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Abstract each one of these goals and conclude with some summary
| argue that the planning competition makes sense if it tar- thoughts. . .
gets and serves three main goals: (i) the advancement of the 1 hroughout the discussion, | try not to separate the clas-
scientific state of the art of the planning area; (ii) the cre-  Sical, temporal, or probabilistic planning problems and try

ation of a concrete effective planning system for relevantreal  to make the discussion inclusive of these different planning
world planning problems; and (iii) the forum for the research frameworks. | view that the overall planning competition
community to incrementally move towards the achievement may be organized as differetie¢agues” to address such dif-

of goals (i) and (ii). In this brief paper, | discuss these three  ferent problems separately. | could have organized the dis-
main goals and present suggestions for the continued imple-  cyssjon along such leagues, but most of the points presented

mentation of the planning competition. can be applied across problems. This paper contributes ideas
) for brainstorming (most of them based on my own experi-
Introduction ence of ten years of the RoboCup competition), and does

Others may remember it differently, but as | recall it, in notintend to present a “theory” of planning competitions.
1998, | felt very strongly about a planning competition be- S
cause of two main reasons. The first reason was that tra- The Scientific Goal

ditionglly the p.Ianning research (similarly to the empirical \\e all know that planning is very complex in its most gen-
machine learning research) had a very strong component gra statement, namely model states of the world, model
on the topic of “my planner is faster than yours." Given agents actions, and find a set of actions (totally or partially
the difficulty of comparing different planners at the con-  orgered) that transforms some initial state into some final
ceptual level, researchers had resorted to empirically com- gesired goal configuration. Stated in that general way, plan-
paring their planners on the set of available domains. The ning is a “once-in-a-lifetime” and “never-executed” single
results have alwayg shown, and.as scientifically expected, activity: thegenerationof a complete plan for each new ini-
that no planner universally dominates all the other plan- 5| state and goal configuration. | cannot decouple planning
ners. However, the community had a true desire to under- from two inevitable extensions to that planning generation
stand the differences among different planners and we ex- activity: plans need to bexecutecand planning needs
_pected the planning competition to help us reach this goal |e5rnfrom past planning and execution experience.

in a structured manner. The second reason, probably more | pelieve that the planning competition can be organized
personal, was that the RoboCup competition had just started {5 see how we advance the planning sciences, nargely:
with great success in 1996-1997. The remarkable advancesgration executiopandlearning These three scientific chal-
experienced in just two years of the RoboCup competitions  |epges have different instantiations in different types of do-
showed that the events provided a great way to advance the mains — e.g., deterministic, non-deterministic, probabilistic,
state of the art of the field. And researchers were enthusias- temporal, repetitive — but they still remain as core problems
tic about competitions! _ of the general planning problem.

The RoboCup competition started in 1996-1997, the  The gverall planning problem is therefore quite over-
planning competition in 1998, and many other competitions \yhe|ming and one of the roles of the planning competitions,
have followed, including the Trading-Agent competition. \yhjle serving its scientific goal, is to help understand the
Speech and language had traditionally had earlier compe- multiple components of theompleteplanning problem. The
titions, AAAI'had also its robot competitions, and there may  yjanning competitions have included some efforts to address
have been several others. _ the core challenges. | discuss three main directions that
_ | view that these competitions, and the plian'mng COMPe- coyld be part of future planning competitions, namely the
tition in particular, serve three main goals : (i) the scien- nqgerstanding of specific problems as “targeted challenges,”
tific; (ii) the engineering; and (iii) the community. | discuss 5 continued approximation of “planning and execution in the
Copyright © 2007, American Association for Artificial Intelli- real world,” and an increased exploration of the ultimately
gence (www.aaai.org). All rights reserved. inevitably necessary “planning and learning.”



Targeted Challenges Planning and Execution in the Real World

Targeted challenges are competing setups especially de-
signed to understand specific aspects of the planning prob-
lem. Examples follow.

The ultimate goal of planning is to create plans that are ex-
ecuted in the real world. The planning competition can help
the field to approach the complexities of the real world. The
“real world” for planning can be viewed of two rather dif-
ferent types: the web/data and the physical spaces. The
of a domain just described in English. Domain representa- planning competition can create a track-based framework

tion is completely open in terms of the predicates and oper- for making progress in these two spaces of domains.

ators used. Different representations combined with differ- The web/data track The web and its complexities in data
ent planning algorithms, whether domain independent or do- interpretation, management, and services has proven to be
main dependent ones, certainly impact planning efficiency. an ideal space to foster Al research. It would be interesting
For example, in the logistics domain, we can represent the for the planning competition to include a special track for
location of an object agat ?obj ?loc) or (at-obj this challenging domain.

