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Abstract. With the recent popularity of the World Wide Web, an enor-
mous amount of heterogeneous information is now available online. As
a result, information about real world objects may spread over differ-
ent data sources and may be partial and inconsistent. How to manip-
ulate such semistructured data is thus a challenge. Previous work on
semistructured data mainly focuses on developing query languages and
systems to retrieve semistructured data. Relatively less attention has
been paid to the manipulation of such data. In order to manipulate such
semistructured data, we need a data model that is more expressive than
the existing graph-based and tree-based ones to account for the existence
of partial and inconsistent information from different data sources. In this
paper, we propose such a data model for semistructured data that allows
partial and inconsistent information and discuss how to manipulate such
semistructured data.

1 Introduction

With the recent popularity of the World Wide Web, an enormous amount of het-
erogeneous information is now available online. As a result, information about
real world objects may spread over different data sources. Such information may
be partial (incomplete) and inconsistent in the data that come from various
sources. The need to manipulate such kind of semistructured data has become
more and more important. Previous work on semistructured data mainly focuses
on developing query languages and systems to retrieve semistructured data, such
as W3QS [12], WebSQL [26], WebLog [19], UnQL [9], Lorel [2]. WebOQL [4],
and Florid [15]. For surveys, see [1,14]. How to manipulate semistructured data
coming from various sources has also received some attention [3,6,11,10, 21, 28].
Earlier proposals are based on simple graph-based data models such as OEM [29]
or tree-based data models such as the one in [8], which fail to account for the
existence of partial and inconsistent information. For example, most academic
people should have a Bibtex database to keep references. While two or more
persons work together on a paper, an immediate problem is how to merge mul-
tiple Bibtex databases. Although all Bibtex databases have similar structures,
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the values in these databases may be partial or inconsistent. The typical case is
the authors of a paper. Someone likes to list all authors in full names, but others
may just indicate the first one or two authors. Even for one author, the order of
first name (or initial) and last name may be different. Furthermore, partial data
for the same record may be missing or inconsistent. Therefore, how to obtain
information as complete as possible from these sources, i.e., their union, how to
get the common information from different data sources, i.e., their intersection,
or how to find the information that is in the first data source but not in the
second one, i.e., their difference, are interesting questions. In other words, we
need a set of operations to manipulate such semistructured data.

In the past decade, the similar problem, that is, manipulating data with
partial and/or incomplete information, has been investigated in depth in the
context of relational, complex object and multiple databases [5,7,13,16-18,22,
23,27,30]. Specific operations such as union, intersection [5] and join [7] are
introduced to manipulate such data. However, these works focus on typed data
and support only homogeneous sets and tuples. Thus, it is difficult to directly
apply them on semistructured data, where although the data may have some
structure, the structure is not as rigid, regular, or complete as that required by
traditional database systems [1].

In this paper, we propose a novel semistructured data model to reflect the
existence of partial and inconsistent information. We also study how to manipu-
late such semistructured data with a set of operations. In particular, we focus on
three operations, union, intersection and difference, and discuss their semantic
properties.

The rest of the paper is organized as follows. Section 2 defines our semistruc-
tured data model. Section 3 discusses how to manipulate semistructured data
and the semantic properties. Section 4 summarizes and points out further re-
search issues.

2 Semistructured Data Models

In this section, we introduce our data model to represent semistructured data.
The data model consists of semistructured data which are built from objects. We
assume the existence of a set M of markers, a set A of attribute labels, and a
set U of constants such that M and AU U are disjoint.

Definition 1. The notion of objects is defined as follows:

(1) Constants in U are objects called atomic objects.

(2) Markers in M are objects called marker objects.

(3) There is a special object L.

(4) If Oy, ..., On,(n > 1) are distinct objects, then Oy]...|O,, is an object called
or-value.

(5) If Oy, ..., Oy, (n > 0) are distinct objects, then (01, ..., O, ) is an object called
partial set.
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(6) If Oy,...,0,,(n > 0) are distinct objects, then {Oy,...,O,} is an object
called complete set.

(7) If Oy, ..., On, (n > 0) are objects and Ay, ..., A, are distinct attribute labels,
then O = [A; = Oy, ..., A, = 0,] is an object called tuple. We denote O; by
0.4;. We also assume that 0.A = L for an attribute A not in {A4;,..., 4,}.

