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Peaceful coexistence with intelligent autonomous systems (IASs)?
I appropriate forms of machine-control
I appropriate forms of human-machine-interaction
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Peaceful coexistence with intelligent autonomous systems (IASs)?
I appropriate forms of machine-control
I appropriate forms of human-machine-interaction

Existing societal processes are based on:
I rational argumentation & dialog
I explicit normative reasoning (legal & ethical)

Deployment of IASs lacking such competencies? How wise is this?
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Talk Outline

A Motivation: Explicit Ethical Reasoning
B Technology: Universal Reasoning in Higher-Order Logic (HOL)
C Evidence: Analysis of Rational Arguments in Metaphysics
D Demo(s): Normative Reasoning Experimentation Platform

C. Benzmüller, 2018 2



Motivation

Long-term: Emerging Superintelligence Really? Anyhow . . .
I How to prevent Superintelligence from turning against humanity?

Medium-term: Development of pseudo-ethical skills in IASs
I Which norms? Which reasoning principles?
I What architectural design? What functionalities?
I How to implement, deploy and verify?

Different kinds of systems and approaches:
I [Moor, 2009]:

– ethical impact agents (ethical consequences to actions)
– implicit ethical agents (ethical reactions to given situations)
– explicit ethical agents (reasoning with ethical theories/rules)
– full ethical agents (conscious, intentional, free will)

I bottom-up vs. top-down
I [DoranEtAl., 2017]:

opaque — comprehensible — interpretable — explainable AI
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Pseudo-Ethical IAS (medium-term)
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Pseudo-Ethical IAS (medium-term)

Related Work

I Artificial Moral Agents
I [Wallach&Allen, 2008]

I Ethical Governors
I [ArkinEtAl., 2009, 2012]
I [Dennis&Fisher, 2017]

I Ethical Deliberation in ART
I [Dignum, 2017]

I Programming Machine Ethics
I [Pereira&Saptawijaya, 2016]

I . . .
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Strategical Relevance of Research Direction

Bundesregierung (Nov 2018): Strategie Künstliche Intelligenz

“Ethische und rechtsstaatliche Anforderungen sollten als integraler Bestandteil — und damit
Markenzeichen einer „AI made in Europe“ — im gesamten Prozess der Entwicklung und
Anwendung von KI Beachtung finden. Dies umfasst die Forschung, Entwicklung und die
Produktion von KI, aber auch den Einsatz, den Betrieb, die Kontrolle und die Governance
KI-basierter Anwendungen. Entwicklung von Verfahren zur Kontrolle und
Nachvollziehbarkeit algorithmischer Entscheidungen sollte alle Akteure, inkl. Industrie,
einbeziehen.”
https://www.bmbf.de/files/Nationale_KI-Strategie.pdf; page 40

Ben Goertzel (CEO SingularityNET; Nov 2018): “Toward Democratic, Lawful
Citizenship for AIs, Robots, and Corporations”

“Being an effective citizen of a nation operating under rule of law requires a form of general
intelligence that combines formal linguistic and symbolic knowledge (the legal code) with
the ability to abstract patterns from multimodal sensory data and informal linguistic data
(corresponding to actual real-life situations to which the law needs to be applied). So an AI
Citizenship Test needs to be a particular form of a General Intelligence Test. And it needs to
be a test that stresses one of the most interesting issues at the core of modern AI R&D: the
fusion of symbolic and subsymbolic knowledge.”
https://tinyurl.com/y8h94ouv
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Which Reasoning Formalisms?

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?
I Dilemmas, conflicting theories, etc.
I Appropriate modeling-of/reasoning-with notion of obligation

I Contrary-to-duty (CTD) scenarios
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Which Reasoning Formalisms?

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?
I Dilemmas, conflicting theories, etc.
I Appropriate modeling-of/reasoning-with notion of obligation

I Contrary-to-duty (CTD) scenarios

Standard CTD structure (Chisholm)

1. obligatory ’a’

2. obligatory ’if a then not b’

3. if ’not a’ then obligatory ’b’

4. ’not a’ (in a given situation)

Danger: Paradox/inconsistency — ex falso quodlibet!
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Which Reasoning Formalisms?

