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Abstract

In this paper, a multilevel semantic network is proposed to be used to represent knowledge within several
levels of contexts. The zero level of representation is semantic network that includes knowledge about basic
domain objects and their relations. The first level of presentation uses semantic network to represent contexts
and their relationships. The second level presents relationships of metacontextsi.e. contexts of contexts, and so
on at the higher levels. The topmost level includes knowledge which is considered to be “truth” in al the
contexts. Thus a semantic metanetwork is the hierarchical set of semantic networks above each other so that
relations of each previous leve are context objects of the next level. Such representation allows to reason with
contexts towards solution of the following problems: to derive knowledge interpreted using all known levels of
its context; to derive unknown knowledge when interpretation of it in some context and the context itsdlf are
known; to derive unknown knowledge about a context when it is known how the knowledge is interpreted in
this context; to transform knowledge from one context to another. Possible transformations with contexts are
described using special algebra. Equations of the algebra are discussed and used to reason with this multilevel
context structure.

Keywords. multilevel context, metasemantic network, formalization, decontextualization, context
recognition, lifting

1. Introduction

It is generally accepted that knowledge has a contextual component. Acquisition, representation, and
exploitation of knowledge in context would have a major contribution in knowledge representation,
knowledge acquisition, and explanation, as Brezillon and Abu-Hakima supposed in [5]. Among the
advantages of the use of contexts in knowledge representation and reasoning Akman and Surav [1]
mentioned the following: economy of representation, more competent reasoning, alowance for
inconsistent knowledge bases, resolving of lexical ambiguity and flexible entailment. Brezillon and
Cases noticed however in [6] that knowledge-based systems do not use correctly their knowledge.
Knowledge being acquired from human experts does not usually include its context.

Contextual component of knowledge is closely connected with €liciting expertise from one or
more experts in order to construct a single knowledge base (or, for example as in [4], for
cooperative building of explanations). Could the overlapping knowledge, obtained from multiple
sources, be described in such a way that it becomes context or even process independent? In [25],
Taylor at al. gives the negative answer. Certainly there have been inference engines produced that
were subsequently applied to related domains, but in general the sets of rules have been different. If
more than one expert are available, one must either select the opinion of the best expert or pool the
experts’ judgements. It is assumed that when experts' judgements are pooled, collectively they offer
sufficient cues leading to the building of a comprehensive theory.

Very important questions have been raised in [5]. Does context simplify or complicate the
construction of a knowledge base? Is context an object of the domain? Can we move from one



context to the next one [17]? What are the possible formalisms that seem to allow explicit
representation of context?

McCarthy [17] illustrates how a reasoning system can utilize contexts to incorporate information
from a general common-sense knowledge base into other specialized knowledge bases. The basic
relation used isist (c,p), which asserts that the proposition p is true in the context c. He introduces
contexts as abstract mathematical entities with properties and relations. One remark is that it would
be useful to have a formal theory of the natural phenomenon of context using logic for
representation. Later in [16] he noticed that statements about contexts are themselves in contexts.
Contexts may be treated as mathematical structures of different properties and aso may have
different relations with other contexts. The formulas express relations among contexts would be
primary rather than propositions true in the contexts. According to McCarthy there is no general
context in which all the stated axioms always hold.

Different uses of contexts were analyzed by Guha in [14]. In his approach all axioms and
statements are not universally true, they are only true in contexts. Such contexts he calls
microtheories which make different assumptions about the world. He has developed some very
generad lifting rules using which different microtheories can be integrated. He also uses contexts for
integrating multiple databases and handling mutual inconsi stencies between databases.

Buvac at a. investigated the simple logical in [7, 8] and semantic (in [9]) properties of contexts.
This formal theory of context and use of quantificational logic enables presentation of relations
between contexts, operations on contexts, and state lifting rules of facts in different contexts. The
guantificational logic of context [10], for example, enables to state that the formula ¢ is true in all

contexts which satisfy some property p(x) as follows. (Ov)p(v)- ist(v,¢y). Each context is

considered to have a set of propositiona atoms as its own vocabulary. It was shown that the
acceptance of outermost context simplifies the metamathematics of the contexts.

Attardi and Simi [2] offer a viewpoint representation of context related formalisms. Viewpoints
denote sets of statements which represent the assumptions of a theory. The basic relation in their
formalization: in(" A',vp), where vp is a viewpoint expression, can be interpreted as “statement A is
entailed by the assumption denoted by vp”. Operations between viewpoints are carried out with
metalevel rules. Relation Holds( A, s) =in(A,vp(s)), which defines the set of facts vp(s) holding in a

situation s, is used to handle situations as sets of basic facts.

