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Abstract

This paper proposes an approach to representing and querying semistructured Web data. The
proposed approach is based on nested tables, which may have internal nested structural varia-
tions to accommodate semistructured data. Our motivation is to reduce the complexity found
in typical query languages for semistructured data and to provide users with an alternative
for quickly querying data obtained from multiple-record Web pages. We show the feasibil-
ity of our proposal by developing a prototype for a graphical query interface called QSByE
(Querying Semistructured data By Ezample). For QSByE, we define a particular variation of
nested tables and propose a set of QBE-like operations that extends typical nested-relational-
algebra operations to handle semistructured data. We show examples of how users can pose
interesting queries using QSByE.

1 Introduction

In recent years, the demand for technologies to manage data available on the Web has increased
considerably. Motivated by such a demand, several researchers have proposed data models for
representing [4, 27] and query languages for manipulating [2, 4, 5] Web data. These proposals
generally adapt database techniques for dealing efficiently and flexibly with the particularities
of this kind of data [16]. The advent of XML [31] has also offered a perspective on Web data
management. Indeed, XML has been largely used as a data model for representing semistructured
data in general [25], and Web data in particular. This has led to the development of several
systems, query languages, and tools, all to deal with XML objects as data containers.

Unfortunately, the inherent freedom common in generic semistructured data models and XML
inhibits the deployment of metaphors and paradigms like the ones that have been used extensively
in typical data management tasks. For instance, the problem of storing arbitrary XML objects
in relational databases involves finding regular structures in XML files—a problem known to be
NP-complete [11]. More to the point of this paper, XML query languages [7, 10] have become
much more complex, making it even more difficult for less skilled users to tap into the newly
available and rapidly growing body of data on the Web.
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These problems have motivated work in the management of semistructured data where flexibil-
ity is restrained in favor of simplicity. STORED [11], for example, is a query language that maps
a semistructured data model to the relational data model. Since semistructured data does not
usually fit in a regular structure, STORED uses an “overflow” graph to accommodate irregular
portions of the data. Buneman et al. propose in [6] a data model that is more limited than the
usual semistructured data models. Their goal is to provide a data modeling process for semistruc-
tured data that is as close as possible to conventional database systems. Dataguides [17], an
interactive tool for querying OEM [27] databases, presents users with a dynamic structural sum-
mary of semistructured data. The goal is to reduce the level of complexity in query formulation
by exempting users from dealing (possibly unnecessarily) with the entire structure of the data to
be queried.

In harmony with the work of others that favors simplicity over flexibility, we propose in this
paper the use of nested tables allowing internal structural variations for representing and querying
semistructured Web data, formalizing the ideas introduced in [14, 21]. We show throughout the
paper how nested tables can be nicely adapted for this kind of data and can provide a simple
and intuitive representation close to record-based database representations. As Makinouch [24]
explains, nested tables naturally accommodate regular hierarchical data. The distinction, and
main contribution, of our proposal is that it also allows the representation of variations and
irregularities typical of semistructured data.

As an example, consider the data implicitly present in Web pages generated as a result of a
query in the main page of the Amazon.com Web site. Figure 1 shows an example of such a page, for
the Brazilian composer Antonio Carlos Jobim. In Figure 2, we present a nested table containing
data of interest extracted from this page. Observe that the information about items from each
Amazon.com store is different. For instance, in row 1, where the value of Store is “Popular Music”,
the information consists of Item, By, and Format, whereas in row 5, where the value of Store is
“Auctions”, the information consists of Item, Bid, and Time.
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Figure 1: Excerpt of a page from the Amazon.com Web site.

In addition to formally defining nested tables with internal variations, this paper also formally
defines a set of query operations for semistructured data represented as an internally varying
nested table. We base this set of operations on several proposals found in the literature [1, 8, 18,
29, 30], particularly on the algebra proposed by Colby [8]. As a further contribution, this paper
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Figure 2: Example of a nested table.

also describes QSBYE (Querying Semistructured data By Ezample) [13, 15], which shows the
feasibility of using nested tables for representing and querying semistructured Web data*. QSByE
combines features of QBE (Query By Example) [32] with typical features of query languages for
semistructured data [2, 5]. As implemented, QSByE provides the structure of the data as a nested
table skeleton [23] so that users do not have to uncover the structure of the data by themselves.
It also lets users restructure provided nested tables to their own liking.

