et al.

Abstract

On Analyzing Planning Applications

Y olanda Gil Marc Linster

In tro duction gil@isi.edu linster@guess.enet.dec.com

It is hard to ev aluate in current planni ng ap-

plication s what asp ects of the approach address

each of the complexi ties of the problem. This

results from the fact that the plannin g commu-

nity is lackin g a vo cabulary to describ e plannin g

tasks and applica tion s. This work is an effort

towards descriptio ns of planni ng applicati ons in

terms that are useful 1) to extract conclusion s

from particul ar implementati ons, 2) to facilitate

cross-comparisons among different planners ap-

plied to the same problem, and 3) to facilitate

comparisons among different tasks. W e analyze

the Sisyphus exp erience, a 3-year old and still

ongoing effort in the knowledge acquisiti on com-

munity to enable a cross-comparison of their ap-

plication systems as they implement a common

pre-stated problem description . Based on this

exp erience, we prop ose a set of dimensi ons to de-

scrib e appli catio ns that disting hi sh b etween de-

scriptions of the prop erties of the architecture,

the typ e of problem, and the data sets. W e show

how they can b e used to pro duce useful distic-

tions in the context of the first Sisyphus task,

which was an office assignment problem. Our

hop e is that the same dimension s will b e useful

to other researchers in describin g and character-

izing their applica tion s, as well as a useful p oint

of comparison for future Sisyphu s efforts.

Information Sciences Institute

University of Southern California

4676 Admiralty W ay

Marina del Rey

, CA 90292

W orkplace Integration T echnologies

Digital Equipment Corp oration

200 F orest Road

Marlb oro, MA 01752

Planning applications should b e an inv aluable exp eri-

mental source of challenges for planning research. The

real world always stretches the limitations of our plan-

ning systems. These limitations p oint towards new re-

search themes in all areas: knowledge representation,

computational constraints, adaptability

, instructabil-

ity , etc. Although the planning comm unity has devel-

op ed formalisms to describ e planning architectures, we

are still lacking a formal language to describ e applica-

tions and problems that provides an understanding of

implementations. W e argue that this is a ma jor defi-

ciency that stops feedback from applications back to re-

search and that keeps us away from cross-comparisons

of planning systems in the same task. As Figure 1 illustrates, the world is a complex place and in the

pro cess of implementing an application, the designer

continually makes choices based on (1) the baseline ar-

chitecture used to implement the application, (2) the

characteristics of the problem itself, or (3) arbitrary de-

cisions to simplify the problem. All these decisions are

intertwined in the resulting application, and as a result,

it is not easy to abstract a description of it in terms of

architectural limitations. At the same time, we would

like to base our science on real-world applications that

are sub ject to analyses that allow making predictions

and to controllable exp eriments whose parameters can

b e mo dified to obtain exp erimental results of our pro-

grams’ b ehavior (Hanks, Pollack, & Cohen 1993). But

our applications rarely facilitate this task. Abstract-

ing the design issues that lie b ehind the b ehavior of

our programs is a hard thing to do, yet it is crucial

that we aim towards this goal. At the core of this

matter is how to achieve in practice Newell’s distinc-

tion b etween descriptions of systems at the knowledge

level, abstracting from implementation concerns and

fo cusing on reasoning-related issues, and descriptions

of systems at the level of the symb ols they use (Newell

1982).

The exp ert systems comm unity is an exp erienced

one when confronted with real-world applications.

There were efforts from the b eginning to understand

the applications of knowledge-based systems and ab-

stract from the details the techniques used to address

conceptual issues. (Stefik 1982) describ es al-

ternative organizations of exp ert system architectures.

Each organization is appropriate for a class of prob-

lems. Different classes of problems require different

organizations, dep ending on the complexity of the task

and the typ e of knowledge required. F or example,

if the data and knowledge are reliable, the data are

static, and the search space is large but factorable, then

generate-and-test is an appropriate metho d. Although

many applications may b e complex and require a com-

bination of these metho ds, this analysis makes useful

distinctions b etween the techniques that are necess ary

(and sufficient) to address the complexity of classes of

problems.

et al.

right kind

et al.