Edmonds [11] describe a simple extension of semantic nets. The nodes are labeled with directed
arcs and the directed arcs can lead to other arcs as well as nodes. In this model, contexts are not
differentiated as special objects, but rather that some nodes to a greater or lesser extent have roles as
encoders of contextua information. This formulation is shown to be expressive enough to capture
several aspects of contexts including reasoning and generaization in contexts. It is not claimed that
thisisamodel of any type of context found in human activity.

After making their comparison of approaches towards formalizing context, Akman and Surav [1]
concluded that the idea of formalizing context seems to have caught on and produce good theoretical
outcomes and the area of innovative applications remains relatively unexplored.

As one can imagine looking context related references that the context itself has so many different
meanings relatively to the goals of its study, application areas, formal methods used and so on. To
understand and apply the research results in context area one has to be involved to the context in
which these results have been obtained. The goal of this paper is to make view to a world of
contexts, their properties, relationships and rules as to a new domain which also needs a context for
interpretation. Context of contexts (metacontext) can be considered recursively and has severa
levels of context worlds, one above another, limited in the top by a universal context world. This last
world supposed to be such that knowledge about it always remains the same in every known context.
Representation of such multilevel world needs special multilevel semantic structure. With such
representation we use term semantic metanetwork.

The idea of a semantic metanetwork is generally acknowledged by Puuronen and Terziyan in [18]
and further developed in [3, 26]. In [18] objects of a higher level representation were treated as



“birth” and “death” rules for relations between objects of the lower level. Thus the semantic
metanetwork together with the description of the basic domain contains the rules of its change in
time. Sometimes it is also necessary to change the rules. This is done by metarules of the next level
of a semantic metanetwork. The more complex the dynamics of the described domain is, the more
metalevels a semantic metanetwork contains.

This paper discusses another use of a semantic metanetwork. The zero level of representation is a
semantic network that includes knowledge about basic domain objects and their relations in various
contexts. The first level of representation uses a semantic network to present knowledge about
contexts and their relationships. Relationships among contexts are considered in some other contexts
- metacontexts. The second level of representation defines relationships between metacontexts, and
the same for each next level. The topmost level includes knowledge which is considered to be “truth”
in every context.

What are the main uses of semantic metanetworks? The need of metaknowledge is broadly
acknowledged in knowledge engineering and its main use is to help inference (metareasoning has
been dealt for example in [22]). Shastri presents in his article [23] two important kinds of inference:
inheritance and recognition. Woods [27] discusses very deeply the classification of a concept with
respect to a given taxonomic structure. Shapiro [24] discussed also inference as reduction inference
and path-based inference. A context can be considered as a mechanism for reasoning, too. One
advantage of making context explicit in a representation is the capability to inference within and
across contexts, and thus explicitly make the changes in reasoning across contexts [17].

Our goal is to present methods of reasoning using knowledge in its context formally represented
by semantic metanetworks. These problems are: how to derive knowledge about any relation which
isinterpreted in the highest level of context; how to derive the initial knowledge about any relation if
it is known the context in which this relation has been interpreted and the result of interpretation;
how to derive knowledge about any unknown context by analyzing its effect to the initial knowledge;
how to transform knowledge from one context to another.

2. A Semantic M etanetwor k

In this chapter we give formal definition of a semantic metanetwork and show one example.

Semantic metanetwork is aformal representation of knowledge with contexts.

Knowledge of basic domain is represented by a semantic network with nodes (domain objects)
and links (relations between domain objects). There are two types of relations. relations connecting
two domain objects (arrow between nodes) and relations of domain objects with themselves (arrow
from a node to itself). The second type of relation presents a property of an object.

We also consider a context as a domain object. Sometimes it is necessary to describe knowledge
about contexts, too. Knowledge about properties and relations of contexts compose a new semantic
network which is considered to describe the next level of knowledge representation. Levels of such
representation have relationship with each other because of correspondence: relation of each
previous level - the context (metacontext) of the next level in which thisrelation occurs.

