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Abstract XML is being widely used as the logical
data model because of the several favorable and pow-
erful features it provides such as union types. In order
to come up with good XML designs, it is necessary to
study normalization theory, which helps the database de-
signer to understand and decrease the redundancies that
may be present. Normalization theory has been studied
for different logical data models, especially the relational
model and nested relational model. There has been some
work on normalization for XML, however most of the
existing work for XML normalization assume a model
for XML similar to nested relational model. We show
that there are some fundamental differences between the
nested relational model and the XML model, so we can-
not use results from nested relational model directly to
XML. However we can use very similar approaches. In
this paper, we describe how we can obtain an abstract re-
lational representation for an XML representation. This

illustrates the fundamental differences between nested

relational model and XML, and allows us to define func-
tional and multivalued dependencies and normal forms
similar to relational normal forms. Qur systematic ap-
proach facilitates easier understanding of the normaliza-
tion theory for XML, and allows the database designer
to choose the normalization level as suited for the appli-
cation. Further, we provide a set of examples as a proof

of concept for our ideas.

Keywords: XML, Normalization, Data Modeling.

1 Introduction

XML (eXtensible Markup Language) [4] has established
itself as a powerful logical data model, because of the sev-
eral favorable features it provides such as union types.
The usages of XML as a logical model is in two scenarios
(1) Applications provide an XML view of an underlying
data source, which could be relational, text or object-

oriented data source. Users/applications see this XML
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view and perform queries/updates on this view (2) Ap-
plications store the data as XML in specialized “XML
databases”. Again users/applications see an XML view
and perform queries/updates on this XML view. For
both the above usage scenarios, normalization theory
is useful. Normalization theory characterizes the redun-
dancies present in the data representation of our appli-
cation.

Our data representation has redundancy if an object
is specified more than once. The problem with redundan-
cies is in inserts, deletes and updates: suppose an object
is specified multiple times in the logical model, then to
update the object, the user must explicitly update the
multiple copies. However redundancy in a logical model
is not always bad. As an example, consider a person re-
lation with attributes (name, street, city, state, zip).
There is redundancy in the above relation because given
a zip, we know the city and state. However the redun-
dancy is often desirable, because of ease of use for the
user, and also possibly for efficiency. What a database
designer needs is an understanding of the redundan-
cies present in the data representation, and he/she can
choose whether it is good to have the redundancy or not.
In this paper, we present normalization theory for XML,
which will assist a database designer in coming up with
good XML representations.

The traditional approach to normalization theory has
been to define multiple normal forms, and depending

on the application requirements, the database designer

can choose the level of normalization that is appropri-
ate. For example, normalization has been studied very
widely with respect to relational model [11,9], and we
have multiple normal forms, each provide a different level
of normalization. For example, one normal form for re-
lational model is BCNF. However sometimes BCNF may
not be desirable because of our application requirements;
it is also possible that we may lose some information
on functional dependencies by converting a relation to
BCNF [11].

A model similar to XML is nested relational model,
and normalization theory for this model has also been
studied quite extensively in [17,16,18,14]. These ap-
proaches provide lot of insight into normalization for
models similar to XML. However we cannot use the re-
sults from nested relational model directly because when
we consider un-nesting of XML and nested relational
representations, they provide different flat relational rep-
resentations, as we will see in Section 3.

Normalization theory for XML also has been stud-
ied in the recent past. In [1], the authors approach XML
normalization similar to nested relational model normal-
ization. Another approach to XML normalization using
ideas from nested relational model is in [8]. In [2], the
authors use an information theoretic approach to study
normalization for XML, the motivation being the fact
that XML standards are still very flexible with respect
to constraint specification, structural specification [15],

and update language. In this paper, we study normaliza-



tion theory for XML similar to relational normalization.

Our important contributions are

— Describe a framework for specifying structures, and
constraints such as keys, foreign keys, and functional

and multivalued dependencies for the XML model,

using our prior work in conceptual models for XML [13].

— Define an abstract relational representation that il-

lustrates the differences between nested relational model

and XML model, and helps us relate our normal
forms for XML to corresponding relational normal
forms.

— Define normalization steps, similar to those defined
in [1].

— Define different normal forms for XML 2NF, 3NF,
BCNF and 4NF, equivalent to the relational counter-
parts, show how we can verify, given a set of func-

tional and multivalued dependencies, whether our

XML representation satisfies the different normal forms

with respect to these dependencies, and how we can
redesign our XML representation to satisfy the nor-

mal forms.