Dimensions for comparison

Dra wing from the Sisyph us Exp erience

Figure 1: Applications are shap ed by the architecture

used, the characteristics of problems they automate,

and assumptions ab out the problem made by the de-

signers.

The knowledge acquisition comm unity

, continuing

this quest for automating exp ertise into real-world ap-

plications has taken an alternative and p erhaps more

empirical approach towards the same goal of under-

standing application systems. In 1990, during one of

their meetings (Wielinga 1990), they decided to

publish several problem statements and ask research

groups from around the world to use their to ols, meth-

o ds, and approaches to provide solutions for the prob-

lems. The results would b e presented at an annual

conference baptised Sisyphus. Their goal was to use

the different solutions to a same problem as a basis

for developing a common vo cabulary for the descrip-

tion and differentiation of knowledge acquisition ap-

proaches. V arious previous camparisons (Karbach &

V oß 1991) had p ointed out that the vo cabulary used by

different research groups v aried in terms and in mean-

ing. Using a common problem statement would hop e-

fully help clarify issues such as: what is the difference

b etween what different systems call actions, schemas,

knowledge sources, inference actions. Intuitively

, there

are b ound to b e commonalities b etween their defini-

tions, but each approach describ es its building blo cks

at a different grain size and using v arying terminology .

Additionally

, relating systems implemented in different

languages and using different algorithms forced the KA

community to use knowledge-level abstractions. Sisy-

phus allowed the KA comm unity to develop a b etter

understanding of the different to ols, approaches, and

represe ntation schemes. W e draw on their effort and

prop ose a set of dimensions that can b e used to de-

scrib e planning applications in a way that facilitates

identifying the architectural issues b ehind the imple-

mentation.

First, we will give a brief review of the Sisyphus ex-

p eriment, the problem statement, and the solutions

submitted by different groups in the knowledge acqui-

sition community . W e will describ e a set of dimensions that were used in (Linster 1993b) to ev aluate the first

two rounds of the Sisyphus exp eriment and some of

the conclusions that we drew using those dimensions.

Then, we enumerate a set of distinctions that we deem

useful to compare applications of planning architec-

tures to the same problem.

The goal of Sisyphus is to compare different metho d-

ological approaches to the engineering of knowledge-

based systems, and to provide a set of meaningful data-

p oints to enable further analysis. Each year, a Sisy-

phus conference is held organized around a problems

that should each b e solved by the different research

teams. Each participating team develops a solution

using its own metho dology or to ol. The solutions are

presented to foster comparison, discussion, and to serve

as data-p oints to relate different approaches. In 1991,

two problems were prop osed: one was concerned with

the analysis of textual material related to the rigging of

sailb oats, and the other was an assignment problem of

p eople to offices. In 1992, a slightly mo dified version

of the latter was used. In 1993, a complex elev ator

configuration task was chosen (Sandra Marcus 1988;

Marcus & McDermott 1989; Y ost 1993). W e fo cus our

discussion on the office assignment problem, b ecause 1)

it is the most manageable in size, 2) it is the one that

has b een implemented by most groups to date, and

3) it has already pro duced some comparative studies.

The problem is describ ed briefly in the App endix. W e

now summarize the dimensions for comparing systems

in one of the studies mentioned in which we based the

discussion presented in the rest of the pap er.

Linster (Linster 1993b) compares several Sisyphus so-

lutions along different dimensions to address the fol-

lowing questions:

1. What are the building blo cks of the mo del?

2. Which comp onents are generic, which are non-

reusable?

3. What is the purp ose of the to ol/metho dology (e.g.,

co de generation, visualization, conceptualization,

elicitation, knowledge management)?

4. Where in the development cycle is the to ol or

metho dology most useful?

