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s.wpi.eduAbstra
t. The XML database 
ommunity felt the ne
essity for in
or-porating expli
it 
onstraint spe
i�
ation s
hemes for XML, so that XMLmay be used for database appli
ations. This was one of the reasons fora new s
hema language standard 
alled W3C XML-S
hema, in pla
e ofDTD, the original standard. However, several fundamental problems ex-ist in XML 
onstraint spe
i�
ation today, whi
h are yet to be solved. Thispaper is an attempt to investigate answers to some of these questions.We study expli
it 
onstraint spe
i�
ation requirements for XML usingthe following assumption: An XML s
hema language should provide theability to spe
ify a normalized XML s
hema to model any database ap-pli
ation s
enario. Using this approa
h, we are able to systemati
ally
ome up with a 
onstraint spe
i�
ation s
heme for XML.1 Introdu
tionOver the last few years, XML (eXtensible Markup Language) [BPS00℄ publishedby W3C has been widely used for modeling appli
ations of the web, in
ludingtext appli
ations, and database appli
ations. In this work, we fo
us on XML anddatabase appli
ations. Database appli
ations use XML primarily in one of thefollowing two ways: (a) A database appli
ation is modeled in XML, and the re-sulting data is stored in native XML or in relational/obje
t-relational databases(b) An XML view is published over a relational/obje
t-relational data sour
e;queries and updates are performed against this XML view and translated into theunderlying data sour
es. Both these appli
ation s
enarios require expli
it 
on-straint spe
i�
ation for XML: in (a), we need to express appli
ation semanti
s,and in (b), we need to expose the appli
ation semanti
s to the user appli
ationwho sees only the XML view.A �rst requirement in this study is to formalize what database appli
ationsare. Our formalism is based on the following assumption: a database appli
a-tion is one that 
an be modeled by Entity Relationship (ER) model [Che76℄. ERs
hemas when translated to relational s
hema, make use of the stru
tures (rela-tions and attributes) and expli
it 
onstraints (key and foreign key 
onstraints).Translation of ER s
hemas to XML s
hemas has been studied in [Man03℄; thelessons learnt there has greatly in
uen
ed this work.A se
ond formalism that is required is what is a good s
hema language. Webase this de�nition on normalization as de�ned in [AL03℄, where a normalized



