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Puzzle 2

Puzzle 2. Three of the inhabitants—A, B, and C—were standing together in a
garden. A stranger walked by and asked A, “How many knights are among
you?” A answered, but rather indistinctly, so the stranger could not make out
what he said. The stranger then asked B, “What did A say?” B replied, “A
said that there is (exactly) one knight among us”. At this point the third man,
C, said, “Don’t believe B; he is lying!”

Again, the question is, what are B and C?
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Knight? Knight? Knight

Knave? Knave Knave
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“The only way to rectify our reasonings is to make them as
tangible as those of the Mathematicians, so that we can find
our error at a glance, and when there are disputes among
persons, we can simply say: Let us calculate, without further
ado, to see who is right.” (Leibniz 1685)
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The Epicurean Riddle

Epicurus (341 BC – 270 BC)

“Is God willing to prevent evil,
but not able?

Then he is not omnipotent.

Is he able, but not willing?
Then he is malevolent.

Is he both able and willing?
Then whence cometh evil?

Is he neither able nor willing?
Then why call him God?”
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The argument from evil

I (1) If God exists, then God is all-powerful, all-knowing, and all-good.

I (2) If God is all-powerful, then God has the power to eliminate all
evil.

I (3) If God is all-knowing, then God knows when evil exists.

I (4) If God is all-good, then God wants to eliminate all evil.

I (5) Evil exists.

I (6) If evil exists and God exists, then either God doesn’t have the
power to eliminate all evil, or doesn’t know when evil exists, or
doesn’t want to eliminate all evil.

I (7) So, God does not exist.
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A calculus of thought

We’d like to develop a symbolic language that reveals the log-
ical form of sentences and arguments in terms of the shapes
and arrangements of the symbols. And have a systematic
way of checking for the logical validity or invalidity of an
argument.

7 / 19



Mathematical notation
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“A good notation has a subtlety and suggestiveness which
at times make it seem almost like a live teacher. Notational
irregularities are often the first sign of philosophical errors,
and a perfect notation would be a substitute for thought.”

– Bertrand Russell
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Symbolic notation

I Given any two numbers, the result of adding them together in
one order is the same as the result of adding them together in
the reverse order.

x + y = y + x

I Some number gives the same result when cubed as when
trebled

x3 = 3x
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Proofs in mathematics

I Claim. The sum of any two even integers is even.

I Evenness: An integer x is even if and only if x = 2k , for some
integer k.

I Distributivity : z(x + y) = zx + zy

Proof. Suppose x and y are even integers. Then, x = 2a
and y = 2b, for some integers a and b (by evenness). So
x + y = 2a + 2b. By distributivity, 2a + 2b = 2(a + b), and
so x + y = 2a + 2b = 2(a + b). Therefore x + y = 2(a + b)
and by evenness it follows that x + y is even. �
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Formal languages

I A formal language is a set of strings of symbols (formulas or
sentences)

I Can be completely defined without reference to an
interpretation (i.e the meaning of the symbols)

I The set of formulas is stipulated by its creator by specifying:

I Symbols: the atomic expressions of the language

I Formation rules: say what strings of symbols are formulas
(what strings are grammatical or “well-formed”)
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The language triangle-squarese

I Symbols: 4, �

I Formation rule: any string of symbols from (4,�) that
begins with 4 is a formula

I 4
I 4 �
I �44
I 4�44��44
I 44♦�
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Syntax and grammaticality

I “The horse raced past the barn fell”

I “The old man the boat”

I “The woman it had that on donkey”

I “Donkey donkey bucket donkey hot dog water”

I “Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo
buffalo”
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I Buffalo buffalo that Buffalo buffalo buffalo, buffalo Buffalo
buffalo.

I Buffalo-origin bison that other Buffalo bison bully, themselves
bully bison from Buffalo
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The language triangle-star-squarese

I Symbols: 4, �, ?

I Formation rule:
I 4 is a formula,
I if X is a formula, then X ?� is a formula,
I Nothing else is a formula.

I ?

I 4 ?4
I � ?4
I 4 ?�

I 4 ?� ?� ?�
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Language U

I Create your own formal language using at least 4 symbols and
2 formation rules.
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The language BANG

I Symbols: �, �, !, β
I Formulation rules:

I � and � are formulas,
I If X is a formula, !X is a formula,
I Nothing else is a formula.
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