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Abduction?

Searching for Explanations

Backwards reasoning: from the phenomena to be explained to
possible explanations.
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Searching for Explanations

Backwards reasoning: from the phenomena to be explained to
possible explanations.

= Abductive inferences
AD B,B+- A (Affirming the Consequent)
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Abduction?

Searching for Explanations

Backwards reasoning: from the phenomena to be explained to
possible explanations.

= Abductive inferences
AD B,B+- A (Affirming the Consequent)

Example

@ A physician in search of the right diagnosis for a patient’s
symptoms,

@ atechnician trying to find out why a machine broke down,

@ a scientist trying to find an explanation for an empirical

phenomenon contradicting some predictions derived from an
accepted theory,...
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o Searching for Explanations

@ Logic—Based Approaches to Abduction
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Logic—Based Approaches to Abduction

Affirming the Consequent (AC) is not deductively valid !!!
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Logic—Based Approaches to Abduction

Affirming the Consequent (AC) is not deductively valid !!! )

Backwards Deduction plus Additional Conditions

A number of conditions is specified that enable one to decide whether
or not a particular abductive inference is sound.
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Logic—Based Approaches to Abduction

Affirming the Consequent (AC) is not deductively valid !!! )

Backwards Deduction plus Additional Conditions

A number of conditions is specified that enable one to decide whether
or not a particular abductive inference is sound.

4

Example
Given the background theory I', A is an explanation for B iff
e TU{A}+-B
o r¥F-A
e ¥ B;A¥FB
o ...
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Logic—Based Approaches to Abduction

Affirming the Consequent (AC) is not deductively valid !!! )

Backwards Deduction plus Additional Conditions

A number of conditions is specified that enable one to decide whether
or not a particular abductive inference is sound.

# arealistic explication of abductive reasoning
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Logic—Based Approaches to Abduction

Affirming the Consequent (AC) is not deductively valid !!! )

Backwards Deduction plus Additional Conditions

A number of conditions is specified that enable one to decide whether
or not a particular abductive inference is sound.

# arealistic explication of abductive reasoning

FOR Focus is on abductive consequence, not on abductive
reasoning
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Logic—Based Approaches to Abduction

Affirming the Consequent (AC) is not deductively valid !!! )

Backwards Deduction plus Additional Conditions

A number of conditions is specified that enable one to decide whether
or not a particular abductive inference is sound.

#+ a realistic explication of abductive reasoning

FOR Focus is on abductive consequence, not on abductive
reasoning
= Search procedures instead of a proof theory
e.g. Tableau methods (Aliseda—Llera 2006,
Mayer&Pirri 1993)
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Logic—Based Approaches to Abduction

The Adaptive Logics Programme

The inference rule AC is modeled as a defeasible inference rule (a
default rule).
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Logic—Based Approaches to Abduction

The Adaptive Logics Programme

The inference rule AC is modeled as a defeasible inference rule (a
default rule).

= Abductive consequences are accepted only in case and for as
long as certain conditions are satisfied.

= Only the unproblematic applications of AC are retained.
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Logic—Based Approaches to Abduction

The Adaptive Logics Programme

The inference rule AC is modeled as a defeasible inference rule (a
default rule).

= Abductive consequences are accepted only in case and for as
long as certain conditions are satisfied.
= Only the unproblematic applications of AC are retained.

= Abductive reasoning steps are combined with deductive
reasoning steps.
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Logic—Based Approaches to Abduction

The Adaptive Logics Programme

The inference rule AC is modeled as a defeasible inference rule (a
default rule).

= Abductive consequences are accepted only in case and for as
long as certain conditions are satisfied.
= Only the unproblematic applications of AC are retained.

= Abductive reasoning steps are combined with deductive
reasoning steps.

Advantages

@ (Some of) the conditions of BD can be incorporated.
@ A nice proof theory for abductive reasoning is provided.
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Logic—Based Approaches to Abduction

The Adaptive Logics Programme

The inference rule AC is modeled as a defeasible inference rule (a
default rule).

= Abductive consequences are accepted only in case and for as
long as certain conditions are satisfied.
= Only the unproblematic applications of AC are retained.

= Abductive reasoning steps are combined with deductive
reasoning steps.

Advantages

@ (Some of) the conditions of BD can be incorporated.
@ A nice proof theory for abductive reasoning is provided.

= The adaptive logics approach provides a more realistic
% explication of the application of abductive inferences in human
reasoning!
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Aim of this Talk

The Overall Aim

To present a general approach towards the explication of abductive
reasoning based on the Adaptive Logics Programme.
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Aim of this Talk

The Overall Aim

To present a general approach towards the explication of abductive
reasoning based on the Adaptive Logics Programme.

Three Steps

@ The deductive frame
= To spell out the relation between abduction and deduction.

UNIVERSITEIT
GENT

H. Lycke (Ghent University) The adaptive logics approach to abductive reasoning MBR’09, Campinas 10/ 42



Aim of this Talk

The Overall Aim

To present a general approach towards the explication of abductive
reasoning based on the Adaptive Logics Programme.

