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Practical Reasoning

Practical reasoning is concerned with actions to attain desired
results.

Hughes, Kroes, Zwart A Semantics for Means-End Relations




Means-end relations in practical reasoning G-
von Wright’s example

Initial informal analysis

Practical Reasoning

Practical reasoning is concerned with actions to attain desired
results.
Typical practical syllogisms include premises:

Hughes, Kroes, Zwart A Semantics for Means-End Relations



Means-end relations in practical reasoning G-
von Wright’s example

Initial informal analysis

Practical Reasoning

Practical reasoning is concerned with actions to attain desired
results.
Typical practical syllogisms include premises:

@ an assertion that some end ¢ is desirable,

Hughes, Kroes, Zwart A Semantics for Means-End Relations



Means-end relations in practical reasoning G-
von Wright’s example

Initial informal analysis
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Typical practical syllogisms include premises:

@ an assertion that some end ¢ is desirable,
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Practical Reasoning

Practical reasoning is concerned with actions to attain desired
results.
Typical practical syllogisms include premises:

@ an assertion that some end ¢ is desirable,
@ an assertion that (given 1), the action « is related to ¢,

@ an assertion that 1.
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Means-end relations in practical reasoning

von Wright’s example
Initial informal analysis

Practical Reasoning

Practical reasoning is concerned with actions to attain desired
results.
Typical practical syllogisms include premises:

@ an assertion that some end ¢ is desirable,
@ an assertion that (given 1), the action « is related to ¢,
@ an assertion that .

The conclusion is an action or an intention.

Hughes, Kroes, Zwart A Semantics for Means-End Relations



Means-end relations in practical reasoning

von Wright’s example
Initial informal analysis

von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

@ Expression of an agent's desire,
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

@ Expression of an agent’s desire,

@ A necessary means-end relation,
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Means-end relations in practical reasoning

von Wright’s example
Initial informal analysis

von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

@ Expression of an agent’s desire,
@ A necessary means-end relation,

@ Concludes in a necessary action.
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.

Therefore | must heat the hut.

Features:
@ Conclusion is necessary on pain of practical irrationality.
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

Features:

@ Conclusion is necessary on pain of practical irrationality.

@ The action may not be sufficient to realize the end.
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

Features:

@ Conclusion is necessary on pain of practical irrationality.
@ The action may not be sufficient to realize the end.

@ The action need not be performed immediately.

Hughes, Kroes, Zwart A Semantics for Means-End Relations



Means-end relations in practical reasoning

von Wright’s example
Initial informal analysis

von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

How to evaluate the syllogism?
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

How to evaluate the syllogism?
How do the premises make the conclusion necessary?
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

How to evaluate the syllogism?
How do the premises make the conclusion necessary?
For this, we need to know the meaning of the premises.
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von Wright’s example
Initial informal analysis

von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

How to evaluate the syllogism?

How do the premises make the conclusion necessary?
For this, we need to know the meaning of the premises.
We focus on the semantics of means-end relations.
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Initial steps for a means-end semantics

@ An end is some desirable condition — a proposition.
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@ An end is some desirable condition — a proposition.

@ A means is a way of making the end true.
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Initial steps for a means-end semantics

@ An end is some desirable condition — a proposition.
@ A means is a way of making the end true.

@ Means change things: means are actions.

Some controversies.
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Initial steps for a means-end semantics

@ An end is some desirable condition — a proposition.
@ A means is a way of making the end true.

@ Means change things: means are actions.
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Means-end relations in practical reasoning G-
von Wright’s example

Initial informal analysis

Initial steps for a means-end semantics

@ An end is some desirable condition — a proposition.
@ A means is a way of making the end true.

@ Means change things: means are actions.
Some controversies.

@ Ends-in-themselves?

@ Objects as means?
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Basic types:

@ a set act of actions,

o Closed under sequential composition «; 3 and
non-deterministic choice o U [3.
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Sufficient means-end relations

PDL syntax

Propositional Dynamic Logic is a logic of actions.
Basic types:

@ a set act of actions,

o Closed under sequential composition «; 3 and
non-deterministic choice o U 3.
o We omit iteration and test.

