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High-     Machines are the ones DoD Needs to Worry About …⇤
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Syntax

S ::=
Object | Agent | Self @ Agent | ActionType | Action v Event |

Moment | Boolean | Fluent | Numeric

f ::=

action : Agent⇥ActionType ! Action

initially : Fluent ! Boolean

holds : Fluent⇥Moment ! Boolean

happens : Event⇥Moment ! Boolean

clipped : Moment⇥Fluent⇥Moment ! Boolean

initiates : Event⇥Fluent⇥Moment ! Boolean

terminates : Event⇥Fluent⇥Moment ! Boolean

prior : Moment⇥Moment ! Boolean

interval : Moment⇥Boolean

⇤ : Agent ! Self

payoff : Agent⇥ActionType⇥Moment ! Numeric

t ::= x : S | c : S | f (t1 , . . . , tn)

f ::=

t : Boolean | ¬f | f^y | f_y |

P(a, t,f) | K(a, t,f) | C(t,f) | S(a,b, t,f) | S(a, t,f)

B(a, t,f) | D(a, t,holds( f , t0)) | I(a, t,happens(action(a⇤ ,a), t0))

O(a, t,f,happens(action(a⇤ ,a), t0))

Rules of Inference

C(t,P(a, t,f)! K(a, t,f))
[R1 ]

C(t,K(a, t,f)! B(a, t,f))
[R2 ]

C(t,f) t  t1 . . . t  tn

K(a1 , t1 , . . .K(an , tn ,f) . . .)
[R3 ]

K(a, t,f)

f
[R4 ]

C(t,K(a, t1 ,f1 ! f2))! K(a, t2 ,f1)! K(a, t3 ,f2)
[R5 ]

C(t,B(a, t1 ,f1 ! f2))! B(a, t2 ,f1)! B(a, t3 ,f2)
[R6 ]

C(t,C(t1 ,f1 ! f2))! C(t2 ,f1)! C(t3 ,f2)
[R7 ]

C(t,8x. f ! f[x 7! t])
[R8 ]

C(t,f1 $ f2 ! ¬f2 ! ¬f1)
[R9 ]

C(t, [f1 ^ . . .^fn ! f]! [f1 ! . . .! fn ! y])
[R10 ]

B(a, t,f) f ! y

B(a, t,y)
[R11a ]

B(a, t,f) B(a, t,y)

B(a, t,y^f)
[R11b ]

S(s,h, t,f)

B(h, t,B(s, t,f))
[R12 ]

I(a, t,happens(action(a⇤ ,a), t0))

P(a, t,happens(action(a⇤ ,a), t))
[R13 ]

B(a, t,f) B(a, t,O(a⇤ , t,f,happens(action(a⇤ ,a), t0)))

O(a, t,f,happens(action(a⇤ ,a), t0))

K(a, t,I(a⇤ , t,happens(action(a⇤ ,a), t0)))
[R14 ]

f $ y

O(a, t,f,g)$ O(a, t,y,g)
[R15 ]
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Syntax

S ::=
Object | Agent | Self @ Agent | ActionType | Action v Event |

Moment | Boolean | Fluent | Numeric

f ::=
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Defs for An Affective Cognitive time&change Calculus

3 OCC Formalisation

3.1 Introduction

Formalisation for 20 OCC states are attempted here. The formalisation for like, dislike, love and
hate are not done. In addition to the definition in OCC model, the revised one given by this has
been used heavily for the definitions. Instead of considering an event as desirable, consequences of
events are desirable or undesirable. Thus we introduce the fluent CON(e,a,c) which means due to
event e, consequence is c with respect to agent a. Also, for all the following t0  t1  t2  t3

3.2 OCC Emotion types, definition and formalisation

1. Joy : pleased about a desirable event. By ’pleased about a desirable event’ the meaning we
will consider is ’pleased about a desirable consequence of the event’.

forSome c B(a, t3, implies(happens(e, t1), holds(CON(e, a, c), t2))) (1)

D(a, t3, holds(CON(e, a, c), t2)) (2)

K(a, t3, happens(e, t1)) (3)

The definition of holds(AFF (a, joy), t3) is therefore and(1,2,3).

