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A Syntax for Data

SEMISTRUCTURED DATA is often explained as “schemaless” or “self-describing,”
terms that indicate that there is no separate description of the type or structure of

data. Typically, when we store or program with a piece of data, we first describe
the structure (type, schema) of that data and then create instances of that type (or
populate) the schema. In semistructured data we directly describe the data using
a simple syntax. We start with an idea familiar to Lisp programmers, association
lists, which are nothing more than label-value pairs and are used to represent
recordlike or tuplelike structures:

{name: "Alan", tel: 2157786, -email: "agb@abc.com"}

This is simply a set of pairs such as name: "Alan" consisting of a label and a
value. The values may themselves be other structures as in

{name: {first: "Alan™, Tlast: "Black"},
tel: 2157786,
email: "agb@abc.com"

}

We may represent this data graphically as a node that represents the object,

connected by edges to values (see Figure 2.1).
However, we depart from the usual assumption made about tuples or associ-
ation lists that the labels are unique, and we will allow duplicate labels as in

"Alan, tel: 2157786, tel: 2498762 )}

{name:

N TN
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name tel email email

"Alan” 7786 "agg@ahc.com"” 7786 "agg@abc.com"

first last

"Alan"™ "Black"”

Figure 2.1 Graph representations of simple structures.

The syntax makes it easy to describe sets of tuples as in

{ person:
{name: "Alan", phone: 3127786, email: "agg@abc.com"},
person:
{name: "Sara", phone: 2136877, email: "sara@math.xyz.edu"},
person:
{name: "Fred", phone: 7786312, email: "fds@acme.co.uk"}

We are not constrained to make all the person tuples the same type. One of the
main strengths of semistructured data is its ability to accommodate variations
in structure. While there is nothing to prevent us from building and querying
completely random graphs, we usually deal with structures that are “close” to
some type. The variations typically consist of missing data, duplicated fields, or
minor changes in representation, as in

{person:
{name: "Alan", phone: 3127786. email: "agg@abc.com"},
person:
{name: {first: "Sara”, last: "Green"},
phone: 2136877,
email: "sara@math.xyz.edu"
}.
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person:
{name: "Fred", Phone: 7786312 Height: 183}

In a programming language such as C++, it may be possible, by a judicious
combination of tuple types, union types, and some collection type such as a
list, to give a type to each of the examples above. However, such a type is
unlikely to be stable. A small change in the data will require a revision of the
type. In semistructured data, we make the conscious choice of forgetting any
type the data might have had, and we serialize it by annotating each data item
explicitly with its description (such asname, phone, etc.). Such data is called self-
describing. The term serialization means converting the data into a byte stream
that can be easily transmitted and reconstructed at the receiver. Of course self-
describing data wastes space (if naively stored), since we need to repeat these
descriptions with each data item, but we gain interoperability, which is crucial
in the Web context. On the other hand, no information is lost by dropping the
type, and we show next how easily familiar forms of data can be represented by
this syntax.

BASE TYPES

The starting point for our syntactic representation of data is a description of the

base types. In our examples these consist of numbers (135, 2.7, etc.), strings
("Alan", "sara@rome.edu", etc.), and labels (name, height, etc.). These can be
distinguished by their syntax: numbers start with a digit, strings with a quo-
tation mark, and so on. However, we would not want to limit ourselves to
these types alone. There are many other types, with defined textual encodings,
such as date, time, gif, wav, and so on, that we would like to include. For such
types we need to develop a notation such as (date, "1 May 1997"), (gif ":
MITE&.f#=A=P1E"/<’,*.h ...")—the syntax is purely fictional—in which each
value has a tag that indicates its type and an encoding. Such encodings have been
developed for a number of data formats, and there is no need to reinvent them
here. For simplicity we shall take labels, strings, and numbers as our examples,
and we shall not use any explicit tagging of base types in our model. However,
when we come to query languages we shall want basic operations that allow us
to ask about the types of the values stored in semistructured data.
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2.2

REPRESENTING RELATIONAL DATABASES

A relational database is normally described by a schema such as rl(a,b,c)
r2(c.d). In these expressions, rl and r2 are the names of the relations, and
a.b,c and c,d are the column names of the two relations. In practice we also
have to specify the types of those columns. An instance of such a schema is some
data that conforms to this specification, and while there is no agreed syntax for
describing relational instances, we typically depict them as rows in tables (see
Figure 2.2).

We can think of the whole database instance as a tuple consisting of two
components, the r1 and r2 relations. Using our notation, we describe thisas {r1:
ii, r2: i}, where ij and i, are representations of the data in the two relations,
each of which can be described as a set of rows:

{rl: {row: {a: al, b: bl, c: cl},
row: {a: a2, b: b2, c: c2}

}.

r2: {row: { c: c2. d: d2},
row: { c: ¢c3, d: d3}.
row: { c: c4, d: d4}

}

It is worth remarking here that this is not the only possible representa-
tion of a relational database. Figure 2.3 shows tree diagrams for the syntax we
have just given and for two other representations of the same relational data-
base.

ri: re C d
c? ?
c3 | d3
c4 | d4

Figure 2.2 Examples of relations.
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al bl «c¢1 a2z b2 c¢c2 «c¢c2 d2 ¢3 d3 «c4 d4

Figure 2.3 Three representations of a relational database.

REPRESENTING OBJECT DATABASES

Modern database applications handle objects, either through an object-relational
or an object database. Such data can be represented as semistructured data too.
Consider for example the following collection of three persons, in which Mary
has two children, John and Jane. Object identities may be used when we want
to construct structures with references to other objects:




CHAPTER 2: A Syntax for Data

person:

person:

{person:

person
person

mother sister

Figure 2.4 A cyclic structure.

&ol{name: "Mary",

age: 45,
child: &o2,
child: &o3
}.

&o2{name: "John",
age: 17,

relatives: (mother: &ol,
sister: &o3}
}.
&o3{name: "Jane",
country: “Canada"”,
mother: &ol

}

person

The presence of a node label such as &o1 before a structure binds &ol to the
identity of that structure. We are then able to use that label—as a value—to refer
to that structure. In our graph representation we allow ourselves to build graphs
with shared substructures and cycles, as shown in Figure 2.4. The names &o1,
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|

Figure 2.5 A structure
with object identities.

&02, &03 are called object identities, or oids. In this figure, we have placed arrows
on the edges to indicate the direction, which is no longer implicitly given by the
treelike structure.

At this point the data is no longer a tree but a graph, in which each node has a
unique oid. We shall freely refer to nodes as objects throughout this book. Note
that even the terminal nodes have identities. In Figure 2.5, we have drawn circles
around the object identities to differentiate the values stored at terminal nodes
from the object identities for those nodes. This suggests that we could also place
data (i.e., atomic values) at internal nodes in a structure. We shall not do this in
our initial formalism for semistructured data; atomic values will be allowed only
on leaves, since this simple formalism suffices to represent any data of practical
interest. -

Since oids are just strings or integers, their meaning is restricted to a certain
domain. Although oids have a logical meaning, it is important to understand
what they denote physically. For data loaded in memory, an oid can be a seen
as a pointer to the memory location corresponding to a node and is only valid
for the current application. For data stored on disk, an oid may be an address on
the disk for the node, or an entry in a translation table that provides the address.
In this case, the same oid is valid across several applications, on all machines on

i thelocal network sharing that disk. In the context of data exchange on the Web,
however, an objectidentifier becomes part of a global namespace. We may use, for
instance, a URL followed by a query that, at that URL, would extract the object.
Indeed, we need this or another means of locating an object. In the same data
instance, oids from different domains may coexist and may be translated during

XSt
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data exchange. For example, the oid of an object on the Web may be translated
into a disk-local oid when that object is fetched on the local disk, then translated
into a pointer when it is loaded in memory.

In our simple syntax for semistructured data, we allow both nodes with explicit
oids and nodes without oids: the system will explicitly assign a unique oid
automatically, when the data is parsed. Thus {a:&01{b:&402 5}} and (a: (b:5}}
denote isomorphic graphs, as does {a:&o01{b:5}}.

This convention requires us to take some care about what is denoted by this
syntax. Consider the simple structure

{a: {b: 3}, a: {b: 3}}

Since a separate object identifier is assigned to each component, each of the re-
peated {b: 3} components will have a different identifier. Thus this represents a
set with rwo elements (there are two edges from the root in the graph representa-
tion). If this were a representation of a relation, we might treat this as a structure
with one tuple, equivalent to {a: (b: 3}}. To start with, we shall assume that
each node in the graph is given a unique oid when loaded by the system, so that
this is a set of two objects. Later, in Chapter 6, we shall examine an alternative
semantics in which object identities are not added.

SPECIFICATION O SYNTAX

At this point it is worth summarizing the syntax we have developed so far. We
shall call our semistructured data expressions ssd-expressions; the evocation of
Lisp’s s-expressions is deliberate.

We assume some standard syntax for labels and for atomic values (numbers,

strings, etc.). We shall normally write object identifiers with an initial ampersand,
for example, &123.

