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Esercizio 1: Uppaal

Modellare un distributore di bibite e l’utente che lo utilizza:

• Il costo di una bibita è pari a 5 monete.

• L’utente inserisce un certo numero di monete nella macchina (CoinIn), quindi preme il bottone
RequestCan oppure cancel
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• Se l’utente preme cancel la macchina restituisce le monete inserite (CoinOut)

• Se l’utente preme RequestCan ed il credito inserito è sufficiente, la macchina dà una bibita
all’utente più l’eventuale resto (CoinOut)

• La macchina impiega tra i 5 e i 10 secondi per emettere la lattina.

• Si assuma che l’utente non inserisca mai più di 10 monete senza premere nessun bottone.

Utilizzare Uppaal per completare il sistema specificando gli automi per il Distributore di bibite e per
l’Utente in modo che rispettino le specifiche date e per verificare che:

• il sistema non va mai in deadlock;

• se il credito è sufficiente e se l’utente preme RequestCan, allora la macchina emette una lattina
entro 10 secondi.

• se l’utente preme cancel, allora la macchina restituisce il credito

Esercizio 2: HyTech

Considerare la seguente rete di automi che descrive un sistema cisterna/controllore.

x = 15

chiusa
ẋ = −vout

ẏ = 0
x ≥ 0

in apertura
ẋ = −vout

ẏ = 1
y ≤ r

aperta
ẋ = vin − vout

ẏ = 0

in chiusura
ẋ = vin − vout

ẏ = 1
y ≤ r

apri
y′ = 0

y = r

chiudi
y′ = 0

y = r

svuota
x ≥ xmin

riempi
x ≤ xmax

x = xmin

apri
x = xmax

chiudi

(a) Implementare il sistema cisterna / controllore in HyTech, usando i seguenti valori per le costanti:

vin = 5.0 vout = 2.0
xmin = 9.0 xmax = 21.0

(b) determinare per quali valori di r il livello dell’acqua rimane all’interno dell’intervallo [5, 25];

(c) considerare anche xmin e xmax come parametri, e determinare per quali valori di r, xmin e xmax il
livello dell’acqua rimane nell’intervallo [5, 25].
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Esercizio 3: PhaVer

Considerare la seguente variazione del sistema dell’esercizio precedente:

x = 0
y = 0

chiusa
ẋ = −0.02x

ẏ = 0
x ≥ 5.5

in apertura
ẋ = −0.02x + 0.3y

ẏ = 0.25
y ≤ 1

aperta
ẋ = −0.02x + 0.3

ẏ = 0
x ≤ 8.5

in chiusura
ẋ = −0.02x + 0.3y

ẏ = −0.25
y ≥ 0

x ≤ 5.5

y ≥ 1

x ≥ 8.5

y ≤ 0
y := 0

(a) Implementare il sistema cisterna / controllore in PhaVer;

(b) Calcolare la regione raggiunta e verificare se il livello dell’acqua si stabilizza tra 5 e 9.

Esercizio 4: Ariadne

Considerare il seguente sistema costituito da due cisterne:
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Figure 3.6: The water tank system.

Hybrid automata define possible evolutions for their state. Roughly speaking, starting from an
initial value (q0, x0) ∈ Init, the continuous state x flows according to the differential equation

ẋ = f(q0, x),

x(0) = x0,

while the discrete state q remains constant

q(t) = q0.

Continuous evolution can go on as long as x remains in Dom(q0). If at some point the continuous
state x reaches the guard G(q0, q1) ⊆ Rn of some edge (q0, q1) ∈ E, the discrete state may change
value to q1. At the same time the continuous state gets reset to some value in R(q0, q1, x) ⊆ Rn.
After this discrete transition, continuous evolution resumes and the whole process is repeated.

