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The Portal of Conceptual Graphs

An IFF portal is point of entrance; it is a namespace that serves as an interface and is used for communica-
tion between an external representation and the IFF Model Theory Ontology.

The IFF Model Theory Ontology has a close and intimate relationship with conceptual graphs (without
contexts). Here we give a preliminary discussion of that relationship. This section describes and axioma-
tizes the portal of conceptual graphs. The conceptual graphs portal is specifically oriented to the particular
representation in the Conceptual Graph Standard, and the following axiomatization closely follows the dis-
cussion in that standard. The declarations in the portal of conceptual graphs use the lower metalevel termi-
nology from the IFF Model Theory Ontology.

Table 1 lists the terminology for the IFF representation of conceptual graphs. Actual terms from the Con-
ceptual Graphs Standard are in boldface. The other terms are needed in the IFF representation of conceptual
graphs. The namespace in the magenta-colored background use only a limited notion of variable and define
functions for primitive relation labels only — the basic CG namespace uses only natural numbers as vari-
able, and the spangraph namespace uses cases (primitive relation label — natural number pairs) as variables.
The namespace in the green-colored background have the full extension to variables and to all relation la-
bels, primitive and defined.

Table 1: The terminology of the conceptual graphs portal

Set Function Other
cg type- | abel val ence type-hierarphy
= concept -1 abel arity = concept - hi erar chy
i ndi vi dual - mar ker signature = subtype
primtive rel ation-hi erarchy
defi ned entity absurdity
rel ation-| abel pair
hyper gr aph
cg case injection spangr aph
.sgph ind@cm@on
proj ection
conedi at or
type | anguage
arity
si gnature
cg vari abl e prinjtive-ayity | anguage
A ang = coreference-| abel primtive-signature
| ambda
defined-arity
def i ned- si gnature
type
arity
si gnature
cg expressi on arity expressi on- | anguage
. expr express?on—pair signature expressi on-cl assification
expr essi on-
vari abl e-pair
expressi on-
substitution-pair
at om negati on
conj unction disjunction
inmplication equival ence
exi stential -quantification
uni ver sal -quantification
substitution
cg | anbda- st ar interpretation
.interp
cg tuple entity-classification
nod rel ation-classification
’ know edge- base
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Hypergraphs
cg
Correspondences between the CG standard and IFF are listed in Table 2.

Table 2: Correspondences

CG IFF

conceptual graph classification incidence between a tuple and
an expression

concept classification incidence between a universe
element (entity instance) and an entity type

type label entity type

relation label relation type

conceptual relation tuple

coreference set variable

referent entity instance

relation arc case (entity instance or variable)

entity arc comediator

In this section we discuss how conceptual graphs define hypergraphs.

o  The entity type hierarchy is a partially ordered set whose elements are called type labels. Type labels
are also called concept labels. We ignore defined type labels. We assume that all type labels are primi-
tive.

(1) (set$set type-1label)

(set $set concept -1 abel)
(= concept -1l abel type-Iabel)

(2) (ord$partial-order type-hierarchy)
(ord$partial -order concept-hierarchy)
(ord$partial -order subtype)

(= concept-hi erarchy type-hierarchy)
(= subtype concept - hi erarchy)
(= (ord$set type-hierarchy) type-1|abel)

o  The type hierarchy contains two primitive type labels: the universal type ‘entity’ and the absurd type
‘absurdity’. The symbol T is synonymous with ‘entity’, and the symbol L is synonymous with ‘ab-
surdity’.

(3) (type-label entity)
(((ord$upper-bound type-hierarchy) type-label) entity)

(4) (type-label absurdity)
(((ord$l ower-bound type-hierarchy) type-label) absurdity)

o The catalog of individuals contains surrogates for actual individuals. They are the referents (individual
markers) that appear in expressions (concepts) in the knowledge base.

(5) (set$set individual-marker)

o The relation type hierarchy is a partially ordered set whose elements are called relation labels. Each
relation label is specified as primitive or defined, but not both. We ignore defined relation labels at this
point — defining relations with CG lambda expressions corresponds to specifying IFF type language
interpretations. For the present, we assume that all relation labels are primitive.

