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

s

Existing societal processes are based on:
> rational argumentation & dialog
> explicit normative reasoning (legal & ethical)
Deployment of IASs lacking such competencies? How wise is this?
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Ethics

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
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Motivation

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

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

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

Different kinds of systems and approaches:
» [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

» bottom-up vs. top-down
» [DoranEtAl., 2017]:
opaque — comprehensible — interpretable — explainable Al

(conscious, intentional, free will
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Pseudo-Ethical IAS (medium-term)
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Pseudo-Ethical IAS (medium-term)
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Pseudo-Ethical IAS (medium-term)
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Pseudo-Ethical IAS (medium-term)

Action
‘ Related Work
Accplod 4 Aclon v > Artificial Moral Agents
E Ethical Theory Legal Theory S > [Wallach&Allen, 2008]
P |
L S F » Ethical Governors
N X%‘:gsotn:ra ¢ > [ArkinEtAL, 2009, 2012]
A A > [Dennis&Fisher, 2017]
| |
N e 1““"” ° > Ethical Deliberation in ART
> [Dignum, 2017]
= <
> Programming Machine Ethics
> [Pereira&Saptawijaya, 2016]
> .
Input Data
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Strategical Relevance of Research Direction

Bundesregierung (Nov 2018): Strategie Kiinstliche Intelligenz

“Ethische und rechtsstaatliche Anforderungen sollten als integraler Bestandteil — und damit
Markenzeichen einer ,Al made in Europe” — im gesamten Prozess der Entwicklung und
Anwendung von Kl Beachtung finden. Dies umfasst die Forschung, Entwicklung und die
Produktion von Kl, aber auch den Einsatz, den Betrieb, die Kontrolle und die Governance
Kl-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 Als, 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 Al
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 Al R&D: the
fusion of symbolic and subsymbolic knowledge.”

https://tinyurl.com/y8h94ouv
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i i . “If we had it [a characteristica universalis],
Which Reasoning Formalisms? we should be able to reason in metaphysics

and morals in much the same way as in
geometry and analysis.”
(Leibniz, 1677)

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?

> Dilemmas, conflicting theories, etc.
> Appropriate modeling-of/reasoning-with notion of obligation
> Contrary-to-duty (CTD) scenarios
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“If we had it [a characteristica universalis],
we should be able to reason in metaphysics
and morals in much the same way as in
geometry and analysis.”

Which Reasoning Formalisms?

(Leibniz, 1677)

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?
> Dilemmas, conflicting theories, etc.

> Appropriate modeling-of/reasoning-with notion of obligation
> Contrary-to-duty (CTD) scenarios

Standard CTD structure (Chisholm)

. obligatory 'a’

. obligatory 'if a then not &’
. if 'not @’ then obligatory b’
‘not @’

O DN =

Danger: Paradox/inconsistency — ex falso quodlibet!
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i i . “If we had it [a characteristica universalis],
Which Reasoning Formalisms? we should be able to reason in metaphysics
and morals in much the same way as in
geometry and analysis.”
(Leibniz, 1677)

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?

> Dilemmas, conflicting theories, etc.
> Appropriate modeling-of/reasoning-with notion of obligation
> Contrary-to-duty (CTD) scenarios

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

1. Personal data shall be processed lawfully.
E.g., the data subject must have given consent to the processing.

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.

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

Danger: Paradox/inconsistency — ex falso quodlibet!
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i i i “If we had it [a characteristica universalis],
Which Reasoning Formalisms? we should be able to reason in metaphysics
and morals in much the same way as in

geometry and analysis.”
(Leibniz, 1677)

Challenges for Explicit Ethical Reasoning Engines: Which Logic(s)?

> Dilemmas, conflicting theories, etc. ]
> Appropriate modeling-of/reasoning-with notion of obligation \
> Contrary-to-duty (CTD) scenarios

Deontic Logic X
L. van der Torre

» Reasoning about obligations and permissions el
> Two groups of approaches: ”'fﬂﬂl :
— Possible worlds fia 1
> standard deontic logic CTD: no
> dyadic deontic logic CTD: yes s
. Parent
— Norm-based semantics
> input/output logic CTD: yes -
iy,
Further interests and challenges F/)
> Combination with other logics (other modalities) ] {‘_Farj;‘mi

> Propositional deontic logic(s) will hardly be sufficient in practice
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Normative Reasoning Experimentation Platform
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Normative Reasoning Experimentation Platform

Enabling Technology

Higher-Order
Theorem Provers

Isabelle/HOL
Leo-llI
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Normative Reasoning Experimentation Platform — Demo in Isabelle/HOL

IE@B¥3E & 9¢ X OB &

O GDPR.thy (~/chris/trunk/tex/talks/2018-DEON/DEMO/)

begin (*** GDPR Example ***)
consts process_data_lawfully::o erase_data:io kill_boss:

(* It is an obligation to process data lawfully. *)

2

3

4

5

6| axiomatization where
7

8|  AL: "|0(process_data_lawfully)]" and
9

16| (*** Some Experiments **x)

18| lemma False sledgehammer oops  (* Inconsistency-check: Can Falsum be derived? *)

19

20| lemma "|0(erase_data)|" sledgehammer nitpick oops (* Should the data be erased? *)

21| lemma "|0(-erase_data)|" sledgehammer nitpick oops (* Should the data be kept? *)

22| lemma "[0(kill boss)|"  sledgZhammer nitpick oops (* Should the boss be killed? *)
©23|end

v Proof state v Auto update Update  Search:

Sledgehammering. ..
Proof found...
"spass": The prover derived "False" from "Al", "A2", "A3",

1|theory GDPR imports SDL (* Christoph Benzmiiller & Xavier Parent, 2018 *)

(* Implicit: It is an obligation to keep the data if it was processed lawfully.
10|  Implicit: "[0(process_data_lawfully — -erase_data)|" and
11| (% If data was not processed lawfully, then it is an obligation to erase the data. *)

12| A2: "[-process_data lawfully — O(erase_data)|"

13| (* Given a situation where data is processed unlawfully. *) and
14| A3: “[-process_data_lawfully|."

15|

17| lemma True nitpick [satisfyl oops (* Consistency-check: Is there a model? *)

¢ @@ +

“D", and "Implicit", which could

"e": The prover derived "False" from "Al", "A2", "A3", "D", and "Implicit", which could be d

“cvc4": Try this: by (metis AL A2 A3 D Implicit) (68 ms)
"z3": Try this: by (metis Al A2 A3 D Implicit) (59 ms)

B v Output Query Sledgehammer Symbols

C. Benzmdiller, 2018
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Normative Reasoning Experimentation Platform — Demo in Isabelle/HOL

NE@d@p:&:9 ¢ DA Q& BEE A # @ +

1 GDPR.thy (~/chris/trunk /tex/talks/2018-DEON/DEMO/) <
1|theory GDPR imports SDL (* Christoph Benzmiiller & Xavier Parent, 2018 *) []
2 v
3|begin (*** GOPR Example *+*)
4| consts process_data_lawfully::o erase_data:io kill_boss::c ]
5 g
6| axiomatization where 3
7| (* It is an obligation to process data lawfully. *) z
8 Al: "[0(process_data_lawfully)|" and g
9 (* Implicit: It is an obligation to keep the data if it was processed lawfully. *)
10 Implicit: “|0(process_data_lawfully — -erase_data)|" and g
11| (* If data was not processed lawfully, then it is an obligation to erase the data. *) 21
12|  A2: "|-process_data_lawfully — O(erase_data)]" 2
13| (* Given a situation where data is processed unlawfully. *) and "
14 A3: "|-process_data_lawfully|." L} 8
15 N ®
16| (4 =)
7| 1 Danger Zone: I
18| 1 . . 2
e Paradoxes and Inconsistencies!
21| lemma "[0(-erase_data)|" sledgehammer nitpick oops (* Should the data be kept? *)
22| lemma "[0(kill_boss)|*  sledgZhammer nitpick oops (* Should the boss be killed? *)
©23|end
v Proof state v Auto update Update  Search: ¥ 100% <
Sledgehammering. . .

Proof found...
"spass": The prover derived "False" from "AL", "A2", "A3", "D", and "Implicit", which could
“e": The prover derived "False” from "Al", "A2", "A3", *D", and "Implicit", which could be d
"cvc4": Try this: by (metis AL A2 A3 D Implicit) (68 ms)

"z3": Try this: by (metis Al A2 A3 D Implicit) (59 ms)

B v Output Query Sledgehammer Symbols
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“If we had it [a characteristica universalis],
we should be able to reason in metaphysics
and morals in much the same way as in
geometry and analysis.”

