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Since the advent of computers and their  application, i n  particu- 
l a r  to  a r t i f i c i a l  intelligence, it is being widely recognized 
tha t  mathematical logics, such as predicate calculus, are not 
expressively rich enough t o  capture our intui t ions about rea1 
world objects. Thus,  researchers i n  A I  have either abandoned 
predicate calculus as a basis for developing systems for reason- 
ing about rea1 objects or have attempted i n  an adhoc fashion t o  
enhance predicate calculus by adding new primitives including 
concept formation, abstraction, modalities, circumscription, etc. 

We t h i n k  tha t  laws of logic about the rea1 world have a basis 
which is  extralogical and that  cannot be anything else  b u t  the 
rea1 world. Bere we are concerned w i t h  the loaical laws govern- 
ing rea1 objects; t h i s  is t o  be distinguished from laws of phy- 
s i c s ,  chemistry or other physical sciences. 

These notes are  an i n i t i a l  attempt t o  develop an ontological 
structure and propose a formalism which captures t h i s  ontology 
and which is governed by the same ontological structure. The 
basic premise on which th i s  development is  based i s  tha t  
corresponding t o  every ontological structure,  there is  a logical 
s t ructure and l inguis t ic  structure induced by the ontology. The 
discussion is  thue divided into three major sections, wOntology," 
"Logic," and wLanguage.w 

The 'logic of objectsw sketched i n  these notes is  intended as one 
of the cornerstones of natural logic, a nove1 logical formalism 
being developed as  the basis for an approach t o  b u i l d i n g  system 
specifications and a computer language based on tha t  approach, 
colled Tecton [Ref erences 1,2,4,5] . 
Another cornerstone of natural logic is a new approach t o  moda1 
logic, L e . ,  the use of a t t r ibutes  attached t o  propositions, 
called modalities. Examples of modalities are: t rue,  fa lse ,  con- 
trary,  necessary, contingent, possible, impossible, provable, 
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inconsistent, deterministic, absurd, meaningful, etc. I n  
- representing knowledge for reasoning about systems (including 

rea1 world systems), many other modalities, such as default (nor- 
mal), probable, plausible, desirable, interesting, etc.,  turn out 
t o  be useful. Modalities are not discussed i n  these notes, b u t  
ore occasionally used i n  definitions. See reference [3] for the 
definit ions of modalities that  are assumed here. 

Our world view commits t o  the philosophical principle that  a l 1  
our knowledge is rooted i n  the rea1 world. Thus,  objects i n  the 
rea1 world (henceforth called rea1 objects) are  the most s ignif i -  
cant. Then comes what are  called modes, t h i n g s  which do not 
exis t  by themselves b u t  " inn objects. 

Concepts, or conceptual objects, are formed t o  represent rea1 
objects or by transforming concepts so formed t o  get new con- 
cepts. Further, relationships tha t  hold among concepts are based 
on rea1 relationships among rea1 objects. 

Intui t ively,  we describe an object which existed, exis ts  or may 
exis t  i n  the rea1 world as  a rea1 object. Further, rea1 objects 
get created and destroyed by natural phenomena and actions of 
rea1 objects. Rea1 relations among rea1 objects are called con- 
nections. Like rea1 objects, they get created and destroyed by 
natural phenomena and actions of rea1 objects. 

2.1.1 Parta A centra1 ontological relation among rea1 objects 
is  the " i s  a part ofa relation among objects; t h i s  relation,  
called the whole part  relation i n  philosophical c i rc les  has been 
extensively debated. A well known axiomatization of t h i s  rela- 
t ion devised by the Polish logician S. Lesniewski and l a te r  by A. 
Tarski, is essentially based on a se t  theoretic interpretation of 
the world. I n  the i r  view, for every s e t  of objects, there exis ts  
another object which includes a l 1  elements of t h i s  s e t  as i ts  
parts. A s  pointed out by Rescher, the i r  mereology sufferes from 
serious shortcomings. The following example i l l u s t r a t e s  t h i s :  

I n  Lesniewski and Tarski ls  view, Carter ts  head, which is an 
object and is  a part of Carter, and Reagan's heart,  which is an 
object and a part of Reagan, form an object consisting of 
Carter ls  head and Reaganls heart,  which is contrary t o  natura1 
ontological intui t ion we possess. The problem ar ises  because of 
the law of comprehension tha t  Lesniewski and Tarski obtain i n  
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the i r  axiomatic theory which implies that  objects are constructed 
out of the blue by predication. 

A rea1 object can have which are (i) rea1 objects, and (ii) 
which are connected. Formally, t h i s  is  expressed by 

&.&uu nf B: For every part p o£ x ,  there exis ts  another 
part  p' (different from p) such that  p and p' are connected and 
the t rans i t ive  closure o£ these (direct)  connections relates  
every part of x t o  every other part x. 