Despite the relative simplicity of dealing with semistructured data in the form of nested tables,
it is easy to see that such a representation is not as expressive as general semistructured data
models or XML. We cannot, for example, have different structures at the top level. Thus, we
sacrifice some flexibility for greatly increased simplicity. However, in this work we are mainly
concerned with representing data in Web pages, like the one in Figure 1. This kind of page
is said to be a data rich, ontological narrow, multiple-record Web page [12]. Examples of such
pages are found in Web sites such as bookstores, electronic catalogs, travel agencies, and classified
ads and include pages composed of data whose overall structure is naturally hierarchical, but
exhibits a modest degree of variation. In particular, QSByE makes it possible to manipulate data
resulting from the extraction of data from these kinds of Web pages by DEByE (Data Extraction
By Ezample) [21, 28], a tool that extracts data from multiple-record Web pages and organizes the
extracted data in the form of nested tables.

The remainder of the paper is organized as follows. In Section 2 we present the terminology
and modeling concepts used to represent semistructured data in the form of nested tables. In
Section 3, we discuss the expressiveness of nested tables as a model for representing semistructured
Web data. In Section 4 we define the set of operations used to query nested tables that comply
with our definitions. In Section 5, we describe QSByE and illustrate how it can be used by showing
some examples. Finally, we present our conclusions and an interesting direction for future work
in Section 6.

*Previous query languages for nested tables, such as QBEN [18], have been defined, but none deal with semistruc-
tured data as does QSByE, as described in this paper.



2 Basic Concepts and Notation

In this section, we present the data-modeling concepts we adopt for representing semistructured
Web data. These concepts are based on the notion of nested tables [24], augmented with the
concept of variants [22]. As we discuss in Section 5, this kind of representation allows us, for
instance, to adapt the QBE paradigm for querying this kind of data.

The main problem we have in achieving this goal is dealing with irregularities typical of
semistructured data. As a solution, we propose a generalization of regular nested tables in which
we allow a column to have two or more distinct substructures. An example of this solution is
presented in the nested table in Figure 2. Note that the internal structures of the objects in the
column ItemList are distinct for each of the Store rows.

In what follows, we characterize these ideas more precisely. We begin by defining the notion
of a table scheme.

Definition 1 A table scheme 7 is defined using the notation T = (Cy : [ri;...; 7*],Ca :
(723 379%], -, Cm 2 [Toy o5 T0m]), (m > 2, ng, > 1, k=1,...,m), where C; is called a column
and T; denotes exactly one of the following: (i) an atomic value, represented by atom, (ii) a set
of atomic values, represented by {atom} or (iii) a table scheme. For the sake of simplifying the
notation, if n; = 1, we can use C; : 7j instead of C; : [1]].

Intuitively, a table scheme describes the structure of a kind of nested table in which a column
C; may store “values” or objects with distinct structure in distinct tuples. The structures of the
possible objects are given by the alternatives le, cee, Tf 7 which can be either atomic values, lists
of atomic values, or other nested tables.

Consider the page excerpt illustrated in Figure 1. The structure of the objects implicitly
present can be described as follows:

7 = (Subject:atom,StoreList:(Store:atom,ltemList:[71;72:73]))
73 = (ltem:atom,By:atom;Format:atom;Year:atom)
72 = (ltem:atom,Price:atom) 75 = (ltem:atom,Bid:atom, Time:atom)

The nested table Amazon in Figure 2 is an instance of the table scheme 7 defined above. In this
table scheme, for the first level two columns are defined: Subject and StoreList. For the column
Subject, only atomic values are allowed, while the column StoreList stores nested tables. For these
inner tables, we have a column Store, whose values are atomic, and a column ItemList with three
distinct possible structures (nested tables), each one corresponding to a type of store in Figure 1.
We next define precisely the notion of an instance of a table scheme.