(ssd—expr) ::= (value) | oid(value) | oid
(value) = atomicvalue | (complexvalue)
(complexvalue) := {1abel : (ssd—expr), ..., 1abel : (ssd—expr)}

We say that an object identifier o is defined in an ssd-expression s if either s
is of the form o v for some value v or s is of the form {/, : e;,..., [,: e,} and o
is defined in one of the ¢ . . . e, If it occurs in any other way in s, we say it is
used in s. For an ssd-expression s to be consistent it must satisfy the following
properties:
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® Any object identifier is defined at most once in s.
m If an object identifier o is used in s, it must be defined in s.

The previous definition has to be extended if we want to consider external
resources and external oids.

THE OBJECT EXCHANGE MODEL (OEM)

Self-describing data formats have been used for a long time for exchanging data
between applications. Their use for exchange between heterogeneous systerns
is more recent. The Object Exchange Model (OEM) was explicitly defined for
that purpose in the context of Tsimmis, a system for integrating heterogeneous
data sources. Since then variants of OEM have been used in several projects,
making it the de facto semistructured data model. We describe here briefly
its original presentation. An OEM object is a quadruple (1abel, oid, type,
value), where 1abel is a character string, oid is the object’s identifier, and type
1s either compiex or some identifier denoting an atomic type (like integer,
string, gif-image, etc.). When type is complex, then the object is called a
complex object, and value is a set (or list) of oids. Otherwise the object is an
atomic object, and value is an atomic value of that type. Thus OEM data is
essentially a graph, like the semistructured data described in this section, but
in which labels are attached to nodes rather than edges.

Since its introduction, many systems have used a variant of OEM in which
labels are attached to edges, rather than nodes. We follow this variant throughout
the book. Thus we shall take our data as an edge-labeled graph. This is a model
that is prevalent in work on semistructured data, but it is not the only possibility:
we could consider node-labeled graphs or graphs in which both nodes and edges
are labeled.

OBJECT DATABASES

Modern applications use some form of object-oriented model for their data. Fol-
lowing our description of relational databases, we shall consider a basic object-
oriented data model following the ODMG [Cat94] specifications. This forms the
standard of object databases, also sometimes called object-oriented databases.
We shall briefly describe how to express ODMG data in the syntax of semistruc-
tured data. For now we shall ignore the representation of methods.

wsL, TRY
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class State
(extent states)

{ attribute string scode;
attribute string sname;
attribute City capital;
relationship set<City> cities-in

inverse City::state-of;

}
class City
(extent cities)

{ attribute string ccode;
attribute string cname;
relationship State state-of

inverse State::cities-in:

} -

Figure 2.6 An ODMG schema.

Figure 2.6 shows a simple schema expressed in ODL, the Object Defini-
tion Language of ODMG. It illustrates important constructs that are common
to all object database management systems. First, ODMG includes some built-
in tuple and collection types. For collections, ODMG provides set, list, multiset,
and array types. Second, ODMG provides some persistent roots or handles to the
objects in the database. In this case, states and cities consist of collections
of objects. Indeed, they form the extents of two classes, State and Ci ty, respec-
tively. Thesets states and cities areboth global names. The type of elements in
citiesisset<City>.Since it happens to be the extent of Ci ty, this set contains
all objects created by the constructor of City and not removed. In ODMG, the
constructors are defined in the database/language bindings (e.g., ODMG/C++
or ODMG/Java) rather than in the ODL syntax. Similarly, the language bindings
decide the style of destruction of objects, that is, by explicit destruction or by
unreachability and garbage collection.

Objects of type City have a precise structure that specifies their attributes,
ccode, cname, state-of. Thislastattributeis interesting because it illustrates a
last feature we will mention, namely, relationship. Relationships are like attributes
as far as a query language is concerned. However, they allow the expression of
inverse constraints. The fact that state-of inCityandcities-inin Stateare
inverse of each other indicates in particular that for each State object s, and
each City objectcins.cities-in, c.state-of iss.
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cities: {city: &cl{ccode: "BOI", cname: "Boise",

{states: {state: &sl{scode: “1D",
sname: “Idaho",
capital: &cl.
cities-in: (City: &cl, City: &c3, ...}
}.
state: &s2?2{scode: “NE™,
sname: “Nevada"”,
capital: &c?
cities-in: (City: &c2, ...}
}.

}.

state-of: &sl},
City: &c2{ccode: "CCN", cname: “Carson City"”, state-of: &s2}.
city: &c3{ccode: "MOC"™, cname: "Moscow", state-of: &sl},

Figure 2.7 Representation of ODMG data.

The process of describing ODMG data as semistructured data is straightfor-
ward. Figure 2.7 is an example. It follows the same technique used to describe
relational databases, but we now have to make use of names for object identities
in order to describe attributé values that are objects. We have used, arbitrar-
ily, lowercase type names (such as city) on edges that denote set membership
rather than the neutral row that we used for relations. There is no assertion about
types in the semistructured representation nor is there any assertion that the data
should satisfy an inverse relationship. From the point of view of semistructured
data, both types and inverse relationships are special forms of constraints. We
shall discuss such constraints later in this book.

The ODMG standards also include an informal specification for an Object
Interchange Format (OIF) that is intended for specifying a textual dump and
load format for an object database. There is a straightforward translation from
OIF into our format. The only detail to be taken care of is the translation of
arrays, which can be handled in a variety of ways.

NSLT
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2.7

2.7.1

OTHER REPRESENTATIONS

So far we have dealt with how to represent data that conforms to standard data
models in our syntax. However, there are already numerous syntactic forms
for describing data. There are, for example, formats that have been designed
for the exchange and archiving of scientific data. These have been designed
to be both machine- and human-readable, but they are mostly specific to
some domain. For example, it is unlikely that a data format designed for a
specific geographical information system will be usable as a biological data-
base.

There are some data formats that are generic, even though they are mostly
“structured” in the sense that a type or schema is needed to interpret the data.
Two of them, however, ACeDB and XML, have very close affinities with the model
we develop here. We shall briefly mention ACeDB here. XML will be the topic of
the next chapter. -

ACeDB

ACeDB (A C. elegans Database) is not well-known as a general database man-
agement system [TMD92]. It was, as its name indicates, originally developed as
a database for genetic data of a specific organism. However, the data model
is quite general. It is popular with biologists for several reasons: the ability
to deal with missing data, some extremely good user interfaces (some gen-
eral and some specific to genetic sequence data), and some good browsing
tools.

Some of these qualities derive from a simple and elegant data model that
underlies ACeDB. An ACeDB schema is given in Figure 2.8 together with a
matching data value. Both schema and data can be seen as edge-labeled trees.
[n the example, ?Book is a class name, and to its right are various attributes (a
tuple specification). In turn, some of those attributes may be tuples. When we
encounter a type name such as Int, we should think of that as a node followed
by an infinite set of edges, each labeled with a distinct integer. Similarly for
Text. Thus the schema can be thought of as an infinitely branching tree and
the data instance as a finite subtree of this. The keyword UNIQUE specifies that
any data instance may choose at most one label. In the case of UNIQUE followed
by english, french, other, we are allowed to select at most one branch, so this
is effectively an enumerated type.
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?Book title UNIQUE Text

authors Text

chapters int UNIQUE Text

language UNIQUE english
french
other

date UNIQUE month Int

year Int

&hock2 title “"Computer Simulation Using Particles"”
authors “Hockney™
“Eastwood"
chapters 1 "Computer Experiments”
2 "A One-Dimensional Model”

language english
Figure 2.8 An ACeDB schema and data.

As an example of the expressive power of this model,
array Int UNIQUE Int

specifies a (sparse) array. The schema is a node with an infinite number of integer
out-edges, each leading to node with an infinite number of integer out-edges.
An instance is specified by a finite number of top-level integer edges (the array
indices), each followed by at most one integer edge (the associated value).

The edges may be labeled with any base type including labels. From a given
vertex in the data tree, there can be many outgoing edges unless UNIQUE is
specified in the corresponding position in the schema tree. Thus after a title
edge there can be at most one string (text), but there can be several string edges
after an author edge. Note the use of integer-labeled edges to create arrays and
UNIQUE to specify a form of union or variant type.

ACeDB allows any label other than the top-level object identifier (e.g., Hock2)
to be missing. Also, the object identifiers are provided by the user; they are not
provided by the system.

While ACeDB requires a schema, the fact that data may be missing and the
fact that label data is treated uniformly with that of other base types make it a
close relative of the semistructured data model. An ACeDB representation of the
cities/states example is given in Figure 2.9. Note that ACeDB has provisions for

N TN
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?State

2City

2.8

/www {
scode UNIQUE Text &id scode "ID",
sname UNIQUE Text sname "Idaho"

capital UNIQUE ?City
cities-in ?City XREF state-of

capital é&boi
cities-in &boi

&moc
ccode UNIQUE Text

cname UNIQUE Text &ne scode "NE",

state-of ?State XREF cities-in sname “Nevada”
capital &ccn
cities-in: &ccn

&boi ccode “BOI™

cname "Boise"
state-of &id
&ccn ccode "CCN"

cname "Carson City"
state-of &ne

ccode "MOC™

cname “"Moscow"
state-of &id

&moc

Figure 2.9 ACeDB schema and data showing cross-references.

ensuring “relationship” constraints. [t will be apparent that the syntax for ACeDB
data is only superficially different from that of ssd-expressions.