(Leibniz, 1677)

Part B
Technology: Universal Reasoning in Higher-Order Logic

C. Benzmiiller, 2018



C. Benzmiiller, 2018

Compu-
tational
Linguistics



C. Benzmiiller, 2018

Compu-
tational
Linguistics



C. Benzmiller, 2018

Logic Zoo



Logic Zoo

Non-Classical Logics

> Intuitionistic/Constructive Logics

Classical Logic, of order (incl. Univalent Foundations)

0. Propositional Logic > | Modal Logics |, Conditional Logics,

1. First-order Logic Temporal Logis, Spatial Logics
2. Second-order Logic Many-valued Logics

Paraconsistent Logics

n. | Higher-order Logic Free Logics, Inclusive Logics

vy vV.VY VY

Logics for special applications: Ethics,
Social Choice, Legal Reasoning, . ..

> Separation Logic, ...

Example Application in Metaphysics/Philosophy:

Necessarily, God exists: O3dx.Gx
Kurt Godel’s definition of God: Gx := Y®.Positive ® — Ox

C. Benzmiller, 2018 12
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> ...in Philosophy, Maths, Al, CS
> ...requiring very different logics
How possible in a single Mathematical Proof Assistant system?

Types, Tableaus,
and Gédel’s God ABSTRACT
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Example: Modal Logic Textbook

Handbook of
Modal Logic




Example: Modal Logic Textbook

2 BASIC MODAL LOGIC

In this section we introduce the basic modal language and its relational semantics. We define
basic modal syntax, introduce models and frames, and give the satisfaction definition. We then
draw the reader’s attention to the internal perspective that modal languages offer on relational
structure, and explain why models and frames should be thought of as graphs. Following this
we give the standard translation. This enables us to convert any basic modal formula into a first-
order formula with one free variable. The standard translation is a bridge between the modal and
classical worlds, a bridge that underlies much of the work of this chapter.

2.1 First steps in relational semantics

Suppose we have a set of proposition symbols (whose elements we typically write as p, ¢, 7 and
so on) and a set of modality symbols (whose elements we typically write as m, m’, m”, and so
on). The choice of PROP and MOD is called the signature (or similarity type) of the language; in
what follows we’ll tacitly assume that PROP is denumerably infinite, and we’ll often work with
signatures in which MOD contains only a single element. Given a signature, we define the basic
modal language (over the signature) as follows:

o u= p|TILl-pleAv|eVi|e—v|poy|(me|[m]e.

That is, a basic modal formula is either a proposition symbol, a boolean constant, a boolean
combination of basic modal formulas, or (most interesting of all) a formula prefixed by a diamond

C. Benzmiiller, 2018



Example: Modal Logic Textbook

2 BASIC MODAL LOGIC

In this section we introduce the basic modal language and its relational semantics. We define
basic modal syntax, introduce models and frames, and give the satisfaction definition. We then
draw the reader’s attention to the internal perspective that modal languages offer on relational
structure, and explain why models and frames should be thought of as graphs. Following this
we give the standard translation. This enables us to convert any basic modal formula into a first-
order formula with one free variable. The standard translation is a bridge between the modal and
classical worlds, a bridge that underlies much of the work of this chapter.

Syntax

se elements we t write as p, ¢, r and
M eta I an g ua g @  nts we typiga#§ writefis m, m’, m”, and so
natury similarity tfpe) of the language; in
we’ll often work with
define the basic

2.1 First steps in relational semantics

WHAL TUHUWD WE 11 [lCiuy assullic uiat rmur 1s ugy
signatures in whi element. Given a sig
guage (over the signature) as follows:

o u= p|T|Ll=pleAv[eVi|o—v|eed|(me][mle.

at is, a basnc modal formula is either a proposition symbol, a boolean constanl a boole:
combi asic modal formulas, or (most interesting of all) a formula
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Example: Modal Logic Textbook

A model (or Kripke model) 9 for the basic modal language (over some fixed signature) is a
triple M = (W, {R™ },.emon. V). Here W, the domain, is a non-empty set, whose elements we
usually call points, but which, for reasons which will soon be clear, are sometimes called states,
times, situations, worlds and other things besides. Each R™ in a model is a binary relation on W,
and V is a function (the valuation) that assigns to each proposition symbol p in PROP a subset
V(p) of W think of V(p) as the set of points in 9T where p is true. The first two components
(W, {R™}memop) of O are called the frame underlying the model. If there is only one relation
in the model, we typically write (W, R) for its frame, and (W, R, V') for the model itself. We
encourage the reader to think of Kripke models as graphs (or to be slightly more precise, directed
graphs, that is, graphs whose points are linked by directed arrows) and will shortly give some
examples which show why this is helpful.

Suppose w is a point in a model M = (W, {R™},,emon, V). Then we inductively define the
notion of a formula ¢ being satisfied (or true) in 9 at point w as follows (we omit some of the
clauses for the booleans):

MwbE=p iff weV(p),
MwpE=T always,
M w =L never,
Mw = iff  not M, w = ¢ (notation: M, w = ),
MuwEeAy iff  Mw ¢ and M w =P,
MwbE=p—1p  iff  Mw e or Mw =1,
M, w = (m)e iff  for some v € W such that R™wv we have M, v |= ¢,
M, w |=[m]p iff  forallv € W such that R™wv we have MM, v |= ¢.

C. Benzmiiller, 2018



Example: Modal Logic Textbook

A model (or Kripke model) 9 for the basic modal language (over some fixed signature) is a
triple M = (W, {R™ },.emon. V). Here W, the domain, is a non-empty set, whose elements we
usually call points, but which, for reasons which will soon be clear, are sometimes called states,
times in a model is a binary relation on W,
and | sosition symbol p in PROP a subset

V(p) Metalanguage p is true. The first two components

> model. If there is only one relation
in the (W, R, V) for the model itself. We
encourage the reader to think of Kripke models as graphs (or to be slightly more precise, directed
graphs, that is, graphs whose points are linked by directed arrows) and will shortly give some
examples which show why this is helpful.

Suppose w is a point in a model M = (W, {R™},,emon, V). Then we inductively define the
notion of a formula ¢ being satisfied (or true) in 9 at point w as follows (we omit some of the

clauses for the booleans): semantics

m p iff  weV(p),

MwpE=T always,
M w =L never,
Mw = iff  not M, w = ¢ (notation: M, w = ),
MuwEeAy iff  Mw ¢ and M w =P,
MwbE=p—1p  iff  Mw e or Mw =1,
M, w = (m)p iff  for some v € W such that R™wv we have M, v = ¢,
M, w = [m]e iff  forall v € W such that R™wv we have I, v |= ¢.
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Universal Reasoning in Meta-Logic HOL

HOL

/

Logic L Logic L
Syntax Semantics
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Universal Reasoning in Meta-Logic HOL

HOL

Logic L Logic L
Syntax 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)

C. Benzmiller, 2018 15



Universal Reasoning in Meta-Logic HOL

HOL

Logic L Logic L
Syntax 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, Cog/HOL, ...
automated: Leo-lIl, LEO-II, Satallax, TPS, Nitpick, Isabelle/HOL, ...

C. Benzmiller, 2018 15



Isabelle/HOL (one of various Theorem Provers for HOL)

\‘ .
UNIVERSITY OF
\4"&\ Isabelle B CAMBRIDGE  THTI
Computer Laboratory 5504

Home
I Isabelle is a generic proof assistant. It allows mathematical formulas to be expressed in a formal language end provides tools for proving
. mose formulas in a logical calculus. Isabelle was originally developed at
Querview Miinchen, but now includes numerous contributions from institutions and mamduals worldwide. See the m_e_m_w for a brief
introduction.
Installation

bocumonaior | NOW available: Isabelle2017 (October2017) ]

Site Mirrors:

‘Camoridge (u)

Munich (.de) ﬁ . Download for
‘Syonoy(au)

Potsdam, NY (us) 4‘! Mac 0S X

Download for Linux - Download for Windows (32bit) - Download for Windows (64bit) - Download for Mac OS X
Some notable changes:

upport for Visual Studio Cod: iternative PIDE front-end.
i H

.

o Imy Prover IDE: of of editor buffers, removal of unused theories,
explicit indication of theory status, more careful auto-indentation.

Session-qualified theory imports.

Code generator improvements: supporl for statically embedded computations.

Numerous HOL library improvemt

More material in HOL-Algebra, HOL-OnmptmanAlgebm ‘and HOL-Analysis (ported from HOL-Light).

Improved Nunchaku model finder, now in main HOL.

SQL database support in Isabelle/Scala.

See also the cumulative NEWS.

ekl le it odres Lncaca conponyarla copersaokca cansasl iz coce el e Lo B oo egtiaions)
ication bundles include source and binary packages and documentation, see the detailed installation instructions. A vast
collotion ofIsabells examples and sppicafion is avalabe from he Archive of Formil Pools.

