Constrained Line Of Iden tit y: An Approac h T o

Conditional Joins

?

Harry S. Delugach and Thomas H. Hinke

Computer Science Department

The University of Alabama in Huntsville

Huntsville, AL. 35899

Email: delugach@cs.uah.edu

Phone: (205) 895-6614

F AX: 895-6239

Keywords: Conceptual graphs, line of identity

, co-referent link, implicit ref-

erent, emb edded referent, typ e de�nition expansion/contraction, conditional

co-referent

Abstract. Conceptual graphs supp ort a notion called a \line of identity"

(also called a \co-referent link") that sp eci�es a single concept which is de-

noted by two or more concept b oxes. The multiple concepts can b e joined

into a single concept (if they are in the same context). This work prop oses

a richer notion, expressible using existing conceptual graph constructs, that

allows �ner distinctions to b e made ab out what concepts are allowed to b e

joined, and also addresses the problem of joining b etween di�erent contexts.

In the course of describing an entire relational database with multiple graphs

(one for each database relation). W e encountered a problem in joining these

graphs into one large graph (the universal join relation); namely

, the existence

of some instance constraints on joins. In some cases, foreign key attributes in

one relation’s graph cannot b e joined unconditionally with their corresp ond-

ing attributes in another relation. W e describ e a new notion, a conditional

join, to handle this problem and others as well. W e provide a rationale, de-

scription and examples of such a join.

1 In tro duction

Conceptual graphs supp ort a notion called a \line of identity" (also called a \co-

referent link") that denotes a single concept represented by two or more concept

b oxes. The multiple concepts can b e joined into a single concept (if they are in

the same context). In the course of our work, however, we have encountered some

limitations with the co-referent link as describ ed in [Sow84]. John Esch has describ ed

other problems [Esc92, CGl]. This work prop oses our solution, expressible using

existing conceptual graph constructs, that allows �ner distinctions to b e made ab out

what concepts are allowed to b e joined, and also addresses the problem of joining

b etween di�erent contexts.

?

This work was supp orted under U.S. Department of Defense, Maryland Pro curement

O�ce Contract No. MDA904-92-C-5146.

This research arose during the AERIE research pro ject, whose purp ose is to

develop a classi�cation of v arious typ es of inferences using the AERIE mo del and to

apply conceptual graphs to the inference detection problem: i.e., how to prevent the

inferring of classi�ed information from unclassi�ed information [DHC93, HDC93]. In

the course of our work, we have encountered the need to represent lines of identity

that are dep endent up on other graphs; i.e., the line of identity cannot b e drawn

b etween instances without their meeting some additional constraints. W e have solved

this problem using what we call a c onstr aine d line of identity or CLOI. It is not

an addition to existing conceptual graph notation, merely a new use for existing

constructs.

This pap er describ es our development of the CLOI notion. W e outline problems

with the current interpretation of the line of identity

, and describ e the analysis

example with which we are working. W e then show unconditional joins through

examples in order to set the stage for describing the problem of conditional joins, in

the context of combining a set of graphs from database relations. W e then discuss the

CLOI notion and present some issues we have discovered concerning its application.

2 Problems With Lines Of Iden tit y

The co-referent link has b een studied in depth by John Esch [Esc92]. In his work,

he deals generally with lines of identity that link concepts in two di�erent contexts,

where one dominates the other. His examples illustrate several uses of lines of iden-

tity

. In our work we are interested primarily in lines of identity connecting concepts

in the same context; as we explain later, in our work we obtain many graphs which

are conveniently linked together through lines of identity .

A co-referent link connects two or more concepts, as in Fig. 1(a). Under normal

circumstances, a co-referent link within the same context connects two or more

concepts that can b e joined unconditionally; i.e., the concepts refer to the same

real-world thing. The two or more concepts can therefore b e joined into the same

concept, thereby joining the two or more graphs in which they app ear, as shown in

Fig. 1(b). Concepts X, Q, and Y can all b e joined together as long as their referents

do not con ict (if instance graphs are considered).

Some problems arise from using lines of identity . W e will now describ e two im-

p ortant problems: the �rst is where a line of identity may or may not b e drawn

dep ending on individual referents, and the second is where a line of identity actually

links emb edded co-referents.

2.1 Generic Vs. Individual Graphs

The problem of lines of identity dep ending on individual referents came ab out

through our work in representing a set of database relations in conceptual graphs.

