
P
ro

g
ra

m
 ch

a
irs

K
im

 G
. L

a
rs

e
n

, A
a
lb

o
rg

, D
e
n

m
a
rk

Jo
o
s
t-P

ie
te

r K
a
to

e
n

, A
a
ch

e
n

, G
e
rm

a
n

y

O
rg

a
n

ize
rs

A
n

d
rze

j W
ą
s
o
w

s
k
i, C

o
p

e
n

h
a
g

e
n

, D
e
n

m
a
rk

U
li F

a
h

re
n

b
e
rg

, A
a
lb

o
rg

, D
e
n

m
a
rk

C
o
n

ta
ct

U
li Fa

h
re

n
b

e
rg

D
e
p

a
rtm

e
n

t o
f C

o
m

p
u

te
r S

cie
n

ce
, A

a
lb

o
rg

 U
n

iv
e
rsity

S
e
lm

a
 La

g
e
rlø

fs V
e
j 3

0
0

9
2

2
0

 A
a
lb

o
rg

 Ø
st, D

e
n

m
a
rk

P
h

o
n

e
: +

4
5

 9
9

 4
0

 8
9

 2
8

E
m

a
il: u

li@
c
s
.a

a
u

.d
k

h
ttp

://q
m

c
.c

s
.a

a
u

.d
k
/

Q
M

C
 2

0
1
0

Q
u

a
n

tita
tiv

e
M

o
d

e
l C

h
e
c
k
in

g

P
h

D
 S

ch
o
o
l

C
o
p

e
n
h

a
g

e
n
, D

e
n
m

a
rk

2
-5

 M
a
rch

 2
0

1
0

h
ttp

://w
w

w
.a

rtist-e
m

b
e
d

d
e
d

.o
rg

/a
rtist/-

Q
u

a
n

tita
tiv

e
-M

o
d

e
l-C

h
e
ckin

g
-2

0
1

0
-.h

tm
l



P
ro

g
ra

m

Tu
e
s
d

a
y
 2

 M
a
rc

h
 

 
F
in

ite
-s

ta
te

 m
o
d

e
l c

h
e
c
k
in

g

9
:0

0
 

W
e
lco

m
e
 

          A
triu

m

9
:3

0
 

W
o
lp

e
r

Te
m

p
o
ra

l lo
g

ics a
n

d
 e

x
p

licit-sta
te

 m
o
d

e
l ch

e
ckin

g

1
0

:3
0

B
re

a
k

1
1

:0
0

W
o
lp

e
r

1
2

:0
0

 
Lu

n
ch

 
  A

triu
m

1
3

:0
0

 
H

e
lja

n
k
o

 
B

o
u

n
d

e
d

 m
o
d

e
l ch

e
ckin

g
 fo

r fin
ite

-sta
te

 sy
ste

m
s

   A
u

d
. 2

1
4

:0
0

B
re

a
k

1
4

:1
0

H
e
lja

n
k
o

1
5

:1
0

 
C

o
ffe

e
 

1
5

:4
0

 
C

im
a
tti 

S
y
m

b
o
lic m

o
d

e
l ch

e
ckin

g
      G

a
m

e
 la

b

1
7

:4
0

E
n

d

W
e
d

n
e
s
d

a
y
 3

 M
a
rc

h
 

 
R

e
a
l-tim

e
 m

o
d

e
l c

h
e
c
k
in

g

L
e
c
tu

re
s
 b

y
 B

o
u

y
e
r-D

e
c
itre

, L
a
rs

e
n

, M
a
rk

e
y

9
:0

0
 

In
tro

d
u

ctio
n

 to
 tim

e
d

 a
u

to
m

a
ta

   A
u

d
. 2

9
:4

5
 

C
o
ffe

e
 

1
0

:1
5

 
D

e
cid

a
b

ility
 a

n
d

 u
n

d
e
cid

a
b
ility

 re
su

lts

1
1

:0
5

B
re

a
k

1
1

:1
0

 
T
im

e
d

 te
m

p
o
ra

l lo
g
ics

1
2

:0
0

 
Lu

n
ch

 
      S

c
ro

llb
a
r

1
3

:0
0

 
U

P
PA

A
L, d

a
ta

 stru
ctu

re
s a

n
d

 a
lg

o
rith

m
s

   A
u

d
. 2

1
3

:4
0

B
re

a
k

1
3

:4
5

U
P
PA

A
L

   4
A

5
4

, 4
A

5
6

1
4

:4
0

 
C

o
ffe

e
 

1
5

:0
0

 
 Tim

e
d

 g
a
m

e
s

   A
u

d
. 2

1
5

:5
0

B
re

a
k

1
6

:0
0

 
P
rice

d
 tim

e
d

 a
u
to

m
a
ta

1
6

:4
5

O
p