TERMINOLOGY

The terminology used to describe semistructured data is that of basic graph
theory and can be found in any book on that topic or in any good introduction to
computer science. However, the terminology varies slightly, and a brief summary
of terminology used in this book may be appropriate for readers in need of a brief
review.

A graph (N, E) consists of a set N of nodes and a set E of edges. Associated
with each edge e € E there is an (ordered) pair of nodes, the source node s(e)
and the target node t(e). A path is a sequence ey, e,, . . ., ¢ of edges such that
t(e;) = s(eiy1), 1 < i<k — 1. Such a path is called a path from the source s(e)
of e to the target t(e) of e;. The number of edges in this path, &, is its length. A
node r is a root for a graph (N, E) if there is a path from r to » for every ne N,
n# r. A cycle in a graph is a path between a node and itself. A graph with no
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v &

graph with a cycle rooted acyclic graph tree
and no root

Figure 2.10 Terminology for uniabeled graphs.

cycles is called acyclic . A rooted graph is a tree if there is a unique path from r to
n for every n € N, n 5 r. Note that a tree is necessarily acyclic and cannot have
more than one root. A node is terminal node or a leaf if it is not the source of any
edge in E.

Figure 2.10 illustrates some of these terms. In this figure, nodes are drawn as
small circles and edges as arrows with the target node being at the head of the
arrow and the source node at its back.

Variations in terminology include vertex or point for node and line for edge.
The only graphs we consider are directed, and they are usually rooted. It is
common to call a directed acyclic graph a DAG. Our definition of a graph allows
for more than one edge between two nodes. Also, according to our definition, if
there is a path between a node and itself, it has length of at least one. However,
we shall often assume that there is a “trivial” path, of length 0, from any node to
itself. :

As we have already stated, our model of semistructured data is that of an edge-
labeled graph. That is, we have a labeling function Fg: E — Lg, where L is the
domain of edge labels. The model usually also includes node labels, though the
labels on nodes are typically confined to terminal nodes. This is the case in OEM
(Section 2.5). However, in some models, for example, UnQL (Section 4.4) and
ACeDB (Section 2.7.1), node labels are absent and the data is carried entirely
on the edge labels. We should mention that in most computer implementations
of graphs the nodes are implemented through the use of references or indexes.
These act as internal names for the nodes and are often called, in database jargon,
object identifiers, or oids for short. Edge identifiers, even if they are present in the
implementation, are less important. We shall discuss later the issue of whether
there is an order on the edges leading from a vertex.

To complete this section on basic terminology, we have used the term ssd-
expression to describe a syntax for constructing semistructured data. We shall
use the term data graph to describe the graphical representation of the data.

N
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2.9

BIBLIOGRAPHIC REMARKS

The current development of interest in semistructured data starts with the OEM
model developed first for the Tsimmis project at Stanford around 1995 [H*95,
CGMH™94, PGMWO95]. At about the same time, a related project at Stanford,
Lore [AQM*97, MAG'97] introduced the edge-labeled variant of OEM, which
we follow in this book. An alternative data model, based on bisimulation, was
proposed in UnQL [BDS95, BDHS96]. The syntax used in this chapter and
throughout the book is based on that used in Lore and UnQL. Tutorials and
overviews on semistructured data can be found in [Abi97, Bun97, Suc98].

There is a huge literature on data formats. Most data formats have been devel-
oped for specific domains, so that a biological data format EMBL [RTSCF96]
would be of little use in a situation in which multidimensional array data
[NCS99] is needed. However, some data formats such as netCDF [RD90], even
though they are biased toward array data, are reasonably generic, and some
[NOA73] already allow semistructured features such as the addition of new fields.

The need to exchange data in a platform/language-independent way has a
history that predates the Web by decades. For this purpose various serialization
techniques for general data types have been proposed. Notable among these is
ASN.1 [ISO87], which is widely used not only for data exchange but also for
the implementation of databases. ASN.1 data requires a schema, and even the
format for data alone has several built-in types. In addition, object database
systems [Cat94] and data exchange systems [OMG92] come equipped with a
definition of how to serialize data.

Theidea that data may be profitably modeled as an edge-labeled graph appears
in Graphlog [CM90b] and in ACeDB [TMD92]; the latter, as we have noted, has
a particularly interesting data model in that edge labels carry most of the data.
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XML 1S A NEw STANDARD adopted by the World Wide Web Consortium (W3C) to

complement HTML for data exchange on the Web. In this chapter, we describe
XML by relating it to the semistructured data model that was previously dis-
cussed. The chapter is not intended to contain a full description of XML; see the
“Bibliographic Remarks” section (Section 3.7) for references to comprehensive
XML. Rather, it presents XML from a database perspective.

Most readers will have seen HTML, the language for describing Web pages.
HTML consists of text interspersed with tag fields such as <i> . . . </i> to
describe the layout of the page, hyperlinks, the inclusion of pictures, forms and
so on. As we noted in the introduction, much data on the Web is now published
in HTML pages. For example, it is common to find a database relation displayed
as an HTML table or an HTML list. Figure 3.1 illustrates a simple way to display
a small table with three persons in HTML and its rendering with the Netscape
browser. The HTML tags used here are <h1> for header (the text will be printed
with a larger font), <p> for paragraph (start a new line), <b> for boldface, and
<i> for italic. While the rendering is human-readable, there is nothing in the
HTML text to make it easy for other programs to understand the structure and
content of such data. Applications that need to read Web data must contain a
“screen scraping” software component dedicated to extracting structured data
from the Web. Such software, called a wrapper, is brittle because it can break
as a result of minor changes in the format and has to be hand-tuned for each
data extraction task. For example, a wrapper for the data in Figure 3.1 may
break when the email address is changed from italic <i> to teletype <t>. The
problem is that HTML was designed specifically to describe the presentation,
not the content.

27

\\

XN

S $18




CHAPTER 3: XML

<h1>Peoplie on the fourth floor </hl>

<p> <b>Alan</b>, 42 years, <i>agb®@abc.com</i> </p>
<p> <b>Patsy</b>, 36 years, <i>ptn@abc.com</i> </p>
<p> <b>Ryan</b>, 58 years, <i>rgz@abc.com</i> </p>

FHe Edt Vkw GO Window

ACVEENTR Ty KTV

People on the fourth ﬂ

Alan, 42 years,agb@abc.cam
Patsy, 36 yéarg; thn @abc. éom
Ryan, 58 y"e‘ars',-rgz@qlg\c;_z;bm

Figure 3.1 An example of an HTML file
and its presentation with Netscape.

XML (Extensible Markup Language) was designed specifically to describe
content, rather than presentation. It differs from HTML in three major respects:

1. New tags may be defined at will.
2. Structures can be nested to arbitrary depth.
3. An XML document can contain an optional description of its grammar.

XML allows users to define new tags to indicate structure. For example, the
textual structure enclosed by <person> . . . </person> would be used to de-
scribe a person tuple. Unlike HTML, an XML document does not provide any
instructions on how it is to be displayed. Such information may be included sep-
arately in a stylesheet. Stylesheets in a specification language called XSL (XML
Stylesheet Language) are used to translate XML data to HTML. The resulting
HTML pages can then be displayed by standard browsers. XSL will be described
in Chapter 5.

In its basic form, XML is simply a syntax for transmitting data, much in
the spirit of the syntax described in Chapter 2. As such, it is very likely to
become a major standard for data exchange on the Web. For an organization
or a group of users, XML allows a specification that facilitates data exchange
and reuse by multiple applications. On the assumption that XML will become
a universal data exchange format, many software vendors are building tools for



3.1 Basic Syntax 29

3.1

3.1.1

importing and exporting XML data. The presentation of XML in this chapter
emphasizes its role as a data exchange format, and notthat ofadocument markup
language. However, it is important to keep in mind XML’s roots as a document
markup language, which pose certain problems when used in the context of data
exchange.

The use of XML also brings as a bonus tools such as parsers or syntax-driven
editors as well as APIs like SAX and DOM. However XML’s “type definition” (the
DTD) in some ways falls short of what we might call a database schema language.
For example, there is only one base type (text), and references to other parts of
a document cannot be typed. This has led to a host of extensions to XML that
provide some sort of added type system such as DCD, XML-Data, RDF, which
we shall briefly discuss.

BASIC SYNTAX

XML Elements

XML is a textual representation of data. The basic component in XML is the
element, that is, a piece of text bounded by matching tags such as <person>
and </person>. Inside an element we may have “raw” text, other elements, or a
mixture of the two. Consider the following XML example:

<person>

<name> Alan </name>

<age> 42 </age>

<email> agb@abc.com X/email>
</person>

An expression such as <person> is called a start-tag and </person> an end-tag.
Start- and end-tags are also called markups. Such tags must be balanced; that
is, they should be closed in inverse order to that in which they are opened, like
parentheses. Tags in XML are defined by users; there are no predefined tags, as in
HTML. The text between a start-tag and the corresponding end-tag, including
the embedded tags, is called an element, and the structures between the tags
are referred to as the content. The term subelement is also used to describe the
relation between an element and its component elements. Thus <emai1> . . .
</email> is a subelement of <person> . . . </person> in the example above.

