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Motivation

Search-control vs Domain knowledge

 |s there a relation between the role of the case and
derivational/transformational adaptation approaches?

- There are several kinds of general purpose planners, can we
present a unified view of the role of the cases for case-based

planners build on top of those systems?




General Purpose vs Domain Specific
(Case-Based) Planning

General purpose: symbolic descriptions of the problems and
the domain. The (adaptation) generation rules are the
same

Advantage: - opportunity to have clear semantics
Disadvantage: - symbolic description requirement




Derivational vs. Transformational

Adaptation
(Carbonnel, 1986)

 Transformational adaptation: structural transformations are
made to the plans

Plan step

Case: g




Domain Specific: Chef
(Hammond, 1986)

» (Cases contain cooking recipes (plans) and there are rules
indicating how to transform pieces of the recipes

» Typical transformation rules will indicate alternative ingredients
and what steps need to be added/changed to adapt the recipe




General Purpose

General purpose planners can be classified according to the space
where the search 1s performed:

e state




State-Space CBP Systems

 State-space planners transform the state of the world. These
planners search for a sequence of transformations linking the
starting state and a final state

(total order)




Plan-Space CBP Systems

» Plan-space planners transform the plans. These planners search
for a a plan satisfying certain conditions

/ (partial-order, least-commitment)

» Cases 1ndicate sequences of plan transformations




Hierarchical CBP Systems

» Hierarchical planners refine high-level tasks into simpler ones
until eventually actions are obtained.

task

* Cases indicate how tasks are decomposed




Derivational/Transformational Adaptation
vs. Domain Specific/General Purpose CBP

Domain specific CBP<—®—> Transformational adaptation

CoBRA SPA
(Cunningham et al, 1994) Adjust-plan




Disjunctive CBP Systems

 Disjunctive planners transform a special structure that contains all
possible states that can be obtained from the 1nitial state

Graphplan (Blum & Furst, 1997)




Derivational/Transformational Adaptation
vs. Role of the Cases

Domain Knowledge+ > Transformational adaptation

SPA SPA
Adjust plan Adjust-plan




Where We Are

 |s there a relation between the role of the case and
derivational/transformational adaptation approaches?vy qq

- There are several kinds of general purpose planners, can we
‘ present a unified view of the role of the cases for case-based

planners build on top of those systems?




Universal Classical Planning (UCP)
(Khambampati, 1997)

artially instantiated steps, plus constraints
« Loop: P y PS, P

— If the current partial plan 1s a solution, then exit
— Nondeterministically choose a way to refine the plan

add steps & constraints




Abstract Example

Initial plan:
O . .I Plan-space | m . - ‘ O

refinement
Initial final l

State-space
refinement

state state




DerUCP: Universal Derivational Analogy
(Chiu et al, 2002)

» A case 1s a derivational trace of the sequence of decisions made
to obtain a plan

» The breakthrough was being able to define what a refinement
decision 1s in UCP. A decision in DerUCP consists of:

» The kind of refinement




Example

» Forward state-space refinement
(add an action at the head of a plan)

* The refinement - .;/',’
decision includes Y 24

/
— Refinement goal: 7,




Unified View of The Role of the Case in
General Purpose CBP

| Decisions
Case C;: —p from Case C,
Refinement

replay _First-principles

Decision




Nice, so what?

*““Conservative plan adaptation 1s harder (complexity-wise)
than planning by first-principles” (Nebel & Koehler, 1995)

» An unified view allows to make analysis across multiple
kinds of CBP systems




Where We Are

There are several kinds of general purpose planners, can we
present a unified view of the role of the cases for case-based
planners build on top of those systems? Not yet!

» Current view does not include disjunctive and SAT planning
» Does not apply for transformational adaptation




Why Enhancing The Domain Theory
With Cases?

* |In many practical applications, generating a complete domain
theory is unpractical/unfeasible and episodic knowledge is
available

Example: Some kinds of military operations where two kinds
of knowledge are available (Muifioz et al, 1999):




The SiN Algorithm

(Munoz et al, 2000)

Hierarchical CBP system that combines domain knowledge and

Knowledge source
Travel(UMD, Lehigh)

\‘ Travel(UMD_ National)

Taxi(UMD,UMD-Metro)
Metro(UMD-Metro,National)

Fly(National, L.V. International)
Travel(L.V. Int’nal,Lehigh)

domain

Taxi(L.V. Int’nal,Lehigh)




SIN: Knowledge Sources Algorithm

Domain

Methods denote generic
task decompositions and
conditions for selecting
those decompositions:

Task: travel(A,B)

Decomposition:

travel C(A, Airpl)
travellC(Airpl,Airp2)
travel C(Airp2, B)

Conditions:
in(A,Cityl)
in(B,City2)
airport(Airp1,City1)
airport(Airp2,City2)

Episodic

Cases denote concrete task
decompositions:

Task: travel C(L.V. Int’nal,Lehigh)

Decomposition:
take(taxi, L.V. Int’nal,Lehigh)

Conditions:
enoughMoney()




SiN: Definitions
(Munoz et al, 2001)

A case (T,ST,C) is an instance of a method (T°,ST’,C”)
if there 1s a substitution ® suchthat T=T" ®, ST =ST’ ®
andC=C"©®




SIN: Properties

Given a domain theory I and a case base B, a domain theory DT

is consistent with (IUB)df every cés@i\nBis an instance of a
DT

method in DT and I is a subsé
Theorem: SiN produces plans that
are correct with respect to domain S




Universal SIN

Idea: Use the notion of refinement decisions from DerUCP

e Tasks from SiN are a particular kind of refinement goal
from DerUCP. Extend SiN to include other kinds of
refinement goals

* Task decomposition is a particular kind of refinement.




Universal SiN: Abstract Example

Decision
refinements

First-principles




Where We Are

- General purpose planners presuppose a complete domain
theory, can we use cases to overcome this limitation while
preserving clear semantics for all kinds of general purpose

t?
planners” Not yet!

» Current view does not include disjunctive and SAT planning




Universal SiN Can Be Seen as derUCP

method/ > Case C, Case C,

Knowledge —
artifact

_ COpYVY case
Instaptlate by




Future Research Directions

» Extensions to derUCP and Universal SIN

* Given a collection of methods (knowledge artifacts) I and cases B,
what 1s the most general domain theory that we can obtain that is

consistent with (IUB)




Final Remarks

» The role of the cases 1s independent of whether the CBP system 1s
general purpose or not. It is dependent if the adaptation 1s
transformational or derivational

» For the derivational adaptation, the role of the cases can be seen as
to provide refinement decisions. This view has important