F or our application purp oses, we b egan by fo cusing on a particular database that

is to b e inference analyzed. Our analysis involves the collection of v arious typ es of

inference-relev ant data by fo cusing on one relation at a time. This collection we

call a micr o analyze d know le dge chunk or MKC. The details of MKC’s are b eyond

the scop e of this pap er; more information can b e found in [HDC93, HDC94]. With

{ 2 {

X Q Y r1 A

r2 B

X = Q = Y

A

r2 r1

B

(a) (b)

Fig. 1. Unconstrained Line of Identity .

resp ect to this pap er, the relev ant results of this microanalysis are a set of graphs

that are asso ciated with di�erent relations in the database.

Even though the AERIE pro ject uses the database relation as the fo cus of an

these graphs, we have argued elsewhere [HDC94] that ours is a general approach

that can b e used in a wide v ariety of knowledge acquisition and representation

applications. All that is required is to have a knowledge engineer in p ossession of

the AERIE metho dology describ ed in [HDC94]. F or this pap er, it is su�cient to b e

aware of the existence of a set of related graphs with some shared concepts.

As an example database, we will present a sample company that sto cks heavy

equipment and parts. Its database consists of a numb er of relev ant relations; we will

consider only three of them.

The relation Parts Catalog, shown in Fig. 2, is the schema for a relation that

contains the catalog of parts sto cked by the company

. Note that PartNo, b eing

underlined, is a primary key for the relation. The corresp onding conceptual graph

representation of the schema is shown in Fig. 3(a). Two instances of the Parts Cata-

log relation are shown in Fig. 3(b) and (c). Note that generic concepts of the schema

in Fig. 3(a) are replaced by individual concepts in Fig. 3(b) and (c).

Parts Catalog Relation

PartNo Description Class WholeItem UnitPrice

5500 Cotton Picker 005 YES 35467.00

G874-22 12V Battery 160 NO 45.67

43729C Spindle 505 NO 1550.00

: : : : : : : : : : : : : : :

Fig. 2. Parts Catalog Relation Schema and Instances.

{ 3 {

price name class CLASS: 505

Spindle DESCRIPTION:

MONEY: 1550.00

(c)

attribute

PART: 43729C

WholeItem: NO

price name class

MONEY

CLASS

DESCRIPTION

PART: *p attribute

WholeItem (a)

name class

price

CLASS: 005

MONEY: 35467.00

DESCRIPTION:

Cotton Picker

(b)

attribute

PART: 5500

WholeItem: YES

Fig. 3. Graphs Of The Parts Catalog Relation.

The company database contains information ab out sto ck on hand, keyed by part

numb er, as shown in the relation Parts Inventory in Fig. 4. The corresp onding con-

ceptual graph representation of the schema is shown in Fig. 5(a). An instance of the

Parts Breakdown relation is shown in Fig. 5(b).

Parts Inventory Relation

PartNo Site OnHand OnOrder

5500 Huntsville 4 3

G874-22 Nashville 39 25

43729C Lincoln 7 4

: : : : : : : : : : : :

Fig. 4. Parts Inventory Relation Schema and Instances.

An equipment company’s database will also contain information ab out the parts

breakdown or \explosion" for each whole go o d item. That is, a comp osite part’s

comp onent parts will b e known. Sometimes the breakdown is shown in a drawing

to show the relative physical arrangement of parts in the whole; we assume that the

part-of information is kept in a database relation, as shown in Fig. 6. The corre-

sp onding conceptual graph representation of the schema is shown in Fig. 7(a). An

instance of the Parts Breakdown relation is shown in Fig. 7(b).

W e can now characterize the problem of co-referent links dep ending on instances

by considering the two schema graphs in Fig. 5(a) and Fig. 7(a). Since there is a

[P ART] concept in b oth graphs, they could normally b e joined around the [P

ART]

concept to form a single graph. This resulting graph would b e incorrect, however,

{ 4 {

PART: 43729C

quantity quantity (b)

location

ONHAND: 7

ORDERED: 4

SITE: Lincoln quantity quantity

location

(a)

SITE

ONHAND

PART: *p

ORDERED

Fig. 5. Graphs Of The Parts Inventory Relation.