s
hema is de�ned as one with no redundan
y as: Consider all possible instan
esof the s
hema. If for any instan
e, any value 
an be determined by the othervalues in the instan
e, then that implies that there exists redundan
y in thatinstan
e, and hen
e the s
hema is not normalized. Examples of normalizationof relational s
hema are shown in Table 1. Note that the �nal s
hema used bythe appli
ation 
ould be unnormalized. However, we require that a good s
hemalanguage allow us to spe
ify a normalized s
hema for any appli
ation s
enario.StudentsName pName pResA X DBB X DB(a) Unnormalized relational s
hemaThere exists FD: pName! pRes S1 S2sName pNameA XB X pName pResX DB(b) Normalized relational s
hema
orresponding to (a)Table 1. (a) shows an unnormalized s
hema, we 
an remove one value \DB" andbe
ause of the FD, we 
an still determine the value. (b) shows the result of 
lassi
alrelational normalization
Let us �rst try to see why we need expli
it 
onstraints in XML. In XML,stru
tures are spe
i�ed as hierar
hies. Hierar
hies 
apture 1 : n relationshipsimpli
itly, for example, if a professor has students as 
hildren, that implies a1 : n relationship. However, pure hierar
hies are insuÆ
ient to 
ome up witha normalized s
hema for any s
enario [TL82℄. This 
an be illustrated with thefollowing example: Consider two entity types book and person, and a relationshiptype, author, whi
h represents the persons who authored the books as shownin Figure 1. Also suppose author is a m : n relationship type; in other words, aperson 
ould have authored many books, and a book 
ould have been authored bymany persons. Figure 1 illustrates that there 
ould be redundan
y if we representthis relationship using hierar
hies. To avoid su
h redundan
y, XML needs tosupport expli
it 
onstraint spe
i�
ation. In this paper, we systemati
ally dis
ussand develop an expli
it 
onstraint spe
i�
ation s
heme for XML.The paper is outlined as follows. In Se
tion 2, we des
ribe the ba
kgroundrequired. First we dis
uss XGrammar, based on regular tree grammars [MLM01℄,whi
h is used to spe
ify stru
tures in XML. We further des
ribe database 
on-
epts required su
h as fun
tional dependen
ies, examine how 
onstraints havebeen traditionally studied in relational and ER 
ontext, and how the 
onstraintspe
i�
ation in XML di�ers from them. In Se
tion 3, we study the various re-quirements and issues in XML 
onstraint spe
i�
ation. In Se
tion 4, we 
ome upwith an expli
it 
onstraint spe
i�
ation s
heme for XML. We �nally 
on
ludewith future work in Se
tion 5.
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hy-2Fig. 1. (a) shows example instan
e of m : n relationship author between book and person,ea
h with two attributes, and with the �rst attribute as the key. Book b1 is written by p1and p2, so is b2. (b) shows author relationship represented as person being 
hild of book;there is redundan
y, we 
an remove one of the x1 values, and still determine it from othervalues. (
) shows author represented as book is 
hild of person; there is redundan
y, we
an remove one of the t1 values, and still determine it from other values.2 Ba
kgroundIn this se
tion, we introdu
e ba
kground material required. First we des
ribehow stru
tures are spe
i�ed in an XML s
hema language. We will 
all our XMLS
hema language as XGrammar. XGrammar is based on regular tree grammartheory, and is an abstra
tion of three standards: DTD, W3C XML-S
hema andRELAX-NG [MLM01℄. We then de�ne fun
tional dependen
ies for the sake of
ompleteness, and then study di�eren
es between 
onstraint spe
i�
ation in ERand relational models and 
onstraint spe
i�
ation requirements in XML.2.1 XGrammarWe use G to denote an XGrammar and L(G ) to denote the language that Ggenerates. We assume the existen
e of a set bN of non-terminal symbols, a setbE of element names, a set bA of attribute names, and a set b� of atomi
 datatypes as de�ned in [BM01℄, su
h as string, integer, ID, IDREF(S) et
. We use thefollowing notations: � denotes the empty string, + denotes union, \," denotes
on
atenation, \a?" denotes zero or one o

urren
e, \a�" denotes Kleene star,and \a+" denotes \a; a�". Determining whether a do
ument D 2 L(G ) 
an bedone in time linear with respe
t to the size of the do
ument [MLM01℄.De�nition 1 (XGrammar) An XGrammar is denoted by a 6-tuple G = (N , E,A, S, P , �), where{ N is a �nite set of non-terminal symbols, where N � bN .{ E is a �nite set of element names, where E � bE.{ A is a �nite set of attribute names, where A � bA.{ S is the set of start symbols, where S � N .{ P is the set of produ
tion rules of the form X ! x (RE), where X 2 N ,x 2 E, and RE is:RE ::= � j � j �a j Y j (RE + RE) j (RE;RE) j (RE)? j (RE)� j (RE)+,where � 2 b� , a 2 A, Y 2 N .



