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Abstract Architecture

The architecture of CRIKEY is shown in Figure 1. It
first looks at the domain for where planning and schedul-
ing could potentially interact. Then it performs forward

Described here is the temporal metric planner CRIKEY
as it competed in the International Planning Compet-
ition 2004. CRIKEY separates out the planning and

scheduling parts of temporal planning problems, and heuristic search using a relaxed plan graph. The mini-
detects where these two sub-problems are too tightly scheduler makes sure that a schedulable plan is passed into
coupled to be separated completely. In these cases it the scheduling phase. This consists of lifting a partial order
solves the sub-problems together. The domains of the plan from the totally ordered plan, and then turning this into
competition are looked at to see where these interac- a temporal plan. Crucially, there is no feedback from the
tions occur. scheduling phase to the planning phase, therefore the plan-

ner must produce a plan that the scheduler can schedule.

Introduction Technical Details

CRIKEY is a forward heuristic search planner based closely Planning

on MetricFF (Hoffmann 2002) and implemented in Javal.4. CRIKEY finds a plan through forward heuristic search sim-
In a similar fashion to MIPS (Edleka_mp & He'”?e” 2000), it ilar to FF (Hoffmann & Nebel 2001). During planning, tem-
separates the planning and scheduling where it can, hOW‘?Verporal information is ignored. The search strategy is enforced
it solves the two problems together where such a relaxation j ¢jimping, that is, once a better state is found, search pro-
will fail. Itis this combining of the problems only where o0 4q from that state without backtracking. Best first search
necessary and the reasoning associated with it that distin-j5',c0q on plateaus, where all neighbouring states are no im-
guishes it from qther similar planners (and Whe're the focus provement on the current state. If enforced hill climbing
of the research_ lies). It can det_ect these casesin the O.Ioma'nfails, best first search is attempted from the initial state. This
anq act accordlngly. | am only interested in where the inter- is complete and so theoretically should find a plan.

action and separation of sub—probl_ems will prevent a solu- The heuristic value is the length (number of actions) of a
tion being found, and not where this separation leads o an o 15,04 plan where the delete effects are ignored. The re-
inferior quality of solution. CRIKEY is complete and sound laxed plan is from the current state to the goal stéte and is

\t/)vﬁjltl EOINOE),UT,?: (kelth?]r Irt]turrr?etct)r tr?w?nisrﬁscmtid nr?ert_;'g)'r ltf easily extracted from a relaxed planning graph.
owever make an attempt 1o s€ the number o As in FF, only helpful actions are considered in the en-

actions in a plan. forced hill climbing. Helpful actions are actions which ap-
- pear in the first layer of the relaxed planning graph and are
Capabilities also in the relaxed plan.

CRIKEY was written to work with the PDDL2.1 (Fox Scheduli
& Long 2001) models of metrics and time. It can deal cheduling _

with both temporal aspects (i.e. durative actions) and A greedy algorithm (Morenet al. 2002) works backwards
metrics resources. More formally, it can parse and plan through the totally ordered plan finding causal links between
with PDDL domains with thetyping , :fluents , and the starts and ends of actions to form a partially ordered
:durative-actions requirements. Unfortunately, cur-  plan. Links are either or < (in which case a minimum
rently it can not make use of any of the ADL constructs or Vvalue equal to the tolerance value must separate the two end
the new language features (namely, timed initial literals or points). These are put into an STN upon which Floyds-

derived predicates). Warshalls Algorithm is to calculate the actual time of the
actions in the partially ordered plan.
Copyright © 2004, American Association for Artificial Intelli- The algorithm must not only look for orderings based on

gence (www.aaai.org). All rights reserved. logical conditions, but also for orderings due to metric con-



to happen during their duration. These happen where:
(endeona \ startaqq # O A startaqq \ endeona # 0)
Vstartge N endeong 7 0
Vaddstart N deleng # 0
We shall name three statesl, the state immediately be-

Temporal Domain

Extracted fore the start of the actions2, the state immediately after
Temporal the start, and3 the state immediately after the end of the
Classical Information action. An action applicable is2 and not ins1 must have
Problem been achieved by the at start add effects (since there are no
PLANNING negative conditions, it could not have been achieved by an
at start delete effect). Taking it further, there are no actions
Current that could be applied ir2 and not ins3 which could not

have been applied inl, apart from those achieved by the
at start add effects and then deleted by the at end delete ef-
fects. Alternatively, an action could be achieved by the start
effect, and the effects of this action needed to achieve the
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Helpful Actions end conditions. They are called potential envelopes since (at
Totally the moment) there is no effort to find out if there are any
Ordered PlanSCHEDULING content actions that must go in these envelopes.