e
n

 p
ro

b
le

m
s

1
7

:1
5

E
n

d

S
o
c
ia

l e
v
e
n

t



S
o
c
ia

l e
v
e
n

t
W

e
d

n
e
sd

a
y
 3

 M
a
rch

 w
e
 w

ill v
isit th

e
 Ty

c
h

o
 

B
ra

h
e
 P

la
n

e
ta

riu
m

 in
 th

e
 ce

n
te

r o
f 

C
o
p

e
n

h
a
g

e
n
. W

e
 w

ill w
a
tch

 a
 3

D
 m

o
v
ie

, y
o
u

 w
ill 

b
e
 a

b
le

 to
 se

e
 th

e
ir e

x
h

ib
itio

n
, a

n
d

 w
e
 w

ill fin
ish

 
th

e
 e

v
e
n
in

g
 b

y
 a

 d
in

n
e
r.

T
h

e
 so

cia
l e

v
e
n

t sta
rts a

t 1
8
:0

0
 a

n
d

 e
n

d
s 

a
ro

u
n

d
 2

2
:3

0
. Yo

u
 w

ill h
a
v
e
 to

 o
rg

a
n
ize

 
tra

n
sp

o
rta

tio
n

 fro
m

 U
n

iv
e
rsity

 y
o
u

rse
lf. A

s 
le

ctu
re

s fin
ish

 a
t 1

7
:1

5
 th

is d
a
y
, y

o
u

 w
ill 

p
ro

b
a
b

ly
 n

o
t h

a
v
e
 tim

e
 to

 g
o
 b

y
 y

o
u

r h
o
te

l first.

T
h

e
 a

d
d
re

ss o
f th

e
 p

la
n

e
ta

riu
m

 is G
a
m

m
e
l K

o
n

g
e
v
e
j 1

0
, 1

6
1
0

 
C

o
p

e
n

h
a
g

e
n

. Yo
u

 ca
n

 g
e
t th

e
re

 b
y
 p

u
b

lic tra
n

sp
o
rt a

s fo
llo

w
s:

1.
W

a
lk

 fro
m

 IT
 U

n
iv

e
rsity

 to
 th

e
 D

R
 B

y
e
n

 m
e
tro

 sta
tio

n
.

2.
Ta

ke
 a

 m
e
tro

 to
w

a
rd

s V
a
n

lø
se

 a
n

d
 g

e
t o

ff a
t N

ø
rre

p
o
rt sta

tio
n

 
(4

 sto
p

s).

3.
S

w
itch

 to
 ta

ke
 a

n
 S

-tra
in

 to
w

a
rd

s K
ø
b

e
n
h

a
v
n

 H
 a

n
d

 g
e
t o

ff a
t 

V
e
ste

rp
o
rt sta

tio
n

 (1
 sto

p
).

4.
Le

a
v
e
 V

e
ste

rp
o
rt sta

tio
n

 b
y
 w

a
lkin

g
 a

lo
n
g

 th
e
 tra

in
 d

ire
ctio

n
 

fo
rw

a
rd

s. O
n

ce
 a

t stre
e
t le

v
e
l, tu

rn
 rig

h
t in

to
 G

a
m

m
e
l K

o
n

g
e
v
e
j

 a
n

d
 co

n
tin

u
e
 fo

r 5
 m

in
u
te

s u
n
til y

o
u

 se
e
 th

e
 p

la
n

e
ta

riu
m

. S
e
e
 

m
a
p

 o
n

 th
e
 fa

cin
g

 p
a
g

e
.

Yo
u

 w
ill n

e
e
d

 a
 2

-zo
n

e
 ticke

t fo
r th

is trip
. A

t th
e
 m

e
tro

 sta
tio

n
 th

e
re

 is a
 

v
e
n

d
in

g
 m

a
ch

in
e
 a

t w
h

ich
 y

o
u

 ca
n

 b
u

y
 su

ch
 a

 ticke
t fo

r 2
3

 kr. It 
a
cce

p
ts co

in
s a

n
d

 so
m

e
 cre

d
it ca

rd
s. Yo

u
 ca

n
 a

lso
 b

u
y
 a

 1
0

-trip
-2

-zo
n

e
 

ca
rd

 (klip
p

e
ko

rt)  fo
r 1

3
5

 kr, a
n

d
 u

se
 it o

n
 y

o
u

r o
th

e
r tra

n
sfe

rs. N
o
te

 
th

a
t th

o
se

 klip
p

e
ko

rt  n
e
e
d

 to
 b

e
 v

a
lid

a
te

d
 (in

 th
e
 y

e
llo

w
 m

a
ch

in
e
s) 

b
e
fo

re
 e

a
ch

 trip
.