Further, anything which has a rea1 object as i ts  part is  a rea1 
object i t s e l f .  

nf Connect&m: For every proper subset of parts o£ an 
object there is a part i n  the subset which is  connected wi th  some 
part  outside of the subset. 

A l 1  connections among the parts of an object constitute the fprm 
of an object. 

2.1.2 &h&wAB 
. . . nefrnitlon: A subpart p of a rea1 object x is 

ei ther  (i) a part of x ,  or (ii) is a subpart of some part p' of 
X. 

Pf Non--: No rea1 object is a subpart of i t s e l f .  

m: For any two rea1 objects x and y, i f  x is  a subpart of 
y, then y is not a subpart of x. 

2.1.3 =a-- . * .  -: Integra1 parts 
of an object are those parts of the object needed t o  realize i t s  
primary purpose. Connections among integral  parts constitue the 
integral  form of the object. 

Two in tu i t ive  constraints tha t  we have on the definit ion of 
essent ial  par ts  are (i) for certain objects, i t  is possible t o  
take them apart which would resul t  i n  their  losing the i r  identi ty 
and l a t e r  they could be brought together which would imply their  
regaining the i r  identity. This allows objects t o  exis t ,  disap- 
pear and l a t e r  reappear; t h u s  there is a discontinuity i n  their  
existence. (ii) some essential  parts of an object can be 
replaced one by one without the object losing i t s  identity. 

To define identi ty across time, we introduce the notion of essen- 
t i a l  parts and essential  form. 

. . . 
Deflnitlon: An essential  part  of an object i s  an integral  part 
such that  i f  it is removed, the object loses i ts  identi ty,  hence 
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it d i s appea r s .  Th i s  i s  n o t  t o  deny t h a t  e s s e n t i a l  p a r t s  do n o t  
- change. 

If t h e r e  is no d i s c o n t i n u i t y  i n  t h e  e x i s t e n c e  o£ an o b j e c t  over a  
time pe r iod ,  t h e  e s s e n t i a l  form d e f i n e s  t h e  i d e n t i t y  of t h e  
o b j e c t  because it  is  p o s s i b l e  throughout  t h i s  pe r i od  t o  p o i n t  t o  
t h e  o b j e c t ;  o the rw i se  i f  t h e r e  is  a  gap du r ing  which an o b j e c t  
d i s appea red  and l a t e r  i t  reappeared,  t h e  e s s e n t i a l  p a r t s  a s  w e l l  
as t h e  e s s e n t i a l  form of t h e  o b j e c t  d e f i n e  i ts  i d e n t i t y .  Essen- 
t i a l  p a r t s  s t a r t  p l ay ing  a  c r u c i a l  r o l e  a s  t hey  d i s t i n g u i s h  
o b j e c t s  w i th  i d e n t i c a 1  e s s e n t i a l  form t h a t  one can o b t a i n  us ing  
equa1 n o n i d e n t i c a l  e s s e n t i a l  p a r t s  from t h e  o b j e c t  t h a t  d i sap-  
peared.  

2.2.1 B c t m - P o s s i b l e O b i e c t s  An o b j e c t  t h a t  e x i s t s  is  
c a l l e d  a c t u a l  whereas an o b j e c t  t h a t  may e x i s t  o r  may have 
e x i s t e d  is  c a l l e d  p o s s i b l e .  There a r e  two k inds  of p o s s i b l e  
o b j e c t s :  (i) i n t r i n s i c a l l y  p o s s i b l e  o b j e c t  - an o b j e c t  whose 
e x i s t e n c e  is n o t  p rec luded  because of any c o n t r a d i c t i o n  be ing  
impl ied  by i ts concept ,  and (ii) e x t r i n s i c a l l y  p o s s i b l e  o b j e c t  - 
an o b j e c t  t h a t  can be brought  t o  e x i s t  by a c t i o n s  of some a c t u a l  
o b j e c t s .  

Qbiects 
. . 2.2.2 Jw~nazy -: Two o b j e c t s  x  and y  a r e  d i s -  

j o i n t  i f  and on ly  i f  they  have no s u b p a r t  i n  common. 

m: x  is  a s u b p a r t  of y  i f  and on ly  i f  f o r  every  o b j e c t  z  
such t h a t  z  and y ere d i s j o i n t ,  t h e n  z and x  a r e  a l s o  d i s j o i n t .  

Note t h a t  t h e  above theorem is g iven  a s  t h e  second axiom i n  LT1s 
mereology. I n  our  world,  t h e  f i r s t  axiom i n  L T ' s  ax ioma t i c s  does  
n o t  ho ld  because  w e  t h i n k  t h e  requirement  on o b j e c t s  t o  be p a r t  
of themselves  is an a r t i f i c i a l  one. I n  f a c t ,  t h e  nega t i on  of t h e  
t h e i r  f i r s t  axiom is one of our axioms. Rescher a l s o  makes a  
s i m i l a r  criticism, bu t  he  s t i l l  i n c l u d e s  it i n  an  a x i o m a t i z a t i o n  
he  p roposes  i n  an a t t emp t  t o  r e c t i f y  L T 1 s  ax iomat ics .  

