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Abstract

The 4th International Planning Competition, IPC-4, will take
place alongside ICAPS’04 as a continuation of the previous
competition events. The intention is to divide the competition
into three separate parts, one forclassicalplanning, one for
probabilistic planning, and one fornon-deterministicplan-
ning. As the co-chairs of the classical part, we give an out-
line of our proposals for that part’s organization. Concerning
further language extensions, our standpoint is that PDDL 2.1
still provides a lot of challenges, and no or at most moderate
extensions are appropriate at this point in time. Concerning
benchmark domains, we want to lay stress on a more care-
ful choice of these, specifically we want to move towards
real-world problems, and diverse problem structures. Con-
cerning evaluation, we want to lay more emphasis on plan
quality, in particular on optimality guarantees. Concerning
organizational aspects, our main focus is to make the compe-
tition results more widely perceivable and understandable at
conference-time.

Introduction
The International Planning Competition has been a bi-
annual event, hosted at the Artificial Intelligence Planning
and Scheduling Conference series. The objectives of the
competition are to provide a forum for empirical comparison
of planning systems, to highlight challenges to the commu-
nity in the form of problems at the edge of current capabil-
ities, to propose new directions for research and to provide
a core of common benchmark problems and a representa-
tion formalism that can aid in the comparison and evaluation
of planning systems. Although the series has a competitive
style (individual systems are identified for exceptional per-
formance at the event itself), the focus is on data-collection
and presentation, with interpretation of results being under-
stated. The real goal of the competition is to make as much
data as possible available to the community.

The competition event began in 1998 when Drew Mc-
Dermott and a committee created a common specification
language and a collection of problems forming a first bench-
mark. Five systems participated in the competition. In 2000,
Fahiem Bacchus continued this work, and the event attracted
16 competitors. The event was extended to include both
fully automatic and hand-tailored planning systems. Both
STRIPS and ADL domains were used but no further exten-
sions were made to the language. In 2002, the competition

was run by Derek Long and Maria Fox. The event attracted
14 competitors, and focussed on planning in temporal and
metric domains. McDermott’s PDDL was not expressive
enough to enable the modelling of durative actions and con-
tinuous resource consumption, so it was extended to enable
the modelling of these features. The resulting competition
language PDDL2.1 consisted of three levels of expressive
power. Level 1 was ADL planning as before, level 2 added
numerical variables, level 3 added durational constructs.

The 4th International Planning Competition, IPC-4, will
be hosted at ICAPS’04. IPC-4 will build on the previous
efforts, in particular the language PDDL2.1. The competi-
tion event will be extended and revised in several respects.
The intention is to divide the competition into three sep-
arate parts: in addition to a continuation of the previous,
classical, competitions, there shall be parts forprobabilis-
tic andnon-deterministicplanning. In the latter two parts,
the main objective of the event will be to introduce a com-
mon representation language for the respective fields, and
to establish some first benchmarks and results. The proba-
bilistic part will be organized by Michael Littman, for the
non-deterministic part an organizer has yet to be found.
The classical part of IPC-4 will be organized by the au-
thors. Several revisions to the previous classical competi-
tions are planned. Most importantly, we propose a more
careful choice of benchmark domains; in particular, a seri-
ous effort will be made towards including a number of real-
world problems as testing domains in the competition. Also,
revisions to the way of results presentation (in a more di-
rectly perceivable way) and evaluation (with more emphasis
on plan quality) are intended. Language extensions (to the
classical setting) we propose to handle more conservatively:
the competition domains should best stay within the features
of PDDL2.1, or moderate extensions thereof.

In what follows, we describe our proposals for the classi-
cal part of IPC-4 in more detail. The sections of the paper
are, in turn, concerned with language extensions, benchmark
domains, competition results evaluation, and organizational
aspects of IPC-4 (including data collection and presenta-
tion). We close the paper with a section containing a few
summarizing remarks.



Language Extensions
We interpret PDDL2.1 as an agreed fundament for all fur-
ther language extensions. As said above, our standpoint is
that IPC-3 has already brought sufficiently many new fea-
tures for the time being, and that the planning community
should be given time to catch up. To name a few things that
we consider worth doing before making further significant
language extensions:

• Consolidate the existing techniques – the algorithms used
by the IPC-3 participants have only just scratched the sur-
face of what can be done within PDDL2.1, e.g. by ap-
plying and / or combining existing approaches in the new
context.

• Understand the results – IPC-3 provides the first pub-
licly available data for a large-scale experiment in nu-
merical and durational planning, and it will take time to
make sense of these, e.g. by analyses such as those given
for classical benchmark domains by Helmert (2003) and
Hoffmann (2002).