5. Who is the user of the to ol or metho dology?

These dimensions reflect an engineering p oint of

view on knowledge mo deling, instead of a cognition-

oriented one. F or example the analysis do es not con-

sider the adequacy of the mo dels nor the efficiency of

the approaches in capturing the of knowl-

edge (see (Burton 1990) for such a study). W e

do not lo ok at the metho dological asp ects of the ap-

proaches either, that is, we do not study how much

guidance they provide for the practitioner developing

1

1 know le dge c onc eptualization vi-

sualization implementation know le dge manage-

ment

Obviousl y this phase is obsolete if the task mo del is

defined using op erational primitives.

What are the building blo cks used to mo del

knowledge?

What is the purp ose of the to ol/metho dology?

Where in the developmen t cycle is the to ol most

useful?

Initial knowledge acquisition.

Data interpretation and knowledge structur-

ing.

Identification of domain structures.

Identification of inferences and roles that

knowledge elements play in the problem-

solving pro cess.

Identification of other structures,

Integration and mapping of the differen t

structures into a coherent mo del of the

task.

Acquisition of the detailed knowledge in the

framework defined by the task mo del.

Knowledge implemen tation.

T esting and debugging.

Knowledge maintenance after system deliv-

ery .

Maintenance of the structures that consti-

tute the framework of the task mo del.

a mo del (see (Allemang & Rothenfluh 1992) for such

a study).

Building blo cks were defined as discrete

and identifiable constructs that the framework pro-

vides to describ e the knowledge that go es into an ap-

plication. Note that according to this definition inter-

preters or other predefined and inv ariable elements of

a system are not considered building blo cks. Rules,

ob jects, knowledge sources, agents, classes, are exam-

ples of building blo cks. The fo cus was on declarative

elements of the knowledge representation. This ap-

p ears to b e the only clear b oundary b etween general-

purp ose programming languages, such as Lisp or Hy-

p erT alk and other means of representation that are

more commonly referred to as knowledge representa-

tion. W e will distinguish three kinds of representa-

tional primitives: (1) domain-kno wledge representa-

tion facilities; (2) metho d elements, that is the ele-

mentary generic problem-solving building blo cks, their

aggregation principles and the control description that

combines building blo cks into problem-solving meth-

o ds; and (3) primitiv es to connect metho d definitions

with domain knowledge.

F our categories of usage were employed to discuss the

different approaches: ,

, , and

. A to ol helps in the conceptualization phase if it

allows to represent observ ations and interpretations of

observ ations previous to their formalisation, and if it

supp orts the user in the transition from informal to for-

mal knowledge. W e refer to a to ol as a knowledge visu-

alisation to ol if its interface emphasizes graphical com-

munication of knowledge. F or a to ol to b e categorized

as an implementation to ol it must provide directly op-

erational formalisms or strong metho dological supp ort

to transform pre-op erational knowledge into an op er-

ational represe ntation. Simply attaching an editor for

Lisp co de do esn’t do it. Moreover, delivering running

systems must b e the intention of the to ol develop ers,

as opp osed to to ols built to deliver executable sp ecifi-

cations or feasability studies. Knowledge management

refers to rep ository

, dictionary

, and browsing capabili-

ties for the to ol’s knowledge representation primitiv es.

An environment provides active knowledge acquisition

supp ort if it derives guidance for the ongoing acquisi-

tion from the current contents of its knowledge base.

The study used a description of system de-

velopment as a cyclic pro cess consisting of a set of

distinct activities. These activities are organized in

a logical sequence, not to b e confused with a waterfall-

oriented series of phases; we see them as b eing the

central activities of a spiral development cycle, so that

all phases can b e rep eated and previous results can b e refined and even undone if indicated by the ongoing

elab oration pro cess. A more detailed description of

this view on the development cycle is given in (Linster

1993a).