(6) (set$set primtive)

(7) (set$set defined)
(set$disjoint primtive defined)

(8) (set$set relation-Iabel)
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(= relation-1abel (set$binary-union [primtive defined]))

(9) (ord$partial-order relation-hierarchy)
(= (ord$set relation-hierarchy) relation-|abel)

o For every relation label, there is a natural number n called its valence. For every n-adic conceptual
relation r, there is a sequence of n concept types, called the signature of r. All conceptual relations of
the same relation type p have the same valence and the same signature. We lift these to the type p.

Then, all relational instances have the same valence, #

arity and signature as any of their relational types. prim > [ natno natno
Every conceptual relation r has a relation type p = )

sign(r) and a nonnegative integer n = val(r) = 6\ tuple<arity( O

larity(r)| called its valence. A conceptual relation of tuple(D) typ-lbl
valence n is said to be n-adic, and its arcs are num-

bered from 0 to n—1. For every n-adic conceptual re- Figure 1: Hypergraph Representation

lation r, there is a sequence (tuple) of n concept types for Conceptual Graphs

to, ..., t,-1 called the signature of r. The IFF Model

Ontology represents a signature as a map from an arity set to a type set. The type set in question here is
the concept type labels typ-Ibl. In general, the arity set is a subset of a set of names. The simplest
model for this situation is to let the first n natural number arity(r) = {0, ..., n—1} O natno be the arity
set with the set of natural numbers themselves as the set of names.

(10) (set.ftn$function val ence)

(= (set.ftn$source valence) primtive)
(= (set.ftn$target val ence) set$natno)

(11) (set.pr$pair pair)

(= (set.pr$setl pair) set$natno)

(= (set.pr$set2 pair) type-|abel)
(12) (set.ftn$function arity)

(= (set.ftn$source arity) primtive)

(= (set.ftn$target arity) (set$power set$natno))

(= arity (set.ftn$conposition [val ence (ord$down-enbeddi ng ord$natno)]))
(13) (set.ftn$function signature)

(= (set.ftn$source signature) primtive)

(= (set.ftn$target signature) (set.pr$tuple pair))

(= signature (set.ftn$conposition [arity (set.pr$tuple-assign pair)]))

o Here is an example of some ontologically-oriented assertions taken from the Conceptual Graphs Stan-
dard, which represent the population of the entity and relation type hierarchies. These declare entity
and relation types, and to constrain these through subtyping and disjointness relationships.

(type-1abel person)
(type-1abel object)
(type-1abel cat)
(type-1abel mat)
(type-1abel action)
(type-1abel city)
(type-1abel bus)
(type-1abel on)

(subtype cat object)
(subtype nat object)
(subtype person object)
(subtype city object)
(subtype bus object)
(subtype on action)

(primtive on)

(= (val ence on) 2)

(= ((signature on) 0) object)
(= ((signature on) 1) object)
(primtive agnt)
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(val ence agnt) 2)
((signature agnt)
((signature agnt)
rimtive dest)

(val ence dest) 2)
((signature dest)
((signature dest)
rimtive inst)

(val ence inst) 2)
((signature inst)
((signature inst)

NN AN A AN A AN AN~
L L = L I = R VR TR |

The hypergraph (Figure 1) for conceptual graphs is defined using these components.
(14) (hgph$hypergraph hypergraph)

0)
1)

0)
1)

0)
1)

action)
obj ect)

action)
obj ect)

action)
obj ect)

Page 4

(= (hgph$name hyper graph) set $nat no)

(
(
(
(
(

(hgph$node hypergraph) type-Iabel)
(hgph$edge hypergraph) primtive)
(hgph$r ef erence hypergraph) pair)
(hgph$t upl e hypergraph) signature)
(hgph$edge-arity hypergraph) arity)

4/24/2002
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Spangraphs
cg. sgph

In this section we discuss how conceptual graphs define spangraphs. We do this by functorially transform-
ing hypergraphs to spangraphs. This spangraph representaton corresponds closely to the display form for
conceptual graphs.

Hypergraph > Spangraph

o We can complete this in one full swoop by using the spangraph function on hypergraphs.