Definition 2 Let 7 = (C1 : [1};...;7"], Ca & [135...5792%],..,Cm = [Th;..05 70]), (m >
2, ng>1, k=1...,m), be a table scheme. An instance T of 7, denoted by T : 7, is a set T
={{(C1: 01,0y : 03,...,Cm s 0h), -, (Cr s 07, Cy s 08, ..., Oy s 0P}, (0 > 0), where v} is: (i)
an atomic value, if any 7/ = atom, (ii) a list of atomic values, if any 7} = {atom}, or (iii) an
instance of any 7; that is a table scheme. An instance of a table scheme is referred to as a table.

According to the notation introduced in Definition 2, a possible instance of our example table
scheme of is as follows:

Amazon = {(Subject : “Antonio Carlos Jobim”, (StoreList : S)}

S = {(Store : “Popular Music”, ltemList : I1),...,{Store : “Auctions”, ltemList : I5)}
I = {(Item : “Francis Albert...”,By : “Frank Sinatra”,Format : “Audio CD”),...}
Is = {{ltem : “ANTONIO CARLOS ...”,Bid : “42.00”, Time : “Ends in 6 days, 04:22:42”),...}

Observe that the notation above incorporates structural information along with the data itself;
thus we have a self describing representation for semistructured data. As a consequence, instead
of using this notation, we could easily describe such data by means of XML, as we actually do
in our data extraction tool DEByE and in the QSByE interface discussed in Section 5. A formal
description of a possible XML representation, however, is beyond the scope of this paper, and we
omit it.



3 Expressiveness of Nested Tables for Representing Semi-
structured Web Data

In this section, we discuss the expressiveness of nested tables as a data model for representing
semistructured Web data. In particular, we make a brief comparison between our nested-tables
model and typical semistructured data models. For the discussion that follows, consider the Web
page resulting from the query “Universal Relation Database” in the DBLP Web site, which is

shown in Figure 3.
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Figure 3: A sample Web page from DBLP.

Figures 4 and 5 show the data extracted from this page organized into two distinct labeled
trees according to OEM, a well known semistructured data model [27]. In the following discussion,

we refer to these trees as M and N, respectively.
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Figure 4: An OEM tree for the data in the page of Figure 3.

Trees M and N can be considered as semistructured databases and, intuitively, they are
equivalent, since the relationship between atomic values is maintained. However, while in M each
Publication subtree is composed of distinct atomic components, in N we introduce two additional
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Figure 5: An alternative OEM tree for the data in the page of Figure 3.

nodes (AuthorList and PublishedIn) in Publication sub-trees with the goal of making these sub-trees
uniform in their first levels. This alternative representation preserves the semantics of the objects,
but it is less concise than the first one. On the other hand, for our purposes, N presents an
important property: it can be directly mapped into a nested table, such as the one presented in
Figure 6.
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Figure 6: Data from the DBLP page of Figure 3 organized into a nested table.

The table in Figure 6 makes explicit an interesting characteristic of nested tables for the
representation of semistructured Web data. Traditionally, nestings have the role of representing
in a single column complex objects, i.e., non-atomic values. In our approach, we “overload” this
structural feature by using it to also accommodate structural variations. This is what happens
for the column Publishedln, in which rows 1 and 5 store tables that have a structure distinct
from the structure of the tables stored in rows 2, 3 and 4. Notice that, for the case of this specific
example, each row corresponds to a single publication. Thus, this representation can be considered



imprecise, since all tables stored under PublishedIn will actually have one single tuple each. ;From
this simple example, we can conclude that nested tables are indeed less expressive than OEM for
representing semistructured data, but in situations where typical Web data is to be represented,
nested tables are a viable alternative.

To go further in this discussion, we now present a brief comparison with XML, which is currently
the predominant formalism for representing Web data. We notice that most of the discussion we
have presented so far in this section also applies to XML, since it is, essentially, a notation for
representing labeled trees.

