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Abstract

Complex industrial systems need extensive validatiod verification. Methods for this are well adeed in
case of discrete systems. However, for hybrid systhat combine discrete and continuous aspeetg,dfe not
as well developed. To deal with this, qualitatiiawation can be used, based on the principle sdfrdtization
by identifying domains of variation of continuouariables and tracking the evolution of these végmbA
system can be discretized by representing its ootis parts, which are described by differentialagigns.
When these are coupled with the discrete parteeogystem, a fully discrete global model is obtdjren which
formal techniques can be applied for the validatwocess. If the differential equations cannot keressed
clearly, it is necessary to establish a qualitathadel describing the laws of evolution of contingovariables.
We defined and tested a novel methodology thatesegmts variations of continuous variables and thesal
links between them to obtain mappings of systenatbielns that are suitable for validation.
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1. Introduction

Industrial systems are becoming increasingly mavengiex, requiring more powerful formal methods of
verification and validation. Large models are ubudlfficult to solve analytically, so engineerseusumerical
simulations to study their behavior. But numerisiahulation has limitations. It requires determinihg values

of parameters and initial conditions. In practiteese are often difficult to specify. Another diffity is
needlessly calculating the behavior of a systenpfoameter values that are of no practical intarest lot of
situations. More often it is of greatest interestletermine what class of behaviors is to be exgeidr a given
constraint imposed on the initial conditions andapaeters. That is why qualitative models and sithuta have
been used; they can cope with imprecise knowleagevéth infinite numerical value domains by compagt
them into abstractions, and using qualitative préahs to predict the significant qualitative clasf system
behaviors. This type of qualitative reasoning saluitable for process analyses and verifications.

In this paper we describe an approach proposed B CIST, which uses formal techniques in order to
automatically prove safety properties and to autaally generate a set of corresponding test séesiaro that
end, a methodology and a corresponding tool (namBAERSITY) based on symbolic execution were
developed at CEA LIST. This technique allows getiegasymbolic scenarios corresponding to classes of
system behaviors, which are sequences of well-défattions. Once the set of all possible symbakmarios is
computed, it is possible to prove properties os #&t and to generate concrete numerical tests thhem (a
single numerical test is sufficient to represegheen symbolic scenario). Symbolic execution ig@apn way of
overcoming both combinatorial explosion and comfiomal redundancies. However, to analyze complex
systems that include continuous components thatlassically modeled by hybrid automata, it wasessary to
extend the simulation method used in the DIVERSt® to support qualitative methods.



Qualitative reasoning has been applied in diffeormains as Artificial Intelligence, mathematicspeomy,
and much in bioinformatics this last decade [MGCJ.®ecent developments of formal tools and thedasing
power of computers lead us to believe that thesthads can be applied effectively to industrial-sigdrid
systems.

State of the art

Hybrid systems can be described by a finite satanftinuous processes and transitions, and a setabfand
discrete variables on which they operate. The s are generally defined by differential equatibat give
changes in the real variables. Transitions areaelis@ssignments and guarded with variables.

There are several classes of hybrid systems: ifliffierential equations, guards and assignmentdirszar, then
the hybrid automaton is said to be polyhedral (petiral hybrid automaton). If the differential eqaas are
equalities and inequalities that include constaatameters, then it is called rectangular (rectarghybrid
automaton). Finally, if the differential equatiom®e equalities and inequalities that include thi¢ @intime as a
parameter, the system is said to be timed (timednaaton) and real variables are clocks (clocksnen
automata are specially handled by the Uppaal [Ba@@8]Kronos [Bo98] tools.

For other types of hybrid systems, we can menti@nfollowing tools and methods, which are usedaioudate

a set of accessible states approximated by a ®iperthose states: Hytech [HHT97] for rectanguigbrid
automata with transitions with linear guards; Cheate [CK03] for non-linear continuous evolutiong kith
linear guards, evolutions approximated by a polyakedhe Tiwari & Khanna method [TKO02] for polynoati
continuous evolutions, where the system is ab&idaas a discrete system whose guards are polynohtiesl
latter approach [TK02] was chosen in our work beesitican manipulate polynomial constraints thatveidely
used in differential equations involved in embeddadtems, especially in the mechanical domain. The
QEPCAD tool was used to deal efficiently with ceoastts including polynomial expressions [BrO3].