Outline of the paper

In Section 2, we describe how we will specify structures
and constraints in XML model using XGrammar. We
use XGrammar in stead of a particular schema language
for XML because the XML standards are still very flex-
ible with respect to structural and constraint specifica-

tion. In Section 3, we introduce our abstract relational
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representation, distinguishing between nested relational
model and XML model. In Section 4, we describe our
normalization steps. In Section 5, we describe our differ-
ent normal forms for XML, how we can verify, given an
XGrammar and the set of functional and multivalued
dependencies, whether the XGrammar is in a particu-
lar normal form with respect to these dependencies, and
how to obtain an XGrammar that satisfies each normal
form. In Section 6, we consider a few examples from pre-
vious work and compare them to XML normalization.

We finally conclude with future research directions.

2 XGrammar

There are three different XML Schema languages that
are widely used at present: DTD [4], XML-Schema [19],
and RELAX-NG [7]. These three schema languages spec-
ify structures for XML using different subclasses of reg-

ular tree grammars [15], DTD uses local tree grammars,

XML-Schema uses single-type tree grammars, and RELAX-

NG uses full fledged regular tree grammars. Similarly
there are different constraint specification proposals for
XML in [19,5,10]. There is very little study with respect
to the kind of XML Schema language needed for practi-
cal database applications. In [13], we study the above by
considering conceptual models such as Entity Relation-
ship (ER) model [6], as a fair representative of database
application requirements.

Based on our study and to provide a flexible way

of specifying structures and constraints, we use XGram-
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mar. XGrammar in effect combines structural specifica-
tion provided by RELAX-NG, data type specification
provided by XML-Schema and constraint specification
similar to [10]. Further more, the schemas specified in
XGrammar corresponding to database applications can
be specified using XML-Schema. In this section, we de-
fine XGrammar formally, and sketch some of the reasons

for choices made with respect to constraint specification.

We use G to denote an XGrammar and L(G) to de-
note the language that G generates. We assume the ex-
istence of a set N of non-terminal symbols, a set E of
element names, a set A of attribute names, and a set T
of atomic data types as defined in [3], such as string, in-
teger, ID, IDREF(S) etc. We use the following notations:
€ denotes the empty string, + denotes union, “,” denotes
“?

: @ T
concatenation, “a*” denotes zero or one occurrence,

denotes Kleene star, and “at” denotes “a,a*”.

Definition 1 (XGrammar) An XGrammar is denoted

by a 6-tuple G = (N,E, A, S, P, X)), where

— N is a finite set of non-terminal symbols, where N C
N.

— FE is a finite set of element names, where E C E.

— A is a finite set of attribute names, where A C A.

— S is the set of start symbols, where S C N.

— P is the set of production rules of the form X —
z (RE), where X € N, x € E, and RE is:
RE :=¢|7|@Qa|Y | (RE+RE) | (RE,RE) |

(RE)’ | (RE)* | (RE)*, wherer € 7,a € A, Y € N.

We enforce that if a non-terminal symbol X has two
production rules: X — z1(RE)), and X — z2(RE>),
then 1 = xo. We say that the type of an element x
in a document D is X, if D € L(G), and D can be
generated from G such that the tree rooted at x is
generated by the production rule X — x (RE).

— X is the set of constraints, constraints include the
following

— Attribute type. For any attribute a € A, we de-
fine the type 7 € 7T for it. Further if the at-
tribute type is IDREF(S), we define the target
type(s), that is the element types the attribute
values must point to. This is done as: (a) if the
attribute type is IDREF, the target type RE; is
defined as: RE; := X | (RE1) | (RE1 +REy) (b)
if the attribute type is IDREFS, we define the tar-
get type RE, as: REy :=¢| X | (RE») | (RE2+
RE;) | (RE, RE,) | (RE,)" | (RE»)* | (REs)*.
Here X € N.

— Key and Unique constraints as: (X,Y, F), where
X,Y € N, and F is a set of path expressions. This
specifies that the set of path expressions given by
F is a primary key (or unique) for all elements of
type Y, that occur as descendants of one element
of type X.

— Foreign-key constraints as: (X1, Y1, F1) references
(X2,Ys, Fy), where X1,Y1,X5,Y> € N, and Fy, Fy
are sets of path expressions. This specifies that

the set of values for path expressions Fy for an



element of type Y, that is a descendant of an el-
ement of type X; also occurs for the set of path
expressions Fy for an element of type Y that is a
descendant of type Xo.