Three Steps
@ The deductive frame
= To spell out the relation between abduction and deduction.

@ On defeasible inference
= To characterize the abductive inference rule in general.
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Aim of this Talk

The Overall Aim

To present a general approach towards the explication of abductive
reasoning based on the Adaptive Logics Programme.

Three Steps

@ The deductive frame
= To spell out the relation between abduction and deduction.

@ On defeasible inference
= To characterize the abductive inference rule in general.

@ Enter adaptive logics

= To characterize some adaptive logics for abductive reasoning.
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Abduction vs Deduction

Intertwinement

@ Abductive reasoning validates some arguments that are not
deductively valid.

IN cASU Applications of Affirming the Consequent (AC).
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Abduction vs Deduction

Intertwinement

@ Abductive reasoning validates some arguments that are not
deductively valid.

IN cASU Applications of Affirming the Consequent (AC).

@ Abductive reasoning is constrained by deductive reasoning.

FOR Abductive consequences of a premise set might have to be
withdrawn in view of its deductive consequences.
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Abduction vs Deduction

Intertwinement

@ Abductive reasoning validates some arguments that are not
deductively valid.

IN cASU Applications of Affirming the Consequent (AC).

@ Abductive reasoning is constrained by deductive reasoning.
FOR Abductive consequences of a premise set might have to be
withdrawn in view of its deductive consequences.

= Abductive inference steps are applied against a
deductive background!
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A Modal Frame

@ In most logic—based approaches, deductive reasoning is
captured by means of classical logic.

e.g. Aliseda—Llera 2006, Meheus&Batens 2006,...
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A Modal Frame

@ In most logic—based approaches, deductive reasoning is
captured by means of classical logic.
e.g. Aliseda—Llera 2006, Meheus&Batens 2006,...

@ | will opt for the modal logic RBK!
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A Modal Frame

@ In most logic—based approaches, deductive reasoning is
captured by means of classical logic.
e.g. Aliseda—Llera 2006, Meheus&Batens 2006,...

@ | will opt for the modal logic RBK!

Language Schema of RBK

language |letters|  logical symbols  |set of formulas
L S =, A, V,D 4%
e S |7V, D, 05,06, On, Qe wM

@ [, expresses nomological necessity.

@ [, expresses empirical necessity.
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A Modal Frame

@ In most logic—based approaches, deductive reasoning is
captured by means of classical logic.
e.g. Aliseda—Llera 2006, Meheus&Batens 2006,...

@ | will opt for the modal logic RBK!

Proof Theory of RBK
= the axiom system of CL, extended by

AM1n On(AD B) D (0,AD TpB) | AM1e Te(A D B) D (HeA D LeB)
AM2n O0,AD A AM2e O.AD A

NECn FromF Ato+ O,A NECe FromF Ato O.A

AM3 0O,AD 0O,0,A

AM4  [,A D A

OnA =g ~On—A

W <>eA —df _‘De_‘A )
/u.
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Representing Abductive Reasoning Contexts

Abductive Reasoning Contexts

Situations in which people search for possible explanations for some
puzzling (empirical) phenomena.
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Representing Abductive Reasoning Contexts

Abductive Reasoning Contexts

Situations in which people search for possible explanations for some
puzzling (empirical) phenomena.

@ As RBK is a modal logic, it is able to capture some intensional
elements of abductive reasoning contexts.
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Abductive Reasoning Contexts

Situations in which people search for possible explanations for some
puzzling (empirical) phenomena.

@ As RBK is a modal logic, it is able to capture some intensional
elements of abductive reasoning contexts.

@ Premise sets are taken to express abductive reasoning contexts:
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Representing Abductive Reasoning Contexts

Abductive Reasoning Contexts

Situations in which people search for possible explanations for some
puzzling (empirical) phenomena.

@ As RBK is a modal logic, it is able to capture some intensional
elements of abductive reasoning contexts.

@ Premise sets are taken to express abductive reasoning contexts:

wWN = {0,A| Ae W} Nomological Facts
W ={0.A|AcSUS"} Empirical Facts
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Representing Abductive Reasoning Contexts

Abductive Reasoning Contexts

Situations in which people search for possible explanations for some
puzzling (empirical) phenomena.

@ As RBK is a modal logic, it is able to capture some intensional
elements of abductive reasoning contexts.

@ Premise sets are taken to express abductive reasoning contexts:

wWN = {0,A| Ae W} Nomological Facts
WE ={0.A|Ac SUST} Empirical Facts

= The background knowledge
= Necessities express contextual certainty!
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Abductive Reasoning Contexts

Situations in which people search for possible explanations for some
puzzling (empirical) phenomena.

@ As RBK is a modal logic, it is able to capture some intensional
elements of abductive reasoning contexts.