{ � is the set of 
onstraints, whi
h in
lude:� Attribute type. For any attribute a 2 A, we de�ne the type � 2 b� for it.(other expli
it 
onstraint spe
i�
ation will be added in Se
tion 4).Determining type for an element. An important problem that impa
ts the
onstraint spe
i�
ation problem is that of determining the type for an element(also 
alled interpretation in [MLM01℄). Given a do
ument D 2 L(G ), we saythat the type for an element (subtree) say t is X 2 N , if D 
an be generated fromG su
h that t is generated from X . A signi�
ant di�eren
e in XML from tradi-tional data models and programming languages is that the type for an elementt may be ambiguous; in other words, it is possible for t to be generated frommultiple non-terminals. We will see in Se
tion 3, how this potential ambiguityin
uen
es the 
onstraint spe
i�
ation s
heme. It is possible to impose di�erentrestri
tions as to what subset of regular tree grammars are valid s
hemas, asdone in DTD and W3C XML-S
hema, to ensure that there is no ambiguity.However RELAX-NG, a widely used XML s
hema language standardized underISO, imposes no su
h restri
tions. Therefore a do
ument valid with respe
t to aRELAX-NG s
hema may have elements whose type may be ambiguous.Example 1 An example XGrammar, and a do
ument valid with respe
t to thisXGrammar is given in Table 2. We show the attribute type 
onstraints only forthe interesting 
ases: attributes of type ID or IDREF (S). Note that for thisexample, given the do
ument and the XGrammar, we 
an identify the types forea
h element in the do
ument unambiguously. For example, the type for boththe elements with name person is Person. 2
N = fLibrary; Person;Book; Paper;ReviewgE = flibrary; person; book; paper; reviewgS = fLibrarygP = fLibrary ! library (Person�),Person! person (�name;((�
ity;�state) + �zip);(Book� + Paper�); Review�),Book ! book (�btitle;�ISBN;�year?;�BID),Paper! paper(�ptitle;�year?;�journal?;�PID),Review! review(�art;�rating)g� = Attribute type 
onstraint: f�BID::ID,�PID::ID, �art::IDREFg

<library><person name=`A'
ity=`LA' state=`CA'><book btitle=`T1' ISBN=`I1'BID=`B1'><book btitle=`T2' ISBN=`I2'BID=`B2'><review art=`P1' rating=`9'><review art=`B2' rating=`9'></person><person name=`B' zip=`90095'><paper ptitle=`T3' PID=`P1'><review art=`B1' rating=`9'><review art=`B2' rating=`10'></person></library>Table 2. Example XGrammar and a valid XML do
ument



XPath Expressions The operations we will 
onsider on the XML model areXPath expressions [W3Cb℄ (subset of full XPath syntax). The subset we 
onsiderin
lude the following three axes: 
hild, attribute and parent. Some example pathexpressions and the results for the do
ument in Table 2 are shown below.1person=�name = fA;Bgperson=review=�art = fP1; B1; B2greview=parent :: person=�name = fA;Bg2.2 Fun
tional Dependen
iesFun
tional dependen
ies (FDs) for the relational model are well known [GMUW02℄;let us look at an example. Consider the relational s
hema shown in Table 1. Wesay that the s
hema satis�es the FD: pName! pRes, if in any instan
e of thes
hema, if there are two rows with the same value for pName, they will havethe same value for pRes (in other words, pName determines pRes).Keys are de�ned in the relational model using FDs. Consider a table R withattributes AR. We say that the key for R is K if K ! AR.2 For example, inTable 1 (b), the key for table S2 is pName, as shown in Figure 2 (a).FDs have been de�ned for the XML model as well in [AL02℄. For example,for books in the XGrammar in Table 2, we have the FD ISBN ! btitle. Keysfor XML are also de�ned based on FDs. For example, we say that the keyfor the set of books in the XGrammar in Table 2 is ISBN , if we have the FD:ISBN ! book. Note the di�eren
e between the relational and the XML models:we 
onsider ea
h book \obje
t" (element) to have an id, and we want the key todetermine this ID (the key may or may not determine the other values).
pName

pRes

S2

r1

DB

X

(a) Example instan
e of relational Keys book
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title
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I1

I2

T2

T1(b) Example instan
e of XML KeysFig. 2. Illustrating Relational and XML Keys1 In XPath syntax, they would have a == appended as a pre�x to ea
h of the ex-pressions, we omit them for 
onvenien
e. Further the order of the results of a pathexpression as well as whether a path expression returns dupli
ate values are insignif-i
ant and do not impa
t our results; hen
e they will be ignored.2 We also require that there exists no K0 � K, su
h that K0 ! AR.