2. Distress : displeased about an undesirable event.

not(D(a, t3, holds(CON(e, a, c), t3))) (4)

The definition of holds(AFF (a, distress), t3) is therefore and(1,4,3).

3. Happy-for: pleased about an event presumed to be desirable for someone else

forSome c B(a, t3, implies(happens(e, t1), holds(CON(e, a1, c), t2))) (5)

B(a, t3, D(a1, t3, holds(CON(e, a1, c), t2))) (6)

D(a, t3, holds(CON(e, a1, c), t2)) (7)

The definition of holds(AFF (a, happy_for), t3) is therefore and(5,6,7,3).

4. Pity: displeased about an event presumed to be undesirable for someone else. This is
equivalent to sorry_for in Hobbs-Gordon model.

B(a, t3, not(D(a1, t3, holds(CON(e, a1, c), t2)))) (8)

not(D(a, t3, holds(CON(e, a1, c), t2))) (9)

The definition of holds(AFF (a, pity), t3) is therefore and(5,8,9,3).

5. Gloating : pleased about an event presumed to be undesirable for someone else The defini-
tion of holds(AFF (a, gloating), t3) is therefore and(5,8,7,3).

6. Resentment: displeased about an event presumed to be desirable for someone else The
definition of holds(AFF (a, resentment), t3) is therefore and(5,6,9,3).

7. Hope: (pleased about) the prospect of a desirable event

forSome c B(a, t0, implies(happens(e, t1), ⇧holds(CON(e, a, c), t2))) (10)

D(a, t0, holds(CON(e, a, c), t2)) (11)

The definition of holds(AFF (a, hope), t0) is therefore and(10,11).

8. Fear: (displeased about) the prospect of an undesirable event

not(D(a, t0, holds(CON(e, a, c), t2))) (12)

The definition of holds(AFF (a, fear), t0) is therefore and(10,12).
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9. Satisfaction : (pleased about) the confirmation of the prospect of a desirable event
The definition of holds(AFF (a, satisfaction), t3) is and(10,11, 7 3).

10. Fears-confirmed : (displeased about) the confirmation of the prospect of an undesirable
event.
The definition of holds(AFF (a, fears� confirmed), t3) is and(10,12,9, 3).

11. Relief : (pleased about) the disconfirmation of the prospect of an undesirable event

K(a, t3, not(happens(e, t1))) (13)

The definition of holds(AFF (a, relief), t3) is and(10, 12, 9, 13).

12. Disappointment : (displeased about) the disconfirmation of the prospect of a desirable
event
The definition of holds(AFF (a, disappointment), t3) is and(10, 11, 7, 13).

13. Pride : (approving of) one’s own praiseworthy action
Here we treat ’approve’ as an action event. We also introduce a new predicate PRAISEWORTHY (a, b, x)
which will mean that agent a considers x a praiseworthy action by agent b. All the 3 inter-
pretations are shown below.

happens(action(a, x), t0) (14)

forAll axB(a, t1, implies(happens(action(ax, x), tx), PRAISEWORTHY (a, ax, x))), tx  t1
(15)

D(a, t1, holds(PRAISEWORTHY (a, a, x), t1)) (16)

happens(action(a, approve(x)), t1) (17)

The definition of holds(AFF (a, pride), t1) is and(14, B(a, t1, holds(PRAISEWORTHY (a, a, x), t1)), 17).

14. Shame: (disapproving of) one’s own blameworthy action
This also follows the same explanation as Pride.

forAll axB(a, t1, implies(happens(action(ax, x), tx), B(a, t1, holds(BLAMEWORTHY (a, ax, x)), t1))), tx  t1
(18)

not(happens(action(a, approve(x)), t1)) (19)

The definition of holds(AFF (a, shame), t1) is and(14, B(a, t1, holds(BLAMEWORTHY (a, a, x), t1)), 19).

15. Admiration: (approving of) someone else’s praiseworthy action

happens(action(a1, x), t0) (20)

The definition of holds(AFF (a, admiration), t1) is and(20, B(a, t1, holds(PRAISEWORTHY (a, a1, x), t1)), 17).