In Figure 7(a) we present a DTD that declares the structure of an XML document correspond-
ing to the labeled tree M of Figure 4. Similarly, in Figure 7(b) we present a DTD that declares
the structure of an XML document corresponding to the labeled tree N of Figure 5. Let us refer
to these DTDs as Dy and Dy, respectively.

<!DOCTYPE dpub [
<!ELEMENT Publications (Publication*)>
<!DOCTYPE dpub [ <!ELEMENT Publication (AuthorList,Title,PublishedIn)>
<!ELEMENT Publications (Publication*)> <VELEMENT Authorlist (Authorx)>
<!ELEMENT Publication (Author*, Title, | <IELEMENT PublishedIn (PublishedIni|
((Publisher,Year) | PublishedIn2|
(Conference,Pages) | PublishedIn3)>
(Journal,Number,Pages,Year))> | ¢IELEMENT PublishedInl (Publisher,Year)>
<!ELEMENT Publisher (#PCDATA)> <!ELEMENT PublishedIn2 (Conference,Pages)>
<!ELEMENT Author (#PCDATA)> <IELEMENT PublissheIn3 (Journal,Number,Pages,Year)>
<!ELEMENT Title (#PCDATA)> <IELEMENT Title (#PCDATA)>
<VELEMENT Conference (#PCDATA)> <VELEMENT Author (#PCDATA)>
<!ELEMENT Journal (#PCDATA)> <IELEMENT Publisher (#PCDATA)>
<'ELEMENT Number (#PCDATA) > < VELEMENT Year (#PCDATA) >
<!ELEMENT Pages (#PCDATA)> <IELEMENT Conference  (#PCDATA)>
<IELEMENT Year (#PCDATA)> <IELEMENT Pages (#PCDATA)>
> <IELEMENT Journal (#PCDATA)>
<VELEMENT Number (#PCDATA)>
1>
(a) (b)

Figure 7: Two DTDs for XML documents storing data extracted from the DBLP page of Figure 3.

Notice that Djy; and Dy define XML documents that are equivalent in the same sense as
trees M and N are. Considering that DTDs are indeed context-free grammars [3] and that XML
documents (or OEM labeled trees) are derivations of such grammars, we can see Dy as the
grammar that results from including in Dy a number of productions (or ELEMENT declarations) to
ensure that the resulting documents or trees take a form similar to N and, thus, can be mapped to
nested tables. More precisely, such trees would be considered as tables, according to Definition 2.

Indeed, nested tables are less expressive than XML for representing Web data precisely because
they can be described by a sub-class of DTDs such as Dy, which we refer to as Tabular DTDs or
TDTDs. In DTDs, ELEMENT declarations are restricted to some pre-defined forms that guarantee
that XML documents (or labeled trees) correspond to nested tables. In particular, TDTDs non-
terminal ELEMENT declarations are restricted to be of one of the following forms.

e An aggregating (or tuple-generating) declaration has the form <!ELEMENT X, (X;.. Xn)>
(n > 2), where X; # X, for every 0 < i,j < n except ¢ = j. Further, each X3, k = 1.
must appear on the left-hand side of exactly one iterating or terminal declaratlon,

e An iterating (or list-generating) declaration has the form <!ELEMENT X (Y '*)>, where X #
Y. Further, Y must appear on the left-hand side of exactly one aggregating, varying, or
terminal declaration;



e A wvarying (or variant-generating) declaration has the form <!ELEMENT X, (Xi|...|X,)>
(n > 2), where X; # X, for every 0 < 4,j < n except ¢ = j. Further, each X3, k =1...n,
must appear on the left-hand side of exactly one aggregating or iterating declaration.