— Functional Dependencies as: (X,Y, S — a), where
X,Y € N, and S is a set of path expressions and
a is a path expression. This specifies that for the
set of elements of type Y, that are descendants of
an element of type X, the values of S functionally
determine the values for a.

— Multivalued Dependencies as: (X,Y, S — a) where
X,Y € N, and S is a set of path expressions and
a is a path expression. This specifies that for the
set of elements of type Y, that are descendants of
an element of type X, the values of S determine

the set of values for a. O

Example 1 An example XGrammar is given in Table 1.
We also give an XML document that is valid with respect
to this XGrammar. Note the following in this example:
Given the document and the XGrammar, we can identify
the type (non-terminal symbol) for each element. For
example, the type for the element with name library is

Library. |

2.1 Reasoning behind our Constraint Specification

The full reasons behind our constraint specification is
outside the scope of this paper, and can be found in

[13], we shall briefly outline some of the reasons here.
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Our constraint specification is based on experiences from
conceptual (ER) models for XML. We observe that non-
terminal symbols or types in XGrammar correspond to
entity types in ER model. Keys and foreign keys are
specified for entity types in ER model, and hence for
types in XGrammar. Further when we represent m : n
or n-ary relationships in XML, we may need “relative
keys”. For example, in Example 1, we have m : n rela-
tionship between Book and Author, which is represented
by nesting Author within Book. In this case, the key for
Awuthor includes the book and @Qaname. This is specified
as a relative key as (Book, Author, (Qaname)), which
says that relative to a book, the set of authors are identi-
fied by (@aname). Further, IDREF(S) represent relation-

ships between types and so they identify target types.

We have represented functional dependencies simi-
lar to our key specification. A key is a special case of
functional dependency, for example, the key (X,Y,.5) is
equivalent to the functional dependency (X,Y, S — yid),
where yid is the nodeid for elements of type Y, which

will be explained in the next section.

We would further like to remark that our constraint
specification is similar in spirit to [10]. It is also worth
while to note that our results apply directly to constraint
specification scenario where path expressions are used in

stead of types as in [5,19].
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(Root, Book, (Qtitle}),

Functional Dependencies:

(Root, Author, Qaname — Qage)

N = {Root, Library, Book, Author}
= {root, library, book, author}

S = {Root}

P = {Root — root(Library®),
Library — library(Qlname, Qaddress, Book™)
Book — book(Qtitle, Qloc, Author™)
Author — author(@Qaname, Qage)}

Y = Key constraint: {(Root, Library, (Qlname)),

(Book, Author, (Qaname))}

{(Root, Book, parent :: library/Qlname — Qloc),

<root>
<library @lname=‘EMS’ Qaddress=‘SEAS’>

<book @title=‘T1’ Qloc=‘UCLA’>
<author @aname=‘RRM’ Qage=‘62"/ >
<author @aname=‘CZ’ @Qage="55"/ >

< /book>

<book @title=T2’ @loc=‘UCLA’>
<author @aname=‘RRM’ Qage=‘62"/ >

< /book>

< /library>

< [root>

Table 1 Example XGrammar and a valid XML document

3 Abstract Relational Representation

In this section, we will see how an XML representa-
tion can be unnested to a flat relational representation.
This unnesting will also show fundamental differences
between the traditional nested relational model studied
and XML. Figure 1 shows how the XML instance in Ex-
ample 1 is represented in the nested relational model,
and the unnesting of this nested relational model as
in [17].

We base our unnesting of XML model on XQuery se-
mantics [20]. The main difference is that XML considers
each path expression independent of others. For exam-

ple, if we unnest library, and we have two columns, one

corresponding to book/@title and other corresponding
to book [author | Qaname, we will have two sets of values
corresponding to each of these columns: book /Qtitle will
return the set {T'1,72}, and book/author /Qaname will
return the set {RRM,CZ}. So there will be a tuple in
our relational representation corresponding to (T2, CZ),
which does not exist in the unnesting of the nested re-
lational model as in Figure 1. The astute reader can
observe that when there is only single attribute nesting,
both the nested relational representation and the corre-
sponding XML representation will produce the same flat

relational representation.