C. Benzmdiller, 2018

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

Coq, HOL, HOL Light, PVS, Lean, NuPrL, IMPS, ACL2, Leo-lI/Leo-lll,


https://isabelle.in.tum.de

Universal Reasoning in Isabelle/HOL

C. Benzmdiller, 2018
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0 GodProof.thy (~/chris/trunk/tex/talks /2018-DEON/DEMO/)

theory GodProof imports Main I

begin

typedecl i -- "type for possible worlds"
typedecl p -- "type for individuals"
type_synonym o = "(i=bool)"

(* Shallow embedding modal logic connectives in HoL. *)

abbreviation mneg ("-_"[52153) where "-p o(w)"
abbreviation mand (infixr"A"51)  where "pAy - p(w)Ag(w) "
abbreviation mor (infixr"v"50) where "pVi (W) Vi (w) "

abbreviation mimp (infRxr"—"49) where "p—
abbreviation mequ (infixr"<"48) where "pe
abbreviation mnegpred (" _"[52]53) where ""®

. (W) —(w)"
- W)= (w) "
SAw. =B (x) (W)

(* Generic box and diamond operators *)
abbreviation mboxgen ("0") where "Or ¢ = Aw. Y. rwv — o(v)"
abbreviation mdiagen ("<") where "Or ¢ = Aw. Iv. rw v A p(v)"

(* Shallow embedding of constant domain quantifiers in HOL *)
abbreviation mall_const ("Vc") where "Vc & = Aw.Vx. @(x)(w)"
abbreviation mallB_const (binder"Vc"[819) where "Vc x. ¢(x)
abbreviation mexi_const ("3c") where "Jc & = Aw.3x. P(x)(w)
abbreviation mexiB_const (binder"3c"[8]9) where "Jc x. ¢(x) = Jc ¢

(* Global validity: truth in all possible worlds *)
abbreviation mvalid :: "o = bool" ("|_|"[71110) where "[p| = VYw. p w"

(* Shallow embedding of varying domain quantifiers in HOL *)

B + Output Query Sledgehammer Symbols

(]

4
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Universal Logic Reasoning in Isabelle/HOL

Properties of 0 and < correlated to structure of transition system between worlds

C. Benzmiiller, 2018




Universal Logic Reasoning in Isabelle/HOL

Properties of 0 and < correlated to structure of transition system between worlds

Logic K: — (no restrictions, any structure)
Logic M: reflexiv transition relation, VP.oP — P
Logic KB: symmetric transition relation, YP.P — OOP

>
>
>
>

Logic S5: equivelance relation as transition system, add VP.oP — ooP
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Universal Logic Reasoning in Isabelle/HOL

Properties of 0 and < correlated to structure of transition system between worlds

Logic K: — (no restrictions, any structure)
Logic M: reflexiv transition relation, VP.oP — P
Logic KB: symmetric transition relation, YP.P — OOP

>
>
>
>

Logic S5: equivelance relation as transition system, add VP.oP — ooP

> Logic D: serial transition relation, YP.oOP — OP (Standard Deontic Logic)

C. Benzmiller, 2018 18



Universal (Meta-)Logical Reasoning Framework [Benzmiiller_SBMF 2017]
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Universal (Meta-)Logical Reasoning Framework [Benzmiiller_SBMF 2017]

(Isabelle/HOL)
HOL

—meta logic—

unfolds
embeds into

HO Modal Logic(s)
—object logic—

unfolds

Metaphysics

interacts —application—
with
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Universal (Meta-)Logical Reasoning Framework

[Benzmiiller_SBMF 2017]

UNIVERSITY OF
CAMBRIDGE
Computr Labor

Isabelle

—meta logic—

unfolds
into

embeds

HO Modal Logic(s)
—object logic—

unfolds

Metaphysics
—application—

interacts
with

hoso formuas n a logcal caculs. fsabolle was orgnaly developod ai the Unversdy of Cambrdoe and Tochnische Unvrsial
o o and ekl worws. S0 16 lsaballs el o bl

(Isabelle/HOL)
HOL 1

Minchen bt now incles numerous conutons

« Session-qualfied:

= Numerous HOL rary improvemenis.

« More material in HOL-Algebra, HOL-Compuational

= Improved Nunchaku model inder,now in main HOL-

+ SQL database support in Isabele/Scala.

oo also the cumuative NEWS.

Tho application bundies include source and binary packages and documentation, s0o the detaled Instalation insiructons. A vast
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Universal (Meta-)Logical Reasoning Framework [Benzmiiller_SBMF 2017]
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Universal (Meta-)Logical Reasoning Framework [Benzmiiller_SBMF 2017]
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Universal (Meta-)Logical Reasoning Framework

[Benzmiiller_SBMF 2017]
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Universal (Meta-)Logical Reasoning Framework

[Benzmiiller_SBMF 2017]
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Universal (Meta-)Logical Reasoning Framework [Benzmiiller_SBMF 2017]

interacts
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“God isdead.”

- Nietzsche, 1883

“Nietzsche is dead.”

- God, 1900

Part C
Evidence: Analysing Rational Arguments in Metaphysics
[BenzmiillerWoltzenlogelPaleo, ECAI, 2014 + IJCAI, 2016 + KI 2016 + ...]

C. Benzmiller, 2018 20



Computational Metaphysics

Ontological Proofs of God'’s Existence
A Long and Continuing Tradition in Philosophy

(e

16 WouLd Be WoRse

St. Anselm Descartes Leibniz

Types, Tableaus,
and Godel’s God

w
Melvin Fitting

C. Benzmiiller, 2018
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Computational Metaphysics: Kurt Gédel’s Ontological Argument
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Computational Metaphysics: Kurt Gédel’s Ontological Argument
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Computational Metaphysics: Dana Scott’s Variant

Axiom A1
Axiom A2

Thm. T1
Def. D1
Axiom A3
Cor. C
Axiom A4
Def. D2

Thm. T2
Def. D3

Axiom A5
Thm. T3

C. Benzmdiller, 2018

Either a property or its negation is positive, but not both: Yo[P(—=p) & —P(¢)]
A property necessarily implied by a positive property is positive:

VoVY[(P(p) A OVx[$(x) = Y(x)]) = P)]
Positive properties are possibly exemplified: Yo[P(d) — Odxp(x)]
A God-like being possesses all positive properties: G(x) & Yo[P(p) — ¢(x)]
The property of being God-like is positive: P(G)
Possibly, God exists: OAxG(x)
Positive properties are necessarily positive: Yo[P(¢) — OP(¢)]
An essence of an individual is a property possessed by it and necessarily implying
any of its properties: ¢ ess. x & d(x) A Yy (x) = OVy((y) = ()
Being God-like is an essence of any God-like being: Vx[G(x) — G ess. x]
Necessary existence of an individual is the necessary exemplification of all its
essences: NE(x) & Vo[ ess. x = Odyp(y)]
Necessary existence is a positive property: P(NE)
Necessarily, God exists: 0dxG(x)

24



Computational Metaphysics: Scott’s Variant

Axiom A1
Axiom A2

Thm. T1
Def. D1
Axiom A3
Cor. C
Axiom A4
Def. D2

Thm. T2
Def. D3

Axiom A5
Thm. T3

Either a property or its negation is positive, but not both: Vo[P(—¢) & —P(d)]
A property necessarily implied by a positive property is positive:

VOVYI(P(¢) A BYx[p(x) = ¥(0)]) = P)]
Positive properties are possibly exemplified: Yo[P(d) — Odxp(x)]
A God-like being possesses all positive properties: G(x) & Yo[P(p) — ¢(x)]
The property of being God-like is positive: P(G)
Possibly, God exists: OAxG(x)
Positive properties are necessarily positive: Yo[P(¢) — OP(¢)]
An essence of an individual is a property poss it and necessarily implying

any of its properties: ¢ ess. x «f d(x) A|YY @ (x) = OVY(() = ¥()))
Vx[G(x) — G ess. x]
Necessary existence of an individual is the necessary exemplification of all its

essences: NE(x) & Yol ess. x — Odyp(y)]
P(NE)

O0dxG(x)

Being God-like is an essence of any God-like bemng:

Necessary existence is a positive property:
Necessarily, God exists:

Difference to Gédel (who omits this conjunct)

C. Benzmiller, 2018 25



Computational Metaphysics: Scott’s Variant of Gédel’s Ontological Argument

Axiom A1 Either a property or its negation is positive, but not both: Vo[P(—¢) & —P(d)]
Axiom A2 A property necessarily implied by a positive property is posiiye:

VYOVY[(P(9) X[¢(X) - Y] - PW)]

Thm. T1 Positive properties are possibly exemplified: Yo[P(p) — OTAxp(x)]

Def. D1 A God-like being possesses all positive properties: G(x) & Yo[P(p) — ¢(x)]

Axiom A3 The property of being God-like is positive:
Cor. C Possibly, God exists:

