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Converting Extended Finite-State Machines from Supremica to CIF

Martin Fabian®, Michel Reniers

Abstract— SUPREMICA and ESCET are two tools that both
support modeling discrete event systems by extended finite-
state machines, which are finite-state automata extended with
bounded discrete variables and guards and actions over those
variables. Both tools implement efficient algorithms for verifi-
cation and synthesis of supervisors according to the Ramadge
and Wonham supervisory control theory. But the tools are not
identical, and they excel in different areas of functionality,
which makes it useful to be able to convert models between
them. One distinction between them is that SUPREMICA uses
a graphical interface, while ESCET uses a textual represen-
tation given in the CIF language. Conversion from CIF to
SUPREMICA is readily available from within ESCET, and
this paper describes the conversion from SUPREMICA to CIF
implemented as a script within SUPREMICA. This conversion
is not as straightforward as would first be thought, due to
multiple idiosyncrasies of the two formats of extended finite-
state machine representation.

I. INTRODUCTION

Discrete event systems (DES) [2] is a useful formalism
for modeling systems that exhibit a discrete state-transition
behavior. This includes many man-made systems, such as,
infrastructural systems [19], manufacturing systems [22],
automotive control systems [12], and even many types of
computer programs, like smart contracts [[17].

A specific type of DES are Extended Finite-State Ma-
chines (EFSMs) [3| [23], which are finite-state machines
(FSM) [2] extended with bounded discrete variables and
guards and actions over those variables. Though EFSMs have
the same expressivity as FSMs, the inclusion of variables
with arbitrary (but bounded and discrete) domains lets EF-
SMs model systems very compactly.

The Supervisory Control Theory (SCT) [18] is a formal
approach to generate correct-by-construction controllers for
DES. Given a DES modeling a plant to be controlled, and
a DES modeling a specification of the desired behavior, a
controller, called a supervisor, can be automatically syn-
thesized that guarantees that the controlled system of plant
and supervisor exhibits the realizable parts of the desired
behavior. During its 30+ years of existence [24], the SCT has
shown a big promise but has not yet delivered industrially
on a large scale, in part probably due to lack of useful tools.

Though there exist many implementations and libraries for
supervisor synthesis [4} 5, (7,8} 11, 21 two tools stand out
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due to their documented industrial use, ESCET |6} (9, [10]
and SUPREMICA [14, [20]]. At the core, these two tools have
the same functionality, modeling EFSMs and synthesizing
supervisors, but they implement different approaches. In
addition, there is functionality in one tool not available
in the other. For instance, ESCET can generate PLC code
from supervisors, which is not available in SUPREMICA.
On the other hand, SUPREMICA implements abstraction-
based compositional synthesis algorithms [15] not available
in ESCET. SUPREMICA uses a graphical user-interface for
laying out EFSMs, while ESCET uses a textual format for
EFSM modeling. Each tool has benchmark libraries that
would be useful to have available in the other tool.

This paper presents an implementation to convert from
SUPREMICA EFSM models to the ESCET format called CIF.
This allows SUPREMICA users to benefit from functionality
exclusive to ESCET, and so opens up a wider palette of tools
to engineers and others wanting to reap the benefits of the
SCT. Emphasis has been placed on a syntactical conversion
in the form of pure textual replacements. However, this has
not been possible in all cases, mainly when the domains
of variables affect the conversion. Then, the conversion
necessarily involves some semantics.

SUPREMICA is a tool that implements an informal graph-
ical “language” for modeling EFSMs. The syntactic and
semantic rules that govern SUPREMICA’s language are en-
forced by the implementation of the tool, but these rules
are not written down in any formal way (other than the
Java code that constitutes the implementation). Most parts
of SUPREMICA’s language follow standard syntax and se-
mantics, but there exist corner cases with not immediately
obvious behavior.

On the other hand, CIF is a declarative modeling language
to describe EFSM systems, with formally defined syntax
and grammar. CIF also supports modeling timed, and hybrid
systems as collections of synchronizing automata, but the
functionality outside of pure EFSMs is not considered in
this work. Similar to SUPREMICA, the semantics of CIF are
embedded within its implementation in a tool (ESCET), and
not formalized (in any other way).