?obj ?loc)  or (at-obj-loc ?obj ?loc) - And, The robot/physical world track  Planning algorithms typ-
as another example, we can represent the blocksworld do- jcajly make many assumptions stating the planning problem,
main with multiple different operators, and even a single \yhjch are not trivial to verify for mobile robots acting in the
MOVE-BLOCK-FROM-T®@perator moving a block directly  physical world. These assumptions include that the state of
from a location to another with a set of conditional effects to  the world is given, the effects of actions, even if probabilis-
handle the different situations for state updates. tic, are known, and that universal plans (MDP/POMDP poli-

. - L cies) to handle a realistic level of uncertainty are feasible to
The complexity of specific goal/state combinations The generate. These are strong assumptions when it comes to
aim is to understand subproblems of complex domains and e physical world. The planning competition can put to test

try to empirically contribute to the understanding of the pre-  hege multiple assumptions and planning approaches using
cise sources of the complexities of planning in particular do-  §omains of the physical world.

mains.

The impact of different domain representations The
aim is to let the competitors explore different representations

These two proposed real-world tracks share several tech-

Partial goal satisfaction The aim is to develop planning ~ Nical and implementation aspects.
approaches capable of returning approximate or partial solu- Multiagent/multi-robot challenge When thinking of
tions to given classical planning problems. The approaches planning in the real world, many such tasks involve multia-
could explore removing or adding goals, or removing or gent or multi-robot approaches: Trade, negotiations, rescue,
adding state. Examples in a navigational path finding do- adversarial, construction, soccer, assistance to mention just
main would be to add to the state a missing key to a door, or a few examples of potentially many such multiagent/multi-
to try to reach a different location. The concept to explore robot planning tasks. The planning competition can inten-
would be make to minimally change the problem so that the sively provide a framework to make progress in this area, ad-
problem is still partially, if not completely, solved. dressing in particular issues of teamwork, communication,
and heterogeneous agents in sensing and planning capabili-
“Open” challenge The aimis to challenge every competi- ties.
tor to demonstrate a compelling aspect of their planning ap- IPC@
proach. The character of any general competition includes
devising testing problems and evaluation metrics to compare
the competitors and to declare the winners. A good testing
problem set tries to fairly sample the problem space, as best
understood. However it can be that the invented testing prob-
lems may not let specific planners shine at their best. This
targeted challenge allows competitors to demonstrate the sit-
uations that show their planner at its best. The qualification
of the open challenge is qualitative as a jury will have to
balance the significance of the chosen demonstration and its
results with respect to the general planning problem.

The overhead of creating two “real-world” tracks
as planning competitions at ICAPS could be overwhelming.
However this should not draw us back from pursuing such
tracks and we should discuss novel and creative solutions to
still challenge and compare our planning approaches in real-
world domains. To that effect, we can investigate the pos-
sibility of connecting such tracks of our IPC (International
Planning Competition) with existing web and robot-based
competitions. Examples would be IPC@Trading-Agent and
IPC@RoboCup which would allow us to evaluate planning-
based solutions within the Trading-Agent and the RoboCup
competitions.

The concept of these targeted challenges has a dynamic
character in the sense that they may be revised and adaptedPlanning and Learning
for each new competition to address new specific problems
that may arise. ldeally, the targeted challenges will eventu- Learning from planning and/or execution experience is
ally contribute to resolve very concrete subproblems shared clearly the ideal approach to address the problems of accu-
by the planning research community. The targeted chal- rately creating an effective substrate for planning. Research
lenges can be viewed as exercises to address open questions1 planning and learning has traditionally progressed both
in the community. within classical and nondeterministic/probabilistic domains.




The probabilistic domains in their MDP or POMDP repre-
sentations inherently handle the learning problem also. So
the existing probabilistic planning competition can address
or be extended to address both the effective model solution
in terms of policy generation, and the model or policy learn-
ing.

Planning and learning can be a major component of the
planning competition serving our scientific goal, creating
tests to advance the state of the art of multiple facets of the
overall planning and learning problem.

Model learning track Models in general can be viewed
as the input to the plan generators. Modeling a domain is
a well recognized difficult problem, and models are usually
assumed to be given. The planning test is usually set only
at the plan generation level. A model learning track within
the planning competition could target the learning of actions
from experience. Furthermore, and related to the previously

discussed targeted challenge to understand domain represen

tations, this track could include the learning of different do-
main models in terms of improvement of planning perfor-
mance.

Control learning track  Planning includes a respectable
search problem. Domain-specific heuristic and control
knowledge are now well known to be effective to help reduce
the planning search. The planning competition is an ideal
framework for the development and comparison of control
learners.

Planner learning track The introduction of domain-
specific planners opened an opportunity for learning of such
planners from observation of example plans. Planner learn-
ing differs from model and control learning as it is not about
learning knowledge for a domain-independent planner. The
interesting distinguishing aspect of this track would be that
there is no planner before learning, i.e., there is no algo-
rithm that solves planning problems. Given example plans,
the competitor learner in this track acquires the ability to
solve new problems.