P(G)
Axiom A4 Positive properties are necessarily positive: Yo[P(p)
Def. D2 An essence of an individual is a property possessel by it and necessarily#nplying
any of its properties: ¢ ess. x & Jx) A Y (x) » oHlo(y) = ()
ng: Vx[G(x) = G ess. x]
Def. D3 Necessary existence of an individual is the negessary exgafplification of all its
essences: WL (x) & Yoo ess. x — Odyd(y)]
P(NE)
O0dxG(x)

Thm. T2 Being God-like is an essence of any God-like bg

Axiom A5 Necessary existence is a positive property:
Thm. T3 Necessarily, God exists:

Modal operators are used

C. Benzmiller, 2018 26



Computational Metaphysics: Scott’s Variant of Gédel’s Ontological Argument

Axiom A1
Axiom A2

Thm. T1
Def. D1
Axiom A3
Cor. C
Axiom A4
Def. D2

Thm. T2
Def. D3

Axiom A5
Thm. T3

Either a property or its negation is positive, but not
A property necessarily implied by a positiy,

Yoyl

Positive properties are possibly exemplffied:
A God-like being possesses all positivg properties:
The property of being God-like is posifjve:

Possibly, God exists:
Positive properties are necessarily posltive:
An essence of an individual is a proper

both: Vo[P(—¢) & —P(d)]
ty is positive:

(P(¢) A OYx[¢(x) = y(x)]) = P(Y)]

Yo[P(d) — ©Ixg(x)]

G ¢) = ¢

P(G)

OAxG(x)

V¢[P($) — OP(§)]

possessed by it andAecessarily implying

any of its properties: dkss. x & d(x) A Yyl(x) — OVY(d(Y) — ¥()))

Being God-like is an essence of any Go

Necessary existence of an individual is t
essences:

Necessary existence is a positive property
Necessarily, God exists:

Yx[G(x) — G ess. x]

¢ exemplification of all its
NE(x) & Yol ess. x — Odyp(y)]

P(NE)
O0dxG(x)

second-order quantifiers

C. Benzmiiller, 2018

27



Computational Metaphysics: Scott’s and Goédel’s Variants — Demo

Axiom A1
Axiom A2

Thm. T1
Def. D1
Axiom A3
Cor.C
Axiom A4
Def. D2

Thm. T2
Def. D3

Axiom A5
Thm. T3

Either a property or its negation is positive, but not both: VP[P(~¢) & —P(d)]
A property necessarily implied by a positive property is positive:

YOVY[(P(d) A OVx[¢(x) — Y()]) — P)]
Positive properties are possibly exemplified: Vo[P(¢) — OTxp(x)]
A God-like being possesses all positive properties: G(x) & Yo[P(¢) — ¢(x)]
The property of being God-like is positive: P(G)
Possibly, God exists: OAxG(x)
Positive properties are necessarily positive: Vo[P(¢) — OP(¢)]
An essence of an individual is a property possessed by it and necessarily implying
any of its properties: ¢ ess. x & dp(x) A YY(x) = av¥y(e(y) — v()))
Being God-like is an essence of any God-like being: Vx[G(x) = G ess. x]
Necessary existence of an individual is the necessary exemplification of all its
essences: NE(x) & Yo[¢ ess. x — Odyd(y)]
Necessary existence is a positive property: P(NE)
Necessarily, God exists: OdxG(x)

C. Benzmiller, 2018 28



Computational Metaphysics: Scott’s and Goédel’s Variants — Demo

Axiom A1 Y[P(=¢) & =P(¢)]
Axiom A2

YOVY[(P(9) A OYx[$(x) = Y(x)]) = P)]

Thm. T1 Y@[P(¢) — OAxgp(x)]

Def. D1 G(x) © Vg[P(¢p) = ¢p(x)]

Axiom A3 P(G)

Cor.C OAxG(x)

Axiom A4 V¢[P($) — OP($)]
Def. D2

¢ ess. x & ¢(x) A VYp(x) - OVy(e(y) = ¥ (1))

Thm. T2 Vx[G(x) = G ess. x]
Def. D3

NE(x) & Yp[¢ ess. x = Odyp(y)]

Axiom A5 P(NE)

Thm. T3 0xG(x)

C. Benzmdiller, 2018 29



Computational Metaphysics: Scott’s and Goédel’s Variants — Demo

Axiom A1 VoLP(—¢) < —~P(¢)]
Axiom A2
YoVy[(P(@) A OYx[p(x) — Y (0)]) — P)]

Def. D1 G(x) © Y¢[P(p) — ¢(x)]
Axiom A3 P(G)
Axiom A4 Yo[P(¢) — OP($)]

Def. D2

¢ ess. x & p(x) A VY((x) = OVy(@(y) = v()))

Def. D3
NE(x) & Yo[¢ ess. x — Odyd(y)]
Axiom A5 P(NE)
Thm. T3 OdxG(x)

C. Benzmiiller, 2018 30



Computational Metaphysics: Scott’s and Goédel’s Variants — Demo

DedE: & 9 e

PO @& 0

BE:EX: &

[ GodProof.thy (~/chris/trunk/tex/talks /2018-DEON/DEMO/)

124|(* Ess: An essence of an individual is a property possessed by
125 T it and necessarily implying any of its properties: *)
126| definition ess (infixr "ess" 85) where
1127 "® ess x = & x A (YU, U(x) — OViy. ®(y) — T(y)))"
128

129|(* T2: Being God-like is an essence of any God-like being *)
130| theorem T2: "[Vix. G(x) — G ess x]" by (metis Alb A4 G_def ess_def)
131

132|(* NE: Necessary existence of an individual is the necessary
133 exemplification of all itsBessences *)

134| definition NE where "NE(x) = (VP®. ® ess x — O(Jiy. @(y)))"
135

136|(* AS: Necessary existence is a positive property *)

137| axiomatization where AS5: "|P(NE) "

138

139((* T3: Necessarily, God exists *)

140| theorem T3: "|O(3*x. G(x))]"

141 sledgehammer

142 sledgehammer [remoe_1e02 remote_satallax]
143 by (metis A5 C G_def NE_def KB T2)

v Proof state v Auto update Update Search:
Sledgehammering. ..

Proof found...
"remote_satallax": Timed out
"remote_leo2": Try this: by (metis Ala Alb A2 A3 A4 A5 C NE_def S4 S5 Tl T2 ess_c

Output Query Sledgehammer Symbols

C. Benzmiiller, 2018
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Results of our Experiments

Variant of Dana Scott

C. Benzmdiller, 2018
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> the premises are consistent
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Results of our Experiments

Variant of Dana Scott

> the premises are consistent
> 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
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> the premises are consistent

> 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

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

C. Benzmdiller, 2018 32



Results of our Experiments

Variant of Dana Scott

> the premises are consistent

> 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

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

Intermediate Conclusion:

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

C. Benzmdiller, 2018 32



Results of our Experiments

Variant of Kurt Godel
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Results of our Experiments

Variant of Kurt Godel

> the premises are inconsistent/contradictory
» everything follows!
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Results of our Experiments

Variant of Kurt Godel

> the premises are inconsistent/contradictory
» everything follows!

> Philosophers had not seen this

> ... but my theorem prover LEO-II did
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Results of our Experiments

Variant of Kurt Godel

> the premises are inconsistent/contradictory
» everything follows!

> Philosophers had not seen this
> ... but my theorem prover LEO-II did

Intermediate Conclusion:

Our technology . ..
... can reveal flawed arguments and can even contribute new knowledge.

