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Abstract

In this abstract, we describe the approaches encoded by
our planner PATTY, namely the brave (PATTY;) and greedy
(PATTY;) approaches for the Agile track, and the cost-
effective brave (PATTY;) and the cost-effective greedy
(PATTYS) for the Satisficing track, which competed in the Nu-
meric Track of the 2026 International Planning Competition.

Introduction

Our planner PATTY, to solve a planning problem, employs
the Planning as Satisfiability approach (Kautz and Selman
1992), by (i) fixing a bound or number of steps n, initially
set to 0, (¢¢) computing a logic formula encoding the se-
quences of actions of length n which are executable in a
given starting state, (7i7) checks whether one of such se-
quences is a valid plan by imposing the initial state I and
the goal G as conditions on the starting and the final state,
and (iv) upon failure, iterates from the second step while
increasing n. Symbolic Pattern Planning (SPP) (Cardellini,
Giunchiglia, and Maratea 2024, 2026) is a recent logic en-
coding, which, given an arbitrary finite sequence of actions
< called pattern, models the sequences of actions which
are executable from a state and are also a subsequence
of <. Planning as Satisfiability with SPP is very effective in
solving numeric and temporal (Cardellini and Giunchiglia
2025b, 2026b) planning problems.

The configurations of PATTY used in the IPC perform sym-
bolic search by iteratively refining patterns. At each itera-
tion, given a reachable state P and a starting state .S, we
build a formula IT5 ,, enforcing that: (i) the search starts

from S; (i3) < = <4; <p, where <, reaches P from .S and
=}, is computed in P to progress beyond it; and (iiz) there
exists a state P’ closer than P to a goal state, according to
a goal-value function GFp. Initially, S = P = I, <, is
empty, and <}, is computed from /. If the formula yields a
goal state P’, the corresponding plan is returned. Otherwise,
P is updated to P’, while S, <,, <, and GFp are recom-
puted according to the selected strategy. The choices S and
the two patterns define the brave and greedy approaches.
For the Satisficing Track, plan cost is also relevant. Since
SPP may introduce redundant actions, PATTYS and PATTYS
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first compute a plan as above and then remove redundant
actions using the procedure of Med and Chrpa (2022), orig-
inally introduced by Fink and Yang (1992), later rediscov-
ered by Nakhost and Miiller (2010), and adapted to numeric
planning by Cardellini, Giunchiglia, and Maratea (2026).

Pointers to Related Literature

Providing a detailed description of all details of the planner
would be impossible in the limited space. We thus enumerate
related literature pointing to the interested reader:

1. Balyo (2013) for classical planning and Bofill, Espasa,
and Villaret (2017) for numeric planning introduce the
R?3-encoding, i.e., the concept of having a predeter-
mined order between the actions in the encoding.

2. Scala et al. (2016b) introduce the concept of rolling of
actions, i.e., a technique to model multiple consecutive
repetitions of the same action in a single bound.

3. Scala et al. (2016a) introduce the concept of Asymptotic
Relaxed Planning Graph (ARPG), used, in the next paper,
to construct a pattern in polynomial time.

4. Cardellini, Giunchiglia, and Maratea (2024) is the first
paper presenting the SPP approach and its Satisfiability
Modulo Theories (SMT) encoding, where the pattern is
static and computed with the ARPG.

5. Cardellini, Giunchiglia, and Maratea (2026) is the jour-
nal version of the paper above. In the extended version,
we also consider various pattern selection procedures and
mechanisms for improving the quality of the returned
plan together with the approach of Med and Chrpa (2022)
which are implemented in PATTYS and PATTYS,.

6. In Cardellini and Giunchiglia (2025a) it was shown how
to symbolically search for a plan by iteratively extending
(adding actions to) and compressing (removing actions
from) an initially computed pattern. Specifically, by con-
catenating (4) a pattern <, that allows reaching a state s
satisfying a subset of the goals, and (i%) another pattern
<, computed from s, which is extended until reaching a
state satisfying new additional goals.

7. Cardellini and Giunchiglia (2026a)! is the journal ver-
sion of the paper above, presenting the brave and greedy
approaches.

"At the moment of the IPC, the paper as yet to be accepted



Brave PATTY

1. The search starts from the initial @ =— >
state I and <, is a complete pattern

computed in I. The initial goal value

of I'isec.

2. We employ the formula I} to

search for a state that can be reached =Z>
from I using <, and with a goal value

less than c.

3. Suppose to find, among these
states, the state P; with goal value
function ¢ s.t., 0 < ¢; < ¢. The plan
to reach P; from I is m;. The com-
plete pattern computed in Py is <.