@ Premise sets are taken to express abductive reasoning contexts:

wWN = {0,A| Ae W} Nomological Facts
WE ={0.A|Ac SUST} Empirical Facts

= The background knowledge
= Necessities express contextual certainty!

WP ={A|AcSUS} Puzzling Facts
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Representing Abductive Reasoning Contexts

Abductive Reasoning Contexts

Situations in which people search for possible explanations for some
puzzling (empirical) phenomena.

@ As RBK is a modal logic, it is able to capture some intensional
elements of abductive reasoning contexts.

@ Premise sets are taken to express abductive reasoning contexts:

wWN = {0,A| Ae W} Nomological Facts
WE ={0.A|Ac SUST} Empirical Facts

= The background knowledge
= Necessities express contextual certainty!

WP ={A|AcSUS} Puzzling Facts

= The explananda
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On Defeasible Inference

AC in a Modal Environment

The applications of AC that qualify for conditional acceptance are
limited to those satisfying the following schema:

AC™ [,(A>B),B,AFA
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On Defeasible Inference

AC in a Modal Environment

The applications of AC that qualify for conditional acceptance are
limited to those satisfying the following schema:

AC™ [1,(A>B),B,AF A

@ A can only be considered an explanation for B in case there is a
statement expressing the nomological dependency of B upon A.

= Relation with Hempel's account of explanation.
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On Defeasible Inference

AC in a Modal Environment

The applications of AC that qualify for conditional acceptance are
limited to those satisfying the following schema:

AC™ [,(A>B),B,AF A

@ A can only be considered an explanation for B in case there is a
statement expressing the nomological dependency of B upon A.

= Relation with Hempel's account of explanation.

@ The explanandum B may not be part of the background
knowledge!

OTHERWISE It wouldn’t be in need of an explanation.
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On Defeasible Inference

AC in a Modal Environment

The applications of AC that qualify for conditional acceptance are
limited to those satisfying the following schema:

AC™ [,(A>B),B,AFA

@ A can only be considered an explanation for B in case there is a
statement expressing the nomological dependency of B upon A.

= Relation with Hempel's account of explanation.

@ The explanandum B may not be part of the background
knowledge!

OTHERWISE It wouldn’t be in need of an explanation.

@ Certain additional conditions have to be fulfilled before AC™ may

m Dbe applied.
o
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On Defeasible Inference

Additional Conditions?

@ Some are equal to those stated by the backwards
deduction—approaches to abduction.
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deduction—approaches to abduction.

@ Some can only be presumed in a defeasible way!
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On Defeasible Inference

Additional Conditions?

@ Some are equal to those stated by the backwards
deduction—approaches to abduction.

@ Some can only be presumed in a defeasible way!

= The formulas expressing those conditions are obtained by
means of defeasible inference rules, such as

(NNN) F —0,(A > B)
(NEN) + -[I.A

- J
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On Defeasible Inference

Additional Conditions?

@ Some are equal to those stated by the backwards
deduction—approaches to abduction.

@ Some can only be presumed in a defeasible way!

= The formulas expressing those conditions are obtained by
means of defeasible inference rules, such as

(NNN)  —,(A > B)
(NEN) F —[.A

= These defeasible inference rules are prior to AC™.
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On Defeasible Inference

Additional Conditions?

@ Some are equal to those stated by the backwards
deduction—approaches to abduction.

@ Some can only be presumed in a defeasible way!

= The formulas expressing those conditions are obtained by
means of defeasible inference rules, such as

(NNN)  —,(A > B)
(NEN) F —[.A

= These defeasible inference rules are prior to AC™.

= Abduction processes are layered processes!
= The adaptive logics needed are prioritized adaptive

% ) logics. )
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° Enter Adaptive Logics
@ Multiple Abduction Processes

H. Lycke (Ghent University) The adaptive logics approach to abductive reasoning MBR’09, Campinas 23/42



Multiple Abduction Processes
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Multiple Abduction Processes

Practical Abduction

In case of multiple possible explanations, only the disjunction of all
possible explanations is derivable.

= The logic AbLP
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Multiple Abduction Processes

Practical Abduction

In case of multiple possible explanations, only the disjunction of all
possible explanations is derivable.

= The logic AbLP

Theoretical Abduction

In case of multiple possible explanations, all possible explanations
are derivable.

= The logic AbL!
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Multiple Abduction Processes

Practical Abduction

In case of multiple possible explanations, only the disjunction of all
possible explanations is derivable.

= The logic AbLP

Theoretical Abduction

In case of multiple possible explanations, all possible explanations
are derivable.

= The logic AbL!

Prioritized Abduction

In case of multiple possible explanations, only the most plausible
explanations are derivable.

// = The logic AbLP!
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Multiple Abduction Processes

Earlier Attempts
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Multiple Abduction Processes

Earlier Attempts

@ J. Meheus et al. Ampliative Adaptive logics and the foundation of
logic-based approaches to abduction. In: L. Magnani, N. Nersessian
and C. Pizzi. Logical and Computational Aspects of Model-Based
Reasoning, Kluwer, Dordrecht, 2002, pp. 39—71.