Library

Iname | address Book

title loc Author

aname age

EMS SEAS T1 | UCLA | RRM 62

Ccz 55

T2 | UCLA | RRM 62

(a) Nested Relational Representation of

Example 1

Murali Mani

Library

Iname | address | title loc aname | age

EMS SEAS T1 | UCLA | RRM 62

EMS SEAS T1 | UCLA Cz 55

EMS SEAS T2 | UCLA | RRM 62

(b) Unnesting of the nested

relational representation

Fig. 1 Nested Relational Representation and the corresponding flat relational representation of the XML instance in Exam-

ple 1

Let us now define how to obtain our flat relational
representation from an XML representation. Given an
XGrammar, we create a separate table for each non-
terminal symbol (type), say X. For each table, we have
columns corresponding to “interesting” attributes and
elements of X, which include the id for X, which is I D?,
all attributes of X, ids corresponding to all child types
of X, and any attribute or ids of types that participate
in constraints for X, such as key, foreign key, and func-
tional and multivalued dependencies. Further, we give a
unique id for each element in the instance. We show an

example of our unnesting in Figure 2.

Let us now study some properties of functional and
multivalued dependencies for XML based on our ab-
stract relational model. We already mentioned before

that a key is just a special case of functional dependency.

! We use the convention that the id for type X is ¢ID.

For example, the key constraint (X,Y,S) is equivalent
to the functional dependency (X,Y,S — yid). We will
now see some “trivial” functional and multivalued de-
pendencies, these are true for all XGrammars. One can
verify the correctness of the following using our abstract

relational representation.

— For any two types X and Y we have the trivial func-
tional dependency (X,Y,p — yID), where pis a path
expression that selects one/multiple descendant ele-
ments. This says that a descendant type “function-
ally determines” the ancestor. This is also mentioned
in [1]. For example, in Figure 2, (Root, Book, author —
bookID) is a trivial functional dependency.

— For any two types X and Y, we have the trivial
functional dependency (X,Y,yID — @Qa) where Qq
is an attribute of Y. We also have (X,Y,yID —

a) where a is an element/attribute that will occur
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Author
rootID | librarylD | bookID | authorID | @aname | @age
i rl 11 bl al RRM 62
I rl 11 bl a2 cz 55
/\ rl 11 b2 a3 RRM 62
1 2
al a2 a3 Book
NodelDs corresponding to the rootID | librarylD | @lname | bookID | @title | @loc | authorlD
XML document in Example 1 rl 11 EMS bl T1 UCLA al
rl 11 EMS bl T1 UCLA a2
rl 11 EMS b2 T2 UCLA a3
Library
rootID | librarylD | @Iname | @address | booklD
rl 11 EMS SEAS bl
rl 11 EMS SEAS b2

Fig. 2 Unnesting the XML representation in Example 1. The interesting attributes for Author are authorID, attributes of
Awuthor which include @Qaname, Qage, the key for Author includes Root, so we include rootI D, bookID and librarylD as book
and library are in the path from Root to Author. Similarly the interesting attributes for Book include bookID, attributes
of Book, which include @title and @loc, its child types, which include authorID, rootID and libraryl D participate in the

key constraint, and we have a functional dependency which includes @iname. The interesting attributes for Library include

libraryI D, its attributes @lname, @Qaddress, its child types bookI D, and from the key constraint, rootID.

once for Y. In Figure 2, the functional dependencies

(Root, Book,bookID — Qtitle) and (Root, Book,

bookID — parent :: library/Q@lname) are trivial.

This also says that (X,Y,yID) is a trivial key con-

straint.

— For any two types X and Y, we have the trivial mul-

tional and multivalued dependencies by the most com-

tivalued dependency (X,Y,yID — a), where a is an

mon scenarios, which is equivalent to the representation

attribute or an element with single/multiple values.
In Figure 2, (Root, Book,bookID —» author) and

(Root, Book,bookID — author/@aname) are triv-

ial multivalued dependencies.

We can further simplify our representation of func-
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used in [1]. Here the authors specify functional or mul-
tivalued dependencies of the form (S — @a)/(S — Qa).
Such a dependency, where @a is an attribute of type X is
equivalent to (Root, X,S — Qa)/(Root,X,S — Qa) in
our representation, where Root is the type correspond-
ing to the root of the document. Similarly if we have a
functional dependency of the form (S — zID), this is
equivalent to (Root, X, S — xID). This is in turn equiv-

alent to (Root, X, S) is a key constraint.

4 Normalization Steps

In this section, we consider how we can remove “anoma-
lous” functional and multivalued dependencies?. The in-
tuition is fairly simple and is similar to [1]: if we have
an anomalous functional or multivalued dependency of
the form (X,Y,S — a)/(X,Y,S — a), then we remove
a from Y, and move it to a type Z, with key constraint
(X, Z,S). If there is no such type, we create a new type
Z. We give the details below. Before we proceed, we
would like to make some observations which makes our

normalization steps much easier.