Hughes, Kroes, Zwart A Semantics for Means-End Relations



PDL and sufficient means IniedneEn @ FlL

Sufficient means-end relations

PDL syntax

Propositional Dynamic Logic is a logic of actions.
Basic types:

@ a set act of actions,

o Closed under sequential composition «; 3 and
non-deterministic choice o U 3.
o We omit jteration and test.

@ a set prop of propositions.
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PDL syntax

Propositional Dynamic Logic is a logic of actions.
Basic types:

@ a set act of actions,

o Closed under sequential composition «; 3 and
non-deterministic choice o U 3.
o We omit jteration and test.

@ a set prop of propositions.
o Closed under boolean connectives and dynamic operators [a]ep.
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PDL and sufficient means IniedneEn @ FlL

Sufficient means-end relations

PDL syntax

Propositional Dynamic Logic is a logic of actions.
Basic types:

@ a set act of actions,

o Closed under sequential composition «; 3 and
non-deterministic choice o U 3.
o We omit jteration and test.

@ a set prop of propositions.
o Closed under boolean connectives and dynamic operators [a]ep.

Intuition for [a]p: After doing «, ¢ will hold.
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PDL semantics

Possible world semantics with transition systems for each action «.

«@ / . / . .
w —— y/ means: one can reach w’ by doing « in w.
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Sufficient means-end relations

PDL semantics

Possible world semantics with transition systems for each action «.

(0% / . / . .
w —— 1/ means: one can reach w' by doing « in w.

w ‘: [a]g iff whenever w —a. w' , then w ‘: 0.
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PDL and sufficient means IniedneEn @ FlL

Sufficient means-end relations

PDL semantics

Possible world semantics with transition systems for each action «.

(0% / . / . .
w —— 1/ means: one can reach w' by doing « in w.

w = [a]e iff whenever w —%= y/ , then W' = .

w = (o) iff thereis w—2>/ such that w' |= .
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PDL and sufficient means

A simple example of possible worlds

Our Universe A set of worlds involving
a footrace and starter pistol.
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Our Universe A set of worlds involving
a footrace and starter pistol.
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Started O o Footrace started?
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A simple example of possible worlds

Our Universe ‘ A set of worlds involving
a footrace and starter pistol.
@ Two basic properties:

e Footrace started?
o Pistol loaded?
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A simple example of possible worlds

Our Universe ‘ A set of worlds involving
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@ Two basic properties:

Started O e Footrace started?
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o Loading the pistol
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PDL and sufficient means

A simple example of possible worlds

Our Universe ‘ A set of worlds involving
a footrace and starter pistol.
@ Two basic properties:

Started e Footrace started?
o Pistol loaded?

Two basic actions:
@ Loading the pistol
@ Firing the pistol
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Introduction to PDL
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PDL and sufficient means

A simple example of possible worlds

Our Universe ‘ A set of worlds involving
a footrace and starter pistol.
@ Two basic properties:

Started e Footrace started?
o Pistol loaded?

Two basic actions:
@ Loading the pistol
e Firing the pistol

Note: “Fire” means “pull
trigger”. We allow misfires.
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PDL semantics

Our Universe ‘ (fire)Started

Started
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PDL and sufficient means

PDL semantics

Our Universe ‘ (fire)Started

. DO

Started
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PDL semantics

Our Universe ‘ (fire)Started

True: @ O %
(\
Started False: o
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PDL and sufficient means

PDL semantics

Our Universe ‘ (fire)Started

True: @ O %
<\
Started False: - >

[fire]Started
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Introduction to PDL

PDL and sufficient means —a .
Sufficient means-end relations

PDL semantics

(fire)Started

Our Universe |
True: @ O %
-§ >

Started False:
[fire]Started
True: O@
False: % 0
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Sufficient means-end relations

In w, « is a strongly sufficient means to ¢

Doing a in w will yield ¢
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Sufficient means-end relations

In w, « is a strongly sufficient means to ¢

Doing « in w will yield ¢

w = ol
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Sufficient means-end relations

In w, « is a strongly sufficient means to ¢

Doing « in w will yield ¢

w =[]

if one cannot do

«, then trivially

w = [a]e!
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Sufficient means-end relations

In w, « is a strongly sufficient means to ¢

0

Doing « in w will yield ¢ and  one can do « in w.

w =[]

if one cannot do

«, then trivially

w = [ag!
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Sufficient means-end relations

Sufficient means-end relations

In w, « is a strongly sufficient means to ¢

0

Doing « in w will yield ¢ and one can do « in w.

w =[]

if one cannot do w = (a) True

«, then trivially

w = [a]e!