. . . Definition: A r e a 1  o b j e c t  x is  primary i f  and on ly  if x  is  d i s -  
j o i n t  f  rom every  o t h e r  r e a 1  o b j e c t  y  ( d i f f e r e n t  f  rom x )  such t h a t  
y is n o t  a s u b p a r t  of x  o r  x  i s  n o t  a s u b p a r t  of y. 

I n t u i t i v e l y ,  by a primary o b j e c t ,  we mean an  o b j e c t  x  which con- 
s t r a i n s  i ts  p a r t s ,  and fu r the rmore ,  x  is  t h e  on ly  o b j e c t  con- 
s t r a i n i n g  i ts p a r t s .  To what e x t e n t  x  c o n s t r a i n s  i ts  p a r t s  i s  
determined by t h e  connec t ions .  There are a set  of a t t r i b u t e s  o£ 
x  which can be used t o  de te rmine  t h e  a t t r i b u t e s  of x l s  p a r t s  
u s i n g  t h e  connec t ions .  
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merely conceptual) but they do not e x i s t  by themselves, instead 
- they e x i s t  objects.  For example, color ,  shape, weight, speed, 

locat ion e tc .  We w i l l  c a l l  such a thing a mode (a l so  t r ad i t ion-  
a l l y  ca l l ed  accident)  . 
A mode is  e s sen t i a l  for  a  object i f  without i t ,  the  objec t  loses  
i ts  iden t i ty .  

Apart from rea1 objec ts ,  the re  a r e  conceptual objec ts  i n  our 
ontology. They a r e  discussed extensively i n  the  next sec t ion  on 
logic .  

We w i l l  o f ten  use the  term 'concept' for  a  conceptual object .  

For any rea1 object  x, i f  the re  is  a corresponding individua1 
concept C of the  object  x ,  then fo r  every connection of x ,  t h e r e  
is  a corresponding concept which is a p a r t  of C. For every p a r t  
p  of x,  the  concept of 'having p' is a p a r t  of C. (Abstraction 
is  usually not a rb i t r a ry .  A natura1 way t o  abs t r ac t  f  rom indivi-  
dual concepts is  v ia  t h e i r  part-form components.) 

A correspondence between a rea1 object  A and i ts  concept B can be 
es tab l i shed  i n  two ways: 

(i) ex t ra - l ingu i s t i c  operation: m is B (point ing mechanism, 
applied t o  A ) .  

(ii) e x i s t e n t i a l  operation: B e x i s t s  (meaning t h a t  it is  possi-  
b l e  t o  point t o  the  rea1 object  A t h a t  B is conceptual izing) .  

The u o t a  of a  concept is the  s e t  of a l 1  subparts  of the  
concept. (That is, it d i f f e r s  from the  concept i t s e l f  i n  not 
including t he  form.) Because the  subpart  r e l a t i on  is  t r a n s i t i v e ,  
we have t h a t  i f  A has B i n  i ts  connotation and B has C i n  i ts  
connotation, then A has C i n  i ts  connotation. 

The m o t a -  of a concept is  t he  s e t  of a11 instances of the  
concept . 
The universe of discourse i n  t h i s  terminology is a l im i t a t i on  by 
convention of what can appear i n  a  denotation. 

The connotation of a  concept may include the  ca rd ina l i t y  of i ts  
denotation. 
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The c o n n o t a t i o n  of a concep t  may be changed by a c o n c e p t u a l  
o p e r a t i o n  on c o n c e p t s ;  t h i s  is  t o  emphasize t h a t  t h e  c o n n o t a t i o n  

v d o e s  n o t  change by i t se l f  whereas t h e  d e n o t a t i o n  may change. Of 
c o u r s e ,  d e n o t a t i o n  can  a l s o  be changed e x p l i c i t l y  b u t  t h a t  i s  t h e  
o n l y  way c o n n o t a t i o n  changes.  For example, t h e  concep t  o£ l i v i n g  
p e r s o n s  whose d e n o t a t i o n  keeps changing.  

meo-: A s  t h e  c o n n o t a t i o n  of  a concept  i s  i n c r e a s e d  t h e  denota-  
t i o n  d e c r e a s e s  ( o r  remains  t h e  same). 

3 .l .l m o n c e -  A rea1 concep t  is one t h a t  
i n c l u d e s  t h e  concep t  "real  o b j e c t w  i n  i t s  c o n n o t a t i o n .  The con- 
c e p t  of  a r e a 1  o b j e c t  is a pr imary  concep t .  ( I t  d o e s  n o t  i n t e r -  
sect w i t h  any o t h e r  concept . )  The d e f i n i t i o n  o£ a pr imary  c o n c e p t  
is  s i m i l a r  t o  t h a t  of  a pr imary  rea1 o b j e c t .  