BUT Some extra—logical features are incorporated.

= No formal logic is provided.
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Multiple Abduction Processes

Earlier Attempts

@ J. Meheus et al. Ampliative Adaptive logics and the foundation of
logic-based approaches to abduction. In: L. Magnani, N. Nersessian
and C. Pizzi. Logical and Computational Aspects of Model-Based
Reasoning, Kluwer, Dordrecht, 2002, pp. 39—71.

BUT Some extra—logical features are incorporated.
= No formal logic is provided.
@ J. Meheus and D. Batens. A formal logic for abductive reasoning. Logic
Journal of the IGPL, vol. 14, 2006, pp. 221-236.

BUT Only abductive inferences at the predicate level.
BUT Only practical abduction could be characterized.

= Abductive reasoning is captured in a limited way.
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General Characterization

Prioritized Adaptive Logics
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General Characterization

Prioritized Adaptive Logics

1. A Lower Limit Logic (LLL)
°

2. A Set of Abnormalities (2 = Q¢ > Q¢ > ... > Q)

3. An Adaptive Strategy
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General Characterization

Prioritized Adaptive Logics
1. A Lower Limit Logic (LLL)

@ The LLL determines the inference rules that can be applied unrestrictedly.

2. A Set of Abnormalities (2 = Q¢ > Q¢ > ... > Q)

3. An Adaptive Strategy
°
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2. A Set of Abnormalities (2 = Q¢ > Q¢ > ... > Q)

@ Elements of Q are interpreted as false as much as possible
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Prioritized Adaptive Logics
1. A Lower Limit Logic (LLL)

@ The LLL determines the inference rules that can be applied unrestrictedly.

2. A Set of Abnormalities (2 = Q¢ > Q¢ > ... > Q)

@ Elements of Q are interpreted as false as much as possible
@ The result: some conditionally derived consequences

AV BEQ

A , unless B cannot be interpreted as false.

3. An Adaptive Strategy
°
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General Characterization

Prioritized Adaptive Logics
1. A Lower Limit Logic (LLL)

@ The LLL determines the inference rules that can be applied unrestrictedly.

2. A Set of Abnormalities (2 = Q¢ > Q¢ > ... > Q)

@ Elements of Q are interpreted as false as much as possible
@ The result: some conditionally derived consequences

AV BEQ
A

@ Prioritized: Q is a structurally ordered set of sets.

, unless B cannot be interpreted as false.

Consequences obtained by falsifying abnormalities of a certain
priority may necessitate the withdrawal of consequences obtained by
falsifying abnormalities of a lower priority.

3. An Adaptive Strategy
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General Characterization

Prioritized Adaptive Logics
1. A Lower Limit Logic (LLL)

@ The LLL determines the inference rules that can be applied unrestrictedly.

2. A Set of Abnormalities (2 = Q¢ > Q¢ > ... > Q)

@ Elements of Q are interpreted as false as much as possible
@ The result: some conditionally derived consequences

AV BEQ
A

@ Prioritized: Q is a structurally ordered set of sets.

, unless B cannot be interpreted as false.

Consequences obtained by falsifying abnormalities of a certain
priority may necessitate the withdrawal of consequences obtained by
falsifying abnormalities of a lower priority.

3. An Adaptive Strategy
@ The adaptive strategy determines which of the conditionally derived

% formulas have to be withdrawn.
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General Characterization: Practical Abduction
The Adaptive Logic AbLP
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General Characterization: Practical Abduction

The Adaptive Logic AbLP
1. Lower Limit Logic (LLL)

2. Set of Abnormalities Q2 = Qpx > Qp
0 Qu =

3. Adaptive Strategy
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1. Lower Limit Logic (LLL) = the logic RBK

2. Set of Abnormalities Q2 = Qpx > Qp
@ Qu={0A|xe{ne}and Ac W}
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> BeSUuST,

> Ain Conjunctive Normal Form, and
> Bis not a subformula of A
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General Characterization: Practical Abduction

The Adaptive Logic AbLP
1. Lower Limit Logic (LLL) = the logic RBK

2. Set of Abnormalities Q2 = Qpx > Qp
@ Qu={0A|xe{ne}and Ac W}
@ Q,={0,(ADB)ABA-TeBA-A|
> BeSUuST,

> Ain Conjunctive Normal Form, and
> Bis not a subformula of A

}

3. Adaptive Strategy = Reliability
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General Characterization: Theoretical Abduction

The Adaptive Logic AbL!
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General Characterization: Theoretical Abduction

The Adaptive Logic AbL!
1. Lower Limit Logic (LLL) = the logic RBK

2. Set of Abnormalities Q = Qpx > Q¢
0 U ={0xA|xe{ne}and Ac W}
@ Q;={0,((A1 A... ANAR) D B) A=[A] D BIAB A -OeB
A=(A1 A . AN AR) |
> Ay,...,A,BeSUS,
> Bis not a subformula of Ay A ... A Ap, and