• Develop techniques for handling features that have yet
hardly been adressed – like, e.g., flexible optimization cri-
teria, which are taken into account by only very few exist-
ing systems (to the best of the authors’ knowledge, LPG
(Gerevini & Serina 2003), Mips (Edelkamp 2003c), and
Metric-FF (Hoffmann 2003)), and for which there isno
system in existence that can find optimal solutions.

That said, let us state that we are not categorically exclud-
ing extensions to PDDL2.1 for the classical part of IPC-4.
As explained in more detail below, an effort will be made
to include real-world problems as benchmarks into the com-
petition. So if a new language feature is practically moti-
vated in the sense that it can arguably facilitate the mod-
elling of phenomena relevant in real-world applications, and
moderate in the sense that the feature seems reasonably easy
to deal with in the more wide-spread planning approaches,
then including the language feature into the 2004 compe-
tition language is an option worth considering. There are
various ideas for such language features. Some possibilities
that might be worth considering are:

• Axioms (aka derived predicates). These have been a part
of original PDDL, but have never been used. They pro-
vide a natural means for modelling, e.g., updates on the
transitive closure of a relation, as occur in structures such
as paths or flows. We have come up with a formal seman-
tics for axioms, easily checkable conditions for them to
be well-defined, as well as a proof that they can not be
compiled away without significant costs (Thiebaux, Hoff-
mann, & Nebel 2003a; 2003b). Integrating an explicit
treatment of axioms is trivial within a forward search (but
might be more complicated in other approaches).

• References to the current time, i.e. a “look on the clock”
in operator or goal specifications. This feature is a nat-
ural way of modelling the correct optimization function
in one of the domains we are considering as a competi-
tion benchmark. The feature can be realized by a pre-
defined numerical variable (“current-time”), and is easy to

deal with in any approach that fixes action execution times
at plan-time (in least-commitment approaches the feature
might be more problematic). An idea for a moderate use
of the feature is to restrict the use of “current-time” such
that it can only influence the value of the optimization ex-
pression, not the truth value of any pre- or goal-condition.

• Deterministic exogenous events, i.e. statements of the sort
“literal l will become true at time point t, independently
of the actions taken by the planner”. Such statements
are necessary to model the Satellite and Rovers domains,
versions of which were already used at IPC-3, more ade-
quately (by stating the time windows within which certain
phenomena in space, e.g. a moon, become observable).
There seem to be straightforward (and inexpensive) ways
of compiling deterministic exogenous events down into
the PDDL2.1 language features (imagine an action that
must immediately be applied, that has duration t, and that
makes literal l true), but nevertheless it might make sense
to talk about such events explicitly.

• Dynamic object creation. It is often desirable to create
and destroy objects during the planning process. As an
example take theSettlers domain used in IPC-3, where
vehicles (carts, trains, ships) have to be created to pro-
vide the necessary transport infrastructure. In a dynam-
ically extended PDDL one would have additional ef-
fects that are of the form(new (object - type)
(atomic-formula*)) and (delete ?a) . The
former construct would generate a new object and set ini-
tial predicates for it, while the latter construct deletes an
existing one. Obviously, this language extension would
affect planners that fix the problem representation dur-
ing pre-processing. For more flexible approaches (like
TLPlan which does not pre-instantiate actions), it might
be less harmful. Assuming that a superset of the set of cre-
ated objects can be fixed, a compilation to standard PDDL
is available by using additional activation predicates for
the objects. Dynamic creation of objects can appear in
Stefan Edelkamp’s protocol domain (Edelkamp 2003a;
2003b), when new processes (threads) are invoked from
already existing ones. For general software verification
problems, dynamic state descriptions and object creation
are crucial.

Let us state once more that we intend to be conservative
about language extensions. The above list is to be under-
stood as a pool of ideas for discussion. For actual use in the
competition, introducing at most one of the list items would
seem appropriate. The final decision about language exten-
sions to the classical setting, if any, will be taken by the au-
thors and the IPC-4 advisory committee, taking account of
feedback from the community.

As in the previous competitions, in order to enable broad
participation, of all benchmark domains there will be ver-
sions that stay within simpler language requirements. In par-
ticular, for all domains that make use of new language fea-
tures (if any), there will be versions of the domains without
these features. In difference to the previous competitions,
however, we will try to avoid using simpler versions of the
domains in the simpler language classes: as far as possible,



we intend tocompile the full semanticsof the domains into
the simpler languages. Examples of language features that
can be compiled away are axioms or deterministic exoge-
nous events (see above), as well as all ADL constructs. For
one thing, we expect that compiled, rather than simplified,
problems will yield more interesting (STRIPS, e.g.) bench-
marks. For another thing, by making (careful) comparisons
between different language expressivity levels, this way the
competition data will make a point on the value of language
extensions.