It is easy to see that limiting the possible ELEMENT declarations as described above considerably
restricts the possible derivations (i.e., labeled trees or XML documents) that can be generated.
However, it must be observed that formats such as XML are intentionally non-restrictive, since
they do not aim any application in particular. Indeed, XML can be used to represented typical Web
data, such as the data found in pages of Figures 1 and 3, but it is also flexible enough to describe,
for instance, DNA sequences, communication protocols or stylesheets. In this paper, we claim that,
for representing data typically found in data rich, ontological narrow, multiple-record Web pages,
it is possible to use nested tables as we define them, without compromising the accuracy of the
representation. Indeed, despite their relative lack of expressiveness, nested tables are expressive
enough to represent a vast collection of different data available in Web pages, such as those in
Figures 1 and 3. As additional evidence, much of the recent work on data extraction [9, 19, 20, 26]
confirms that nested tables are an effective paradigm for describing Web data.

4 Query Operations for Nested Tables

In this section we present a set of operations for querying semistructured Web data represented
as nested tables. Other operations for manipulating table schemes are omitted here but are part
of a preliminary proposal we made and are described in [21].

The query operations presented here are selection, projection, nest, and unnest. The particular
version of these operators can be regarded as extensions of the recursive query operations proposed
by Colby [8] to query data in regular nested tables. In his work, Colby defines a recursive nested
relational algebra where every query operation can be specified directly over attributes at any
nesting level of a nested table. We extended these operations to deal with semistructured data so
that these operations adequately deal with irregularities such as structural variations and absence
of values. We note that the operations presented here do not form a complete operation set; that
is, they do not provide an expressiveness equivalent to relational algebra. As future work, we can
extended this set and make it complete.

In the following, we describe each operation and present its formal definition. For the remainder
of this section, we assume that all operations apply to an instance of a table scheme: 7 = (C} :
[8;.. 57, Co = [1ds . 57192], oo, O 2 [Th; o 577m]) (m > 2, ng, > 1, k= 1,...,m). Before
proceeding, we define two necessary auxiliary functions.

Definition 3 We denote by Y(T') a function that when applied to table T : T returns its table
scheme 7. Otherwise, if T is not a table, it returns a null value.

Definition 4 Lett = (C1 : v1, ..., Cm : Um) be a tuple of a table T : 7. Let {D1 : u1,...,Dp : up}
C{C1:v1,.esCm : U} be a subset of the columns of T. We use the notation t[D1, ..., Dp] to refer
to tuple (D1 : u1, ..., Dp : up), composed of the values of the columns specified in t.

Informally, Definition 4 captures the notion of a “sub-tuple” or “restriction” of a given tuple.
This notation is common in the context of the traditional relational model.

Selection (o). The selection operation allows selection conditions to be specified at any level
of nesting. A selection condition is a boolean expression defined over the value in a column or
over the existence of a column in an internal subtable (i.e., a structural condition). The operators
used in selection conditions are {D, D, €, <, >, =, ~,*}. The symbols ~ and * are used to denote
the pattern matching operator and the structural condition, respectively. The other symbols
correspond to the operators of the nested relational algebra.

The general form of the selection operation i ose;—cond(T'), where sel-cond represents a selection
condition specified on an instance T of a table scheme 7. To formally define the selection operation,
we first consider the following definition.



Definition 5 A selection condition S specified on a table scheme 7 is of the form s + L, where
s represents the condition specified over the columns of 7 and L is a list. L is called an internal
list of conditions of 7, if and only if, (i) L is empty, or (i) L is of the form {s1 + C].Ls;
sy + Cy.La;.. ;50 + Cl.L}, where {C1,C5,...,C)} C {C1,Cy,...,Crn} and VC; (0 <i<1), T(Cj)
is a table scheme, each s; is a condition specified on Y (C}), and L; is an internal list of conditions

of Y(Cir).

Intuitively, each element s; + C}.L; of an internal list of conditions limits the scope of a selection
condition to C..

As an example, assume that we are interested in instances of the table in Figure 2 that represent
popular music items by “Antonio Carlos Jobim”. A possible internal list for conditions of the table
Amazon is Store = Popular Music + {ltemList.By ~ Antonio Carlos Jobim}, where the condition
involves the column Store and an internal list of conditions is recursively specified on the column
[temList.