(1) (sgph$spangraph spangraph)
(= spangraph (hgph$spangraph cg$hyper graph))

o But we expand on this somewhat, thereby getting more useful terminology. inj(p)
- The set of cases arity(p)—>  case
case = yarity = ¥, orennr arity(p) = {(p, J) | p O prim, j < val(p)} 0 J/ proj

is the coproduct of its arity (Diagram 1).
—  For any primitive relation label p O prim the case injection function

inj(p) : #(p) = arity(p) — case
is defined by inj(p)(j) = (p, j) for all primitive relation labels p O prim and all natural numbers

j < val(p).
- The indication and projection functions (Diagram 2) case _
. . ro
indic : case — prim and mduc/ N\ proJ
#  hatno

proj : case — natno,

which are based on the coproduct arity, are defined by prim 1 natno

Diagram 1: Case and Injection

indic((p, j)) = p and projG)(p, j)) = | Diagram 2: Indication and Projection

for all primitive relation labels p [0 prim and all natural numbers j < val(p).

—  The comediator function (Diagram 3) comed

0= comed : case - typ-Ibl. case —> typ-lbl
is the slot-filler function for frames. Pointwise, it is defined by

comed((p, J)) = A(p)(J)
for all primitive relation labels p [ prim and all natural numbers j < val(p).

Diagram 3: Comediator

(2) (set$set case)
(= case (hgph$case cg$hypergraph))

(3)
(SET. FTN$source injection) cg$prinitive)
(SET. FTN$t arget i nj ection) set.ftn$function)
i

SET. FTN$f unction i nj ection)
= injection (hgph$injection cg$hypergraph))

(
(
(
(

(4) (set.ftn$function indication)

= (set.ftn$source indication) case)

= (set.ftn$target indication) cg$primtive)

= indication (hgph$indication cg$hypergraph))
(5) (set.ftn$function projection)

= (set.ftn$source projection) case)

= (set.ftn$target projection) set$natno)

= projection (hgph$projection cg$hypergraph))
(6)
set.ftn$source conedi ator) case)

set. ftn$functi on conedi at or)
= (
= (set.ftn$target conediator) cg$type-|abel)
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(= conedi ator (hgph$conedi at or cg$hypergraph))

#
prim  ——> [ natno

a\ tUMity(D nexus prehensions  actualities
indic comed

tuple(D prim <«— case ——> typ-lbl
= proj J/
natno
natno
O
names
typ-Ibl

Figure 2: Passage to the Spangraph Representation for Conceptual Graphs

o Collecting these components together gives (Figure 2) a spangraph representation for conceptual
graphs.

(7

(sgph$spangraph spangraph)
(= (sgph$vertex spangraph) case)

(= (sgph$first spangraph) conedi ator)
(= (sgph$set1 spangraph) cg$type-| abel)
(= (sgph$second spangraph) projection)
(= (sgph$set 2 spangraph) set $natno)
(= (sgph$third spangraph) indication)
(= (sgph$set 3 spangraph) cg$prinitive)
(= spangraph (hgph$spangraph cg$hyper graph))
o We define two component functions for type languages.
. . . #
The arity function (Diagram 4) prim S Ocase

#, = arity : prim - [ case proj
which is the fiber of the indication function, is defined by m

arity(p) ={(p. J) |j < val(p)} O natno
for all primitive relation labels p O prim. The arity function com- Diagram 4: Arity
mutes with the edge arity function.

The signature function (Diagram 5) #

d, = sign : prim - sign(D) prim ——> [case
which is the composition of the arity function with the signature- .
assign of the comediator function, is defined by 0, type-arity

sign(p) = {to, --- » t-1} sign(t)

(8)

(9)

for all primitive relation labels p O prim; that is, sign(p)(j) = t; for all Diagram 5: Signature
primitive relation labels p O prim and all natural numbers j < val(p).

(set.ftn$function arity)

(= (set.ftn$source arity) cg$primtive)

(= (set.ftn$target arity) (set$power case))
(= arity (set.ftn$fiber indication))

et.ftn$function signature)
(set.ftn$source signature) cg$prinitive)
(set.ftn$target signature) (set.ftn$signature conediator))
signature (set.ftn$conposition [arity (set.ftn$signature-assign conediator)]))

mnmninw

(
(
(
(
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nexus prehensions  actualities

indic comed

prim <«— case ——> typ-lbl

proj l

natno

names

th
prim ———> [case

01\ typ&-arity

sign(t)

case

comed J/

typ-Ibl

Figure 3: Passage to a Type Language Representation for Conceptual Graphs

4/24/2002

A type language representation for conceptual graphs is obtained (Figure 3) by applying the language
functor to the spangraph. The details of this representation involve the arity and signature functions
defined above.