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?
I Dilemmas, conflicting theories, etc.
I Appropriate modeling-of/reasoning-with notion of obligation

I Contrary-to-duty (CTD) scenarios

CTD example (X. Parent): EU General Data Protection Regulation (GDPR)

1. Personal data shall be processed lawfully. (Art. 5)
E.g., the data subject must have given consent to the processing. (Art. 6/1.a)

2. Implicit: The data shall be kept, for the agreed purposes, if processed lawfully.

3. If personal data has been processed unlawfully, the controller has the obligation to
erase the personal data in question without delay. (Art. 17.d, right to be forgotten)

4. Given situation: Some personal data has been processed unlawfully.

Danger: Paradox/inconsistency — ex falso quodlibet!
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Which Reasoning Formalisms?

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?
I Dilemmas, conflicting theories, etc.
I Appropriate modeling-of/reasoning-with notion of obligation

I Contrary-to-duty (CTD) scenarios

Deontic Logic
I Reasoning about obligations and permissions
I Two groups of approaches:

— Possible worlds
I standard deontic logic CTD: no
I dyadic deontic logic CTD: yes

— Norm-based semantics
I input/output logic CTD: yes

L. van der Torre

X. Parent

A. Farjami

Further interests and challenges
I Combination with other logics (other modalities)
I Propositional deontic logic(s) will hardly be sufficient in practice

C. Benzmüller, 2018 6



Normative Reasoning Experimentation Platform
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Normative Reasoning Experimentation Platform — Demo in Isabelle/HOL
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Normative Reasoning Experimentation Platform — Demo in Isabelle/HOL

Danger Zone:
Paradoxes and Inconsistencies!
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Part B
Technology: Universal Reasoning in Higher-Order Logic
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Logic Zoo
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Logic Zoo

Classical Logic, of order

0. Propositional Logic

1. First-order Logic

2. Second-order Logic

. . .

n. Higher-order Logic

Non-Classical Logics
I Intuitionistic/Constructive Logics

(incl. Univalent Foundations)

I Modal Logics , Conditional Logics,

Temporal Logis, Spatial Logics
I Many-valued Logics
I Paraconsistent Logics
I Free Logics, Inclusive Logics
I Logics for special applications: Ethics,

Social Choice, Legal Reasoning, . . .
I Separation Logic, . . .

Example Application in Metaphysics/Philosophy:

Necessarily, God exists: �∃x.Gx
Kurt Gödel’s definition of God: G x := ∀Φ.Positive Φ→ Φx
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. . .
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. . .

Jww colleagues: formalisation of scientific articles and textbooks
I . . . in Philosophy, Maths, AI, CS
I . . . requiring very different logics

How possible in a single Mathematical Proof Assistant system?
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Example: Modal Logic Textbook
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Universal Reasoning in Meta-Logic HOL

HOL

Logic L
Syntax

Logic L
Semantics

Examples for L we have already studied:
Intuitionistic Logics, (Mathematical) Fuzzy Logics, Free Logic, Modal Logics, Description
Logics, Conditional Logics, Access Control Logics, Hybrid Logics, Multivalued Logics,
Logics with Neighborhood Semantics, Paraconsistent Logics, Dyadic Deontic Logic, . . .

Embedding works also for quantifiers (first-order & higher-order)

HOL provers become universal logic reasoning engines!

interactive: Isabelle/HOL, PVS, HOL4, Hol Light, Coq/HOL, . . .

automated: Leo-III, LEO-II, Satallax, TPS, Nitpick, Isabelle/HOL, . . .
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Isabelle/HOL (one of various Theorem Provers for HOL)

https://isabelle.in.tum.de
many other systems:

Coq, HOL, HOL Light, PVS, Lean, NuPrL, IMPS, ACL2, Leo-II/Leo-III, . . .
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Universal Reasoning in Isabelle/HOL
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Universal Logic Reasoning in Isabelle/HOL