For the condition s; to be satisfied by a row of the table, the row must contain all the columns
involved in s; and the corresponding boolean expression must evaluate to true. Based on this, we
present the definition of the selection operation as follows:

Definition 6 Let T be a table such that T : 7, L an internal list of conditions for 7, and S a
selection condition. The selection operation os(T) is defined as follows:

(i) if L is empty, then o5(T) = {t € T | s(t) = true }.

(i) if L is not empty, then as+{sl+gi,Ll;...;sﬁc;,._l}(T) ={t|H,eT A
(t{Cy,...,Cn}—{C1,...,C}}] = t,[{C1,...,Cn} —{C1,...,C}}] A
(s(tr) = true A ((t[C1] = 0540y, (G [CI)) ARCLT # 0)) Ao A

((tC]] = o540, (E[C1)) A (HICT] # 0)))}

According to Definition 6, selection conditions are evaluated throughout the nested table, so
that tables at any level of nesting can be addressed. In general, the selection operation generates
a table with the same structure as the original table. Because of the semistructured nature of
the queried data, however, the selection operation can generate a table whose structure is distinct
from the structure of the original table. For instance, if we have specified a selection operation on
the attribute Bid for the table of Figure 2, only rows of the nested table ltemList that have this
attribute would be considered. All other structural variations for the column ltemList would be
discarded. As a consequence, the resultant table would bare a structure distinct from the original
table.

Projection (7). The projection operation is similar to the projection operation defined in the
relational algebra. We can say that this operation horizontally reduces a table by maintaining
only the columns specified by the user (referred to as projected columns). The general form of
the projection operation is 7. se:(T'), where col-set represents the set of projected columns of
an instance T of 7. To formally define the projection operation, we first consider the following
definition.

Definition 7 A set of projected columns A is of the form A, + P, where A, is a subset of the
columns of T and P is a list. P is called an internal list of projections of 7, if and only if, (i) P
is empty, or (i) P is of the form {Ac;+C1.P1; Ac;+C5.Pa;. . ;A +C P}, where {C1,C5, ..., Cl}
C {C1,Cy,...,Cp} and, VC; (0 <i <), Y(C}) is o table scheme, each Ac, is a set of columns
in Y(C}), and P; is an internal list of projections of Y(C;f).

Similar to the internal list of conditions, we can say that each element Ac: + Ci.P; of an
internal list of projections determines that the instances of the columns represented by Ac: will
be retrieved from the internal table defined in column C}. As an example, suppose that we want
to project on the columns Store, Item, and By of the table in Figure 2. A possible internal list for
these projected columns is {{Store} + ItemList.{ltem,By}}, where A, is a set composed only of
the column Store and a list of internal projections is recursively specified on the column ltemList.



Definition 8 Let T be a table such that Y(T) = 7 and P be an internal list of projections of .
The projection operation wa(T') is defined as follows:

(i) if P is empty , then wa (T) = {t | (3, e TAA, C7 At =t [A]).
(i) if P is not empty, then wa, + {AC{+C{.P1;...;AC;+C,’.Pl}(T) =
{t| 3. €T A {#t[A;] = 7a (T) A
t[Ci] = 7TAC{+C{.P1(t[Cﬂ) FARA
tCl] = Tag,+opm (D))}

According to Definition 8, to deal with the semistructured nature of the data, the projection
operation recursively verifies the existence of each projected column in all rows of the table. As
a consequence of the irregularities that might occur in a nested table, the result of a projection
operation sometimes includes an “artificial” nesting level to accommodate the structural variations
inherent in the projected columns. For instance, consider the nested table in Figure 2. If we project
on the column ltemList, we cannot group the resulting instances in a table because of the different
structure in each variation. We would thus need an additional level of nesting to create a single
table.

Nest (v). Similar to the operation proposed by Thomas and Fischer [30], our nest operation
has two distinct semantics. When applied to a single column, this operation groups the values
in the column that are associated with equal values occurring in all other columns. Otherwise,
when the nest operation is applied to a set of columns, it creates a new table scheme that groups
the values of these columns and, consequently, generates a new level of nesting in the table. The
general form of the nest operation is veo—set(T'), where col-set represents a set of columns of T'
that will be nested.