Observation 1 In a functional dependency of the form
(X,Y,S — a) the set of path expressions in S need to

end only in attributes. o

We can prove the above observation using the follow-

ing lemmas.

2 A dependency is anomalous if the design is not in a de-
sired normal form because of that dependency. We will see

what dependencies are anomalous in the next section.

Murali Mani

Lemma 1. A functional dependency of the form (X,Y,
S — a), where S contains a path returning one/multiple

elements that is a descendant of Y is trivial.

ProoOF. We will use the abstract relational representa-
tion to prove the lemma. Let S = (S’,p), where p is
a path expression that returns one/multiple descendant
elements. Now consider the relation corresponding to Y
in our abstract relational representation with columns
(zID,yID,S',p,a). Now for each value of yID, we may
have a set of values for S’, and a set of values for p, but
we should have only one value for a (otherwise the func-
tional dependency is violated). Therefore we see that the
following functional dependency also holds (X, Y, yID
— a), and is stricter than (X, Y, (S',p) — a), because
(X,Y,p = yID). Now (X, Y, yID — a) is a trivial

functional dependency. [

Lemma 2. The functional dependency (X,Y,(S’,p) —
a), where p is a path expression that returns one/multiple
elements that are not descendants or ancestors of Y can
be replaced by a functional dependency (X,Y,(S’,p') —
a), where p' is a path expression that returns elements

that are ancestors of Y.

Proor. We will again use the abstract relational rep-
resentation to prove the lemma. Let p be of the form
parent :: p1/parent :: p2/ ... [parent i pyfci/ca/ ... [cm.
Let the type corresponding to p, be Z. We shall consider
the relation for Y with columns (xID,yID, 21D, S’, p,a).

We know that for each value of yI D, we have one value
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for xID, and one value for zID, and we could have
a set of values for S’ and p. We should further have
only one value for a. We know that the following func-
tional dependency holds (X,Y,p — zID), and the fol-
lowing multivalued dependency holds (X,Y,zID — p).
From these, we know that the functional dependency
(X,Y,(5",p') — a) also holds, and is stricter than the
original functional dependency, where p' = parent :
p1/parent :: pa/ ... [parent :: p,. We therefore replace

(X,Y,(S",p) = a) with (X,Y,(S",p') = a). m

Lemma 3. A functional dependency of the form (X,Y,
(S,p) — a), where p is a path expression that returns
one/multiple elements that are ancestors of type Z can
be replaced by a functional dependency (A,Y,S — a),

where A € {X, Z} is the ancestor closest to Y.

PROOF. First observe that (X,Y,(S,p) — a) is equiv-
alent to (Root,Y,{(S,p,p’) = a), where p’ specifies how
we can reach X from Y. Now both p and p' produce an-
cestor elements of Y. If p is a closer ancestor to Y than
p', then we have (Root,Y,p — p'), and vice versa. We
can therefore replace the original functional dependency
with (A,Y,S — a) where A € {X,Z} is the ancestor

closest to Y. =

The above lemmas prove the observation for func-
tional dependencies. We can use exactly the same argu-
ments as above for the following observation for multi-

valued dependencies.

11

Observation 2 In a multivalued dependency of the form
(X,Y,S — a) the set of path expressions in S need to

end only in attributes. |

Now let us examine how we can remove anomalous
functional and multivalued dependencies. First let us
consider an anomalous functional dependency of the form
(X,Y,S — a) (a could be a path expression ending in

an attribute or an element), we remove it as follows.

— Case 1: a produces one element or attribute

1. If there is a type Z such that (X, Z,S — zID) is

a functional dependency, rather (X, Z, .9) is a key

(a) Remove a from the production rule of the
type that produces it presently; add a to the
production rule for Z.

(b) Add a foreign key constraint (X,Y,S) refer-

ences (X, Z,S).
2. If there is no such type Z, then

(a) Create a type Z, and add Z* to the produc-
tion rule for X.

(b) Add attributes corresponding to path expres-
sions in S to Z, if a path expression in S pro-
duces only one attribute, then we add that
attribute to Z, if it can produce multiple at-
tributes, then we add a new non-terminal to
Z,as Z'", and the production rule for Z’ pro-

duces the attribute.
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(¢c) Remove a from the production rule of the
type that produces it presently; add a to the
production rule for Z.