)

one can do «!
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Sufficient means-end relations

Sufficient means-end relations

In w, « is a strongly sufficient means to ¢

0

Doing « in w will yield ¢ and one can do « in w.

)

w = [a]e & w = (a)True

if one cannot do w = (a) True

a, then trivially 0
w = [a]p! one can do a!
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Necessary means-end relations

Necessary means seem simpler in practical syllogisms.
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Necessary means-end relations

Necessary means seem simpler in practical syllogisms.

The consequence of a necessary means seems well-motivated.
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von Wright’s necessary means
Involvement

N ecessary means

von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

Features:

@ Conclusion is necessary on pain of practical irrationality.
@ The action may not be sufficient to realize the end.

@ The action need not be performed immediately.
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Necessary means

Necessary means-end relations
Necessary means seem simpler in practical syllogisms.

The consequence of a necessary means seems well-motivated.

But the semantics for necessary means are subtle.
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von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

Features:

@ Conclusion is necessary on pain of practical irrationality.
@ The action may not be sufficient to realize the end.

@ The action need not be performed immediately.
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N ecessary means

von Wright's Practical Inference

A working example from von Wright.

| want to make the hut habitable.
Unless | heat the hut, it will not become habitable.
Therefore | must heat the hut.

Features:

@ Conclusion is necessary on pain of practical irrationality.
@ The action may not be sufficient to realize the end.

@ The action need not be performed immediately.
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von Wright’s necessary means

Involvement
Necessary means

Necessary means-end relations

Necessary means seem simpler in practical syllogisms.
The consequence of a necessary means seems well-motivated.

But the semantics for necessary means are subtle.

Necessary means:

If o is a necessary means to @, then
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von Wright’s necessary means

Involvement
Necessary means

Necessary means-end relations

Necessary means seem simpler in practical syllogisms.
The consequence of a necessary means seems well-motivated.

But the semantics for necessary means are subtle.

Necessary means:
If o is a necessary means to @, then

© will not be realized without

doing o and
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von Wright’s necessary means

Involvement

N ecessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

w will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

Think counterexamples!
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N ecessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

w will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

Think counterexamples!
« is not a necessary means to o iff:
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von Wright’s necessary means

Involvement

N ecessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

w will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

Think counterexamples!
o is not a necessary means to o iff:

o Either ¢ is unattainable or
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von Wright’s necessary means

Involvement

N ecessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

w will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

Think counterexamples!
o is not a necessary means to o iff:

o Either ¢ is unattainable or

@ there is some 3 such that w = (3)¢ and (3 does not involve a.
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von Wright’s necessary means

Involvement
Necessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

w will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

Think counterexamples!
o is not a necessary means to o iff:

o Either ¢ is unattainable or
@ there is some 3 such that w |= (3)¢ and 3 does not involve .

If v is atomic, then 3 involves « iff o is a subterm of (3.
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von Wright’s necessary means

Involvement
Necessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

w will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

Think counterexamples!
o is not a necessary means to o iff:

o Either ¢ is unattainable or

@ there is some 3 such that w |= (3)¢ and 3 does not involve .

If o is atomic, then 3 involves « iff «/ is a subterm of [3.
But what if &« = a1; an?
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von Wright's necessary means
Involvement

N ecessary means

A necessary means-end relation

Our Universe
‘ In ‘) , load: fire is a

necessary means to Started.

Started
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von Wright's necessary means
Involvement

N ecessary means

A necessary means-end relation

Our Universe
‘ In ‘) , load: fire is a

necessary means to Started.

Started

Does fire; load; fire; fire
involve load; fire?
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von Wright's necessary means
Involvement

N ecessary means

A necessary means-end relation

Our Universe
‘ In ‘) , load: fire is a

necessary means to Started.

Started

Does fire; load; fire; fire
involve load; fire? Yes!
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von Wright's necessary means
Involvement

N ecessary means

A necessary means-end relation

Our Universe
‘ In ‘) , load: fire is a

necessary means to Started.

