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Abstract

This paper proposes a theoretical framework for reasoning about RDF elements by
employment of the theory of Declarative Programs. With reasoning capability, rules
can be defined in order to explicitly and formally state semantic relationships
between RDF elements, which will enable inference or derivation of new RDF
elements from existing ones. Hence, in addition to computation by pattern matching,
the proposed framework can formulate and handle complicated computations with
RDF elements. Application of this framework to Web-based resource discovery

problems is presented with an example.

Keywords:

1 Introduction

The recent expansion in the use of the Internet and
the World Wide Web as information distribution
media has made available huge resources in electronic
form, so that today’s Web resembles a gigantic library
of books, pictures, songs, movies, weather forecasts,
horoscopes, yellow pages, etc. The development of an
effective information retrieval technique has become
one of the major issues in view of the fact that almost
all presently available search engines merely employ
techniques which simply match words or sentences in
documents. Users are often annoyed at receiving
several thousands hits after just typing in a few
keywords. Moreover, these search results still do not
present users with enough information to determine
their relevance, so that, in turn, in most cases further
exploration is required.

A solution, proposed to date for coping with these
limitations on the Web, provides sufficient
descriptions, known as metadata. A search by means
of metadata is expected to be more efficient and more
accurate, since users can precisely formulate more
specific queries which will yield more precise
answers. For example, a user may want to find any
items authored by John Smith, ie., only items
authored by John Smith rather than all items
containing the words John Smith.
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RDF elements, declarative programs, resource discovery problems.

Relying on the concepts of metadata, the Resource
Description Framework (RDF) [5], a collaborative
design effort under the auspices of the W3C (World
Wide Web Consortium), has been developed, in order
to provide a unified framework for processing
metadata, RDF metadata can be adopted in a wide
range of application areas including resource
discovery, digital library and electronic commerce.

This paper attempts to develop a framework and
technique for reasoning about RDF elements. With
this capability, one can define rules, which describe
semantic relationships between RDF elements, and
will be able to derive new RDF elements from existing
ones even though they have not previously explicitly
stated. In addition, application of the proposed
framework to resource discovery problems allows to
incorporate reasoning or deductive capabilities into
the retrieval process.

The proposed framework employs Declarative
Program (DP) Theory [1, 2, 3] - a generalization of
the conventional logic program theory, in which terms
are generalized into any data objects and substitutions
into specializations. In particular, it has been carefully
defined with generality and applicability to data
structures of any domains, each of which is
characterized by a mathematical structure, called a
specialization system.



Section 2 introduces the DP theory, Section 3
develops a specialization system for RDF elements
and RDF Declarative Programs, Section 4 presents an
application of RDF Declarative Programs to Web-
based Resource Discovery Problems with an example
and Section 5 draws conclusion.

2 Declarative Program Theory

Certain fundamental definitions of declarative
program theory [3] will be recalled.

2.1. Specialization Systems

A specialization system is an abstract structure
derived from the generalization of substitutions in the
conventional logic programs, and defined in terms of
certain very simple axioms:

Definition 1  (Specialization System)

A specialization system is a four-tuple I' =< _A §
S u > of three sets _4 ¢ Sand a mapping x from S
to the set of all partial mappings on _4 i.e., ;2 S—
partial_map(_A4), that satisfies the requirements:

1. Vs, 5 € S 3se St uls) = ulsy) °u(s2),
2. dse SVae A:us)a)=a,
3. Gc A4

where u(s;) °u(s;) is the composite mapping of the
partial mappings £(s;) and z(s;). The elements of _4 ¢
and S are called objects, ground objects, and

specializations, respectively, the set g the domain, and
the specializations, which satisfy the second
requirement, identity specializations. [

Intuitively, Conditions 1 to 3 mean that

1. for all specializations s; and s,, there exists a
specialization s such that the corresponding
partial mapping of s is the composition of the

two mappings corresponding to s; and s,

2. there is a specialization that does not change
any objects, and

3. ground objects are objects.