2.3 Key Spe
i�
ation for Relational/ER models Vs. XMLThe key spe
i�
ation for relational/ER models are mu
h simpler than that ofXML be
ause in relational/ER models, any attribute is required to be simple(and not a 
olle
tion of values). However, as shown in Figure 3 (a), in XML, we
an have an attribute having multiple values (an IDREFS attribute or a repeatingsubelement). Note here that we are de�ning the keys for O elements. Ea
h Oelement has two attributes: A and B; and an O element 
an have a 
olle
tionof values for B. Therefore the FD A ! B is false. However, we have the FDA ! O, and hen
e A is a key for the O elements. This de�nition is used in allthe XML 
onstraint spe
i�
ation s
hemes [W3Ca,BDF+02,FKS02,AL02℄.
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(b) Colle
tion attribute aspart of keyFig. 3. Some Fundamental Di�eren
es between Relational and XML KeysAnother signi�
ant di�eren
e when we 
onsider keys for XML is whether anattribute that forms part of a key 
an have a 
olle
tion of values, and if so,what is the semanti
s. Figure 3 (b) shows this s
enario, whi
h does not o

ur inER/relational models. The question is whether (A;B) is a key for O. We answerthis question by 
onsidering the tuples formed by O � A � B, and 
onsideringwhether in the above set of tuples, the FD: (A;B) ! O is true.Let us look at an example, 
onsider the XML s
hema and instan
e in Ta-ble 2. Consider the person elements; the question is whether hreview=�art,review=�ratingi is a key for person. There are two semanti
s that have beenused in 
urrent literature as shown in Figure 4. A

ording to [BDF+02,FKS02℄,the FD: hreview=�art, review=�ratingi ! person does not hold over the in-stan
e; whereas a

ording to [AL02℄, the FD: hreview=�art, review=�ratingi! person holds. W3C XML-S
hema prohibits any key attribute to have a 
ol-le
tion of values. We will use the semanti
s as de�ned in [BDF+02,FKS02℄.
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s as in [BDF+02,FKS02℄ (b) Semanti
s as in [AL02℄Fig. 4. Semanti
s for XML Keys when a key attribute has a 
olle
tion of values3 Issues in XML Constraint Spe
i�
ationIn the previous se
tion, we de�ned keys for a set of elements in an XML do
u-ment using FDs. It is well a

epted in XML 
ir
les that a \key attribute" (also
alled \�eld") is spe
i�ed as a path expression. For example, we 
ould spe
ifythat the key for a set of elements is ha=b=�
; x=�yi. We also dis
ussed the se-manti
s of keys when key attributes 
ould have a 
olle
tion of values. In thisse
tion, we further dis
uss various other issues in XML 
onstraint spe
i�
ation.Path-Based vs Type-Based Constraint Spe
i�
ation One important ques-tion that needs to be answered is how to spe
ify the set of elements for whi
hthe key is spe
i�ed. There are two options: (a) using a path expression: If we usethis semanti
s, the path expression returns a set of elements in the do
ument,and the key is de�ned for this set of elements (b) using a type: If we use thissemanti
s, the key is de�ned for the set of elements that belong to a type. Pathexpressions are used in [W3Ca,BDF+02℄, and types are used in [FKS02℄.Let us 
onsider some examples as to when this di�eren
e 
ould be signi�
ant.Consider a re
ursive s
hema that des
ribe papers, their authors, and their 
ita-tions, given by the following produ
tion rules: Paper ! paper(�ptitle, Person�,Paper�). We 
an spe
ify the key for all the papers in the do
ument is given byptitle if we spe
ify the key using types as: key for the Paper type is h�ptitlei.To spe
ify a similar 
onstraint using path expressions, we need to expand ourpath expression syntax to have a re
ursive axis, su
h as the des
endant axis.