If the system is not clearly described by diffef@inequations, a qualitative model must be esthbtisusing
specifications that describe the evolution of cmmbus variables. Many works have been publishethisrtopic
and a good survey of them has been presented imléMse et raisonnements qualitatifs” [TDO03], andopto
that, in “A Survey of Techniques and Applicatiofi@r95].

Technical context

A hybrid automaton [H96] is defined by a set oftetaand discrete and continuous variables. A tiiansi
between states has a guard that depends on thes\aflthe variables and will assign new valuesi¢oviariables
corresponding to the new target state. For contisu@riables, the laws of evolution can be desdripemore
or less accurate differential equations in the exinbf the various possible formalisms and methdd03].
Continuous variables change according to these, leepsesenting the different states of the syst8ystem
states are timed in the sense that they have dialurdn contrast, the transition time between estabf the
system is assumed to be zero, as the system perfostantaneous assignments to variables.

To simulate this type of model, qualitative simidat [K86] [TK02], which is an alternative to numeai
simulation is used. It is based on the principledidcretization by partitioning domains of variatiof the
continuous variables, based on the evolution tresfdthese variables (increasing, decreasing, oistaoi)
indicated by the signs of their first derivativgmgitive, negative or null). In this way, one caat g tree of
abstract behaviors [RGLGO3] that allows for coverafithe system states [GP14]. If these are couplddthe
discrete part of the system, a fully discrete glabadel is obtained on which formal techniques barapplied.

If the differential equations are not availableisinecessary to establishgaalitative model that describes the
laws of evolution of the continuous variables. Gswution is to represent the velocity of variatiofus
continuous variables and to establish causal lb#tsveen them. This construction of automata modetire
evolution of continuous variables requires specifiles that we present here. These rules allovdéifi@ition of
qualitative states and associated transitions wkeeah qualitative state corresponds to a set afegafor
continuous variable with regards to its evoluti@mw|(corresponding to the sign of the derivativesifiee,



negative or null). Each transition defines a riattallows the evolution to move from one set tother (e.g.,
move from a zero to a positive derivative).

2. Modeswith differential equations

As part of our study we retain the framework of msdwith differential equations of the first ordge., with
first derivatives only), with polynomial integer efficients, but to any degree and with any numierasiables
(this is the framework chosen by Tiwari [TK02] fqualitative simulation). Higher-order differentiafjuations
can be reduced to first-order differential equatiby changing variables.

In summary, continuous variables change continyowith time and they can be calculated by the déff¢ial
equations applied to the control states which deflre laws of change. When a guard of a transitibnse
source state is the current state of control besaoime, this transition is fired, resulting in nealues being
assigned to certain variables. In the new stateootrol, which is the target state of the transitithe new
differential equations applying to that state pdevithe corresponding laws for the further evolutainthe
continuous variables.

Qualitative ssimulation with differential equations
In this section, the context is assumed to be éroous system described solely by differentialagauns.

Qualitative simulation, whose core principles wendl defined in the 80s and which was refined ie 2000s, is
based on the principle of discretization by pantitng areas of variation of the continuous variabdé the
system, based on their evolution trends (increasiiegreasing or constant) based on the signs af fimgt
derivatives (positive, negative or zero). Whentladl discrete states corresponding to this qualégtartitioning
are created, we can apply a simple algorithm basedhe possible evolution of each variable. Thatais
derivative may change its sign only when vanishbegause the process is continuous (for examplesiive
derivative must first be zero before becoming neggat This limits possible evolutions and thus reggithe size
of the corresponding graph. Finally, the differeh&quation system allows generation of a transifgstem
whose states are based on partitioning continuatiahles into change in areas as described abalevhose
transitions are possible evolutions of these stdtebas been shown that the result of such a Gtiak
simulation is an abstraction of the original diffetial equation system.

Symbolic execution

In the following, we describe the classical teclueiepf symbolic execution used in the DIVERSITY taslit is
a based on the method presented in this paperawitidaptation to hybrid automata context.

Starting from a transition system whose transitiares labeled by conditions and assignments to bl@sait is
possible to produce its corresponding symbolic etien tree, in which variables are described byresgions
with parameters.