C. Benzmiller, 2018 33



Results of our Analysis

... we continue with Scott’s version

C. Benzmiiller, 2018
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Results of our Analysis

... we continue with Scott’s version

Further corollaries we can prove
> Monotheism

> Gott is flawless (has only positive properties)
> ..
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Results of our Analysis

... we continue wit

Further corollaries
> Monotheism
> Gott is flawless
> ..
| 4

Modal collapse:

> there are

> no alternative worlds
> everything is determined

> no free wi

Challenge:

C. Benzmiiller, 2018

h Scott’s version

we can prove

(has only positive properties)
¢ —>0Op

no contingent truths

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

SOME EMENDATIONS OF GODEL'S
ONTOLOGICAL PROOF

C. Anthony Anderson

Kurt Godel's version of the ontological argument was shown by J. Howard
Sobel

in a version which is immune to Sobel's objection. A definiion s suggested
‘which permits the proof of some of Gédel’s axiom:

Der Mathematiker und die Frage der Existenz Gottes
(betreffend Godels ontologischen Beweis)

B g, i wisen,

e b, i ot .

e i)
Einfihrung

ok der vor-
cndcn Arbet st &5, zu ciner Deutung igartorio iRty of
E Modellheorie. i
it et o hseichn R Wired e e e e e Ml
Yon Profes-
1991), doch habe ich e Veotlenl

Chung e das Thera 2 machen. Da ich wicderholt um eine schrifliche Verson gebeten var.
de, cntschla ich mich, schnell cine ,erweiterte Kurzfassung" | zu schreiben, ot aus ifr einen

C. Benzmiiller, 2018

Gaodel’s Ontological Proof Revisited *

. Anthony Anderson and Michael Gettings
University of California, Santa Barbara
Department of Philosophy

Godel's version of the modal ontological argument for the existence of
God has heen cnucmed by J. Howazd Sobel (] snd modified by C. Anthony

Magari and others on Gddel’s ontological
proof

Petr Héjek
Institute of Computer Science, Academy of Sciences
182 07 Prague, Czech Republic
e-mail: hajekQ@uivt.cas.cz

tent to
cmrm‘lﬂlmﬂ o eied by the type of objection first offered by prog
Gaunilo to St. Anselm’s original Ontological Argument. And we try to push
the analysis of this Godelian argument  bit further to bring it into closer
agreement with the details of Godel’s own formulation. Finally, we indicate
what seems to be the main weakness of this emendation of Godel’s attempted
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A New Small Emendation of
Gédel’s Ontological Proof

PETR HAIEK

Keywords: Ontelogical proct, modal g, comprebension, posiive propertis.

1. Introduction

Gédel’s ontalogical proof of necessary existence of a godlike being was finally
published in the third volume of (i6del’s collected works [7]: but it became
known in 1070 when Gidel showed the proof to Dana Scot and Scott pre-
sented it (in fact & variant of it) at a seminar at Princeton. Detailed history
i found in Adaws’ introcuctory remarks Lo the ontological proof i [7]. The
proof uses modal logic and its awalysis s an exciting exercise in systems of
formal modal logic. Needles to say, formal modal logic bas found several

S Thtroduct

‘This paper is a continuation of my paper [H] and concentrates almost exclu-
sively to mathematical properties of logical systems underlying Gadel's on-
Sk e Sl B s i il s
Magari’s criticism [M]. Since [H)is written in summa-
ie s content in such a way that knowledge o [H] =it obhylmy for
reading the present paper (even it remains advantageous). Here we describe

Understanding Gédel’s
Ontological Argament

FRODE BJGRDAL *

In 1970 Kurt Gdel, in a hand-uritten note entitled “Ontologischer Boweis',
put forward an ontological argument for the existence of God, making use of
second-order modal logical principcs. Let the second-order formula PCF)
stand for “the property F is positive”, and lot “God” signify the property of
buing God-like. Gocel presapposes the following dofinizions:
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‘This paper s a ffinuation of my paper [H] and concentrates almost exclu-
sively to ical properties of logical systems underlying Godels on-

(G) and its variant by Anderson [A], wth special care paid to

Understanding Gédel’s
Ontological Argament

FRODE BJGRDAL *

In 1970 Kurt Gdel, in a hand-uritten note entitled “Ontologischer Boweis',
put forward an ontological argument for the existence of God,
second-order modal logical principcs. Let the second-order formula PCF)
stand for “the property F is positive”, and lot “God” signify the property of
buing God-like. Gocel presapposes the following dofinizions:

— contributed to clarification of controversy —
— revealed various flaws and issues —
[Logica Universalis, 2017]

o

. Benzmiiller, 2018

36



Very Recent Experiments (AISSQ 2018 keynote lecture)

Comparison of

> Godel/Scott (1972) modal collapse

» C. Anthony Anderson (1990) avoids modal collapse

» Melvin Fitting (2002) avoids modal collapse
Questions:

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

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

C. Benzmiiller, 2018
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Summary of Results

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

C. Benzmiiller, 2018
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Summary of Results

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

> We then distinguished between

#: positive intensional properties
#’: positive ("rigidly intensionalised") extensions of properties

> Gddel/Scott variant axiomatises #: P =P’ is an ultrafilter
> Anderson’s variant axiomatises #: P + P’;only P is an ultrafilter
> Fitting’s variant axiomatises only #’: P’ is an ultrafilter

C. Benzmiiller, 2018
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Summary of Results

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

> We then distinguished between

#: positive intensional properties
#’: positive ("rigidly intensionalised") extensions of properties

> Gddel/Scott variant axiomatises #: P =P’ is an ultrafilter
> Anderson’s variant axiomatises #: P + P’;only P is an ultrafilter
> Fitting’s variant axiomatises only #’: P’ is an ultrafilter

Modal collapse holds for Gddel/Scott variant, but not for Anderson’s & Fitting’s!
They achieve this in seemingly different ways.

Mathematically, however, their solutions appear closely related.

C. Benzmiiller, 2018
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Further Ongoing Experiments

ABSTRACT
OBJECTS

— Hyperintensional higher-order modal logic

Principia Logico-Metaphysica

Inconsistency/Paradox detected

Ed Zalta (Stanford)

C. Benzmdiller, 2018

Daniel Kirchner
(Mathematics, FU Berlin)
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Further Ongoing Experiments

Principia Logico-Metaphysica

(Draft/Exc

Ed Zalta (Stanford)

C. Benzmiiller, 2018

Principia Logico-Metaphysica
Hyperintensional higher-order modal logic

Inconsistency/Paradox detected

Daniel Kirchner
(Mathematics, FU Berlin)
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Further Ongoing Experiments

Principia Logico-Metaphysica
Hyperintensional higher-order modal logic

Inconsistency/Paradox detected

Daniel Kirchner
(Mathematics, FU Berlin)

Ed Zalta (Stanford)

C. Benzmiiller, 2018

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

39
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Further Ongoing Experiments

Princiia LogieoMetphysic Principia Logico-Metaphysica

(Draft/Excerpt)

Hyperintensional higher-order modal logic

Inconsistency/Paradox detected

Daniel Kirchner
(Mathematics, FU Berlin)

Ed Zalta (Stanford)

.| category Theory
utegories,
Rllegories Free first-order logic

PETER J. FREYD
ANDRE SCEDROV

(Constricted) Inconsistency detected

See forthcoming article in JAR

D. Scott
(UC Berkeley)

C. Benzmiller, 2018



“If we had it [a characteristica universalis],
we should be able to reason in metaphysics
and morals in much the same way as in
geometry and analysis.”

(Leibniz, 1677)

Part D
Demo(s): Normative Reasoning Experimentation Platform

C. Benzmiiller, 2018
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Normative Reasoning Experimentation Platform

Enabling Technology

Higher-Order
Theorem Provers

Isabelle/HOL
Leo-lll

C. Benzmdiller, 2018

[CiE, 2018]
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Demo I: SDL in Isabelle/HOL [Logica Universalis, 2013]

D@0 & 9 ¢ X000 @ 0 HEH:E

O SDL.thy (~/chris/trunk/tex/talks/2018-DEON/DEMO/)

1|theory SDL imports Main (* Christoph Benzmiiller & Xavier Parent,
2

3|Hegin (* SDL: Standard Deontic Logic (Modal Logic D) *)

4| typedecl i (*type for possible worlds*) type_synonym o = "(i=>bool)"

5| consts r i=i=bool" (infixr"r"70) (*Accessibility relation.*) cw:

6

7| abbreviation mtop ("T") where "T =

8| abbreviation mbot ("L1") where "1 —

o| abbreviation mnot ("—_"[52153) where —p(w) "

10| abbreviation mand (infixr"A"51) where "oAU = Aw. o(W)AU(wW)"
11| abbreviation mor (infixr"Vv"50) where "oVib = Aw. o(w)Vve(w)"
12| abbreviation mimp (infixr"—"49) where "p—t: = Aw. p(w)—i(w)"
13| abbreviation mequ (infixr"«"48) where "y Aw. (W) e (w) "
14| abbreviation mobligatory ("0B") where "0B i
15| abbreviation mpermissible ("PE") where "PE = (0B(—y))" (*permissible*)
16| abbreviation mimpermissible ("IM") where "IM ¢ = OB(-)" (*impermissible*)
17| abbreviation omissible ("OM") where "OM —(0B (*omissible*)

20| abbreviation ddlvali
[21] where "|A] = Vu. A w
22| abbreviation ddlvalidew
[23] where "|Alc = A cw

"o = bool" ("|_|"[71105) (*Global Validity*)

25[(* The D axiom is postulated *)
26| axiomatization where D: "[- ((0B ¢) A (0B (= ¢)))|"

28[(* Meta-level study: D corresponds to seriality *)
29[ lemma "[- ((OB ¢) A (0B (= ¢)))| «— (¥Vw. Jv. w r v)" by auto

31|(* Standardised syntax: unary operator for obligation in SDL *)
32| abbreviation obligatorySDL::"o=>0" ("0(_)") where "O(A) 0B A"