We use L for null/unknown object. For example, in a tuple representing a
person, if the age of the person is unknown, then we use [...,age = L, ...].

As we are dealing with the manipulations of semistructured data from differ-
ent sources, it is possible that we have conflicting information. In this case, we
use an or-value to record the conflicting result. For example, the or-value 21|22
in the tuple [..., age = 21|22, ...] implies the age is 21 or 22 as there is a conflict
right now and it is not clear that any one of these two values is correct. It is up
to the user to solve the conflicts.

The markers are used to identify /refer to an object uniquely. They are similar
to object identifier in OEM (Object Exchange Model) [2], but different in nature.
An object identifier is attached to each object, even to each constant in OEM.
In contrast, markers in our data model can be used to identify complex objects.
For example, in a Bibtex database, markers correspond to the keys [20]; in a
Web page, markers correspond to URLs. See Examples 1 and 2.

Besides null/unknown and inconsistent values, it is quite common that par-
tial rather than complete information is provided for a set. For example, in a
Bibtex file, someone may only give partial authorship such as ”Bob and others”
to indicate "Bob, et al.” are the authors. In this case, the set that contains ”Bob”
is partial and should be represented with (” Bob”) to indicate that the set only
provides partial authorship. In particular, the empty partial set () indicates that
it is a set but we do not know what is in it. It contains more information than
L. On the other hand, if we know the complete authorship such as "Bob and
Tom”, then the set that contains "Bob” and ”Tom” is complete and should be
represented in our data model as {” Bob”,”Tom”}. The empty set {} indicates
there is nothing in it, which is quite different from (). The notions of partial and
complete set were first introduced in ROL [24] and later extended in Relation-
log [25]. They are used to represent the open and closed world assumption on
sets in a database.

We now define the notion of semistructured data as follows.

Definition 2. Let my,...,m, € M be markers with n > 0, m = m4|...|m,, and
O an object. Then m : O is a semistructured data. When n = 1 and O does
not contain or-values or marked objects, it is called real. Otherwise, it is called
virtual.

Real semistructured data are the ones that can exist in the real world while
virtual ones are those generated with our operations, union, intersection, and
difference as defined in Section 3. Just like in the object-oriented paradigm,
objects with similar properties are grouped into a class.

For example, a Bibtex file can be viewed as a set of real semistructured data
while a Web page can be viewed as a single real semistructured data.
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Ezample 1. Consider the following bib file with two cross-reference entries:

@InBook{Bob,
author = "Bob and others",
title = "Qracle",

crossref = DB}

@Book{DB,
booktitle = "Database",
editor = "John",
year = 1999}

They can be represented as two semistructured data as follows:

Bob: [type = " InBook” , author = (" Bob”), title = ” Oracle”, crossref = DB]
DB: [type = ” Book” , booktitle = ” Database” , editor = ” John” , year = 1999]

where Bob and DB are markers, and (" Bob”) is a partial set which indicates
” Bob” is one of the authors.

Example 2. Consider the following simplified Web page:

<html>

<head><title>CSDept</title></head>

<body>

<h2>People</h2>

<ul>

<li><a href="faculty.html"> Faculty </a>
<li><a href="staff.html"> Staff </a>
<li><a href="students.html"> Students</a>
</ul>

<h2><a href="programs.html"> Programs<a></h2>
<h2><a href="research.html"> Research<a></h2>
</body>
</html>

Suppose www.cs.uregina.ca is the URL of this web page. Then it can be repre-
sented as a semistructured data in our data model as follows:

www.cs.uregina.ca : [
Title = C'SDept,
People = {[Faculty = faculty.html],
[Staff = staf f.html],
[Students = students.html]},
Programs = programs.html,
Research = research.html

]

where www.cs.uregina.ca, faculty.html, staff.html, students.html, programs.html,
research.html are markers, and the rest are attribute labels.
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Note that our semistructured data model can capture more information than
the existing semistructured data models such as OEM [2] and labeled tree
model [9] since null/unknown, or-value, partial and complete set objects are
supported.