Properties of � and ^ correlated to structure of transition system between worlds
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Universal Logic Reasoning in Isabelle/HOL

Properties of � and ^ correlated to structure of transition system between worlds

I Logic K: — (no restrictions, any structure)
I Logic M: reflexiv transition relation, ∀P.�P→ P
I Logic KB: symmetric transition relation, ∀P.P→ �^P
I Logic S5: equivelance relation as transition system, add ∀P.�P→ ��P
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Universal Logic Reasoning in Isabelle/HOL

Properties of � and ^ correlated to structure of transition system between worlds

I Logic K: — (no restrictions, any structure)
I Logic M: reflexiv transition relation, ∀P.�P→ P
I Logic KB: symmetric transition relation, ∀P.P→ �^P
I Logic S5: equivelance relation as transition system, add ∀P.�P→ ��P

I Logic D: serial transition relation, ∀P.�P→ ^P (Standard Deontic Logic)
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Universal (Meta-)Logical Reasoning Framework [Benzmüller_SBMF 2017]

Metaphysics

—application—
interacts

with
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HO Modal Logic(s)

—object logic—
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—application—


models
unfolds
into

interacts
with
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Universal (Meta-)Logical Reasoning Framework [Benzmüller_SBMF 2017]

(Counter-)Model  
Nitpick

Proof Automation 
Sledgehammer

        HOL-ATP 
Leo-II/III, Satallax

        FOL-ATP   
E, Spass, Vampire

                SMT-Solver 
CVC4, Z3

(Counter-)Model  
Nunchaku

(Isabelle/HOL) 
HOL
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HO Modal Logic(s)
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—application—


models
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Sledgehammer
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E, Spass, Vampire

                SMT-Solver 
CVC4, Z3

SAT-Solver 

(Counter-)Model  
Nunchaku

(Isabelle/HOL) 
HOL


—meta logic—


Deontic Logic(s)

—object logic—


Machine Ethics

—application—


models

embeds
unfolds
into

unfolds
into

Paradox 
Kodkod 

smbc

interacts
with
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Part C
Evidence: Analysing Rational Arguments in Metaphysics

[BenzmüllerWoltzenlogelPaleo, ECAI, 2014 + IJCAI, 2016 + KI 2016 + . . . ]
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Computational Metaphysics
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Computational Metaphysics: Kurt Gödel’s Ontological Argument
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Computational Metaphysics: Kurt Gödel’s Ontological Argument
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Computational Metaphysics: Dana Scott’s Variant

Axiom A1 Either a property or its negation is positive, but not both: ∀φ[P(¬φ)↔ ¬P(φ)]

Axiom A2 A property necessarily implied by a positive property is positive:
∀φ∀ψ[(P(φ) ∧ �∀x[φ(x)→ ψ(x)])→ P(ψ)]

Thm. T1 Positive properties are possibly exemplified: ∀φ[P(φ)→ ^∃xφ(x)]

Def. D1 A God-like being possesses all positive properties: G(x)↔ ∀φ[P(φ)→ φ(x)]

Axiom A3 The property of being God-like is positive: P(G)

Cor. C Possibly, God exists: ^∃xG(x)

Axiom A4 Positive properties are necessarily positive: ∀φ[P(φ)→ �P(φ)]

Def. D2 An essence of an individual is a property possessed by it and necessarily implying
any of its properties: φ ess. x↔ φ(x) ∧ ∀ψ(ψ(x)→ �∀y(φ(y)→ ψ(y)))

Thm. T2 Being God-like is an essence of any God-like being: ∀x[G(x)→ G ess. x]

Def. D3 Necessary existence of an individual is the necessary exemplification of all its
essences: NE(x)↔ ∀φ[φ ess. x→ �∃yφ(y)]

Axiom A5 Necessary existence is a positive property: P(NE)

Thm. T3 Necessarily, God exists: �∃xG(x)
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Computational Metaphysics: Scott’s Variant

Axiom A1 Either a property or its negation is positive, but not both: ∀φ[P(¬φ)↔ ¬P(φ)]

