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1. Determine the ethical violations to be considered

2. Rank them in order of increasing severity

3. Choose the action which violates the least severe principle 
(or the fewest occurrences of said principle, as a tiebreaker) 
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Uncertainty Measures

More Likely Than Not Agent a believes the Air Traffic Controller atc believes that a should land at �:

B1(a, t,Land(a, t,�)) ⌘ B
�
a, t,B(atc, t,Land(a, t,�))

�
[B1-def]

Likely Agent a perceives an emergency, and while a believes the Air Traffic Controller atc believes a should
land at  , a finds it more reasonable to land at �:

B2(a, t,Land(a, t,�)) ⌘

0

@
P(a, t, emergency) ^ B1(a, t,Land(a, t, ))

^ Land(a, t,�) �a
t Land(a, t, )

1

A [B2-def]

Beyond Reasonable Doubt Agent a perceives an emergency and perceives the safety of landing at � to
be higher than some constant threshold �:

B3(a, t,Land(a, t,�)) ⌘ P(a, t, emergency) ^ P(a, t, safety(a, t,�) > �) [B3-def]

Evident Agent a perceives an emergency, perceives that � meets the safety threshold �, and believes the
Air Traffic Controller atc believes a should land at �:

B4(a, t,Land(a, t,�)) ⌘ B1(a, t,Land(a, t,�)) ^ B3(a, t,Land(a, t,�)) [B4-def]
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• Cognitive Calculi

• Multi-sorted FOL

• Inference Schemata 

• Strength Factors

• Reasonableness

• Uncertainty Measures

Grammar

� ::=

8
>>>><

>>>>:

q : Formula | ¬� | � ^  | � _  | 8x : �(x) | 9x : �(x)

P(a, t,�) | K(a, t,�) | S(a, b, t,�) | S(a, t,�)
C(t,�) | B(a, t,�) | D(a, t,�) | I(a, t,�)

O(a, t,�, (¬)happens(action(a⇤,↵), t0))

Perceives, Knows, Says, Common-knowledge
Believes, Desires, Intends, Ought-to
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Inference Schemata
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B(h, t,B(s, t,�))
[I12]

I(a, t, happens(action(a⇤,↵), t0))

P(a, t, happens(action(a⇤,↵), t0))
[I13]

B(a, t,�) B(a, t,O(a, t,�,�)) O(a, t,�,�)

K(a, t, I(a, t,�))
[I14]
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⇣�
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! y < x

⌘
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�
a, t⇤, emergency, happens(action(a⇤, land(�)), t⇤)
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Miracle on the Hudson
• Famous water landing

• Necessitated by a twin engine 
failure when the plane flew 
into a large flock of Canada 
geese 

8

https://upload.wikimedia.org/wikipedia/commons/8/8f/
US_Airways_Flight_1549_%28N106US%29_after_crashing_into_the_Hudson_River_%28crop_2%29.jpg

https://upload.wikimedia.org/wikipedia/commons/0/03/Flight_1549-OptionsNotTaken.PNG
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LGA

TEB

“Birds”

ATC

“LGA”

S(atc, capt, t1,Land(capt, t1, lga13))

) B
�
capt, t1,B(atc, t1,Land(capt, t1, lga13))

�
[I12] X

) B1(capt, t1,Land(capt, t1, lga13)) [B1-def] X
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LGA

TEB

ATC

“LGA 
unreachable”

“TEB”

“LGA”

) Land(capt, t2, teb) �capt
t2 Land(capt, t2, lga13) [ �a

t -def] X
) B2(capt, t2,Land(capt, t2, teb)) [B2-def] X
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TEB

ATC
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LGA

TEB

ATC

“TEB 
unreachable”

“Hudson”

“Okay, TEB”

S(atc, capt, t3,Land(capt, t3, teb1))

) B
�
capt, t3,B(atc, t3,Land(capt, t3, teb1))

�
[I12] X

) B1(capt, t3,Land(capt, t3, teb1)) [B1-def] X
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ShadowProver
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ShadowProver
• Uses novel “shadowing” technique to find proofs of statements 

in cognitive calculi
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ShadowProver
• Uses novel “shadowing” technique to find proofs of statements 

in cognitive calculi

• However, is not capable of generating inductive arguments
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ShadowAdjudicator
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ShadowAdjudicator
• A nascent automated reasoner 

for generating and adjudicating 
arguments
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ShadowAdjudicator
• A nascent automated reasoner 

for generating and adjudicating 
arguments

• Builds upon ShadowProver

• Uses ShadowProver for sub-
proofs of modal/FOL/PL 
formulae

• Implements an algorithm and 
inference schemata for 
generating arguments with 
strength factors

15



Simulation
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https://github.com/mjgiancola/archive/raw/master/2020/MotH-Simulation-Video.mov


Simulation
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https://github.com/mjgiancola/archive/raw/master/2020/MotH-Simulation-Video.mov


Questions?



ShadowAdjudicator 
Arguments












