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ild & Saar-
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However, at that time Saarnio showed her the aforementioned
passage in Couturat's book, according to whom Leibniz
should not have tried to develop an intensional logic, which
was impossible. Kauppi thought that this could not be true,
and so she began to study Leibniz’s original manuscripts both
in Hannover as well as in Leibniz-Forschungsstelle at the Uni-
versity of Miinster.

As a result, Kauppi defended her dissertation Uber die Leib-

nizsche Logic mit besonderer Beriicksichtigung des Problems der In-
tension und der Extension in 1960 and became the first female in
Finland to doctorate in philosophy. The main outcome in her
thesis was that Leibniz worked out a variety of both inten-
sional and extensional treatments of the Io gic of predicates, i.e.,
concepts, but preferring the intensional approach (Kauppi
1960, 220, 251, 252). Furthermore, she also wanted to show in
a preliminary way that it was possible to further develop an
intensional logic outlined by Leibniz. Subsequently, Kauppi
published her intensional concept theory in the book Einfiih-
rung in die Theorie der Begriffssysteme in 1967. In 1969 she was
appointed to a permanent position as a professor of philoso-
phy at the University of Tampere, being the first female pro-
fessor in philosophy in the Nordic countries. Although Raili
Kauppi retired as an emerita in 1985, she was still actively tak-
ing part in philosophical life in Finland, especially in Tampere,
In this context, it is appropriate to gain some understanding of
Kauppi’s work on logic, so in the next section I will present her
basic intensional concept theory and, briefly, its background.

4. Kauppi’s Intensional Concept Theory

A famous logic text, the Port Royal Logic, composed by two
leaders of the Port Royal movement Antoine Arnauld (1612~
1694) and Pierre Nicole (1625-1695) in 1662, made a distinction

* Raili Kauppi was one among those who was interviewed for a series of

ten outstanding female researchers to celebrate the 350th Anniversary of
the University of Helsinki in 1990. In that interview, Kauppi emphasized
that she does not see any essential difference in the thinking of men and
women and remarked that she and Leibniz have had a similar problem
with an intensional negation (Naisia tutkijoina, Raili Kauppi. Tysryhms M.

Engman, A. Korppi-Tommola et al., VHS Video Cassette, 18 min, DiArt Oy,
1991).
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between the comprehension, comprehension, and the extension,
étendue or extension, of an idea. The comprehension of an idea
consists of “the attributes which it includes in itself, and which
cannot be taken away from it without destroying it.” The ex-
tension of an idea consists of “the subjects with which that idea
agrees,” or which contain it. Both the comprehensions of ideas
and the extensions of ideas are used in the Port Royal Logic in
justifying the basic rules of traditional logic (Adams 1994, 58).
Leibniz, in turn, distinguished these two types in terms of
ideas, secundum ideas or per ideas, on one hand, and in terms of
instances, secundum individua or per exempla subjecta, or individ-
uals belonging to the terms, per individuis terminorum, on the
other hand (ibid., 59). Nowadays this distinction is usually
made in terms of “the intension of a concept” and “the exten-
sion of a concept.”

In the Port Royal Logic “the extension of an idea” constituted
both the species and the individuals that fall under it, whereas
in Leibniz the extensional treatment is almost always in terms
of individuals that fall under the idea (Kauppi 1960, 43). Now-
adays “the extension of a concept” is taken to be a class (or a
set) of all those individuals which fall under it. However, now-
adays there are at least two different ways to interpret “the
comprehension of an idea”, i.e., either as “the intension of a
concept” or as “the conceptual content of a concept”, which,
however, are to be distinguished (see Palomiki 1997).