34| (* Consistency *)
35| lemma True nitpick [satisfyl oops

B~ Output Query Sledgehammer Symbols
C. Benzmdiller, 2018

i (*Current world.*)

Aw. Yv. w r v — @(v)" (*obligatory*)

18| abbreviation moptional ("OP") where "OP » = (=(0B ) A —(0B(=p)))" (*optional*)

o = bool" ("[_|"[71165) (*Local Validity (in cw)*)

(]

S3U0AYL BIS OPDPPIS  UOIERIUBWNIOQ
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Demo I: DDL in Isabelle/HOL

5 e XDOE R@ -

D&@®6:S FE EX @& @ +

[ DDL.thy (~/chris/trunk/tex/talks/2018-DEON/DEMO/) <
1|theory DDL imports Main (* Christoph Benzmiller & Xavier Parent & Ali Farjami, 2018 *)
2

3|begin (* DDL: Dyadic Deontic Logic by Carmo and Jones *)

a ‘type_synonym o = "(i=bool)"

5 : b::"o=(0=bool)" (*accessibility relations*) cw (*current world*)
6

7| axiomatization where

8 3x. av(w)(x)" and ax_4a: "Vx. av(w)(x) — pv(w)(x)" and ax_4b: "pv(w)(w)" and

9 —ob (X) (Ax. False)" and

10| (. ((Y(w) A X(W)) «— (Z(w) A X(w)))) — (ob(X)(Y) «— ob(X)(Z))" and

11 ((VZ. B(Z) — ob(X)(Z)) A (3Z. 8(Z))) —

12 ((EFy. ((Aw. VZ. (3 Z) — (Zw))(y) A X(y))) — ob(X)(Aw. VZ. (8 Z) — (Z w))))" and

13| ax_5d: "((vw. Y(w) — X(w)) A ob(X)(Y) A (Vw. X(w) — Z(w)))

14, — ob(Z) (Aw. (Z(w) A —X(w)) V Y(w))" and

L15] ax_5e: "((Vw. Y(w) — X(w)) A ob(X)(Z) A (3w. Y(w) A Z(w))) — ob(Y)(Z)"

16

17| abbreviation ddlneg ("—_"[52]153) where "—A = Aw. —A(w)"

18| abbreviation ddland (infixr"A"51) where "AAB = Aw. A(W)AB(w)"

19| abbreviation ddlor (infixr"v"50) where "AVB = Aw. A(w)VB(w)"

20| abbreviation ddlimp (infixr"—"49) where "A—B = Aw. A(w)—B(w)"

21| abbreviation ddlequiv (infixr"«"48) where "Ac—B = Aw. A(w)<—B(w)" X

22| abbreviation ddlbox ("O") where "DA = Aw.Vv. A(V)" (*A = (Aw. True)*)

23| abbreviation ddlboxa ("O.") where "O.A (vx. av(w)(x) — A(x))" (*in all actual worlds*)
24| abbreviation ddlboxp ("O,") where "OA (vx. pv(w) (x) — A(x))" (*in all potential worlds*)
25| abbreviation ddldia ("©") where "OA = —O(-A)"

26| abbreviation ddldiaa ("O.") where "O.A = =O,(-A)"

27| abbreviation ddldiap ("Op") where "OpA = =0, (-A)"

28| abbreviation ddlo ("0(_ |_)"[52153) where "O(B|A) = Aw. ob(A)(B)" (*it ought to be i, given » *)
29| abbreviation ddloa ("0.") where "0.A = Aw.Jlob(av(w))(A) A (3x. av(w)(x) A —A(x))" (*actual obligation*)
30| abbreviation ddlop ("0,") where "0,A = Xw. ob(pv(w))(A) A (Ix. pv(w)(x) A —A(x))" (*primary obligation*)
31| abbreviation ddltop ("T") where "T
32| abbreviation ddlbot (".L") where *L

Aw. False"

"o = bool" ("[_|"[71165) where "[A] = ¥w. A w"  (*Global validity*)
"o = bool"” (*|_|c,"[71105) where “[Ajc, = A cw" (*Local validity (in cw)*)

34| abbreviation ddlvalid
35| abbreviation ddlvalidc

37| (* A is obliagtory *)
38| abbreviation obligatoryDDL:

o=c" ("0(_)") where "O(A) = O(A|T)"

40| (* consistency *)
41| lemma True nitpick [satisfyl oops

B3+ Output Query Sledgehammer Symbols
C. Benzmdiller, 2018
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Demo I: Experimenting with SDL and DDL in Isabelle/HOL

D@30 & 9 AP B CDEFE B & @+

1 GDPR.thy (~/chris/trunk/tex/talks/2018-DEON/DEMO/)

1|theory GDPR imports SDL (* Christoph Benzmiiller & Xavier Parent, 2018 *)
2
3|begin (*** GDPR Example ***)
4| consts process_data_lawfull kill_boss::io
5
6| axiomatization where
7| (* Tt is an obligation to process data lawfully. =)
8| Al: "[O(process_data_lawfully)|" and
9| (* Implicit: It is an obligation to keep the data if it was processed lawfully. *)
10 Implicit: "[0(process_data_lawfully — —erase_data)|" and
11 (* If data was not processed lawfully, then it is an obligation to erase the data. *)
12 A2: "|-process_data_lawfully — O(erase_data)|"
13| (* Given a situation where data is processed unlawfully. *) and
14 A3: "|-process_data_lawfully|.."
15! £
16| (*** Some Experiments **x)
17| lemma True nitpick [satisfyl oops (* Consistency-check: Is there a model? *)
18| lemma False sledgehammer oops (* Inconsistency-check: Can Falsum be derived? *)
19
20| lemma "|O(erase_data)]" sledgehammer nitpick oops (* Should the data be erased? *)
21| lemma “|0(-erase_data)|" sledgehammer nitpick oops (* Should the data be kept? =)
22| lemma "|[0(kill_boss)|" sledgEhammer nitpick oops (* Should the boss be killed? *)
©23|end
v| Proof state v Auto update Update Search: > 100%
Sledgehammering. . .
Proof found...
“spass": The prover derived "False" from "Al", "A2", “A3", “D", and "Implicit”, which could

"e": The prover derived "False" from "Al", "A2", "A3",
"cve4”: Try this: by (metis Al A2 A3 D Implicit) (68 ms)
"z3": Try this: by (metis Al A2 A3 D Implicit) (59 ms)

a

~ Output Query Sledgehammer Symbols

C. Benzmdiller, 2018

. and "Implicit", which could be d

[arXiv:1804.02929]

4
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Demo I: Global vs. Local Consequence Relation

DEdME & 9¢ XOB @ OO BX & @+ - e

O GDPRGlobal.thy (~/chris /trunk/tex/talks /2018-Bath/experiments /) <

1|theory GDPRGlobal imports DDL (* Christoph Benzmiiller & Xavier Parent, 2018 *)

2|
begin (*** GDPR Example ***)
consts process_data_lawfully:ic erase_data::o kill_boss::ic

(* It is an obligation to process data lawfully. *)

3

4

5]

6| axiomatization where

7|

8 Al: "|0(process_data_lawfully)|" S
9

(* Given a situation where data is processed unlawfully. *) and
10|  A3: "|-process_data_lawfully|"
11
12| (*** Some Experiments *+*)
13| lemma True nitpick [satisfyl nunchaku [satisfy] oops (* Consistency-check: Is there a model? *)
14[ lemma False sledgehammer oops (* Inconsistency-check: Can Falsum be derived? *)
15|
16| lemma *|O(erase_data)|" sledgehammer nitpick oops (* Should the data be erased? *) I
17| lemma "|0(-erase_data)|" sledgehammer nitpick oops (* Should the data be kept? *)
18| Tlemma "[0(kill_boss)|" sledgehﬂmmer nitpick oops (* Should the boss be killed? *)
19|end
20|
21
22|
23]
v Proof state v Auto update Update  Search: v 100% O
Sledgehammering. ..

Proof found...

"cved": Try this: using Al A3 ax_5a ax_5b by auto (11 ms)

“23": Try this: using Al A3 ax_5a ax_5b by auto (2 ms)

"e": Try this: using Al A3 ax_5a ax_5b by auto (3 ms)

"spass": The prover derived "False" from "Al", "A3", "ax_5a", and "ax_5b", which could be due to a buc

O v Output Query Sledgehammer Symbols

C. Benzmiiller, 2018
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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)

> already covered by earlier work
DDL in HOL
(propositional)
> with Ali Farjami and Xavier Parent
> faithfulness (assuming Henkin semantics)
DDL in HOL
(first/higher-order, different quantifiers, logic combinations)
> straightforward combination with (1)
> more later

Ask me for longer demo!