3 Manipulation of Semistructured Data

In this section, we discuss how to manipulate semistructured data. Consider the
following semistructured data that represent two Bibtex items from two different
bib files:

B30 : [type = 7 Article” , title = ” Oracle” ,author = ” Bob”, year = 1980]
B82 : [type = 7 Article”  title = ” Oracle” , year = 1980, journal = "15"]

The first tuple has a null value for the attribute journal whereas the second
has a null value for the attribute author. They have different markers. Let us
assume that articles can be identified by their type and title. Then the two
semistructured data can be combined, that is, their union, based on the type
and title attributes to obtain more information shown as follows:

B80|B82 : [type = " Article” , title = ” Oracle” , author = " Bob”,
year = 1980, journal = 715”]

where B80|B82 means that the two Bibtex terms from two different bib files
have different markers that refer to the same article.

Similarly, the information common in them, that is, their intersection based
on the type and title attributes, is as follows:

L : [type = " Article”, title = ” Oracle” , year = 1980]

where 1 as a marker indicates that the two Bibtex terms have different markers
that refer to the same article but we do not care what they are in terms of their
common information.

Finally, the information in the first semistructured data but in not the second
except the type and title, that is, the difference between the first and second
based on the type and title attributes, is as follows:

B30 : [type = ” Article”  title = ” Oracle” , author = ” Bob”]

In order to formalize these operations on semistructured data, we first intro-
duce the following notions.

Definition 3. An object O; is less informative than an object O2, denoted by
01 < 0., if and only if one of the following holds:

(1) O1 =0,
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(2 O1=1

(3) 01 =0}]...]0}, and O3 = O}]...|0), with 1 <m <n

(4) O; is a partial set and O is a partial or complete set, and for each O €
01 — Os, there exists O' € Oy — O1 such that O <O’

(5) O; and O, are both tuples such that for each attribute A in O;, 0;.A<05.4

The less informative relationship is used to express the fact that one object
is part of another object. It is used to determine when two objects can be ma-
nipulated and to show the properties of the operations. The special treatment
of sets in (4) of Definition 3 guarantees that the less informative relationship is
a partial order as in [25].

The following are several examples:

ada {a} < {a) A= a] 945 d] by(1)
1 da L <ta) 144> q by(2)
ay <ajylas ay|as < ag|as|as ai|aslas < ailazlas by (3) or (1)
(a1) Q(ar,a2)  (a1) <{a1, a2} {a1,a2} 9 {ar,a2} by (4) or (1)

[A=a]|<[A=a,B=0b [A=(a1)]<[4 = (a1,a2),B =1] by (5)

Definition 4. A semistructured datam, : Oy is less informative than a semistruc-
tured data ms : Oz, denoted by my : O; <ms : Os, if and only if my < msy and
01 <0s.

We extend the notion to sets of semistructured data as follows.

Definition 5. Let S; and Ss be sets of semistructured data. Then S; is less
informative than Sy, denoted by S; <S5 if and only if for each D; € S; — S2
there exists a Dy € Sy — Sp such that D < Ds.

It turns out that the less informative relationship has the following property.
Proposition 1. The less informative relationship is a partial order.

Definition 6. Let O; and O be two objects and K = {A;, ..., A,,} a set of
attributes. Then O; and O, are compatible with respect to K if and only if one
of the following holds:

(1) both are constants and are equal

(2) both are markers and are equal

(3) both are or-values that do not contain L and are equal set-wise.

(4) both are complete sets and are equal

(5) both are tuples and are equal or O;.4; and O».A; are compatible with respect
to Kfor1<i<m

In other words, two objects are compatible with respect to K if they are
other than 1 and are equal, or they have compatible K value when they are
tuples.

In our data model, the set K of attributes in the above definition is similar
to the notion of the key in the relational data model, but can be non-atomic. It
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is used to identify objects. If two different objects are compatible, then we treat
them as the different aspects of the same object so that we can manipulate them
using operations to be introduced shortly.

The following pairs of objects are compatible with respect to K = {A, B}:

a and a by (1)
m and m by (2)
alb and bla by (3)
{a1, a2} and {a1, a2} by (4)
[A:>a1,B:>{b1,b2},C’:>cl] and [A:>a1,B:>{b1,b2},C:>02] by (5)

The following pairs of objects are not compatible with respect to K = {A, B}:

1 and L
a and L
ai and as

ailaz and a1]az|as
(a1) and (a1,as2)
(a1) and {ai,as2}
(a1) and {as,as}
[A=a;,B= 1,C = {a}]and [A = a,B = L,C = {c1}]
[A= 1,B=5b,,C = {1} and [A = L, B = b5,C = {c1}]

Two L are not compatible because two different occurrences may not denote the
same real-world entity; a and L are not compatible because 1. may not mean a;
ai|az and ap)az|as are not compatible because a1|az means the value is either
ay or az while a1]az|as means the value is either a1, as or as; (a1) and (a1, as)
are not compatible because our knowledge about the two partial sets is different:
(a1) means the set contains a; while (a;,a2) means the set contains a; and as.