Axiom A2 A property necessarily implied by a positive property is positive:
∀φ∀ψ[(P(φ) ∧ �∀x[φ(x)→ ψ(x)])→ P(ψ)]

Thm. T1 Positive properties are possibly exemplified: ∀φ[P(φ)→ ^∃xφ(x)]
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Cor. C Possibly, God exists: ^∃xG(x)

Axiom A4 Positive properties are necessarily positive: ∀φ[P(φ)→ �P(φ)]

Def. D2 An essence of an individual is a property possessed by it and necessarily implying
any of its properties: φ ess. x↔ φ(x) ∧ ∀ψ(ψ(x)→ �∀y(φ(y)→ ψ(y)))

Thm. T2 Being God-like is an essence of any God-like being: ∀x[G(x)→ G ess. x]

Def. D3 Necessary existence of an individual is the necessary exemplification of all its
essences: NE(x)↔ ∀φ[φ ess. x→ �∃yφ(y)]

Axiom A5 Necessary existence is a positive property: P(NE)

Thm. T3 Necessarily, God exists: �∃xG(x)

Difference to Gödel (who omits this conjunct)
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Computational Metaphysics: Scott’s Variant of Gödel’s Ontological Argument

Axiom A1 Either a property or its negation is positive, but not both: ∀φ[P(¬φ)↔ ¬P(φ)]

Axiom A2 A property necessarily implied by a positive property is positive:
∀φ∀ψ[(P(φ) ∧ �∀x[φ(x)→ ψ(x)])→ P(ψ)]

Thm. T1 Positive properties are possibly exemplified: ∀φ[P(φ)→ ^∃xφ(x)]

Def. D1 A God-like being possesses all positive properties: G(x)↔ ∀φ[P(φ)→ φ(x)]

Axiom A3 The property of being God-like is positive: P(G)

Cor. C Possibly, God exists: ^∃xG(x)

Axiom A4 Positive properties are necessarily positive: ∀φ[P(φ)→ �P(φ)]

Def. D2 An essence of an individual is a property possessed by it and necessarily implying
any of its properties: φ ess. x↔ φ(x) ∧ ∀ψ(ψ(x)→ �∀y(φ(y)→ ψ(y)))

Thm. T2 Being God-like is an essence of any God-like being: ∀x[G(x)→ G ess. x]

Def. D3 Necessary existence of an individual is the necessary exemplification of all its
essences: NE(x)↔ ∀φ[φ ess. x→ �∃yφ(y)]

Axiom A5 Necessary existence is a positive property: P(NE)

Thm. T3 Necessarily, God exists: �∃xG(x)

Modal operators are used
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Computational Metaphysics: Scott’s Variant of Gödel’s Ontological Argument

Axiom A1 Either a property or its negation is positive, but not both: ∀φ[P(¬φ)↔ ¬P(φ)]

Axiom A2 A property necessarily implied by a positive property is positive:
∀φ∀ψ[(P(φ) ∧ �∀x[φ(x)→ ψ(x)])→ P(ψ)]

Thm. T1 Positive properties are possibly exemplified: ∀φ[P(φ)→ ^∃xφ(x)]

Def. D1 A God-like being possesses all positive properties: G(x)↔ ∀φ[P(φ)→ φ(x)]

Axiom A3 The property of being God-like is positive: P(G)

Cor. C Possibly, God exists: ^∃xG(x)

Axiom A4 Positive properties are necessarily positive: ∀φ[P(φ)→ �P(φ)]

Def. D2 An essence of an individual is a property possessed by it and necessarily implying
any of its properties: φ ess. x↔ φ(x) ∧ ∀ψ(ψ(x)→ �∀y(φ(y)→ ψ(y)))

Thm. T2 Being God-like is an essence of any God-like being: ∀x[G(x)→ G ess. x]

Def. D3 Necessary existence of an individual is the necessary exemplification of all its
essences: NE(x)↔ ∀φ[φ ess. x→ �∃yφ(y)]

Axiom A5 Necessary existence is a positive property: P(NE)