A l o g i c a 1  c o n c e p t  is one  t h a t  i n c l u d e s  t h e  concep t  of concep t  i n  
i ts c o n n o t a t i o n .  I t  a l s o  i s  a p r imary  concep t .  

3.1.2 Oneness, Sameness, and Existence There  are t h r e e  v e r y  
i m p o r t a n t  p r imary  c o n c e p t s  which a r e  a p p l i e d  t o  c o n c e p t s :  one- 
n e s s ,  sameness,  and  e x i s t e n c e .  

A s i n g u l a r  c o n c e p t  is  a concep t  which i n c l u d e s  o n e n e s s  i n  i t s  
c o n n o t a t i o n ,  which means t h a t  t h e r e  is  a t  most one  o b j e c t  i n  i ts  
d e n o t a t i o n .  Examples: t h e  c o n c e p t s  o f  t h e  h i g h e s t  b u i l d i n g  i n  
Schenec tady ,  t h e  fas tes t  u n i f i c a t i o n  a l g o r i t h m ,  and t h e  s o r t i n g  
program used  by our  system. (More g e n e r a l l y ,  t h e  c o n n o t a t i o n  of 
a c o n c e p t  may i n c l u d e  a concep t  of t h e  s i z e  of  t h e  d e n o t a t i o n . )  

An i n d i v i d u a 1  c o n c e p t  is a concep t  A which i n c l u d e s  sameness i n  
i ts  c o n n o t a t i o n ,  which means t h a t  t h e  concep t  t h a t  t h e  o b j e c t  
t h a t  is  d e n o t e d  by A is  a lways  t h e  same ( i d e n t i c a 1  t o  i t s e l f )  is 
p a r t  of  A. Examples: t h e  c o n c e p t  of t h e  f a t h e r  of  George Wash- 
i n g t o n ,  t h e  c o n c e p t  of  S h e r l o c k  Holmes, t h e  c o n c e p t  of Genera1 
Electric Company. U s u a l l y  i n  t h e  language ,  we d e s i g n a t e  i n d i v i -  
d u a l  c o n c e p t s  w i t h  p r o p e r  names. Not a lways  though,  as  t h e  exam- 
p l e  of  t h e  f a t h e r  o f  George Washington S ~ O W S .  Concepts  t h a t  a re  
n o t  i n d i v i d u a l  c o n c e p t s  o r e  neve r  d e s i g n a t e d  by p r o p e r  names. 

The c o n c e p t  of  t h e  c a p i t a 1  of  F rance  is a s i n g u l a r  c o n c e p t  b u t  
n o t  a n  i n d i v i d u a l  c o n c e p t ,  s i n c e  it might  move from P a r i s .  

An e x i s t e n t i a l  c o n c e p t  is a concep t  which i n c l u d e s  e x i s t e n c e  i n  
i ts  c o n n o t a t i o n ,  which means t h a t  t h e  concep t  of  hav ing  a n  
i n s t a n c e  is p a r t  of  t h e  concep t .  
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Normally,  i n d i v i d u a l  c o n c e p t s  i n c l u d e  e x i s t e n c e .  For example, A. 
Conan Doyle is an  i n d i v i d u a l .  S h e r l o c k  Holmes is  a l s o ,  b u t  i s  an  
e x c e p t i o n  i n  be ing  non-ex i s t en t .  

Normally,  e x i s t e n c e  is  n o t  a n  e s s e n t i a l  p a r t  of a concept .  

If sameness .or oneness  i s  a p a r t  of a concep t ,  i t  is  a n  e s s e n t i a l  
part .  

3.1.3 W-, Obscurness, A&itraririess . 
I A 

c o n c e p t  i s  c a l l e d  clear ( r e c u r s i v e )  i £  it is  p o s s i b l e  t o  d e c i d e  
whether  any g i v e n  o b j e c t ,  whether  t h a t  o b j e c t  is  i n  t h e  denota-  
t i o n  of  t h e  concep t .  

A concep t  t h a t  is  n o t  clear is c a l l e d  obscure .  

A clear concep t  is c a l l e d  d i s t i n c t  i £  it i n c l u d e s  i n  i t s  connota-  
t i o n  some e s s e n t i a l  p r o p e r t i e s  o£ o b j e c t s  i n  i t s  d e n o t a t i o n .  

A clear concep t  t h a t  is  n o t  d i s t i n c t  is  c a l l e d  a r b i t r a r y .  

3.1.3 .l -ess, C o m i s t w  nnd contraaiction . . 
A d i s t i n c t  

c o n c e p t  i s  c a l l e d  comple te  i £  it i n c l u d e s  i n  i t s  c o n n o t a t i o n  a l 1  
e s s e n t i a l  p r o p e r t i e s  o£ o b j e c t s  i n  i t s  d e n o t a t i o n .  

A d i s t i n c t  c o n c e p t  t h a t  is n o t  comple te  is c a l l e d  incomple te .  