These multiple planning and learning tracks can be evalu-
ated in terms of an equivalent set of metrics, including num-
ber of examples needed, learning time, solvability horizon,
and quality of the plans generated.

The Engineering Goal

The planning competition has a fantastic side effect in terms
of actual and effective algorithm implementations. Although
the participants in the competitions are competitors at the
event level, they are researchers who share the goal of ad-
vancing the state of the art of the planning area, also in
terms of reaching good implementations. Even if one spe-
cific competing entry wins an overall competition, we know
that other competitors probably excelled at subproblems of
the complete problem. Because of our underlying shared re-
search goal, we would like to build upon all the distributed
partial expertise. Several mechanisms can serve this pur-
pose.

Sharing of code Participants release their implementa-
tions for use of others. This practice should be continued
and probably even enforced for qualifying participation.

Modular implementations Modular implementations
should be encouraged for several reasons. First, to make
visible well bounded expertise in a subproblem. Second,
to allow for an effective sharing of subparts of code in a
plug-and-play manner. Newcomers with new ideas of their
own to address a specific problem, could still participate in
the overall planning competition by building a planner from
shared modules to which they can add just their focused new
ideas. Third, modular code sharing allows for an excellent
way for researchers to give credit to each other in a fair way.

Building the “ideal” planner, capable of strategically
switching among approaches to effectively handle different
domains, and capable of learning from its own practicing
and real execution experience, is a theoretically unachiev-
able dream. But even approximating such an ideal planner
is clearly not the business of a single researcher. Through
code sharing in general and modular code sharing in partic-
ular, the hope is that the planning competition will enable
the dynamic and joint creation of good approximations of
the ultimate ideal planning system.

The Community Goal

Finally the planning competition serves a tremendous goal
to the community. It provides exciting problems for re-
searchers, and students in particular, and potential entertain-
ment to all participants and spectators.

The competition relies on the community in terms of a
variety of aspects, in particular for organizing and techni-
cal committees. This community goal could be more exten-
sively discussed but | consider three main aspects of major
importance.

Setup of rules The rules (domains, metrics, training, test-
ing, etc.) of the competition are in principle dynamic and
should be revised every year. This revision can be a con-
troversial issue as different competitors may favor changes
along different aspects. The technical committee for the
competition has therefore an important role in terms of: (i)
proposing changes, (ii) allowing extensive time for discus-
sion (by email or other remote method) by the community,
and finally (iii) settling on the final set of changes well on-
time ahead of the competition dates.

Promotion of the competition Without effective promo-
tion, the competition can converge to always have the same
participants. Furthermore, potential new participants may
be “intimidated” by veteran participants. The organizing
committee has therefore the continued important role of: (i)
making shared modular code well available to the commu-
nity, (i) maintaining the web sites updated with the rules of
the future competition and the results of the past ones, and
(iif) promoting interactions among the community of partic-
ipants.

Community build up of the competition Finally, setting
up a planning competition is not an easy task if we want to



achieve a large set of ambitious goals. The community needs
to collaborate with the organizing committee and contribute
to the concrete setting of the competition. Of particular dif-
ficulty is the creation of new challenging planning domains
related to real-world problems. One very concrete way for
the involvement of the community i® require each par-
ticipant to contribute a complete plannitipmain (classi-

cal, temporal, probabilistic, etc.) to enter the competition.
Other examples would be to provide example plans or prob-
lem generators. Such concrete requirements would serve as
the “registration cost” for the competition.

The community goal is as important as the scientific and
engineering goals, as the planning competition is a vac-
uum without participants. There is no progress without re-
searchers interested in pursuing a problem. The planning
competition includes the goal of maintaining the community
enthusiastic about the overall planning problem.

Conclusion

The paper discusses three types of goals for the planning
competition, namely acientific goalto serve the advance-
ment of the scientific state of the art of the areagagineer-

ing goalto contribute to the creation of an actual planning
product, and a&ommunity goato assert the research com-
munity an integral part of the competition.

As stated in terms of goals, the planning competition it-
self can be viewed as a planning problem with specific steps
that can be taken towards the complete, partial, or incre-
mental achievement of its goals. To that extent, as an ad-
ditional proposal, it would be beneficial to engage on a reg-
ular “roadmap” discussion as a monitoring of the execution
of the planning competitions. This workshop should be a
valuable step to this monitoring.

Although in the paper | have presented a positive view for
the future of the planning competition (and of every compe-
tition for the matter), competitions can lead to a divergence
with respect to ultimate goals. l.e., “winning” a competition
at some time could be the result of factors that may not be
the real long-term relevant factors. So, | am not completely
sure that competitions, and the planning competition in par-
ticular, are actually “needed.” (History clearly shows many
advances of science without competitions.) But they are cer-
tainly an aspect of the current days and they have shown
to be of relevance to advancing the state of the art of sev-
eral fields. The challenge is to continue to understand how
to continuously analyze and improve the implementation of
any specific competition.