16. Reproach: (disapproving of) someone else’s blameworthy action The definition of holds(AFF (a, reproach), t1)
is and(20, B(a, t1, holds(BLAMEWORTHY (a, a1, x), t1)), 19).

17. Gratification : (approving of) one’s own praiseworthy action and (being pleased about) the
related desirable event. We again interpret ’pleased about the desirable event’ as ’pleased
about the desired consequence of the event.’

forSome c B(a, t1, implies(happens(action(a, x), t0), holds(CON(action(a, x), a, c), t0)))
(21)

D(a, t1, holds(CON(action(a, x), a, c), t0)) (22)

The definition of holds(AFF (a, gratification), t1) is and(20, B(a, t1, holds(PRAISEWORTHY (a, a, x), t1)), 17, 21, 22).

3

… (and more)
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<latexit sha1_base64="d9X5ssqkmofjZHanzDrNfjBJof0=">AAAB9HicbVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYRzAOSZZmdnU2GzD6cuRsIS77DxkIRWz/Gzr9xkmyhiQcGDuecy71z/FQKjbb9ba2srq1vbJa2yts7u3v7lYPDlk4yxXiTJTJRHZ9qLkXMmyhQ8k6qOI18ydv+8Hbqt0dcaZHEjzhOuRvRfixCwSgaye3dm2hAvRw9Z+JVqnbNnoEsE6cgVSjQ8CpfvSBhWcRjZJJq3XXsFN2cKhRM8km5l2meUjakfd41NKYR124+O3pCTo0SkDBR5sVIZurviZxGWo8j3yQjigO96E3F/7xuhuG1m4s4zZDHbL4ozCTBhEwbIIFQnKEcG0KZEuZWwgZUUYamp7IpwVn88jJpndeci5rzcFmt3xR1lOAYTuAMHLiCOtxBA5rA4Ame4RXerJH1Yr1bH/PoilXMHMEfWJ8/kkeR9w==</latexit>



Cogito Ergo Sum

absurd belief

1.7 seconds

⇤t1
<latexit sha1_base64="d9X5ssqkmofjZHanzDrNfjBJof0=">AAAB9HicbVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYRzAOSZZmdnU2GzD6cuRsIS77DxkIRWz/Gzr9xkmyhiQcGDuecy71z/FQKjbb9ba2srq1vbJa2yts7u3v7lYPDlk4yxXiTJTJRHZ9qLkXMmyhQ8k6qOI18ydv+8Hbqt0dcaZHEjzhOuRvRfixCwSgaye3dm2hAvRw9Z+JVqnbNnoEsE6cgVSjQ8CpfvSBhWcRjZJJq3XXsFN2cKhRM8km5l2meUjakfd41NKYR124+O3pCTo0SkDBR5sVIZurviZxGWo8j3yQjigO96E3F/7xuhuG1m4s4zZDHbL4ozCTBhEwbIIFQnKEcG0KZEuZWwgZUUYamp7IpwVn88jJpndeci5rzcFmt3xR1lOAYTuAMHLiCOtxBA5rA4Ame4RXerJH1Yr1bH/PoilXMHMEfWJ8/kkeR9w==</latexit>

⇤tk
<latexit sha1_base64="w+CBp7wdHb6a2U77SrGB9anfMhc=">AAAB9HicbVDLSsNAFL3xWeur6tJNsAiuSqKCLotuXLioYB/QhjCZTNqhk0mcuSmU0O9w40IRt36MO//GaZuFth4YOJxzLvfOCVLBNTrOt7Wyura+sVnaKm/v7O7tVw4OWzrJFGVNmohEdQKimeCSNZGjYJ1UMRIHgrWD4e3Ub4+Y0jyRjzhOmReTvuQRpwSN5PXuTTQkfo7+cOJXqk7NmcFeJm5BqlCg4Ve+emFCs5hJpIJo3XWdFL2cKORUsEm5l2mWEjokfdY1VJKYaS+fHT2xT40S2lGizJNoz9TfEzmJtR7HgUnGBAd60ZuK/3ndDKNrL+cyzZBJOl8UZcLGxJ42YIdcMYpibAihiptbbTogilA0PZVNCe7il5dJ67zmXtTch8tq/aaoowTHcAJn4MIV1OEOGtAECk/wDK/wZo2sF+vd+phHV6xi5gj+wPr8AeppkjE=</latexit>