1. The knowledge

engineer go es through initial interviews with the do-

main exp ert, records first proto cols, and if p ossible

she uses techniques such as the knowledge acquisi-

tion grid (LaF rance 1987) to obtain initial structures

and to get a first overview of the application task.

2.

The knowledge engineer identifies recurring

and p otentially more abstract structures in the do-

main. These structures can b e of different kinds.

(a) The

knowledge engineer develops a structured termi-

nology for the domain, for example she can define

a T-b ox in KL-ONE–like approaches (Brachman

& Schmolze 1985) or a set of classes in an ob ject-

oriented approach.

(b)

The knowledge engineer defines

the actions, goals, and decision criteria to give an

abstract (p ossibly knowledge level) description of

the problem-solver.

(c) such as,

task sharing, task decomp osition, data flow, or

mo dality .

(d)

The different knowledge structures, iden-

tified in the previous phases, must b e merged into

a coherent mo del. This phase is most imp ortant,

as it represents the creative interaction b etween

the different p oints of view represente d by the dif-

ferent knowledge structures.

3.

The

mo del of the task provides structures that are now

stuffed with detailed knowledge ab out the applica-

tion.

4. The task mo del is

transformed into an op erational system .

5.

6.

W e distinguish two typ es of knowledge mainte-

nance:

(a)

If

structures are mo dified, then this changes the task

mo del. Such mo difications require re-engineering

Some conclusions

Describing an Architecture

Comparing Arc hitectures, Applications

and Problems

Maintenance of the detailed knowledge in

the structures of the task mo del.

Who is the user?

If one wants to supp ort the cr e ative asp e cts of

mo del building in the e arly phases of know le dge ac-

quisition, then having indep endent languages for

metho d and domain mo deling app e ars to b e cru-

cial.

If one wants supp ort for initial know le dge ac-

quisition and b ottom-up structur e development,

then one is b ound to get little help for the ac quisi-

tion and maintenanc e of the detaile d know le dge.

If one wants to have go o d supp ort for the im-

plementation phase, the ac quisition and mainte-

nanc e of the detaile d know le dge, then one should

use a shel l.

planner

ar chite ctur e

pr oblem

data sets

task

applic ation of the task mo del, and if necessary

, restructuring

of the detailed knowledge.

(b)

Within the

framework of the task mo del, main tenance of the

detailed knowledge is similar to the acquisition of

the detailed knowledge.

This distinction dep ends strongly on the implemen-

tation phase. It can only b e drawn if the implemen-

tation maintains the distinction b etween structures

of the task mo del and the detailed knowledge.

The study differentiated b etween

four classes of users: (1) domain exp erts, that is, users

with a lot of knowledge of the area that the to ol will

b e used in, but without systems analysis skills and lit-

tle or no programming knowledge; (2) knowledge engi-

neers, that is, p eople with go o d systems analysis and

programming skills; (3) analysts, such as workplace

analysts, who do not necessarily have programming

knowledge; and (4) teams consisting of domain exp erts

working under the guidance of knowledge engineers or

analysts.

Many different approaches were used to solve the Sisy-

phus tasks, including configuration design, situated

classification, constraint satisfaction, and genetic algo-

rithms (Linster 1994). After categorizing the Sisyphus

contributions in this framework, we drew conclusions

such as the following ones:

Given the wide v ariation in the approaches taken by

the different participants, it is clear that any of the

approaches could success fully implement the Sisyphus

problem statements. The question is not whether we

can implement an application using a certain kind of

approach, since this seems to have a clearly p ositive

answer. Rather, the question is whether our imple-

mentations can supp ort the additional functionalities

that real applications demand. Can these systems b e

correcte d if the designers had any misconceptions or

misunderstandings ab out the task they were automat-

ing? Can these systems supp ort additional functionali-

ties that applications may require, such as explanation, adaptation, and scaling up? W e b elieve that the next

step is to analyze each contribution along the lines by

which they would b e ev aluated to determine their suc-

cess as office assignment to ols. T o do so, we prop ose a

set of dimensions that can make useful distinctions re-

garding this kind of analysis. Building on these obser-

v ations drawn from the Sisyphus exp erience , we hop e

that they will b e useful to analyze planning domains

and planning applications.