4.1, ItenffConnected to a Concept

Firstly, there are some basic items connected to a concept, and

one possible way to locate them is as follows: A term is a lin-
guistic entity. It denotes things and connotes a concept. A con-
cept, in turn, has an extension and an intension. The extension
of a concept is a sef (or a class, being more exact) of all those
things that fall under the concept; see Diagram 1 (Palomaki
1994, 81, 82). Now, there may be many different terms which
denote the same things but connote different concepts. That is,
these different concepts have the same extension, but they dif-
fer in their intension, and thus being different but co-

O Intension

Connotation W Concept

-

Extensi
Term "
Set
. Falls under
Di i "
enotation .* T Membership
Things
Diagram 1
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alim V, either  fa]lg under the conce
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4.2 An Intensional Containment Relation

tual
able us to make concep
ions between concepts en LG
TEQ;:;}:;O The basic relation between 'an(t:epst,isoﬁal . Bigne
zio?\al con'tainment-relation, and i—f is this ;2 Ce:} e o eI
i ts that we a
lation between concep ' eyt

mir;ttil(‘)z 6 More formally, let there be given twi ggntcbpwe ke
_r?When a concept a contains intensionally a co 8 p kg A
b:cl that the intension of the concept a contains ta ﬁa 11{1:: e
ihc}er concept b, or that the concept }If mtens;atna e¥1tails ils the

t i i the conce :

that the intension of th _ LT
:OII:;Z%'E:E ’fl)'fe concept b. This intensional containment-re

e

is denoted as follows,

4) a=2b. - t
It was subsequently observed by Kauppi in (1967) tha
: (5) a=b— (Vi) (iFa— iFb),

; . S
hat is, that the transition from intensions to gx:?arfs;gniam_
X a;sesIthe containment relation, i.e., the H}ten‘s)lr‘\)verse S
‘rfent-relation between concepts a and b l;s t\fv T s
1 extensional set-theoretical subset-relation be

- their extension. Thus, by (3),

* (6) - a2b—> Ev'(a) < B (b),

i ten-
here™c" is the set-theoretical subset-relation, (1)1rt ’;1‘11 egug(a)
‘ ;Yor?gl inclusion relation between sets. Or, if we p
3 .~ andB= Ey'(b), we will get,
& N
: T ins i ionally the
| tensionally
i ncept of a dog contains in 5
Foiggsg?)gfhﬁaﬂﬁiiged, glen the extension of the concept of
co

imals like elephants,
e., the set of four-footed anima angs
ggﬁgﬁggiér‘fsionally as a subset the extension of the concep

=
-

ion i learly distin-

i Is-IN -relation is to be ¢ . Z

S It is i t to notice that the Is-1 : e i

lt_ 1}? gnf};;);til}:e Is-A -relation, which is usua%]y apphed,f:.tgh e

glfls - instance, in a sentence: “Socrates is a human”, e relaior

A ?:nan:i “human” is an Is-A -relation, whef"eas :[r’l’]a-lumanity“
h:een S"(t);li‘sat;SSocrates" the relation between “Socrates” an

“humani , the .
is Is-In-relation, (cf. Palomiki & Kangassalo 2012)
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of a dog, i.e., the set of dogs; see Diagram 2, Observe, though,
that we can deduct from concepts to their extensions, ie., sets,
but not conversely, because

for every set there may be many
different concepts whose extension that set s,

¥ Dog > Quadruped
8 {xID} € {x1qwy)
e (=4
4
It =
Diagram 2

4.3 An Intensional Concept Theory KC

Based on the intensional containment relation between con-
cepts, Raili Kauppij presented her axiomatic intensional con-
cept theory in Kauppi (1967), which is further studied in
(Palomaki 1994). This axiomatic concept theory was inspired
by Leibniz’s logic, where the intensiona] containment relation
between concepts formalises an “inesse”-relation’ in Leibniz's
logic.8

An intensional concept theory,

in a first-order language L that contains individual variables g,
b, c,..., which range over the con

cepts, and one non-logical 2-
place intensional containment relation, denoted by “>". Twill first

denoted by KC, is presented

’ Literally, “inesse” is “being-in”, and this term
translators of Aristotle to render the Greek
(Leibniz 1997, 18, 243).

was used by Scholastic
"huparchei", ie., ”belongs to”

what truth is” (jbid,, 62).
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i Df, alb =4 3x)(x=2anrxzh)

i i ati-
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Dfy a¥Ybh =g ~alb.
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Dfe CRa@b =4 (VI)(CEXHHEX/\IJ2X).
The following axiom Axs of KC states that if two concepts g
and b are comparable, there exists a concept x which is their
intensional product.