C. Benzmiller, 2018 46



Demo II: I/0-Logic in Isabelle/HOL [arXiv:1803.09681]

Input/output (I/0) logic [Makinson, JPL, 2000], [GabbayHortyParentEtAl-Handbook, 2013]

> |/O-operators, such as out1 (simple-minded output), accept set G of conditional

norms as argument
> Conditional norms: pairs (a,x) with input “a” (condition) and output “x” (obligation)
> Pairs (a,x) are not given a truth-functional semantics in 1/0 logic

C. Benzmiller, 2018 47



Demo II: I/0-Logic in Isabelle/HOL [arXiv:1803.09681]

Input/output (I/0) logic [Makinson, JPL, 2000], [GabbayHortyParentEtAl-Handbook, 2013]

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

> Conditional norms: pairs (a,x) with input “a” (condition) and output “x” (obligation)

> Pairs (a,x) are not given a truth-functional semantics in 1/0 logic

Semantics of out1
> outl(G,A) := Cn(G(Cn(A)))
> where CnX):={s|XEs} and GX):={s|daecX. (a5>s)e€G}
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Demo II: I/0-Logic in Isabelle/HOL [arXiv:1803.09681]

Input/output (I/0) logic [Makinson, JPL, 2000], [GabbayHortyParentEtAl-Handbook, 2013]

» |/O-operators, such as out1 (simple-minded output), accept set G of conditional
norms as argument
» Conditional norms: pairs (a,x) with input “a” (condition) and output “x” (obligation)
> Pairs (a,x) are not given a truth-functional semantics in 1/O logic
Semantics of out1
> outl(G,A) := Cn(G(Cn(A)))
> where Cn(X):={s|XEs} and GX):={s|daecX.(a5>s)e€GqG}

(*E logic in HOL*)

typedecl i -- "type for possible worlds" type_synonym e = "(i=-bool)"
abbreviation ktop HERN ("T") where "T = \w. True"

abbreviation kbot HHERCE ("L") where "L = A\w. False"

abbreviation knot 1 "e=e" ("=_"[52]153) where "=y = Aw. —p(w)"
abbreviation kor 11 "e=e=e" (infixr"v"50) where "¢oVi) = Iw. o(W)Vi(w)"
abbreviation kand 11 "ese=e" (infixr"A"51) where "oAY = Aw. o(W)AY(W)"
abbreviation kimp 1: "ese=e" (infixr">"49) where "Dy = Aw. @(w)—(w)"
abbreviation kvalid :: "e=bool" ("|_|"[8]109) where "[p] = Vw. p w"

Ebbreviation "outpre = AG.)\a.\y::e. If. [a D f| A G (f,y)"

abbreviation "outl = AG.)a.Xx. [x] V
(31 j k. outpre G a i A outpre G a j A outpre G a k A [(1 A J A k) Dx|)"

C. Benzmiller, 2018 47



Demo II: I/O-Logic in Isabelle/HOL [arXiv:1803.09681]

DE®dE: & 9 e DE B & D EHEE EX: &: @ +
£)10_Logic.thy (~/chris /trunk/tex/talks/2018-DEON/DEMO/) <
28| (* Some Tests *)

29| consts a::e b:i:e e:i:e

30| abbreviation "Gl = (AX. X=(a,e) V X=(b,e))" (* G = {(a,e),(b,e)} *)

31
32| lemma "outl G1 a e" by blast (*proof*)

33| lemma “"outpre Gl a e" by blast (*proof*)

34| lemma "outpre Gl (a V b) e" nitpick oops (*countermodel*)

35 lemma "outl G1 (a V b) e" nitpick oops (*countermodel=)

36| lemma "[x] —> outpre Gl (a V b) x" nitpick oops (*countermodel*)
37| lemma "|x| = outl Gl (a V b) x" by blast (*proof=)

38
39

40| (* GDPR Example from before *)

41| consts  pr_d_lawfiie erase_diie kill_boss::e
42|

43| abbreviation (* G = {(T,pr_d_lawf), (pr_d_lawf,-erase_d), (-pr_d_lawf, erase_d)} *)
l44| "6 = (AX. X=(T,pr_d_lawf) V X=(pr_d_lakf, —erase_d) v X=(-pr_d_lawf,erase_d) )"
45|
46| lemma "outl G (—pr_d_lawf) erase_d" by smt (*proof*)

47| lemma "outl G (-pr_d_lawf) (—erase_d)" nitpick oops (*countermodel*)
48| lemma "outl G (—pr_d_lawf) kill_boss" nifipick oops (*countermodel*)
Lag| lemma “outl G (-pr_d_lawf) L" nitpick oops (*countermodel*)

v Proof state Auto update Update Search: ~  100% <

Nitpicking formula. ..
Gf Nitpick found a counterexample for card i = 2:

Skolem constant:

wo= i,
Constants:
erase_d = (Ax: True, i, i= True)
kill_boss = (Ax False, i, False)
pr_d_lawf = (Ax::i False, i := True)

B~ Output Query Sledgehammer Symbols

C. Benzmdiller, 2018
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Demo lll: Preference-based DDL in Isabelle/HOL

Journal of Philosophical Logic / Vol. 43, No. 6. December 2014 / Maximality vs. Optim...

JOURNAL ARTICLE
Maximality vs. Optimality in Dyadic Deontic Logic: Completeness
Results for Systems in Hansson's Tradition

Xavier Parent

Journal of Philosophical Logic
Vol. 43, No. 6 (December 2014), pp. 1101-1128

C. Benzmdiller, 2018
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Demo lll: Preference-based DDL in Isabelle/HOL

Journal of Philosophical Logic

Vol. 43, No. 6, December 2014 Maximality vs. Optim...

D

By
A. Steen

C. Benzmiiller, 2018

O ® @ a @ , @

w 0O = &=

1 PrefDDL.thy (~/chris /trunk/tex/talks/2018-DEON/DEMO/) <

246| (* axioms of proof theory for E, check for soundness *)
247| lemma classical: "A — [(Aw. A)]" by simp -- "all classical tautologies"

249| lemma "cOm"
250| lemma "O5"

"|lOA — A|" by simp -- "part of S5 schema for o
"[OA — O(OA)|" by simp -- "part of S5 schema

r o

251
252 DFfP: "[P(B|A) «» —(O((—B)[A))|" by (simp add: prefDDLBase.truthSet_def)

253 [0((B — C)|A) — (O(B|A) — O(C|A))|" by (simp add: prefDDLBase.truthSet_def)
254 [0(B]A) — DI(O(B]A))|" by simp

255 lemma nec: "[OA — O(A|B)|" by (simp add: prefDDLBase.truthSet_def)

256 lemma ext: "[O(A «» B) — (O(C|A) «» O(C|B))|" by (simp add: prefDDLBase.truthSet_def)
257| lemma id: "|O(A|A)|" by (simp add: optChoice)

258 lemma Sh: "[O(CI(A A B)) — O((B — C)|A)|" by (smt optBest.optChoice optBest_axioms prefDDLBase.

260 (* soundness of inference rules *)
261 tlemma MP: "|A] — [A — B] —> [B]" by simp
262 lemma N: "[A] — LEIAJ " by simp

263

264| (* D* should hold in F, this can be verfied: *)

©265| temma "D+ A — (O@|A) — P(B|A))]
| 266| by (metis FOpt.opt_limitedness FOpt_axioms truthSet_def)
267

268 (* (CM) should not be provable in system F but only as of system F+CM,
269| lemma CM: “[(O(B|A) A O(C|A)) — O(CI(A A B))|" nitpiffk oops

verified by nitpick =)

v Proof state V| Auto update Update | search: ~  100% <
Nitpicking formula...
© Nitpick found a counterexample for card 'w = 3:
L
©  Free variables:
[ A= (Ax. _) (w1 True)
| B = (Ax. _)(wi False)
| C = (Ax. D)(wi False)

True, w2
= True, w2 :=
True, w2

False),
True),
True))

(A ) (ws
Ax. ) (ws
ws Ax. ) (ws
opt = (Ax. _)

B~ Output Query Sledgehammer Symbols

voneewnog { B

=
2
=
El
S
2
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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. | 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)

> Gewirth’s PGC has

> stirred much controversy in moral philosophy
> been discussed as means to bound the impact of artificial general intelligence
(AGI)

> |dea (in a nutshell):

> devise a safety mechanism of a mathematical (deductive) nature
> to ensure that an AGlI respects human’s freedom and well-being
> mechanism is based on assumption that it is able to recognize itself, as well as
us humans, as agents (prospective purposive agents, PPA) which
> act voluntarily on self-chosen purposes, and
> reason rationally

> References

> A. Gewirth. Reason and morality. U of Chicago Press, 1978.

> 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.

> A. Kornai. Bounding the impact of AGI. J. Experimental & Theoretical Al, 2014.