(10) (Il ang$l anguage | anguage)

(
(
(
(
(
(
(

(
(
(
(
(
(
|

| ang$vari abl e | anguage) case)

| ang$entity | anguage) cg$type-|abel)
| ang$rel ation | anguage) cg$prinitive)
| ang$r ef erence | anguage) conedi at or)
| ang$si gnat ure | anguage) signature)
lang$rel ation-arity |anguage) arity)
anguage (sgph$l anguage spangraph))
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Languages
cg. l ang

As is clear from the definition, the variables for the type languages defined via spangraphs are restricted to
elements of the case set; they are only of the form (p, j) for relation type (relation label) p O rel-Ibl and
natural number j < val(p). These elements can be identified with the arcs for the display form of conceptual
graphs. In order to define complex expressions (conceptual graphs), these variables are not flexible enough.
For this the display form uses coreference links, whereas the linear form and the KIF and IFF representa-
tions of conceptual graphs use (sorted) logical variables.

o There is a set of variables (coreference labels), which includes the set of cases, since these are used for
“variables” in relation type arities and signatures in the CG spangraph namespace. The set of variables
is sorted (pgrtltmngd) by a type function according to entity type. There is case var
a type function (Diagram 6)

T=type:var - typ-lbl comeo\ J/ T=type

which maps variables to entity types (type labels). For coherence, the type
function cannot be defined on just natural numbers (thought of as vari- typ-lol
ables in the CG hypergraph), since in general two different relation types Diagram 6: Type
(relation labels) may assign different entity types (type labels) to a particu-
lar natural number common to their arities. For this reason we include the set of cases, not the set of
natural numbers, in the set of variables: case [] var. The type function extends the comediator func-
tion, which is defined on cases. We reiterate that the type function represents conceptual graphs in
terms of many-sorted 1%-order logic/language.
(1) (set$set variable)

(set $set coreference-set)

(= variabl e coreference-set)
(set $subset cg. sgph$case vari abl e)

(2)
set.ftn$source type) variable)

set. ftn$function type)
= (
= (set.ftn$target type) cg$type-I|abel)
=c
(

(
(
(
( onedi at or

set. ftn$conposition [(set.ftn$inclusion [cg.sgph$case variable]) type]))

o There is a primitive arity function (Diagram 7)

#= prim-arity : prim - Ovar O var
which extends the arity function in the CG spangraph namespace. So, point- # .
wise this is defined by O inc

prim-arity(p) = {(p, j) | j < val(p)} prim ——> [case

for all primitive relation labels p O prim. It is abstractly defined as the com- ig

position in Diagram 7.
There is a primitive signature function (Diagram 8)
d=sign : prim - sign(t) #

which is intuitively defined by prim ——> [var

Diagram 7: Primitive Arity

. B type-arity
sign(p) ={to, ... , th-1} 6\ %ype-assign

for all primitive relation labels p U prim; that is, sign(p)(j) = t; for all primi-

tive relation labels p O prim and all natural numbers j < val(p). It is ab- sign(o

stractly defined (Diagram 8) to be the composition of the primitive arity Diagram 8: Primitive Signature

function with the signature-assign of the type function.

(3) (set.ftn$function primtive-arity)
(= (set.ftn$source primtive-arity) cg$primtive)
(= (set.ftn$target prinmitive-arity) (set$power variable))
(= primtive-arity
(set.ftn$conposition
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[cg. sgph$arity (set.ftn$power (set.ftn$inclusion [cg.sgph$case variable]))]))

(4) (set.ftn$function primtive-signature)

(= (set.ftn$source primtive-signature) cg$primtive)
(= (set.ftn$target primtive-signature) (set.ftn$signature type))
(= primtive-signature
(set.ftn$conposition [primtive-arity (set.ftn$signature-assign type)]))

def
i A
) expr " prim —> rel-lbl <— def

AN

sign(type) — Ovar expr
type-arity
Diagram 9: Lambda Diagram 10: Lambda-star

o For any nonnegative integer n, an n-adic lambda expression ¢ is a conceptual graph, called the body of
¢, in which n concepts have been designated as formal parameters of ¢. The formal parameters of ¢ are
numbered from O to n—1. There is a sequence (tuple) of n concept types (to, ... , t,-1) called the signa-
ture of ¢, where each t; is the concept type of the j-th formal parameter of ¢. In the IFF lambda expres-
sions have the same representation as conceptual graphs — they are represented as expressions.

o  As an example consider the sentence “John is going to Boston.”