Given the current state S of the transition syst@md, a condition which is associated with the aurstate, the
path condition PC, a symbolic execution construbts tree of sequences of symbolic states, basethen
following rules:

The root of the tree is the initial state (the eutrstate at the beginning of the process);

For each possible successor of the current stag&th can be constructed, if and only if the @ C on the
parameters that makes a state S’ a successor ofittent state can be true; in that case, an exdgenistructed
from S to S’ and the new symbolic values of vagsbare evaluated, applying the assignments, theibalic
values having been updated by substitution andlgietpby a simplification procedure (for instandgx + vy is
assigned to x, with a and b as initial values ahd y, then the final value of x will be a + b);

S’ is associated with a new constraint PC’, whilhie conjunction of PC and C (if the PC is evalddb false
by a constraint solver then the path is cut);



The process is repeated with the successors of S’;

If a new symbolic state has already been reachmihahe same path (or in a previously calculatet faa

more compact tree is required), then the execuifahis path stops: this can be determining by canimg the

appropriate sets of variables, by the criterianmiusion (or equality if more precise calculus égjuired), for
instance if the PC is x>0 in the previous state, BG’ is x >1 in the final state, then the set a$gble values of
x in the final state is included in the previouststand the path can be cut;

The symbolic execution is over when all the possjidths have been assessed.
Thediscretization process

The discretization process requires creating & stetchine for each variable representing an altismaof its
evolution. A variable x can be increasing, decrggsbr constant, which is equivalent to the diffeian
equations dx/dt > 0, dx/dt < 0, dx/dt = 0. ThisIviik represented by a state machine with 3 statdstlze
possible transitions between them correspondinmpssible evolutions of the system.

Each transition is defined by an initial state,uaml, a final state, and a constraint expressea foymula that
must be evaluated a posteriori and whose evaluatiirbe based on each variable value after haviegn
updated by its own state machine. The update o¥déin@ble depends on its direction of change (¢hg.,new
value of x > old value of x if dx/dt > 0 ...). A& constraints represent the differential equatamterding to the
direction of evolution of the synchronized variahléhe conjunction of these constraints represtaetoverall
constraint that must be satisfied if the overapsdf simulation is possible. To evaluate this altldormula the
tool QEPCAD was used, which handles polynomial traids. If the formula evaluates to false, the
corresponding branch in the execution tree isThis process is repeated until the entire executiamhas been
computed. As control states correspond to the tifireof variation of each variable, we obtain fostates for 1
variable, and 3n states for n variables. As theoBetates is finite, the process will necessaelyninate. This
number of states (3n) gives a good idea of thenpielecomplexity of the resulting models. It is atehat, in the
worst case, the number of paths may be excessiwgettr, we assume that, if the method is applietddels
of real-world systems, the number of classes o&bieins represented in this way will generally nettbo large.

Complete system

In the case of a "traditional” hybrid system, tliedential equation system which describes thetiooous part
of the system is combined with a discrete systemtiith there are discrete variables and transittbat affect
these variables. For the qualitative simulationdiserete part of the system is unaffected by ftiseretization
method described above. Control statements aralifmrete variables "simple" states, while for comtius
variables they are continuous process. The lagrrbe discretized with the qualitative simulatioaafmanism
described above. Consequently, the entire resuttystem is discrete, which means that it can beddeusing
traditional mechanisms (verification, test genenatithat are applicable to discrete systems.

Nevertheless, there is a case which can be prolitentaoccurs when the discrete part of the systamtains
variables whose domains of definition are infinitedeed, the number of states of the system in ¢haé is
potentially infinite, limiting the ability to fullyanalyze the system. In practice, if one is facéd such systems,
several techniques are possible. We have chosebatigmexecution, which provides a representaticat i

either equivalent to the real system or a validraloon of it. It has been shown that when synthekecution is
applied, if the cut-off criterion is the equality domains, then the execution tree is bi-similarttie digital

implementation of the numerical tree. On the otkand, if the cut-off criterion is the inclusion @dmains, then
the symbolic execution tree is an abstraction efrthmerical implementation of the system tree.

Working with Booleans or integers in the scope fsBurger arithmetic ensures the decidability efghocess
of the equality or inclusion. In this context, agpl the symbolic execution to the discrete parthaf system
produces at least an abstraction of the executem df the system. As qualitative simulation alsodpices an
abstraction of differential equations that it premes, the product of qualitative simulation and tsylin
execution gives an abstraction of the executiom tfethe system.