Compiling domain semantics may result in PDDL files
hard to tackle for existing systems (as the compiled files
might differ from what manually designed domains usually
look like). We will make test files available in time. In that
context, one thing we already want to make potential com-
petition participants aware of is this. In some real-world
benchmarks we are currently considering, ADL formulae
are needed for the (most natural) domain formulation. So
there is a good chance that ADL capabilities will be of value
in the competition. As has been done by various researchers,
ADL formulae can be compiled away. We will provide do-
main versions where this has been done along the lines of
(Gazen & Knoblock 1997). Also, we will provide domain
versions in “SIMPLE-ADL”: this has first appeared in the
2000 competition, and avoids the blow-up implied by com-
piling conditional effects away. It is identical to STRIPS
except that actions can have conditional effects, where the
conditions are fact sets (i.e., conjunctions of facts). We en-
courage researchers to make their systems capable of han-
dling, at least, SIMPLE-ADL.

Benchmark Domains
The main point that we as the organizers want to make in
the continuation of the classical part of the competition is a
more deliberate set of benchmark domains. It is a trivial in-
sight that the benchmarks we use have an important impact
on the field, i.e. on the algorithmic techniques that are de-
veloped. It is much less trivial to think about what “good”
benchmarks would be. We propose a kind of hybrid an-
swer to the question, exploring three different philosophies
of benchmarking. The keywords might be given as “real-
world problems”, “problems with characteristic structures”,
and “realistic testing problems”. The competition domains
would then be split up across these three topics. More de-
tailed descriptions of our ideas are below. We do not claim
that our ideas are entirely new; most of what we say under-
lies the way in which people have designed the benchmarks
so far, and the borderlines between the different topics aren’t
strict. The new thing is probably to state these topics explic-
itly.

1. Real-world problems. Candidates for this class would
be real-world domains in the literal sense of the word:
problems that are being tackled in real-world applications,
modelled closely enough to be assumed real, run with in-
stances that occur in the real-world scenario. It is obvi-
ously desirable for the community to have such bench-
marks (even if it were only to improve the image of the
field), and we do believe there is hope in getting some

together:

• Jana Koehler’s Miconic domain (Koehler & Schuster
2000) (in the known ADL version as well as in a purely
numerical version), which can hopefully be run with
real data from a skyscraper.

• An airport-ground-traffic-control domain (Hatzack &
Nebel 2001) from a company of Wolfgang Hatzack. If
planners scale up that far, the domain can be run with
data from Frankfurt airport, otherwise smaller airports
(Zürich, e.g.) can be used.

• A deterministic version of Sylvie Thiebaux’s PSR do-
main (Bertoliet al. 2002; Bonet & Thiebaux 2003).

• Stefan Edelkamp’s protocol domain derived from the
automatic translation of Promela specifications to
PDDL 2.1 (Edelkamp 2003a; 2003b). The domain can
be run with instances that are models of real world-
systems like a public old telephone system (POTS) and
parts of the Corba Architecture (GIOP).

• Richard Goodwin at IBM is currently looking into
planning formulations of some industrial scheduling
problems he has dealt with.

• It might be possible to use some of the IRST verifica-
tion applications as classical planning benchmarks.

• Celcorp got a domain about communicating data be-
tween business processes.

• We are in contact to Salim Khan who is working on
a domain formulating “Biological Pathway Discovery”
as a planning problem (Khanet al. 2003).

• The Pipesworld domain by Milidiu et al. (2003)
promises to yield a very interesting real-world bench-
mark.

• It might be possible to create a realistic domain about
mixed planning and scheduling problems based on Bar-
tak’s ideas (Bartak 2003).

Ideally we want realistic domains within the language fea-
tures of PDDL 2.1. Our intention is not to try and run ev-
ery application domain we can lay a hand on, but to focus
on a smaller number of real-world domains, 3 to 5, which
can be modelled most realistically with no, or as cautious
as possible, language extensions.