84

For @ € S postfix notation allows to represent . 6)
(a) as a@. If b exists such that g 8)(a) = b, 8 is said to
be applicable to a, and a specialized to b by 6 A

specialization & € 5 is applicable to a subset B of A if

@is applicable to any element of B; B8 is then defined
by B8 = {b0| beB}. Henceforth, any condition that
includes a6 or B will also include the condition that
@is applicable to a or B.

Definition 2  (Mapping yielding Sets of all
Ground Objects)

A mapping rep: A — powerset(§) is defined by
rep(a)={g | g=afeG eSS} O

2.2. Declarative Programs

Declarative programs and other related concepts
can now be defined in terms of a specialization system

F'=<_A4 G S u>.

Definition 3  (Declarative Program)

Let X be a subset of _{ A definite clause on X is a
formula of the form:

H« B[, Bz, ey Bn

where H, By, B,, ..., B, are objects in X, often referred
to as atoms. H is called the head and (B, B, ..., By)
the body of the definite clause. The set of all definite
clauses on X is denoted by Dclause(X). A declarative
program on X is a (possibly infinite) set of definite

clauses on X. A declarative program on _4 is also
called a declarative programonI'. O

A definite clause will often be called simply a
clause. Let C be a definite clause. The head of C will
be denoted by head(C), and the set of all atoms in the
body of C by body(C). A clause C is called a unit
clause if body(C) is empty.

Let C be a definite clause O= (H « By, B,, ..., B,).
When 8 € Sis applicable to H, By, By, ..., B, a definite
clause CO= (HO <« B16, B;6, ..., B,6) is obtained. A

definite clause C’ is an instance of C iff there is a
specialization & such that C’= C#. A definite clause C

is a ground definite clause iff C € Dclause((). A
ground instance of a clause C is a ground clause which
is an instance of C. Let P be a declarative program on



I". Denote the set of all ground instances of definite
clauses in P by Gelause(P).

2.3. Semantics of Declarative Programs

The mapping Tp: 2629, defined for a program P
on I', will be used to define the declarative semantics
of a program in Definition 5.

Definition 4  (Mapping T)

LetT=< 4 G S u>and ! < G. A mapping Tp:
292915 defined by

Tp(I ) = { head(C) ICe Gclause(P), body (C) c 1}.
By means of the mapping Tp, define declarative
semantics of a program P:

Definition 5
Program)

(Declarative  Semantics of a

Let P be a program on I’ The declarative
semantics of P, M(P), is defined by

mP) = \JYIT,]"(D), where @ is the empty set.
n=1

O
3 RDF Declarative Programs

3.1. Basic Patterns of RDF Elements

In the RDF Model and Syntax Specification
proposed by the W3C, RDF elements are defined
either in Serialization or Abbreviated Syntax, both of
which are based on XML [4]. Serialization Syntax can
express the full capabilities of the RDF data model,
while Abbreviated Syntax includes additional
grammar, in order to provide a more compact form for
representation of a subset of the data model. Only
Serialization Syntax will be considered in this paper.

It is assumed here that the namespace name for the
RDF schema has been declared and abbreviated as
RDF. Examples of RDF tag names are RDF:RDF,
RDF:Description, RDF:Seq, RDF:Bag and
RDF:Alt.

RDF elements have the form <RDF:RDF>
content </RDF:RDF>, where content is an
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RDF term or a sequence of RDF terms. By
convention, an RDF term assumes one of the forms:

(a) empty form

< t b1=“c1” . s bn=“cn" />

(®

simple form

<t blz\\ Cl" . bnz“ cn"> Cn+1 </ t>

(©

nested form

<t bi=“c;” .. by="cy">a; az; .. ap </ t>,
where t is a tag type, the b; are all distinct attribute
names, the c; are constants and the a; are ground
RDF terms. In order to represent implicit information
contained in an RDF term, an RDF term used here
may carry variables. The formal definition of RDF
terms (with variables) will be given in the next sub-
section,

Note that RDF terms of the empty form <t
by="c,;” b,="c,"/> can be equivalently
represented in the simple form <t b;=“c;”
bp="cp"> </t>. In the sequel, all empty terms will
be written in the simple form.

