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Il caso studiato

Progetto APPRODYN

Cooling tower ~ p===n===xi 3

Watervapor ~ fr====== 3
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pour modéliser des systémes
critiques
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Fig.1: Schema di una centrale nucleare ad acqua pressurizzata (PWR)




Introduzione

TPA;

—— Turbine Hors-Turbine

] Turbine Hors-Turbine

TPA;

Fig.2: Diagramma di affidabilita del sistema

Ay [h]* My [h]*
-4 104 o = A: Tasso di guasto
TPAx 147-100%  146-10%  5-10™ = 417-107° u: Tasso di riparazione
TPA2 442 -107* 1.47 -1077 4,17 -1073 6.94-1073

Tab.1: Parametri del sistema
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Metodo usato

OBIETTIVI
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Fig.3: Parametri associati alla fidatezza (RAM) Fig.4 : Diagramma di funzionamento di un model checker
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Metodo usato

Coloured Petri Nets

System Specification
-—————P
(Stochastic) (Deterministic)
Physical model: TPA T.ogical modecl: Spccification
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1" {pump2,true)

Sktatus

Initial condition Status of system

Specification

Fig.5: Rappresentazione gerarchica del sistema modellato
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RAM — Modello fisico

N

P
g 7
In ~——
TPAinput (p);
output (t_faultT,t_faultHT, wait);
action
(
» let
val t_faultT1=floor(exponential(0.0001475)+0.5)
val t_faultT2=floor(exponential{0.0004425)+0.5)
val t_faultHT1 =floor(exponential(0.0001459)+0.5)
val t_faultHT2=floor(exponential(0.000000146)+0.5)
A J val waitl= If t_faultT1>t_faultHT1 then t_faultHT1
else t_faultT1
Starting TPAs val wait2=if t_faultT2>t_faultHT2 then t_faultHT2
p else t_faultT2
val t_faultT = if (p=pumpl) then t_faultTl else t_faultT2
val t_faultHT = if (p=pumpl) then t_faultHT1 else t_faultHT2
val wait = If (p=pump1l) then waitl else wait2
. in
(p,t_faultT,t_faulthT)@-+wait (t_faultT,t_faultHT, wait)
A end
TPAS in work i
TPAfault
(Pt FaultT,t_faulthT) (P t_faultT,t_faultHT)
Stop TPA after reparation of turbine i ; [t_faultHT<t_faultT] Stop TPA after reparation of HT
P P [t_faultT<t_faultHT] mﬁﬁ’ﬁu ;i ’ i
action - input (p); A
Fault Turbine (let Fault HT output (mu_HT);
val mu_T= if (p=pumpl) then “0.5" else "0.0416667" ?Ice‘["?”
n val mu_HT= if (p=pump1) then "0.0416667" else "0.0069445"
in
(mu_HT)
end
false Y
(p,false) (oitrue)
fal
{p)@+Ffloor{erlang(2, Option.valOf {Real fromString mu_T))+0.5) (p.false)
(p)@+floor{erlang(2,0ption.valOf (Real.fromString mu_HT)})+0.5)
A
; 17 (pumpl,true)@0+++ :
E@ gPAs status 1 (ump2.true)@0 HT reparation
PA i TP
P StatusTPAs g
(pitrue) (p.false)
o (p.false) p
(p.true)
Turbine repared pared |
p P
A L\
~ /.;_—__ TPA HT repared /

e > Yy

Fig.6: Rete di Petri Colorata, modello fisico




RAM — Modello fisico, dettagli

Calcolo guasto

1’ pumpl@0+++
1" pump2@0
In~———

e input (p);
output (t_faultT,t_faultHT,wait);
action
(
let
val t_faultT1=floor(exponential(0.0001475)+0.5)
val t_faultT2=floor(exponential(0.0004425)+0.5)
val t_faultHT1=floor(exponential(0.0001459)+0.5)
val t_faultHT2=floor(exponential(0.000000146)+0.5)
\ 4 val waitl= if t_faultT1>t_faultHT1 then t_faultHT1
else t_faultT1
val wait2=if t_faultT2>t_faultHT2 then t_faultHT2
else t_faultT2
val t_faultT = if (p=pump1l) then t_faultT1 else t_faultT2
val t_faultHT = if (p=pump1) then t_faultHT1 else t_faultHT2
val wait = if (p=pump1) then waitl else wait2
in
(t_faultT,t_faultHT,wait)
end

)i

Starting TPAs!

