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Finite State Machine

machine a états finis

Julien Deantoni
http://www.13s.unice.fr/~deantoni/
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probleme

* En pseudo code, implémentez une lampe de bureau tactile. Cette lampe possede un

interrupteur permettant d'étre consciente de la luminosité ambiante ou non.

* Lorsque lampe est éteinte:

* Si l'interrupteur est sur ON,

* [a toucher l'allume en lumiéere forte si la luminosité est comprise

entre O et 400 lux, sinon la lampe s’allume en lumiére douce.

* Si un deuxieme touché est effectué dans les 2 secondes qui
suivent l'allumage, la lampe passe a l'autre [uminosité.

* Si l'interrupteur est sur OFF, la toucher l'allume en lumiere faible et

un deuxieme touché dans les 2 secondes l'allume en lumiére forte.

L —

* Lorsque la lampe est allumée

un touché l'éteint.

API: isTouched(); switchOff(); switchSoft(); switchStrong()
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Retour a chaud

* Qu'est-ce qui était difficile (ou pas) ?

ou

IT'S EASY!

* Quelles constructions vous auraient été utiles ?

l mIR® S Finite State Machine, State Charts 4
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probleme

* En pseudo code, implémentez une lampe de bureau tactile. Cette lampe possede un interrupteur
permettant d’étre consciente de la luminosité ambiante ou non.

* Silinterrupteur est sur ON,

* la toucher 'allume en lumiere forte si la luminosité est comprise entre O et 400 lux,
sinon la lampe s’allume en lumiére douce.

* Siun deuxieme touché est effectué dans les 2 secondes qui suivent l'allumage, la lampe

passe a l'autre luminosité.

* Silinterrupteur est sur OFF, la toucher l'allume en lumiére faible et un deuxiéme touché dans
les 2 secondes l'allume en lumiére forte.

Lorsque la lampe est allumée

un touché l'éteint.

Sila lampe est en batterie faible, passer en mode lumiere faible.

Sila lampe était en batterie faible et est branchée, repasser en mode nominal

API: isTouched(); switchOff(); switchSoft(); switchStrong()

l KAIR@ S Finite State Machine, State Charts
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Pourquol ce cours

* Vous faire connaitre la notion de FSM

* Vous faire comprendre les intéréts des machines a états pour un ingénieur
* Pour structurer de votre code (génération de code)
* Pour ['évolution de votre code

* Pour la communication avec d'autres personnes

* Vous faire comprendre certains problémes inhérents (différentes

semantiques, plus ou moins expressives)

* Vous ouvrir des perspectives sur les notions de V&V (composition

d'automates, Labelled Transition Systems et logiques temporelles)

B o [



UNIVERSITE 235 /7
COTED'AZUR %<2~

Out of scope

*Vous faire comprendre tous les problemes
théorigues sous-jacents

*Vous donnez un panel exhaustifs des différents
dialectes de FSM

*\/ous donnez toutes les manieres d’utiliser les
FSMSs.

*Faire de vous des pros du model checking

g e
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Code et FSM ?

if (roomTemperature < 20)

{ Ce bloc de code caractérise un
doSomething() - état dans lequel la piéce est
« froide »
}
else if (roomTemperature > 35)
{ , ) Ce bloc de code caractérise un
dosomethingElse() ~ état dans lequel la piéce est
y «chaude»
else N
{ Ce bloc de code caractérise un
doRelax() s état dans lequel la piece est «a
la bonne température»
}

. K&/{A‘IIR@ S Finite State Machine, State Charts




UNIVERSITE :ev: /.
COTEDAZUR % Crzzia—

FSM

* C'est une abstraction permettant de structurer du code de controle.