(d) Add the key constraint (X, Z,S"), where S’
is the path expression corresponding to S in
Z.

(e) Add the foreign key constraint (X,Y,S) ref-

erences (X, Z,5").

— Case 2: a produces multiple elements or attributes.
In this case the procedure is the same as above, the
only difference is we add Z"* to the production rule

for Z, and we add a to the production rule for Z”.

Anomalous multivalued dependencies are removed sim-
ilar to Case 2 above, we create a new type Z”, and add
Z"* to the production rule of Z, and add a to the pro-

duction rule of Z".

Example 2 Consider the functional dependency (Root,
Book, parent :: library/Q@Qlname — @loc). Let us try
to remove this, we first check if there is a type Z with
key (Root, Z, @lname), and we find that we have such
a type, Library. We therefore use the above steps and
get the XGrammar and document in Table 2. We do
not add the foreign key constraint (Root, Book, parent ::
library /@Iname) references (Root, Library, @Qlname), be-

cause it is redundant in this case.

Example 3 Consider the functional dependency (Root,

Author, Qaname — Qage). When we remove this, we

Murali Mani

find that we have to create a new type, the resulting

XGrammar and document are shown in Table 3.

5 Normal Forms for XGrammar

In this section we shall define normal forms for XGram-

mar analogous to normal forms for relational model.

Definition 2 2NF An XGrammar is said to be in 2NF
if and only if we do not have an anomalous functional
dependency (X,Y,S — a) with key constraint (X,Y, S"),

where S’ D S, anda ¢ S'. O

Example 4 The XGrammar in Table 1 is in 2NF be-
cause we have two functional dependencies, and none of
them are anomalous as per the 2NF definition. The func-
tional dependency (Root, Book, parent :: library/Qlname
— @loc), specifies the LHS as (rootI D, @lname), whereas
the key for Book is (rootI D, @title). The functional de-
pendency (Root, Author, Qaname — Qage) specifies the
LHS as (rootID,Qaname), whereas the key for Author

is (bookID,@aname).

Definition 3 3NF An XGrammar is said to be in 3NF
if and only if we do not have an anomalous functional
dependency (X,Y,S — a) with key constraint (X,Y, S"),

where 8" # 5) and a ¢ S'. ]

Example 5 The XGrammar in Table 1 is not in 3NF,
both the functional dependencies are anomalous with
respect to 3NF. We therefore use the steps discussed to
remove these anomalous dependencies and we get the

XGrammar as in Table 3. O
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(Root, Book, (Qtitle)),
(Book, Author, (Qaname))}

Functional Dependencies:

{(Root, Author, Qaname — Qage)

N = {Root, Library, Book, Author}
= {root, library, book, author}
S = {Root}
P = {Root — root(Library™),
Library — library(Qlname, Qaddress, Qloc,
Book™)
Book — book(Qtitle, Author™)
Author — author(@Qaname, Qage)}
Y = Key constraints: {(Root, Library, (Qlname)),

<root>
<library @lname=‘EMS’
@Qaddress=‘SEAS’ @Qloc="UCLA’>
<book @title=‘T1">
<author @aname=‘RRM’ Qage=62"/ >
<author @aname=‘CZ’ Qage=‘55’/ >
< /book>
<book Qtitle="T2">
<author @aname='RRM’ Qage="'62"/ >
< /book>
< /library>

< [root>

Table 2 XGrammar and the XML document after removing the functional dependency (Root, Book,parent

library/@QIlname — Qloc) from Table 1

Definition 4 BCNF An XGrammar is said to be in BCNF
if and only if we do not have an anomalous functional de-
pendency (X,Y,S — a) with key constraint (X,Y,S’),

where S' # 5) O

Example 6 The XGrammar in Table 3 has no anoma-

lous functional dependencies, and is therefore in BCNF.O

Definition 5 4NF An XGrammar is said to be in 4NF
if and only if we do not have an anomalous functional
dependency (X,Y, S —» a) with key constraint (X,Y, S"),

where S" # 5) O

Example 7 Table 4 shows a classic example of multi-

valued dependencies and 4NF normal form. When we

consider the first multivalued dependency, (Root,Cal,
course/@num — text/Qtext), we find that we have to
create a new type Call and add Call* to the produc-
tion rule for Root. We set the production rule for Call
to be (Qnum,Textl*), and add the foreign key con-
straint: (Root, Cal, {(course/@num)) references (Root,
Call, (@num)). When we consider the multivalued de-
pendency (Root, Cal, course/@Qnum — prof/@Qname),
we already have Call with key (Root, Call, @num), so
we add Prof1* to the production rule for Call. Note
that we can remove both Text and Prof from N, be-

cause they have empty production rules. O
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{Root, Library, Book, Author, Authorl}