Formally metanetwork is a quadruple <A,L,S,D>, where A is a set of objects which consists of the

subset of basic domain objects A-O,i =1,...,ny, and severa subsets of contexts A-(d),i =1...,nq,

and d=1,...,klev identifies the level of the metanetwork where the context appears; L is a set of

uniqgue names of relations L&d),k:L...,rm and d=0,...,klev identifies the level of the

metanetwork ~ where  the relation appears; S is the set  of  reations

§{d) = P(A(d),L&d),Aj(d)),r =1...,Iy composed in each level so that: gd) = Dﬁgd), and
r

P(A(d),L&d),Aj(d)) is true when there is the reation L&d)DL between the objects
A(d)andAj(d),(A(d),Aj(d)DA) a the level d; and D is the set of context predicates



(d+D

Dr(d) =ist(A ,Sr(d)) connecting contexts of the level d+1 to the relations of the level d and
(d+1)

ist(A-(dﬂ) , Sr(d)) istrueif the relation Sr(d) holds in the context A .
Let us consider an example of a semantic metanetwork presented in Figure 1.

~
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Fig. 1. An example of a semantic metanetwork

The metanetwork in Figure 1 can be described by the following expressions:

A={A% A A}, A% ={ A, ap Ad A ={ A Ao, A A" A A, A
are the objects’ set and its three subsets accordingly to levels,
L={0 L0} O ={u s L U ={i g U L)
are the set of relations' names and its three subsets accordingly to levels,
s={s?s,s}, s%={s; 5. 5%.5}.5 ={s1.5.5 " 5.}
are the set of relations and its three subsets accordingly to levels;
S =P(ALLLA). S =P(A, L2, A3). 8 = P(A, L3, A3). & =P(Ag, L4, Ag);
S = P(A,L1,A0), S = P(Ag, Lo, Ag), 3 = PAg, La, Ad)i § = PAL L1, Ao), Sp = P, Lp, Ag)
aretherelations of all the threelevelsin apredicate form,;
p={p° D}, D°={Dy,D;,D3,D4,D4 D" ={D;,D;,D4
are the set of context predicates and its two subsets accordingly to levels;

Dy =ist(Ay,S)), Dz =ist(Ap, ), Dg =ist(Ag, S3), Dy =ist(Ag, Sy), D5 =ist(Ag,Sy)
are the context predicates describing context relationships between zero and first levels;
Dy =ist(Ar,S1), D2 =ist(Ap, ), D3 =ist(Ag, S3)
are the context predicates describing context relationships between first and second levels.

In Figure 1 and in the formal description of the example, the objects A1, A, A3 - are the basic
domain objects or objects of the basic level of the semantic metanetwork. The basic domain relations

are: S1 between objects A1 and A2 named by L1; Sp between objects A2 and A3 named by L2; S3



between objects A1 and A3 named by L3; $4 between objects A3 and itself named by L3, or another
words L3 is the name of property of the object A3. The relation S; exists in the context named AL

and also relations 82 83 exist in the contexts named A2 A3 r%pecnvely The relation &4 exists if

the two contexts A3 Agf are taking place together. The contexts AL A4 are the first level contexts
and they belong to the flrst level of the semantlc metanetwork. In the example, contexts also have
their relatlonshlps Si 83, named by Ll L3 respectively. The relation § exists in the metacontext

named AL and also relations 52 53 exist in the metacontexts named A2 A3 respectively. The
metacontexts AL Ag are the second level contexts and they belong to the second level of the
semantic metanetwork. Metacontexts also have their relationships Si 52 named by L1,L2

respectively. In the example, there is not any context (metametacontext) to interpret relations Si 52
which are considered to be vaid in any known context. Thus the example describes the semantic
metanetwork which is obtained by combination of three semantic networks.

3. An Algebra Within One Level of a Semantic M etanetwor k

We will consider an Algebra defined on the set L of names of semantic relations. In this chapter we
focus on operation and equations within one level of a semantic metanetwork. There are four basic
operations upon L-set (semantic operations).

3.1. Semantic constants and oper ations

We will define basic semantic operations of the Algebra by giving formal definition and properties
and also by giving graphical interpretation. Further in formulas we will use “ = ” to mark the logical
equivalence between any two predicates, and “ [ ” to mark the logical consequence between two
predicates; “ =" between names of relations or objects to mark equality of semantic meanings of
these two names, “ #” between names of relations to mark inequality of semantic meanings of these
two names. Proof for some of properties is also presented. It uses, together with formal definitions
of operations, the following notation:

3.1.1. Semantic constants

It is supposed that two objects represented in semantic network by two different circles with two

different names A;j and A; are different objects. Even if there is not any knowledge about relationship
between these objects, then at least it is ill true that we know the fact of the difference between the
objects. We consider knowledge about the difference as semantic constant DIF which denotes the
relation between every pair of different objects:

UA 7Aj(j¢i)(P(Aﬁ ,D|F,Aj )= true).