2. Problems with characteristic structures. What we also
consider a rather strong point is that at the base research
level one is not interested in the exact form of the real-
world application itself, but in the different forms of char-
acteristic structures that cause the nature of the different
applications. So the benchmarks should be domains that
each capture a very clean characteristic structural phe-
nomenon, and that are very much different from each
other, spanning a wide range of interesting characteris-
tica. Evaluating planners in such domains yields insights
into the kinds of domains that favor one exploration en-
gine or another. Known candidate domains here we see as
the Blocksworld and Logistics domains, maybe Towers-
of-Hanoi, maybe Mystery. Hitherto not used candidates
might be found in the search community, like e.g. the
(n2 − 1)-puzzle, Sokoban, Atomix, or Quasi-group com-
pletion. Criterions for a good domain collection might



be: to cover the relevant complexity classes (at least,
P, NP, and PSPACE) for deciding (bounded) plan exis-
tence within a domain; and to cover the relevant distinc-
tions in Hoffmann’s planning domain taxonomy (Hoff-
mann 2002).

3. Realistic testing problems. Here we got manually des-
gined domains which aim to describe realistic situations,
and test planners on different kinds of structures. This
topic is, so to speak, to ensure downwards compatibil-
ity. As participants in this class we would see interest-
ing planning problems likeSettlers, Driverlog, etc., much
in the sense of the IPC-3 competition. The idea would
be to re-use some challenging domains, like Settlers, and
perhaps also to introduce some new ones, trying to make
more extensive use of the PDDL 2.1 language features
(like Settlers does with the numerical variables).

Of course, not arbitrarily many domains can be used in
the competition so it will be a careful decision exactly how
much of the above ideas, and in which form, will be realized
at IPC-4. In benchmark class 1., as said we aim at a set of
3 to 5 real-world testing domains. In benchmark class 2., to
cover a sufficiently broad range of characteristic structures
it appears one will need around 4 to 6 domains. The testing
domains in benchmark class 3. can be chosen last to make
for an appropriate size of the event (in particular one might
think about skipping that class of domains altogether).

Evaluation
As has been done before, we intend to evaluate the com-
petition data by “soft” criteria such as judging runtime and
solution quality by looking at figures, and counting num-
bers of solved example problems. Our reason for this choice
is that the abilities of individual planners, and the perfor-
mance criteria relevant in individual domains, are so di-
verse it seems impossible to come up with adequate “hard”
(i.e. mathematically precise) evaluation criteria. Indeed,
according to some private discussions we had there seems
to be wide disagreement in the planning community as to
what good “hard” evaluation criteria (for plan quality per-
formance, e.g.) would be. It appears best to allow people
to draw their own conclusions based upon quickly perceiv-
able detailed data (see next section). Nevertheless, as has
been done in the previous competitions we intend to iden-
tify competition “winners” based on our own observations.
The awarding of prizes, after all, is one of the main sources
of excitement in the event.

In differenceto what has been done previously, in the re-
sults evaluation we would like to explicitly take into account
the following issues:

• Optimal vs. Suboptimal Planning. Considering re-
cent developments and results, it seems worthwhile to
think about evaluating “optimal planners” separately from
“sub-optimal planners”. “Optimal planners” could be de-
fined as planners that give a guarantee on the quality of
the found solution. In many benchmark domains optimal
planning is computationally harder than sub-optimal plan-
ning (Helmert 2003), and indeed optimal planners tend to

be far less efficient than their sub-optimal counterparts.
This, probably enforced by the fact that the competitions
did yet not honor optimality guarantees at all, has lead to
a tendency away from optimal planning as done by, e.g.,
SAT-based planners. As a way out we propose to award
(a) separate competition prize(s) for the best (i.e., fastest)
optimal planner(s).

• Sub-optimal plan quality. We intend to provide some
measure of how good the plans of the sub-optimal com-
petitors are. In domains where it is possible, we in-
tend to generate the optimal solution quality values us-
ing domain-specific optimal solvers. This data will be in-
cluded into the results presentation (as optimal planners
are rare, and usually don’t scale up very far, their data will
likely not provide a likewise good measure of plan quality
performance). Also, to honor good plan quality behavior,
one might consider awarding a prize for the sub-optimal
planner with the best quality plans, specifically with the
plans that best meet the specified flexible optimization cri-
teria.

• The effort of hand-coding. The whole point of hand-
tailored planners is to reduce the effort of coding. So one
should find a way of assessing the coding effort that the
teams invest into their solution methods. The question
is, how? In the 2000 competition, there was a restricted
amount of time (a week, roughly) between availability of
testing problems and data deadline. But of course the
amount of work done within the available time might dif-
fer considerably between the individual planners. Ideas
for explicitly measuring coding effort are to have the par-
ticipating teams provide the number of man-hours they
spent on the various domains (distinguishing between stu-
dents and lecturers, maybe), and/or to measure the length
of the files that contain the final domain-specific informa-
tion. We are aware that these are very coarse measure-
ments of coding effort. But they would at least provide
hints. Another interesting idea (Kambhampati 2003) is to
let outsiders, people other than the respective planners’
makers, generate the control information for the hand-
tailored planners. Then the data would provide a measure
of how easy it is to generate good control information,
rather than a measure of how much the planner can be
tuned by experts.

