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2. Intelligence as the ability of cognition
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2.1 Derivation of a natural logic from operational principles
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Summary:



2.2 Objections of physicists

Definition:



3. An introduction to mathematical logic, the ability to think abstractly
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Example 1:
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n ∈ N ⇒ (n + 1) ∈ N
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3.1 Gödel’s Objections

Example 2:

G = {K, E} K

E



Example 3:
x(t)

th

Lemma: f(x) = y

{(xi, yi); i = 1, 2, ...n} f(x) f(x)

Proof:
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4. Intelligence of Technical Systems
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4.1 A cumulative learning strategy to detect interim goals of a problem

4.2 Applications



Example 4:

︸ ︷︷ ︸
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p(A) > p(A B C)
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Example 5:
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5. The role of logic for artificial general intelligence
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6. Conclusions
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Appendix A: Aggregation Operators (Yager, 1994; Benferhat, 2010)

d1, d2, . . . , dN ∈ [−1, 1]N N

Agg(d1, d2, . . . , dN ) ∈ [−1, 1]

•

•
d1, d2, . . . , dN

• dk ≤ d̂k k = 1, . . . , N Agg(d1, d2, . . . , dN ) ≤ Agg(d̂1, d̂2, . . . , d̂N )

• e ∈ [−1, 1]
Agg(d1, d2, . . . , dN ) = Agg(d1, d2, . . . , dN , e)

• Agg(d1, d2, . . . , dk, Agg(dk+1, . . . , dN )) = Agg(d1, d2, . . . , dN )

• Agg(d1, d2, . . . , dN ) <

Agg(d1, d2, . . . , dN , d) d = max{d1, d2, . . . , dN} > e



Representation Theorem max
min ∨ ∧

ψ∨[−1, e] → [0, 1] ψ∧[e, 1] → [0, 1](
(a ∧ b) = a · b, (a ∨ b) = 1 − (1 − a) · (1 − b) a, b ∈ [0, 1]

)

Agg(d1, d2) = ψ−1
∧ (ψ∧(d1) ∧ ψ∧(d2)) d1, d2 ∈ [−1, e]

Agg(d1, d2) = ψ−1
∨ (ψ∨(d1) ∨ ψ∨(d2)) d1, d2 ∈ [e, 1]

d1 ∈ [e, 1] d2 ∈ [−1, e]

• d1

• d2

• Agg(d1, d2) =
√

d1 · d2

Appendix B: Proof of the Lemma in Section 3

Proof:
x f(x) y

{(x1, y1|i = 1, . . . , n} f(x)

x xi y yi

d(x, xi)

Z Z
d

and = ∧
d1, d2 ∈ [0, 1], e = 1, Agg(d1, d2) = d1 ∧ d2 = d1 · d2.

[Z(d(x, xi)) ⇒ Z(d(y, yi))] [notZ(d(x, xi)) ∨ Z(d(y, yi))
]

y = arg max︸︷︷︸
y

n∧
i=1

notZ(d(x, xi)) ∨ Z(d(y, yi)) =

arg max︸︷︷︸
y

n∏
i=1

(
1 − Z(d(x, xi))

)
· Z(d(y, yi))

︸ ︷︷ ︸
g(x,y)

f(x) = y f(x + �x)
f(x) y g(x, y)

dg(x, y)

dx
= 0

d2g(x,y)
d2x

�= 0 d

Z f(x) = y
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