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Abstract

Epistemic planning is a branch of Artificial Intelligence that stems from the combination of automated
planning and Dynamic Epistemic Logic (DEL). While DEL provides a very expressive framework—which
comes at the cost of undecidability—to guarantee the feasibility of the planning process, various frag-
ments have been studied in the literature, that rely on very specific syntax for representing domains. As
a result, a comprehensive language that is able to capture the general DEL framework is currently not
present in the literature. In this paper, we propose a new language called EPDDL (Epistemic Planning
Domain Definition Language), through which we can capture the full DEL semantics, thus allowing for
a general and unified syntax for representing epistemic planning domains.

1. Introduction

Epistemic planning [1] is an enrichment of automated planning, where the notions of knowledge
and belief [2] are introduced. In this field, we take into account the perspective of one or
more agents: epistemic states contain both factual information about the world and epistemic
information concerning the knowledge/beliefs of agents. Similarly, epistemic actions describe
how their knowledge/beliefs change. For instance, imagine that Anne received a letter from an
university she applied for. She then starts reading it in front of Bob, who can not directly take a
look at it. Once Anne has finished reading, her perspective will differ from Bob’s: while she now
knows whether she was admitted or not, Bob still considers both options to be possible. Thus,
the epistemic action describing this situation has to consider the points of view of both agents.

Epistemic planning has been frequently built on the formalism of Dynamic Epistemic Logic
(DEL) [3]. Since the general framework is undecidable, various epistemic planners implement
fragments of DEL [4, 5, 6, 7, 8, 9]. One of the main issues is that, to represent planning domains,
either solvers rely on languages tailored for a specific fragment [6, 10, 11], or they adopt no
language at all, making the comparison of existing solvers more difficult.

In this paper, we introduce the Epistemic Planning Domain Definition Language (EPDDL).
The language stems from the combination of the syntax of PDDL and the DEL semantics and it
aims at overcoming the specificity of existing languages. Namely, EPDDL is able to handle the
full DEL framework, which in turn supports an unified representation. The paper is organized
as follows. In Section 2, we recall the semantics of DEL. In Section 3, we describe EPDDL and
its main features. We conclude with a brief discussion and some future works.
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2. Dynamic Epistemic Logic

Epistemic Models. Let P be a countable set of propositional atoms and AG = {1,...,n} be
a finite set of agents. The language L’% g of multi-agent epistemic logic is defined by the BNF:
pu=ploe|eANe | Oy | Cap, wherep € P,i € AG and G C AG. We read the formulae
;i and Cgp as “agent i knows/believes that ¢” and “group GG has common knowledge/belief
that ¢”, respectively. In the possible world semantics of DEL, a Kripke model [12] represents an
epistemic model. Epistemic models contain both factual information on multiple possible worlds
and epistemic information, i.e., which worlds are considered possible by agents.

Definition 1 (Kripke Model). A Kripke model is a triple M = (W, R, V') where: ) W # &
is the set of possible worlds, 2) R : AG—2">*W assigns to each agent i an accessibility relation
R(i) (abbreviated as R;), 3) V : P—2"W assigns to each atom a set of worlds.

An epistemic state is a pair (M, W), where W; C W is a non-empty set of desig-
nated worlds denoting the real state of affairs. Truth of formulae is defined as follows:
i (M,w) Epiffw € V(p); ii. (M,w) = —¢ iff (M,w) ¥ ¢;iii. (M,w) = ¢ A iff
(M,w) E pand (M,w) E ¢;iv. (M,w) E O;p iff Yo if (w,v) € R; then (M,v) | ¢; and
v. (M,w) | Cgyp iff Voif (w,v) € R§ then (M,v) = ¢ (where Rg = UjegR; and R,
denotes its transitive closure). Finally, (M, W,) = ¢ iff (M, v) |= ¢, for allv € Wy.