Axg aHb—b(Bx)(xmz@b).
It is easy to show that the

intensional product is idempotent,
commutative, and associative.

A concept cis called an intensional sum of two concepts g and
b, if th

contained in a

Dfg c=a®b =4 (Vx)(xzcexza/\xzb).

The following axiom Axe of KC states that if two concepts g
and b are compatible, there exists a concept x which is their
intensional sum.

Axg aLb—;(Elx)(xma@b).

The intensional sum

is idempotent, commutative, and associa-
tive,
The intensional product of two conecepts g and bis intension-
ally contained in their intensional sum whenever both sides
are defined.

Thl g@b2a@p,
Proof:  If a ® b exists, then by Dfe,
larly, if 2 @ b exists,
Hence, by Axrran,,
A concept b is an intensional negation of a concept 4, denoted by
™4, if and only if it is intensionally contained in all those con-
cepts x, which are intensionally incompatible with the concept
4. When g exists, it is unique up to the intensional identity.
Df- br-g =y (Vx)(xzbex‘(a).
The following axiom Ax- of KC states that if
X which is incompatible with the concept g,
ept y, which is the intensional negation of

aza@bandb2a®b.5imi-
thenbnya;,a@bzaanda@bzb.
the theorem follows,

there is a concept
there exists a con-
the concept 4.
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Ax- (3x) (x Y a) — (3y) (y =~ —a).

o . —
It can be proved that a concept a contains intensionally its
tensional double negation if it exists.

Th2 ax--a

. By sub-
Proof: By Df- the equivalengs (1): b; -‘1; ;—)_‘I:I ‘1: i\;)l;lz a};\ g
l ituting — to (1), we get ma = aya,
f)m:t:cngg v?refogre{cj (2):(—'a Y a. Then, by substltutu}*llg a io; b
azd —‘;ef(;r ato (1), we geta=-—a <> aY ~aand hence, by
(2), the theorem follows. )
A e
Also, the following forms of the De Mm.'gan s formulas can
prov’ed whenever both sides are defined:
Th3 i) a@-bz-(a®b),
i) ~(a @ b) = —a & —b. 1 i
Proof:  First we are to prove the following important lemma:
Lemmal: a2b— ~bz—a.

by Df-
Proof: From a > b follows (Vx) (x Y b — x Y a), and thus by
the Lemma 1 follows.

. B
i) If a ® b exists, then by Dfe, a @ b>a and@abEB 'IIJ'hZEI:‘ b;r
Lemma 1 we get ~a>~(a® b) and ~b=~(a® b). i
< Dfg, Th 3 i) follows.

. s:
;4 - ii) This is proved in four steps as follow:

1L~@®b)2~a® ~b.

= z 4.
Since a = a @ b, it follows by Lemma 1 that ~(a ® b)
Thus, by Dfe, 1 holds.

2. 2(~~a ® —~b) = ~(a @ b). ’

Since a > =g, by Th 2, it follows by Dfe thata® b= ~™a
& ~-b. T_’hus, by Lemma 1, 2 holds.

3. (mma ® ==b) = ~(~a @ ~b).

~a>-(a®
Since (a @ b) = g, it follows by Lemma 1 ti\;t . r: ?ﬂ Gg 0
b), and so, by Dfe, it follows that (~a ® —b) e
Thus by substituting — for aand —b for b to it,

Since the special concept s is either co
with every concept, the law o
for any concept x, which has an in
concept x or its intensional nega
tained in it. Hence, we have
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4 -a@®-p> ~(a ® b).