Parts Breakdown Relation

WholeNo PartNo QtyOfParts

5500 43729C 1

5500 G874-22 2

: : : : : : : : :

Fig. 6. Parts Breakdown Relation and Instances.

part-of PART quantity NUMBER

PART

(a)

part-of quantity NUMBER: 1

PART: 43729C

PART: 5500

(b)

Fig. 7. Graphs Of The Parts Breakdown Relation.

b ecause we would then b e able to instantiate (from the database) individual graphs

whereby any part would b e a part of some whole. W e must somehow constrain the

join so that we can only join parts which are b ona �de comp onents of some other

part. W e will show in the next section that the constrained line of identity easily

addresses this problem.

2.2 Emb edded Co-Referents

The problem of emb edded (or implicit) co-referents has b een identi�ed by John

Esch and others [CGl]. The problem is illustrated by the di�erence b etween the two

deriv ations shown in Fig. 8 and in Fig. 9.

In Fig. 8, there is no problem. Starting with Fig. 8(a), we can split the con-

cept [STUDENT: Linda], linking the two copies via a line of identity as in Fig. 8(b).

{ 5 {

Given the typ e de�nition for HONOR-STUDENT in Fig. 8(c), we obtain the graph

in Fig. 8(e); likewise, given the typ e de�nition for SENIOR in Fig. 8(d), we obtain

the graph in Fig. 8(f ). This deriv ation is unambiguous b ecause b oth de�nitions’ base

concepts are the concepts that are linked by a line of identity .

STUDENT:

GPA:

attr attr YEAR: 4

3.88 (a) Linda

STUDENT:

GPA:

attr STUDENT: (b) attr YEAR: 4

3.88 Linda Linda

STUDENT:

attr

type SENIOR (s) is

YEAR: 4 (d) *s

STUDENT:

attr (e) SENIOR:

GPA:

3.88 Linda Linda

STUDENT:

GPA:

attr

*g > 3.75 (c) *s type HONOR-STUDENT (s) is

(f) SENIOR:

Linda Linda HONOR-STUDENT:

Fig. 8. Typ e Contraction Involving Base Concepts.

In Fig. 9, however, there is a problem. As b efore, we can split the concept [STU-

DENT: Linda] and contract the left part of the graph using the HONOR-STUDENT

typ e de�nition in Fig. 9(c). W e can also contract the right part using the typ e def-

inition for SENIOR-YEAR in Fig. 9(d). The problem with the line of identity now

b ecomes apparent. The base concepts of each are di�erent than the lined concepts.

It is certain that something is b eing linked, but what? W e should not b e able to sim-

ply draw a line of identity

, as shown by the ?? in Fig. 9(e) b ecause Honor-Student

Linda and Senior-Y ear 4 are clearly not the same concept, Y et the rules of the line

of identity would allow us to join them.

Esch [Esc92 ] prop osed lab eling the line of identity with the symb olic referent from

the de�nition, as in Fig. 9(f ), to indicate that the line of identity links the concept

[HONOR-STUDENT: Linda] with an emb edded concept whose referent is *s emb ed-

ded in the de�nition of SENIOR-YEAR. Here the s indicates that the co-reference

is not to the referent of [SENIOR-YEAR] but to the concept of its di�erentia [STU-

{ 6 {

(a) STUDENT:

GPA:

attr attr YEAR: 4

3.88 Linda

STUDENT:

GPA:

attr STUDENT: (b) attr YEAR: 4

3.88 Linda Linda

STUDENT:

GPA:

attr

*g > 3.75 (c) *s type HONOR-STUDENT (s) is

STUDENT:

attr (d) YEAR: *y= 4 *s type SENIOR-YEAR (y) is

STUDENT:

attr (e) GPA:

3.88 Linda SENIOR-YEAR: 4 ??

Linda >s 4 HONOR-STUDENT: SENIOR-YEAR: (f)

Fig. 9. Typ e Contraction Problems Using Lines Of Identity .

DENT] with s as its v ariable. Esch notes the obvious undesirability of its syntactic

clumsiness, but there are additional problems with this approach that are even more

imp ortant. These additional problems are illustrated by Fig. 10.

The deriv ation steps of Fig. 10(a) through (e) are similar to the steps of Fig. 8.