3.2. Specialization System for RDF Terms

This sub-section defines a specialization system

for RDF terms, I'r = <_4, Gz, Sk, (4 >, Which will be
used in the definition of the specialization system for
RDF elements in Sub-section 3.3.

In the sequel, let T be a set of tag types, B attribute
names (or qualifiers), C constants, TVAR tag-
variables (or T-variables), BVAR attribute-variables
(or B-variables), CVAR constant-variables (or C-
variables), and PVAR attribute-value-pair-variables
(or P-variables). Assume that:

1. Bcontains an element CONTENT.

2. C contains &, which denotes the empty string or
white spaces.

3. No element in T begins with “TVAR:” and every
element in TVAR begins with “TVAR:”.

4. No element in B begins with “BVAR:” and every
element in BVAR begins with “BVAR:".

5. No element in C begins with “CVAR:” and every
element in CVAR begins with “CVAR:".

6. Every element in PVAR begins with “PVAR:”.



Definition 6 (RDF term)

An RDF term is a formula of the form:

<tPJ_...PH></t >,

where

e tisatagtypein 7 or atag variable in TVAR,

e n >0 and P; is a P-variable in PVAR or P; takes
the form b=c, where
- be BVARand c € CU CVAR U _4, or
- be B-{CONTENT} and ¢ € Cu CVAR, or

- b=CONTENTand ¢ € CuU CVAR U _4.

The order of the P;, called attributes is immaterial.
Duplicate attributes are not differentiated’. Moreover,
attribute names other than CONTENT can not appear
more than once in the same tag. [

Note that:

1. Terms taking the form of:

<t P; .. P;_; CONTENT=“Cc“ P;,; .. P> </t>,
where ¢ € C, and

<t P; .. P;j.; CONTENT=a P;.; .. P> </t>,
where a € _4,

are normally written as:

<t P; .. P;j_; Pi7 .. P> c </t>, and

<t P; . Pj_y3 Pijiq . P> a </t>,

respectively. RDF terms taking the first form are
called simple terms and those in the second form
are nested terms. In addition, simple terms with no

attributes or those taking the form

< t > </t >

are said to be in atomic form and called atomic
terms.

2. The distinctions between T-variables, B-variables,
C-variables and P-variables are:

! Note that two attributes b = vy and b = v, where v; #
v, are not considered to be duplicate.
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e T-variables are those that start with the prefix
“TVAR:” and can only be specialized to RDF

terms in _4,

e B-variables are those that start with the prefix
“BVAR:” and can only be specialized to
attribute names in B,

e C-variables are those that start with the prefix
“CVAR:” and can only be specialized to
constants in C, and

o P-variables are those that start with the prefix
“PVAR:” and can only be specialized to sets of

P-variables in 27" or pairs of attribute and
value.
Definition 7  (_4, the set of RDF terms)

A is the set of all RDF terms constructed from
the elements in T, B, C, TVAR, BVAR and PVAR. [
Definition 8  (RDF tree)

An RDF wee is an equivalent
representation of an RDF term

graphical

<t P; .. Pp> </t>,
where t is shown as an ellipse node and the P; as

immediate subtrees of the node t denoted by sub; (see
Figure 1-a); if

1. P;is a P-variable, the subtree representing P; will
consist of a single circle node representing P; (see
Figure 1-b),

2. P, takes the form b=c,

2.1. if ¢ is a constant or a C-variable, the subtree
representing P; has as its root a circle node
representing b, connected to a child rectangle
node representing c (see Figure 1-c),
if ¢ is an RDF term, the subtree representing
P; has as its root a circle node representing b,
connected to an RDF tree representing the
term ¢ (see Figure 1-d).

2.2.