If we place ourselves in a less constrained framkewfor example in the context of handling complex
calculations of real numbers, we cannot apply tleegding cut-off criteria for the calculation oktlsymbolic
execution tree (equal criterion or inclusion). hat case, the cut-off criterion chosen is generaltyriterion of
depth in the execution tree. In this case, we kttwmat to this depth the symbolic execution treeiisimmilar to
the numerical execution tree. It is thus necessaril abstraction, and, therefore, for a chosenhdept have as
in the previous case of Presburger arithmetic atiiéty to produce an abstraction of the numericeé of the
system.

As a result, we have an original method and ancéest®al tool — based on symbolic execution for diseiparts
of models and qualitative simulation for continugasts — which can provide a usable abstractiomadels of
complex systems in every case. This approach redpath redundancies to a minimum and, thereby,igeev
efficient support for analysis and verificationgylstem properties.

I mplementation

Qualitative simulation produces a discrete grapat tis an abstraction of the system of the represent
differential equations. The discrete graph is immeated by a transition system expressed in XLIAictviis the
internal language of DIVERSITY.

Similarly, the discrete parts of the system cantrbaslated from a model expressed in an indusayektrd
language like UML, SDL, or Matlab/Simulink, into XA, to be processed by the DIVERSITY tool.

Therefore, it is planned to jointly run the two ®&ymas (discretized differential equations and digcsystem)
translated into XLIA in a model by creating a modeht includes these two XLIA models along with the
connections between them. In the preceding disousst was assumed that the system has just aesing|
differential part; but one can generalize this os@rsy to a system with multiple differential parsich of which
can be discretized using the same process andrtvestated to XLIA.

An example: The Brusselator

The Brusselator is an example of an oscillatingeatialytic chemical reaction [AHO03]. Its mechanisngiven
by the four following chemical equations:

A- X
2X+Y - 3X
B+X -Y+C
X - D

bR

The dynamics of this system are described usirfgrdifitial equations and are typically resolved Bwaeobian.

Our goal is to provide a discrete description @& dlynamics of the Brusselator. For this we divitke plane (X,
Y) in areas according to increase/decrease X avth¥érein these domains are synthesized by abstates.

We thus obtain the graph of abstract states ofKYarand therefore the behavior of the Brusselaystem.
Equations

Vx=1-(b+ 1) X+ aXY (the growth rate of the concentration of X)

Vy = b X — X2 Y (the growth rate of the concentration of Y)

Note 1: variables X, Y, and parameters a and lpaséive.

Note 2: If the speed Vx is positive [resp. neggllithe concentration of X increases [resp. deesjas



Abstract space

Division of space:

- 3 possible states for Vx (Vx = 0, Vx> 0 or Vx <0)
- 3 possible states for Vy (Vy =0, Vy > 0 or Vy)Xx0

This makes a total of nine states (3x3):

State S1: Vx<0and Vy >0

State S2: Vx=0and Vy >0 ¥
State S3: Vx>0and Vy >0

State S4: Vx>0and Vy=0

State S5: Vx>0and Vy <0

State S6: Vx=0and Vy <0

State S7: Vx<0and Vy<0

State S8: Vx<0and Vy=0

State S9: Vx=0and Vy =0

Vx=0

Ww=0

The diagram represents the qualitative simulaticth@ Brusselator.

Dynamic analysis

Calculating all the possibilities of movement isieglent to firing all transitions from each abstratate of the
abstract space listed above. The simulation thellyithe tree of all possible paths, which captatkepossible
dynamic behaviors.

Qualitative simulation shows strictly and expligithe loop operation, which is characteristic af Brusselator,
without having to unfold the standard calculati@isiumerical analysis (by the Jacobian). On thesotiand,
the resulting abstract model provides an exceléamport for the proof (e.g., it can show a loopadig or
evaluate the intersection of the set of qualitatteges with a forbidden region), especially fanperal logic
properties. Finally, the abstract model can alstp hie the definition of test sequence (in this gade
demonstrates a characteristic sequence of the lowrby an experiment).

3. Modeswithout differential equations

The method can be applied to a system includinghiysical data subsystem that is continuous. Fsrtyipe of

model the evolution of continuous variables laws t® described by differential equations or by ralost
equivalents based on the tables of variation. is $lection, we focus on the second case. The dlgeist to

realize a hybrid automata representation of théesysand to apply to this model the technique dflitptive

simulation that provides classes of behavior. Thtuer of having such classes is to gain generaliterw
validating the simulated model. Thus, if a loopdetected, it can be deduced that this loop exatsll the

corresponding numerical paths. A major applicatidrthe qualitative method is getting a "mapping"tbé

behavior of the system. This mapping is intendeskttwe as a support for other purposes, such asradation,

HMI validation, etc.