b

T
h

e
 trip

 ta
ke

s ju
st a

b
o
u

t 4
5

 m
in

u
te

s in
clu

d
in

g
 w

a
lkin

g
, so

 p
le

a
se

 se
t 

o
ff im

m
e
d

ia
te

ly
 a

fte
r th

e
 la

st le
ctu

re
.

P
ro

g
ra

m

T
h

u
rs

d
a
y
 4

 M
a
rc

h
 P

ro
b

a
b

ilis
tic

 m
o
d

e
l c

h
e
c
k
in

g

9
:0

0
 

B
a
ie

r
P
ro

b
a
b

ilistic co
m

p
u
ta

tio
n

 tre
e
 lo

g
ic

   A
u

d
. 2

a
n

d
 q

u
a
n

tita
tiv

e
 lin

e
a
r-tim

e
 p

ro
p

e
rtie

s

1
0

:0
0

 
C

o
ffe

e
 

1
0

:3
0

 
B

a
ie

r

1
1

:3
0

 
O

p
e
n

 s
e
s
s
io

n
 

1
2

:0
0

 
Lu

n
ch

 
      S

c
ro

llb
a
r

1
3

:0
0

 
K

a
to

e
n

 
M

o
d

e
l ch

e
ckin

g
 a

n
d

 a
b

stra
ctio

n
   A

u
d

. 2

o
f co

n
tin

u
o
u

s-tim
e
 M

a
rko

v
 ch

a
in

s

1
3

:5
0

B
re

a
k

1
4

:0
0

K
a
to

e
n

1
4

:5
0

 
C

o
ffe

e
 

1
5

:2
0

 
P

a
rk

e
r 

P
ro

b
a
b

ilistic m
o
d

e
l ch

e
ckin

g
 in

 p
ra

ctice
   A

u
d

. 2

1
5

:5
0

B
re

a
k

1
6

:0
0

P
a
rk

e
r

  2
A

5
2
, 2

A
5
4

1
7

:3
0

E
n

d

F
rid

a
y
 5

 M
a
rc

h
  

H
y
b

rid
 m

o
d

e
l c

h
e
c
k
in

g

9
:0

0
 

R
a
s
k
in

 
A

n
 in

tro
d

u
ctio

n
 to

 h
y
b
rid

 a
u

to
m

a
ta

       S
c
ro

llb
a
r

9
:4

5
 

C
o
ffe

e
 

1
0

:1
5

 
R

a
s
k
in

1
1

:0
0

B
re

a
k

1
1

:0
5

 
F
re

h
s
e

 
To

o
ls fo

r h
y
b

rid
 sy

ste
m

s re
a
ch

a
b

ility

1
1

:4
5

B
re

a
k

1
1

:5
5

F
re

h
s
e

      G
a
m

e
 la

b

1
3

:0
0

 
Lu

n
ch

 
C

a
n

te
e
n

1
4

:0
0

 
F
rä

n
zle

 
A

u
to

m
a
tic a

n
a
ly

sis o
f h

y
b

rid
 sy

ste
m

s
   A

u
d

. 4

1
4

:4
5

B
re

a
k

1
4

:5
5

F
rä

n
zle

1
5

:4
0

 
C

o
ffe

e
 

1
6

:0
0

 
S

ch
o
o
l e

n
d

s



A
b

s
tra

c
ts

P
ie

rre
 W

o
lp

e
r

U
n

iv
e
rsité

 d
e
 Lie

g
e
, B

e
lg

iu
m

Te
m

p
o
ra

l lo
g

ic
s
 a

n
d

 e
x
p

lic
it-s

ta
te

 m
o
d

e
l 

c
h

e
c
k
in

g

T
h
is le

ctu
re

 w
ill in

tro
d

u
ce

 lin
e
a
r a

n
d

 b
ra

n
ch

in
g

 
tim

e
 te

m
p

o
ra

l lo
g

ics a
n

d
 d

iscu
ss th

e
 lin

k 
b

e
tw

e
e
n

 th
e
se

 lo
g

ics a
n

d
 fin

ite
 a

u
to

m
a
ta

. 
Fo

cu
sin

g
 o

n
 th

e
 lin

e
a
r-tim

e
 ca

se
, th

e
 co

n
stru

ctio
n

 
o
f a

u
to

m
a
ta

 fro
m

 te
m

p
o
ra

l lo
g

ic fo
rm

u
la

s w
ill b

e
 

fu
lly

 d
e
scrib

e
d

 a
s w

e
ll a

s th
e
 cla

ssica
l a

u
to

m
a
ta

-
b

a
se

d
 m

o
d

e
l ch

e
ckin

g
 a

lg
o
rith

m
s. 