On the other hand the above formula can be interpreted that there is no difference between every
object and itself. This statement defines the another semantic constant of equivalence SAME:

OA (P(A,SAME, A )= true).

The last formula also means that if there is not any knowledge about properties of some object,
than at least one property always holds - to be same to itself.

We define NIL relation as relation which never holds between any two objects or among
properties of any object by the following way:



DA‘,Aj(j,gi)fl P(A‘,D”:,Aj)w P(A’,N|L,Aj)=> false),
DA€ P(A,SAME,A) P(A,NIL,A) false).

When the semantic network is being built the following assumption is used. If there exist two
different portions of knowledge and there is not explicitly said that they belong to the description of
the same object then it is assumed that they describe different objects. Sometimes it happens that
semantics (properties and relationships) of these two objects are always the same. When it happened
then the two objects should be connected by the binary equivalent of SAME relation using the
following definition:

(P(As, L, A) = P(As, Ly, A)).OAS B, [ <L) P(A,SAME® A)),
where SAMEIO means the binary equivalent of SAME relation. This relation does not mean the
negation of DIF relation, because it means only that two different objects have the same semantics.
3.1.2. Semantic inversion
Formally semantic inversion can be defined by the following equation:
P(A. L. A)) = P(A], L. A),

where Ek is the new inverse relation. It will be named with unique symbol Ly and added to the set
L. For example, if L, = <to_punish>, then L, = <to_be punished> and L, = Ek. Similarly, let
L = <to_be_on_the |eft_side_of>, then Ly = <to_be _on_the right_side of> and Lq = En.

If the relation in the definition means a property of an object then its inversion is equal to the
original one: P(A, Lk, A) < P(A, Lk, A) whichmeansfor unary relation: L = L.

The obvious property for the semantic inversion operation is double inversion: Ek = L.
3.1.3. Semantic negation

The semantic negation operation means changing the name of a relation if the value of appropriate
predicate isfase. Thisisdefined in afollowing way:

~P(A L A) = P(ALLA),

where Ly isthe new relation. It can be named with unique symbol Ly, and added to the set L. If, for
example, P(<Mary>, <to love>, <Tom>) = false, then it means the same as. P(<Mary>,
<not_to_love>, <Tom>) = true. Thus, if Ly =<to_love> and L= <not_to_love>, then L, = L.

Properties:
+ double negation: Ly = Ly,
* negation of inversion: Ly = fk; Proof:

(P(A Lk, A)) = =P(A, L, A) = = P(A L L A)= P(A L LAY POAL LG A= L Ly
3.1.4. Semantic multiplication

The semantic multiplication operation defines the name of unknown relation between a pair of
objects A and A; if there exists the third object Ag which is connected with both of these two

objects. The formal definitionisasfollows:
P(A L. AS) OP(As, L, Aj)= P(AL Lic* Ly, Aj),

where Ly * L, isthe new relation. It can be named with unique symbol Ly, and added to the set L.
If, for example, it is true that P(<Mary>, <to be married with>, <Tom>) and P(<Tom>,



<to_have mother>, <Diana>), then it is aso true that: P(<Mary>, <to_have_mother-in-law>,
<Diana>). Thus, if L, = <to_be married with>, L, = <to_have mother>, and L, =
<to_have_mother-in-law>, then L, = Ly * L.

Properties:
¢ non-commutativity -(Lg *Lp= Ly * Ly) 0Ly, Ly(Lr L DIF SAMEP) .
 trangtivity L *(Lpn* L) = (L * Ly) * Ly Proof:

(PCA, Lic* (Ln * Lm), A)) = P(A, L, A) O P(As, Ln * Lin, Aj)= - P(A, L, AT
OP(As, Ln, A P(A Lm, Ajy POAL L™ L AL P(AL Ly Ap
= P(A(Lk* Ln)* Lm, A))) = L™ (Ln* Lm) = (L * Ln) * Lim;

« inversion over multiplication  ~(L * L) = Ly * Ly ; Proof:

(P(A], L * Ln, A)) = P(Aj, L, A) DP(As,Ln, A)= P(As, L. AjY] P(A,Ln, Ak
= P(A, L A) OP(As, L, A= P(AL Ly * D A= T(Lc* Lne Gy * L
3.1.5. Semantic addition

The semantic addition operation defines the name of relation between a pair of objects A and A;
as a combination of two relations between these two objects. Formally:

P(A . L. A)) OP(A Ln, Aj)= P(A Lk Ln, Ay,

where Ly + L, isthe new relation. It can be named with unique symbol Ly, and added to the set L.
If, for example, it is true that P(<Mary>, <to give birth to>, <Tom>) and P(<Mary>,
<to_take care of>, <Tom>), then: P(<Mary>, <to_be mother_of>, <Tom>) isaso true. Thus, if
Ly =<to_give birth_to>, L, = <to_take care of>, and L., = Ly +L,, = <to_be _mother_of>.