Started

Does fire; load; fire; fire
involve load; fire? Yes!

Does skip; load; skip; fire
involve load; fire?
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von Wright's necessary means
Involvement

N ecessary means

A necessary means-end relation

Our Universe
‘ In ‘) , load: fire is a

necessary means to Started.

Started

Does fire; load; fire; fire
involve load; fire? Yes!

Does skip; load; skip; fire
involve load; fire? Also yes!
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von Wright’s necessary means
Involvement

N ecessary means

Involvement

Write 3 < « for: 3 involves «.
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von Wright’s necessary means
Involvement

N ecessary means

Involvement

Write 8 < « for: 3 involves c.

Loosely: 8 < « means by doing 3, one might also do a.
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von Wright’s necessary means
Involvement

N ecessary means

Involvement

Write 8 < « for: 3 involves c.

Loosely: 8 < « means by doing 3, one might also do a.

If B < «, then the sufficiency of 3 does not refute
the necessity of a.
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N ecessary means

Involvement

Write 8 < « for: 3 involves c.

Loosely: 8 < « means by doing 3, one might also do a.

If B < «, then the sufficiency of 3 does not refute
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von Wright’s necessary means

Involvement
Necessary means

Involvement

Write 8 < « for: 3 involves c.

Loosely: 8 < « means by doing 3, one might also do a.

If B < «, then the sufficiency of 3 does not refute
the necessity of a.

Basic properties:

< is a pre-order.

Non-deterministic choice U
is the join for <.
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von Wright’s necessary means

Involvement
Necessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

© will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

« is a necessary means to ¢ in w iff
o if w = (B)¢ then 8 <
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von Wright’s necessary means

Involvement
Necessary means

Doing o and involvement

Necessary means:
If « is a necessary means to ¢, then

© will not be realized without

doing o and

there is a means to realize ¢
that involves doing «.

« is a necessary means to ¢ in w iff

o if w= (B)p then 5 <X a;
@ there is a § < « such that w = (8)¢.
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von Wright’s necessary means
Involvement

N ecessary means

Examples of necessary means to Started

Our Universe necessary in ...

fire % "

Started
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N ecessary means

Examples of necessary means to Started

Our Universe necessary in ...

fire % "
Started
i load ‘)
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von Wright’s necessary means
Involvement

N ecessary means

Examples of necessary means to Started

Our Universe necessary in ...

fire

load

€
Started >
- »

load; fire
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von Wright’s necessary means
Involvement

N ecessary means

Examples of necessary means to Started

Our Universe necessary in ...

fire

load

€
Started >
- »

load; fire

To realize Started,
one must do some (3 involving
every necessary means.
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von Wright’s necessary means

Involvement
Necessary means

Additional topics

@ Involvement with test actions (in paper).
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@ Defined negations for actions.
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von Wright’s necessary means

Involvement
Necessary means

Additional topics

Involvement with test actions (in paper).
Conditional /global relations (in paper).
Defined negations for actions.

Efficacy and means-end relations.

®© 6 66 o6 o

From means-end relations to artifactual functions.
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Outline

@ Conditionals and the frame problem
@ Local vs. conditional relations
@ Non-monotonicity
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Local vs. con nal relations
Non-monotonicity

Conditionals and the frame problem

Local means-end relations

Our definition

In w, « is a sufficient means to ¢ iff
w = [a]p & () True.

This is a very narrow sense of means-end relation.
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Local means-end relations

Our definition

In w, « is a sufficient means to ¢ iff
w = [a]p & () True.

This is a very narrow sense of means-end relation.
Example

“Riding the train is a means to reaching
Delft.”
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Conditionals and the frame problem

Local means-end relations

Our definition

In w, « is a sufficient means to ¢ iff

w = [a]p & () True.

This is a very narrow sense of means-end relation.

Example

“Riding the train is a means to reaching
Delft.”
Do we mean this is true just in

o this world?
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Local vs. conditional relations
Non-monot

Conditionals and the frame problem

Local means-end relations

Our definition

In w, « is a sufficient means to ¢ iff

w = [a]p & () True.

This is a very narrow sense of means-end relation.

Example

“Riding the train is a means to reaching
Delft.”
Do we mean this is true just in

@ this world?