K
e
ijo

 H
e
lja

n
k
o

A
a
lto

 U
n

iv
e
rsity

, H
e
lsin

ki, Fin
la

n
d

B
o
u

n
d

e
d

 m
o
d

e
l c

h
e
c
k
in

g
 fo

r fin
ite

-s
ta

te
 

s
y
s
te

m
s

T
h
is le

ctu
re

 w
ill co

v
e
r b

o
u
n

d
e
d

 m
o
d

e
l ch

e
ckin

g
 

(B
M

C
) fo

r fin
ite

 sta
te

 sy
ste

m
s. B

M
C

 is a
 sy

m
b

o
lic 

m
o
d

e
l ch

e
ckin

g
 te

ch
n

iq
u

e
 a

p
p

ly
in

g
 p

ro
p
o
sitio

n
a
l 

sa
tisfia

b
ility

 (S
A
T
) so

lv
in

g
 te

ch
n

iq
u

e
s to

 m
o
d

e
l 

ch
e
ckin

g
. W

e
 w

ill co
v
e
r th

e
 b

a
sics o

f B
M

C
, 

e
n

co
d

in
g

 tra
n

sitio
n

 re
la

tio
n

s, e
n

co
d

in
g

 lin
e
a
r 

te
m

p
o
ra

l lo
g
ic fo

rm
u

la
s, a

s w
e
ll a

s a
d

v
a
n

ce
d

 
to

p
ics in

 B
M

C
.

A
le

s
s
a
n

d
ro

 C
im

a
tti

Istitu
to

 p
e
r la

 R
ice

rca
 S

cie
n

tifica
 e

 Te
cn

o
lo

g
ica

, 
Tre

n
to

, Ita
ly

S
y
m

b
o
lic

 m
o
d

e
l c

h
e
c
k
in

g

T
h

is le
ctu

re
 w

ill in
tro

d
u

ce
 v

a
rio

u
s a

p
p
ro

a
ch

e
s to

 
sy

m
b
o
lic m

o
d

e
l ch

e
ckin

g
 fo

r fin
ite

 sta
te

 
sy

ste
m

s. W
e
 w

ill co
v
e
r v

a
rio

u
s sim

p
lifica

tio
n

 a
n
d

 
a
b

stra
ctio

n
 te

ch
n

iq
u

e
s (g

u
id

e
d

 re
a
ch

a
b

ility
 

a
n

a
ly

sis, lo
ca

liza
tio

n
, C

E
G

A
R

), a
n

d
 th

e
 u

se
 o

f 
v
a
rio

u
s lo

g
ica

l e
n

g
in

e
s (B

in
a
ry

 D
e
cisio

n
 

D
ia

g
ra

m
s, S

A
T
, a

n
d

 S
M

T
). T

h
e
 le

ctu
re

 w
ill 

in
clu

d
e
 a

 h
a
n

d
s-o

n
 se

ssio
n

 w
ith

 th
e
 N

u
S

M
V

 
m

o
d

e
l ch

e
cke

r.