It is also possible to sum properties. If, for example, it is true that P(<Tom>, <to_be clever>,
<Tom>) and P(<Tom>, <to be rich>,<Tom>), then it is aso true that: P(<Tom>,
<to_be clever_and rich>, <Tom>).

Properties:

» commutativity L +Ln =L, + Ly

* trangtivity Ly +(Lp +Ly) =(Lg +L,) Ly

o reflexivity Lk + Ly =Ly

« inversonoversum (L, +L,) =L +L,;

* distributivity (left) L *(Lm+ Ly) S L * Ly + L * Ly Proof:

(P(A Lic* (Lm + Ln), Aj) = P(A, Lk, As) OP(As, Lt Ln, Aj) =
= P(A, Lk, AS) OP(As, L, AjD P(As, L, Ajy P(AL L AY POA L L, AS)
OP(As, Lm, Aj ) P(As,Ln, Ajy> (P(AL L, AN P(As, L, Aj)) O
O(P(A L. A P(As,Ln Ay P(AL Lic* L Afl P(A L L * L, AP
= P(ALLc* L+ L * Lyy Ap) = Lic* (L + Ln) = L * L + Ly * Ly
* distributivity (right) (L + L) * Ly =L * Ly + Ly * Ly
3.1.6. Semantic closeness

We define the L-set L:{ Ly, Lo, ... Ln} as semantically closed set of relations names if the result of



any semantic operation with any operands from the L-set aso belongs to the L-set. Formally we
define semantic closeness asfollows:

OOWLW L; LOWLW L; Lg*LyOLD L LR L; Lg+Lly OLD L, L L
C{0. D O = {0 G O =L (G 0L * L L * Ly, L * L = L,0GD L

Crm{ur L LG Ly =L o L (G +0{G +L, L Ll L) =L IO L.
In the following text we will consider the L-set as semantically closed one.

3.1.7. Operations with semantic constants

In the semantically closed L-set there should be relations DIF, NIL and SAME as they were defined
in3.1.1.

This means that at least one of possible relations should take place between a pair of objects and
a each object has at least one property. The negation operation defines the main relationship
between the two main constants as follows:

DIF = SAME = NIL.
Properties of DIF:
« neutrality to semantic sum DIF + Ly =Ly.

Proof:  (P(A,DIF+Ly,Aj) = P(A,DIF,A)OP(A, Lk, A))= P(A,Lg,A))= DIFF Lig Ly

true
* elimination in semantic multiplication DIF* Ly = Ly * DIF =DIF;
e inversion of DIF “(DIF) = DIF;
Properties of SAME:
* inversion of SAME “(SAME) = SAME
* neutrality to semantic sum SAME + Ly = Ly;

Properties of SAMEP:

inversion of SAMEP ~(SAMEP) = samEeP;

* neutrality to semantic sum SAMEP + Lk = Lg;
 neutrality to semantic multiplication L * SAMEP = SAmMEP * Lk = Lg.

e annihilation a) L+ =0 , 101 re.alons;
H., for properties.

b) Ly * Ly = Ly * Ly = SAMEP.
* elimination (left) L + L * Ly = L * Liy-

Proof: Ly + L * Ly =L * SAMEP + L * Ly =Ly * (SAMEP +L,) =L * Ly



* elimination (right) L + Ly * L =Ly * Lk

3.2. Semantic equations

An equation of the Algebra (semantic equation) is the equality of two expressions which are include
only semantic relations' names as operands and only semantic operations with these operands. In
semantic equation there should be at least one unknown operand. We use the following general

expression to denote an equation: Fl(Ll): FZ(LZ), where F1 , F2  are functions, which use

operations of the Algebra and they have known operands respectively subsets Ll, L2 of the

semantically closed L-set. Here and later we use “=" in semantic equations to tell the difference
between semantic equations and semantic identities where we use “=”. We will consider equations
with one unknown operand Ly, which is defined on the whole L-set.