For top level beliefs, knowledge, intensions, desires etc

Intensional Complexity of representations/formulae

Λ[B,1] Maximum intensional depth of beliefs 

Λ[D,1] Maximum intensional depth of desires 

Λ[I, 1] Maximum intensional depth of intentions 

…

I. Elements of ⇤



II. Elements of ⇤

For top level beliefs, knowledge, intensions, desires etc

Quantificational Complexity of representations/formulae

Λ[B, 2] Maximum quantificational depth of beliefs 

Λ[D, 2] Maximum quantificational depth of desires 

Λ[I,  2] Maximum quantificational depth of intentions 

…



For top level beliefs, knowledge, intensions, desires etc

Extensional Complexity of representations/formulae

Λ[B, 3] Maximum extensional depth of beliefs 

Λ[D, 3] Maximum extensional depth of desires 

Λ[I,  3] Maximum extensional depth of intentions 

…

III. Elements of  ⇤



For top level beliefs, knowledge, intensions, desires etc

Time Complexity of representations/formulae

Λ[B, 4] Maximum difference between time expressions within beliefs

Λ[D, 4]
Λ[I,  4]

…

IV. Elements of ⇤

Note: If a time variable t is universally quantified, we take it as ∞.

Maximum difference between time expressions within desires

Maximum difference between time expressions within intentions



Example
The Doctrine of Double Effect
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Example from Sim in IJCAI Paper
Λ[B, 1] = 2

Λ[B, 2] = 1

Λ[K, 1] = 1

Λ[O, 1] = 1

Λ[O, 1] = 1
Λ[I, 1] = 1
Λ[I, 2] = 1

…

looking at one single chunk

Λ[B, 3] = 1
Λ[B, 4] = ∞



(Btw the application of  
to eg “Deep Learning” 
machines implies that they 
have zero cognitive 
intelligence/cognitive 
consciousness.

Λ



AI:

AI
percept action

C

https://plato.stanford.edu/entries/artificial-intelligence/


AI:

AI
percept action

C

A (Turing-level) entity that computes.

https://plato.stanford.edu/entries/artificial-intelligence/
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AI:MLn

AI
percept action

⟨n1, n2, …, nk⟩, k ∈ ℤ+

A Turing machine as flow graph, 
with an alphabet composed 
only of positive integers.

?



AI
percept action

C

We will be able to measure the 
intelligence of any AI, not with g-loaded 
tests of intelligence, but with -loaded 
tests of machine intelligence, in keeping 
with Psychometric AI.

Λ
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CA:  11 Axioms (Initially)

P2B

K2B

Intro

Incorr

Ess

¬CompE

Irr

Free

CCaus

TheI

Plan

C EC
C SpecRel



Example

Λ[K, 1] = 2

Λ[K, 2] = 1

Λ[K, 2] = 2 Since the above goal is in second-order modal logic



1 2 3 4 …

B

K

D

O

…

Λ

t0 t1 t2 t3

Λ Itself varies across time

Max, Mean can be 
considered too. 



What is the level of consciousness (= ⇤ value) enjoyed by this self-conscious robot?
<latexit sha1_base64="pC2i7QDBEfFirqYmByiHuJLPY4w="></latexit>

https://motherboard.vice.com/en_us/article/mgbyvb/watch-these-cute-robots-struggle-to-become-self-aware

https://motherboard.vice.com/en_us/article/mgbyvb/watch-these-cute-robots-struggle-to-become-self-aware




“Theorem”: C-con., as measured by ⇤, unlike P-con. as measured by �, is discontinuous.



Discussion & Debate …





Med nok penger,  kan logikk 
løse alle våre problemer.