Denote the RDF tree of the term a by tree(a). O

By the definition of RDF trees, a particular RDF
tree, representing the term a, is considered to be a 3-
leveled tree, which contains
- at the first level, an ellipse node, representing the

tag type or T-variable of the term a,

- at the second level, circle nodes representing

attribute names, B-variables and P-variables of a,



(a)

sub, sub, sub,

(©)

sub;|

| sub,

(b)

sub; sub; subi,] sub,

@

sub, sub;; sub;, sub,,

Figure 1. The RDF tree.

- at the third level, rectangle nodes and immediate
subtrees, which, respectively, represent atomic
values, C-variables and other terms nested in a; in
particular, these rectangle nodes and subtrees
provide corresponding values for the attribute
names and B-variables at the second level.

Definition 9 (G, the set of ground RDF terms)

Gz is that subset of _¢ which consists of all ground
(variable-free) terms in _4. [

In other words, Gz is the set of ground RDF terms,
assuming one of the forms:

<t bl= Yoyt
or
<t by="C,".. by="C," CONTENT=g;..CONTENT=g,> </ t>,

v bp=tc," CONTENT=“c,,;"> </t>

where
- tisatagtypeinT,
- the b; are all distinct attribute names in B —
(CONTENT},
- the ¢; are constants in C, and

- the g; are RDF terms in Gz.
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The following notion of an expandable term will
be used in the definition of the specialization
mapping, vg (Definition 11).

Definition 10 (Expandable term)

Let the EXP attribute be the attribute-value pair
written as EXP="here”. Define an expandable term

as a term ¢ in _4% which contains the EXP attribute.
Then, let _4 be the subset of _4 that consists of all
expandable terms in _4. O

Definition 11 (13, a specialization mapping)

Let £ be (BVAR x (B - {CONTENT})) U (BVAR x
{CONTENT]}) v (CVAR x C) U (PVAR x (BVAR x

CVAR)) U (PVAR x ({CONTENT]} x _4)) U (PVAR x

2PVARY U (TVAR x T) U (TVAR x M) U (TVAR x
{€}), where 27"k is the power set of PVAR. The

specialization mapping vg: & — partial_map(_4%) is
defined as follows:

1. Attribute Name Restriction

e When e =
(CONTENT}),

(bvar, b) € BVAR x (B -



if the values corresponding to bvar, for all
occurrences of bvar in a, are constants or C-
variables, then

ve(e)a)=a' € _4,

where a’ is obtained by
occurrences of bvar in a by b;

replacing all

otherwise vg(e) is not applicable to a.

When e = (bvar, b) € BVAR x {CONTENT},

w(e)a)=a' € 4,

where a' is obtained by
occurrences of bvar in a by b.

replacing all

2. Constant Restriction

When e = (cvar, ¢) e CVAR x C,

w(e)a)=a' e 4,

7

where a’ is obtained by
occurrences of cvarin a by “c”.

replacing  all

3. Attribute-Value-Pair Restriction

When e = (pvar, (bvar, cvar)) € PVAR x
(BVAR x CVAR),

vi(e)a) =a' € 4,

’

where a' is obtained by replacing all
occurrences of pvar in a by the pair bvar=cvar.

When e = (pvar,
({CONTENT} x _4&),

(b, a")) € PVAR x

w(ela)=a'e 4,

!

where a' is obtained by replacing all
occurrences of pvar in a by the pair b=a".

4. P-variable Expansion

When e = (pvar, {pvar,, ..., pvar,}) € PVAR x
2PVAR,

w(e)a)=a' € A4,

where a' is obtained by replacing all
occurrences of pvar in a by the sequence of
pvar;, pvary, ..., and pvar, separated by
whitespaces.

5. Tag Type Restriction

When e = (tvar, t) € TVAR x T,

w(e)a)=a' € 4,

where a' is obtained by replacing all
occurrences of tvar in a by t.

6. Term Restriction

When e = (tvar, a'') € TVAR x _4k,

if all tvar terms> nested in a (in any level) only
occur in atomic form, then

vi(e)a)=a' € A,

where o' is obtained by replacing all
occurrences of tvar terms, written as “<tvar>
</tvar>",in a by the term a'’;

otherwise vz(e) is not applicable to a.