@ every world?
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Local vs. conditional relations
Non-monot

Conditionals and the frame problem

Local means-end relations

Our definition

In w, « is a sufficient means to ¢ iff

w = [a]p & () True.

This is a very narrow sense of means-end relation.

Example

“Riding the train is a means to reaching
Delft.”
Do we mean this is true just in

@ this world?
@ every world?

@ every world in which we are in Eindhoven?
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Local vs. conditional relations
Non-monot

Conditionals and the frame problem

Local means-end relations

Our definition

In w, « is a sufficient means to ¢ iff
w = [a]p & () True.

This is a very narrow sense of means-end relation.

Example

“Riding the train is a means to reaching
Delft.”
Do we mean this is true just in

@ this world?
@ every world?

@ every world in which we are in Eindhoven?

@ every “normal” world in which we are in Eindhoven?
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Introducing conditional means-end relations

Conditional relation: Our Universe
Assuming 1,
« is a means to ¢.

Started
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Introducing conditional means-end relations

Conditional relation: Our Universe

Assuming 1,
« is a means to ¢.

) Started
What does it mean?

Hughes, Kroes, Zwart A Semantics for Means-End Relations



Conditionals and the frame problem (e s, emiififtoie) it

Non-monotonicity

Introducing conditional means-end relations

Conditional relation: Our Universe

Assuming 1,

« is a means to ¢.

) Started
What does it mean?

Material implication:

=Y — [a]e iff w ~
w = [a]p & (o) True
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Introducing conditional means-end relations

Conditional relation: Our Universe

Assuming 1,

« is a means to ¢.

) Started
What does it mean?

Material implication:

=Y — [a]e iff w ~
w = [a]p & (o) True

In every world satisfying 1,
a is a local means to .
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Introducing conditional means-end relations

Material implication: Our Universe

= 6 — [l iff w i 1 or
w = [o]e & («) True
Started
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Introducing conditional means-end relations

Material implication: Our Universe

= — [l iff w b o
w = [o]e & («) True

Started O
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Reevaluating material implication

(or “Why means-end reasoning is hard")

A simple derivation:
If I had money, she would marry me.
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(or “Why means-end reasoning is hard")

A simple derivation:
If I had money, she would marry me.
If | robbed her, | would have money.
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Reevaluating material implication

(or “Why means-end reasoning is hard")

A simple derivation:
If I had money, she would marry me.
If | robbed her, | would have money.
.. If | robbed her, she would marry me.

Bad argument:
money — [propose|marry

[rob]money

.". [rob; propose]marry.
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Reevaluating material implication

(or “Why means-end reasoning is hard")

A simple derivation:
If I had money, she would marry me.
If | robbed her, | would have money.
.. If | robbed her, she would marry me.

Bad argument: Good argument:
money — [propose|marry Loaded — [fire]Started
[rob]money [load]Loaded

.". [rob; propose]marry. .. [load; fire]Started.
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. Local vs. conditional relations
Conditionals and the frame problem

Non-monotonicity

Reevaluating material implication

(or “Why means-end reasoning is hard")

A simple derivation:

If I had money, she would marry me.
If | robbed her, | would have money.
.. If | robbed her, she would marry me.

Bad argument: Good argument:
money — [propose|marry Loaded — [fire]Started
[rob]money [load]Loaded

.". [rob; propose]marry. .. [load; fire]Started.

Problem: If | rob her, she will hate me and
(money & HATE) /4 [propose]marry.
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Our conditional should be non-monotonic

Non-monotonicity

money — [propose]marry but
(money & ) 7> [propose]marry.
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e Advantage: Get to keep material implication.
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choose different semantics for —.
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Local vs. conditional relations
Non-monotonicity

Conditionals and the frame problem

Our conditional should be non-monotonic

Non-monotonicity

money — [propose]marry but
(money & ) 7> [propose]marry.

Solutions:
@ money — [propose|marry just isn't true.

e Advantage: Get to keep material implication.
o Disadvantage: Sidesteps the hard bits.

@ Accept non-monotonicity and
choose different semantics for —.

o Disadvantage: Makes reasoning about means hard.
e Advantage: Makes reasoning about means hard.

Reasoning about means is hard.
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