Thm. T3 Necessarily, God exists: �∃xG(x)

second-order quantifiers
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Computational Metaphysics: Scott’s and Gödel’s Variants — Demo
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Computational Metaphysics: Scott’s and Gödel’s Variants — Demo
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Results of our Experiments

Variant of Dana Scott

I the premises are consistent
I all argument steps are logically correct

in (higher-order, extensional) modal logic

- correct in logic S5
- weaker logic KB is already sufficient
- philosophical critique about use of S5 not justfied

I minimal dependencies determined by theorem provers
I alternative proofs (different from the ones in literature)

Intermediate Conclusion:

With our technology. . .
. . . it is possible to verify (selected) masterpiece arguments in philosophy
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Results of our Experiments

Variant of Kurt Gödel

I the premises are inconsistent/contradictory
I everything follows!
I Philosophers had not seen this
I . . . but my theorem prover LEO-II did

Intermediate Conclusion:

Our technology . . .
. . . can reveal flawed arguments and can even contribute new knowledge.
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Results of our Analysis

. . . we continue with Scott’s version

Further corollaries we can prove
I Monotheism
I Gott is flawless (has only positive properties)
I . . .
I Modal collapse: ϕ→ � ϕ

I there are no contingent truths
I no alternative worlds
I everything is determined
I no free will

Challenge: Can the Modal Collapse be avoided (with minimal changes)?
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Can the Modal Collapse be avoided?
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Can the Modal Collapse be avoided?

— contributed to clarification of controversy —
— revealed various flaws and issues —

[Logica Universalis, 2017]
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Very Recent Experiments (AISSQ 2018 keynote lecture)

Comparison of
I Gödel/Scott (1972) modal collapse
I C. Anthony Anderson (1990) avoids modal collapse
I Melvin Fitting (2002) avoids modal collapse

Questions:

I How do Anderson and Fitting the avoid modal collapse?
I Are their solutions related?

To answer this questions we will apply some notions from
I mathematics: ultrafilters
I philosophy of language: extension and intension of predicates
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Summary of Results

I “Godlike” has been defined in terms of “positive properties”
I “positive properties” linked in experiments with notion of “ultrafilter”

I We then distinguished between
P: positive intensional properties
P′: positive ("rigidly intensionalised") extensions of properties

I Gödel/Scott variant axiomatises P: P = P′ is an ultrafilter
I Anderson’s variant axiomatises P: P , P′; only P′ is an ultrafilter
I Fitting’s variant axiomatises only P′: P′ is an ultrafilter

Modal collapse holds for Gödel/Scott variant, but not for Anderson’s & Fitting’s!

They achieve this in seemingly different ways.

Mathematically, however, their solutions appear closely related.
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Further Ongoing Experiments

Ed Zalta (Stanford)

Principia Logico-Metaphysica

Hyperintensional higher-order modal logic

Inconsistency/Paradox detected

Daniel Kirchner
(Mathematics, FU Berlin)
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Further Ongoing Experiments

Ed Zalta (Stanford)

Principia Logico-Metaphysica

Hyperintensional higher-order modal logic

Inconsistency/Paradox detected

Daniel Kirchner
(Mathematics, FU Berlin)

Kirchner Paradox

Daniel & Isabelle/HOL have become close advisors of
Ed Zalta in the search for a repair

Computational Metaphysics par excellence!!!

Papers on these topics: http://christoph-benzmueller.de –> Publications

C. Benzmüller, 2018 39
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Further Ongoing Experiments

Ed Zalta (Stanford)

Principia Logico-Metaphysica

Hyperintensional higher-order modal logic

Inconsistency/Paradox detected

Daniel Kirchner
(Mathematics, FU Berlin)

