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Abstract—This paper presents a graphical environment that
provides a user-friendly interface to the formal operational
semantics of PLEXIL, a plan execution language developed by
NASA to support autonomous space operations. This environ-
ment serves as a testbed for developers of a PLEXIL’s executive
system to validate, maintain, and debug the implementation of
the system against the formal semantics of the language.

The Plan Execution Interchange Language (PLEXIL) [1]
is a high-level plan execution language developed by NASA
that supports autonomous spacecraft operations. The Univer-
sal Executive (UE) is a system that interprets and executes
PLEXIL plans." An executive, such as UE, is a complex piece
of software. It has been designed to be deployed in multiple
platforms, usually with limited computational resources and
under uncertain physical conditions.

Given the critical nature of spacecraft operations, PLEXIL’s
operational semantics has been formally defined [2] and
several properties of the language have been mechanically
verified [3] in the Program Verification System (PVS) [4].
This semantics has been also implemented in the formal
notation of Maude [5], a high-performance implementation of
the rewriting logic framework [6]. Although the development
of the executive was guided by the formal semantics of the
language, it has not been formally verified that it correctly
implements the semantics.

The formal semantics of PLEXIL is organized as a stack
of five abstract relations, which range from an atomic relation
describing the evolution of a single computational element of
PLEXIL to an execution relation describing the evolution of
the whole plan after the occurrence of a series of external
events. For efficiency reasons, an executive system may profit
from properties of the language, such as determinism and

IThe PLEXIL executive system is electronically available at http:/plexil.
wiki.sourceforge.net.

compositionality, to implement these relations in a different
way. Therefore, there may not be a one-to-one relation be-
tween the formal semantics and the executive implementation.
Furthermore, a discrepancy between the executive and the
formal semantics does not necessarily mean that the executive
is incorrect. After all, the language is still evolving and
the executive serves as an implementation of the intended
semantics.

We have developed a graphical environment where PLEXIL
developers can validate the formal semantics of the language
against an intended semantics, such as an executive. The
graphical environment consists of visualization software, writ-
ten in Java, the formal operational semantics of PLEXIL,
written in Maude, and bidirectional translator from Maude
syntax to Java objects. The environment provides a user-
friendly interface to the step-by-step evaluation of a PLEXIL
plan for a recorded sequence of external events. Furthermore, it
allows for inspection of the internal state and execution status,
backtracking, traceability, and cross-reference to the formal
semantics.

Our current implementation is a proof of concept. Although
it does not support yet all the syntactic elements of the
language, we have already discovered, and fixed, a semantic
rule in the language that deals with assignment of local
variables. In addition to extending the support to full PLEXIL,
we also plan to integrate into the environment formal analysis
capabilities provided by Maude, such as model checking and
theorem proving. This will enable the formal verification of
properties for a particular plan under a given sequence of
events.

During the initial evolution of the language, we expect that
this environment will become an important tool for PLEXIL’s
designers. In the long term, we expect that this tool will
become a formal debugging environment of PLEXIL.
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