II. BACKGROUND

Extended Finite-State Machines (EFSMs) [3, [23]] are
ordinary finite-state machines [2], extended with bounded
discrete variables V' = (v, vs, ... v,) each with the domain
D,,, and logical expressions, called guards, and arithmetic
operations, actions, over those variables. A variable v; has
an initial value (possibly non-deterministically) chosen from
the set v{ C D,, and a set of marked values v¥’ C D,,.
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Fig. 1.
module.

The InletValve model of SUPREMICA’s Dosing Tank — EFA

Define an EFSM as E = (X, Lg, LY, L%, —), with g
the finite set of event labels, the alphabet; L the finite set
of locations, with L% C L the set of initial, and L% C Lg
the set of marked locations; and — the transition relation,
where a transition (l,,,, 0, g, a, l,,) denotes that the EFSM can
transit from location [,,, € Lg to location [,, € L when the
guard g evaluates to true and the event o € X occurs, and
then the action a is performed.

A state of an EFSM is given by the location together
with the values of the variables. Thus, a marked state is
one where the location and all variable values are marked.
The language of an EFSM E, L(E) C X%, is the set of all
possible finite sequences of events, and the marked language,
L (E) C L(E), is the set of all finite sequences of events
reaching marked states.

EFSMs interact through synchronous composition [23]],
where shared events occur simultaneously. The guards on the
transitions labeled by the events are conjuncted, and actions
are merged.

Both SUPREMICA and CIF support EFSMs and operations
on them with similar, but not identical, syntax and semantics.

A. SUPREMICA EFSMs

SUPREMICA uses a graph based format to define EFSMs,
where the user adds nodes, events and transitions, and edits
guards and actions in a graphical user interface (GUI). As
an example, the InletValve EFSM of SUPREMICA’s
Dosing Tank - EF model is shown in Fig. |1l The graph
nodes are the locations, the edges represent the transitions,
and the events, guards, and actions are laid out in connection
to the transitions. In Fig. |I} v_s2==1 is the guard for the
transition from S1 to SO, while v_in=0 is the action, and
close_in is the event. The SO location is both initial,
as denoted by the small arrow pointing to it, and marked,
denoted by the node being filled.

Variables can be primed in guards to refer to the next-
state value, such as varX’. Most times, expressions with
primed variables can be replaced by actions, except when this
construct is used to express a non-deterministic assignment.
A transition can have a guard like varX==0 & varX’ >=
2, which expresses that the transition is enabled when varX
has the value 0, and when the transition fires the next-state
value of varX will be some domain value larger or equal
to 2. Such a guard would not be true, and thus disable

Zavailable in SUPREMICA: Examples > Manufacturing
Systems Examples > DosingTank -EFA

the transition, if the next-state value would be outside of
the variable’s domain, which can happen when arithmetic is
performed.

SUPREMICA uses the symbols &, |, ! for the respective
logical connectives and, or, and not; also, SUPREMICA uses
== for comparison and = for assignment.

Enumerations, henceforth called enums, are defined in
SUPREMICA by defining the variable domain to be a set of
distinct values, like [low, mid, high], and the initializa-
tion predicate to assign the variable one (or more) of those
values. From then on SUPREMICA prevents assigning the
variable any value not in the defined domain, and arithmetic
is not allowed with that variable.

B. CIF EFSMs

CIF uses a text based format for defining EFSMs,
locations, events, etc. An EFSM is defined by a type,
plant, requirement, supervisor, or the generic
automaton. Fig.[2| shows the definition of a plant automa-
ton named Sensorl in CIF. In this textual representation,
the logical connectives are and, or, and not. CIF uses =
for comparison and := for assignment.