Modeling the hybrid system

The inputs to the tool are specifications (whichyniee textual) and known data of the system, inclgdi
engineering experiences. The model can then bededcdirectly into XLIA, the internal language of
DIVERSITY, in the form of concurrent state machindsmay be encoded using an industry-standard asch



SysML (an objective for our future work), but itiecessary to translate this to XLIA to use the BRSBITY
tool.

When the differential equations of a system are aailable to describe the behaviors of the comwtiisu
variables, their laws must be expressed by hyhuidraata, which must conform to specific methodaiabi
construction rules. These rules are summed up byfelowing diagram, which represents the possible
sequences of qualitative states.

Indeed, they may be to the Nul state, their valresconstant. They
can begin to grow, which corresponds to the Pod State, or begin
to decline, which corresponds to the Neg Startest@hey may
continue to decline, which corresponds to the Natgsor continue
to grow, that is to say the Pos state, eventualiching either the

. Pos Start - le|l i = Neg Start
Max or the Min state. i
From the XLIA model DIVERSITY generates a tree @hhviors Sy
that can be represented in a graphical format fasiee .
Min

comprehension. For example, system cycles can dididinted in
this way.

Thus execution traces resulting from DIVERSITY slations of the model can be analyzed and compardd w
potential scenarios configured by the operatoh@simulator. In addition, one can compare the @i@e traces
produced by the numerical simulator to what is eige by the qualitative model, to establish conmal&aof the
numerical simulation to the qualitative simulatioDIVERSITY includes a feature that can automaticall
generate a compliance verdict.

Outputs

DIVERSITY calculates a symbolic execution tree ihiethh each execution path corresponds to a potential
system behavior. If test is provided for each spath, a satisfactory coverage of behaviors cartresu

The classical system properties that can be idedtifvith this technique include detecting cyclesg(e
oscillations) and reachability (or not) of specBtates (critical, non-critical, etc.).

Case study

This technique was applied to the SRI temperatom@rol model (Intermediate Cooling System [NDB14]),
which was coded directly into the internal langua§®IVERSITY. The SRI is a basic system found erkch
nuclear power plants, which is used to provide iogobdf auxiliary secondary circuits connected te thrbine
process. This is a device for cooling several looiraes through an interface with a cold sourcetrotiad by
exchangers. It is of reasonable size and is sefftty independent without being too simple, perimittt to be
used in “Cluster Connexion” (a French BGLE2 prgjec* :

COntréle commande Nucléaire Numérique pour I'EXpairta
rénovatlON)) with available project resources. knwins
logical and analog parts, and is, therefore, a gmodlidate for TCold, Rate
our study, which was coded directly into the ingdrianguage
of DIVERSITY using the modeling methodology desedb
above.

' Cooling

Heat source

Three state variables in the SRl model were theagmy subject
of the simulation process study: the hot tempeeatir the
circuit (input to exchangers), the cold temperafangput from
exchangers) and the flow in the exchangers (givethb rate THot Rate
of the flow within an exchanger). All other paraerst were
assumed to be constant.




From the qualitative SRI model DIVERSITY generatetehaviors tree that could be represented inhgral
format for readability. This set of paths can hight any potential oscillation in the control cyclehich can
occur when the set temperature is exceeded, giisego several control cycles before stabilizing.

Another useful input to the DIVERSITY tool is a sHttraces based on numerical simulation scenaridbe
system. These traces capture observable variabtes inumerical simulations. They can be used toodstrate
compliance of the numerical model with the XLIA nebdNamely, the execution traces of the simulator be
compared to those of the qualitative model so toatpliance of the numerical simulation with the Ilgative
simulation modulo these traces could be establisfiéés was done by considering changes in temperatu
measurements in the circuit (by observing the lagoity phenomenon of the regulation).