The solution of such equation is the relation Ly, which, being substituted in an equation instead of
) LX =L

the operand Ly will transform it to an identity. We will use notation (equation woas a

statement that relation Ly is the solution of the equation.
To solve semantic equations the following rules are supposed to be used:

(Fu(LY) = R (L) Tt o (Fy(Lh = Rp(L2) x Thw;

(Fu(LY) = R (L) Tt o (Fy(Lh = Rp(L2)) e ~hw;
(Fu(LY) = R (L) =t o (R + Ly = Fp(L?) + L) B 7w, O 0 L
(Fu(Lh) = R (L) B ™hw o (Fy(LY* Ly = Fp(L?)* L) ™, DL DIFD L)
(FL(Lh) = R(L2) =t o (L Fy(Lh = Ly * Fp(L2)) > =hw (L DIFD L)

Using the above rules and properties of semantic operations, we present methods of the decision
of following five types of equations of the Algebra.

=L 0 Lg P & L Lk=L0L B £ L
Ly+Li=Lj 0 Lg L+ L Ly GO B SAMEP & O =L, +; 0
Ly*Li=L; O L' L*OF Ly * 00 L*SAME® Ly * =L, Lj*L;

L*Ly=L; O G*L*Lg L*LP SAMEP*&, L*0; =Ly L*Lj.

4. An Algebra with Contextsin a Semantic M etanetwor k

In this chapter we will develop the Algebra, described in the previous chapter, by adding a new
semantic operation which alows to reason with multilevel structure of contexts in a semantic
metanetwork.

4.1. Operation of semantic interpretation

Semantic interpretation operation makes it possible to take into account the properties of the
appropriate context when one defines knowledge of a relationship between a pair of objects. If we

have knowledge Lk about the name of relation between the objects Aj and Aj, and knowledge L'n

about the name of property of the context A{ of this relation (as shown in Figure 2a), then we can
obtain a new knowledge about this relation which is supposed to be an interpretation of the first



knowledge in the context of the second one. By the same way it is possible to interpret knowledge
about a property of an object in certain context asit is shown in Figure 2b.

Fig. 2. Semantic interpretation

Formally:  P(A, Ly, A7) DP(A, Ly, AXT ISL(A P(A L L A P(A L, A)),

where Lk” denotes the interpretation of the knowledge Lk using the knowledge L'n about the

context A{. This can be named and included to the set L. We use a property of a context in the

description of our basic operation which connects different levels of a semantic metanetwork
assuming that different contexts with the same properties make the same effect to the interpretation
of knowledge.

We expand the definition of the relations SAME and SAMEb, partly defined in the previous
chapter, adding the following properties with the new operation:

1. LPME=,

This means an abstract case when the context of a relation contains only the universal property
SAME. In such case the context cannot change an interpretation of thisrelation;

2. SAMEMk =1,

This means also an abstract case when the knowledge being interpreted contains only the
universal property SAME. In such case the only knowledge obtained as a result of interpretation is
the knowledge about context;

3. (AMEP)h =D,
This means that interpretation of the equivalence relation between two objects inherits the
properties of context Ly producing its binary equivalent LB;

4, (Lllzm =L, = (LEm = L) - axiom of extracting knowledge.

This means that if some knowledge L, has been obtained as interaction of knowledge Lk and

property Ly, of some context, then removal of that property from the context of the interpretation
result leads to the restoration of initial knowledge;

Consequence: Lllzk = samvield :

5. (Lllgm =L, = (Elk‘ " =L, -axiom of extracting context.



This means that if some knowledge L, has been obtained as interaction of knowledge Lk and

property Ly, of some context, then removal of the initial knowledge Lk in the context of the
interpretation result leads to the restoration of initial context.

Consequence: [« = samvel!;

Other properties of the semantic interpretation operation will be considered in the next chapter as
transformations with contexts.

4.2. Transformationswith contextsin the Algebra

In this paragraph, we describe the rules of transformation of the Algebra expressions which include
contexts.

