tree
can be translated to an XQuery query. Based on the strugtaiies of query trees and on these translation
rules, we then present a BNF for the subset of XQuery thatygoees are capable of expressing.

Given a query tregt, an XQueryzq is generated by thgenerateXQuengalgorithm (algorithm 9). The
algorithm is recursive, and it starts withbeing the root ofjt. Functionvalue) returns the value associated
with a leaf node. For example, suppose nadeas valuebz/A, thenvalueq) returns the expressidix/A.
Functionnamef) returns the node name yt. Whenn is an attribute, the function returns the name without

"@". As an example, ifi has name@id, then namef) returnsid.

As an example, the XQuery query corresponding to the queeydf Figure 5 is as follows:

<vendor s>

{for $v in document ("Vendor.xm ")//row

return

<vendor id="{$v/vendorld/text()}’ >
<vendor Name>{ $v/ vendor Nane/ t ext () } </ vendor Nanme>
<addr ess>

<state>{$v/state/text()}</state>
<country>{$v/ country/text ()></country>

<web>
<url>{$v/url/text()}</url>
</ web>
</ addr ess>
{let $sb’ := docunment ("Sell-Book.xm ")/ /row
let $b’ := docunent ("Book.xm ")//row
let $sd’ := docunent ("Sell-DVD.xm ")//row
let $d’ := docunment ("DVD.xm ")//row
for $price in distinct-values($sb’/price | $sd' /price)
return

<products price="{$price/text()} >

{for $sb in docunent("Sell-Book.xm ")/ /row
for $b in document (" Book.xm ")/ /row
wher e $sb/vendorld = $v/vendorld and
$b/isbn = $sb/isbn and
$price = $sb/price
return
<book>
<btitle>{$b/title}</btitle>
<i sbn>{$b/i sbn} </i sbn>
</ book>

{for $sd in docunent("Sell-DVD.xm ")//row
for $d in docunment ("DVD.xm ")/ /row
where $sd/vendorld = $v/vendorld and
$d/ asin = $sd/asin and
$price = $sd/price
return
<dvd>
<dtitle>{$d/title}</dtitle>
<asi n>{ $d/ asi n} </ asi n>
</ dvd>

</ product s>

</ vendor >

}

</ vendor s>

This translation algorithm assumes that each relatiomdé t with attributesA, B, C, ... is exported to

XML as follows:

<>
<r ow>

<A> ...
<B> ...
<C ...

</ row>

<X

</ A>
</ B>
</ C
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generateXQuery()
caseabstract_typet)
7|7c: buildElementg)
Tr|7N: tableq)
T group(r)
Ts: leaf(n)
end case

buildElementf.)

lettag = "namegq)"

for each attribute: in children:) whose value igroupeddo
add "namef) = '$ nameg)/text()" to tag

end for

for each other remaining attributein children¢:) do
add "name¢) = 'value(c)/text()™ to tag

end for

print "< tag >"

for each non-attribute in children:) do
generateXQueryy

end for

print "</namef.)>"

leaf(n)
if n has agroupedvaluethen

print "<namef)>{$namef)/text()}</name)>"
else

print "<namef.)>{value(n)/text()}</nameg)>"
end if

tablef)
print "{"
for each source annotation binding a talieto a variable$z in n do
print "for $ in document("X.xml’)//row"
end for
Let W be the set of where annotationsrin
Letcount =1
for eachw in W do
if count > 1then
print "AND w"
else
print "WHERE w"
end if
count = count +1
end for
if n is a child of a node:z, and abstract_typej = 7 then
letG ={g1, ... gs} be the GROUP children of.
for eachg; in G do
Let valueg;) be of the form GROURz1 /A1 | ... |$zk /Ak)
Find each of thex; in the value ofy; that is declared in a source annotatiomin
if count > 1then
print "AND $ nameg;) = $xz; /A;"
else
print "WHERE $ namey;) = $z,/A;"
end if
count = count +1
end for
end if
print "return”
buildElementt.)
print "}"
group(:)
letG ={g1, ... gs} be the GROUP children of
let S be the set of source annotationiin for all starred nodes: that are children of.
print "{"
for eachs in S binding a variablé§z to a tableX do
print "let $2” := document(’X.xml’)//row" {Notice that variabl&z is primed in the generatdet expression}
end for
for eachg; in G do
Let valueg;) be of the form GROURz1 /A1 | ... |$zk /Ak)