When e = (tvar, h) € TVAR x A,

if no tvar term nested in a (in any level) occurs
in atomic form, then

wr(e)a)=a' € 4,
where a' is obtained by replacing each rar

term nested in a by & and the EXP attribute in A
by attributes of that tvar term;

otherwise vg(e) is not applicable to a.
When e = (tvar, €) € TVAR x {&},

if all tvar terms nested in a (in any level) take
the form <tvar> CONTENT </tvar>, where

CONTENT € C _4, then

® war terms have the form <tvar attr; ...

attr,>

</tvar>, where n 2 0.



w(e)a)=a' € 4,

where a’' is obtained by removing all
occurrences of <tvar> and </ tvar> from a;

otherwise vg(e) is not applicable to a.
O

Definition 12 (%, the set of specializations, and
the mapping i)

Let S = (x)*, the set of all sequences on ;.

Based on g, the mapping ug: S — partial_map(_4)
is:

Hr(A)(a) = a, where A denotes the null sequence,

Hr(e - s)(a) = pr(s)(vr(e)(a)), where e € b, s € K
and a € _4.

Note that tg(s)(a) is defined only if all elements in
s are successively applicabletoa. [

Definition 13 (Specialization system for RDF
terms)

The specialization system for RDF terms is Iz =

<J4€9 g’ ‘S?! HR>- O

Proposition 1 (Axiomatic requirements of the
specialization system for RDF terms)

The specialization system for RDF terms in
Definition 13 satisfies the three requirements of
specialization systems, i.e.,:

1. Vs, 5;€ S35 € Sk pr(s) = r(sy) © pr(s2),
2. Ise 5, Vae & wmis)a)=a,
3. Gc 4 O

Proof

1. In order to verify that I'p satisfies the first
requirement, let s, = e¢; ¢, ... e, and s; = ¢;"¢;” ...
e, . The definition of sy shows that there exists
s=e;’e;’...en"€; €, ... e, such that yp(s) = pp(s;) °
Hr(S2). )

2. Obviously, ur(A)(a) = a, for each a € _4, where 4
is the null sequence.
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3. Definition 9 has already states that ( is a subset of
S B

3.3. Specialization System for RDF Elements

The specialization system for RDF elements will
be constructed by means of the specialization system
for RDF terms, defined in Sub-section 3.2.

Definition 14 (_4 the set of RDF elements)

Let _4 be the set of all formulae in form of
<RDF:RDF> t; t; ... t, </RDF:RDF> where t; is

an RDF term in _4. Elements in _4 are called RDF
elements. [

Similar to RDF terms, RDF elements can also be
represented equivalently by RDF trees. Denote the

RDF tree of the element a in _4 by tree(a).

Definition 15 (g the set of ground RDF elements)

@ is that subset of _4 which consists of all ground
objectsin _4 0O

Definition 16
mapping /)

(X the set of specializations, and the

Let § = S The mapping z: S—> partial_map(_4
is defined by:

M(SY<RDF:RDF>t; I; ... t,</RDF : RDF>)

= <RDF:RDF> up(s)(t;) tr(s)(tz) ... pr(s)(t)
<RDF :RDF>,

wherese Sandt, e 4 0O

Definition 17 (Specialization system for RDF
elements)

The specialization system for RDF elements is I' =

<A G S p> Elements of 4 ¢ and Sare called
atoms, ground atoms and specializations, respectively.

Proposition 2 (Axiomatic requirements of the
specialization system for RDF elements)



The specialization system for the RDF elements in
Definition 17 satisfies the three requirements of
specialization systems, i.e.,:

L. Vs, 556 S35 e St puls) = puls)) © pls),
2. 3se S Vae A4 u(s)a)=a,
3. §c 4 O

Proof Obvious from the definition of I';. M

3.4. RDF Declarative Program

After the specialization system for RDF elements
is defined (cf. Definition 17), the definitions of RDF
definite clause, RDF declarative program and the
declarative semantics of an RDF declarative program
are obtained directly from Definitions 3, 4 and 5,
respectively.