As with semistructured data, we may use repeated elements with the same
tag to represent collections. Figure 3.2 contains an example in which several
<{person> tags occur next to each other.
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<{table>
<{description> People on the fourth floor </description>
<{people>
{person>
<name> Alan <{/name>
<age> 42 </age>
<email> agb@abc.com </email>
{/person>
<person>
<name> Patsy </name>
<age> 36 </age>
<email> ptn@abc.com </email>
<{/person>
<{person>
<name> Ryan </name>
<age> 58 </age>
<email> rgz@abc.com </email>
<{/person>
<{/people>
<{/table>
Figure 3.2 XML data.

It is interesting to compare XML to HTML. The information in the HTML
document in Figure 3.1 is essentially the same as that in the XML document
in Figure 3.2: both describe three persons, living on the fourth floor. But while
HTML describes the presentation, XML describes the content. An application
can easily understand the XML data (e.g., separate names from ages from emails);
on the other hand, there is no indication in XML on how the data should be
displayed.

Observe that the quotation marks around the character strings have disap-
peared; all data is treated as text. This is because XML evolved as a language for
document markup, and the data—that part of the syntax not enclosed within
angle brackets (. . .)—is taken to be the text of the document. This data is often
referred to as PCDATA (Parsed Character Data). The details of PCDATA have
been carefully developed to allow the exchange of data in many languages. XML
uses characters in Unicode (e.g., “&#x0152” for the letter mem in Hebrew).

Finally, XML has a useful abbreviation for empty elements. The following:

<married> </married>
can be abbreviated to

<{married/>
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3.1.2 XML Attributes

XML allows us to associate attributes with elements. Here we have to be a little
careful with terminology. Attributes in the relational sense of the term have so
far been expressed in XML by tags. XML uses the term “attribute” for what is
sometimes called a “property” in data models. In XML, attributes are defined
as (name,value) pairs. In the example below, attributes are used to specify the
language or the currency:

<product>
<name language="French">trompette six trous</name>
<price currency="Euro"> 420.12 </price>
<address format="XLB56" language="French">
{street>31l rue Croix-Bosset</street>
<zip>92310</zip> <city>Sevres</city>
<country>France</country>
</address>
</product>

As with tags, users may define arbitrary attributes, like 1anguage, currency, and
format above. The value of an-attribute is always a string and must be enclosed
in quotation marks.

There are differences between attributes and tags. A given attribute may only
occur once within a tag, while subelements with the same tag may be repeated.
Also the value associated with an attribute is a string, while the structure enclosed
between a start- and end-tag may contain subelements.

Attributes reveal XMUL’s origin as a document markup language. In data ex-
change they introduce ambiguity as to whether to represent information as at-
tributes or elements. For example, we could represent the information about
Alan as

<person> <pname> Alan </name>
<age> 24 </age>
<email> agb@abc.com </email>
</person>

or as
<person name="Alan" age="42" email="agb@abc.com"/>

or as

<person age="42">

TN
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3.2

<name> Alan </name>
<email> agb@abc.com </email>
<{/person>

Well-Formed XML Documents

So far we have presented the basic XML syntax. There are very few constraints
that have to be matched: tags have to nest properly, and attributes have to be
unique. In XML parlance we say that a document is well-formed if it satisfies
these two constraints. Being well-formed is a very weak constraint; it does little
more than ensure that XML data will parse into a labeled tree.

We now have a (rough) general picture of XML. An element may contain other
elements and data. Inside an element, the ordering of subelements and pieces of
data is relevant.

XML AND SEMISTRUCTURED DATA

The basic XML syntax is perfectly suited for describing semistructured data.
Recall the syntax for ssd-expressions in Chapter 2. The simple XML document

<{person>

<name> Alan </name>

<age> 42 </age>

<email> agb@abc.com </email>
<{/person>

has the following representation as an ssd-expression:
{person : {name: "Alan", age: 42, email: "agb@abc.com"}}

For trees the translation from ssd-expressions to XML can be easily automated.
Let us call T the translation function. Referring to the grammar in Section 2.4,
the translation is

T(atomicvalue) = atomicvalue
Th:vi,.. ., L:va)=<h>Tnl</h>...<lh>Tlvs] < /I, >

Beyond this simple analogy, however, XML and semistructured data are not
always easy to reconcile. In addition to the ambiguity introduced by attributes,
there are some other differences that we discuss here.
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3.2.1

3.2.2

@ person

name age email
Alan 42 agb@abc.com Alan 42 agb@abc.com
(a) (b)

Figure 3.3 Trees for (a) XML data and (b) ssd-expression.

XML Graph Model

There is a subtle distinction between an XML element and an ssd-expression. An
ssd-expression is a set of label/subtree pairs, while an element has just one top-
level label. The distinction, while minor, is nevertheless important and worth-
while understanding. Ssd-expressions denote graphs with labels on edges, while
XML denotes graphs with labels on nodes. Figure 3.3 illustrates the graph for
the XML data above, and the graph for the corresponding ssd-expression. In the
case of tree data, it is easy to convert back and forth between the two. Starting
from the XML tree, we simply “lift” each label from the node to the edge enter-
ing that node. To do the same for the root, we add a new incoming edge. This
transforms the left tree into the right tree in Figure 3.3. When the data is a graph,
however, the distinction between the two models may become important. We
describe how XML represents graphs next.

XML References

So far all our XML examples described trees. We show here XML's mechanism
for defining and using references and, hence, for describing graphs rather than
trees.

XML allows us to associate unique identifiers to elements, as the value of a
certain attribute. For the moment, we will assume that the particular attribute
is called id; we discuss later (Section 3.3) how to choose a different attribute for
that purpose. In the example below, we associate the identifier s2 witha <state>
element:
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{state id="s2">
<scode> NE </scode>

{sname> Nevada </sname>
{/state>

We can refer to that element by using theattrihate idref attribute. (Again, we

will show later how we can control which attribute serves that purpose.) For
example:

{city id="¢c2">
<ccode> CCN </ccode>
{cname> Carson City </cname>
{state-aof idref="s2"/>
</city>

Note that <state-of> is an empty element; its only purpose is to reference, via
an attribute value, another element. This technique allows us to build representa-

tions of cyclic/recursive data structures that commonly occur in object databases.
Figure 3.4 illustrates such an example.

With references, the analogy between XML and semistructured data is less

clean. For example consider the semistructured data instance in Figure 3.5. We
could encode this in XML either as

<a> <b id="&0123"> some string </b> <(/a>
<a ¢="%&0l123"/>

and assume that the attribute ¢ is a reference attribute, or as

<a b="&0123"/>
<a> <¢ 1d="&0123"> some string </b> </a>

assuming that b is now a reference attribute.

Order

The semistructured data model we described earlier is based on unordered

collections, while XML is ordered. For example the following two pieces of
semistructured data are equivalent:

persaon: {firstname:"John"™, lastname:"Smith"}
person: {lastname:"Smith",firstname:"“John™}

while the following two XML documents are not equivalent:
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<geography>
<states>
{state id = "s1™>
<{scode> ID </scode>
<sname> Idaho </sname>
{capital idref="cl"/>
<cities-in idref="cl"/> <cities-in idref="¢c3"/> .
{/state>
{(state id="s2">
{scode> NE </scode>
<{sname> Nevada </sname>
<capital idref="c2"/>
{cities-in idref="c2"/>
{/state>
</states>
{cities>
{city id="cl">
<ccode> BOI </ccade>
{cname> Boise </cname>
{state-of idref="s1"/>
</city>
{city id="c2">
{ccode> CCN </ccode>
{cname> Carson City </cname>
<state-of idref="s2"/>
</city>
{city id="c3">
<ccode> MOC </ccode>
<cname> Moscow </cname>
{state-of idref="s1"/>
</city>

</cities>
</geography>

Figure 3.4 XML representation of cross-references.

R, B
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<« : ”
some string

Figure 3.5 Simple semi-
structured data instance.

<person><{firstname>Jdohn</firstname>
lastname>Smith</lastname> </person>

<person><lastname>Smith</lastname>
{firstname>Jdohn</firstname></person>

To make matters worse, attributes are not ordered in XML; hence, the following
two XML documents are equivalent:

<person firstname="John" lastname="Smith"/>
<person lastname="Smith"” firstname="Jdohn"/>

The emphasis on order in XML also stems from its origin as a document markup
language. In documents, order is critical; while in data applications, unordered
data is prevalent. Unordered data can be processed more efficiently than ordered
data, and all commercial database systems exploit this fact in their implementa-
tions. For example, consider a request for all persons in a database whose age is
between 30 and 32. A database optimizer may use an index to retrieve efficiently
all answers. The use of the index, however, may report the results in a different
order than stored on disc. If that order were important, additional bookkeeping
and processing are necessary to recover it. In the cases when order is important,
databases deal with it separately, for example, with ordered collections (lists, ar-
rays) and through the orderedby clause in SQL.
Applications that use XML for data exchange are likely to ignore order.

Mixing Elements and Text

XML allows us to mix PCDATA and subelements within an element:

<Person>
This is my best friend
<Name> Alan </Name>
<Age> 42 </Age>
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I am not too sure of the following email
<Email> agb@abc.com </Email>
</Person>

From a database perspective this seems a little unnatural, but from a document
perspective it is reasonable: we want to embed text in structured data and vice
versa. Note that in order to translate XML back into the syntax of ssd-expressions,
we would have to add some surrounding standard tag for the PCDATA.