C. Benzmiiller, 2018
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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
> |t is necessary for me (as an AGl) to accept that:
(P1) lact voluntarily on purpose E (equivalent by definition to "l am a PPA")
(C2) Eis good (for me)
(P3) In order to achieve any purpose whatsoever by my agency, | 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
> |t is necessary for all PPAs to accept that:
(C9) Every PPA has a necessary right to their freedom and well-being

C. Benzmiiller, 2018
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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
> |t is necessary for me (as an AGl) to accept that:

(P1) lact voluntarily on purpose E (equivalent by definition to "l am a PPA")

(C2) Eis good (for me)

(P3) In order to achieve any purpose whatsoever by my agency, | 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
> |t 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.

C. Benzmiller, 2018 51



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

TR EE:E

D@®d@xE: & 9 e:XBpa @ + -

"Every PPA has a necessary right to their freedom and well-being"*)
“|Va. PPA a — ORHghtTo a FWB|*"

a
=]
fix T { 2
fix E { H
21 (** Stage I *) 3
22 assume P1: "[ActsOnPurpose I E|*" (*I act voluntarily on purpose E*) g
23| from P1 have P1_var: "[PPA T|*" by auto (*definition of PPA*) =
24] from P1 have C2: "[Good I E|"" using explicationGoodnessl by blast (*E is good for me (I)*)
25| hence C4: *|O.Good I (FWB I)|" using explicationGoodness2 P3 by blast (*My F&WB are necesary goods*) @
26| (++ Stage II *) =
27, "|O(FWB I | O.Good I (FWB I))|" using explicationGoodness3 explicationFWB1 by blast =
28| [0:(FWB T)|" using explicationFWB1 explicationFWB2 C4 CJ_14p by blast
29| [0:(Ou(FWB T))|" using OIOAC by auto %
30| [0.(Va. —InterferesWith a (FWB I))|" using explicationInterference2 by auto =
31| [RightTo I FWB|* by simp (*I have a claim right to my freedom and well-being*)
32 hence C5_var: "|O,RightTo T FWB|"" by simp =
33| 3 g
34] (++ Stage IIIa *) 2
35| hence C6: *[ActsOnPurpose I E — O.RightTo I FWB|'" by (rule impI)
36| ¥ x
37| hence C7: *|VP. ActsOnPurpose I P — O,RightTo I FWB|"" by (rule alll)
38|}

39[hence C8: "[Va. VP. ActsOnPurpose a P — O.RightTo a FWB|'" by (rule alll)
©40|hence C9_var: "|Va. PPA a — ORightTo a FWB "

I41 by simp (*Every PPA has a necessary right to their freedom and well-being*)
| 42| thus ?thesis by simp
|-43|qed
['an
v Proof state v Auto update Update Search: ~  100% <

proof (prove)
goal (1 subgoal):
1. (Ax. [PPA x|%) © (Ax. pv aw C Oi(A\w. Vxa. (=InterferesWith xa (FWB x)) w))

B ~ Output Query Sledgehammer Symbols

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
> |t is necessary for me (as an AGl) to accept that:
(P1) lact voluntarily on purpose E (equivalent by definition to "l am a PPA")
(C2) Eis good (for me)
(P3) In order to achieve any purpose whatsoever by my agency, | 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
> |t 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. Benzmdiller), Archive of Formal
Proofs, 2018. https://www.isa-afp.org/entries/GewirthPGCProof.html

C. Benzmiiller, 2018
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Demo V: Native Support for Deontic Logic(s) in Leo-lll  [IJCAR, 2018], [RuleML+RR, 2018]

Leo Il - A MASSIVELY PARALLEL HIGHER-ORDER THEOREM PROVER

vP.Leo lll

C. Benzmiiller, 2018
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Demo V: Native Support for Deontic Logic(s) in Leo-lll  [IJCAR, 2018], [RuleML+RR, 2018]

vP.Leo lll

Leo Il - A MASSIVELY PARALLEL HIGHER-ORDER THEOREM PROVER

What is Leo-lll?
» ATP for classical HOL (by A. Steen, M. Wisniewski and myself)
ordered paramodulation; efficient data-structures; parallelisation; etc.

v

v

native support for more than 120 logics (all normal quantified modal logics)

v

including native support for quantified SDL and DDL

v

Website: http://page.mi.fu-berlin.de/lex/leo3/
Download: https://github.com/leoprover/Leo-III

v
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Demo V: Native Support for Deontic Logic(s) in Leo-lll  [1JCAR, 2018], [RuleML+RR, 2018]

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

> 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)

> Integrated into Leo-lll (stand-alone tool available)

C. Benzmiller, 2018 53



Demo V: Native Support for Deontic Logic(s) in Leo-lll  [1JCAR, 2018], [RuleML+RR, 2018]

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

> 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)

> Integrated into Leo-lll (stand-alone tool available)

ASCll | Syntax || Meaning
~ = Negation
| \ Disjunction
& A Conjunction
= = Material implication
<=> = Equivalence
$0(p/Q@) | O(p/q) Dyadic deontic obligation (it cught to be p given that g)
$box(p) | O(p) In all worlds p

Input statements: dd1(<name>, <role>, <formula>).

C. Benzmiiller, 2018
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Demo V: Native Support for Deontic Logic(s) in Leo-lll  [1JCAR, 2018], [RuleML+RR, 2018]
Input statements: dd1 (<name>, <role>, <formula>).

where <role> provides meta-logical information:

> axiom assumed, globally valid

» localAxiom assumed, valid in current world
> conjecture giobal consequence?
| 2

localConj ecture consequence in current world?

C. Benzmiiller, 2018
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Demo V: Native Support for Deontic Logic(s) in Leo-lll  [1JCAR, 2018], [RuleML+RR, 2018]
Input statements: dd1 (<name>, <role>, <formula>).

where <role> provides meta-logical information:
> axiom assumed, globally valid
»> localAxiom assumed, valid in current world
> conjecture giobal consequence?
> localConj ecture consequence in current world?

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

ddl(al, axiom, $0(processDatalLawfully)).
ddl(a2, axiom, $0(eraseData/~processDatalawfully)).
ddl(a3, localAxiom, ~processDatalLawfully).

dd1l(cl, conjecture, $0(eraseData)).

... giving ...

I% SZS status Theorem for gdpr_new.p : 2143 ms resp. 776 ms w/o parsing I

C. Benzmiiller, 2018
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Demo V: Native Support for Deontic Logic(s) in Leo-lll  [1JCAR, 2018], [RuleML+RR, 2018]

leopard:
ddi(al,
dd1(a2,
ddi(a3,
ddi(c1,

leopard:

Leo3 cbenzmueller$ more der.p

axiom, $0(processDataLawfully)).

axiom, (~processDataLawfully)y=> $0(eraseData)).
localAxiom, ~processDataLawfully).

conjecture, $0(eraseData)).

Leo3 cbenzmueller$ leo3 gdpr_killboss.p ——ddl

C. Benzmiiller, 2018
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Survey Paper (see the references therein)

> Universal (Meta-)Logical Reasoning: Recent Successes, Science of Computer Programming,
2018. (In print, DOI: 10.1016/j.scico.2018.10.008)

Deontic Logic Reasoning Infrastructure

> A Dyadic Deontic Logic in HOL, DEON 2018, 2018. (John-Jules Meyer Best Paper Award)

> A Deontic Logic Reasoning Infrastructure, CiE 2018, Springer LNCS, 2018.
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Legal texts, 2018.

> 1/O Logic in HOL — First Steps, CoRR, 2018. https://arxiv.org/abs/1803.09681

> First Experiments with a Flexible Infrastructure for Normative Reasoning, CoRR, 2018.
http://arxiv.org/abs/1804.02929

Computational Metaphysics & Ontological Argument

> Experiments in Computational Metaphysics: Gédel's Proof of God’s Existence, Savijnanam:
scientific exploration for a spiritual paradigm. Journal of the Bhaktivedanta Institute, volume 9,
pp. 43-57, 2017.

> The Inconsistency in Gédel's Ontological Argument: A Success Story for Al in Metaphysics,
IJCAI 2016, 2016.
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Theorem Provers, ECAI 2014, 10S Press, 2014.
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> The Higher-Order Prover Leo-lll, IJCAR 2018, Springer LNCS, 2018.
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Argued for explicit ethical reasoning competencies in IASs
> development of normative reasoning experimentation platform
» utilising HOL as universal meta-logic

» practical evidence from previous work (metaphysics, category
theory, etc.)

> suitable also for teaching

"ol

C. Benzmiiller, 2018 / ’ \ l . \ \
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Argued for explicit ethical reasoning competencies in IASs
> development of normative reasoning experimentation platform
» utilising HOL as universal meta-logic

» practical evidence from previous work (metaphysics, category
theory, etc.)

> suitable also for teaching

Tolo

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

C. Benzmiiller, 2018 / , \ l l \ \
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