As shown in the above examples, two identical objects may not be compatible
if they involve L.

Definition 7. Let S; = m, : O1 and S5 = m» : Oy be two semistructured data
and K = {4;,..., A}, k > 1. Then S; and S» are compatible with respect to K
if and only if O; and O, are compatible with respect to K.

Consider the two semistructured data again:

B30 : [type = ” Article”  title = ” Oracle” , author = ” Bob” , year = 1980]
BB82 : [type = " Article” , title = ” Oracle” , year = 1980, journal = "15”]

They are compatible with respect to K = {type, title}, but not compatible with
respect to K' = {type, title,author} or K" = {type, title, author, year}.

The main goal of this paper is to define how to manipulate semistructured
data when given a set of attributes. Now we introduce the union operation
which is used to get more information from two objects representing the same
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real-world entity. It is similar to the union operation in [5], the join operation
in [7], and the grouping operation in [25], but it handles partial and inconsistent
information.

Definition 8. Let K = {44,..., A} be a set of attributes, and Oy and O3 two
objects. Then their union based on K, denoted by O Uy Os, is defined as follows:

(1) O1Ux O1 =01, 01U L =04
(2) If Oy and O, are distinct partial sets, then
01 Ux O3 =(0 | O € O1, AO" € O3, O and O' are compatible wrt K, or
O € 05, AO' € O1, O and O’ are compatible wrt K, or
30" € 0,,30" € O3, O’ and O" are compatible wrt K,
0=0"U, O")
(3) If Oy is a partial set and O, is a complete set such that O; < O,, then
01 Ug O3 = 0y
(4) If Oy and O are distinct tuples that are compatible with respect to Ay, ..., Ap,
and Ay, ..., A, are all attributes in them, then
O1Ux Os = [Al = 01.41 Ux O02.41, ..., A, = O1.A,, Uy OQAn]
(5) In all other cases, O; Ux Oy = 01|04

Ezample 3. The following are several examples where K = {A, B}:

aUga=a by (1)
{a} Uy {a} = {a} by (1)
[C=cUg[C=c=[C=( by (1)
aUg L =a by (1)
(a) U (b) = (a,b) by (2)
(a1,a2) Uk {a1,a2,a3} = {a1,a2,a3} by (3)
[A = al,B = bl,C’ = <Cl>] Uk [A = al,B = bl,C’ = {61,62}]

:[A:>a1,B:>b1,C:>{cl,02}] by (4)
a; Ug ay = a1|a2 by (5)
a1 Uk {a1} = a1[{a1} by (5)
aUg [A=a1]=a1 | [A = ai] by (5)
a1 Uk azlaz = ai1laz|as by (5)
{a1,a2} Ux {a1,a2,a3} = {a1,a2}[{a1,a2,a3} by (5)

Note that the union of two partial sets is still a partial set as we still do not
know if the result is complete. The union of two distinct complete sets however
generates an or-value as shown in the last case above. Assuming that these two
sets represent authors of the same paper, then their union indicates there is a
conflict in them. Using the union of the traditional set theory cannot detect such
a conflict.

To find common information in objects that represent the same real-world
entity, we need to use the intersection operation which is defined as follows.
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Definition 9. Let K = {44,..., A} be a set of attributes, and O; and O3 two
objects. Then their intersection based on K, denoted by O; Nk Os, is defined as
follows:

(1) 01Nk O1 =04
(2) If Oy and O, are distinct or-values such that Of, ..., O}, are common in them
with n > 1, then Oy Nx O3 = Of]...|O},
(3) If Oy and O, are distinct partial sets or one of them is complete, then
01Nk 02 =(0 | 30" € 01,30" € O3, O' and O" are compatible wrt K,
0 =0"Nng 0"
(4) If Oy and O are distinct complete sets, then
01Nk O ={0 | 30" € 01,30" € O3, O' and 0" are compatible wrt K,
O0=0"Nn, 0"}
(5) If Oy and O are distinct tuples that are compatible with respect to K and
Aq,..., A, are all attributes in them, then
O1 N O3 = [Al = 01.41 Ng O02.41, ..., A, = O1.A, Nk OQAn]
(6) In all other cases, Oy Nx Oy = L

Note that the intersection of two partial sets or a partial set and a complete
set is a partial set as we are not sure if the result is complete. However, the
intersection of complete sets is a complete set as we know exactly what are the
common elements in two complete sets.