Other XML Constructs

XML has additional constructs required in document applications that have little
or no use for data exchange. We mention them here only briefly.
Comments in XML are written as

<!-- this is a comment -->

Comments are allowed anywhere except inside markups. Somewhat surprisingly,
they are part of the XML document (although not part of the character data) and
can be passed to the application.

Another construct is the processing instruction (PI), which allows documents
to contain instructions for applications. A PI has a target (the name of the
application) and an optional free text. In the example below, xm1-stylesheet
is the target, and all the rest is free text:

<{?xml-stylesheet href="book.css" type="text/css"?>

There is no semantics associated to Pls except that they have to be passed to the
applications. An XML document starts with an optional construct that looks like
a PI but is not considered to be a PI by the XML standard. The construct is

<?xml version="1.0"7?>

Currently XML’ version is 1.0, but, of course, this will change in the future.
Some additional information describing the character encoding of the document
may follow the version number. -

A third construct is CDATA (character data), used to write escape blocks
containing characters that would be otherwise recognized as markup. CDATA
sections start with <! [CDATA[ and end with 11>, as in the following example:

<I{CDATA[<start>this is an incorrect element</end>}]>

A fourth construct is entities, which are a form of macros. One kind of entity
starts with &, is followed by a name, and ends with ;. For example &1t; is an
entity reference for the character <. Another kind starts with %. Users can define
new entities in XML. Entities are quite elaborate in XML, and a good portion of

W
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the language definition deals with them. However, they are of little use in data
applications, so we mention them only briefly.

Finally, an XML document may have an optional document type definition
(DTD), which defines the document’s grammar. This has the form

<!DOCTYPE name [markupdeclarations]>

Thus, the document type definition consists of the name of the root document
tag, optionally followed by several markup declarations that declare the tags
permitted in the document and their associated structure.

Summarizing, a complete XML document has the following form, in which
the first two lines are optional:

<xml . LD
<I1DOCTYPE name [markupdeclarations]>
<name> . . . </name>

where name is some element tag.

DOCUMENT TYPE DEFINITIONS

A document type definition (DTD) serves as grammar for the underlying XML
document, and it is part of the XML language. To some extent a DTD can also
serve as schema for the data represented by the XML document; hence our
interest here. As schema formalisms, DTDs are somewhat unsatisfactory, and
several proposals have been made after the adoption of the XML standard for

better schema formalisms. However, no consensus exists so far beyond the basic
DTDs.

3.3.1 A Simple DTD

Consider an XML document consisting of an arbitrary number of person ele-
ments like

<db><person> <name> Alan </name>
<age> 42 </age>
<email> agb@abc.com </email>
</person>
<person> . . . </person>

</db>
A DTD for it might be
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ST,

3.3.2

3.3.3

foricad (docaunt onbilopy | thoveed
<IDOCTYPE db [~ o Feus
<VELEMENT :db \(\pe\rson*»
<IELEMENT :person'(name,age,email)>
<YELEMENT iname (#fPCDATA)>
<IELEMENT/ age ({#fPCDATA)>

<IELEMENT emai] ({#fPCDATA)>

»

The first line says that the root element is <db>. The next five lines are markup
declarations stating that <db> may contain an arbitrary number of <person>
elements, each containing <name>, <age>, and <emai1> elements. The latter
contain only character data (no elements). Here person* is a regular expres-
sion, meaning any number of person elements. Other regular expressions are
e+ (one or more occurrences), e? {zero or one), e | e’ (alternation), and e, e’
(concatenation).

DTDs as Grammars

A DTD is precisely a context-free grammar for the document. In particular, the
example above imposes that <name>, <age>, and <email> appear in that order
in a <person> element. Grammars can be recursive, as in the following DTD
describing binary trees:

{!ELEMENT node (leaf | (node,node))>
{YELEMENT Teaf ({#fPCDATA)>

An example of such an XML document is

<node>
<{node>
<node> <leaf> 1 </leaf> </node>
<node> <leaf> 2 </leaf> </node>
</node>
<node>
<leaf> 3 </leaf>
</node>
</node>

DTDs as Schemas

DTDs can be used to a certain extent as schemas. The db DTD requires that
person elements have a name field. In this sense they resemble types, though the
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types that can be expressed using DTDs are not as extensive as someone coming
from the world of structured databases might wish. As an example, consider
the relational schema r1(a,b,c), r2(c,d), and the following representation in
XML (see also Figure 2.3):

<db><rl><a> al </a> <b> bl </b> <c> ¢l </c> </rl>
<rl><a> a2 </a> <bd> b2 </b> K> ¢2 </e> <Urld>
<r2><c> ¢2 </c> <d> d2 </d> </r2>
<r2><c> ¢3 </c> Kd> d3 </d> </r2>
<r2><c> ¢4 </fc> <d> dd </d> 2>

</db>

In this representation we have taken the names of the relations r1, r2 as tags for
the tuples in the relation. A DTD for such data is

<IDOCTYPE db [
CYELEMENT db (rl*, r2*)>
<TELEMENT rl (a.b,c)>
<IELEMENT r2 (c.d)>
<YELEMENT a (#PCDATAY>

CITELEMENT b (#PCDATA)>

CYELEMENT ¢ (#f/PCDATA)>

CYELEMENT d ({#fPCDATAD
1>

The DTD correctly constrains r1 elements to contain three components a,
b, c and r2 elements to contain the components ¢, d. But it also forces ¢, d to
occur in that order. Obviously, the order d. c is equally acceptable for relational
data, so we may modify the DTD to

<!ELEMENT r2 ((c.d)|(d.c))>

This becomes more verbose for r1, where we have to list six orders. Another
problem is that r1 elements are constrained to appear before r2 elements. The
following change allows them to be interspersed:

<IELEMENT db ((rl|r2)*)>

On the bright side, DTDs make it easy for us to describe optional or repeated
components. For example, we could modify r1 to

CLELEMENT rl (a,b?,c+)>

stating that exactly one a is required, that b is optional, and that ¢ is required,
but may have several occurrences.
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So far we have included all the schema inside the XML document, as in
<IDOCTYPE db [<'ELEMENT . . > . . .DI>

We can alternatively store the schema in a separate file, say, schema.dtd, and
refer to it as

<I!DOCTYPE db SYSTEM “schema.dtd">
The schema can reside at a different URL, and then we refer to it as
<IDOCTYPE db SYSTEM "http://www.schemaauthority.com/schema.dtd">

This allows many sites on the Web to share a common schema, thus facilitating
exchange.

Declaring Attributes in DTDs

DTDs also allow us to assert the type of attributes. Consider an XML document
containing products like

<product>
<{name language="French” department="music™>
trompette six trous </name>
{price currency="Euro"> 420.12 </price>
</product>

In addition to the element declarations for product, name, price we have

<YATTLIS name Tlanguage CDATA {fREQUIRED
department CDATA #IMPLIED>
CYATTLIS price currency CDATA #IMPLIED>

The declaration says that <name> has two attributes, 1anguage and department;
the first is required, while the second one is optional. Similarly, <price> has the
attribute currency, which is optional. All attributes are of “type” CDATA, which
means strings in XML slang.

Of particular importance are declarations of types 1D, IDREF, and IDREFS. The
type 1D declares that the particular attribute defines the entity’s unique identifier;
we have used id for attributes of that type in Section 3.2, but of course any
name can be used. Similarly, the type IDREF means that the attribute’s value is
some other element’s identifier; IDREFS means that its value is a list of identifiers,
separated by spaces.

RN
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As a simple example of the use of references, here is a family tree specification:

CIDOCTYPE family [ . g wonn - doaes
CIELEMENT family (person)*> e Leet -k lou Lng:uz‘
C{ELEMENT person (name)> e Muuh“’&“jz' {1 Frews
CYELEMENT name (##PCDATA)>
CIATTLIST person/id >~ ID  #REQUIRED

i
mother i IDREF #IMPLIED

{
]father * IDREF #IMPLIED
\chi]dreq}IDREFs #IMPLIED>

» —

A very simple XML element that conforms to this DTD is

{family>
{person id="jane" mother="mary" father="john">
<name> Jane Doe <{/name>
</person>
{person id="john™ children="jane jack">
<{name> John Doe </name>
<{/person>
<person id="mary"™ children="jane jack">
<{name> Mary Smith <{/name>
</person>
<person id="jack"” mother="smith"” father="john">
<name> Jack Smith </name>
<{/person>
</family>

As a richer example of a DTD involving references, here is a DTD for the
example in Figure 3.4.