A
b

s
tra

c
ts

M
a
rtin

 F
rä

n
zle

U
n

iv
e
rsitä

t O
ld

e
n

b
u

rg
, G

e
rm

a
n

y

A
u

to
m

a
tic

 a
n

a
ly

s
is

 o
f h

y
b

rid
 s

y
s
te

m
s

W
ith

in
 th

is le
ctu

re
, w

e
 co

n
ce

n
tra

te
 o

n
 a

u
to

m
a
tic 

v
e
rifica

tio
n

 a
n

d
 a

n
a
ly

sis o
f h

y
b
rid

 sy
ste

m
s, w

ith
 

a
 fo

cu
s o

n
 sy

m
b

o
lic m

e
th

o
d

s m
a
n

ip
u

la
tin

g
 b

o
th

 
th

e
 d

iscre
te

 a
n

d
 th

e
 co

n
tin

u
o
u

s sta
te

 
co

m
p

o
n

e
n
ts sy

m
b

o
lica

lly
 b

y
 m

e
a
n

s o
f 

p
re

d
ica

tiv
e
 e

n
co

d
in

g
s a

n
d

 d
e
d

ica
te

d
 co

n
stra

in
t 

so
lv

e
rs. W

e
 p

ro
v
id

e
 a

 b
rie

f in
tro

d
u

ctio
n

 to
 h

y
b
rid

 
d

iscre
te

-co
n

tin
u

o
u

s sy
ste

m
s, d

e
m

o
n

stra
te

 th
e
 u

se
 o

f p
re

d
ica

tiv
e
 

e
n

co
d

in
g

s fo
r co

m
p

a
ctly

 e
n

co
d

in
g

 o
p

e
ra

tio
n

a
l h

ig
h
-le

v
e
l m

o
d

e
ls, a

n
d

 
co

n
tin

u
e
 to

 a
 se

t o
f co

n
stra

in
t-b

a
se

d
 m

e
th

o
d

s fo
r a

u
to

m
a
tica

lly
 

a
n

a
ly

zin
g

 d
iffe

re
n

t cla
sse

s o
f h

y
b

rid
 d

iscre
te

-co
n

tin
u
o
u

s d
y
n

a
m

ics. 
C

o
v
e
rin

g
 th

e
 ra

n
g

e
 fro

m
 n

o
n
-lin

e
a
r d

iscre
te

-tim
e
 h

y
b

rid
 sy

ste
m

s to
 

p
ro

b
a
b

ilistic h
y
b

rid
 sy

ste
m

s, a
d

v
a
n

ce
d

 a
rith

m
e
tic co

n
stra

in
t so

lv
e
rs 

w
ill b

e
 u

se
d

 a
s a

 w
o
rkh

o
rse

 fo
r m

a
n

ip
u

la
tin

g
 la

rg
e
 a

n
d

 co
m

p
le

x
-

stru
ctu

re
d

 B
o
o
le

a
n

 co
m

b
in

a
tio

n
s o

f a
rith

m
e
tic co

n
stra

in
ts a

risin
g

 in
 

th
e
ir a

n
a
ly

sis ta
sks.

S
p

o
n

s
o
rs



A
b

s
tra

c
ts

D
a
v
id

 P
a
rk

e
r

U
n

iv
e
rsity

 o
f O

x
fo

rd
, U

K

P
ro

b
a
b

ilis
tic

 m
o
d

e
l c

h
e
c
k
in

g
 in

 p
ra

c
tic

e

T
h

is tu
to

ria
l w

ill co
v
e
r so

m
e
 o

f th
e
 p

ra
ctica

l 
a
sp

e
cts o

f p
ro

b
a
b

ilistic m
o
d

e
l ch

e
ckin

g
. In

 
p
a
rticu

la
r, it w

ill fo
cu

s o
n

 th
e
 u

se
 o

f P
R

IS
M

, a
 

w
id

e
ly

 u
se

d
 to

o
l fo

r v
e
rifica

tio
n

 o
f d

iscre
te

-tim
e
 

M
a
rko

v
 ch

a
in

s, co
n

tin
u

o
u

s-tim
e
 M

a
rko

v
 ch

a
in

s, 
M

a
rko

v
 d

e
cisio

n
 p

ro
ce

sse
s a

n
d

 e
x
te

n
sio

n
s o

f 
th

e
se

 m
o
d

e
ls w

ith
 co

sts a
n

d
 re

w
a
rd

s. T
h

e
 tu

to
ria

l w
ill co

v
e
r P

R
IS

M
's 

m
o
d

e
lin

g
 a

n
d

 p
ro

p
e
rty

 sp
e
cifica

tio
n

 la
n

g
u

a
g

e
s a

n
d

 g
iv

e
 a

n
 o

v
e
rv

ie
w

 o
f 

its u
n

d
e
rly

in
g

 te
ch

n
iq

u
e
s. It w

ill a
lso

 o
ffe

r h
a
n
d

s-o
n

 e
x
p

e
rie

n
ce

 w
ith

 
th

e
 to

o
l itse

lf.