Ezample 4. The following are several examples where K = {A, B}:

aNga=a by (1)
{a} Ni {a} = {a} by (1)
[C=cNg[C=c=[C=( by (1)
ar Ng ailaz = a; by (2)
(a1,a2) Nk (a1,a2,a3) = (a1, as) by (3)
(a1,a2) Nk {a1,a2,a3} = (a1, as) by (3)
(a1, a2) Ny {as} = () by (3)
{a1, a2} Nk {ay,az,a3} = {a1, a2} by (4)
{a1,a2} Ni {az} = {} by (4)
[A = a,B = bl,C’ = <Cl>] Ny [A = a,B = bl,C’ = {01,02}]

=[A=a,B=0,C=(a)] by (5)
ay ﬂKJ_:J_ by (6)
a; Nk a2:J_ by (6)
a; Nk [A:>a1]:J_ by (6)
[A:>a1,B:>b1,C’:>cl]ﬂK[A=>a2,B:>b2,C’:>02]:J_ by(6)

Proposition 2. The union and intersection operations are commutative.

To obtain information in the first object but not in the second, we can use
the difference operation defined as follows.

Definition 10. Let K = {44,...,A,,} be a set of attributes, and O; and O,
two objects. Then their difference based on K, denoted by O1 — Os, is defined
as follows:
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(1) If Oy is an object other than a partial or complete set, then O; —x O; = L
(2) If Oy and O, are distinct or-values such that Of, ..., O}, are all objects in O
but not in Oy with n > 1, then O1 —x O5 = O1]...|O,,
(3) If O, is a partial set and O, is a partial or complete set, then
01 —x0>,={01]0 € Oy, AO" € 02, O and O are compatible wrt K, or
30" € 0,,30" € Oy, O’ and O" are compatible wrt K,
0=0' e Ou>
(4) If Oy is a complete set and Oy is a partial or complete set, then
01 —x02={0 | 0 €Oy, AO' € O3, O and O' are compatible wrt K, or
30" € 0,,30" € 05, O' and O" are compatible wrt K,
0=0" - 0"}
(5) If Oy and O are distinct tuples that are compatible with respect to K and
By, ..., B, all attributes in Oy other than Ay, ..., A,,, then
O1 —x O3 = [Al = Ol.Al, ,Am = Ol.Am,
By = 0,.B; —« O2.B1, ...B, = 01.B,, —« Oan]
(6) In all other cases, O; —x Oy = Oy

Note that we keep the value of K in the result as it provides the identity for
the result.

Ezample 5. The following are several examples where K = {4, B}:

a—ra=_1 by (1)
a—x L =a by (6)
a1|a2 —x 1 = a2 by (2)
(a1, a2) —x (a2, a3) = (a1) by (3)
(a1, a2) —x {ay,a2} = () by (3)
{a1,a2} —« (a3) = {a1, a2} by (4)
{a1, a2} —i {ar, a2} = {} by (4)
[A = a,B = bl,C’ = 01|02,D = {dl,dg}] —x [A =a1,B = bl,C = CQ]
:[A:>a1,B=>b1,C:>Cl,DZ>{dl,dg}] by (5)
[A = a,B = <b1>] —x [A = as, B = <b2>,C = CQ]

= [A = al,B = <b1>] by (6)

Definition 11. Let K = {A4,,...,A,,} be a set of attributes, D; = m; : Oy
and Dy = my : Oy two semistructured data. Then their union, intersection and
difference based on K, denoted by Dy Ux D2, D1 Nk Dy, and Dy —x Do, are
defined as follows:

Dy Ugx Dy =my Ug ma : O1 Ug Os
DiNg Dy =mq Ngmy: O Nk Oy
Dy —x Dy =my —xmz: 01 —x O3

