SYMBOLIC LOGIC: Predicate Logic
IDENTITY
THREE WAYS OF USING THE VERB “To be”

In English we use the verb “to be” in three main ways.
I)  The “is” of existence.

Sometimes we assert the existence of a certain kind of thing.
Cats exist, at least one cat exists, some cats exist, there is a cat      ((x)(Cx)

Unicorns do not exist 







    ~((x)(Ux)

II)  The Is of predication.

Sometimes we attribute properties to a thing or assign an individual or group of individuals to a class.  For this kind of use of “to be” we don’t need a special sign since it is built into the predicate letter.
Alex is smart.





Sa

S – is smart
Moab is a whale.





Wm

W – is a whale
III)  The “is” of identity

But we also use the verb “to be” to represent the relationship of identity.  For example, we can say “Mark Twain is Samuel Clemens” meaning that the person named by the name “Mark Twain” is identical to the person named by “Samuel Clemens.”  This is the easiest type of identity statement to represent since it contains only proper names and the “is” of identity.  There is some debate about exactly what information is contained in such a sentence.  But in the logical system we are studying here we have an identity predicate (represented by “=”), that takes two objects, the two objects about which identity is being predicated (Mark Twain and Samuel Clemens).  

In our system we would translate each proper name using a constant and use the identity predicate (=) to claim that the individuals named by each constant is identical.   m = c 

Identity statements containing only proper names are the most particular kind of sentences, since they refer to individuals.  However, sometimes we want to abstract.  For example, we might want to say that every individual is identical to itself.  To do this we would use the identity predicate (=) combined with a variable and a quantifier.  
PROPERTIES OF IDENTITY 

The identity relation has several properties.  It is

· reflexive 

· symmetrical 

· transitive 

To state these rules we need to write more abstract formulas, using variables and quantifiers.

I)
REFLEXIVITY

Notice that every individual is identical to itself.  If there were a finite number of individuals in the universe we could assert these truths one by one?

m = m

s = s

etc.

However, since this relation holds between everything in our universe of discourse, we can use the variable x and a quantifier to state the general rule:

(x)(x = x)





Everything is identical to itself

II)
SYMMETRY (Or Commutativity)

Note that if Mark Twain is identical to Samuel Clemens, Samuel Clemens is also identical to Mark Twain (i.e. m = s ( s = m).  We can state this abstractly as follows:

(x)(y)(x = y ( y = x)


III)
TRANSITIVITY

Note that if Anna is the same person as Carol and if Carol is the same person as Karen, then Anna is the same person as Karen.  We can state this as follows:


(x)(y)(z)(x=y & y=z ( x = z)

USEFULNESS OF THE IDENTITY PREDICATE
The identity predicate allows us to do many things, including, but not limited to, the following:

1. to represent that there are at least 1 (or 2 or 3, etc.) of a certain kind of thing.
2. to represent that there are at most 1 (or 2 or 3, etc.) of a certain kind of thing.
3. to represent that there are exactly 1 (or 2 or 3, etc.) of a certain kind of thing.
4. to represent sentences containing references to “another.”
5. to represent superlatives (fastest, most beautiful, etc.) 
REPRESENTING QUANTITIES OF THINGS (using Identity)
A MINIMUM QUANTITY (existential)
There are at least 2 children in the family.

((x)((y)[(Fx&Cx) & (Fy&Cy) & x /= y)]

A MAXIMUM QUANTITY (universal)

There are at most 3 children in the family.

There are no more than 3 children in the family.

(x)(y)(z)(v)[(Fx&Cx & Fy&Cy & Fz&Cz & Fv&Cv) ( (x = y V x =z V x = v V y = z V y = v V z = v)

AN EXACT QUANTITY (at least + no more than)

There are exactly 2 children in the Duggan family.
Universe of Discourse: the Duggan family

((x)((y)(Cx & Cy & x /= y)  & (x)(y)(z)[(Cx & Cy & Cz) ( x = y V x = z V y = z)
There are at least 2
and
there are no more than 2
REFERENCES TO ANOTHER OR SELF
Universe of Discourse: people

Jack photographs everyone but himself.

(x)(x /= j ( Pjx)
SUPERLATIVES
Universe of Discourse: people
Jack is the fastest swimmer.



Sj & (x)((Sx & x /= j) ( Fjx)