Let us 
onsider another example, that des
ribes books, papers and theirauthors, given by the produ
tion rules: Library ! library(Book�; Paper�),Book ! book(�ISBN;Person�), Paper ! paper(�ptitle; P erson�), Person!person(�name). Suppose we want to spe
ify a 
onstraint su
h as: key for thepath expression library=book=person is h�namei. This 
annot be spe
i�ed usingtypes, unless we introdu
e subtyping, and de�ne new types.The two examples show that in terms of expressive power, both types andpath expressions are not stri
tly more expressive than ea
h other. However, thereis another signi�
ant observation. We 
an spe
ify key 
onstraints on types onlywhen the types for the elements 
an be determined unambiguously, there is nosu
h requirement if we spe
ify keys on path expression. This implies that we 
anhave type-based 
onstraint spe
i�
ation for s
hema languages like DTD, andW3C XML-S
hema, and not for s
hema languages like RELAX-NG. However,path-expression-based 
onstraint spe
i�
ation 
an be used with any of the XMLs
hema languages, DTD, W3C XML-S
hema or RELAX-NG.Relative keys The 
on
ept of relative keys is de�ned in [W3Ca,BDF+02℄,whereas relative keys are not used in [FKS02℄. Let us �rst try to de�ne rela-tive keys. A relative key is spe
i�ed as: the key for (r; s) is given by hfi. Here fis the set of \key attributes" (�elds) spe
i�ed as path expressions; r is the rela-tive axis, and s is the sele
tor axis. The semanti
s for su
h a key is as follows:
onsider a set of elements P that \result" from r. For ea
h element p in P , s willagain produ
e a set of elements Sp. Key for this set of elements is given by hfi.Let us look at an example. Consider the XML s
hema given by the pro-du
tion rules: Library ! library(Book�), Book ! book(Person�), Person !person(�name). Suppose the key for persons within a book is given by thename. We 
an spe
ify this as key for (Book; Person) is given by h�namei. Notethat r and s 
an be spe
i�ed using path expressions or types. The relative axisis spe
i�ed using types in [W3Ca℄, and using path expressions in [BDF+02℄.It is possible to de�ne relative keys \without using a relative axis". For theabove example, we 
an say the key for Person is given by hparent :: book;�namei.In other words, the main idea behind relative keys is that a key attribute (�eld)returns a set of obje
ts (rather than values). For example, parent :: book returnsa set of book obje
ts, whereas other key attributes like �name returns a set ofvalues. Let us examine this more 
losely.One of the reasons we de�ne keys is for spe
ifying integrity 
onstraints onthe data. Another equally important usage is that keys are used to refer toobje
ts (typi
ally by foreign keys). For example, 
onsider the XML s
hemagiven by the produ
tion rules: Library ! library(Book�; P erson�), Book !book(�ISBN;�author), Person ! person(�name). Suppose we have spe
i-�ed the key for Person is h�namei. Now we want to spe
ify that the authorsof books must refer to persons. This is typi
ally done in relational model us-ing foreign key, su
h as Book(�author) referen
es Person(�name). In XMLalso we will use foreign keys, however relative keys impose several restri
tionson usage of foreign keys.



Suppose we have a relative key spe
i�ed as: key for (r; s) is hfi. Now in orderto identify an s obje
t, we need to spe
ify both the value of the key and the robje
t. Spe
ifying the r obje
t is not easy. In W3C XML-S
hema, r is indire
tlyspe
i�ed by requiring that the foreign key is spe
i�ed for elements within r. Letus look at an example XML S
hema de�ned by the following produ
tion rules:Root ! root(R�), R ! r(T �; S�), T ! t(�fk), S ! s(�k). An instan
e isshown in Figure 5. Suppose the key is de�ned as key for (R;S) is h�ki. Theinstan
e shown satis�es the key 
onstraint. Now we de�ne the foreign key for Twithin R as: T (�fk) referen
es S(�k). We see that t1 referen
es s1 and t2referen
es s3. Another approa
h for solving this issue, whi
h is 
urrently beingdis
ussed by the W3C XML-S
hema WG, is that of \
haining foreign keys";however the dis
ussion of this 
on
ept is not signi�
ant, and hen
e omitted.
r1 r2