In order to pro duce useful descriptions of planning ap-

plications, it is imp ortant to make distinctions b etween

the planning architecture, the problem that the appli-

cation is trying to address, and the application itself.

A is any system that implements a planning

algorithm. SNLP (McAllister & Rosenblitt 1991) is an

example of a planner. An is a domain-

indep endent system that combines different asp ects of

reasoning. SOAR (Laird, Rosenblo om, & Newell 1986)

is an example of an architecture. F or planning applica-

tions, we are interested in architectures that have some

kind of planning capability .

A states the constraints p osed by a set of

situations in a domain and the requirements of desired

solutions. Typically a solution is found for particular

instances of a problem, which we will call . Ex-

amples of problems are Blo cks W orld and the STRIPS

rob ot problem (Fikes & Nilsson 1971). A is a de-

scription that encompasses a class of problems. F or

example, rob ot navigation tasks.

An is the system that results from apply-

ing a problem-solving architecture to a problem. No-

tice that the same architecture applied to the same

problem may result in a different application if the ar-

chitecture offers different alternatives for mo deling the

same problem.

The dimensions presented in the previous section are

useful to define which asp ects of a problem an applica-

tion addresses. However, they are more fo cused on is-

sues that are directly relev ant to work on knowledge ac-

quisition, such as the typ e of user and to ol supp ort dur-

ing the development of the application. Planning ap-

plications should address these issues to some degree,

since these are issues that arise with any real applica-

tion. But in order to understand the planning architec-

ture itself, we need to abstract additional things from

the applications that are more directly relev ant to plan-

ning research. The following subsections present some

dimensions that we b elieve are useful to describ e plan-

ning architectures, problems, and applications. Our

aim is not to b e comprehensive, but rather to present

what we b elieve are useful factors to analyze applica-

tions.

1. Scop e of Architecture

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Describing a Problem

Describing an Application System task coverage — typ es of tasks that the architec-

ture can b e used for

capabilities — typ es of reasoning that the system

is able to do: uncertainty

, default reasoning, learn-

ing, etc.

2. Representations

state descriptions — what formalism is used to

represe nt static descriptions of ob jects? is there a

represe ntation of time?

pro cedural knowledge — can the system repre-

sent deduction rules? can action changes b e rep-

resented ?

decisions — can preference s b e expressed ex-

plicitely? can constraints b e represente d?

3. Finding solutions

search strategy — how do es the system find solu-

tions?

search control — are there domain-indep endent

search-control mechanisms? how is domain-

dep endent search-control knowledge formulated?

abstraction — is there an abstraction mechanism

in the system?

4. Building blo cks used to construe the problem and

phrase the solution

generic building blo cks

grain size of building blo cks

knowledge-level vs. symb ol-level building blo cks

formal vs. op erational vs. informal

pro cess vs. structure oriented building blo cks

5. Activities supp orted in the development cycle of an

application

elicitation

knowledge structuring

acquisition of detailed knowledge

knowledge implementation

testing

maintenance

6. Adaptability — can the system evolve as its envi-

ronment requires?

execution — can the system handle unexp ected

events during plan execution?

learning — do es the system adapt autonomously ,

or do es it require manual adaptation?

factual knowledge — how can ob jects and facts

b e added/deleted/up dated? can the same factual

knowledge b e used for a different task?

task knowledge — can the definition of the task b e

changed? can the goal b e changed and in which

ways?

7. Prototyping

fast prototyping — how much effort is required to

pro duce a working prototyp e?

prototyp e complexity — how much complexity of

represe ntation is required for simple problems?