A c o n c e p t  is c a l l e d  c o n t r a d i c t o r y  i £  t h e r e  i s  a p r o p e r t y  i n  i ts  
c o n n o t a t i o n  s u c h  t h a t  t h e  n e g a t i o n  o£ t h e  p r o p e r t y  is a l s o  i n  i ts  
c o n n o t a t i o n .  

A c o n c e p t  t h a t  i s  n o t  c o n t r a d i c t o r y  is c a l l e d  non-con t rad ic to ry .  

Note t h a t  t h e  p r o p e r t i e s  c o n t r a d i c t o r y  and n o n - c o n t r a d i c t o r y  are 
p r o o f - t h e o r e t i c .  

A c o n c e p t  is  c a l l e d  c o n s i s t e n t  i £  e v e r y  o b j e c t  i n  i ts  d e n o t a t i o n  
s a t i s f i e s  e v e r y  p r o p e r t y  i n  i ts c o n n o t a t i o n .  

A c o n c e p t  t h a t  i s  n o t  c o n s i s t e n t  i s  c a l l e d  i n c o n s i s t e n t .  

Note t h a t  t h e  p r o p e r t i e s  c o n s i s t e n t  and i n c o n s i s t e n t  are  model- 
t h e o r e t i c .  A c o n s i s t e n t  c o n c e p t  may become i n c o n s i s t e n t  indepen-  
d e n t  o£ any c o n c e p t u a l  o p e r a t i o n  because ,  as n o t e d  above,  t h e  
d e n o t a t i o n  can  a l s o  change i x n p l i c i i t l y .  T h i s  is  i n  c o n t r a s t  w i t h  
c o n n o t a t i o n  which c a n  o n l y  change because  o£ a c o n c e p t u a l  opera-  
t i o n ,  s o  a n o n - c o n t r a d i c t o r y  c o n c e p t  can  never  become c o n t r a d i c -  
t o r y  w i t h o u t  a n  e x p l i c i t  c o n c e p t u a l  o p e r a t i o n .  

A c o n c e p t  is  s t r o n g l y  comple te  i f  no f u r t h e r  p r o p e r t y  can  be 
added t o  t h e  c o n c e p t  w i t h o u t  making i t  c o n t r a d i c t o r y .  
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Concepts can be related in two different ways based on relations 
of their connotations or denotations. For a relation R on con- 
cepts, a concept A is C-R related to a concept B if connotation 
of A is R-related to connotation of B, and similarly, A is d-R 
related to B if denotation of A is R-related to denotation of B. 

Axiom Schema: Normally, for any relation R, C-R implies d-R. 

Dif f erent kinds of R: 

subsetting: subset 

intersecting but nonsubsetting: 

dis jointness: 

identica1 : obviously equal 

nonidentical: 

equal: weaker sense 

unequal : 

similar: treats parts as variables but keep the connections among 
parts invariant 

dissimilar : 

contradictory: two concepts are contradictory if one includes in 
its connotation A whereas the other includes 'A, but they are 
equa1 everywhere also. 

denotationally contradictory: the denotation of the proximate 
genus is partitioned using the two concepts. 

contrary: dual : greatest ve smallest 

general concept: concept whose denotation may include more than 
one object. 

collective concept: a constructor which operates only on general 
concepts to give a singular concept, for example, library which 
is obtained from books. 

substantial concept: conceptualization of matter that is homo- 
geneous and taking out a portion of it does not change its sub- 
stance, example water, gold, etc. 

Concepts A and B .re m o t a -  if and only if 
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£or  any concept  C, A is  C i f  and on ly  i f  B is C. 

i n fo rma l ly ,  c o n n o t a t i o n a l  equ iva lence  c a p t u r e s  t h e  i n t u i t i v e  
n o t i o n  t h a t  two concep t s  a r e  t h e  same when they  a r e  s u b j e c t e d  t o  
any p rope r ty  e x p r e s s i b l e  i n  t h e  language. Such an  equ iva lence  
can  be v e r i f i e d  pu re ly  by deduct ion.  

Examples of p a i r s  of concep t s  t h a t  a r e  c o n n o t a t i o n a l l y  
e q u i v a l e n t  : 

" s e t  accep ted  by a f i n i t e  automatonn and " r e g u l a r  set"  

nmother-in-lawn and "wife of husbandls  f a t h e r  o r  w i f e  o£ 
w i f e l  s f  a t h e r  

m e o r a :  For any concep t s  A and B, A and B a r e  c o n n o t a t i o n a l l y  
e q u i v a l e n t  i f  and on ly  i f  A is  B and B is A. 

Proof :  Assume A and B a r e  c o n n o t a t i o n a l l y  equ iva l en t .  Then, i n  
t h e  d e f i n i t i o n  of c o n n o t a t i o n a l  equ iva lence  t a k e  C t o  be A: 

A is  A i£ and on ly  i f  B is A. 

S ince  A i s  A i s  ax iomat ic ,  we have B is A. S i m i l a r l y ,  A i s  B. 