<IDOCTYPE geography [
<!ELEMENT geography (state|city)*>
<!ELEMENT state (scode,sname,capital,cities-in*)>
<IATTLIST state id ID #REQUIRED>
<!ELEMENT scode (#PCDATA)Y>
<IELEMENT sname (#PCDATA)>
<!ELEMENT capital EMPTY>
<IATTLIST capital idref IDREF #REQUIRED>
CYELEMENT cities-in EMPTY>
CYATTLIST cities-in idref IDREF #REQUIRED>
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<!ELEMENT city (ccode,cname,state-of)>
CTATTLIST city id ID>

<IELEMENT ccode (#PCDATA)>

<!ELEMENT cname (#PCDATA)>

<YELEMENT state-of EMPTY>
<YATTLIST state-of idref IDREF ffREQUIRED>

1>

EMPTY in the place of an element content means that the element is empty. For
example, capital can only occur as

{capital idref=". . ."/>

The attribute type IDREFS allows an attribute to refer to multiple entities. For
example, we could change the DTD above as follows:

<!DOCTYPE geography [
<IELEMENT state (scode,sname,capital,cities-in)>

<TELEMENT cities-in EMPTY>
<!ATTLIST cities-in idrefs IDREFS {#fREQUIRED>

1>

The cities-in elements could then be written as <cities-in idref="cl
c2"/>. There are other ways of representing this data even more compactly. For
example, we could make both capital and cities-in attributes of State, as
in

CYATTLIST State id ID f#fREQUIRED
capital IDREF {REQUIRED
cities-in IDREFS {fREQUIRED>

Finally, we conclude our discussion of DTDs with an example illustrating
entities to refer to external data using a URL. Such external references may be
useful in data exchange. We give an example in Figure 3.6 of an XML document
that uses external documents. Consider the abstract defined in the prologue.
We define abstract asan “entity” consisting of some external XML file. The use
of %abstract; in the report results in inserting the entire abstract document
at that position. Thus, the document includes explicitly only the elements meta
(some meta information about the report), and title; the abstract and content
are fetched from other documents.
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<?xml version "1.0"?>
<IDOCTYPE report [
<IENTITY %abstract SYSTEM "/u/abitebou/LEBOQK/abstract">
<YENTITY %content SYSTEM “/u/suciu/LEBOOK/lebook">
»
{report>
<meta keywords="xml,www,web,semistructured”
author="Abiteboul.Buneman,Suciu”
date="25.12.98"/>
<title>Data on the Web</title>
%»abstract;
%content;
<{/report>

Figure 3.6 Using external resources.

Valid XML Documents

Recall that a well-formed XML document is one that, essentially, has matching
markups. A valid XML document is one that, in addition, has a DTD, and that
conforms to that DTD. That is, elements may be nested only in the way described
by the DTD and may have only the attributes allowed by the DTD. For identifiers
and references the requirements are very weak: the values of all attributes of type
ID must be distinct, and all references of type IDREF or IDREFS must be to existing

identifiers. The DTD does not impose any constraint on the type of the referenced
element.

Limitations of DTDs as Schemas

We have seen that one limitation is the fact that DTDs impose order. Another
is that there is no notion of atomic types. We would like to say, for instance,
that the content of an age element has to be an integer; instead the only atomic
type is #PCDATA, which means strings. In addition to that we would need range
specifications, for example, the ability to constrain the age between 0 and
140.

A subtle limitation is that the type associated with an element, more correctly
with the tag, is global. For example, in an object database, a name field might
have one structure in a person class and another in a course class. XML does
not allow that. In translating to XML, one would have to use two distinct tag
names, for example, personname and coursename. XML offers a partial solution
in the form of namespaces. We would define two namespaces called person and
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course, then rename the tags to person:name and course:name. Associated to
each namespace is a DTD defining the element name. '

Finally, a serious limitation is that DTDs do not constrain the type of IDREFs.
One would like to say, for example, that the idref attribute in state-of must
be an identifier of a state element, while that of cities-in must be of “type”
city.

In conclusion, from a database perspective the typing offered by DTDs may
be regarded as inadequate. There are, in fact, many extensions to XML that deal
with these and other issues. We give a brief review here.

DOCUMENT NAVIGATION

XML Links (XLink) and XML Pointers (XPointer) allow us to navigate the entire
Web by pointing to arbitrary positions in documents. For that, we can use an ID
of the document or a relative position (e.g., the chapter just after that with the
string “Query” in the title). Links are elements that own a particular attribute
xml:link and other attributes determining the nature of the linking. In the simpler
cases, we find simple links as in HTML:

<A xml:link="simple” HREF="http:www-rocqg.inria.fr/verso™>
Verso Group</A>
<A HREF="mailto:Serge.Abiteboul@inria.fr">Serge</A>

An example of relative addressing is given by

<node xml:link="simple" HREF=
“report.xml#root().child(2,section).child(3,subsection)"™>

The following is a more complex éxample from [Mic98] with “behavioral”
semantics attached to links:

<payment-choice xml:link="extended"
inline="true"
role="form"
title="choose form of payment™ >
<target xml:1ink="1locator™
href<"http://foo.bar.fr/visa-form.xml™
role="form"
title="visa"
show="embed"
actuate="user”
behavior="type;field=1;no-scroll” />
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<target xml:1link="locator"
href="http://foo.bar.fr/klee-form.xml"
role="form"
title="kleebox"
show="embed"
actuate="user"
behavior="type:;field=1:no-scroll”™ />
</payment-choice>
This may be presented to the user with a title choose form of payment. If the user
clicks on this anchor, a pop-up menu appears with an alternative between visa
and kleebox, the two accepted forms of payment. The choice of one triggers the
inclusion of the appropriate form.

The linking process is quite rich. Indeed, a link between an element in a
document d; and a document d, may be defined externally to both d, and 4.
Thus, we may link a document to others without actually modifying it. XLink
also allows us to create links that have several targets.

XLink and Xpointer are not yet fully standardized. We will not discuss them
in more detail. To conclude this section, observe in Figure 3.6 the specification
in the prologue of metadata that are used, for instance, for indexing by search
engines.

3.3 DCD

DCD (Document Content Description) [DCD99] is used to define the typing
of some XML data more precisely than just with a DTD. We will discuss more
generally the notion of typing semistructured data in Chapter 7. This area is not
as well established as XML. DCD is just a proposal in the spirit of previous pro-
posals such as XML-Data and XML-Schema. We briefly consider some aspects
of DCD here to express some issues that typing for XML data should address.

First, DCDsare used to “type” terminal elements (PCDATA). We illustrate this
aspect with a simple example taken from [DCD99]. Recall that <ElementDef/>
is just a shorthand for <E1ementDef> </ElementDef>.

<pCD>

<ElementDef Type="Booking"” Model="Elements" Content="Closed™>
<{Description>Describes an airline reservation</Description>
<Group RDF:0rder="Seq">
<Element>LastName</Element> <Element>FirstInitial</Element)
<Element>SeatRow</Element> <Element>Seatletter</Element)>
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<Element>Departure</Element> <Element>Class</Element>
</Group>
</ElementDef>

<!-- example omits boring field declarations -->
<ElementDef Type="SeatRow" Model="Data" Datatype="il1"
Min="1" Max="72" />

<ElementDef Type="SeatlLetter” Model="Data” Datatype="char”
Min="A" Max="K"/>

<ElementDef Type="Class" Model="Data"™ Datatype="char"
Default="1"/>

</DCD>

This specification imposes some constraints for documents in an airline reser-
vation service. Observe the specification of types such as "i1" or "char", range
constraints such as between 1 and 72, and the specification of default values such
as™"l1".

Also, recall that a DTD applies to a particular document, that is, a single re-
source. DCDs also allow you to relate a number of resources. For instance, an
encyclopedia may be defined by one or several DTDs that specify the structure
of the elementary documents, the articles. A DCD may be used to impose a con-
ceptual structure to the set of articles. In particular, it may specify relationships
such as subcategory or is-an-instance-of .

It should be observed that our presentation covers very little of the rich typing
world of DCD. It must also be said that none of this is yet a standard.

PARAPHERNALIA

XML is only a piece (although an important one) of a much larger picture. In
this section, we briefly mention three essential components of this larger picture.

RDF <« ot , kDM

The Resource Description Framework (RDF) is a proposal for representing meta-
data in XML. Its intended applications include

® providing better search engine capabilities in resource discovery

® cataloging for describing the content and content relationships available at
a particular Web site

® allowing intelligent software agents to share and exchange knowledge

xm:q

Xsi,
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RDF consists of a data model and a syntax; a separate proposal is RDF-Schema.
We briefly mention here the data model and syntax only.

In its simplest form, the RDF data model is that of an edge-labeled graph,
exactly like OEM. Nodes are called resources, and edge labels are called properties.
RDF’s syntax is a convention for representing this model in XML. For example,
Figure 3.3(b) would be represented in RDF as follows:

<rdf:description ID="&o01">
<person> <rdf:description ID="&o02">
<name> Alan </name>
<age> 42 </age>
<email> agb@abc.com </email>
</rdf.description>
<{/person>
</rdf:description>

The <rdf:description> elementdescribes a resource. In this example we chose
to create two new resources and give them unique ids (the ID attribute). The
other choice is to talk about an existing resource and give its URL reference. The
properties in this example are person, name, age, and email. An edge in RDF
is called a statement. Thus, the above example makes four statements: resource
&o1 has property person whose value is resource &02; resource &02 has property
name with value Alan, and so on.

RDF’s data model extends the basic graph model in several ways. First, it has
containers: a container can be a bag, a sequence, or an alternative. The first two
roughly correspond to the bag type and list type in ODMG. Second, it extends the
model with higher-order statements. That is, RDF provides syntax for expressing
something like John says that the email of resource &02 is agh@abc . com. Here the
resource is John, the property is says, and its value is another statement.