The conceptual graph for could be converted to the following dyadic lambda expression in linear
form by replacing the name John with the symbol Ag and the name Boston with A;.

[Person: Ag —(Agnt) «[Go] »(Dest) -[City: A4

To simplify the parsing, the CGIF notation avoids the character A and represents lambda expres-
sions in a form that shows the signature explicitly.

(lanbda (Person*x, City*y) [Go *z] (Agnt ?z ?x) (Dest ?z ?y))

More detailed is the following IFF expression for this. Let ¢ represent the open KIF expression

(exists (?z (go ?2))

(and (agnt ?z ?x) (dest ?z ?y)))
with val = 2, arity = {X, y} (having the two free variables X and y), and signature sign(o)(x) = Per-
son and sign(e)(y) = City. Substitutions are used as before.

(cg. expr $expressi on agnt - expr0)

(= agnt-expr0 (cg.expr$atom agnt))
ang$substitution agnt-subst)

(I ang$donmai n agnt-subst) (cg.expr$arity agnt))
(agnt-subst [agnt 0]) z)

(agnt-subst [agnt 1]) x)

(cg. expr $expressi on agnt - expr)
(= agnt-expr (substitution [agnt-expr0 agnt-subst]))

(cg. expr $expressi on conj oi n)
(= conjoin0 (cg.expr$conjunction [agnt-expr dest-expr]))

(cg. expr $expressi on phi)
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(= phi (cg.expr$existential-quantification [conjoin z]))

g.expr$arity phi) x)

g.expr$arity phi) vy)

((cg. expr$si gnature phi) x) person)
((cg. expr$signature phi) y) city)

o For every defined relation label of valence n (definiendum), there is exactly one n-adic lambda expres-
sion (definiens), called its definition. There is a definition (interpretation) function (Diagram 9)
— lambda: def - expr.
The arity and signature of a defined relation label is the arity and signature of its definiens.

There is a defined arity function
#=def-arity : def - Ovar
which is abstractly defined (Diagram 1) to be the composition of lambda with the expression arity
function.
There is a defined signature function
d = def-sign : def — sign(t)
which is abstractly defined (Diagram 9) to be the composition of lambda with the expression signature.

(5) (set.ftn$function |anbda)

(= (set.ftn$source | anbda) cg$defi ned)

(= (set.ftn$target |anbda) cg. expr$expression)
(6) et.ftn$function defined-arity)
(set.ftn$source defined-arity) cg$defined)
(set.ftn$target defined-arity) (set$power variable))
defined-arity (set.ftn$conposition [|lanbda cg.expr$arity]))

mnmninw

(
(
(
(

(7) et.ftn$functi on defined-signature)
(set.ftn$source defined-signature) cg$defined)
(set.ftn$target defined-signature) (set.ftn$signature type))
d

efined-signature (set.ftn$conposition [|anbda cg. expr$signature]))

Imn i noum

(
(
(
(

prim —> rel-lbl <— def prim —> rel-Ibl <— def

# Hae 0 Odef

#prim aprim

O var sign(t)

Diagram 11: Arity Diagram 12: Signature

o  There is a relation arity function (Diagram 11)
#=arity : rel-lbl - O var
which combines the primitive and defined arity functions.

There is a relation signature function (Diagram 12)
d = sign : rel-lbl - sign(t)
which combines the primitive and defined signature functions.

(8) (set.ftn$function arity)

(= (set.ftn$source arity) cg$rel ation-Iabel)

(= (set.ftn$target arity) (set$power variable))

(forall (?rho (relation-Iabel ?rho))

(and (=> (cg$primtive ?rho)
(= (arity ?rho) (primtive-arity ?rho)))
(=> (cg$defined ?rho)

(= (arity ?rho) (defined-arity ?rho)))))
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(9) (set.ftn$function signature)

(= (set.ftn$source signature) cg$rel ation-1abel)

(= (set.ftn$target signature) (set.ftn$signature type))

(forall (?rho (relation-Iabel ?rho))

(and (=> (cg$primtive ?rho)
(= (signature ?rho) (primtive-signature ?rho)))
(=> (cg$defined ?rho)

(= (signature ?rho) (defined-signature ?rho)))))

#
. i rel-lbl —— Ovar
nexus prehensions  actualities
) indic comed 5\ typ&-arity
prim <«— case ——> typ-lbl
. sign(t
orol l = gn(o)
natno var
names T J/

typ-Ibl

Figure 4: Passage to a Type Language Representation for Conceptual Graphs

o An extended type language representation for conceptual graphs is obtained (Figure 4) by collecting
together the components above.