In CIF, enums are user-defined distinct types, defined
like enumTrafficColor =RED, ORANGE, GREEN; af-
ter which variables of this type can be defined, such as disc
TrafficColor light =RED;, which defines a variable
light of type TrafficColor with the initial value RED.
After such a definition, CIF prevents assigning the variable
any value outside of the defined domain, and arithmetic
is not allowed with that variable, just as in SUPREMICA.
However, different from SUPREMICA, CIF also does not
allow comparison of the TrafficColor variable with any
variable of another enum type, even though the value RED
may exist with that other enum type.

III. SUPREMICA TO CIF CONVERSION

The SUPREMICA to CIF conversion is implemented as
a Lua [13] script in a specific version of SUPREMICA,
called LUPREMICA. This version is downloadable as a public
branch from the SUPREMICA web site [20]. The script,
named Supremica2CIF.lua, makes extensive use of
Lua’s built-in functions for textual pattern matching and
replacement, gmatch, gsub, find, etc.

A. Converting Variables

In SUPREMICA, variables are first-class objects, just like
EFSMs; in fact a valid SUPREMICA model can consist of
only variables. This is not the case in CIF, where each
variable has an owner, an EFSM that defines the variable.
This owner-EFSM is the only EFSM that can assign the
variable, other EFSMs can only read the value of the variable,
and must then refer to the variable with its name prefixed
by the owner’s name, see for instance the variable v_out on
line [7) in Fig. 2} this variable is owned by OutletValve
and hence must be prefixed by that name when it is read by
Sensorl.



plant Sensorl:

1

2 disc int[0..1] v_sl any;

3 initial v_s1=0;

4 marked v_s1=0;

5

6 location S1:

7 edge sl_off when (OutletValve.v_out=
Sensor2.v_s2=0) do v_sl := 0 goto S

8 location S0:

9 initial;

10 marked;

11 edge sl_on when (InletValve.v_in = 1) do v_sl :=
goto S1 ;

12 end Sensorl

Fig. 2. The Sensorl EFSM of SUPREMICA’s Dosing Tank —EFA

model converted to CIF.

The conversion script reads the elements (variables and
EFSMs) from SUPREMICA in arbitrary order, and must
therefore do some extra book-keeping in relation to the
variables and their owners. The first EFSM encountered that
assigns a variable will be considered to own that variable,
and if another EFSM is later encountered that also assigns
the variable, the conversion will stop with an error message
saying that two EFSMs cannot assign the same variable. A
suggestion to get around this is to synchronize all EFSMs
that assign the same variable, so that there is only a single
one, but this is left at the discretion of the user.

Though a module with only variables and no EFSMs is
valid in SUPREMICA, it would not be valid in CIF, since there
would be no owners of the variables. A single-location EFSM
could be generated, but since such modules are of limited
use, the conversion script throws an exception instead.

B. Converting Assignments

For variables with numerical domains, like varX shown
in Fig. ] SUPREMICA allows several arithmetic operators
that are not available in CIF, +=, —=, x=, and /=. These
are shorthand for assigning the variable a new value from
its previous value plus (or minus or multiplied or divided)
by what comes after the operator. So for varX += vary,
this is equivalent to varX = varX + varY, and all such
constructs are converted to their equivalent forms, which are
accepted by CIF. This conversion can and is done purely
syntactically.

Furthermore, SUPREMICA has implicit guards on transi-
tions with assignment or increment or decrement actions like
varX = vary, or varX —= 1, so that if the resulting
assignment of varX would be outside of varX’s domain,
the transition is disabled. This is not handled the same way
by ESCET; the assignment would be allowed but in some
following operations on the EFSMs ESCET may report an
error. Thus, when a variable is assigned in whatever way, if
necessary (and sometimes when not), the conversion adds
explicit protective guards, as shown in Fig. [ line [I1}
These guards are conjuncted with any explicit guards of the
transition to guarantee that the value of the variable always
remains within its domain.