Organization
The organizational issues shall, ideally, be co-ordinated
across the different parts of IPC-4. A rough time table is
this:

• 06/2003: Advertisement at ICAPS-2003, assisted with a
workshop.

• 07/2003: Language extensions fixed, testing problems
available.

• 12/2003: Submission deadline for planners.

• 01/2004 – 02/2004: Competition data collection phase.

• 03/2004: Data evaluation.



• 04/2004: Conference with detailed results presentation
and participants handout.

• Summer 2005: Participants publication.

This time table differs from what has been done previ-
ously in that we want to finish the data collection phase well
ahead – one month – of the conference. This involves a
stricter way of handling deadlines, and an earlier starting
point for the data collection phase. Our reasons for this
choice are the following. First, it makes evaluation a lot
easier for the organizers if they actually got some time to do
it. Second, the competition has grown too large to present
or even try to summarize the results within a 30 minute pre-
sentation. Instead, we propose to set up an extra room at
the conference where all results are presented (e.g., in the
form of posters assisted with a visualization tool) through-
out the conference, so the conference participants and the
competitors can take their time to see what has happened.
We understand that this takes some of the excitement out of
the event, at least if the data is made available before the
award ceremony. An idea would be to have the competi-
tion award ceremony early at the conference, and set up the
room with detailed data presentation afterwards. In any case,
we believe that the main aim of the competitions is to pro-
vide a large scale evaluation of the state-of-the-art, and that
this aim would be served much better by making the precise
results more quickly and widely perceivable. In the same
spirit, we plan to distribute, at the conference, a hand-out
with extended abstracts describing the competing systems.
In the previous competitions, information about the algo-
rithms used by the competitors was not made publicly avail-
able at the time of the competition event. An article about
the 1998 competition appeared in AIMag summer 2000, an
article about the 2000 competition appeared in AIMag fall
2001, and a JAIR special issue about the 2002 competition
has yet to appear. As a consequence, at conference time
there has so far not been much chance of knowing what the
single planners do except trying to catch their makers – this
holds true at least for the newer systems on which yet no
conference or journal publication was out independently of
the competition. It would be great to have a hand-out for
each conference participant, containing brief descriptions of
the individual systems, even if it’s only extended abstracts
of 1-3 pages. This way people could get a picture of what
is happening, especially in connection with the possibility to
have a close look at the results.

As in the former years, there shall eventually be a compe-
tition publication or the possibility thereof. We are yet un-
clear whether JAIR or AIMag is the better choice. If we suc-
ceed in providing a handout at the conference, then AIMag
appears to be better: it seems a more adequate forum for
the competition publications than a full-scale top journal ar-
ticle, and the disadvantage of time delay is not as serious
when there has already been a handout anyway.

Finally, there is a choice to be made about how the data
for domain-independent (fully automated) planners is col-
lected. So far the planners have been run by their makers,
on the domains which were made available one-by-one dur-
ing the data collection phase. This allowed developers time

to work on their planners on the fly, and thus invest certain
tuning efforts. An alternative would be to have the devel-
opers provide executables by a deadline, then run the plan-
ners automatically. While this alternative would serve the
spirit of domain-independent planning better, it is question-
able whether it is practically feasible (planners might fail in
unseen domains due to trivial bugs, parsing problems, etc.).
An idea is to subdivide the data collection phase into a test-
ing phase, and an execution phase. In the testing phase de-
velopers would be given a few example instances from all
domains so they can make sure their planners work. Then
there would be a deadline for executables, and data would
be collected automatically in the execution phase. In any
case, the deadline for the end of the data collection phase
must be early enough to allow the developers to provide ex-
tended abstracts describing their systems, and to turn these
abstracts into a handout.

Summary
To summarize, our main proposals for the classical part of
IPC-4 are these:

• No, or at most one moderate, language extension, e.g. the
re-introduction of PDDL axioms, or the introduction of
dynamically created objects.

• A careful choice of structurally different benchmark do-
mains, including a number of domains that are as close as
possible to real-world applications.

• More emphasis on plan quality, in particular on planners
that give optimality guarantees, in the awarding of prices.

• An earlier end of the data collection phase, enabling a de-
tailed and widely accessible results presentation at con-
ference time, in connection with a handout describing the
competitors.
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