8. User-system comm unication

User intervention — Do es the system share the

task with the user? This is a dimension spawned

by the following extreme p oints: (1) the user keys

in an instance of the problem statement; the sys-

tem comes back with a ready-made solution; and

(2) the user and the system co op erate in solving

problems.

insp ection — can the user understand how the sys-

tem is solving a problem?

explanation — can the system justify its b ehavior?

1. Entities

typ es of ob jects

prop erties of individual ob jects

prop erties of classes of ob jects

prop erties that relate ob jects

2. Actions and Change

temp oral considerations — reasoning ab out events

and durations

state transformations — transitions and action

mo dels

3. Restrictions — can b e preferences or hard-set re-

strictions

restrictions on ob jects

restrictions on actions

4. Solutions

are there solutions to all the instances of the prob-

lem?

criteria satisfaction — do es the problem require

satisficing solutions or are partially satisficing so-

lutions sufficient?

solution quality — is there a notion of b etter qual-

ity solutions? can the user sp ecify a range for the

quality of the resulting solution?

A problem do es not necessarily need to b e mo delled

in these terms. Our intention in enumerating the ab ove

set is rather to provide a list of issues that need to b e

addressed in mo delling the problem.

Data sets instantiate the problem statement in all

the resp ect s listed ab ove. Data sets may consist of a

description of all the ob jects of each typ e and their

prop erties.

1. Representation — the knowledge necessary for solv-

ing problems

ob ject typ es — how many different typ es of ob-

jects?

constraints — are there restrictions in the way the

ob jects interact?

relations — are there relations among ob jects?

actions — what changes and transitions are p ossi-

ble?

time — do es the system do some typ e of temp oral

reasoning?

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

The Sisyph us Problem Revisited

2. Search Space — is the system exploring a search

space in finding a solution?

branching factor — what is the branching factor?

search depth — what is the depth of the search

tree?

goal interactions — how can the interactions b e-

tween goals b e characterized? (indep endent, seri-

alizable vs non-serializable, p ositive vs negative)

backtracking — do es the system ever need to back-

track?

solution density — what is the average solution

density when comparing the size of the search tree

to the numb er of solutions?

3. Efficiency — how do es the system address the com-

binatorial complexity of the problem?

quantitative measures — empirical results on the

system efficiency

qualitative measures — a description of the mech-

anisms used to make the system efficient

4. Delivery — what happ ens when the system is put to

use?

users — who are the users of the application?

do es the system achieve a useful task according

to users?

environment — how do es it fit in the overall work

environment?

The description of the application can also include a

more detailed account of the dimensions for describing

an architecture.

The Sisyphus problem is an office assignment task. The

task consists on assigning a set of p eople into a set

of offices satisfying some given restrictions. An office

assignment task is a kind of assignment task.

As far as the particular office assignment problem

p osed, it can b e describ ed as follows:

typ es of ob jects: ro oms, p eople, pro jects, job

typ es (group head, pro ject head, manager, secretary ,

pro ject mem b er)

prop erties of individual ob jects: p erson x is a smoker

or a non-smoker, p erson x is a hacker or a staff mem-

b er, ro om x is double or single size

prop erties that relate ob jects: p erson x has job of

typ e y

, p erson x works with p erson y

, p erson x works

with p erson y .

restrictions

1. single ro oms accomo date one p erson, double

ro oms accomo date two.

2. there is only one group head

3. there is only one manager

4. there is only a pro ject head p er pro ject

preference s

1. offices of the group head and staff should b e close.

2. group heads should b e given a double-size office.

3. pro ject heads should b e close to the group head.

4. twin offices should b e shared by p eople in different

pro jects.

5. researche rs are not eligible for single offices.

6. a non-smoker cannot share a ro om with a smoker.

criteria satisfaction — solutions that satisfy all the

constraints are preferred if they exist. Otherwise,

solutions that satisfy most of the criteria are accept-

able.

The data set provided made the problem relatively

simple. F or example, there were a lot of double-size

and single-size offices compared to how many p eople

needed to b e assigned. There were only 4 smokers.