Fig. |§| also shows how the domain, the non-deterministic
initialization, and the marking of values of a variable, varX
shown in Fig. ] are converted to CIF, see lines 2H4]

plant EFA:
disc int[0..3] varX any;
initial varX = 0 1 = varX;
marked 3 = varX;
location S1:
marked;
edge e2 goto SO ;
location SO:
initial;
marked;

— OO0 N LW —

—_—

edge el when (0 <= varX + varX + <= 3) do varX
:= varX + goto S1 ;
12 end EFA
Fig. 3. Protective guards added to the CIF model, see parentheses on

line E to guarantee that the new value of varX is within its domain.

@ Editing variable ‘varX' X

Name: "/arx |
Type: |El 3 |
|

Initial: |varx ==0]1==varX

Markings: | @ :accepting 3==varX Add

Fig. 4. A SUPREMICA variable named varX, with domain 0..3, non-
deterministic initial value O or 1, and marked value 3.

SUPREMICA does not implement variable fypes; a variable
is defined by its name, domain, and initialization predicate,
see Fig. @] In contrast, variables are strongly typed in CIF,
so the conversion must decide on a proper type for each
variable. This is done based on the type of the variable’s
domain.

C. Converting Enums

As noted above, CIF considers enum types distinct, while
SUPREMICA is much more relaxed, and allows to com-
pare two enums of different types, simply checking if the
identifiers are equal when compared as strings. This is not
allowed by CIF, where only enums of the same type can be
compared. To get around this, all SUPREMICA enums are put
in one big Enums type, being careful to remove duplicates.
Additionally, guards are added on each assignment of an
enum so that it is not assigned values outside the domain it
had in SUPREMICA.

Consider two SUPREMICA variables, varX and
vary, with the respective domains [low,mid,high| and
[Left,mid, right]. When converting to CIF, the Enums
type will have the domain [low,left,mid,right,high],
and whenever varX is assigned a value, a guard checks that
this value is either low or mid or high (and similarly for
varY). This allows for varX and varY to be compared in
CIF.

A special case of SUPREMICA enums are variables that
have domains [true,false]. These are by the conversion
script considered to be Booleans in CIF.

D. Converting Booleans

SUPREMICA does not have proper Boolean variables.
Instead, users can define their own Boolean variables in



multiple ways, 0—1-variables, or enums with a [true, false]
domain, or many other ways. For variables with numerical
domains, any arithmetic operation is valid in SUPREMICA.
However in CIF, which has a proper Boolean type, arithmetic
is not allowed on Booleans.

So, two-valued numerical domain variables cannot arbi-
trarily be converted to Boolean in CIF. Instead all variables
with numerical domains are directly converted into CIF
variables with the same domains. Similarly, arbitrary two-
valued domain enums are converted as ordinary enums, as
described in Section

The only case where SUPREMICA variables are con-
verted to Booleans in CIF, are for enums with the do-
main [true, false] (or [false, true]). The conversion code
checks for this particular type of domain, and specifically
converts these variables into Booleans.

E. Sanitizing Identifiers

In SUPREMICA, identifiers such as event labels, EFSM
names, variable names, and enum labels can include one or
more colons. For instance, var:X:Y:Z is a valid identifier
in SUPREMICA, as is e::::1. This is an unfortunate
historical accident, and of course, CIF does not allow this.
So, all such identifiers must be sanitized, that is, turned
into identifiers accepted by CIF. Unique sanitized output for
unique un-sanitized input must be guaranteed, that is, it must
be made sure that a sane identifier, like varX, does not clash
with some to-be sanitized identifier, like var : X. For this, a
double-directed map is implemented in the conversion script
with both the sanitized and un-sanitized identifiers as keys.
This allows to quickly check if a new sanitized identifier
clashes with some other already sanitized identifier.

Sanitizing the identifiers is done by replacing colons with
underscores (_). However, this is not done as a one-for-
one replacement, instead, it is done in a way that tries to
minimize the number of underscores, sequences of colons
are mapped to possibly shorter sequences of underscores. If a
sanitized identifier clashes with some other already sanitized
identifier, the number of underscores is increased by one,
and the result is checked again.