Definition 12. Let K = {4, ..., A,,} be a set of attributes, S; and Sy two sets
of semistructured data. Then their union, intersection and difference based on
K, denoted by Sy Ugx Sa, S1 Nk S2, and S1 —x So are defined as follows:
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S1 Uk So={D; € Si| ADs € S5 such that D; and D, are compatible wrt K}
U{Dy € S| AD; € S; such that D; and Dy are compatible wrt K}
U {D; Nk D3| Dy € Si, D5 € Sy such that Dy and D, are compatible
wrt K}
S1 Nk So={D;1 Ng Do| Dy € S1,Dy € Sy such that D; and D- are compatible
wrt K}
S1 —x So={D; € Si| ADs € S5 such that D; and D, are compatible wrt K}
U {D; —x D3| Dy € S1,D5 € Sy such that D; and D, are compatible
wrt K}

Ezample 6. Consider the following two sets of semistructured data which are
essentially two Bibtex files, one of which (S;) contains pure journal papers and
the other (Ss) contains both journal and conference papers.

1 = {B80:
S78:

ype = 7 Article”  title = " Oracle”, auth = ”Bob”, year = 1980 |,
type = 7 Article” , title = " Ingres”, auth =7 Sam”,jnl = "TODS”],
AT8: [type =7 Artzcle”,tztle = 7 Datalog” ,auth =" Ann” year = 1978 |,
J88: [type = 7 Article”  title = 7 DOOD”, auth = " Joe”, jnl =" JLP” ]}

[t
[
[
[
Sy = {B82: [type = 7 Article” , title = ”Oracle”, auth = "Bob”, year = 1980 1,
AT8: [type = " Article” , title = ” Datalog” ,auth = ”Tom”,year = 1978 1,
P90: [type = " Article” , title = ” DOOD” | auth = ” Pam” ;jnl = " JLP” 1,
S85: [type =7 Artzcle”,tztle ="NF2", auth="Sam”,year = 1985 1,
T79: [type = " InProc’  title =7 RDB” auth = "Tom” ,conf = "PODS”],
AT5: [type = "InProc” title = "NF2”, auth =7 Ann”, year = 1975 1,
S76: [type = 7 InProc”, title =" Ingres , auth =" Sam” ,conf = ?EDBT”]}
Let K = {type, title}. Then their union, intersection and difference based on K are as
follows:

S1 Uk So
= {S78:
U {S85:

T79:

[type = 7 Article”  title = " Ingres”, auth = ”Sam”,jnl = "TODS” |}
[type = " Article” ,title = "NF2”, auth =7 Sam”,year = 1985 1,
[type = " InProc’,title == " RDB”, auth = "Tom”,conf = ”PODS"],
AT5: [type = " InProc”, title = "NF2”, auth =" Ann”, year = 1975 1,
S76: [type = "InProc”,title = " Ingres”, auth = ”Sam” ,conf =7 EDBT”|}

U {B80: [type = " Article” , title = " Oracle”, auth = ”Bob”, year = 1980 ] Uk
B82: [type = " Article” , title = ” Oracle”, auth = " Bob”, year = 1980 1,
AT8: [type = " Article” , title = ” Datalog” ,auth = 7 Ann”, year = 1978 ] Uk
AT8: [type = 7 Article”  title = ” Datalog” ,auth = "Tom” ,year = 1978 1,
J88: [type = 7 Article” , title = ? DOOD” | auth = " Joe”, jnl = " JLP” ] Uk
P90: [type = " Article” , title = ” DOOD” | auth = ” Pam” jnl = ” JLP” 1}

= {578 : [type = 7 Article”  title = " Ingres”, auth =7 Sam”, jnl = "TODS” |,
585 : [type = 7 Article”  title = "NF2”, auth =7 Sam”, year = 1985 1,
T79 : [type = "InProc”, title == > RDB”, auth = "Tom”,conf =" PODS” |,
ATh : [type = "InProc”  title =" NF2”, auth =7 Ann”,year = 1975 1,
S76 : [type = "InProc”, title = 7 Ingres”, auth = ”Sam” ,conf = "EDBT” |,
B80|B82: [type = ” Article” , title = " Oracle”, auth = " Bob”, year = 1980 1,
ATS ]
J88|P90 : [

type = 7 Article” , title = ” Datalog” ,auth = 7 Ann”|”Tom” , yr = 1978 ],
type = 7 Article” , title = " DOOD” , auth = 7 Joe”|” Pam”, jnl = JLP]}
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S1 N So