print “for $ nameg;) in distinct values§x’ /A1 | ... |$x}, /A {Notice again the use of primed variables. They correspaorttié variables bound by
thelet expression on line (67)}

end for

buildElementt.)

print "}"

Algorithm 9: ThegenerateXQuerglgorithm

According to the translation algorithm and to the struetgriules of query trees, the XQuery queries corre-

sponding to query trees follows the following EBNF:

XQuery

[1] Quer yBody
[2] QueryBody

El nt Const ruct or
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3] ElntConstructor ::
4]  El nt Cont ent :
5] AttlList

6] AttVal ue :
7] AttVal ueContent ::
8] Pat hExprAtt :

"<" (Name AttlList "/>" | "<" QNane AttList? ">" ElntContent+ "</" QNane ">"
ImConstructor | Encl osedExpr +
( "=" AttVal ue) ’))+
’ AttVaI ueContent ""’') | ("'" AttValueContent "' ")
"{" PathExprAtt "}"
"$" VarName "/" QName "/" NodeTest
{

E
(
[

9] Var Nane QNane

10] Encl osedExpr " (FWRExpr | LFWRExpr | PathExpr) "}"

11] Expr O Expr

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

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

14] FWREXpr ((For Cl ause) + WereC ause? OrderByC ause? "return")* El nt Constructor

15] LFWREXpr ((Let Cl ause) + (Ford auseDi stinct)+ WereC ause? O derByC ause? "return")* El nt Constructor

16] Conpari sonExpr
17] Val ueExpr

Val ueExpr (General Conp Val ueExpr )?
Pat hExpr | Pri maryExpr

18] Pat hExpr "$" VarName "/" QName ("/" NodeTest)?

19] NodeTest Text Test

20] Text Test “"text" "(" ")"

21] ForCl ause : "for" "$" VarNanme "in" DocExpr

22] ForC auseDisti nct o= "for" " $" Var Name "in distinct-val ues” Uni onExpr

23] DocExpr : “table (" """ QName "’ ")//row' | “"table (" "'" QName "'" ")//row'
24] Whered ause "wher e" Expr

25] General Conp "t o< S e B

|
"order" by O’derSpecLl st
Order Spec ("," Order Spec)*

26] OrderByd ause
27] O der SpeclLi st

28] Order Spec Pat hExpr

29] Pri maryExpr Literal | ParenthesizedExpr

30] Literal NunericLiteral | StringLiteral

31] NunericlLiteral IntegerLiteral | DecimalLiteral | DoublelLiteral

32] ParenthesizedExpr ::="(" Expr? ")"

33] UnionExpr ::="(" "$" VarName "/" QName ( ("union" | "|") "$" VarNanme "/" QNane)* ")"

XPERANTO [32] can express all queries in XQuery. View fosef23] are capable of expressing any
query in the XQueryCore that does not refer to element otderrecursive functions or use is/is not operators.
Query trees present the same limitations as [23], and avenalcapable of expressiifithen/elseexpressions;
sequence of expressions (since we require that the resihié afuery always be an XML document); function
applications; arithmetic and set operations. Input furddiare also a limitation of query trees. It is not possible
to bind results of expressions to variables. Variables cdy foe bound to relational tables, while in SilkRoute,
they can be bound to arbitrary expressions.