t1 s1 s2 t2 s3 s4
(fk=k1)(k=k1) (k=k1)(k=k2) (fk=k1) (k=k3)

root

Fig. 5. Illustrative relative keys and foreign keys.IDREF and IDREFS vs Foreign Keys It is shown in [Man03℄ that any ERs
hema 
an be modeled as an XML s
hema, where the XML s
hema language isXGrammar extended with key and foreign key 
onstraints. An outline of the rea-soning is: any ER s
hema 
an be modeled as a relational s
hema, and a relationals
hema 
an be translated naively into XML using XGrammar extended with keyand foreign key 
onstraints as shown in several works in
luding [LMCC02℄. How-ever, XML traditionally has supported other kinds of 
onstraints 
alled IDREFand IDREFS 
onstraints. We know that these 
onstraint spe
i�
ation s
hemesare not really needed; however let us still study them 
losely.An IDREF 
onstraint is similar to foreign keys. For spe
ifying an IDREF 
on-straint, we �rst de�ne an ID attribute (similar to keys), and then we 
an de�neIDREF attributes. Let us look at an example s
enario of books, libraries and au-thors, that we saw in the previous se
tion: Library ! library(Book�; P erson�),Book ! book(�ISBN;�PersonRef), Person! person(�name;�PersonID).We de�ne the attribute type 
onstraints as: �PersonID :: ID, �PersonRef ::IDREF , and a key 
onstraint: key for Person is (�name). Note that the sames
enario 
an be modeled using foreign keys in stead of IDREF attribute, as shownbefore.Let us study some di�eren
es between IDREF attributes and foreign keys.Similar to joins used for \traversing" foreign keys, we 
an traverse ID andIDREF attributes using fun
tions: fn:idref and fn:id respe
tively provided



by XQuery [W3Cb℄. We may also use joins also, if needed. For example, to�nd the names of authors of a book with ISBN=i1, we 
an write a path ex-pression as: library=book[�ISBN = i1℄=�PersonRef=fn : id()=�name (or)library=person[�PersonID=fn : idref()=�ISBN = i1℄=�name. In other words,IDREF assists in spe
ifying queries using \navigation" rather than joins.Another di�eren
e between IDREF and foreign keys is that IDREF attributes
an be a used as a \union type of foreign keys". Let us illustrate this with an ex-ample. Consider an XML s
hema with the following produ
tion rules: Library !library(Book�; Paper�; P erson�), Book ! book(�ISBN;�BookID), Paper !paper(�title;�PaperID) Person! person(�name;�arti
le). Let the attributetype 
onstraints be: BookID :: ID, PaperID :: ID, arti
le :: IDREF . Now thearti
le attribute in Person 
an refer to either a book or a paper. To repre-sent this using foreign keys, we need two foreign key attributes for Person, onereferen
ing books, and the other referen
ing papers.Another question that one might want to ask is whether we 
an do away withforeign keys. It was shown in [LMCC02℄, that in order to translate relationals
hemas to XML s
hemas, there are 
ases when IDREF is insuÆ
ient, and weneed foreign keys. This 
an be illustrated with the following example: Consider arelational s
hema with 2 tables as R(a; k; l), and S(b;m; n); with key 
onstraint:key for R is (k; l) and foreign key 
onstraint: S(m;n) referen
es R(k; l). Arelational instan
e of this is shown in Table 3 (a).Let us assume that the foreign key attributes m or n 
an take null values.Now, an XML s
hema that represents the foreign key 
onstraint using hierar-
hies, or using IDREF attributes will have redundan
y3. For example, let us
onsider the XML s
hema using IDREF attributes as: Root ! root(R�; S�),R ! r(a; k; l; RID), S ! s(b;m; n;RRef). If we 
onsider the XML instan
eshown in Table 3 (b), we 
an see that for s2, we 
an remove the value of the mattribute, and be
ause of the value of the RRef attribute, we 
an still determinethat the value of the m attribute must be k2.Ra k la1 k1 l1a2 k2 l2 Sb m nb1 k1 nullb2 k2 l2(a) Relational Instan
e root