= {B80: [type = " Article”, title = " Oracle”, auth = ”Bob”, year = 1980 | Nx
B82: [type = ” Article” , title = ” Oracle”, auth = " Bob”, year = 1980 ]|,
AT8: [type = 7 Article”  title = ” Datalog” auth = 7 Ann”, year = 1978 | Nk

[
[
[
AT8: [type = 7 Article” , title = ” Datalog” ,auth = ”Tom” ,year = 1978 |,
[
[

J88: [type = 7 Article”  title = ” DOOD” | auth = " Joe”, jnl =7 JLP”] Nk
P90: [type = 7 Article”  title = ” DOOD”, auth = ” Pam” ,jnl = ” JLP”|}
={ L : [type = 7 Article”, title = ”Oracle”, auth =" Bob”, year = 1980],
AT8: [type = 7 Article” ,title = ” Datalog” ,year = 1978 1,
L : [type = 7 Article”  title = " DOOD”, jnl = " JLP” 1}
S1—x S2
= {S78: [type = " Article” , title = " Ingres”, auth = ”Sam”,jnl = "TODS"]}
U {B80: [type = " Article” , title = " Oracle”, auth = ”Bob”, year = 1980 ]
B82: [type = 7 Article” , title = ” Oracle”, auth =" Bob”, year = 1980 |,
AT8: [type = " Article”  title = ” Datalog” ,auth = 7 Ann”, year = 1978 |
AT8: [type = 7 Article” , title = ” Datalog” ,auth = ”Tom” ,year = 1978 |,
J88: [type = " Article” title = ” DOOD”, auth = " Joe”, jnl ="JLP" | —
P90: [type = 7 Article” , title = ” DOOD”, auth = ” Pam” ,jnl =7 JLP” ]}
= {S78: [type = " Article” title = " Ingres”, auth = ”Sam”,jnl = "TODS"],
B80: [type = 7 Article” , title = ” Oracle” 1,
L :[type = 7 Article”  title = ” Datalog” ,auth = 7 Ann” 1,
J88: [type = " Article” ,tztle = "DO0OD”, auth = " Joe”, 1}

Note that the two semistructured data with title “Ingres” (also ”NF2”) are
not compatible as one has type "Article” and the other has type ”InProc”.

As the above example shows, the union operation combines sets of semistruc-
tured data and records inconsistency in the meantime, the intersection operation
finds common information in sets of semistructured data and indicates inconsis-
tency in the meantime, while the difference operation finds the information in
the first set of semistructured data but in not the second set.

The user can then solve the inconsistency based on the results.

The union, intersection, and difference operations have the following prop-
erties.

Proposition 3. Let S; and S; be sets of semistructured data and K a non-
empty set of attributes. Then

(1) S1 9 S1Ux Sy, S2 < S1Uk S
(2) S1NeSa Q4 S, SiNk Sy < S,
(3) S1—xS2 9 S

(4) S1 = (S1 —x S2) Ux (S1Nk Sa)

Proposition 4. Let Sy, Sy be sets of semistructured data and K; and K5 non-
empty sets of attributes. Then K; C K, implies the following:

(1) S1 Uk, S2 < S1Ug, So
2) SNk S2 I Si Ny So
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Sy 4 S1 =k, S2

For example, let K; = {type, title} and K, = {type, title,author}. Then for
the two sets of semistructured data in Example 6, S; Ux, So I 51 Uk, So,
Sl ﬂKl SQ S] Sl ﬁK2 52, and Sl — K 52 S] Sl — Ko SQ.

4 Conclusion

The need for manipulating semistructured data naturally arises in real-world
applications. In this paper, we present a novel approach for representing and ma-
nipulating semistructured data with partial and inconsistent information. Three
powerful operations: union, intersection, and difference, are defined and their se-
mantic properties are discussed in detail. This work provides a firm foundation
in discussing the semantics of semistructured data in which heterogeneous data
may come from various data sources with partial and inconsistent information.

Our work can be extended by adding other important operations to make
it complete for query and manipulate semistructured data. One of them is the
expand operation that can be used to expand the markers to semistructured
data for further manipulation. We also intend to investigate how to implement
the semistructured data model and use it for various practical semistructured
data applications. Finally, we would like to develop rule-based languages for
such semistructured data model based on Complex Object Calculus [5], Data-
log extensions such as Relationlog [25] and deductive object-oriented database
languages such as ROL [24].
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