Category Theory

Free first-order logic

(Constricted) Inconsistency detected

See forthcoming article in JAR
D. Scott

(UC Berkeley)
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Part D
Demo(s): Normative Reasoning Experimentation Platform
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Normative Reasoning Experimentation Platform [CiE, 2018]
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Demo I: SDL in Isabelle/HOL [Logica Universalis, 2013]
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Demo I: DDL in Isabelle/HOL
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Demo I: Experimenting with SDL and DDL in Isabelle/HOL [arXiv:1804.02929]
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Demo I: Global vs. Local Consequence Relation
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Experimenting with SDL and DDL in Isabelle/HOL [arXiv:1804.02929]

1. SDL in HOL
(propositional, first/higher-order, different quantifiers, logic combinations)
I already covered by earlier work

2. DDL in HOL
(propositional)
I with Ali Farjami and Xavier Parent
I faithfulness (assuming Henkin semantics)

3. DDL in HOL
(first/higher-order, different quantifiers, logic combinations)
I straightforward combination with (1)
I more later

4. Ask me for longer demo!
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Demo II: I/O-Logic in Isabelle/HOL [arXiv:1803.09681]

Input/output (I/O) logic [Makinson, JPL, 2000], [GabbayHortyParentEtAl-Handbook, 2013]

I I/O-operators, such as out1 (simple-minded output), accept set G of conditional
norms as argument

I Conditional norms: pairs (a,x) with input “a” (condition) and output “x” (obligation)
I Pairs (a,x) are not given a truth-functional semantics in I/O logic
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Demo II: I/O-Logic in Isabelle/HOL [arXiv:1803.09681]
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Demo III: Preference-based DDL in Isabelle/HOL
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Demo III: Preference-based DDL in Isabelle/HOL

By
A. Steen
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Demo IV: Gewirth’s Principle of Generic Consistency (PGC) in Isabelle/HOL

“Act in accord with the generic rights of your recipients as well as of yourself. I shall
call this the Principle of Generic Consistency (PGC), since it combines the formal
consideration of consistency with the material consideration of rights to the generic
features or goods of action.” (Alan Gewirth, Reason and Morality, 1978)

I Gewirth’s PGC has
I stirred much controversy in moral philosophy
I been discussed as means to bound the impact of artificial general intelligence

(AGI)

I Idea (in a nutshell):
I devise a safety mechanism of a mathematical (deductive) nature
I to ensure that an AGI respects human’s freedom and well-being
I mechanism is based on assumption that it is able to recognize itself, as well as

us humans, as agents (prospective purposive agents, PPA) which
I act voluntarily on self-chosen purposes, and
I reason rationally

I References
I A. Gewirth. Reason and morality. U of Chicago Press, 1978.
I D. Beyleveld. The dialectical necessity of morality: An analysis and defense of

Alan Gewirth’s argument to the principle of generic consistency. U of Chicago
Press, 1991.

I A. Kornai. Bounding the impact of AGI. J. Experimental & Theoretical AI, 2014.
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Demo IV: Gewirth’s Principle of Generic Consistency (PGC) in Isabelle/HOL

The idea is to constrain potential AGI’s to reason in the following way
I It is necessary for me (as an AGI) to accept that:

(P1) I act voluntarily on purpose E (equivalent by definition to "I am a PPA")
(C2) E is good (for me)
(P3) In order to achieve any purpose whatsoever by my agency, I need my

freedom and well-being
(C4) My freedom and well-being are necessary goods (for me)
(C5) I (even if no one else) have a claim right to my freedom and well-being
I It is necessary for all PPAs to accept that:

(C9) Every PPA has a necessary right to their freedom and well-being
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(C5) I (even if no one else) have a claim right to my freedom and well-being
I It is necessary for all PPAs to accept that:

(C9) Every PPA has a necessary right to their freedom and well-being

Any AGI (PPA) denying that it is bound by the PCG (e.g. by refusing to
respect humans’ F&WB) would deny that it is a PPA (and thus its own
agency).