r1
(a1, k1, l1, id1)

r2
(a2, k2, l2, id2)

s1 s2
(b2, k2, l2, id2)(b1, k1, null, null)(b) XML instan
eTable 3. This �gure shows IDREF attribute resulting in redundan
y. We 
an removek2 from s2 and still determine this value.In order to make use of IDREF attribute similar to that of foreign keys,s
hema languages like W3C XML-S
hema allow IDREF attributes to spe
ify thetypes that the IDREF attribute should refer to. IDREFS attribute is similar to3 There is an assumption here that any non-terminal symbol will appear on the RHSof at most one produ
tion rule.



that of spe
ifying 
ontent of an element, and hen
e we 
an spe
ify the targettypes that an IDREFS attribute may also refer to.4 Constraint Spe
i�
ation S
heme for XGrammarIn the previous se
tion, we dis
ussed several issues to 
onsider when 
oming upwith a 
onstraint spe
i�
ation s
heme for XML. Let us �rst revisit them andexamine the 
hoi
es we will make for our s
heme. The �rst 
hoi
e is whether weshould use type-based or path-expression-based 
onstraint spe
i�
ation s
heme;we will use type-based s
heme, for the reasons as des
ribed in [FKS02℄; ERs
hemas 
an be translated into XML s
hemas with type-based 
onstraint spe
i-�
ation s
heme. This imposes a restri
tion on our s
hema language as mentionedin Se
tion 3. We 
annot use a full-
edged regular tree grammar based languagesu
h as RELAX-NG, in stead we need to impose restri
tions. We require thatour XGrammar be a single-type tree grammar [MLM01℄. Roughly speaking, asingle-type tree grammar requires for any element name, say e 2 E of possible
hildren of a non-terminal symbol, say X 2 N , there should be only one possiblenon-terminal symbol \
orresponding to e" that appears in the produ
tion rulefor X . This grammar 
lass 
orresponds to W3C XML-S
hema.Se
ondly, we will not allow relative keys. Similarly we will not allow a keyattribute (�eld) to spe
ify a path expression that returns a set of elements (ratherthan a set of values). The reason is that if we allow relative keys, the foreign keyspe
i�
ation requires several restri
tions. Further, we do not need relative keyswhen we map an ER s
hema to an XML s
hema. However, remember that ourpath expression syntax in
ludes the parent axis. Thirdly we will use IDREF andIDREFS attributes, and we will spe
ify their target types.The 
onstraints for an XGrammar G is denoted by �. � in
ludes:{ Attribute type. For any attribute a 2 A, we de�ne the type � 2 b� for it.Further, we spe
ify the target types for the following attribute types.� IDREF as: a :: IDREF ; RE1, where RE1 is the target type de�nedas: RE1 ::= X j (RE1) j (RE1 +RE1), Here X 2 N .� IDREFS as: a :: IDREFS ; RE2, where RE2 is the target type de�nedas: RE2 ::= � j X j (RE2) j (RE2 + RE2) j (RE2; RE2) j (RE2)? j(RE2)� j (RE2)+. Here X 2 N .{ Key 
onstraints as: key(X) = F , where X 2 N , and F is a set of pathexpressions, that are the key attributes (�elds). This spe
i�es that F is thekey for all elements of type Y .{ Unique Constraints as: unique(X) = F , where X 2 N , and F is a set ofpath expressions. This spe
i�es that F is unique for all elements of type Y .{ Foreign-key 
onstraints as: X(F1) REFERENCES Y (F2), here X;Y 2 N ,and F1; F2 are sets of path expressions. We require that there be a key
onstraint key(Y ) = F2, or a unique 
onstraint unique(Y ) = F2.Example 2 Table 4 shows key and IDREF 
onstraints added to the XGrammarin Table 2. 2