(10) (1 ang$l anguage | anguage)

(lang$vari abl e | anguage) vari abl e)
(lang$entity | anguage) cg$type-| abel)

(I ang$rel ation | anguage) cg$rel ation-Iabel)
(1 ang$r ef erence | anguage) type)

(1 ang$si gnature | anguage) signature)
(lang$relation-arity |anguage) arity)

(
(
(
(
(
(
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Expressions
cg. expr

(e]

(e]

(e]

The set of all expressions (conceptual graphs) definable in a knowledge base forms a type language
that extends the basic type language of the knowledge base.

(1) (set$set expression)
(= expression (lang. expr$set cg.lang$l anguage))

(2) (set.ftn$function arity)
= (set.ftn$source arity) expression)
= (set.ftn$target arity) (set$power cg.lang$variable))
= arity (lang.expr$arity cg.|ang$l angauge))
(3) (set.ftn$function signature)
= (set.ftn$source signature) expression)
= (set.ftn$target signature) (set.ftn$signature type))
= signature (lang.expr$signature cg.|ang$l angauge))
(4) (1 ang$l anguage expression-| anguage)
(= expression-1anguage (| ang. expr$expression cg. | ang$l anguage))

| ang$vari abl e expressi on-1anguage) cg. | ang$vari abl e)

| ang$entity expression-|language) cg$type-|abel)

| ang$r ef erence expression-1anguage) cg. | ang$reference)
| ang$rel ati on expression-1anguage) expression)

| ang$rel ation-arity expression-|language) arity)

| ang$si gnat ur e expressi on-1 anguage) signature)

A~~~
I | N | T |

(
(
(
(
(
(

The set of all expressions (conceptual graphs) definable in a knowledge base forms a classification.

(5) (cls$classification expression-classification)
(= (cl s$instance expression-classification) cg. nod$tuple)
(= (cl s$type expression-classification) expression)

Expressions (conceptual graphs) can be built in a recursive fashion by using the following operators.

(6) (set$set expression-pair)
(= expression-pair
(set.limprd2%bi nary-product [expression expression]))

(7) (set$set expression-variable-pair)
(= expression-variabl e-pair
(1 ang$case cg. | ang$l anguage))

(8) (set$set expression-substitution-pair)
(= (expression-substitution-pair
(rel $extent (Il ang$substitutible cg.lang$l anguage)))

(9)
(set.ftn$source aton) cg$rel ation-1abel)
(set.ftn$target aton) expression)
a

set. ftn$functi on atom
= atom (| ang. expr $at om cg. | ang$l anguage) )

(
(
(
(

(10) (set.ftn$function negation)
(= (set.ftn$source negation) expression)
(= (set.ftn$target negation) expression)
(= negation (lang.expr$negation cg.|ang$l anguage))

(11) (set.ftn$function conjunction)

(= (set.ftn$source conjunction) expression-pair)

(= (set.ftn$target conjunction) expression)

(= conjunction (lang.expr$conjunction cg.|ang$l anguage))
(12) (set.ftn$function disjunction)

(= (set.ftn$source disjunction) expression-pair)

(= (set.ftn$target disjunction) expression)

(= disjunction (lang.expr$disjunction cg.|ang$l anguage))

(13) (set.ftn$function inplication)


http://users.bestweb.net/~sowa/cg/cgstandw.htm
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(= (set.ftn$source inplication) expression-pair)
(= (set.ftn$target inplication) expression)
(= inmplication (lang.expr$inplication cg.lang$l anguage))

(14) (set.ftn$function equival ence)
(= (set.ftn$source equival ence) expression-pair)
(= (set.ftn$target equival ence) expression)
(= equival ence (I ang. expr$equi val ence cg. | ang$l anguage))

(15) (set.ftn$function existential-quantification)
(= (set.ftn$source existential-quantification) expression-variable-pair)
(= (set.ftn$target existential-quantification) expression)
(= existential-quantification

(I ang. expr $exi stenti al -quantification cg.|ang$l anguage))

(16) (set.ftn$function universal-quantification)
(= (set.ftn$source universal-quantification) expression-variable-pair)
(= (set.ftn$target universal-quantification) expression)
(= universal -quantification

(1 ang. expr$uni versal -quantification cg. | ang$l anguage))

(17) (set.ftn$function substitution)
(= (set.ftn$source substitution) expression-substitution-pair)
(= (set.ftn$target substitution) expression)
(= substitution (lang.expr$substitution cg.|ang$l anguage))

o Here is an example of how these operations can be used in a sntax-directed build for the IFF represen-
tation of a conceptual graph. Consider the natural language assertion “John is going to Boston by bus”
taken from the Conceptual Graphs Standard. This can be represented by the following simple concep-
tual graph.