As stated, where there are potential envelopes, there is the
v potential to produce an unschedulable plan. To avoid this,
envelope action are split into two separate actions, a start
action containing the start conditions and effects, and an end
action containing the end conditions and effects. Invariants
become conditions of the end action, and, if not achieved by
the start effects, also of the start action. An end action cannot
be applied until its corresponding start action is in the plan,
and a plan is not valid until all the start actions in the plan
also have their corresponding end actions in the plan.
. , ) On putting a start action into the plan, a mini-scheduler
Figure 1: Architecture Overview of CRIKEY is associated with this action. This mini-scheduler consists
of a Simple Temporal Network, a set of content actions (ini-
tially empty) and a set of orderings between these actions.
straints. For a> or > resource constraint, just enough pro- 1he mini-schedulers use the same algorithms as the main

ducers of that resource are ordered before it, assuming thatScheduling part of CRIKEY. Any (content) actions which
all consumers that preceed it in the totally ordered plan, oc- @€ now considered, must be checked against this mini-
cur before it in the partially ordered plan. The same is true Scheduler to ensure that if they must go in the envelope,
for < or < conditions, apart from the roles of consumer and the STN is consistent (that is to say that there is enough
producers are reversed. Whilst this is conservative, it must ime to execute the action). If not, then the action is not
be sound as the totally order plan is correct (at worst, the considered applicable, and that branch is removed from the
partial order will be the same as the total order). search space. When the envelope’s end action is chosen, the

The next section details how it is impossible to produce Mini-scheduler is then discarded. Figure 2 is pseudo-code
an unschedulable plan. for the m|n|—scheduler. As can be seen, invariants are pro-

tected whilst an envelope’s start has been chosen but not its

end action. No other action may delete these invariants until
that action has completed.

Partial
Ordered
Plan

Temporal Plan

Interactions

In cases where the planning and scheduling interact, precau- . .
tions must be made to ensure that a plan is not produced Competition Domains
which is unschedulable. This can happen where the actions Unfortunately, none of the domains in the 2004 competition
musthappen in parallel (as opposed to the more common in their purest form (that is, without the new features com-
case where actionsanhappen in parallel if they do notin-  piled out) contained any envelopes (i.e. no actibad to
terfere). That is to say, one or more actions (called “con- happen in parallel) and so in all problems the planning and
tent actions”) must happen whilst another (the “envelope ac- scheduling were relatively loosely coupled. This means that
tion”) is executing. If there is not enough time to execute the CRIKEY could not show off its mini-scheduling capabilities
contents during the envelope, then an unschedulable plan isto cope with these situations. It is hoped that after the com-
produced. petition, the other competing planners will become available
These cases are detected in advance by looking for “po- and it will be possible to compare them with CRIKEY on
tential envelopes” - actions which allow other actions only domains which do contain such situations.



1. CheckAc,nq are satisfied. If not, return false. scheduling. IrProceedings from the 21st UK Planning and

2. CheckAy.; do not delete invariants in the list of invari- Scheduling Special Interest Group (PlanSIG’0Pj9-189.
ants. If not, return false.

3. If Ais a start of an envelope

(a) Create a new mini-scheduler fdr and add to list of
mini-schedulers.

(b) Add A’s invariants to the list of invariants.
4. Else If Ais an end of an envelope

(&) RemoveA’s mini-scheduler from the list of mini-
scheduler.

(b) Removed’s invariants from the list of invariants.
5. For Each envelop# currently open

(a) Get orderings for in E.

(b) If no orderings, return true.

(c) Add orderings to the STN.

(d) Return the consistency of the STN.

Figure 2: Algorithm to decide whether an actidns applic-
able

Envelopes were present in versions of the domains where
timewindows and deadlines had been compiled down from
PDDL2.2 to PDDL2.1. These envelopes are present in the
newly created dummy actions to enforce the constraints and
lasted the length of the plan. As the envelope lasts the length
of the plan, the mini-scheduler for each dummy action is
active throughout the planning process. This is highly in-
efficient and not what the mini-schedulers are designed to
solve. However, it still makes sure that an unschedulable
plan is not passed to the scheduler.

Since there were no domains particular to CRIKEY’s de-
signed purpose and strengths, not much development of
CRIKEY was performed whilst the competition was run-
ning, except to correct bugs in the code and parser. It is
thought that not being able to handle ADL was not such
a disadvantage as CRIKEY would probably have only per-
formed an equivalent compilation internally.
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