* Exemple simple de la lampe de bureau fait dans YAKINDU (

https://www.itemis.com/en/yakindu/statechart—tools/)

touched
[lumAware] lumAwareOff touched[lux <= 400] strongLight
» » entry / switchStrong()
‘ K
L |
off
entry/switchOff() [lumAware] touched
_ t _' [llumAware]
v softLightTemp
['lumAware] lumUnAwareOff entry / switchSoft()
1 touched _
after 2s
touched SoftLight

l KAIR@ S Finite State Machine, State Charts
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FSM

* C'est une abstraction permettant de structurer du code de controle.

touched
[lumAware] lumAwareOff touched[lux <= 400] strongLight
» » entry / switchStrong()
‘ B
in L |
Initial state off
entry/switchOff() [lumAware] touched
_ t _' [llumAware]
v softLightTemp
['lumAware] lumUnAwareOff entry / switchSoft()
1 touched _
after 2s
touched SoftLight

. KAIR@ S Finite State Machine, State Charts
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FSM

* C'est une abstraction permettant de structurer du code de controle.

touched
| State
[lumAware] lumAwareOff touched[lux <= 400] strongLight
” » entry / switchStrong()
‘ A
in Y
Initial state off
entry/switchOff() [lumAware] touched
_ t _' [llumAware]
v softLightTemp
['lumAware] lumUnAwareOff entry / switchSoft()
1 touched _
after 2s
touched SoftLight

. KAIR@ S Finite State Machine, State Charts
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* C'est une abstraction permettant de structurer du code de controle.

Transition touched
| State
[lumAware] lumAwareOff touched[lux <= 400] strongLight
> » entry / switchStrong()
‘ A
in Y
Initial state off
entry/switchOff() [lumAware] touched
_ t _' [llumAware]
v softLightTemp
['lumAware] lumUnAwareOff entry / switchSoft()
1 touched _
after 2s
touched SoftLight

. KAIR@ S Finite State Machine, State Charts
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* C'est une abstraction permettant de structurer du code de controle.

Event guard
Transition touched
| State
[lumAware] lumAwareOff touched[lux <= 400] strongLight
> » entry / switchStrong()
‘ A
in Y
Initial state off
entry/switchOff() [lumAware] touched
_ t _' [llumAware]
v softLightTemp
['lumAware] lumUnAwareOff entry / switchSoft()
1 touched _
after 2s
touched SoftLight

. KAIR@ S Finite State Machine, State Charts
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* C'est une abstraction permettant de structurer du code de controle.

Event guard
Transition touched
| State
[lumAware] lumAwareOff touched[lux <= 400] strongLight
” » entry / switchStrong()
‘ A
.- Y
Initial state off
entry/switchOff() [lumAware] touched
_ t _' [llumAware]

v softLightTemp

['lumAware] lumUnAwareOff entry / switchSoft()
Boolean guard touched

after 2s

touched SoftLight

. KAIR@ S Finite State Machine, State Charts
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* C'est une abstraction permettant de structurer du code de controle.

Event guard
Transition touched
| State
[lumAware] lumAwareOff touched[lux <= 400] strongLight
> » entry / switchStrong()
‘ A
.- Y
Initial state off
entry/switchOff() [lumAware] touched
_ t _' [llumAware]
v softLightTemp
['lumAware] lumUnAwareOff entry / switchSoft()
Boolean guard [ELE R e gs  TEMPOTE
arter<s - guard
touched SoftLight

. KAIR@ S Finite State Machine, State Charts
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* C'est une abstraction permettant de structurer du code de controle.

Event guard
Transition touched
| State

[lumAware] lumAwareOff touched[lux <= 400] strongLight
= » entry / switchStrong()
‘ = On entry action

Initial state - off
entry/switchOff() ‘ [lumAware] touched
_ t _' [llumAware]
v softLightTemp
[lumAware] lumUnAwareOff entry / switchSoft()
Boolean guard [ELE R _ Temporal
after 2s gquard

touched SoftLight |

. KAIR@ S Finite State Machine, State Charts
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* C'est une abstraction permettant de structurer du code de controle.

Event guard
Transition touched
‘ State
[lumAware] lumAwareOff touched[lux <= 400] strongLight
* On exit action » entry / switchStrong()

'J

Y ‘
Initial state of f

entry/switchOff() ‘ [lumAware]

A

k

Py

Boolean guard

touched

¥

r

[llumAware]

[MumAware] lumUnAwareOff

touched

On entry action

touched

softLightTemp

entry / switchSoft()

Temporal
guard

after 2s

SoftLight

. KAIR@ S Finite State Machine, State Charts
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* C'est une abstraction permettant de structurer du code de controle.