DB2 XML Extender provides mappings from relations to XMLahigh DAD files. Mappings can be done
in two ways: using a single SQL statement (by using 8@&_st nt element in the DAD file), or using
the RBD_node mapping. The SQL_stmt method allows only alsiB@L statement, so XML views with
heterogeneous structures (like the one in Figure 5) can eabstructed. The RBD_node method allows
heterogeneous structures, since instead of specifyinggéessQL statement for the XML extraction, the user
specifies, for each XML element or attribute in the XML vietetable and attribute name from which the data
must be retrieved. It is also possible to specify conditimngach XML node in the DAD file (join conditions
and selection conditions). DB2 DAD files with RDB_node metlawe equivalent to query trees in expressive
power, since all the data come directly from the relatiorsghtiase and functions cannot be applied over the
retrieved data. This is meaningful, since DB2 DAD files reprg features that are useful in practice, and
because this subset can easily be mapped to relational.views

6.3 Real applications

We were able to obtain three real world applications: theafBproject [5], a Tobacco company [27] and the
Mondial Database [30]. The views produced by these apmicafare available at [1].

The XBrain Project is an application of SilkRoute [23]. Thphcation queries a brain mapping database,
over which an XMLpublic viewis defined.

The Tobacco company example is the most interesting. Theanynneeds to send monthly reports to a
Tobacco Producer’s AssociatibriThe report shows data about the producers from whom the aoyrigought
tobacco, as well as prices, quantities, etc. The compangsstdl the transactions in a relational database, and
at the end of the month it generates an XML report containlhtha information solicited by the Producer’s
Association.

The Mondial database is a case study for information extmaetnd integration. Facts about global geog-
raphy are extracted from the Web and integrated in a vergldegabase. An XML view over this database is
then provided.

These applications highlight several characteristiceaf KML views: They are large and complex, typi-
cally involving several relational tables. They are alsdl steuctured, which is no surprise since the source data

4We omit the company and the association name for copyrigisiores.
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is relational and therefore structured. Additionallyngiare made through keys and foreign keys - a desired
property of updatable views. All these views can be expressig query trees except for the portion of the
Mondial view shown below:

<religions percentage="70">Mslinx/religions>

<religions percentage="10">Roman Catholic</religi ons>
<religions percentage="20">Al bani an Ot hodox</religi ons>

As presented so far, query trees cannot represent this Xkl gincereligionshas a childoercentageut
must be a leaf to have a value, a contradiction. The sameeobtcurs in the Mondial view for an element
calledethnicgroups Note that allowing attributes within atomic elements ipitar to allowing mixed content
elements.

It turns out that query trees can easily be extended to délatiis case. We can introduce a special attribute
calledtextContento represent the text content of the elemetigions The tree will be processed with this
additional attribute, and transformed back to its origstalicture before being presented to the user.

There are also three problematic attributes in the Mondetvattributemembershipf elementcountry,
and the attribute&l andis_country_capital These attributes require computation to construct thedire; and
are therefore not addressed by our work as discussed eartigs section.

6.4 Normalized XML documents

A proposal to extract a nested normalized XML document [8irfra relational database is presented in [40].
The proposal explores keys and foreign key constraints ild bugraph of dependencies between tables. By
traversing this graph, it is possible to decide which ta)le(ll be a top-level element and how the remaining
tables will be nested under this table. When nesting a giafele teads to redundancy, it is placed directly below
the root, and relationships are expressed using IDs and FBR&uch views can be easily expressed using query
trees, and are updatable for all correct insertions, delstand modifications.

6.5 XQuery use cases

For completeness, we also analyzed the relational use ob¥€3uery [15]. Of the eighteen queries presented
in [15], our query trees are capable of expressing only tw® &Q@d Q4). This is mainly caused by the use of
aggregate operations. We believe that these use casemghtghk difference between queries and view defi-
nitions, rather than demonstrating shortcomings of quegst Aggregate operators and specialized functions
are typically not considered in work on updating views.