F rom the de�nition in Fig. loi-defn-2-contraction(f ), the graph in Fig. loi-defn-2-

contraction(e) can b e rewritten (using the mechanism prop osed by Esch) by further

lab eling the line of identity with the referent d of [T6: *d]. The d is now ambiguous;

to which d do es it refer? The d could refer to the referent of [T2] in Fig. loi-defn-

2-contraction(b) and (d), or to the referent of [T6] in Fig. loi-defn-2-contraction(e)

or (f ). Even if the v ariable names were unique, a lesser problem is the notational

ugliness of having more than one lab el on a co-referent link.

Esch’s approach involves adding a new meaning to v ariable names in typ e de�-

nitions. Determining a name for each concept’s referent in a typ e de�nition creates

a naming problem analogous to pikcing v ariable names in a programming language

with dynamic scoping; i.e., a reference to a lo cal v ariable may o ccur in ANY scop e.

This means that either (a) some global renaming pro cess would have to o ccur (to

ensure uniqueness), or (b) no symb olic referent (e.g., *y) could b e used more than

once!

There is an imp ortant theoretical problem here as well. The lab el on the line

{ 7 {

(c) T1: *b T2: *a r1 type T5 (a) is

T2: *d r2 T3: *c (d)

type T6 (c) is r3 T6: *c (e) T4 T5: *a >d

T1 r1 r2 r3

T2 T3 T4

T1 r1 T2 r2

T2 r3 T4 T3

(a)

(b)

(f) T6: *d T4: *e r3 (g) T5: *a T7: *e type T7 (c) is

>d>d

Fig. 10. Problems With Lab eled Lines Of Identity .

of identity actually contains meta-information that has no meaning for the graphs

as shown. If a concept actually denotes more than it represents, then using ...>d...

conveys the intent: I am explicitly r eferring to otherwise-undenote d internal details

of some c onc ept. This issue is analogous to allowing accessing implementation details

of some abstract data typ e in a programming language. That is, should we b e allowed

access to internals that we aren’t showing? In programming languages, such practices

are generally discouraged; we argue b elow that such access to internals should also

b e discouraged in conceptual graph notation.

These problems can b e b etter addressed by the constrained line of identity

(CLOI) which we are prop osing in this pap er. The next section describ es the CLOI

and shows our solutions to these two problems.

3 Constrained Line Of Iden tit y

The previous section showed two di�culties with the line of identity (or co-referent

link) as presently interpreted. This section outlines the constrained line of identity

as our prop osed solution to the problems we have mentioned, and shows how the

problem examples would b e expressed.

3.1 Unconstrained vs. Constrained Line of Identity

A constrained line of identity connects two or more concepts via some concept that

app ears in a constraint. F or example, in Fig. 11, concepts X and Y are connected

to concept Q which app ears inside a constraint. The meaning of this construct will

b e based on applying the b eta rules. As shown, X and Y cannot b e joined, even if

{ 8 {

their referents are compatible, b ecause Q is in a nested context. In the example, if P

were asserted in the same context as X and Y, then P could b e removed from inside

the negated context (through deiteration) and the two negations could b e removed,

thereby placing Q in the same context as X and Y. Since Q now app ears in the same

context as X and Y, and all three are connected via a line of identity

, then all three

concepts can b e joined.

X P

Q Y

Fig. 11. Constrained Line of Identity .

This is a constrained line of identity b ecause the line of identity only exists

b etween all three concepts if P is true. Therefore the truth of P forms the condition

under which the line of identity forms a true co-referent link.

3.2 Handling Generic Vs. Individual Graphs

In this section, we show how we join the graphs derived from the relations. W e

assume in the parts inventory

, that the primary key PartNo represents the same

information as PartNo in the parts catalog. W e therefore can draw a line of identity

connecting the two schema (generic) graphs through the [ P

ART: *p ] concept, as

shown in Fig. 12(a).

Because these two graphs are in the same context (i.e., level 0), we can p erform

an unconditional join on the two instance graphs as well, combining the two [ P

ART:

43729C ] concepts to form the single graph of Fig. 12(c).

Contrast this situation with the more interesting one; namely

, where lines of

identity can b e drawn, but only b etween concepts in certain instance graphs. F or

example, the part numb er of the Parts Breakdown relation can b e joined with the

part numb er of the Parts Catalog { but not in all cases! A cotton picker has parts,

but a battery do es not. If we drew a simple line of identity

, this constraint would

not b e captured. One solution (alb eit tedious and ine�cient) is to enumerate all the

instance graphs, and draw lines of identity only where a whole-item’s catalog graph

app ears. A more concise solution is to use the constrained line of identity

. Fig. 13

shows how the constraint is denoted. In this graph, the IF-THEN rule of the negated

context (interpreted through the b eta rules) means: If the p art \p" has a WholeItem

attribute with value \YES," then the p art \q" c an b e asserte d in the outer c ontext.