Event guard
Iransition touched / doSthg _transition action
| State

[lumAware] lumAwareOff touched[lux <= 400] strongLight
> On exit action » entry / switchStrong()
‘ = On entry action

Initial state - off
entry/switchOff() ‘ [lumAware] touched
_ * _' [llumAware]
" softLightTemp
[lumAware] lumUnAwareOff entry / switchSoft()
Boolean guard [ELE R _ Temporal
after 2s gquard

touched SoftLight |

. KAIR@ S Finite State Machine, State Charts




UNIVERSITE :ev: /.
COTEDAZUR % Crzzia—

FSM

* C'est une abstraction permettant de structurer du code de controle.

Event guard
Transition touched / doSthg _transition action
| State
[lumAware] lumAwareOff touched[lux <= 400] strongLight
™ On exit action » entry / switchStrong()
‘ = On entry action
Y
Initial state off
entry/switchOff() [lumAware] touched
_ 1 _' [llumAware]
v softLightTemp
['lumAware] lumUnAwareOff entry / switchSoft()
Boolean guard touched T |
boolExpr empora
[ pr] after 2s quard
touched Mixed Guard SoftLight |

. KAIR@ S Finite State Machine, State Charts
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Historique court

The first people to consider the concept of a finite-state
machine shared a common interest: to model the
human thought process, whether in the brain or in a
computer.

Warren McCulloch and Walter Pitts, two

neurophysiologists, were the first to present a

description of finite automata in 1943. Their paper,

entitled, "A Logical Calculus Immanent in Nervous

Activity", made significant contributions to the study of

neural network theory, theory of automata, the theoryof

computation and cybernetics. ~ http://www-cs-faculty.stanford.edu/~eroberts/courses/s |
- oco/projects/2004-05/automata-theory/basics.html |

Later, two computer scientists, G.H. Mealy and E.F.
Moore, generalized the theory to much more powerful
machines in separate papers, published in 1955-56. The
finite-state machines, the Mealy machine and the Moore
machine, are named in recognition of their work.

n Inp . Out Inp
MEALY FSM ﬁ MOORE FSM

Example ~— Example

Mealy machine determines its the Moore machine's output is
outputs through the current state and based upon the current state
the input alone.

. KAIR@ S Finite State Machine, State Charts
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ldée Iintuitive

* Les états du systeme, par exemple ceux de l'eau

* Des transitions avec des conditions entre les états

Plasma

ionization deionization

Water Vapor

vaporization deposition

condensation
sublimation

Liquid Water melting )L Ice or Frost
) freezing

l KAIR@ S Finite State Machine, State Charts
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Domaine d’utilisation (en Info)

* Pour ainsi dire, tous !

* Embedded systems (depuis toujours)

* Stateflow (mathworks),

* |HM et Web depuis plusieurs années

* SCXML (W3()

e Réseau de communication

* SDL
* COO:

* Harel state charts dans UML
* Parser, reconnaisseur de langage, voir LFA

* CPS: automate hybride

B 1t e
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Domaine d’utilisation (en Info)

* Stateflow (mathworks)

‘gear_state

¢ selection_state
during:
[down_th, up_th] = ComputeThreshald(Gear, Throttla);

[VehicleSpeed < down_th] 2

aften TWAIT tick)
[vehicleSpesd <= down_th]
. {gear_state. DOVWN}

after[TWAIT, tick)
[VehicleSpeed == up_th]
{gear_state LIP}

Simulink Function

[down_thup_th] = ComputeThresheld(Gear, Throttle)

Fonctionnalités

Conception de logique

Modélisez une logique de systéme
a l'aide de machines a états.

Intégration de composants
et algorithmes de
planification

Embedded systems

Solution commerciale professionnelle pour
la conception de systemes embarqués

| Lw- (SRR T S—

o frhvomhe
= | o
o "'{)—.ND"- . e
] et i
_.-Q\o_.w
g S =
ol

Validation de la
conception et génération
de code

Simulation d'un modéle et
analyse des résultats

Analvea7 le comnorfement de
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Embedded systems

* SMCube (Scicos)

SMCube is a tool for modeling, simulation, and code generation of discrete time state machines.

j':j SMCube editor - [mode_selector.xml]

File Edit Tools View Options Help
(eEEBE © o 4

{ State machine diagram ]

Fefrrppimaldadt)

@ Initial state

() State

Super state OR
(IT) Super state AND
4 Junction

TIME
En: OutPort{caode) = 0;

[InPortfgwitch_mode)]

STOPWATCH
En: OutPorticode) = 1;

[InPort{switsh_mode)] 1

ALARM
En: OutPort{code) = 2;

Figure: an example of a SMCube state machine. This state machine is used to model the various states of a Digital Clock.