P={ c;:a;«.
Cp Q€.
c3:aj «a;s
cqial —ayg ),

where

a; = <RDF :RDF>

</RDF:Description>
</RDF : RDF>,

a; = <RDF : RDF>

</RDF:Description>
</RDF :RDF>,
aj’' = <RDF : RDF>
<TVAR:A>
<DC:Creatoxr>
<RDF:Description>

</RDF:Description>
</DC:Creator>
</TVAR:A>
</RDF : RDF>,
a3z = <RDF : RDF>
<TVAR:A>

</TVAR:A>
</RDF :RDF>,
a4 = <RDF : RDF>
<TVAR:B>AIT</TVAR:B>
< /RDF :RDF>,
@4 = <RDF : RDF>

</RDF :RDF>.

<RDF:Description RDF:HREF=“http://www.example.com/resourcel/">
<DC:Title>Browsing the Internet</DC:Title>
<DC:Creator>Scott Ring«</DC:Creator>
<DC:Subject>Internet</DC:Subject>
<DC: Subject>WWW</DC: Subject>
<DC: Subject>HTML</DC: Subject>

<RDF:Description RDF:HREF=“http://www.example.com/resource2/">
<DC:Title>Searching on the Web</DC:Title>
<DC:Creator>John Smith</DC:Creator>
<DC:Subject>Internet</DC:Subject>
<DC: Subject>WWW</DC: Subject>
<DC:Subject>Resource Discovery</DC:Subject>

<BIB:Name>John Smith</BIB:Name>
<BIB:Email>john@ait.ac.th</BIB:Email>
<BIB:Affiliation>Asian Institute of Technology</BIB:Affiliation>

<DC:Creator>John Smith</DC:Creator>

<TVAR:B>Asian Institute of Technology</TVAR:B>

Figure 2. Declarative Program P.



RDF : RDF

C stands for CONTENT.

( RDF:Description

RDF : HRE

DC:Title

Browsing the Internet

Scott Ring

?

Internet HTML

http://www.example.com/resourcel/

Figure 3. tree(a;), the RDF tree of atom a;.

4 Application to Web-based Resource
Discovery Problems: An Example

A Web resource described by RDF metadata can

be represented directly as a ground RDF element in §
In addition to these representations, rules can be used
to explicitly define (possibly complex) relationships
between RDF elements. A rule is simply written as an
RDF definite clause C, where head(C) is true, if all
atoms in body(C) are true, whence a collection of Web
resources can be specified by an RDF declarative
program P which comprises unit clauses, representing
selected Web resources, and non-unit clauses,
representing rules. The declarative meaning of P then
yields the set of ground atoms each of which
represents one Web resource in the specified
collection. A query, which expresses a user’s
information need (possibly implicitly) is represented

by an atom in _4 and the result of this query will be
the set of Web resources which can be specialized
from the query and is contained in the declarative
meaning of P.

Based on these modeling concepts, a resource
discovery problem is formulated as an intersection
problem [2] between the set of RDF elements that
describe Web resources and the set of RDF elements
that a query represents.
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Example: Let a declarative program P on I, which
specifies a collection of Web resources, be defined in
Figure 2. Unit clauses c¢; and ¢, represent RDF
elements describing Web resources, non-unit clause c;
defines a rule which provides additional bibliographic
information of John Smith and non-unit clause ¢,
gives the abbreviated name of Asian Institute of
Technology. In addition to these rules, which are
intended to be simple for illustration, complex rules
can also be defined when one has to deal with more
complicated relationships between RDF elements.
RDF trees representing those atoms in P are depicted
in Figures 3 - 6.

A query which finds only documents whose
authors’ affiliations are AIT and contain information

about Internet can be formulated as an atom q € _4
ie.,:
g = <RDF : RDF>
<RDF:Description PVAR:C>
<DC:Creator>
<RDF:Description PVAR:D>
<BIB:Affiliation>
AIT
</BIB:Affiliation>
</RDF:Description>
</DC:Creator>
<DC: Subject>
Internet
</DC:Creator>
</RDF:Description>
< /RDF :RDF>.