I n  t h e  o t h e r  d i r e c t i o n ,  suppose A is  B and B is A. L e t  C be a 
concep t  such t h a t  A is C. Then B is C a l s o ,  by t r a n s i t i v i t y  of 
"is." Thus A is  c o n n o t a t i o n a l l y  e q u i v a l e n t  t o  B. Q.E.D. 

Concepts  A and B a r e  W t a -  eauivalent i£ and on ly  i f  f o r  
any i n s t a n c e  X,  X is  A i f  and on ly  i f  X is B. 

Deno t a t i ona l  equ iva lence  c a p t u r e s  t h e  i n t u i t i o n  t h a t  two concep t s  
have  t h e  same d e n o t a t i o n s  ( t h e  same i n s t a n c e s ) .  Deno t a t i ona l  
equ iva l ence  can be v e r i f i e d  by obse rva t i ons .  

Deno t a t i ona l  equ iva lence  can change wi thou t  having t o  r e d e f i n e  
t h e  concep t s  bu t  because t h e  proper  t i e s  ( a t t r  i b u t e s )  of concep t s  
and i n s t a n c e s  change. Th i s  is i n  c o n t r a s t  t o  t h e  c o n n o t a t i o n a l  
equ iva l ence  which can on ly  change i f  t h e  r e l a t e d  concep t s  a r e  
r e d e f i n e d ,  o r  i n  o t h e r  words, by a concep tua l  o p e r a t i o n .  Exam- 
p l e s :  t h e  concept  of t h e  sun was once t h a t  of a c e l e s t i a l  body 
t h a t  r e v o l v e s  around t h e  e a r t h ,  t hen  it was changed t o  a  c e l e s -  
t i a l  body around which t h e  e a r t h  revo lves .  The conno t a t i on  
changed, b u t  t h e  d e n o t a t i o n  s t a y e d  t h e  same. 

Conno t a t i ona l  equ iva lence  i m p l i e s  d e n o t a t i o n a l  equ iva lence ,  b u t  
n o t  v i c e  ve r s a .  To prove t h e  f i r s t  p a r t  of t h i s  s t a t emen t ,  
assume t h a t  A is c o n n o t a t i o n a l l y  e q u i v a l e n t  t o  B. By t h e  theorem 
of t h e  p r ev ious  s u b s e c t i o n ,  A is B and B is A. L e t  X be  an  
e n t i t y  such t h a t  X is  A. By t r a n s i t i v i t y  of "is," X is  B. By a 
symmetric argument,  if X is  B t h en  X is A. Thus A and B a r e  
d e n o t a t i o n a l l y  e q u i v a l e n t .  
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There are f ive classes of predication of concepts: genus, 
species, difference, property, accident. 

1. Species of an object - al1  essential parts i n  the connotation 
of an individua1 object. 

2. Genus of an object - part of connotation of species which it  
shares w i t h  some other species. 

Ordering on essential  parts i n  the connotation of an object gives 
t h i s  t r ee  of genera; different orderings may give different 
trees.  

Proximate genus - genus nearest t o  the species, Le . ,  one 
obtained by not considering only the least  essential  part i n  the 
connotation of the object. 

Remote genus - genus far thest  t o  the species i n  the t ree,  i.e., 
one obtained by considering only the most essential  part.  

3. Differente - part of connotation of species which d i s t i n -  
guishes it  from any other species i n  the proximate genus. 

4 .  Property of an object - some a t t r ibute  necessarily shared by 
a l 1  denotations of its species. 

5. accident of an object - at t r ibute  i n  the connotation which i s  
neither essential  nor a property. 

Classifications of accidents: 

1) mutable v s  immutable 
2 )  sharable v s  nonsharable 

A term denotes a concept. Terms can be classif ied i n  many ways 
based on different c lassif icat ions of concepts denoted by them. 
Further, i f  a term denotes a concept of a particular k ind ,  then 
the term is called of that  k ind .  For example, a term denoting a 
singular concept is called a singular term. 

Terms can be one of the followinq: 
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1) atomic term; 
2) compound term: 

a) terms connected with a conjunct; 
b) qualified term; 
C) quantified term. 

4.1.1 Bto& A term is atomic if and only if no part o£ 
it is a term (i.e., no part denotes a concept). Atomic terms can 
be classified based on their denotations, so we will use the 
classification discussed in the previous section whenever the 
need arises. 

Arnong atomic terms, we distinguish atomic terms which are proper 
names and which denote individua1 concepts. However, there are 
individual concepts for which there may not be any proper name. 
It seems convenient to start a proper name with capita1 letters. 

4 . L 2  ComPound T e r w  A compound term is built f rom atomic 
terms using conjuncts, qualifiers and quantifiers. The syntactic 
structure of a compound term correpsonds to the conceptual opera- 
tions on concepts to give other concepts. 

. . 
4.1.2.1 A qualifier corresponds to the refinement 
operation; given a term corresponding to a concept, a qualified 
term denotes the refined concept. They are added to terms with 
the help of conjunct "such that" and are propositions in which 
pronouns are bound over the qualified term. Por example, "pro- 
grams, such that any verifier cannot verify them". 