Bus

Person: John Go City: Boston

Figure 5: Simple Conceptual Graph

—  Figure 5 represents this in display form.

—  The linear form for this is the following expression.

[ Go] -
(Agnt) —[ Person: John]
(Dest) -[City: Boston]
(I'nst) »[ Bus]

— An canonical interchange version is the following expression.

[G *x] [Bus *w] [Person: John] [City: Boston]
(Agnt ?x ?y) (Dest ?x ?z) (lInst ?x ?w)

— This can be expressed in KIF notation as follows. The first two assertions are entity classifications.

The last assertion is an expression classification.

(person john)
(city boston)

(exists (?x (go ?x) ?w (bus ?w))
(and (agnt ?x john) (dest ?x boston) (inst ?x ?w)))
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More detailed is the following IFF expression for this. Let ¢ represent the open KIF expression

(exists (?x (go ?x) ?w (bus ?w))
(and (agnt ?x ?y) (dest ?x ?z) (inst ?x ?w)))

with val = 2, arity = {y, z} (having the two free variables y and z). Then the complete expression

represents the following incidences. The first two incidences in an entity classification; that is, in
the catelogue of individuals. The final incidence is in the expression classification.

John &= Person
Boston = City
(John, Boston) & ¢

Implicit in the transformation from display form to IFF is the introduction of variables. This intro-
duction corresponds to the application of a substitution to the various primitive expressions. For
example, the agent relation type, regarded as a primitive expression, has (relational) arity {0, 1}.
Looking forward, we want to replace (the natural number regarded as) the variable {agnt, 0} with
the variable X and we want to replace the variable {agnt, 1} with the variable y. The application of
the atom, conjunction, ... operators is syntax-directed, and would be accomplished during a parse
of the CGIF expression.

(expressi on agnt-expr0)
(= agnt-expr0 (atom agnt))

(1l ang$substitution agnt-subst)

(= (lang$domai n agnt-subst) (arity agnt))

(= (agnt-subst [agnt 0]) x)

(= (agnt-subst [agnt 1]) V)

(expressi on agnt-expr)

(= agnt-expr (substitution [agnt-expr0 agnt-subst]))

(expressi on conj oi n0)
(= conjoin0 (conjunction [agnt-expr dest-expr]))

(expressi on conj oi n)
(= conjoin (conjunction [conjoinO0 inst-expr]))

(expression phi0)
(= phi 0 (existential-quantification [conjoin w))

(expressi on phi)
(= phi (existential-quantification [phiO x]))

(val ence phi) 2)
rity phi) vy)

rity phi) z)
(
(

L

(signature phi) y) object)
(signature phi) z) object)

A~~~
In -1

upl e pair)

(tuple-length pair) 2)
uple-arity pair) vy)
u
(
(

— —

ple-arity pair) z)
(tuple-signature pair) y) john)
(tupl e-signature pair) z) boston)

e e e e e
nm -1

(expression-classification [pair phi])



The IFF Model Theory Ontology
Robert E. Kent Page 15 4/24/2002

Interpretations
cg.interp

(e]

The definition function can be extended to all relation symbols as the function (Diagram 10)
- lambda*: rel-Ibl — expr
which is the copairing of lamba with atom, the primitive relation type injection.

(1) (set.ftn$function |anbda-star)
(= (set.ftn$source | anbda-star) cg$rel ation-Iabel)
(= (set.ftn$target |anbda-star) cg.expr$expression)
(forall (?rho (relation-Iabel ?rho))
(and (=> (cg$primtive ?rho)
(= (1 ambda-star ?rho) (cg.expr$atom ?rho)))
(=> (cg$defined ?rho)
(= (lanmbda-star ?rho) (lanbda ?rho)))))

This definition (interpretation) of relation symbols has an associated type interpretation
— interp : lang — expr(lang),
whose variable and entity functions are identity, and whose relation function is lambda-star.