}

% 3. Adaptive Strategy = Reliability
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General Characterization: Theoretical Abduction

The Adaptive Logic AbL!
1. Lower Limit Logic (LLL) = the logic RBK

2. Set of Abnormalities Q = Qpx > Q¢

@ Qup={0xA|x € {n,e} and A e W}
@ O ={0,((A1AN...NA) D B)A=[A] D B]ABA-OgB
A=(A1 A oA AR) |
> Ay,...,A,BeSUS,
> Bis not a subformula of Ay A ... A Ap, and
> ﬂ[A.'{ D B] =qf —\Dn((Ag VAN /\An) D B) N
ﬁDn((A‘] ANA3A ... A An) D B) N

A
=On((A1 A ... NAp—1) D B)
}

% 3. Adaptive Strategy = Reliability
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General Characterization: Prioritized Abduction

How to Represent Priorities?

By integrating the knowledge of priorities in the background
knowledge.
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@ Ais a possible explanation of B, and
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General Characterization: Prioritized Abduction

How to Represent Priorities?

By integrating the knowledge of priorities in the background
knowledge.

= [fO,(A D B) then O,0¢...0c(A A B) expresses that

@ Ais a possible explanation of B, and

@ the lesser {¢’s, the more plausible A is as an explanation of
B.

How to Make Use of Priorities?
There are multiple possibilities!

HERE in a straightforward way.
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General Characterization: Prioritized Abduction

The Adaptive Logic AbLP!
1. Lower Limit Logic (LLL) = the logic RBK
2. Set of Abnormalities Q = Qx> Qpt, > Qop, > Qot, > Qpp, > oo > U

@ Qu and Q; as for theoretical abduction.
° pri =

@ Qp, =

K

3. Adaptive Strategy = Reliability
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General Characterization: Prioritized Abduction

The Adaptive Logic AbLP!
1. Lower Limit Logic (LLL) = the logic RBK
2. Set of Abnormalities Q = Qux > Qpty, > Qpp, > ot > Qpp, > .. > U

@ Qu and Q; as for theoretical abduction.

@ Q= {Tn((A1 A ... A As) D B) AOROL((A1 A ... A As) A B)AB
A=OeB A =(A1 A ... A An) A =[A] D B |
> For the most part as for theoretical abduction, except for

@ Oy =

K

3. Adaptive Strategy = Reliability
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General Characterization: Prioritized Abduction

The Adaptive Logic AbLP!

1. Lower Limit Logic (LLL) = the logic RBK
2. Set of Abnormalities Q = Qe > Qpt, > Qopy > Qpot, > Qpp, >

> Q
@ Qi and Q; as for theoretical abduction.
@ Q= {Tn((A1 A ... A An) D B) ATROL((A1 A ... A Ap) A B)AB
A=OeB A =(A1 A ... AN An) A=[A] D B] |
> For the most part as for theoretical abduction, except for
> Op0e.. <>e((A1 A ...\ An) A B)
i tlmes
}
o Oy =

K

3. Adaptive Strategy = Reliability
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General Characterization: Prioritized Abduction

The Adaptive Logic AbLP!

1. Lower Limit Logic (LLL) = the logic RBK

2. Set of Abnormalities Q = Qx> Qpt, > Qop, > Qot, > Qppy > oo > U
@ Qi and Q; as for theoretical abduction.
@ Q= {0n((A1 A ... A An) D B) ATnOL((A1 A ... A An) A B)AB
A=OeB A =(A1 A ... AN An) A=[A] D B] |

> For the most part as for theoretical abduction, except for

> OpQe...0e((A1 A ... AAn) A B)
P
i times

}

@ Qup = {Tn((A1 A ... AAY) D B)ATOL(C1 A... ACR)AB) A B
A=OeBA=(A1 A ... ANAn) |

> For the most part as for theoretical abduction, except

K }

3. Adaptive Strategy = Reliability
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General Characterization: Prioritized Abduction

The Adaptive Logic AbLP!

1. Lower Limit Logic (LLL) = the logic RBK
2. Set of Abnormalities Q = Qx> Qpt, > Qop, > Qot, > Qppy > oo > U
@ Qu and Q; as for theoretical abduction.

@ Q= {0n((A1 A ... A An) D B) ATnOL((A1 A ... A An) A B)AB
A=OeB A =(A1 A ... AN An) A=[A] D B] |
> For the most part as for theoretical abduction, except for
> OpQe...0e((A1 A ... AAn) A B)
N——

i times
}

@ Qup = {0n((A A ... AA) D B)ATOL(Cr A... ACn) AB)AB
A=OeBA (A A ... A An) |

> For the most part as for theoretical abduction, except
> that —[A] D B] is absent, and
>

that Cy, ...,Cn € {A1,...,An}.
K )

3. Adaptive Strategy = Reliability

4
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° Enter Adaptive Logics

@ Proof Theory

K

ITEN
T

H. Lycke (Ghent University)

The adaptive logics approach to abductive reasoning

N




Proof Theory (1)

General Features

@ An AbL*—proof is a succession of stages, each consisting of a
sequence of lines.