Event Models. In DEL, actions are modeled by event models [13, 14], that represent how new
information changes the perspectives of agents. Here, events can be seen as possible actions and
the accessibility relation (); describes which events are considered possible by agent i.

Definition 2 (Event Model). An event model is a quadruple £ = (E,Q, pre, post) where:
1) E # O is the set of events, 2) Q : AG—2F*F assigns to each agent i an accessibility
relation )(i) (abbreviated as Q;), 3) pre : E—)E% Ag assigns to each event a precondition,

4) post : E—>(77—>,C7C> Ag) assigns to each event a postcondition for each atom.

Informally, preconditions capture the applicability of events, whereas postconditions determine
whether an atom is true after the event is applied. A (multi-)pointed event model is a pair (£, Ey),
where E4 C E is a non-empty set of designated events, and it represents an action in DEL.
Product Update. The product update formalizes how actions bring about information change
in epistemic states in DEL. An action (&, E,) is applicable in (M, Wy) if and only if for each
world w € W) there exists an event e € E; such that (M, w) = pre(e).

Definition 3 (Product Update). Given an action (£, E;) applicable in an epistemic state
(M, W), where M = (W, R, V) and & = (E,Q, pre, post), the product update of (M, Wy)
with (€, Eg) is the multi-pointed Kripke model (M, Wq) ® (€, Eq) = (W', R, V'), W), where:

1. W={(w,e) e Wx E|(M,w) = pre(e)},

2. R, ={((w,e), (v, f)) e W x W'| (w,v) € R; and (e, f) € Qi},

3. V'(p) = {(w,e) € W' [ (M,w) = post(e)(p)},

4. W) ={(w,e) e W |w e Wyande € Eg}.

Example 1 (DEL). Consider the above situation with Anne (A) and Bob (B). Before Anne reads
the letter, both agents consider possible two options: either she was admitted in the university



(u), or not. Thus, we need two worlds to represent this uncertainty (w1 and wa, respectively).
As we are universal observers, we assume that we know that w; is the designated world (circled
dot). This is modeled by the epistemic state on the left. When Anne reads the letter, Bob can not
read its content. In the center of the picture, events e; (Anne learns that u) and ea (Anne learns
that —u) are needed to represent Bob’s uncertainty about the outcomes of the action (we use the
notation (pre, post) for events). In this way, Anne learns that she was admitted, while Bob remains
uncertain. Moreover, both Anne and Bob are reciprocally aware of their perspective. The epistemic
state M’ that results from this action is on the right. Notice that now Anne knows that she was
admitted, i.e., (M', (w1, e1)) E Oau, while Bob does not change his perspective.

A,B%Z A,BS)A,B ®A,B%a B A, B 7A,B%2 B §>A,B
w1:u w

2:7U er:(u,id)  ez:(—u,id) (wi,e1)u (we,e2):—u

3. EPDDL

The development of the syntax of EPDDL was driven by three design principles: (1) to maintain
the style of PDDL syntax, (2) to capture the entire DEL semantics (i.e., to be able to represent all
possible event models), and (3) to obtain an intuitive and usable language, even for researchers
that are less familiar with epistemic planning and DEL. The main structure of EPDDL includes
three main components: problem (specific part), domain and action type library (universal parts).
Due to space limits, we do not provide the full BNF and we base our exposition on Example 1.
Problem. The problem defines “specific” aspects of a planning task. In EPDDL, in addition to
objects, initial state and goal, we also list which agents are present in the particular instance.
Goals in EPDDL are expressed by a generic formula ¢, € E% Ag- The syntax of propositional
formulae is the same as in PDDL. Modal formulae such as [J;p and Cgy (with |G| > 2) are
represented as [1]¢ and [G], respectively. Finally, initial states can be represented in two
ways: either explicitly (specifying worlds, relations and valuation), or by means of a finitary S5-
theory [15], i.e., a set of formulae of a particular form that admits a finite number of (equivalent)
finite models (computable in polynomial time). In our example, we use a finitary S5-theory to
state that: 1) Anne was admitted to the university (line 4), and 2) Anne and Bob have common
knowledge that they both do not know whether she was admitted (lines 5-6).
(zinit (u)