Given the constraint in Fig. 13, we can show an instance from the two relations,

one from Fig. 3(b), the other from Fig. 7(b). Fig. 14(a) shows the schema instanti-

ated for an instance of Part 5500. Fig. 14(b) shows the negated context after insertion

of the left-hand graph, followed by a join inside the negated context. Fig. 14(c) shows

{ 9 {

ORDERED quantity

PART: *p

location quantity

SITE

ONHAND

PART: 43729C

quantity quantity

location

ONHAND: 7

ORDERED: 4

SITE: Lincoln

price name class

attribute

PART: 43729C

WholeItem: NO

CLASS: 505

Spindle DESCRIPTION:

MONEY: 1550.00

price name class

PART: *p attribute

WholeItem

MONEY

CLASS

DESCRIPTION price name class CLASS: 505

Spindle DESCRIPTION:

MONEY: 1550.00 attribute

WholeItem: NO

PART: 43729C

quantity quantity

location

ONHAND: 7

ORDERED: 4

SITE: Lincoln

(c)

(b)

(a)

Fig. 12. Unconstrained Line Of Identity Between Same Context Graphs.

price name class

MONEY

CLASS

DESCRIPTION

PART: *p attribute

WholeItem

attribute

WholeItem: YES

PART: *p

PART: *q

part-of PART quantity NUMBER

PART

Fig. 13. Constrained Line Of Identity Between Generic Graphs.

{ 10 {

the graph after deiteration from inside the negated context, and �nally Fig. 14(d)

shows remov al of the double negation to p erform the join.

part-of quantity NUMBER: 1

PART: 43729C

PART: 5500 name class

price

CLASS: 005

MONEY: 35467.00

DESCRIPTION:

Cotton Picker attribute

PART: 5500

WholeItem: YES attribute

PART: 5500

WholeItem: YES

name class

price

CLASS: 005

MONEY: 35467.00

DESCRIPTION:

Cotton Picker attribute

PART: 5500

WholeItem: YES

attribute

WholeItem: YES

PART: *p

PART: *q

part-of quantity NUMBER: 1

PART: 43729C

PART: 5500

(a)

name class

price

CLASS: 005

MONEY: 35467.00

DESCRIPTION:

Cotton Picker attribute

PART: 5500

WholeItem: YES

part-of quantity NUMBER: 1

PART: 43729C

PART: 5500 PART: *q

(c)

name class

price

(d)

part-of PART: 43729C

CLASS: 005

MONEY: 35467.00

DESCRIPTION:

Cotton Picker attribute

PART: 5500

WholeItem: YES quantity NUMBER: 1

PART: *q

(b)

Fig. 14. Remov al Of Constrained Line Of Identity Between Instance Graphs.

3.3 Handling Emb edded Co-Referents

The handling of emb edded co-referents has several philosophical approaches. The

most restrictive philosophy would b e to assume that a line of identity may only link

a base concept of a de�nition; if the base concept do es not participate in the line of

{ 11 {

identity b efore contraction, then the contracted result has no line of identity

. This

p olicy is quite safe, since we never have to deal with links b etween any but a true

set of co-referents.

The restrictive p olicy unfortunately also results in the loss of some information.

Some would argue that this is in fact what de�nition contraction is supp osed to do;

namely

, denote a higher level of abstraction. It should b e p ointed out that removing

the line of identity unless base concepts are involved also means that the pro cess of

contraction followed by expansion is not symmetrical.

A second approach is to use Esch’s solution of providing meta-information on the

co-referent link. This solution distinguishes lines of identity involving base concepts

from lines of identity which do not. As previously noted, however, this approach

has several drawbacks, such as requiring unique naming to avoid ambiguities and

allowing access to internals of a concept, not to mention its mo di�cation of the basic

syntax of conceptual graphs.

Our approach is to use the existing de�nition of the line of identity

, and preserve

its semantics; namely

, that co-referent links are only allowed to link concepts that

can b e joined. The conditional line of identity serves this purp ose, as shown in

Fig. 15. The meaning of the negated context alone in Fig. 15(a) is as follows: If the

T6 c al le d \c" exists, then the T2 c al le d \d" exists. This corresp onds to its de�nition;

namely that there is a T2 in T6’s de�nition. Since T2 is coreferent with T5, we can

also say that T5 exists. Likewise Fig. 15(b) shows the corresp onding rule from T7’s

de�nition.