Definition 9 Let T be a table such that T(T) = 7 and A be a set of columns to be nested in T.
The nest operation va(T') is defined as follow:
va(T)=A{t |3t € T A(((A={c1,...,¢}, 1<o<m) AAC{C1,...,Cn}) A
A = (c1 : [T&l;...;TXII],CQ : [T/{z;...;T:f],...,co : [TAO;...;TZL"]) A
(t[{C1y-- -, C} —{e1,- -y co}] = t[{C1y-- -, C} — {1, .-+, ¢o}]) A
(t[ra] = {slc1,.--,¢0] | s €T A
s[{C1,...,Cn} —{c1,-..,¢0}] =
tr[{Cla .. -aCm} - {Cla .. 'aco}]))) \
(3C, 1<k <m) ATY(C}) is a table scheme A Y(C}) D A A va(C})))}

According to Definition 9, the nest operation is recursively applied to a nested structure. This
recursion navigates the nesting structure of the table until the columns to be nested are reached.
Both of the two semantics are addressed by this definition. It is important to note that when
a single column is nested, the table structure does not change, but all the values of this column
are grouped, eliminating repeated values in other columns. In addition, this definition shows that
when the nest operation is applied to a set of columns, it can only be executed if all of the chosen
columns are defined in the table scheme 7.

Unnest (u). The unnest operation is the inverse of the nest operation. It also has two distinct
semantics according to [30], and it must always be applied to a column whose contents is either a
list of atoms or an internal table. If it is applied to a list of atoms, it will “ungroup” its elements,
i.e. it will split them into different rows of the table. Otherwise, if it is applied to an internal table
it will eliminate a level of nesting. The general form of the unnest operation is .. (T"), where col
is the column to be unnested in T'.

Definition 10 Let T be a table such that Y(T) = 7 and a be a column to be unnested in T. The
unnest operation u,(T') is defined as follows:

10
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Figure 8: Skeleton for the repository used in the query examples.

wa(T) ={t | I, € T A
a = C; (0<i<m) such that C; is not an atom A
(t[C1, Ci—1, Cit1,Cm] = t:[C1, Ci—1, Cig1, O] A
1 = Y(C;) (0 <j < n) such that
o= (e ac D A
tlel, ..., q] = ts for each ts € C;) V
3C,(1 <k <m) A Y(C},) is a table scheme A T(C}) 2 A A pa(Cp))}

According to Definition 10, the unnest operation is recursively defined in a way similar to
the nest operation. The only restriction refers to the situation where the chosen column presents
internal tables with different structures. In this case, the unnest operation cannot be executed
because it would generate a result whose scheme would not conform with Definition 1.

5 QSByE

In this section, we present QSByE (Querying Semistructured data By Ezample) [13, 15], a query
interface that adopts a variation of the QBE paradigm [32]. QSByE combines features of query
languages for semistructured data, such as type coercion and path expressions, with features of the
original QBE language to query semistructured Web data extracted by the DEByE tool [20, 28].
When using QSByE, users formulate their queries by means of graphical facilities provided by the
interface, which makes the syntax of the operations defined in Section 4 completely transparent
to them.

To show the suitability of QSByE for semistructured data, and to illustrate the process of query
formulation, we use three examples. We assume that these queries are executed over a repository
containing data extracted from a set of Web pages similar to the page Figure 1. The data in this
repository are structured according to the example in Figure 2.

To formulate queries using QSByE, the user first selects a repository containing the data of
interest. This immediately provides the structure of the stored data in this repository as a nested
table skeleton. Figure 8 shows the skeleton for the repository used in our examples.

Our first example query is as follows:

QA List all information on items released after 2000.