= {root, library, book, author,authorl}

{Root}

{Root — root(Library*, Authorl®),

Library — library(Qlname, Qaddress, Qloc,

Book™)

Book — book(Qtitle, Author™)

Author — author(Qaname)

Authorl — authorl(@aname)}

Y = Key constraints: {(Root, Library, {(Qlname)),
(Root, Book, (Q@title)),

(Book, Author, (Qaname)),

(Root, Authorl, {@Qaname))}

Murali Mani

<root>
<library @lname=‘EMS’
@Qaddress=‘SEAS’ @Qloc=UCLA’>
<book Q@title="T1>
<author @aname=‘RRM’/ >
<author @aname=‘CZ’/ >
< /book>
<book Qtitle="T2">
<author @aname=‘RRM’/ >
< /book>
< /library>

<authorl @aname=‘RRM’ Qage=‘62"/ >

Foreign key constraints:

{(Book, Author, {Qaname)) references

(Root, Authorl, {Qaname))}

<authorl @aname=*‘CZ’ Qage=‘55"/ >

< [root>

Table 3 XGrammar and the XML document after removing the functional dependency (Root, Author, @aname — Qage)

from Table 2

6 Examples for Normalization

In this section, we will consider two examples of 3NF
normalization. Both the examples are similar; in both
cases, students are represented multipled times. In the
first example, we have the student represented multiple
times for the different courses. The redundant and the

normalized XGrammar are shown in Table 5.

Our next example in Table 6 is similar to the above

one. It groups students by their hobbies. If a student has

multiple hobbies, the same student will be represented
multiple times, so will be the department where the stu-
dent studies. Note that the type Dept has only Student

as children, and so we can remove Dept.

7 Conclusions and Future Work

In this paper, we studied normalization theory for XML.
We first mentioned how we can specify functional and
multivalued dependencies as (X,Y,S — a)/(X,Y,S —

a). We then showed how an XML representation can be



Normalization Theory for XML

N = {Root,Cal,Course,Text, Prof}
E = {root,cal,course,text,prof}
S = {Root}
P = {Root — root(Cal*)
Cal — cal(Course, Text, Prof)
Course — course(@Qnum)
Text — text(Qtitle)
Prof — prof(@name)
Y = Key constraint: {(Cal, Course, (Qnum)),

(Cal, Text,(Qtitle}),
(Cal, Prof,{@Qname))}
Multivalued Dependencies:

(Root, Cal, course/@Qnum — text/Qtext)

(Root, Cal, course/Qnum — prof /@name)
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{Root,Cal,Call, Textl,
Profl,Course, Text, Prof}
{root, cal, call, textl,
profl, course,text,prof}
{Root}
{Root — root(Cal*,Call*)
Cal — cal(Course, Text, Prof),
Course — course(@Qnum)
Text — text(), Prof — prof()
Call — call(@num, Textl*, Prof1*),
Textl — textl(Qtitle)
Profl — prof1(@Qname)}
Key constraints:
{(Cal, Course, {(@num)),
(Root, Call, (Qnumy))}
Foreign key Constraints:
(Root, Cal, {course/Qnum))

references (Root, Call, (@Qnum))

Table 4 Example of 4NF Conversion. Note that the types Text and Prof can be removed from the resulting XGrammar

viewed as flat tables in our abstract relational model. Af-
ter these, we defined different normal forms correspond-
ing to 2NF, 3NF, BCNF and 4NF, and showed how we can
convert our XGrammar to the desired normal form. We
also studied some previously studied examples with re-
spect to normal forms for other models, and saw that our
normal forms for XML produce desired results. We be-

lieve that our work will help an XML database designer

to understand the redundancies present in the design

and to come up with better designs.

