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Abstract. P is a programming language based on state machines, suited
for the definition of asynchronous event-driven open systems. The lan-
guage was designed with verification in mind and it is bundled with
back-end analysis engines for, e.g., bounded model checking. With the
aim of extending such verification capabilities, a semantics of P in rewrit-
ing logic has been developed. Given this formal semantics, developed
using the rewriting-logic language Maude, the Maude Formal Environ-
ment (MFE) can now be used to carry on different types of analyses on
P programs.
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1 Introduction

P [6]3 is a domain-specific language designed for the specification of asynchronous
event-driven systems. In P, a system is specified as a collection of state ma-
chines that use events to communicate. The underlying model of computation
for P programs is communicating state machines (or actors) [9,1]. P programs
can be automatically compiled into executable code, which can then be used
in combination with state exploration techniques to identify and correct design
bugs.

The approach presents well-known advantages. The model can be recompiled
as many times as needed, and the maintenance of the implementation directly
happens on the state machine diagrams. Similarly, the properties checked on the
state machine diagrams will also be true on the code automatically generated
from them. P has been used to implement and verify several applications (see
P’s web site in Footnote 3). Among these, the implementation and verification
of the core of the USB device driver stack in Microsoft Windows 8, the formal
verification of the core distributed protocols in the strong consistency launch of
Amazon S3, and the formal specification and verification of the OTA protocol
in AWS FreeRTOS.4

The design of the P language ensures that a P program can be checked to
guarantee its responsiveness, i.e., its capacity to handle all events in a timely

3 P’s web site: https://p-org.github.io/P/.
4 The web site of Amazon’s real-time operating system for resource-constrained devices

(FreeRTOS) is at https://aws.amazon.com/freertos/.

D
ur

án
, F

., 
P

oz
as

 G
ar

cí
a,

 N
., 

R
am

ír
ez

, C
., 

R
oc

ha
, C

.: 
T

ow
ar

ds
 a

 R
ew

rit
in

g-
Lo

gi
c 

S
em

an
tic

s 
of

 P
. I

n:
 P

an
iz

o,
 L

. (
ed

.)
 A

ct
as

 d
e 

la
s 

X
X

II 
Jo

rn
ad

as
 s

ob
re

 P
ro

gr
am

ac
ió

n 
y 

Le
ng

ua
je

s 
(P

R
O

LE
20

23
).

 S
is

te
de

s 
(2

02
3)

. h
ttp

s:
//h

dl
.h

an
dl

e.
ne

t/1
17

05
/P

R
O

LE
/2

02
3/

56
81

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://p-org.github.io/P/
https://aws.amazon.com/freertos/


This work is licensed under a Creative Commons “Attribution-NonCommercial-NoDerivatives 4.0 International” license.

2 F. Durán et al.

manner. Of course, to be able to model complex distributed systems, the lan-
guage provides the possibility of specifying different types of machines, states,
actions, events, etc. For instance, to enable the delayed processing of specific
events in certain states, the language provides deferred events. For testing pur-
poses, the programmer can define the environment in which the system is to be
executed by creating nondeterministic ghost machines, which are later eliminated
during the compilation process.

In P, a program is comprised of multiple state machines that communicate
through events. Each machine has a set of states, actions, and local variables.
The states and actions contain code statements for reading and updating local
variables, sending events to other machines, raising local events, or invoking ex-
ternal C functions, which are mainly intended for the handling of data transfer.
When a machine receives an event, it executes transitions and actions, caus-
ing the aforementioned code fragments to run. For programming convenience,
auxiliary functions can be used.

In practice, handling every event at every state leads to combinatorial explo-
sion in the number of control states, making impractical the formal verification
of many interesting case studies. To alleviate this, in addition to its compiler,
P provides a tool for explicit-state bounded model checking. Several different
model checkers have been used associated to different versions of P. Initially an
ad-hoc tool was developed as P companion [6], then Zing [2] was used, and then
Coyote [5]. Version 2 of P is again relying on an ad-hoc tool, which is basically
a simpler version of Coyote, in which some of the developers of P were also
involved (see Footnote 3).

The aim of this work is to complement the set of tools already available for the
P language with reachability analysis and more comprehensive model checking.
Given a rewriting logic semantics of P in Maude [4], the Maude toolset can
be used to carry on a new variaty of verification techniques. The combinatorial
explosion can then be tackled using different or a combination of techniques.
Equational abstraction [10,4] may be the simplest one. But once the Maude
specification is available, it also opens up the possibility of performing different
forms of symbolic analysis [3,7,8].

Some of these ideas are illustrated with the help of a simple example. Fig-
ures 1 and 2 show the state machines of a dice and a simple ghost machine
exercising the dice. Once the dice machine is created, the ghost machine keeps
sending throw events to it. On the other hand, after some initialization, the dice
machine keeps track of the number of times each face shows. The state ma-
chines in the figures use the standard notation, which is self-explanatory. Notice
that the ghost machine keeps a reference to the dice it creates and that the
dice keeps the frequency of each face in a map. Even though the figures show
the corresponding graphical representation of the machines, there is a textual
representation of P programs that is processed by the Maude specification.

Without diving into unnecessary detail, a machine is modeled as an actor,
with a unique identifier, a type, and a(n unbounded) queue of incoming events.
Under execution, the representation of a machine also keeps its current state,
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DICE

Active

throw /
var i : int ;
i = choose(nOfFaces) + 1 ;
faces[i] = faces[i] + 1 ;

var i : int ;
nOfFaces = 6 ;
i = 1 ;
while (i <= nOfFaces) {
    faces[i] = 0 ;
    i = i + 1 ;
}

var faces : map[int, int] ;
var nOfFaces : int ;

Fig. 1: The Dice state machine

GHOST

Play

send dice, throw ;

dice = new Dice() ;

var dice : Dice ;

Fig. 2: The Ghost state machine
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the code currently being executed, and its memory stack. Function declarations
complete the definition of a machine. A system is then represented as a term
composed of a set of executing machines, an index for the generation of fresh
names, sets of declarations of machines, global functions, and tests, and a string
to collect the log of the execution.

Given the appropriate declarations defining the structures of P programs as
a membership-equational-theory (Σ,E), the operational semantics is then given
as a set of transformation rules defining a rewrite theory R = (Σ,E,R). In this
case, the interest lies in exploring all possibilities and checking properties against
them. For example, the search command can be used to check for reachable states
satisfying certain condition (e.g., falsifying certain invariant).

Model checking cannot be used directly on this example, since its state space
is infinite. An abstraction can be made to make it finite. Depending on the
property to be checked, the abstraction will be defined in one way or another.
On the abstracted system, the property of interest can now be verified.

Acknowledgments. This work has been partially supported by projects TED2021-
130666B-I00 and PID2021-125527NB-I00, and an Amazon Research Award.
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