Adding a line to a proof is to move on to a next stage.
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@ Each line of a proof consists of 4 elements:

a line number,

a formula,

a justification, and

an adaptive condition (= a set of abnormalities)
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a line number,

a formula,

a justification, and

an adaptive condition (= a set of abnormalities)

@ Deduction Rules

As all AbL* are based on the same LLL, the deduction rules are
the same for all of them.
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Proof Theory (1)

General Features

@ An AbL*—proof is a succession of stages, each consisting of a
sequence of lines.

Adding a line to a proof is to move on to a next stage.
@ Each line of a proof consists of 4 elements:

a line number,

a formula,

a justification, and

an adaptive condition (= a set of abnormalities)

@ Deduction Rules

As all AbL* are based on the same LLL, the deduction rules are
the same for all of them.
@ Marking Criterium

As all AbL* are based on the same adaptive strategy, the marking
% criterium is the same for all of them.
Dynamic proofs
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Proof Theory (2)

Dab—Formulas

Dab*(A) = \/(A), with A © 9
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Proof Theory (2)

Dab—Formulas
Dab*(A) = \/(A), with A € Qy

Deduction Rules

PREM IfAeT:
A 0
RU If A1,...,An "RBK B: A1 A1
An An
B AqU...UA,
RC If A1,...,An Frek BV Dabx(e) A4 YA
B AiU...UA,UBO

H. Lycke (Ghent University) The adaptive logics approach to abductive reasoning

MBR’09, Campinas

34/42



Proof Theory (3)

Minimal Dab*—consequences

Dab*(A) is a minimal Dab*—consequence of I at stage s of a proof,
iff (1) it occurs on an unmarked line at stage s, (2) all members of its
adaptive condition belong to a Q- such that Q, > Qy, and (3) there
is no A’ C A for which the same applies.
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Proof Theory (3)

Minimal Dab*—consequences

Dab*(A) is a minimal Dab*—consequence of I at stage s of a proof,
iff (1) it occurs on an unmarked line at stage s, (2) all members of its
adaptive condition belong to a Q- such that Q, > Qy, and (3) there
is no A’ C A for which the same applies.

The Set of Unreliable Formulas of a Certain Priority

UX(T) = Ay U Ay U ... for Dab*(A1), Dab*(Ay),... the minimal
Dab*—consequences of I at stage s of the proof.
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Proof Theory (3)

Minimal Dab*—consequences

Dab*(A) is a minimal Dab*—consequence of I at stage s of a proof,
iff (1) it occurs on an unmarked line at stage s, (2) all members of its
adaptive condition belong to a Q- such that Q, > Qy, and (3) there
is no A’ C A for which the same applies.

The Set of Unreliable Formulas of a Certain Priority

UX(T) = Ay U Ay U ... for Dab*(A1), Dab*(Ay),... the minimal
Dab*—consequences of I at stage s of the proof.

Marking Definition

Line i is marked at stage s of the proof iff, where A is its condition,
AN UXT) # 0.

v
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Proof Theory (3)

Minimal Dab*—consequences

Dab*(A) is a minimal Dab*—consequence of I at stage s of a proof,
iff (1) it occurs on an unmarked line at stage s, (2) all members of its
adaptive condition belong to a Q- such that Q, > Qy, and (3) there
is no A’ C A for which the same applies.

The Set of Unreliable Formulas of a Certain Priority

UX(T) = Ay U Ay U ... for Dab*(A1), Dab*(Ay),... the minimal
Dab*—consequences of I at stage s of the proof.

Marking Definition

Line i is marked at stage s of the proof iff, where A is its condition,
AN UXT) # 0.

v

Marking Proceeds Stepwise
First for the highest priority level, and afterwards for the lower ones.

v
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Proof Theory (4)

Derivability

A is derived from I at stage s of a proof iff A is the second element of
an unmarked line at stage s.
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Proof Theory (4)

Derivability

A is derived from I at stage s of a proof iff A is the second element of
an unmarked line at stage s.

v

Final Derivability

@ Ais finally derived from I" on a line i of a proof at stage s iff (i) A
is the second element of line J, (ii) line i is not marked at stage s,
and (i) every extension of the proof in which line i is marked
may be further extended in such a way that line i is unmarked.