6.6 XML documents stored in relations

XML documents are frequently mapped to relational databéseefficient storage. We analyzed the most
popular approach, hybrid inlining [34], to check if the XMiew definitions resulting from this mapping could
be expressed by query trees.

We analyzed six different XML documents. Three of them repre information about courses of different
universities [2]. We also analyzed the SIGMOD Record [4¢, DBLP in XML [3] and the action XML file of
XMark [6].

All of the three course documents are fully compatible witlexy trees. DBLP and XMark are also compat-
ible except for one element that has mixed contétié (n DBLP andtextin XMark). Although hybrid inlining
does not support mixed content, we mapped it by assuming perlumundr on the number of fragments
of text content for an element, and used special attribiafisdtextContent, ..., textContent to capture the
fragmented text values. The resulting mapping could beesgad using query trees.

As for updates, since hybrid inlining introduces artifigiaimary keys, these keys must be projected in the
view in order to update the underlying relational databaseugh the reconstructed document. This can be
handled by introducing aid attribute that holds the primary keys in elements that regmedatabase tuples.

In summary, query trees are able to capture many of the "ML views of relational databases that we
were able to find. The evaluations were also incredibly Jakito identify extensions that should be made to
our definitions, such as those to handle atomic elementsattibutes and mixed content elements.
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7 Related Work

There are several proposals for exporting and querying XNi#ws of relational databases [16, 23, 32, 33].
For updates, [39] presents a round trip case study, where EdMluments are stored in relational databases,
reconstructed and then updated. In this case, it is alwassitpe to translate the updates back to the underlying
relational database. Our approach differs since we addpmtatdegacydatabases through XML views.

Commercial relational databases offer support for extigcML data from relations as well as restricted
types of updates. In SQL Server [19], an XML view generatedmwannotated XML Schema can be modified
usingupdategramsTo update, the user provides a before and after image of e Wew [20]. The system
computes the difference between the images and generatesi@ate statements. The views supported by
this approach are very restricted: joins are through keysfareign keys, and nesting is controlled to avoid
redundancy. This corresponds to our well-nested queng,tnebich are therefore provably updatable with
respect to all insertions, deletions and modifications.clerg22] offers the specification of an annotated XML
Schema, but the only possible update is to insert an XML deruirthat agrees with the schema. IBM DB2
XML Extender [17] requires that updates be issued directiye relational tables.

Native XML databases also support updates [37, 24, 35]. D af all these systems differs from ours
since they do not update through views.

8 Conclusions

In this paper, we present a technique for updating relatidatabases through XML views. The views are
constructed using query trees, which allow nesting as vedilederogeneous sets of tuples, and can be used to
capture mixed content, grouping, as well as repeating tertents and text elements with attributes.

The main contributions of this paper are the mapping of thel>dNeéw to a set of underlying relational
views, and the mapping of updates on an XML view instance tet@supdates on the underlying relational
views. By providing these mappings, the XML update probleneduced to the relational view update problem
and existing technique on updates through views [21, 259P¢@n be leveraged. As an example, we show
how to use the approach of [21] to produce side-effect fretatgs on the underlying relational database.

Another benefit of our approach is that query trees are agnoigh respect to a query language. Query
trees represent an intermediate query form, and any (sabaa) XML query language that can be mapped to
this form could be used as the top level language. In padicule have implemented our approach in a system
calledPatax6 that uses a subset of XQuery to build the XML views and traaslXQuery expressions into
query trees as an intermediate representation [14]. Similaur update language represents an intermediate
form that could be mapped into from a number of high-level XMidate languages (using a static evaluation
of which updates are to be performed). In our implementati@use a graphical user interface which allows
users to click on the update point or (in the case of a set mdempdate) specify the path in a separate window
and see what portions of the tree are affected.

In future work, we plan to study the updatability of XML viewsing other proposals of updates through
relational views in literature. We also plan to extend threglaage to include other features such as aggregates,
and to extend the model to include order.
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