(p,t_faultT,t_faultHT)@+wait

TPAfault

Calcolo riparazione

‘ (p,t_faultT,t_faultHT)

input (p);

action
(let

Fault Turbine

output (mu_T);

N 77e)

val mu_T= if (p=pump1) then "0.5" else "0.0416667"

TPAs status

StatusTPAs
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(p.false)

1" (pumpl,true)@0+++
1’ (pump2,true)@0

(P,true)  ya) mu_HT= if (p=pump1) then "0.0416667" else "0.0069445"

Fig.7: Particolare del modello fisico, avvio.

Fig.8: Particolare del modello fisico, guasto.
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RAM — Modello fisico
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TPAinput (p);
output (t_faultT,t_faultHT, wait);
action
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» let
val t_faultT1=floor(exponential(0.0001475)+0.5)
val t_faultT2=floor(exponential{0.0004425)+0.5)
val t_faultHT1 =floor(exponential(0.0001459)+0.5)
val t_faultHT2=floor(exponential(0.000000146)+0.5)
A J val waitl= If t_faultT1>t_faultHT1 then t_faultHT1
else t_faultT1
Starting TPAs val wait2=if t_faultT2>t_faultHT2 then t_faultHT2
p else t_faultT2
val t_faultT = if (p=pumpl) then t_faultTl else t_faultT2
val t_faultHT = if (p=pumpl) then t_faultHT1 else t_faultHT2
val wait = If (p=pump1l) then waitl else wait2
. in
(p,t_faultT,t_faulthT)@-+wait (t_faultT,t_faultHT, wait)
A end
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TPAfault
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action - input (p); A
Fault Turbine (let Fault HT output (mu_HT);
val mu_T= if (p=pumpl) then “0.5" else "0.0416667" ?Ice‘["?”
n val mu_HT= if (p=pump1) then "0.0416667" else "0.0069445"
in
(mu_HT)
end
false Y
(p,false) (oitrue)
fal
{p)@+Ffloor{erlang(2, Option.valOf {Real fromString mu_T))+0.5) (p.false)
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Fig.6: Rete di Petri Colorata, modello fisico




RAM — Modello del controllo

1" (pump1,0)++ .
1’ (pump2,0)

CPN'Replications.nreplications 10000 .
p_tPanne .
~ Anti-Place ~
TPA_tPanne
[#1 p_tPanne = pump1]
p_tPanne
L (pump1l, IntInf.toInt(time()))
(pump1,false) N FTPA1 d
»
TPA1 down
TPA_tPanne
_tPanne System_OKglobal
1 RTPAL |¢ P ystem_eg
p_tPanne
1" (pumpl,true)@0+++ A
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Fig.9: Rete di Petri Colorata, modello del controllo
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RAM - Risultati

M‘I’TFF Probability Density Function
x107! ystem

0 2000 4000 6000 8000 10000 12000 14000
Time [h]
MTTFFTPA‘ PDF . |'\.||TTFFTM2 PDF

0
5000 10000 15000 0 5000 10000 15000
Time [h] Time [h]

MTTR

e Probability Density Function

60
Time [h]

150

Entita | MTTFF

TPA

1
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Sistema  6340.5

x 10

M BFTPA Probability Diensity Function
1

[h]

3111.7

2235.2

MTBF
[h]

3144.2 26.4 3020.1 26.4
2259.2 48 2135.9 48
6312.8 16.4 6290.9 16.4

Tab.2: Risultati prestazionali
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Safety — Modello fisico

-
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Fig.10: Rete di Petri Colorata deterministica, modello fisico
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Safety — Modello del controllo

-

Fig.11: Rete di Petri Colorata deterministica, modello del controllo
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Safety - Risultat;

Formal model verification
Spazio di stato : CPN Tools

72 nodi
100 a rC h i Old state space tool New state space tool (ASAP)

Pros

Pros
¢ Implemented in CPN Tools
GUI ¢ LTL Model Checking
¢ State space graph ¢ Faster generation of state space
¢ Text report ¢ State reduction techniques
¢ CTL implemented Clons
¢ Manual and support exist ¢ No GUI, no state space graph
Cons ¢ No documentation, limited sup-
¢ No LTL implementation port
¢ Limited CTL ¢ Uncommented source code
¢ Difficult exploration of the ¢ SML code difficult to under-
state space stand
ProM - Process Mining workbench
Pros Cons
¢ Import CPN models ¢ Model checking made by a simu-

lation trace, thus cannot ensure if
the entire state space is checked

¢ LTL model checking with

timed model

Fig.12: Le tecniche usate per la verificazione



Safety — Risultati - ASAP

e 3 nodi
e 4 archi

con ASAP

In figura, risultati di query in CPN Tool

fval It = N
((HT
{eg_pred=fn,hash_fn=fn,n_items=ref 4,not_found=MNotFound(-),
table=raf
(32,
#[LIMNIL,MIL,MNILMNILMNILMNIL,MIL,MNIL,NIL,MNILMNIL,NILMNIL,NIL,
MIL,
B
(Owx127733AF,
(2,ftoy_model={broken=[{)]init=[1,work=[13}3}1.(),
B
(Owx169B642F,
(2 {toy_model={broken=[1,init=[],work=[(113}1.(),
B
(Owx16BBB4AF,
(2, {toy_model={broken=[1init=[()],wark=[131).(),
NIL)Y,
B
(Owx169B&5430,