@ [ Fapx A iff Ais finally derived on a line of a proof from TI'.
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Example: Practical Abduction

Definition

(A, B) =4r On(AD B) ABA—-0OeBA—-A
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Example: Practical Abduction

Definition
<A, B> =qf Dn(A ) B) ABA-OBA—-A

Example

1 Oa(pD Q) —PREM
2 Os(r>oq) —PREM
3 gq —PREM

SsSe S

Set of Unreliable Formulas

E v o0-00-59.0.0549)
UB(T) =0
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Example: Practical Abduction

Definition
<A, B> =qf Dn(A ) B) ABA-OBA—-A

Example

1 On(pDQq) —PREM
2 Os(r>oq) —PREM
3 g —PREM
4  —Oeq —RC

5 p 1,3,4;RC
6 r 2,3,4,RC

{Ceq}
{Deq7 <p7 q)}
{Oeq, (r,q)}

Set of Unreliable Formulas

E vo-oeoa00o0
UE() =0

v

H. Lycke (Ghent University) The adaptive logics approach to abductive reasoning

MBR’09, Campinas

38/42



Example: Practical Abduction

Definition
<A, B> =qf Dn(A ) B) ABA-OBA—-A

Example

1 On(pDQq) —PREM 0

2 Ox(ro>Qq) —PREM 0

3 q —;PREM 0

4 —Oeq —RC {Ceq}

5 p 17374;RC {DeQa <p7 q)}
6 r 253a4;RC {Deq, <f, q>}
7 <p7 q> \ <f' A —p, q> 11213!43RU {Deq}

8 (r,q)V{(pA-r,Qq) 1,2,3,4;RU  {Oeq}

Set of Unreliable Formulas

E vo-10ceoa0050
UB(M) = {(p.q),(r A=p,q),(r,q),(pA-r,q)}

v
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Example

1 On(pDQq) —PREM 0

2 Ox(ro>Qq) —PREM 0

3 g —,PREM 0

4 —Oeq —RC {Ceq}

5 p 17374;RC {DeQa <p7 q)} ‘/
6 r 2,3,4;RC {0eq, (r,q)} v
7 <p7 q> \ <f' A —p, q> 11213!43RU {Deq}

8 (r,q)V{(pA-r,Qq) 1,2,3,4;RU  {Oeq}

Set of Unreliable Formulas

E vo-10ceoa0050
UB(M) = {(p.q),(r A=p,q),(r,q),(pA-r,q)}
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Example: Practical Abduction

Definition
<A, B> =qf Dn(A ) B) ABA-OBA—-A

Example

1 On(pDQq) —PREM 0

2 Ox(ro>Qq) —PREM 0

3 q —PREM 0

4 -eq —RC {Oeq}

5 p 17374;RC {DeQa <p7 q)} v
6 r 253a4;RC {Deq, <f, q>} v
7 <p7 q> v <f' A =p, q> 1,2,3,4;RU {Deq}

8 (r,q)V{(pA-r,Qq) 1,2,3,4;RU  {Oeq}

9 pvVvr 1,2,3,4;RC  {0Oeq,{(pVr,q)}

Set of Unreliable Formulas

E vo-10eoa0050)
US(r) = {(p, @), (r A=p,q), (r.q), (p A =r, @)}

w
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Example: Theoretical Abduction
Definition

(At A . AAr, B) =g On((A1 A ... AAn) D B) ABA=0eBA-AN—[A] D B

J
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Example: Theoretical Abduction

Definition
(At A . AAr, B) =g On((A1 A ... AAn) D B) ABA=0eBA-AN—[A] D B

Example

1 Ox(pDQ) —PREM 0
2 [On(roQq) —PREM ¢
3 g —PREM @

Set of Unreliable Formulas
UZ(T) = {0a(p D q),0a(r D q)}

% UL(r) =0 )
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Example: Theoretical Abduction

Definition
(At A . AAr, B) =g On((A1 A ... AAn) D B) ABA=0eBA-AN—[A] D B

Example

1 OupDQ) —PREM 0

2 [On(roQq) —PREM ¢

3 g —PREM 0

4 p 1,3RC  {0eq,0nq, (p,q)}
5 r 2,3;RC  {0eq,0nq,(r,q)}

Set of Unreliable Formulas
UEK(T) = {0a(p D q),0a(r D q)}

% UL(T) =0 )
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Example: Theoretical Abduction

Definition
(At A . AAr, B) =g On((A1 A ... AAn) D B) ABA=0eBA-AN—[A] D B

Example

1 Ox(pDQ) —PREM 0

2 [On(roQq) —PREM ¢

3 g —PREM 0

4 p 1,3RC  {0eq,Unq, (p,q)} v
5 r 2,3;RC  {0eq,0nq,(r,q)} v
6 (p,q)V{(rA-p,q) 123;RC {eq,0sq,0n(r > q),0x(—p D q)}

7 (r,g)Vv{pA-r.q) 1,23RC {0eq,0,q,0x(p D q),0n(-r D q)}

Set of Unreliable Formulas

UZK(T) = {0a(p D q),0a(r D q)}
% Ui(N) = {(p,q),(r A—-p,q),(r,q), (pA=r,q)} ?