Solution commerciale professionnelle pour
la conception de systemes embarqués
(sémantique synchrone)

l KAIR@ S Finite State Machine, State Charts
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Domaine d’utilisation (en Info)

* Scade suite (Ansys (ex Esterel))

---- <Fightiode> -,

P VANUAL

(speed) > (last ‘SpeedTargey) »—{> SpeedTarget
> last ‘AltitudeTarget) ._b AlttudeTarget
no

i)
i ,L oS oY
Auteri \ -\[ t AutoPilot
Ao

PROTOTYPE
& DESIGN

Control
Software Design

®

Model Checks Formal
Verification

©
B

Debug & Plant Model Co-
Simulation simulation (incl. FMI)

Time & Stack HIL/SIL/PIL
Optimization Integration
VERIFY

Embedded systems

SCADE Suite
KCG
C & Ada 3] Bl
Object Code &
RTOS Compiler
Adaptors Verification
DO-178B & C
IEC 61508
I EN 50128

1SO 26262
Certification Kits

GENERATE

Solution commerciale professionnelle pour
la conception de systémes embarqués
CRITIQUES

. KAIR@ S Finite State Machine, State Charts
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Embedded systems

* Scade suite (Esterel)

CruiseRegulation =
Speed >—m-—! 9

1
-3

@

%

o

&
N B

Dlucaj
Sot >—
Quick Accel >—
S G [P &>
peed >

Solution commerciale professionnelle pour
la conception de systemes embarqués
CRITIQUES

. KAIR@ S Finite State Machine, State Charts
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Domaine d’utilisation (en Info)

IHM et Web

* SCXML (standard W3QC)

onentry:
render('Application’, 'login')

=
5]

onentry:
perform('Application’, 'login')

onentry:
render('Application’,
‘registration’')

Gur

onentry:
perform('Application’, 'register')

................................................

)| onentry:
(O] render('Application’, 'welcome')

Multimodal Mobile Interaction and Rendering (MMIR) defines
the dialog flow of an application by specifying transitions
between application states using SCXML

l KAIR@ S Finite State Machine, State Charts
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Domaine d’utilisation (en Info)

* SCXML (standard W3()

IHM et Web

[Tahoma ~le =B I | A-®»- s-—-~ B 0B vis | B S = S B @|1oo~x,| -| §J3ava %5Debug
%24 SCXML.emx 3 ShaleSCXML::LogOn::LogOnDialog Eé 3 ShaleSCXML::LogOn::EditProfile::EditProfileDialog . &
2. LogOn ] Palette —
: ) "1l Iy Select
"checkCookie" is an example of a Shale ~ "logon” is an example of a Shale 5 [=) Note v
ActionState. It performs some action ViewState. The view to be rendered is =ML Common |
| onEntry and its outgoing transitions do the activity associated with this state, e
not wait fDr any event. and the outgong transitions wait for a |_:‘* State Machine ... #*
“faces.outcome” event. [
& State
_ © Initial State
- checkCookie [unauthenticated] logon @ Final State
start log on
#l| #{profileslogon.check} © [profile/logon.jsp & state types
@ pseudostate
types
/" Transition

faces.outcome[authenticated]

[authenticated] faces.outcome[create]
createProfile:EditProfile
end log on exit : :
faces.outcome[success or cancel]

EndState. It leads into the final SubdialogState. This is 3 UML submachine
state for the state machine state, double click next to the state name

“exit" is an example of a Shale > “createProfile” is an example of a Shale L
‘ to open the state machine it represents.