Arnong qualified terms, it is possible to distinguish between 
those obtained after qualifing absolute terms (terms denoting 
concepts that are not constructors) and those obtained by appli- 
cation of a term denoting a constructor (relative term) on 
another term denoting a concept. 

. . 
4.1.2.2 A quantifier corresponds to the conceptual 
operation which when applied on a concept results in a collective 
concept. A quantified term has two parts: a quantifier, which 
determines the type of quantification, followed by unquantified 
term. 

Quantified terms cannot be qualified or quantified. (In general, 
singular terms cannot be qualfied and quantified; a quantified 
term is a singular term.) 

The type of quantification gives information about the cardinal- 
ity of the collective concept that the qunatified term denotes. 
We now discuss different kinds of qunatifications. 
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. 
4.1.2.2.1 Wveraitl- Universal quantified terms are 

. introduced by quantifiers "alln, "every", "anyN. There is a 
difference between aall" and "every" and "any." "All" gives a 
set, while "every" and "any" give any element from the set. For 
example, "al1 members of CSB ate 25 hamburgers" is quite dif- 
ferent from "every member of CSB ate 25 hamburgers." 

. . 4.1.2.2.2 Elistentialauantifrers Existential quantified terms 
are introduced by quantifiers "some", "a", and "an". (Note that 
indefinite article is not equivalent to "any"). 

. . 
4.1.2.2.2.1 Sinaular gxbtentinl g u & a f i e r g  Singular existen- 
tial quantified terms are introduced by quantifiers "an, "an", 
and "one". They denote a singular concept. For example, "a 
man", "one big computerw. 

4.1.2.2.2.2 auant-ifiers . . Plural existential 
quantified terms are introduced by quantifiers "somen, and "some 
ofn. They specify one noneempty subset of objects of a given 
type. For example, "some natura1 numbers". 

. . 
4.1.2.2.3 N u w r k a l  ouantrfiers Numerica1 quantifiers are a 
refinment of existential quantifiers, namely, for any numerical 
quantif ier A and any term t A(t) =>some (t) . Numerica1 quantif iers 
specify a non-empty subset of certain cardinality of objects of 
given type. 

4.1.2.2.3.1 WJllmLkuauantlfiers . . Exact numerical quan- 
tifiers specify cardinality. They are introduced by a cardinal 
or by a construct "as many <type description> as <set descrip- 
tion>. If in the eecond case a set is empty, then the construct 
is equivalent to negative quantified term. For example, "3 men", 
"as many hamburgers as people in CSB". 

. . 
4.1.2.2.3.2 U t i o n a l  m auantiflets Relational numero 
ical quantified terms are introduced by syntactic constructs 
"<comparator> <type description> then <set description>" or 
"<comparator> then <cardinal numerai> <type descripti~n>~, where 
comparators are "morea, "lessn, "more or equala and so on. For 
example, V e s s  then 5 mena, 'less hamburgers then people in CSB". 

4.1.2.3 -pf Terms A conjunct *A and B" of terms A 
and B denotes the union of concept8 denoted by A and Bo 



Logic of Objects 14 

. . 4.1.2.3.1 Noun disjunct "A or B" is 
- construct which gives as its result one of three 
and B. 

4.1.2.4 m t i w  A negation of a term denotes 
which is contradictory to the concept denoted by 

nondeterministic 
choices: A, B, A 

the concept 
the term. 

4.1.2.5 Parenthesis can be used to disam- 
biguate application of quantifiers and qualifiers to composite 
terms. "Stupid man or womanm means " (stupid man) or womann or 
"stupid (man-or woman) n. 

- 

. . 4.1.3 m i t m  pf m There are three ways a term can be 
used; these different ways, which are traditionally called suppo- 
sitions, can be disambiguated, whenever the need arises, by using 
different kinds of quoting mechanisms. For example, in the pro- 
position 

computer scientists are smart, 

computer scientists is a rea1 supposition, whereas in 

'computer scientist' is not a species, 

computer scientist is a logical supposition, and in 

"computer scientistn is not an atomic term, 

computer scientist is a material supposition. 

The convention we adopt is that if a term does not have any 
quotes around it, then it is usually meant to be in a rea1 suppo- 
sition, whereas if a term has single quote marks ( l )  around it, 
it is then meant to be in a logical supposition, and if a term 
has double quote marks ( " )  around it, it is in a material suppo- 
sition. The ability to talk about different suppositions expli- 
citly allows us to extend syntax and semantics of the language. 

Bad ewivocal 4.1.4 W v o c p l  a Terms can be classified 
based on the number of concepts they denote. A term that denotes 
one concept is called univocal, whereas a term that denotes more 
than one concept is called equivocal. 

pro- 
. . 