Note there are actually three lines of identity! This is required by our philosophy

that only true co-referents may b e linked by a single line of identity

. All the lines of

identity conform to the already-existing rules for their use; no additional semantics

or syntax is required.

4 Discussion

W e have identi�ed several issues with resp ect to the constrained line of identity

(CLOI).

Despite its usefulness, the constrained line of identity also su�ers from a lack of

symmetry in deriv ations with implied co-referents. Although sp ecial rules could b e

devised for sp eci�cally interpreting the IF-THEN rule along the constrained line of

identity

, in fact the IF-THEN rule is just another subgraph in a larger graph whose

meaning must b e conveyed by its entire contents. It is therefore p ossible that the

original line of identity may not re-app ear in its original simple form.

There are some problems in expressing the CLOI in the linear form of concep-

tual graphs. Ordinarily

, co-referent information is conveyed by sharing an identical

symb olic referent. Fig. 11 would hence b e written as:

[X: *a] [ [P] [Q: *a] ] [Y: *a]

In the CLOI, the common referent is somewhat misleading since two common ref-

erents are not unconditionally co-referent. Of course, b eing in di�erent nested con-

texts changes the meaning, but nested contexts are harder to understand in the

linear form. Although not a central issue for the use of CLOI’s, it is imp ortant for

practical purp oses that any construct we can draw using the display form also b e

{ 12 {

r3 T6: *c T4

T5: *a (a)

T5: *a T7: *e (b)

T6: *c T2: *d

T6: *d T2: *d T4: *e T6: *c

Fig. 15. Representing Emb edded Co-Referents Using Conditional Line Of Identity .

expressible in the linear form. The = sign in a referent has b een prop osed to handle

the problem [Sow84 ].

The constrained line of identity expresses an imp ortant class of relationships in

conceptual graphs that are not easily expressed with the original co-referent link

idea. Without adding any new syntax or semantics, the constrained line of identity

captures the notion of conditional co-reference in a natural and easily understo o d

way .

Two imp ortant problems are solved using the constrained line of identity: instance-

dep endent co-referents and emb edded (implicit) co-referents. F or the �rst problem,

it provides more p ower and precision than a mere enumeration of instance graphs

(some of which would have a line of identity

, some would not). In time, we would

exp ect that a constrained line of identity would b ecome a well-known idiom in con-

ceptual graph structures, similar to the :(P _ :Q) idiom for if-then rules.

{ 13 {

References

[CGl] Conceptual Graph Electronic Mailing List (cg@umn.cs.edu). Contact Bosco Tjan

(tjan@cs.umn.edu).

[DHC93] Harry S. Delugach, Thomas H. Hinke, and Asha Chandrasekhar. Applying Con-

ceptual Graphs for Inference Detection Using Second Path Analysis. In Pr o c.

ICCS93, Intl. Conf. on Conc eptual Structur es, pages 188{197, Lav al University ,

Queb ec City

, Canada, Aug. 4-7 1993.

[Esc92] John Esch. The Scop e Of Co-reference In Conceptual Graphs. In Heather Pfei�er,

editor, Pr o c e e dings of the 7th Annual Conc eptual Gr aphs Workshop, pages 129{

138. Springer V erlag, 1992. Las Cruces, NM, U.S.A., July 8-10.

[HDC93] Thomas H. Hinke, Harry S. Delugach, and Asha Chandrasekhar. Layered Knowl-

edge Chunks F or Database Inference Detection. In Pr o c. 7th IFIP WG 11.3

Working Confer enc e on Datab ase Se curity, Huntsville, Alabama, Sept. 1993.

[HDC94] Thomas H. Hinke, Harry S. Delugach, and Asha Chandrasekhar. Microanalyzed

Knowledge Chunks F or Database Inference Detection. Jour. Computer Se curity,

1994. (submitted).

[Sow84] John F. Sowa. Conc eptual Structur es: Information Pr o c essing in Mind and Ma-

chine. Addison-W esley

, Reading, MA, 1984.

This article was pro cessed using the L a

T

E

X macro pack age with LLNCS style

{ 14 {