[Anne Bob](and (not [Anne](u)) (not [Anne](not (u))))

[Anne Bob](and (not [Bob](u)) (not [Bob](not (u)))))
(:goal [Anne](u)))

4
(define (problem p1) 5
(:domain examplel) 6

7

(:agents Anne Bob)

Domain and Action Type Library. In EPDDL, the universal aspects of a problem (types, pred-
icates, actions) are jointly described by a domain and an action type library. Moreover, actions
are defined on three separated levels of abstraction: events, action types and actions. Domains
define types, predicates and actions, whereas action type libraries contain the description of
events and action types. We now analyze more in depth these elements. Events constitute the
atomic components, where preconditions and postconditions (if any) are defined. Events are
then combined within action types to represent event models (Definition 2). Finally, each action
must include its type in its specification. Actions and their type are described separately, since
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it is common for different actions to share the same underlying structure. This allows for a
more concise and readable representation (design principle (3)).

Since a library is intended to describe universal aspects, action types should not refer to
specific entities of a problem. To this end, we implemented two important design choices:
1) parametrized events and action types, and 2) observability groups. First, parameters allow
to abstract from particular predicates and agents. Importantly, in EPDDL, apart from objects,
parameters can also refer to agents, formulae and postconditions. This aspect is crucial to
maintain the universality of action types: for instance, if we pass the preconditions of events as
parameters, we can simply refer to them as variables within an action type. As a result, action
type libraries can be used transversally across different domains. Second, observability groups
generalize accessibility relations. Each group represents the perspective of one or more agents.
For instance, when Anne reads the letter, she is fully observant, since she learns its content,
while Bob is partially observant, since he remains uncertain about Anne’s knowledge. Action
types only refer to observability groups (lines 13-15). Then, in each action we assign each agent
to a group (lines 29-33). We now show the EPDDL representation of the action of Example 1.

(define (library 1lib) 17 (define (domain examplel)

(:event el 18 (:action-type-libraries 1lib)
:parameters (?sensed - predicate) 19 (:requirements :del :typing :equality
:precondition (?sensed)) 20 :universal-conditions)

(:event e2 21 (:predicates (u)

:parameters (?sensed - predicate) 22 (has_letter ?ag - agent))
:precondition (not (?sensed))) 23 (:action read_letter

(:action-type sensing 24 :parameters (?ag - agent)
:parameters (?p - predicate) 25 :action-type (sensing (?p :: (u)) )
:observability-groups (Fully Partially) 26 :precondition (has_letter ?ag)
:events (el (?sensed :: ?p) ) 27 :observability-conditions

(e2 (?sensed :: ?p) ) 28 (?ag Fully)
:relations (Fully (el el) (e2 e2)) 29 (forall (?ag2 - agent)
(Partially (el el) (e2 e2) 30 (if (not (= ?ag2 ?ag))
(el e2) (e2 el)) 31 (Partially)
:designated (el))) 32 M)

4. Discussion

In this paper, we have introduced a new language for describing epistemic planning domains,
called EPDDL. Importantly, this language is able to capture the full DEL semantics. Intuitively,
this follows from the fact that each component of an event model (events, relations, preconditions,
postconditions) is captured by a corresponding syntactical element of EPDDL. Thus, we obtain
a syntax through which we can represent the existing fragments of epistemic planning in an
unified way. Due to space limits, we could not address all features of the language. As future
work, we plan on finalizing the syntax of EPDDL and to implement a full-fledged parser (also
including a type checker). Moreover, we intend to use EPDDL to create a public repository of
epistemic planning domains to be used as benchmarks for epistemic planners.
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