Shale Dialog Manager (SCXML Implementation) [...] defines a generic API by
which an application may utilize a Dialog Manager implementation to manage
conversations with the user of that application [...] This module contains the
SCXML (State Chart XML) Implementation of the Shale Dialog Manager facilities

. mIR@ S Finite State Machine, State Charts
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* SCXML (standard W3C()
Developing User Interfaces using SCXML Statecharts

IHM et Web

Gavin Kistner Chris Nuernberger
NVIDIA, Inc. NVIDIA, Inc.
1350 Pine St. 1350 Pine St.
Boulder, CO Boulder, CO

gkistner@nvidia.com chrisn@nvidia.com
ABSTRACT

In this paper we describe NVIDIA Corporation’s
implementation of an editor and runtime for the SCXML
statechart standard. The editor and runtime are used for
both prototyping and production of user interfaces, targeted
primarily for automotive in-vehicle interfaces. We show
how state machines improve the simplicity and stability of
application development, particularly when using the
hierarchical and parallel states available in SCXML. We
investigate the usefulness of statecharts in user interaction
design. We further describe subtle additions and deviations
from the SCXML standard, the motivations for these
changes, and their benefits compared to a strictly standards-
compliant implementation.

http://phrogz.net/developing-user-interfaces-using-scxmi-statecharts

. KAIR@ S Finite State Machine, State Charts
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. SCXML (standard W3C)

trafficlight-common/statemachine.scxml - Qt Creator - O

working

nitial inal — .
4 | redGoingGreen
- - 4 onentry
O
golGreen
State Parallel -, ( b k ) > ] greenGoingRed
( @edGoingGreen ) roKen ] green
gremGonged —
smash
= = —
@ @ blinking > | broken
> @ initial
History
smash \ p

s
S Blinkirk

(" unblinking |

s S

ings(0) / Info(0) S Search

1 Issues 2 Sear

Errors(0) / Warni

P, Typeto locate (Ctrl+K) ch Results

QtCreator SCXML editor available in QT 5.8. The Qt SCXML module provides classes
for embedding state machines created from State Chart XML (SCXML) files in Qt
applications. [...] Parts of the application logic can be replaced with an encapsulated
SCXML file. This enables creating a clear division between the application logic and
the user interface implementation by using Qt Quick or Qt Widgets

. K&/{A‘IIR@ S Finite State Machine, State Charts
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Domaine d’utilisation (en Info)

IHM et Web

* Javascript Finite State Machine

var fsm = StateMachine.create({
initial: 'first', final: 'fourth'
events: [
{ name: 'hop', from: 'first', to: 'second' },
{ name: 'skip', from: 'second', to: 'third' },
{ name: 'jump', from: 'third', to: 'fourth' },
]
1)

fsm.isFinished(); // false

fsm.hop();
fsm.isFinished(); // false

fsm.skip();
fsm.isFinished(); // false

fsm.jump();
fsm.isFinished(); // true

A standalone library for finite state machines.
https.//github.com/jakesgordon/javascript-state-machine/

l KAIR@ S Finite State Machine, State Charts
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Domaine d’utilisation (en Info)

* Machina.js

green: {
states: { /{ _onEnter is a special handler that is dinvoked
uninitialized: { // immediately as the FSM transitions into the new state
' Input handlers are usually functions. They can —onenter: function() {
! take areuments. too feven thoueh this one doesn this.timer = setTimeout( function() {
this.handle( "timeout" };
}.bind{ this ), 38888 };
"=l function() { this.emit( "wehicles", { status: GREEN } );

this.deferUntilTransition(); 3,

e "*" handler 1is special (more on that in a b

 the "transition method takes a target state // If all you need to do is transition to a new state
ff dinside an input handler, you can provide the string

/ and transitions to it. You should NEVER dir
) . ) 1ame of the state in place of the input handler function.
' state property on an F5M. Also whnile 1t's . n 7
timeout: "green-interruptible",
call ftransition externally, wou usually e pedestrianWaiting: function() {

-leanest approach if you endeavor to transif this.deferUntilTransition({ "green—interruptible" J;

. vy onExit is a special handler that is invoked just before
this.transition( "green" ); ' o ' ' ]
/{ the FSM leaves the current state and transitions to another
_onExit: function() {

}? clearTimeout( this.timer );

b,

Machina.js is a JavaScript framework for highly customizable finite state machines (FSMSs)
http://machina-js.org/

l KAIR@ S Finite State Machine, State Charts



http://machina-js.org/

UNIVERSITE :ev: /.
COTEDAZUR - lrezia—

Domaine d’utilisation (en Info)