Inversion in the context. The inverse result of interpretation a relation in a context is equal to the
result of interpretation the inverse relation in the same context. Formally:

(LM =0

Negation in the context. The negative result of interpretation a relation in a context is equal to the
result of interpretation the negative relation in the same context, and also it equals to the result of
interpretation of this relation in a negative context. Formally:

L = L™ =L

Addition in the context. The result of interpretation of the sum of two not-conflicting relations in
a context is equal to the semantic sum of these two relations interpreted separately in the same
context. Formally:

(L + L) =40 + L0, when Ly # Ly,
Multiplication in the context. The result of interpretation of the semantic multiplication of two

not-conflicting relations in a context is equal to the semantic multiplication of these two relations
interpreted separately in the same context. Formally:

(L* L)t = 40+ L, when Ly # O,

Interpretation in the sum of contexts. The result of interpretation of a relation in a semantic sum
of two not-conflicting contexts is equal to the semantic sum of this relation interpreted separately in
these two contexts. Formally:

Lm*hn = om 4 1 when Ly, # 0y,

Addition of interpreted relations. The result of a semantic sum of two not-conflicting relations
interpreted separately in two not-conflicting contexts is equal to the semantic sum of these relations
interpreted in the semantic sum of these contexts:

N0 (L L)ttt whenlg T L .

L
I-km + I-r
Multiplication of interpreted relations. The result of a semantic multiplication of two not-
conflicting relations interpreted separately in two not-conflicting contexts is equal to the semantic
multiplication of these relations interpreted in the semantic sum of these contexts:

LM L O (L )bt when g §, L L,

Multilevel interpretation. The result of a relation interpretation in several levels of contexts does
not depend on the order of interpretation:



L
L=n
(Lkm)Ln = L&( m )
4.3. Equations with contextsin the Algebra

To solve equations with the operation of semantic interpretation, the following main rules should be
used:

(F(Y) = R (2)b=tw o (F(Lh = Fy(L?) ) =hw oL 0 L
1 2
(F(Lh = R 2=t oo (H) = 2y =l oo L

Using the above properties and rules, we present solution methods of the following two types of
equations of the Algebra.

. T T L T T T
Li=l = (LS =L < B8 =10 o VB =N L =

1 Lx _L. 1. —L; —L;
L =L = Li(L' ):LiJ (G =G - sAMEX =L - L, =G,

Using above samples, one can solve more complex equations, for example:
El* L2(L3* LX*L4+L5)L6 * L7 + L8 — Lg - El* L2(L3* LX*L4+L5)L6 * L7 — Lg + E8 -

o |_2(—|—~3*|:x*|-4+|—5)L6 *Ly= *(Lg+ Lg) = |_2(|:3*|:x*|-4+|—5)L6 =L *(Lg +Lg)* L7 =

o Ly(L* B La*le) = (L * (Lg + L) * Ly) 16 = Da* [y * Ly +Lg = (¥ (Lot B T

o Do Do Ly = L B T 4 T o DLy = p* (R (Lo D) B8 L )
o Ly = L3*(E2(L1*(L9+E8)* L)' o L)* Ly = Ly= ~(L3*(Ez(I‘l*(l"~"+—':8)*':7)L6 +Lg)* Ly).

5. Reasoning with a Semantic M etanetwor k

Using semantic metanetworks and equations of the Algebra, one can solve the four reasoning
problems with contexts described in the following subsections.

Deriving an interpreted knowedge (decontextualization). Deriving of interpreted knowledge
means here deriving the formula for knowledge interpreted using all known levels of its context. This
problem is solved using operations of the Algebra.

We define the knowledge of a relation LA‘ ~A between any pairs of objects (Aj,Ay) from the

same level of a semantic metanetwork as a semantic sum over al possible paths between these
objects (A, A) that exist at this level of the metanetwork.

We define the knowledge LA‘ of an object A of a semantic metanetwork in one level as a

semantic sum over all knowledge of the relations that connect this object with all objects of the same
level, including the object itself:

LA\' :JZLA._AJ..

The interpreted knowledge of any relation, considering all contexts and metacontexts, is derived
by the following schema:

<knowl . about metacontext of n —thlevel >

< interpreted knowledge >=<knowledge ><Knowl. about context >



As an example let us derive the interpreted knowledge of the relation between A1 and A3 in
Figure 1. We will start from the top level of the metanetwork and define knowledge about

metacontextsAL',Azl,Ag:
LA.‘I: :L’Afll.l_AE +LA_||_|—A§ +LAS|I.|_A.|I.‘:L1+L1* Ly +SAME =11 * (SAME +Lp) =14 * Lo;

Now we can continue at the first level of the metanetwork and derive the interpreted knowledge
of thefirst level relations:

Aoyl
La-n = (L) ®* =(Lp)* 2,
c Lo L N L e
Ly = (L) M r () 2 =R (L) TR = (L r L) T T
. L. . Lo ot o
Lpp, = (L) A% (Ly) % = (Lt te = (Ll

Ly, = () B () % =[5 B (Bl (T B hte,
The knowledge about contexts AL A2 A3 of thefirst level is derived asfollows:

Ly = (Lr )t el tte el = (g (1 +Lg) et
La, :(E‘l)L;*L"Z +(|_'2)E1+|_; +(L'3)E;*E{ =([ +L, +L‘3)|_1*|_"2+E;*E{;
Ly, = (G B G (D Ly 2T T = (D (D L) 17

Now it is possible to derive the interpreted knowledge about the relation between A1 and A3
taking all contexts and metacontexts into account as:

(. L. L.
Lpg—pg =(L1) A (L) "2 +(1g) "8 =
=(L* L+ L3)(LI1* L+ Ly * Ly [+ L) (el

How to interpret formulas of the Algebra? The application area in such a problem defines the way
of representing context and metacontexts. If the internal structure of a context is known, one can, for
example, use the formalism of “semantic balance” between interna structure of a context and its
external relationships [13]. Some examples of interpretation technique in the domain of temporal
relations are given in [3]. The contexts of a relationship in [18, 26] are rules that define conditions
of appearing and disappearing of relations. The knowledge about knowledge sources can also be
considered as a context for knowledge base refinement asin [20, 21]. Farquhar et al. [12] have used
contexts to integrate databases, and Halpern and Moses [15] have used contexts to reason about
knowledge and belief of multiple agents. 1n [19], the knowledge about the relationship of an expert
with his colleagues is used as a context to interpret knowledge acquired from this expert.

Deriving unknown knowledge that is interpreted when the result of interpretation and the context
of interpretation are known (contextualization). This problem occurs when some knowledge has
been interpreted in some context and we have al knowledge about this context and knowledge that



is the result of interpretation. For example, let us suppose that your colleague, whose context you

know well, has described you a situation. You use knowledge about context of this person to

interpret the “real” situation. Example is more complicated if several persons describe you the same

situation. In this case, the context of the situation is the semantic sum over all personal contexts.
This second reasoning problem can be solved using the following equation:

1< knowledge about context >

X =< interpreted knowledge >;

Deriving unknown context of interpretation when the knowledge and its interpretation in this
context are known (context recognition). This problem occurs when we have knowledge that has
been interpreted in some unknown context and we also know what is the result of interpretation. For
example let us supposed that someone sends you a message describing the situation that you know
well. You compare your own knowledge with the knowledge you received. Usually you can derive
your opinion about the sender of this letter. Knowledge about the source of the message, you
derived, can be considered as certain context in which real situation has been interpreted and
sometimes it can help you to recognize a source or at least his motivation to change the redlity.

This third reasoning problem can be solved using the following equation:

< knowledge Sbx =< interpreted knowledge >.

Lifting (relative decontextualization). This means deriving knowledge interpreted in some context
if it is known how this knowledge was interpreted in another context. This problem is solved by

successive solution of the above contextualization and decontextualization problems. Let Lk is the
result of interpretation of some knowledge Ly in the context Ly, . The problem is to derive how this

knowledge would be interpreted in the context L. Thus we have the following procedure of lifting:

— —Ln
(Lkm = 1) = (Ly = Lllzm)[contextualization] o (L = Lllzm )[decontextualization] .

The formal tools, that are necessary to handle these reasoning problems, are presented in chapters
3 and 4 of this paper.

6. Conclusion

In our previous papers, we have described metaobjects in a metanetwork as rules, determining
behavior of relations. In this paper, we propose interpretation of metaobjects as contexts. This
enables ordering of contexts into multilevel representation, that can be used during reasoning
process. We have presented a general framework for solving four types of problems: how to derive
interpretation of knowledge in a context; how to derive knowledge that was interpreted; how to
derive knowledge about context of interpretation and how to change knowledge from one context to
another.

One way was shown how to interpret expressions of the Algebra. Further research is needed to
make more universal tools for interpreting such expressions in various applications where it is
reasonable to consider several levels of context. It is also planned to include temporal component to
the multilevel knowledge representation by considering dynamically changed contexts. Another
important problem is how to use context if incomplete and inconsistent knowledge about it is
acquired from several knowledge sources. It is also necessary to consider cases when inconsistent
and incomplete knowledge of multiple experts is interpreted using inconsistent and incomplete
knowledge about a context.
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