The following are graphical representations of theee main automata of the model that was realired
DIVERSITY and the graphical representation of tasults of the qualitative simulation calculatedtbhg tool:

Cold Temperature: TCold. Hot Temperature: THot. Exchange rate: Rate.
Variation of TCold: dTCold Variation of THot: dTHot Variation of Rate: dRate

TCold=M THot=Max
- dTCO/d< 0 d Rate - 0

dRate>0

dRate>0 dTCold<0 dTCold<0 and
dTCold>0 TCold = TColdStart
dTCold<0 ¢THot<0
dRate=0  |<—
dTHot>0 ITHot<0 AHeatSource>0_~ y1cold=0 dTCold>0 and
and dRate=0 and dRate=0 dTCold<0 TCold = TColdStart
dTCold=0

dTHot>0
and dRate=0

dTCold>0

dRate<0

dTCold=0
and dRate=0 dRate<0
dTHot>0

dTCold>0

dTHot<0 AHeatSource<0

dTHot<0

dTCold>0
dRate<0

THot=Min
TCold=Min

Note: AHeatSource>0 (resp. < 0) means an increasing (despeasing) of heat source.

Thus we finally obtain a set of paths containinigpatential behaviors. The following picture debes one of
them.

dTCold<0

I Step 1: (dRate=0, dTHot =0, dTCold = 0) | H Step 7 : (dRate >0, THot = Max , dTCold < 0) ‘
AHeatSource > 0 dTCold <0
l Step 2 : (dRate=0, dTHot > 0, dTCold = 0) | I Step 8: (dRate >0, dTHot <0, dTCold < 0) l
dTHot >0 dTCold <0 and
ot> TCold = TColdStart
| Step 3 : (dRate=0, dTHot >0, dTCold > 0) | | Step 9: (dRate =0, dTHot <0, dTCold < 0) |
dRate =0and
dTCold >0 dTCold <0 hor<o
| Step 4 : (dRate >0, dTHot > 0, dTCold > 0) | | Step 10: (dRate =0, dTHot <0, dTCold = 0) |
dRate =0and
dRate >0 dTCold = 0
| Step 5 : (dRate >0, dTHot > 0, TCold = Max) | | Step 11: (dRate =0, dTHot = 0, dTCold = 0) |
dRate >0

| Step 6 : (dRate >0, dTHot >0, dTCold < 0) Ii

For this global case study we obtained a behatieescontaining 49 states and 18 paths. Each patfbéhavior
cycle of the system. The longest path containddie@s

The complexity of the approach without using dif@ial equation is similar to the complexity encteuad with
differential equations, in terms of numbers ofestadnd potential paths of the produced tree. Bais¢hat so we



anticipate that, for reasonable case studies wenaiilhave to model systems with very large numbéidistinct
classes of paths, and that the method will remeantizal. This will have to be evaluated more ia thture with
larger experiments.

4. Conclusion

The technique of qualitative simulation with dif@tial equations has been evaluated using the CEA L
DIVERSITY tool on several different models, incladia model of chemical equations (the Brusselatdn)ch
is completely nonlinear. The main result of thisswhat a mapping of the behaviors of such systeamsbe
calculated very quickly and presented in an absfoam, using qualitative states and transitiora. iRstance, in
the chemical model example we obtained a single waich synthesized many concrete numerical paths.

Applying the method to the case when different@liaions cannot be expressed clearly was also atealuA
model of the cooling system in the French BGLE2jgurb“Cluster CONNEXION” was used. It provided
interesting results, allowing the comparison of Igative paths against the numerical paths obtaibgd
numerical simulation, which are difficult to clafgsfor validation activities. Since the qualitatiyaths are an
abstraction of the numerical ones, they are moablasfor formal activities and provide a more hurgendly
and more suitable representations of behaviors, @egecting oscillations or proving essential @mjes of the
system).

Prospect

A tree produced by DIVERSITY can be used in co-s$ation to validate other systems that interact wite
hybrid system represented in this way. Indeed,icuHistion generally involves numerical simulatorieh
often involve long computation times and which aexessarily configured only for specific scenaritsis
reducing the scope of exploration. In contrast,litattve simulation provides a good abstractionabifsystem
behaviors, which requires less computation timetaaceby enables more exhaustive exploration.

We plan to construct a component FMU (Functionalckigp Unit) from the execution tree generated by
DIVERSITY, which can play the role of observer aactuator, and which can be interfaced with a sitedla
system. This component can then be used to auttatigtilrive a pre-computed execution scenario @@ptathe
need for a human operator of the simulator.
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