4. The search restarts from P, em-
ploying the pattern <}, searching for
another state with goal value function
less than c¢;.

5. Suppose such state P, exists, with
goal value function ¢ s.t., 0 < ¢z <
c1. The plan to reach P, from P is my
and <} is the complete pattern com-
puted in Ps.

6. The search restarts from P, em-
ploying the pattern <}/, searching for
a state with goal value less than co.

7. Suppose such a state cannot be
reached. The search starts again from
I, employing the pattern obtained by
concatenating the plan to reach P
from I, i.e., my; mp and the pattern <
concatenated n = 2 times, to reach

more states.

Step 7 is repeated, incrementing n, until a new state P3 with goal value ¢35 < ¢y is found. If
cg = 0, the plan is returned; otherwise, we keep iterating from Step 6, restarting from P; and

employing the complete pattern <}’ computed in P.

(a) Example of the brave PATTY5 approach.

Brave and Greedy Approaches

Figures la and 1b illustrate the two strategies. Both relax a
conjunctive goal into a disjunction of subgoals. At each it-
eration, the planner searches for a state P’ satisfying at least
one additional subgoal. The prefix pattern <, connects the
current starting state S to the current intermediate state P,
while the suffix pattern <;, guides the search from P toward
further progress. The suffix may be complete, if it contains
all task actions, or incomplete otherwise.

In the brave strategy, when a better state P’ is found, the
search restarts from it: .S is set to P/, < is reset to the empty
sequence ¢, and a complete <, is computed from P’. If no
such state is found, the strategy preserves completeness by
restarting from I, setting <, to a plan reaching the last in-
termediate state, and repeatedly concatenating the last com-
plete <}, until progress is obtained. Since a complete pattern
contains all task actions, any plan of length n can be repre-
sented by concatenating that pattern n times.

The greedy strategy differs in two respects. First, <, is
incomplete and contains only actions that the ARPG identi-
fies as promising for reaching a subgoal. Second, when no
better state is found, the search continues from the last in-

Greedy PATTY

1. The search starts from the initial @ = >
state J and <, is an incomplete pat-

tern computed in 7, by Alg. 3 with

p = 1. The goal value of I is c.

2. We employ the formula II}"} to

search for a state that can be reached =2
from I using <; and with a goal value

less than c.

3. Suppose to find, among these -
states, the state P; with goal value 0 = l'l{"i >
function ¢ s.t., 0 < ¢; < ¢. The plan L

to reach P; from I is m;. The incom-

plete pattern computed with p = 1 in

Pyis <.

4. The search restarts from P; em-
ploying the pattern <}, searching for
another state with goal value function
less than ¢;.

5. Suppose such state P exists, with
goal value function ¢ s.t., 0 < ¢2 <
c1. The plan to reach P, from P is
my and <} is the incomplete pattern
computed in P, with p = 1.

6. The search restarts from P, em-
ploying the pattern <j. searching for
a state with goal value less than c;.

7. Suppose such state cannot be
reached. The search starts regardless
again from P», employing the incom-
plete pattern <}’ computed from P,

by Alg. 3 with p = 2.

Step 7 is repeated, incrementing p, until a new state Py with goal value ¢35 < ¢ is found. If
c3 = 0, the plan is returned; otherwise, we keep iterating from Step 6, restarting from P; and

employing the pattern <;” computed from Pj.

(b) Example of the greedy PATTY approach.

termediate state instead of restarting from I. This sacrifices
completeness, but can be more effective in domains where
the pattern focuses the search on useful actions.

Cost-Effective Approaches

The planners PATTY§ and PATTYS follow the same search
algorithm of PATTY and PATTY; as shown in Fig. la and
1b, respectively. The SPP encoding is known to return re-
dundant plans (Cardellini, Giunchiglia, and Maratea 2026),
i.e., plans where actions do not contribute either to the goal
or to other actions’ preconditions. The PATTYS and PATTYS
approaches, from the first computed plan, remove redun-
dant actions employing the Action Elimination Algorithm,
quadratic in the length of the plan, presented in Algorithm
1 of Med and Chrpa (2022) — originally introduced by Fink
and Yang (1992) and later rediscovered and formulated by
Nakhost and Miiller (2010) — cast for numeric planning. In
a nutshell, the algorithm iterates through the plan trying, for
each action a, to remove a together with all following ac-
tions which preconditions become inapplicable by removing
a. If the goal is still achieved without these actions, they are
redundant and can be removed.
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