RDF RDF

5

RD

F:Description

<

RDF : HRE
CDC.CreatOJ.D CDC : Subj ecD CDC : Subject) CDC:Subj ectD
Searching on the Web John Smith Internet WWW

http://www.example.com/resource2/

Resource Discovery

Figure 4. tree(a;), the RDF tree of atom a,.

(a) tree(as)

C RDF : RDF )

TVAR:A

DC Creator

(b) tree(as’)

C RDF : RDF )

TVAR:A

DC: Creator

John Smith

John Smith John@ait.ac.th

Asian Institute of Technology

Figure 5. tree(as) and tree(a;’), the RDF trees of atoms a; and a;'.
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(a) tree(ay) (b) tree(ay’)

RDF:RDF RDF : RDF

TVAR:B j C TVAR:B )

Asian Institute of Technology

Figure 6. tree(as) and tree(a,'), the RDF trees of atoms a4 and a,'.

RDF :RDF
CRDF :Descript ion)

ol

CDC Subject) CDC Creator

Internet

_@_

CRDF:Description)

PVAR:D

CBIB :Affiliation)

Figure 7. Query atom g and free(q), the RDF tree of atom g.

Figure 7 illustrates the RDF tree of the query atom g. To' (D) = { a;, a3},

In processing such a query, first, define atoms a,’ and ToAD) = { a;, az a7'},

a;'e( as in Figure 8. Recalling the definition of T» T9(@)={ aj, a5, a7, a;"}, and
.. . 4o 3

(cf. Definition 4), one obtains: Ty (D) =Ty (D).
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a,' = <RDF : RDF> )
<RDF:Description RDF:HREF=“http://www.example.qom[resource2/”>
<DC:Title>Searching on the Web</DC:Title> D
<DC:Creator>
<RDF:Description>
<BIB:Name>John Smith</BIB:Name>
<BIB:Email>jochn@ait.ac.th</BIB:Email>

</RDF :Description>
</DC:Creator>
<DC:Subject>Internet</DC: Subject>
<DC: Subject>WWW</DC: Subject>
<DC:Subject>Resource Discovery</DC:Subject>
</RDF:Description>
</RDF :RDF>

a,'' = <RDF : RDF>
<RDF:Description RDF:HREF=“http://www.example.com/resource2/">
<DC:Title>Searching on the Web</DC:Title>
<DC:Creator>
<RDF:Description>
<BIB:Name>John Smith</BIB:Name>
<BIB:Email>john@ait.ac.th</BIB:Email>
<BIB:Affiliation>AIT</BIB:Affiliation>
</RDF:Description>
</DC:Creator>
<DC:Subject>Internet</DC: Subject>
<DC: Subject>WWW</DC:Subject>
<DC:Subject>Resource Discovery</DC:Subject>

<BIB:Affiliation>Asian Institute of Technology</BIB:Affiliation>

</RDF:Description>
</RDF :RDF>

Figure 8. Atoms a,'and a,".

Hence, the declarative meaning of P (cf. Definition 5),
M(P), includes atoms ay, ap, a;’ and a,"’. Since query
atom g can be specialized to atom a,", i.e., there exists

@ € S such that g8 = a,”, the resource whose URI is
http://www.example.com/resource2/ will
be retrieved.

5 Conclusions

The RDF is a kind of knowledge/information
representation which has no inference mechanism;
hence computation with its elements is very limited.
Apart from computation by pattern matching, other
means of computation is difficult to devise under the
present RDF form. This paper has proposed and
developed a theoretical foundation upon which
reasoning with RDF elements can be carried out.
Consequently, complicated computations with RDF
elements become possible. Complex queries, like
those of SQL in databases, about contents of the
resource described by RDF elements can be
formulated and handled. This is part of the future
research work.
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