Stylesheets

We already mentioned that HTML dominates the Web. HTML combines data
and presentation, and is the only language understood by browsers. Since XML
contains only data, we need to convert it into HTML first, in order to display
it with a browser. Stylesheets [Sty99] are special-purpose languages expressing
this conversion. There are two, somewhat competing proposals for stylesheets.
The first is lightweight: it is called Cascading Style Sheets (CSS), and we briefly
illustrate it here. The other is a transformation language, called XSL, and is
described in more detail in Chapter 5.
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The main idea in CSS is to associate with each element type a presentation.
For instance, we could use for address elements

<STYLE TAG="address">

<FONT-SIZE V=10>

<FONT-FAMILY V="Times New Roman">
</STYLE>

The stylesheet information may be included in the document or it may be found
elsewhere. We can use a processing instruction to attach a stylesheet to the
document. For instance,

<?STYLESPEC "company-desc"” "style23.ssh” 7>

is an example of the use of a processing instruction to specify that the format
“company-desc” found in file "style23.ssh" should be applied to the doc-
ument. In general, processing instructions contain indications to be used by
particular applications.

Observe that we can use different presentations of the same document, for
example, customize the presentation to Vvarious uses or users.

SAX and DOM

These are two very different APIs for XML documents. SAX is more syntax
driven, whereas DOM offers an array of the functionalities to develop applica-
tions with XML data.

SAX (Simple API for XML) is a standard for parsing XML data. A SAX parser
reads the flow of some XML data, parses it, and detects events when interpreting
the tags. These events are sent back to the application. This provides a simple
API for handling XML.

An alternative is to compile the entire document directly and construct a
tree representation for it. This is provided by an alternative API, namely, DOM
(Document Object Model) ([DOM99]. DOM is an API for XML documents.
It offers an object-oriented view of the XML document, as opposed to an ab-
stract data type view. That is, each document component defines an interface
specifying its behavior; the data can be accessed only via this interface. DOM
defines a Node interface, and subclasses Element, Attribute, and Character-
Data interfaces inheriting from Node. The Node interface defines methods for
accessing a node’s components. For example, parentNode() returns the parent
node; childNodes () returns the set of children. In addition there are methods
for modifying the node and for creating new nodes. Thus, an application can
completely restructure the document via this interface. In some sense, DOM is

RC R
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rather close to the data (vs. document) view of XML that is promoted in this
book.

To conclude this section, we should mention some specific applications that
are enriching the XML world, for example, MathML for mathematical data or
SMIL for multimedia [W3C].

BIBLIOGRAPHIC REMARKS

There are numerous books on XML: more than 66 were available from ama-
zon.com in 1999. We refer here to three: [McG98, GP98, Mic98]. An easy
introduction to XML Internet applications can be found in {LLF98]. The author-
itative source on XML is the language definition [XML98] from the World Wide
Web Consortium (W3C) site [W3C]; although pretty terse for a first lecture,
you should have no problems following it after reading this chapter. The W3C
site provides information on, for instance, DCD [DCD99|, DOM [DOM99],
stylesheets [Sty99], XSL [XSL98], XLink [XLI98], XPointer [XPO98], and RDF
[RDF99)].

An excellent paper spelling out crisply the rationale behind XML is Jon
Bosak’s [Bos97].

HTML is based on SGML, while XML is a fragment of SGML. SGML is
described in [ISO86]. XSL is described in [XSL98].

There is a huge literature on tools for extracting data from HTML pages (such

programs are sometimes called wrappers). Some entry points are [KM98, Ade98,
HGMC*97, SA98].




Interpretation and Advanced
Features

1
'1 HE FEATURES FOUND in the query language in Chapter 4 form the basis of query

languages for semistructured data. There have been many proposals to go be-
yond. The consensus for a query language is that the language should be declar-
ative (an ill-defined notion), be the basis of potential optimization (an aspect
that is clearly technology dependent), and have some esthetic (a parameter not
easy to measure). We will not resolve here the choice of a query language for
semistructured data—the jury is still out on this issue. We will not even settle
the issue of precisely what expressive power it should have, since we lack a well-
accepted yardstick such as relational calculus. In this chapter, we limit ourselves
to describing the relationship.between the semistructured query languages we
have seen in Chapter 4 and more conventional notions of query languages and
programming languages. In particular, we shall investigate the relationship with
relational query languages, languages that create objects, structural recursion,
and graph rewriting.

This comparison will suggest several things. First, it will give us some partial
answers to what the expressive power of semistructured query languages should
be. Second, it will suggest some extensions to the languages we saw in Chapter 4
that will allow more complex transformations of the input data. Third, it will
sharpen our notion of semantics for these languages, especially for the more ad-
vanced features. Finally, it will suggest certain implementation strategies (more
on that in later chapters).

This chapter presents some technically involved material. Readers interested in
an overview of semistructured data may wish to skip it in a first reading of the book.
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6.1

FIRST-ORDER INTERPRETATION

The relational model comes equipped with the formal foundation of first-order
logic. Indeed, we can query relational databases using relational calculus and
evaluate the answer by transforming the query into a relational algebra query.
The query language used in practice, SQL, has at its core a reasonably elegant
combination of calculus and algebraic features. The semantics of the core of
SQL can thus be cleanly formalized in first-order logical terms. It is therefore
interesting to consider an interpretation of a portion of the query language for
semistructured data that roughly corresponds to the core of SQL, in first-order
terms. We do this briefly next.

It is easy to model the data graph as a finite relational structure. The structure
is many-sorted. Besides the type oid for identifiers, there is one sort dom for
atomic values and labels. (To simplify, we assume there is a single sort of atomic
values, say, string.) The sets dom and oid are assumed to be countably infinite
and disjoint. A data graph is then an instance over the following schema:

ref ( source: oid, label: dom, destination: oid )
val ( obj: oid, value: dom )

More precisely, ref (o, 1, 0,) indicates that oy, 0, are oids, with o0, a complex object,
and that there is an edge labeled I from o, to 0;; and val(o, v) means that o
is atomic and has value v. The structure also contains one or more constants
denoting the oid for each root of persistence. (For instance, db denotes the root
object for the bibliography in Figure 6.1.) Finally, an instance must also obey the
following constraints:

1. atomic/complex No oid occurs in the first column of both ref and val.

2. reachability Every object is reachable from some root; that is, for each object
o, there is a directed path from r to o for some root of persistence r.

3. key The oid attribute is a key in relation val.

4. value The value attribute is a key in relation val (optional).

The first condition is technical, and its removal would not seriously affect the
model. It allows us to assume that, by definition, objects occurring in the first
column of val are atomic and all other objects are complex. (An object occurring
in the third column of ref and not in any other column is therefore an empty
complex object.)

The second condition is in the ODMG spirit of persistence by reachability.
An object that becomes unreachable (and thus cannot be accessed by queries) is
simply garbage collected.

The third condition should be clear: each object has at most one value.
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The last condition, when enforced, allows us to blur the distinction between
an atomic value and an atomic object. An equivalent alternative from a query
viewpoint would be to have dom (the set of atomic values) be a subset of oid.
We will see an example where this condition simplifies querying.

Figure 6.1(a) shows a data graph with labels. The corresponding relational
structure is given in Figure 6.1(b).

We can now consider first-order logic over this structure. This allows us to
express certain queries. Consider, for example, the following query, in our core
query language:

select author: X
from biblio.book Y,
Y.author X
where "Database Systems"™ in Y.title

We can describe the set of objects X that contribute to the result by

{X|3Y,2Z,V, W(ref(db, "biblio"”, W)A
ref (W, “book™, Y)A
ref (Y, "author™, X)A
ref(Y,"title"”, V)A
val(V, "Database Systems™))}

While this describes a set of vertices in our data graph, it is not yet a query
that produces semistructured data, that is, a new data graph. Let us assume the
existence of a new particular node, say, ans (for answer), that will denote the
result. This may be a new root of persistence. Figure 6.1 shows this new node,
ans with author edges connecting to existing nodes. The result of the query is
the graph whose root is ans and that contains all nodes accessible from ans.

To construct this graph, we can invoke a Datalog program to augment the
ref relation with new author edges. Datalog is such a simple language that the
semantics of Datalog queries in the following examples should be clear even to
readers exposed for the first time to that language.'

1. Datalog can be viewed as Horn clauses without function symbols or as a small fragment of Prolog
without function symbols.
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author
Cassio
(a)
ref: val:

source | label dest obj value
&odb "biblio™ | &ol &o5 "Roux"
&ol "book" &o2 &ob “Combalusier”
&ol “book" &o3 &o7 "“1976"
&ol "paper"” &o4 &o8 “Database Systems"
&o2 “author™ | &o5 &o9 "Smith"
&o2 “author”™ | &oéb &0l10 | "1999"
&o2 "date” &o7 &oll "Data Protection”
&o2 "title” &o8 &ol2 "Cassio”
&o3 “title” &o8
&o3 "author” | &09
&o3 "date" &010
&od "title” &oll
&o4 "author” | &ol2

(b)

Figure 6.1 A database with object identities: (a) data graph with labels; (b) corresponding
relational structure.
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ref (ans, "author", X) < ref(db, "biblio”, W),
ref (W, "book", Y),
ref (Y, "author”, X),
ref(Y,"title", V),
val(V, "Database Systems™)

This Datalog program consists of a single rule. The rule’s head is ref (ans,
"author”,X), while the rule’s body is the conjunction of the five predicates on
the right of the “<«” sign. The interpretation of this rule is the following: for
every binding of the variables W, Y, X, V that makes the body true in the current
datagraph, the tuple (ans, "author", X) is inserted in the ref relation.