Since ~g @ —p > ~>(ma @ -b), by Th 2, and from 3 it fol-
lows by Lemma 1 that ("2 & -b) > ~("a ® ~=b), and
by Axrrans we get a® b2 -(-ye 7). Thus, by 2 and
by AxXtrans, 4 holds,

From 1 and 4, by Df., the Th 3 ii) follows,

Df¢; =G =g (Vx) (x> a).

The next axiom of xC states that th
intensionally contained in every con

Axg EF)(vy) (y > x).

When the axiom of the general concept is adopted, it follows

that all concepts are to be comparable. Since the general con-
cept is compatible with every concept, it has no intensional ne-
gation.

ere is a concept which is
cept.

A special concept is a concept a, which js not intensionally
contained in any other concept except for concepts intensjon-
ally identical to itself. Thus, there can be many special con-

Dfs S(a) =ar (Vx) (xza-»a> x).

The last axiom of KC states that f,
special concept x in which it is inte

Axg (YY) (3x) (S(x) A x > y).

O any concept y there is g
nsionally contained.

mpatible or incompatible
f excluded middle holds for s so that

tensional negation, either the
tion —x is intensionally con-

Th4  (vx) (56) > (s2xvs> —x)).




i blngas
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A special concept, which corresponds to Leibniz’s complete
concept of an individual, notio completa seu perfecta substantine
singularis, would contain one member of every pair of mutu-
ally incompatible concepts.

5. A Model of KC - and the Work in Progress

It was 1990 when I planned to write my doctoral thesis on Ber-
trand Russell’s (1872-1970) concept of proposition, advised by
Veikko Rantala. However, I also met professor of computer
sciences, Hannu Kangassalo, who had applied Kauppi's inten-
sional concept theory to database designing (see Kangassalo
1992/93). He introduced me to Raili Kauppi, who, in turn,
gave me her book Einfiihrung in die Theorie der Begriffssysteme
(1967), remarking that an intensional relational theory was still
awork in progress. Thus, I changed my topic from the concept
of proposition to the concept of concept. I defended my thesis
Erom Concepts to Concept Theory: Discoveries, Connections, and
Results in 1994, trying, among other things, to find an algebraic
model for Kauppi's basic intensional concept theory, KC. This
attempt may be summarized as follows.

From the completeness theorem it is known that every con-
sistent first-order theory has a model. Accordingly, in (Palo-
maki, 1994, 94-97), a model of KC + Ax- is found to be a

. complete semilattice, where every concept a € C defines a Boolean

algebra B, = <la, ®, ®, -, G, a>, where {ais an ideal, known as
the principal ideal generated bya ie, da=g{xeC | a2 x}, and
the intensional negation of a concept b € {a is interpreted as a
relative complement of a.

Let us have two concepts, ‘man’ and ‘womar’, as an exam-
ple of a conceptual structure based on the intensional concept
theory KC. The common concept which contains intensionally
both the concepts of ‘man’ and of ‘womar, and so is their in-
tensional conceptual product, is the concept of “human’. The
concept of ‘human’ contains intensionally the concept of “ani-
mal’, which, in turn, contains intensionally the general concept
'G". Then, the concept in which both the concepts of ‘man’ and
of ‘woman’ are intensionally contained is the concept of ‘an-
drogyne’, which in this conceptual system is a special concept
containing intensionally all these concepts. For a visual presen-
tation of this conceptual structure, see the Diagram 3. Note that
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No intensional ne atio
e gation of any concept appears in this exam,.

Androgyne ~ Man ® Woman

Mlll/ \

Human = Mag ® Woman

Woman

Animal

|

G
Diagram 3
Since then, | have tried
. ¢ : .
cept theory in the spirit O?If:fl:}z:?r Saperc an Koy -co-

Palomiki (1994, 2004, 2012, 20141)2: Saarnio and Kauppi, e.g, in

A - and th is still i
gress. Great thinkers are always posthumgl:;rloyr i:igﬁgtﬁep o
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