There are several important problems to be still stud-
ied in normalization theory for XML. One important
problem is implication (or inference) of functional and
multivalued dependencies. This problem is important to
verify whether our XML representation belongs to a par-
ticular normal form. Qur approach in this paper assumed

that we have the entire set of functional and multivalued
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N = {Root,Course, TakenBy, Student}
E = {root,course,takenBy, student}
S = {Root}
P = {Root — root(Course™)
Course — course(Qcno, Qtitle, TakenByx)
TakenBy — takenBy(Student™)
Student — student(Qsno, @name, Qgrade)}
Y = Key constraints:
{(Root, Course, (@Qcno}),
(Course, Student, (Qsno))}
Functional Dependencies:
(Root, Student, @Qsno — @Qname)

{Root, Course, TakenBy, Student, Student1}

= {root,course, takenBy, student, student1}

{Root}

{Root — root(Course”, Student1™)

Course — course(Qcno, Qtitle, TakenBy™)

TakenBy — takenBy(Student™)

Student — student(@Qsno, Qgrade)

Studentl — studentl(@Qsno, @name)}

Key constraints: {(Root, Course, (Qcno}),
(Root, Studentl, (Qsno)),
(Course, Student, (Qsno))}

Foreign key Constraints:

{(Course, Student, (Qsno}) references

(Root, Studentl, (Qsno})}

Table 5 Example from [1]. This was not in 3NF, and our normalization produces an XGrammar in 3NF.

dependencies already specified to us, and now we want

to normalize our XML representation. Another impor-

tant research direction is to examine how the study of

null inclusion dependencies as in [12] relate to XML.
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A How different are nested relational and XML

model

In this appendix, we show an example where a key con-
straint (functional dependency) holds for nested rela-
tional model, whereas it does not hold for the “corre-
sponding” XML model. This is based on the differences
in the un-nesting for nested relational and XML mod-
els. Consider the XGrammar and a valid XML document
shown in Table 7.

The nested relational representation and the corre-
sponding flat relational representation from un-nesting

are shown in Tables 8 and 9 respectively. The un-nesting

Murali Mani

for Person for the XML model is shown in Table 10.
Note that the functional dependency (Qart, Qrating —
@name) holds for the nested relational representation,

whereas it does not hold for the XML representation.
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Review — review(Qart, Qrating)}

N = {Library, Person, Book, Paper, Review}
E = {library, person, book, paper,review}

S = {Library}

P = {Library — library (Person®),

(Book™ + Paper™), Review"),

Book — book (Q@btitle, RISBN, Qyear’, @BID),

Y = Attribute type constraint: {@QBID:ID, QPID::ID,

@art:IDREF}

Person — person (Qname, ((Qcity, Qstate) + Qzip),

Paper — paper(Qptitle, Qyear’, Qjournal’, @ PID),

<library>
<person @name=‘RRM’
Qcity=‘LA’ Qstate=‘CA’>
<book @btitle=‘T1’ QISBN=I1’
@BID=‘B1’>
<book @btitle=‘T2> QISBN="‘12’
@BID=‘B2’>
<review @art=‘P1’ @Qrating='9">
<review @Qart=‘B2’ @Qrating='9">
< /person>
<person @name=*‘CZ’ Qzip="‘'90095">
<paper @ptitle=‘T3’ QPID=‘P1’>
<review @Qart=‘B1’ Qrating=‘9">

<review @art=‘B2’ Qrating=‘10">

< /person>
</library>
Table 7 An XGrammar and a valid XML document
Person
name | city | state zip Book Paper Review
btitle | ISBN | BID | ptitle | PID | art | rating
RRM | LA | CA T1 11 B1 P1 9
T2 12 B2 B2 9
Cz 90095 T3 P1 | Bl 9
B2 10

Table 8 Nested Relational Representation of XGrammar and document in Table 7
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Person
name | city | state zip btitle | ISBN | BID | ptitle | PID | art | rating
RRM | LA | CA null T1 11 B1 null | null | P1 9
RRM | LA | CA null T1 11 B1 null | null | B2 9
RRM | LA | CA null T2 12 B2 null | null | P1 9
RRM | LA | CA null T2 12 B2 null | null | B2 9
Cz null | null | 90095 | null null null T3 P1 | Bl 9
(oy4 null | null | 90095 | null null null T3 P1 | B2 10
Table 9 Un-nesting of the nested relational representation of Table 8
Person
personlD | @name | Q@city | @state | @zip | bookID | paperlD | @art | @rating
pl RRM LA CA null bl null P1 9
pl RRM LA CA null bl null B2 9
pl RRM LA CA null b2 null P1 9
pl RRM LA CA null b2 null B2 9
p2 Cz null null 90095 null pl B1 9
p2 (oy4 null null 90095 null pl B1 10
p2 Cz null null 90095 null pl B2 9
p2 Cz null null 90095 null pl B2 10

Table 10 Un-nesting of Person for the XML representation of Table 7
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