IDREF 
onstraint: f�art::IDREF; (Book + Paper)gKey 
onstraints:key(Person) = h�namei,key(Book) = h�ISBNi,key(Paper) = h�titlei,key(Review) = hparent :: person=�name;�artiTable 4. Constraints added to XGrammar in Table 2More examples of using our 
onstraint spe
i�
ation s
heme to model di�erentappli
ation s
enarios 
an be obtained from [Man03℄.5 Con
lusions and Future WorkIn this paper, we explored 
onstraint spe
i�
ation for XML s
hemas. We 
ameup with a 
onstraint spe
i�
ation s
heme starting from a general des
ription ofXML s
hema requirements. Di�erent approa
hes have been used in the past for
oming up with 
onstraint spe
i�
ation s
hemes: (a) W3C XML-S
hema startedby 
olle
ting di�erent use 
ases from industry, and then 
ame up with a 
on-straint spe
i�
ation s
heme; several features in W3C XML-S
hema were votedby industry representatives as to whether they believe that feature will be usefulor not (b) Resear
h proposals like [BDF+02,FKS02℄ tried to study 
onstraintspe
i�
ation primarily by looking at whether the problem of \reasoning about
onstraints" is de
idable; one of the problems they try to study is whether givena s
hema, we 
an determine whether there exists a non-empty do
ument thatis valid with respe
t to the s
hema. We however used a di�erent approa
h tostudy this problem. We �rst generalized the requirements for an XML s
hemalanguage as: it should be 
apable of modeling any database appli
ation s
enario(ER s
hema) without redundan
y. Further, we dis
ussed some of the main is-sues that make XML s
hema languages novel: ambiguous types and how theya�e
t 
onstraint spe
i�
ation, the diÆ
ulties asso
iated with relative keys, andthe di�eren
es between IDREF attributes and foreign keys.This work is dire
tly related to the 
ommunity that develops XML standards.However, we believe it is important for the database resear
hers and pra
titionersto gain understanding of some of the key issues in XML s
hemas. Also severaldatabase resear
hers do not seem to be aware of the existen
e of multiple XMLs
hema language standards, and their usage in pra
ti
e. Outside of the majordatabase vendors like Mi
rosoft, Ora
le, IBM, we have observed that DTDs arethe most 
ommonly used XML s
hema language. Also, several DTD users aremigrating to RELAX-NG rather than W3C XML-S
hema; we believe this isbe
ause RELAX-NG uses a syntax that is similar to that of DTD, and alsobe
ause of the simpli
ity. Also 
ountry-wise, Japan announ
ed RELAX as thestandard XML s
hema language. Further RELAX-NG is based dire
tly on well-known theoreti
al 
on
epts of regular tree language theory. XQuery [W3Cb℄operates on type de�nitions of W3C XML-S
hema, and rely on named typing;



however, as part of their type inferen
e, they allow spe
i�
ation of stru
turesthat 
an be any arbitrary regular tree grammar (they do not impose restri
tionof single-type tree grammar), and hen
e 
annot be 
aptured by W3C XML-S
hema, but 
an be 
aptured by RELAX-NG.Even though our work studies only 
onstraint spe
i�
ation s
heme for XMLs
hemas, it is our 
onvi
tion, based on our previous experien
e, that the mostappropriate XML s
hema language for database appli
ations is RELAX-NG,with type-based 
onstraint spe
i�
ation. However, we will disallow s
hemas thatare not single-type tree grammars to model appli
ation semanti
s; however theresult of operations will be regular tree grammars with no restri
tion. Theseare some of the main observations made in [Man03℄; also this appears to be theapproa
h being 
urrently pursued by the XQuery WG.Our future work with respe
t to 
onstraint spe
i�
ation in
lude, taking theideas to the di�erent standards groups. We will further attempt to model di�er-ent real world appli
ation s
enarios (su
h as the test 
ases from industry) usingthese 
on
epts.A
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