(2) (lang.interp$interpretation interpretation)

(= (lang.interp$source interpretation) cg.lang$l anguage)

(= (lang.interp$target interpretation) cg.expr$expression-|anguage)

(= (lang. nor$variable (lang.interp$norphisminterpretation))
(set.ftn$identity cg.lang$variable))

(= (lang. nor$entity (lang.interp$norphisminterpretation))
(set.ftn$identity cg$type-1abel))

(= (lang. nor$rel ation (lang.interp$norphisminterpretation)) |anbda-star)
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Models

This section describes the IFF representation for a knowledge base as described in the Conceptual Graphs
Standard. The type language for these knowledgebases was defined in the CG type language namespace. It
corresponds closely to the interchange form of conceptual graphs. A knowledge base consists of the follow-
ing components.

o  The entity instances (individual markers) and entity types (type labels) form a classification. Incidence
in this classification is specified in the concepts in the knowledge base by the link between referents

type type
/

concept : [ classification

referent referent

and type labels. Every concept has a concept type t and a referent r. Incidence is represented by the co-
lon separator between type label and referent in a concept.
(1) (cls$classification entity-classification)

(= (cl s$instance entity-classification) universe)
(= (cls$type entity-classification) cg$type-I|abel)

o Here is an example of how the singleton graphs in the catalog of individuals are
represented in IFF in terms of the entity classification. Consider the natural lan-
guage assertion “John is a person.” This can be represented by a singleton con-
ceptual graph — it consists of a single concept, but no conceptual relations or arcs.

Person: John

Figure 6: Singleton
Conceptual Graph
— Figure 6 represents this in display form.

—  The linear form (and interchange form) for this is the following expression.
[ Person: John]
— This can be expressed in KIF notation as follows.
(person john)
— This concept represents the following incidence in the entity classification of a knowledge base.
John &= Person
—  The IFF notation for this was listed above.

(cg. mod$i ndi vi dual - mar ker j ohn)
(cg. mod$entity-classification [john person])

Here is an example of some ontologically-oriented assertions taken from the Conceptual Graphs Stan-
dard, which represent the population of the catalogue of individuals.

(cg%$i ndi vi dual - mar ker j ohn)

(cg%$i ndi vi dual - mar ker yoj o)

(cg$i ndi vi dual - mar ker #2631)

(cg$i ndi vi dual - nar ker bost on)

(cg$entity-classification [john person])
(cg$entity-classification [yojo cat])
(cg$entity-classification [#2631 mat])
(cg$entity-classification [boston city])

o The tuples (relation instances) are abstractions for ordinary tuples. They correspond to the entries in a
relational database table. They appear implicitly as the arguments in the atomic expressions (concep-
tual relations) that appear in expressions (concepts) in the knowledge base.

(2) (set$set tuple)


http://users.bestweb.net/~sowa/cg/cgstandw.htm
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(e]

The relation instances (tuples) and relation types (relation labels) form a classification. Incidence in
this classification is specified in the knowledge base as the conceptual relations (primitive relational
expressions or star conceptual graphs) that resolve any expression (conceptual graph).

(3) (cls$classification relation-classification)
(= (cls$instance relation-classification) tuple)
(= (cls$type relation-classification) relation-Iabel)

A knowledge base is another name for a model. Every knowledge base (model) has an associated type

language. This language is defined in the CG type language namespace. The contents of the knowledge
base must satisfy the following constraints:

— The entity types (type labels), which in any expression (conceptual graph) or type interpretation
(lambda expression) in the knowledge base, must be specified in the entity type hierarchy.

The relation types (relation labels), which in any expression (conceptual graph) or type interpreta-
tion (lambda expression) in the knowledge base, must be specified in the relation type hierarchy.

The entity instances (individual markers), which in any expression (conceptual graph) or type in-

terpretation (lambda expression) in the knowledge base, must be specified in the catalog of
individuals.

(4) (rod$nodel know edge- base)

(= (rod$uni verse know edge- base) i ndi vi dual - mar ker)
(nmod$t upl e know edge- base) tuple)
(nmod$entity know edge- base) entity-classification)
(nod$rel ati on know edge-base) rel ation-cl assification)
(nod$t ype know edge- base) cg. | ang$l anguage)
(nmod$expressi on-cl assificati on know edge- base)
cg. expr $expr essi on-cl assi fi cation)

(
(
(
(
(
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