There were 8 pro jects, each of 1-3 p eople. These data

made the constraints relatively easy to satisfy

. The

participants in the Sisyphus conferences describ e their

systems with a fo cus on how this particular problem

and data were implemented with their architecture.

While it is interesting to see that an architecture can

represe nt and solve this problem with the data pro-

p osed, it may b e more useful to fo cus on how the ar-

chitecture would implement alternative definitions of

this problem. This was tried out when the conference

organizers issued a second statement of this Sisyphus

problem (describ ed at the end of the App endix) is a

v ariant of the first data set but with one more smoker.

This small change pro duced a data set that had no sat-

isficing solution, which made some architectures fail to

return any solution at all. This sort of exercise is very

useful to understand the strengths and weaknesses of

an architecture. But it is nonetheless a small v ariation

along one single dimension. It would b e interesting to

learn how the different alternative architectures com-

pare in other dimensions. F or example, how would the

system’s p erformace b e affected if:

More ro oms, more p eople, more pro jects (this would

test scaling up issues)

More (and more problematic) smokers (as in second

Sisyphus task, but more than one)

More managers

More p eople in each pro ject

Absolutely no assignments with smoker/non-smoker

Hackers cannot share ro oms with non-hackers

New typ es of workers (e.g., visiting researcher s)

Required to resp ect officemate assignments as they

are currently stand in the building b efore the group

moves to the castle

The user has strong preference s on which constraints

to violate

Notice that the data determines whether a con-

straint in the problem definition is making the problem

hard to solve. In this case, the fact that the numb er

of smokers is even makes this data set simpler to solve

with regard to the non-smoking constraint, compared

to data sets that include many smokers. And in the ex-

treme, if there are no smokers at all then the constraint

b ecomes nonrelev ant. Similarly

, if there are many more

•

•

•

•

•

•

App endix: The Office Assignmen t

Problems of Sisyph us ’91 and ’92

References

Curr ent devel-

opments in know le dge ac quisition–EKA W92

LNAI

Co gnitive

Scienc e

Know le dge A c quisition

Artificial Intel ligenc e

AI Magazine

Sisyphus’91: Mo dels of pr oblem solving

T e chnic al R ep ort

Int. Journal of

Man-Machine Studies

Machine L e arning

Se c ond gener ation exp ert systems

Know le dge A c quisition for Know le dge-Base d Sys-

tems

Int. Journal of Human-Computer Stud-

ies

Artificial Intel ligenc e

Pr o c e e dings of the 1991 National Con-

fer enc e on Artificial Intel ligenc e

Artificial Intel li-

genc e

AI Magazine

Artificial Intel ligenc e

Curr ent T r ends in Know l-

e dge A c quisition; Pr o c e e dings of EKA W90 ro oms than p eople, then this constraint do es not really

affect the complexity of the problem.

It is noticeable that the planning and knowledge ac-

quisition comm unities usually base their analyses in al-

most mutually disjoint items from the list ab ove. The

planning comm unity fo cuses mostly on computational

efficiency

, while the knowledge acquisition groups con-

centrate on mo deling, knowledge representation, and

system development. Are our planning systems con-

cerned only with execution issues? Are our knowledge

acquisition to ols so submerged in the real world that

that there is not much ro om for computational issues?

W e would exp ect the answers to b e negative in b oth

cases. Our analyses and ev aluations in the two areas

should make an effort to- cover b oth grounds.

The task is describ ed in detail in (Linster 1994). In

essenc e, the mem b ers of a research group need to b e

assigned to new offices. Their characteristics are as

follows:

The offices in the flo or plan are numb ered counter-

clo ckwise. In addition, the problem statement included

some restrictions such as:

offices of the group head and staff should b e close.

group heads should b e given a double-size office.

pro ject heads should b e close to the group head.

twin offices should b e shared by p eople in different

pro jects.

researcher s are not eligible for single offfices.

a non-smoker cannot share a ro om with a smoker.