* SDL Specification Description Language

process receiver
rdata transfer_
‘ connected }- — phase
e L — —
data <

‘ else

XDATind XDATind none <

ack XABORTINd »

o)

réseau

XDISind

Specification and Description Language (SDL) is a specification language targeted
at the unambiguous specification and description of the behaviour of reactive and
distributed systems. The ITU-T has defined SDL in Recommendations Z.100 to
Z.106. SDL originally focused on telecommunication systems

. KAIR@ S Finite State Machine, State Charts
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Domaine d’utilisation (en Info)
Cyber-Physical System

* Hybrid automaton

Hybrid automata: Thermostat example

25
LK}
24 ==
x=25
of f I Time [seconds)
* Control temperature by -
turning a heater On and Off 2
*  Hybrid state: oAl —_—
(%,8) €[24, 25] x {On, Off} Time (seconds)

http://paginas.fe.up.pt/~jtasso/HS10.htm
Jll EAIR®S
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V&V

* Fiacre

process sender [inp: data, outp: msg,
timeocut, ack: none] (ssn: bool) is
states idle, send, wailt, resend
var data: data
from idle inp? data; to send
from send
outp! ss&n,data; ssn := not ssn; to wait
from wait
select ack; to idle
[] timeout; to resend
end
from resend outp! ssn,data; to wait

Academic format for formal verification

. KAIR@ S Finite State Machine, State Charts
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Des variantes /dialectes

* Mealy, moore,

* temporisés ou non,

* Temps continus, temps discret
* Guardes booléennes ou non,

* Hierarchiques,

* Communicants

\lt) SCXML et UML couvre une grosse combinatoire des possibilités

/A Les variations peuvent étre syntaxique mais aussi sémantiques...

influant sur I'expressivite et la facilité de verification
g AR®S
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SCXML

State Chart XML (SCXML): State Machine Notation for Control Abstraction

W3C Recommendation 1 September 2015
https:/lwww.w3.org/TRIscxml/

* Standard W3C récent aligné sur les state machines UML.
* Syntaxe XML

* Parser + simulateur
* Java chez Apache
e C++ chez Qt

* Python : pyscxml

g e
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SCXML

State Chart XML (SCXML): State Machine Notation for Control Abstraction

W3C Recommendation 1 September 2015
https:/lwww.w3.0org/TRIscxml/

* Parser + simulateur
* Python : pyscxml
from scxml.pyscxml import StateMachine i
import logging
logging.basicConfig( level=logging.NOTSET) $2
{F}

= SCXML

sm = StateMachine("fsml.scxml")
sm.start _threaded( )
sm.send("s2")

sm.send("f")

hello S1

INFO:pyscxml.pyscxml_session_139883684041040.interpreter:external event found: s2
bye S1

transition s2 from S1 to S2

hello S2

INFO:pyscxml.pyscxml_session_139883684041040.interpreter:new config: {S2}
INFO:pyscxml.pyscxml_session_139883684041040.interpreter:external event found: f

bye S2

transition f from S2 to F

hello F

INFO:pyscxml.pyscxml_session_139883684041040.1interpreter:new config: {F}
INFO:pyscxml.pyscxml_session_139883684041040.interpreter:Exiting interpreter
DEBUG:pyscxml.multisession:The session 'pyscxml_session_139883684041040' finished
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* \VViewer or text = SCXML

<?xml version="1.0" encoding="UTF-8"7>
<scxml xmlns="http://www.w3.0rg/2005/07/scxml" version="1.0" datamodel="python" initial="S1">
<state 1d="S1">
<onhentry>
<log expr="'hello S1'"/>
</onentry>
<transition event="s2" target="S2"> s
<log expr=""'transition s2 from S1 to S2'" />
</transition>
<onexit>
<log expr=""'bye S1'"/> s2
</onexit>
</state>
h 4
{FJ

<state 1d="S2">
<onentry>
<log expr=""'hello S2'"/>
</onentry>
<transition event="f" target="F">
<log expr=""'transition f from S2 to F'" />
</transition>
<onexit>
<log expr=""'bye S2'"/>
</onexit> .
</state> Scxmlgu|
<final id="F">
<onentry>
<log expr=""'hello F'"/>
</onentry>
</final>
</scxml>
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