(&=
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Example: Theoretical Abduction

Definition
(At A . AAr, B) =g On((A1 A ... AAn) D B) ABA=0eBA-AN—[A] D B

Example

1 Ox(pDQ) —PREM 0

2 [On(roQq) —PREM ¢

3 g —PREM 0

4 p 1,3RC  {0eq,Unq, (p,q)}

5 r 2,3;RC  {0eq,0nq,(r,q)}

6 (p,q)V{rAn-p,q) 123;RC {deq,0nq,0On(r > q),0n(-p D q)} v
7 (rq)V{pA-r,g) 1,23RC {0eq,0nq,0n(p D q),0n(-r D q)} v

o’

Set of Unreliable Formulas
UZK(T) = {0a(p D q),0a(r D q)}

% UL(T) =0 )
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Example: Prioritized Abduction
Definition

(A, B)t € Qt, (A, B)p; € Qpi, and (A, B) g, € Qpp,;
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Example: Prioritized Abduction

Definition
(A, B)t € Qu, (A, B)py € Qpr; and (A, B)pp, € Qpp;

Example

1 Os(pDq) —PREM 0
3 On(r>q) —PREM 0
4 Op0ee(r AQ) —PREM 0
5 q —PREM 0

Set of Unreliable Formulas
UZK(T) = {On(p D ), 0a(r D q)}
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Example: Prioritized Abduction

Definition
(A, B)t € Qu, (A, B)py € Qpr; and (A, B)pp, € Qpp;

Example

1 Os(pDq) —PREM 0

3 Ox(r>q) —PREM 0

4 OpdeQe(rA Q) —PREM 0

5 gq —PREM 0

6 p 1,2,5;RC {0eq, Thnq, (p, q)pt, }
7 r 3,4,5;RC {0Oeq, Tng, (r,q)pt, }

Set of Unreliable Formulas
UZ“(N) = {Oa(p 2 q),0a(r 2 q)}
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Example: Prioritized Abduction

Definition
(A, B)t € Qu, (A, B)py € Qpr; and (A, B)pp, € Qpp;

Example

1 Os(pDq) —PREM 0

3 On(r>q) —PREM 0

4 Tn0ee(r A Q) —PREM 0

5 g —PREM 0

6 p 1,275;RC {Deq7 D"Q7 <p’ Q>pl1}
7 r 37475;RC {Deq7 an: <r7 q>pt2}
8 (P, @pt; VI A =p,q)pps 1,2,3,4,5;RC {Ueq,nq}

9 (rQpy V(PA T Q)pp, 1,2,3,45RC {Ueq, Unq}

Set of Unreliable Formulas
E co-00o90000

H. Lycke (Ghent University) The adaptive logics approach to abductive reasoning MBR’09, Campinas 40/42



Example: Prioritized Abduction

Definition
(A, B)t € t, (A, B)pt, € Qpyy and (A, B)pp, € Qpp

Example

1 OwpDq) —PREM 0

3 Un(roQ) —PREM 0

4 Op0ee(r AQ) —PREM 0

5 ¢ —PREM 0

6 p 1,2,5RC  {0eq,Uhnq, (p, @)pt, }
7 r 37475;RC {De% an: <r7 q>pt2}
8 (P, Qpt; V(rA—p,q)pp, 1,2,3,4,5;RC {Ueq, Uhqg}

9 (rQpp V(PA-T, q>pp1 1,2,3,4,5RC {Ueq, Ung}

10 (r A =p, Q)pp, 8,RC {8eq, Thnq, (p, q)pt, }
11 (r,q)pt, 9;RC {0eq,Unq, (p A =r, q)ppy }

Set of Unreliable Formulas

K vi0-0.050.005a)
VR () = {(r, Do} U (1) = ({7 AP, Ghone ) |
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Example: Prioritized Abduction

Definition
(A, B)t € t, (A, B)pt, € Qpyy and (A, B)pp, € Qpp

Example

1 OwpDq) —PREM 0

3 Un(roQ) —PREM 0

4 Op0ee(r AQ) —PREM 0

5 ¢ —PREM 0

6 p 1,2,5RC  {0eq,Uhnq, (p, @)pt, }

7 r 37475;RC {D9q7 an: <r7 q>pt2} v
8 (P, Qpt; V(rA—p,q)pp, 1,2,3,4,5;RC {Ueq, Uhqg}

9 (rQpp V(PA-T, q>pp1 1,2,3,4,5RC {Ueq, Ung}

10 (r A =p, Q)pp, 8,RC {8eq, Thnq, (p, q)pt, }

11 (r,q)pt, 9;RC {0eq,Unq, (p A =r, q)ppy }

Set of Unreliable Formulas

K vi0-0.050.0050)
UPR (1) = {(r. @)} U2 (1) = ({7 A . @)}
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Further Research

Finetuning of
@ the adaptive logics for prioritized abduction.

Development of

@ adaptive logics for abduction based on inconsistent background
knowledge, and of

@ adaptive logics that combine abduction with induction.

UNIVERSITEIT
GENT
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