(3, 1toy_model={broken=[],init=[],work=[(1}}).,(),NIL),
NIL,NIL,NIL,NILNIL NI NIL, NIL NI NILNILNIL NILNIL,
MIL[TT) 3000.00.00)

: unit MyDFSTraceExploration.storage * unit * unit

e 72 nodi

® 100
archi

e o E— ' ——
“TPAS"]11),(),NIL) NIL NIL,NIL,

(0Owx79E86D62,
(2,
{Top={Specification={ Anti=[pump2],System_KO=[(]],

System_0OKglobal=[],

TPAL down=[pumpl],TPAZ2_ down=[]},
Status_of_system=[(pump1,false),(pump2,true)],
System={HT_reparation=[],TPA_HT_repared=[],

TPA_turbine_repared=[pump2],
TPAs_in_work=[],TPAs_waiting=[],
Turbine_reparation=[pump1]},
TOKEN=["OKTPA","REP_TPA"]1} }).().
B
(Owx44A26E2,
2
{Top={Specification={Anti=[pump2],System_KO=[],
System_0OKglobal=[(]],
TRPA1_down=[pump1],TPAZ_down=[]},
Status_ of system=[(pump1l false),(pump2 falsa)],
System={HT_reparation=[pump1],
TPA_HT reparad=[],
TPA_turbine_repared=[],
TPAs_in_waork=[],TPAs_waiting=[],
Turbine_reparation=[pump2]},
TOKEN=["OKTPA",'SPEC","SYSOK","TPAS","TPAS"]} }]
().
B
(Owx16625D62,
(2,
{Top={Spedfication={Anti=[pump1],System_KO=[(]],
System_OKaglobal=[],
TPAL1_down=[],
TPAZ_down=[pump2]},
Status_of_system=[(pump2 false),
(pump1 true)],
System={HT_reparation=[pump2],

TPA_HT_repared=[],

TPA_turbine_repared=[pump1],

TPAs_in_work=[],TPAs_waiting=[],

Turbine_reparation=[1},

TOKEN=["OKTPA","REP_TPA"]}}1,0),NIL))),

NIL,...1 1D }.0).0.())

. unit MyDFSTraceExploration.storage * unit * unit
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Conclusioni

RAM

MTEBF, Probability Density Function
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50 100
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Fig.13: PDF del sistema

B
(Owx79EBBDG2,

(2,
{Top={Spacification={ Anti=[pump2],System_KO=[{]],
System_0OKglobal=[],
TPAL_down=[pumpl],TPAZ_down=[]},
Status_cof_system=[{pump1 false),(pump2,true)],
System={HT_reparation=[],TPA_HT_repared=[],
TPA_turbine_repared=[pump2],
TPAs_in_work=[],TPAs_waiting=[],
Turbine_reparation=[pump1]},
TOKEN=["OKTPA","REP_TPA"]}}1,(),

B
(Owx44A26E2,
]

(2,
{Top={Spacification={ Anti=[pump2],System_KO=[],
System_0OKglobal=[{]],
TPAL_down=[pumpl],TPAZ2_down=[]},
Status_cof_system=[{pump1 false),(pump2,false)],
System={HT_reparation=[pump1],
TPA_HT repared=[],
TPA_turbine_repared=[],
TPAs_in_work=[],TPAs_waiting=[],
Turbine_reparation=[pump2]},
TOKEN=["OKTPA","SPEC","SYSOK","TPAS","TPAS"]1} 1),

(Owx16625D62,

(2,
{Top=4Spacification={ Anti=[pump1],System_KO=[{]],
System_0OKaglobal=[],
TPAL1_down=[],
TPAZ_down=[pump2]},
Status_of_system=[{pump2 false),
(pump1 true)],
System={HT_reparation=[pump2],
TPA_HT repared=[],
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TPAs_in_work=[],TPAs_waiting=[],
Turbine_reparation=[]},
TOKEN=["OKTPA","REP_TPA"]} }),(),NIL))),

_ NI, 1D 3,00,0,0) T
: unit MyDFSTraceExploration.storage * unit * unit

Fig.14: Risultato query con ASAP
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Don’t watch the clock; do
what it does. Keep gomg

Sam Lev
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