FE. Namespaces

In addition to SUPREMICA allowing colons in identifier
names, there is also an issue with namespaces. CIF has
only a single namespace, so automata names, location names,
variable names, and event labels all have to be distinct; there
cannot be an automaton with the same name as an event,
for instance. SUPREMICA, on the other hand, implements
multiple namespaces (to some extent); event labels are in
their own namespace, and so an event can be named the
same as an automaton or a variable, as in Fig. E} In such case,
the conversion must differentiate between the automaton, the
event, and the location, all named Same in SUPREMICA.
Currently, an exception is raised and the user must sort this
out, but ideally this should be automated.

Same
S0 : Same
Same

Fig. 5. SUPREMICA EFSM named Same, with a location and an event
with the same name.

el
varX' > 1 +varX
varY =1
S0
Fig. 6. Simple EFSM with a guard referring to the next-state value of
varX.

G. Converting Predicates

Apart from guards, also variable initializations and vari-
able markings are expressed by predicates in SUPREMICA,
as shown in Fig. [

In general, predicates can be straightforwardly converted
from SUPREMICA to CIF, by simple textual replacement of
the logical operators &, | and !, by and, or and not,
respectively, and comparison == by =. The other comparison
operators <=, != etc, use the same symbols in SUPREMICA
and CIF. This is a straightforward syntactic conversion.

However, for guard predicates involving primed variables,
that is, referring to the next-state values, which is not directly
available in CIF, a bit more care has to be taken.

H. Primed Variables in Guards

As mentioned above, in SUPREMICA guards can refer to
the next-state value of a variable by putting a prime () on
the variable name, like varX’ > 1 + varX. This predicate is
true when the next-state value of varX is larger than 1 plus
the current value of varX, and false otherwise. Thus, the
transition is disabled if the next-state value of varX is not
larger than 1 plus the current value of varX, which happens
if 1 plus varX’s current value is outside of varX’s domain.

The main use of this notation is to have non-deterministic
assignments of variables.

Except for knowing the domains of the variables, the
conversion can be done purely syntactically. For a transition
(l;,0,9,a,l;) in SUPREMICA, let the guard g have n € N
number of primed variables v; (z = 1,...,n), each with
the domain D,,. Let g((01, s, ...,0,)) denote g with the
respective primed variable v; replaced by the value 0; € D,,.
Then, for each (01,09,...,0,) € Dy, X Dy, X -+- X D, ,
generate a transition (/;,0,¢’,d’,l;) in CIF with the guard
g = g({01,02,...,0,)) and the action ¢’ = {a,v; :=
D1, Vg = Vgy ..., Up := Up}.

For example, the SUPREMICA model in Fig [6] with the
domain of varx [0..2], is converted to the CIF model of
Fig [/l This conversion leads to |D,, x Dy, X -+ x D,
non-deterministic transitions in CIF for such a transition in
SUPREMICA with a primed guard.




controllable el;

plant EFA:
disc int[0..2] varX any;
initial varX = 0;

disc int[0..2] varyY any;
initial varY = 0;

O 001N W LN —

10 location SO:

11 initial;
12 marked;
13 edge el when 0 > 1 + varX do varY := 1, varX := 0 goto
S|OF
14 edge el when 1 > 1 + varX do varY := 1, varX := 1 goto
SO0;
15 edge el when 2 > + varX do varY := 1, varX := 2 goto
S0O;
16 end EF2
Fig. 7. Conversion of the next-state value guard varX’ >1 +varX. As

the domain of varX is non-negative, the guard on line E is always false.

One Two
EFB == P0 EFA ==Q1
Qo : a1 PO : P1
One Two
EFB == P1 EFA == Q0

Fig. 8. Two EFSM, EFA to the left and EFB to the right, using automaton
variables to sequence the events as One Two One Two...

Conversion of primed variables can result in a variable
being assigned twice on the same transition, once as part of
converting the guard, and once as part of the ordinary action.
This is not allowed in CIF, even if the two assignments agree.
In that case, an exception is thrown.