The problem statement contains additional informa-

tion that we do not include here b ecause of lack of

space, including a sample proto col of an exp ert solv-

ing the problem.

The second version of the problem stated that

Katharina N. left the group and Christian I. joined

as a researcher on the ML

T pro ject that smokes and

hacks.

Allemang, D., and Rothenfluh , T. 1992. Acquiring knowl-

edge of knowledge acquisiti on: A self-study of Generic

Tasks. In W etter, T.; Althoff, K.-D.; Bo ose, J.; Gaines,

B.; Linster, M.; and Schmalhofer, F., eds.,

, volume 599

of , 353 – 372. Heidelb erg: GI, ECCAI.

Brachman, R., and Schmolze, G. 1985. An overwiev of

the KL-ONE knowledge representation system.

9(11):216–260.

Burton, A. M.; Shadb ol t, N. R.; Rugg, G.; and Hedge-

co ck, A. 1990. The efficacy of knowledge elicitatio n tech-

niques: A comparison across domains and levels of exp er-

tise. 2(2):167 – 178.

Fikes, R. E., and Nilsson, N. J. 1971. STRIPS: A new

approach to the applica tion of theorem proving to problem

solving. 2(3-4):189–208.

Hanks, S.; Pollack , M. E.; and Cohen, P

. R. 1993. Bench-

marks, test b eds, controlled exp erimentati on , and the de-

sign of agent architectures. 14(4).

Karbach, W., and V oß, A. 1991. Glueing together small

solutions : An office plannin g mo del in MODEL-K. In

Linster, M., ed., ,

volume 663 of . St. Augustin: GMD.

LaF rance, M. 1987. The knowledge acquisi tion grid: A

metho d for training knowledge engineers.

26:245–255.

Laird, J. E.; Rosenblo om, P

. S.; and Newell, A. 1986.

Chunking in SOAR: The anatomy of a general learning

mechanism. 1(1):11–46.

Linster, M. 1993a. Explici t and op erational mo dels as

a basis for second generation knowledge-acqui si tio n to ols.

In David, J.-M.; Krivine, J.-P

.; and Simmons, R., eds.,

. Springer V erlag. 477 –

506.

Linster, M. 1993b. A review of Sisyphus 91 & 92: Mo dels

of problem-solvi ng knowledge. In Aussenac, N.; Boy

, G.;

Gaines, B.; Linster, M.; Ganascia, J.-G.; and Ko dratoff,

Y., eds.,

, volume 723. T oulouse: Springer V erlag.

Linster, M. 1994. Sp ecial Issue on Sisyphus : Mo dels of

Problem Solving .

M. Linster (Ed.) 40 (2).

Marcus, S., and McDermott, J. 1989. SAL

T: A knowl-

edge acquisi tio n language for prop ose-and-revi se systems.

39(1):1–37.

McAllister, D., and Rosenbli tt, D. 1991. Systematic non-

linear planni ng. In

.

Newell, A. 1982. The knowledge level.

18:87 – 127.

Sandra Marcus, Jeffrey Stout, J. M. 1988. VT: An exp ert

elev ator designer that uses knowledge-based backtrackin g.

9(1).

Stefik, M.; Aikins, J.; Balzer, R.; Benoit, J.; Birnbaum, L.;

Hayes-Roth, F.; and Sacerdoti, E. 1982. The organizati on

of exp ert systems: A tutorial. 18(2).

Wieli nga, B.; Bo ose, J.; Gaines, B.; Schreib er, G.; and

Someren, M. V., eds. 1990.

, Amsterdam:

ECCAI.

Y ost, G. R. 1993. Sisyphu s 1993: Configurin g elev ator sys-

tems. T echnical rep ort, W orkplace Integration T echnologies Group, Digital Equipment Corp oration, 111 Lo cke

Drive (LM02/K11), Marlb oro, MA 01752. Unpublishe d.