Using the skeleton provided as an aid to query formulation, users just have to choose the
operations required to formulate the query. For query QA, the user specifies the selection condition
on the column Year, as Figure 9(a) shows. This yields the result in Figure 9(b). Notice that, for
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Figure 9: Specification and result of Query QA.

this query, no projection conditions were specified. Thus, the result shows the complete objects
satisfying the selection condition.

By looking into the contents of the “Query Log” window in the screen shown in Figure 9(a), we
see a textual description of the operation executed. Such descriptions are generated automatically
by QSByE for each query executed, as a way of logging the queries. They can be also observed in
the execution of the next example queries.

An important requirement of query tools and languages for semistructured data is allowing
the specification of selection conditions disregarding the details of the scheme. Our next example
query shows how this is accomplished with QSByE.

QB: Show information on all items related to “Garfunkel”.

As Figure 10(a) illustrates, to formulate this query we specify the selection condition on the
outermost table header (labeled Amazon), meaning that this selection condition must be applied
to all columns under this header. This feature explores the whole nested structure of the table
in a way similar to what is done in regular path expressions on typical semistructured query
languages such as Lorel [2]. Graphically, in QSByE, this condition is represented by the symbol
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Figure 10: Specification and result of Query QB.

“#7” as indicated in the header of the table presented in Figure 10(a). This flexibility is suitable
for semistructured data because of possible distinct occurrences of the same value in different
places in a data source. Also, in this query selection condition we have used the ~ operator,
which provides the flexibility of pattern matching and allows errors, therefore making it possible
to retrieve the required data even if the condition value has been misspelled. Figure 10(b) shows
the query result.

Our next query, described in Figures 11(a) to (f), exemplifies the use of the projection and
nest/unnest operations. The query is as follows:
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Figure 11: Specification and result of Query QC.

QC: For each store, list the subjects for whom products are available in the store.

For this query, three steps are required. In the first step, we specify a projection operation
over columns Subject and Store. As Figure 11(a) shows, we accomplish this by clicking on the
header of these columns, what causes them to be marked with a “(p)”. The result is the table in
Figure 11(d), where each subject is associated with the list of stores having its products. However,
the statement of the query requires this table to be rearranged. For this, we first apply an unnest
operation over the table of Figure 11(d). This is accomplished by pressing the button “Table” to
select the the unnest operation and then clicking on the header of the Store column, what causes
it to be marked with a “(u)”. The result is the table in Figure 11(e). Finally, we apply a nest
operation over this table by again pressing the button “Table” to select the nest operation and
then clicking on the header of the Subject column, what causes it to be marked with a “(n)”. The
result of this last operation is shown in Figure 11(f).
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6 Conclusions and Directions for Future Work

We have formalized nested tables with varying internal structure. This formalization generalizes
nested tables for semistructured Web data by allowing distinct rows to contain objects with distinct
structures. We have shown how to use these nested tables to represent and query semistructured
data extracted from the Web. We extended nested relational operators to manage the variable
nestings we defined, and we implemented QSByE to allow a user to query tables with variable
internal structure in a QBE-like manner. Preliminary experiments with QSByE [13] demonstrate
that with a small amount of training even unskilled users can use our interface to query semistruc-
tured data extracted from Web pages.

An exciting direction for future work is to rearrange our query interface to allow a user to
directly query a semistructured, multiple-record Web document. Instead of first extracting data
into nested tables using DEByE [20, 28], we can allow a user to pose a query directly to a Web
page. To pose a direct query, a user would specify a nested table, choosing header names and a
nesting structure to suit the query and would fill in selection conditions as explained in this paper.
To complete the query, the user would specify real examples from the Web page by highlighting
data values on the page with a mouse and dragging them into the nested query table. This action
would invoke DEByE, causing it to analyze the Web page and extract data values as explained
in [20, 28], and then invoke the backend selection processing described in this paper to limit the
extracted values to those satisfying the query specification. Thus, users would be able to directly
specify a QBE-like query over a Web page and obtain an answer. Carrying this future work a
bit further, we could obtain the results of a specified QBE-like query from several Web pages
containing similar application data and merge obtained results into one final answer.
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