1. Automaton Variables

If in SUPREMICA the Automaton Variables Compiler is en-
abled (Configure>Options...>GUI>Compiler),
it is possible to check in guards if an EFSM is currently
in a specific location. This is illustrated in Fig. [8] where
the transitions of the left EFSM, named EFA, are guarded
by the right EFSM, named EFB, being in certain locations.
Similarly, the transitions of EFB are guarded by EFA being
in its respective location. For instance, EFA’s transition from
Q0 to Q1 can only occur when EFB is in its PO location.

Also CIF can refer to the locations of EFSMs, though with
a slightly different syntax; EFA. QO refers to the Q0 location
of EFA, and these expressions are logical propositions just as
the similar comparison predicates in SUPREMICA. The two
EFSMs of Fig. [ are converted into the CIF code in Fig. 0]

This is a purely syntactic conversion, with the only issue
that the conversion code must check each such equality
expression to see if the elements on either side of the ==
are the name of an EFSM and the label of a location in
that EFSM, and if so convert to CIF syntax. However, due
to the relaxed handling of namespaces in SUPREMICA, these
conversions should only be made if the Automaton Variables
Compiler is enabled.

IV. ON CORRECTNESS

Neither SUPREMICA nor CIF have their full formal se-
mantics written down, the semantics are embedded in the

1 controllable One, Two;

2

3 plant EFA:

4

S5 location QIl:

6 marked;

7 edge One when (EFB.P1) goto Q0 ;
8 1location QO:

9 initial;

10 marked;

11 edge One when (EFB.P0) goto Q1 ;
12 end // EFA

13

14 plant EFB:

15

16 location PO:

17 initial;

18 marked;

19 edge Two when (EFA.Ql) goto P1 ;
20 1location P1:
21 marked;
22 edge Two when (EFA.Q0) goto PO ;
23 end // EFB

Fig. 9. Conversion to CIF of the EFSMs in Fig. EI

implementation of the respective tools (ESCET for CIF).
This makes it hard to formally assess correctness of the
conversion. However, EFSMs can be unfolded [1] into or-
dinary FSMs, and both SUPREMICA and ESCET can do
this. Correctness of the conversion from SUPREMICA to CIF
can then be assessed for specific (not so big) examples by
comparing the state spaces of the unfolded EFSM systems
from the respective tools. Agreeing on the number of states,
events, and transitions of the respective unfolded models
is an indication that the original and converted models are
equivalent, but no guarantee. If the unfolded models are
isomorphic though, then it is clear.

In Supremica, the partial unfolding of [16] is performed,
when switching to the Analyzer tab. This results in a
system of FSMs, one for each variable, and one for each
EFSM. The reason not to do the (monolithic) unfolding
of [1] is to preserve the compositional structure of the
EFSM system for the benefit of SUPREMICA’s abstraction-
based compositional verification and synthesis algorithms.
Selecting all FSMs and synchronizing them results in the
monolithic model.

In ESCET, unfolding is done with the Explore
untimedstate space command. This command gener-
ates an FSM in the CIF format, which can then be exam-
ined for equivalence with the original SUPREMICA model.
For the Dosing Tank — EFA example, both tools generate
monolithic FSMs with 16 states, 10 events and 30 transitions.
Manual inspection of the two graphs shows that they are
isomorphic.

V. CONCLUSIONS

This paper describes the conversion of EFSM models
from SUPREMICA to CIF. This conversion, together with
reciprocal conversion from CIF to SUPREMICA available in
ESCET, allows to take advantage of functionality in one
tool not available in the other. This extends the palette of
functionality available to the SCT community and engineers
in general.



Formally assessing correctness of the conversion in gen-
eral is hard, if not outright impossible. However, as the con-
version is mainly syntactic it is unlikely that the conversion
results in an incorrect CIF model. In addition, comparing
the monolithic state spaces of multiple models and their
conversion gives some confidence in the correctness of the
conversion.

Future work includes minimizing the number of non-
deterministic transitions generated for guards with primed
variables. The truth values of many of those guards can
be determined during conversion with just a slight use of
semantics, and transitions with always false guards can then
be removed. Lua’s ability to compile and execute chunks
comes in handy here.

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]
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