Hence, to avoid self-contradiction, an AGI would be bound to accord
basic rights to humans.
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Demo IV: Gewirth’s Principle of Generic Consistency (PGC) in Isabelle/HOL

The idea is to constrain potential AGI’s to reason in the following way
I It is necessary for me (as an AGI) to accept that:

(P1) I act voluntarily on purpose E (equivalent by definition to "I am a PPA")
(C2) E is good (for me)
(P3) In order to achieve any purpose whatsoever by my agency, I need my

freedom and well-being
(C4) My freedom and well-being are necessary goods (for me)
(C5) I (even if no one else) have a claim right to my freedom and well-being
I It is necessary for all PPAs to accept that:

(C9) Every PPA has a necessary right to their freedom and well-being

By David Fuenmayor, cf. http://christoph-benzmueller.de/papers/2018-GewirthArgument.zip
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Demo IV: Gewirth’s Principle of Generic Consistency (PGC) in Isabelle/HOL

The idea is to constrain potential AGI’s to reason in the following way
I It is necessary for me (as an AGI) to accept that:

(P1) I act voluntarily on purpose E (equivalent by definition to "I am a PPA")
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(P3) In order to achieve any purpose whatsoever by my agency, I need my
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(C4) My freedom and well-being are necessary goods (for me)
(C5) I (even if no one else) have a claim right to my freedom and well-being
I It is necessary for all PPAs to accept that:

(C9) Every PPA has a necessary right to their freedom and well-being

Most recent encoding and assessment of Gewirth’s PGC:

Formalisation and Evaluation of Alan Gewirth’s Proof for the Principle of Generic
Consistency in Isabelle/HOL (D. Fuenmayor, C. Benzmüller), Archive of Formal
Proofs, 2018. https://www.isa-afp.org/entries/GewirthPGCProof.html
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Demo V: Native Support for Deontic Logic(s) in Leo-III [IJCAR, 2018], [RuleML+RR, 2018]

What is Leo-III?
I ATP for classical HOL (by A. Steen, M. Wisniewski and myself)
I ordered paramodulation; efficient data-structures; parallelisation; etc.
I native support for more than 120 logics (all normal quantified modal logics)
I including native support for quantified SDL and DDL

I Website: http://page.mi.fu-berlin.de/lex/leo3/
I Download: https://github.com/leoprover/Leo-III
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Demo V: Native Support for Deontic Logic(s) in Leo-III [IJCAR, 2018], [RuleML+RR, 2018]

Brand new: Support for Dyadic Deontic Logic (Carmo/Jones)

I Enhance propositional TPTP fragment with
1. Dyadic deontic obligation $O(p/q)
2. Actual/Primary deontic obligations $O_a(p), $O_p(p)
3. Box operators $box(p), $box_a(p),$box_p(p)

I Integrated into Leo-III (stand-alone tool available)

ASCII Syntax Meaning

~ ¬ Negation
| ∨ Disjunction
& ∧ Conjunction
=> ⇒ Material implication
<=> ⇔ Equivalence
$O(p/q) O(p/q) Dyadic deontic obligation (It ought to be p given that q)

$box(p) �(p) In all worlds p

Input statements: ddl(<name>, <role>, <formula>).
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Demo V: Native Support for Deontic Logic(s) in Leo-III [IJCAR, 2018], [RuleML+RR, 2018]

Input statements: ddl(<name>, <role>, <formula>).

where <role> provides meta-logical information:

I axiom assumed, globally valid

I localAxiom assumed, valid in current world

I conjecture global consequence?

I localConjecture consequence in current world?

Example
This problem can directly be given to Leo-III:

ddl(a1, axiom, $O(processDataLawfully)).
ddl(a2, axiom, $O(eraseData/~processDataLawfully)).
ddl(a3, localAxiom, ~processDataLawfully).

ddl(c1, conjecture, $O(eraseData)).

... giving ...

% SZS status Theorem for gdpr_new.p : 2143 ms resp. 776 ms w/o parsing
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Argued for explicit ethical reasoning competencies in IASs
I development of normative reasoning experimentation platform
I utilising HOL as universal meta-logic
I practical evidence from previous work (metaphysics, category

theory, etc.)
I suitable also for teaching

Ongoing and further work
I workbench of deontic logics (expressive, logic combinations)
I formalisation and mechanisation of foundational ethical theories
I experiments . . . deployment
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