Note that the extended graph satisfies the condition of reachability with two
roots of persistence, namely, db and ans. Observe that the program shows how
to append edges to ref to construct the answer. We could have written a Datalog
program to generate a new ref” relation just for the answer. But the ref and ref’
graphs would share vertices and the specification of the mapping from ref to ref”
would be somewhat messy.

We can also take care of certain regular path expressions in Datalog. For
example,

select title: X
from biblio.paper.section.(title | paragraph.heading) X

is expressed with the Datalog program

ref(ans, "title", X) <« section(Y), ref (Y, "title", X)
ref (ans, "title", X) < section(Y), ref(Y, "paragraph”, 2),
ref(Z, "heading”, X)
section(Y) < ref(db, "biblio", W),
ref(W, "paper”, V),
ref(V, "section", Y)

The two queries above could also be expressed in first-order logic, but clearly
we are fast reaching the limits of first-order logic. It is not obvious how we
construct more than one new node, and the Kleene closure in path expressions is
certainly not specifiable in first-order logic, that is, without the use of recursion in
our Datalog programs. Indeed, we cannot even verify in first-order logic that the
instance satisfies the (reachability) condition. For regular expressions on labels
or data, we need to exploit some form of recursion. For instance,
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select part: Y
from product X, X.(subpart)* Y

is expressed with the Datalog program

ref (ans, "part”, Y) « g(Y)
q(Y) <« ref(db, “product”, Y)

q(Y) < q(2), ref (Z, “subpart”, Y)

The form of recursion that is used here is very limited. For instance, for a
given X, the recursion bears on the single variable Y and is therefore some form
of monadic recursion. The potential for optimization is very high.

OBJECT CREATION

A useful feature of a language based on objects is the creation of new objects,
for example, the new provided by ODMG. Even within a query language, it is
convenient to create new objects. Indeed, we already encountered quite a few
queries that were creating new nodes. Some languages have been considered
that provide the means to create new objects explicitly. A convenient notation
originating from logic is the use of special syntax to name these new objects.

Consider a simple semistructured query that returns the equivalent of a set of
rows, for example:

select row: {title: T, year: Y}
from biblio.book X,

X.title T,

X.year Y

In order to produce a result, we need to create a new object for each {title: T,
year: Y} row produced by this query. We do this by writing a Datalog program
that generates object identifiers such as f(oy), f(02), . . . where 0y, 0, . .. are
existing identifiers. In effect, we can think of these new identifiers simply as
names that are the concatenation of a new tag f with an existing name (identifier)
of an object. The tag f—or more properly, the function that tags object identifiers
with the name f—is called a Skolem function. Here is an example of how we can
augment Datalog programs with Skolem functions to answer the query above:
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ref (ans, "row", f(X)) < ref(db, "biblio", B),
ref (B, "book", X)
ref(f(X), "title”, T) « ref(X,"title", T)
ref(f(X), "year”,Y) « ref(X, "year", Y)
Assuming that every book has a title and a year, the Datalog program returns the
same answer as the query.

To see another example, consider the following two queries that return infor-
mation about reports found in two distinct databases:

select row: {num: N, title: Y}
where {number: N, title: Y} in dbl.report

select row: (num: N, postscript: P}
where {num: N, postscript: P} in db2.myrep

Suppose we want to perform the fusion of these results based on report num(ber);
that is, we want to provide for each report num(ber) all data found about this*
report. Thus we are combining data based on some value stored in the databases
rather than on object identities. We may want to do this if db1 and db2 are from
two physically distinct databases. The object identities in the two databases are
disjoint. We assume here that ref and val are obtained by taking the union of
the respective tables in the two databases. We still specify the query with Datalog
rules that use a Skolem functor rep and the num(ber) to create the new objects
that are needed for the query:

ref (ans, "row", rep(N)) < ref(dbl, "report”, X),
ref (X, "number”, Y),
val(Y, N)
ref (ans, "row", rep(N)) < ref(db2, "myrep”, X),
ref (X, "num”, Y),
val(Y, N)
ref(rep(N), "title”, T) < val(Y, N),
ref(X, "number”, Y),
ref(X, "title", T)
ref (rep(N), "postscript”, P) < val(Y, N),
ref (X, "num”, Y),
ref (X, "postscript", P)
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The first two rules generate the desired objects. Only one object is generated for
each distinct report number. Note that if a report, say, report 122, is listed both in
db1 and db2, then the created object rep(122) will have both title and postscript
fields. This program would have been much simpler if we had assumed thatboth
dbl and db2 were in the same database. We could, for example, use rep(Y) as a
Skolem name for the newly created objects because of condition (value).

The following rules may be used to add a number attribute to each report:

ref (rep(N), "number”, num(N)) < ref(dbl, "report”, X),
ref (X, "number", Y),
val(Y, N)
val(num(N), N) « ref(dbl, "report”, X),
ref(X, "number", Y),
val(Y, N)
ref (rep(N), “number”, num(N)) <« ref(db2, "myrep”, X),
ref (X, "num”, Y),
val(Y, N)
val(num(N), N) « ref(db2, "myrep”, X),
ref (X, "num”, Y),
val(Y, N)

The query above is typical of fusion queries that are required across databases.
We should remark that the query is also expressible in our core language, but
involves nested selects and unions:

select report:{ number: N,
( select title: T
where {number: N, title T} in dbl.report),
( select postscript: P
where {num:N, postscript: P} in db2.myrep) }
where N in dbl.report.number union db2.myrep.num

Another interesting notion that we want to mention here is the rest variable.
[t allows importing fields from an object without advanced knowledge of what
fields there are. To continue with the previous example, suppose we want to
import all fields from dbl and not simply the title. Instead of the first nested
query in the select clause, we would use the query
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Figure 6.2 Merging databases.

select rest
where {(number: N; rest} in dbl.report

Observe that the same effect can be obtained using label variables:

select L: V .
where (number: N, L: V} in dbl.report

Thus we obtain the result of Figure 6.2 even if the rules did not mention the
label date. We should remark that it is also straightforward to modify our Datalog
program to perform the same operation, again by using a variable in the Tabel
position in the ref tuples.

Remark 6.2.1 Within this framework, it becomes easy to consider the limits
of computability over graph data at least in the context of a graph database
containing a unique unordered atomic domain.

We can say that a language is complete (in this context) if it expresses exactly the
set of functions mapping semistructured databases to semistructured databases
that are computable and generic. Here “generic” means that for each database I,
each query ¢, and automorphisms p on dom and oid, if J is a result to query
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Figure 6.3 A query in GraphLog.

q on input [, then (/) is a result to query q on input p(I). One can then
define languages complete in that sense for such structures. For instance, the
language IQL is a rule-based language with object creation that can be shown to
be complete.

In the case of atomic domains with particular structures such as the integer,
and with coercion between these domains, the notion becomes less clear. o

GRAPHICAL LANGUAGES

Graphical languages in the style of QBE are rather popular for the relational
model. In the case of a graph model, the use of graphical queries seems even
more appropriate. The patterns that we use in queries are indeed “visual” We
will not develop this aspect here but only illustrate it with an example from a
pioneering language for graph data, which was based on Datalog extended with
powerful path expressions and expressed through the use of graphical interfaces,
namely, GraphLog.

Consider the GraphLog query of Figure 6.3. It consists of two graphs. The
first defines the predicate feasible(F,G) that holds if flight F arrives in some
airport before flight G departs from the same airport. The second defines when
two airports are connected, that is, when there is a sequence of feasible flights
connecting them. To see the connection with our first-order interpretation of
queries given earlier, and to underscore the elegance of this approach, here is the
corresponding Datalog program:
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6.4.1

ref (F, "feasible", G) < ref(F, "to”, X),
ref (G, "from", X),
ref(F, "arrival", A),
ref (F, "departure”, D),
val(A, ), val(D, N, I <]
ref (X, "feasible+", Y) < ref(X, “feasible", Y)
ref(X, "feasible+", Y) « ref (X, "feasible", 2),
ref(Z, "feasible+", Y)
ref (F, "connected”, G) < ref (X, “from", F),
ref (G, "to", Y),
ref (X, "feasible+", Y)

STRUCTURAL RECURSION

Sometimes applications require complex transformations on semistructured
data, which involve deep traversal of the data followed by the reconstruction
of a entirely new graph. Such transformations could be expressed in Datalog,
but an interesting alternative is given by structural recursion. It turns out that in
most applications we only need a particular form of recursion on semistructured
data—hence the term structural recursion—which is much simpler to implement
than arbitrary recursive functions. Structural recursion for semistructured data
was first introduced in the context of the UnQL query language and has an
interesting connection to XSL.

We start by considering only trees. We then have another look at the XSL lan-
guage in the light of structural recursion. We finally consider structural recursion
on arbitrary semistructured data, that is, on graphs.

Structural Recursion on Trees

Recall our syntax for tree data. For example, the data in Figure 6.1 is written as

{biblio: { book: { author: “"Roux", author: "Combalusier",
date: 1976 },
book: { author: "Smith",
date: 1999, title: "Database Systems"},
paper: { title: "Data Protection”,