There are four different types of propositions: categorical, 
modal, lexical and compound. Compound propositions are formed by 
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combining propositions using propositional conjuncts. Categorica1 
- propositions describe relations between different objects. Moda1 
propositions describe a logica1 status of propositions. Lexical 
propositions assign meaning to sentences and other linguistic 
objects and are used for def initions. Each of these proposition 
types are discussed in more detail below. 

. . 4.2.1 u t e a o u  - o s i t ~  A categorica1 proposition has 
two parts: subject and predicate, each of which is a term. The 
form of a categorical proposition is called copula, which is not 
a term. 

Two propositions are similar if they have the same copula. 

Corresponding to every relation R among concepts, there are two 
copulas is-R and is-not-R which are used to construct categorical 
propositions expressing the relation between two concepts. A 
proposition using the copula is-R is called R-affirmative and a 
proposition using is-R-not is called R-negative. Whenever, there 
isn't any need to refer to R, we would just refer to propositions 
as being affirmative or negative. Whether a proposition is 
affirmative or negative is callled its mode. 

An affirmative proposition "A is B* means that every instance in 
the denotation of A is in the denotation of B and every attribute 
(Le., part of the connotation) of B is an attribute of every 
instance of A. 

A negative proposition "A is not B", in contrast, means that 
there is an instance (in the denotation) of A which is not in an 
instance of B and every instance of A has areallya an attribute 
which is not an attribute of B which may or may not be deducible 
because instances of A as well as the connotation of B may not be 
completely known. 

The above categorical propositions have been interpreted a pos- 
teriori, which will be the default. To express a priori proposi- 
tions, we explicitly introduce words priori" to avoid ambi- 
guity. A proposition .A is a priori B" means that the connota- 
tion of A implies the connotation of B. 

4,2.2 ModP1 v a .  Every proposition has attributes 
called modalities. A proposition which describes a modality of 
some other proposition is called a moda1 proposition. Examples 
of modalities Ire: true, false, contrary, necessary, contingent, 
possible, impossible, deterministic, absurd, and meaningful. A 
proposition may have more than one modality. For example, if .XW 
is true then .Xa is possible. 

The form of a moda1 proposition is aaPa is Ma, where M is a 
modality and P is a proposition, or simply "M, P" where M is 
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moda1 adverb. 

4.2.3 -- . . There are three kinds o£ compound 
propositions: conjunctive, disjunctive, and conditional. 

. . 4.2.3.1 -ivg p l ~ p o s i W  A con junctive 
a list of two or more propositions separated with 
n,n, or some other conjunctive conjunct. 

proposition is 
con j unct "andn , 

A conjunctive proposition is true if and only if al1 its parts 
are true. A conjunctive proposition is necessary if and only if 
al1 its parts are necessary. A conjunctive proposition is possi- 
ble i£ and only i£ al1 its parts are possible. A conjunctive 
proposition is impossible if one of its parts is impossible or 
the negation of one part is derivable from other parts; a part of 
a conjunctive proposition is derivable from that conjunctive pro- 
position. 

4.2.3.2 U c t i v e -  e e A disjunctive proposition is 
a list o£ two or more propositions separated with conjunct "orn 
or some other disjunctive conjunct. A disjunctive proposition is 
true i£ and only if one of its parts is true. A disjunctive pro- 
position is possible if and only if one part of it is possible. 
A disjunctive proposition is impossible if and only i£ a11 its 
parts are impossible. A disjunctive proposition is necessary i£ 
and only if one of its parts is necessary or a part o£ it is 
derivable from a negation of some other part. A disjuncive pro- 
position is derivable from any of its parts. 

. . . . 
4.2.4 Conditlonll- A conditional proposition is a 
pair of propositions separated with conditional conjunct "ifn, 
"only ifa or "if and only ifa. The consequent o£ a conditional 
proposition is defined to be its first part of the proposition in 
the case of the conjunct "ifa, the second part in the case of the 
conjunct .only ifa, and both parts of a proposition with conjunct 
"i£ and only ifa. The antecedent is defined to be the second 
part of the proposition in the case of the conjunct "i£", the 
first part of a conditional proposition with conjunct 'only ifn, 
and both parts of a conditional proposition with conjunct "i£ and 
only ifw. A conditional proposition is true i£ and only i£ each 
consequent is derivable from each antecedent. 

Implication is a particular case o£ the part construct for logi- 
ca1 objects of type proposition. That allows us to derive the 
semantics of implication. For example modus ponens becomes a 
particular case of more genera1 rule for objects: 

B exists if B is part of A and A exists. 
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The Rule o£ Substitution is derivable from: 
is part of C i£ A is part of B and B is part of C. 

Aside from propositions, sentences o£ the language include 
imperative statements, which describe a computation or an action, 
and questions, which are a special kind of imperative statement 
which order (or request) an action. Questions have different syn- 
tax from imperative statements, but can be represented as impera- 
tive statements (£or example, "what is 2 + 21" means the same as 
"give the value o£ 2 + 2") . 
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