To simplify the discussion, we assume from now on that the number of discrete states is finite, and
that for all q ∈ Q, the vector field f(q, ·) is Lipschitz continuous. Recall that this ensures that the
solutions of the differential equation ẋ = f(q, x) are well defined (Chapter 2). Finally, we assume
that for all e ∈ E, G(e) $= ∅, and for all x ∈ G(e), R(e, x) $= ∅. This assumption eliminates some
pathological cases and in fact be imposed without loss of generality.

As we saw in Chapter 1 and in the examples discussed above, it is often convenient to visualise
hybrid automata as directed graphs (Q, E) with vertices Q and edges E. With each vertex q ∈ Q,
we associate a set of initial states {x ∈ X | (q, x) ∈ Init}, a vector field f(q, ·) : Rn → Rn and a
domain Dom(q) ⊆ Rn. An edge (q, q′) ∈ E starts at q ∈ Q and ends at q′ ∈ Q. With each edge
(q, q′) ∈ E, we associate a guard G(q, q′) ⊆ Rn and a reset function R(q, q′, ·) : Rn → P (Rn).

Example (Water Tank System) The two tank system, shown in Figure 3.6, consists of two tanks
containing water. Both tanks are leaking at a constant rate. Water is added to the system at a
constant rate through a hose, which at any point in time is dedicated to either one tank or the other.
It is assumed that the hose can switch between the tanks instantaneously.

For i = 1, 2, let xi denote the volume of water in Tank i and vi > 0 denote the constant flow of
water out of Tank i. Let w denote the constant flow of water into the system. The objective is to
keep the water volumes above r1 and r2, respectively, assuming that the water volumes are above r1

and r2 initially. This is to be achieved by a controller that switches the inflow to Tank 1 whenever
x1 ≤ r1 and to Tank 2 whenever x2 ≤ r2.

It is straight forward to define a hybrid automaton, to describe this process:

• Q = {q1, q2} (two discrete states, inflow going left and inflow going right);

• X = R2 (two continuous states, the level of water in the two tanks);

x1 = l1
x2 = l2

q1

ẋ1 = w − v1

ẋ2 = −v2

x2 ≥ r2

q2

ẋ1 = −v1

ẋ2 = w − v2

x1 ≥ r1

x2 ≤ r2

x1 ≤ r1

(a) Implementare il sistema con due cisterne in Ariadne, usando i seguenti valori dei parametri:

• v1 = 1.0, v2 = 1.0;

• w = 1.50;

• r1 = 5.0, r2 = 4.0;

• l1 = 7.0, l2 = 5.0;

(b) Calcolare la regione raggiunta dal sistema;

(c) Calcolare la regione raggiunta anche quando w = 2.50;

(d) Confrontare il comportamento del sistema nei due casi.
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Esercizio 5: Times

Considerare un impianto per il riempimento di bottiglie costituito da un nastro trasportatore, un
caricatore di bottiglie vuote ed un riempitore di bottiglie.

8 Example: Bottle filling system
The bottle filling system as shown in Figure 5 consists of a liquid storage tank, two identical
bottle filling lines, and a bottle supply (see [31]).

QFl QFr

VT, n, c, pH

Qu, cu Qa, ca

Figure 5: The bottle filling system.

The bottles are filled with liquid from the storage tank. A control system keeps the volume VT
in the storage tank between 2 and 10, and the pH level (acidity) of the liquid in the storage
tank between 7 and 7.1. The liquid in the storage tank slowly becomes less acidic (pH level
increases). To correct this, a strong acid is dribbled into the storage tank when the acidity of the
liquid becomes too low (pH ≥ 7.1).
The acid and liquid supply processes are not modeled, since we consider the acid and liquid
always to be available, and we are not interested in the amount of acid or liquid that is used.
The storage tank and the two bottle filling lines are connected by means of the variables QFl, and
QFr, respectively. The storage tank is available in both bottle filling lines to prevent filling of the
bottles when the storage tank is empty.
The molar quantity and molar concentration of the acid in the storage tank are denoted by n and
c, respectively, where n = cV . The incoming flows of liquid and acid of the liquid storage tank
T are denoted by Qu and Qa, respectively. Acid leaves the tank in outgoing flows QFl and QFr.
The gradual reduction of the acidity of the liquid is modeled by means of a constant Kloss, which
leads to

ṅ = cu Qu + ca Qa − cQFl − cQFr − KlossV ,
where cu and ca denote the concentrations of acid in the flows Qu and Qa. Taking into account
that the units of c are in [mol/m3] instead of [mol/l], the pH is given by

pH = − log c/1000.

The behavior of the liquid storage tank is explained as follows. Initially, the pH of the liquid in
the storage tank equals 7. It is assumed that the pH level of the incoming liquid is 7 or more,
since the acidity controller can only make the acidity of the storage tank increase, causing the pH
to decrease. If the pH value exceeds the maximum value (pH >= 7.1), the acid valve is opened
(alpha:= 1) so that acid is dribbled into the tank. Dribbling of the acid continues until the pH
value comes back at 7, and the valve is closed (alpha:= 0). In a similar way, the controller tries
to keep the level of the storage tank between 2 and 10.
The behavior of the filling controller is explained as follows. When a new crate of bottles arrives,
(bottles?n), where n denotes the number of bottles in a crate) the bottle volume is reset to 0, and
the filling process and the bottle filling process is started (VB,alpha := 0,1). The valve switching
the flow QF is modeled by means of the discrete variable alpha. Filling stops when the volume
in the storage tank drops below 0.5 (when VT <= 0.5 do alpha:= 0). Filling resumes when the
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Nastro

Caricatore Riempitore

• Le bottiglie vengono caricate sul nastro a blocchi di 4 dal caricatore;

• Il nastro impiega 4 unità di tempo per portare una nuova bottiglia sotto il riempitore;

• Le bottiglie vengono riempite una alla volta ;

• All’inizio ci sono 2 bottiglie sul nastro.

Il sistema è parzialmente specificato dai seguenti Task:.

Nome del task Tempo di esecuzione Scadenza Interfaccia
CaricaBottiglie 8 20 Bottiglie := Bottiglie + 4
SpostaNastro 1 5 BottigliaPronta := 1,

Bottiglie := Bottiglie - 1
RiempiBottiglia 2 5 BottigliaPiena := 1

(a) Implementare il sistema in Times, aggiungendo gli automi temporizzati mancanti;

(b) Effettuare l’analisi di schedulabilità con le varie politiche disponibili:

• per quali politiche il sistema è schedulabile?

(c) Modellare il sistema in modo che rispetti le seguenti proprietà:

• Non va mai in deadlock:
A[] not deadlock

• Il nastro non rimane mai vuoto:
A[] Bottiglie > 0

• Non ci sono mai più di 6 bottiglie sul nastro:
A[] Bottiglie <= 6
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Esercizio 6

L’esercizio 6 del progetto è diverso per ogni gruppo. Rivolgersi per e-mail all’esercitatore (Davide
Bresolin, davide.bresolin@univr.it) per ottenere il testo dell’esercizio, indicando i nomi ed i
numeri di matricola dei componenti del gruppo.

Perchè il progetto sia considerato sufficiente, è necessario svolgere quest’ultimo esercizio!

Relazione

Scrivere una breve relazione analitica di 15-20 pagine (esclusi i listati) che comprenda, per ogni eserci-
zio:

1. descrizione dell’approccio utilizzato per risolverlo;

2. se necessario, la specifica delle parti mancanti del sistema;

3. discussione sulle eventuali scelte implementative;

4. i risultati prodotti dai software utilizzati;

5. un breve commento sui risultati.

Note

• La relazione ed il codice completo degli esercizi vanno consegnati per e-mail al docente del corso
ed all’esercitatore. Per la relazione, non si accetteranno consegne via e-mail in formati diversi da
PDF e Postscript.

• Il progetto può essere svolto da soli oppure in gruppi di al più tre componenti.
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