Je
a
n

-F
ra

n
ç
o
is

 R
a
s
k
in

U
n

iv
e
rsité

 Lib
re

 d
e
 B

ru
xe

lle
s, B

e
lg

iu
m

A
n

 in
tro

d
u

c
tio

n
 to

 h
y
b

rid
 a

u
to

m
a
ta

In
 th

is le
ctu

re
, I w

ill re
v
ie

w
 h

y
b
rid

 a
u

to
m

a
ta

: 
th

e
ir sy

n
ta

x
, se

m
a
n

tics, a
n
d

 b
a
sic se

m
i-

a
lg

o
rith

m
s fo

r th
e
ir a

n
a
ly

sis.

G
o
ra

n
 F

re
h

s
e

U
n

iv
e
rsité

 Jo
se

p
h

 Fo
u
rie

r G
re

n
o
b

le
 1

, Fra
n

ce

To
o
ls

 fo
r h

y
b

rid
 s

y
s
te

m
s
 re

a
c
h

a
b

ility

T
h
is le

ctu
re

 co
v
e
rs a

lg
o
rith

m
s fo

r co
m

p
u

tin
g

 th
e
 

re
a
ch

a
b

le
 sta

te
s o

f tw
o
 fu

n
d
a
m

e
n

ta
l cla

sse
s o

f 
h

y
b
rid

 sy
ste

m
s, lin

e
a
r h

y
b
rid

 a
u

to
m

a
ta

 a
n

d
 

p
ie

ce
w

ise
 a

ffin
e
 sy

ste
m

s, a
n

d
 h

o
w

 th
e
y
 ca

n
 b

e
 

e
x
te

n
d

e
d

 to
 m

o
re

 g
e
n

e
ra

l cla
sse

s. T
h

e
 le

ctu
re

 is 
a
cco

m
p

a
n

ie
d

 b
y
 a

 h
a
n

d
s-o

n
 la

b
 se

ssio
n
.

A
b

s
tra

c
ts

In
tro

d
u

c
tio

n
 to

 tim
e
d

 a
u

to
m

a
ta

In
 th

is first le
ctu

re
 w

e
 in

tro
d
u

ce
 th

e
 sy

n
ta

x
 a

n
d

 
se

m
a
n

tics o
f tim

e
d

 a
u

to
m

a
ta

 d
u

e
 to

 R
a
je

e
v
 A

lu
r 

a
n

d
 D

a
v
id

 D
ill. T

h
e
 u

se
fu

ln
e
ss o

f th
e
 fo

rm
a
lism

 
fo

r d
e
scrib

in
g

 in
te

re
stin

g
 a

sp
e
cts o

f re
a
l-tim

e
 

sy
ste

m
s w

ill b
e
 illu

stra
te

d
 th

ro
u

g
h

 a
 n

u
m

b
e
r o

f 
in

tro
d

u
cto

ry
 e

x
a
m

p
le

s.

D
e
c
id

a
b

ility
 a

n
d

 u
n

d
e
c
id

a
b

ility
 re

s
u

lts

In
 th

is le
ctu

re
 w

e
 h

ig
h

lig
h
t th

e
 re

g
io

n
 

co
n

stru
ctio

n
 p

ro
v
id

in
g

 th
e
 m

e
a
n

s o
f se

v
e
ra

l 
d

e
cid

a
b

ility
 re

su
lts re

la
te

d
 to

 tim
e
d

 a
u
to

m
a
ta

, 
in

clu
d

in
g

 re
a
ch

a
b

ility
, m

o
d

e
l ch

e
ckin

g
 a

s w
e
ll a

s 
ch

e
ckin

g
 fo

r a
 n

u
m

b
e
r o

f b
e
h

a
v
io

ra
l e

q
u

iv
a
le

n
ce

s 
a
n

d
 p

re
o
rd

e
rs. T

h
e
 le

ctu
re

 a
lso

 id
e
n

tifie
s th

e
 

fro
n

tie
r o

f d
e
cid

a
b

ility
 fo

r tim
e
d

 a
u

to
m

a
ta

, 
in

clu
d

in
g

 u
n

d
e
cid

a
b

ility
 o

f tim
e
d

 tra
ce

 in
clu

sio
n
 

a
n

d
 (u

n
)d

e
cid

a
b

ility
 o

f re
a
ch

a
b

ility
 fo

r tim
e
d
 

a
u

to
m

a
ta

 e
x
te

n
d

e
d

 w
ith

 g
e
n

e
ra

lize
d

 u
p

d
a
te

s a
n

d
 

sto
p
w

a
tch

e
s.

T
im

e
d

 te
m

p
o
ra

l lo
g

ic
s

T
h
is le

ctu
re

 co
v
e
rs tim

e
d

 e
x
te

n
sio

n
s o

f b
ra

n
ch

in
g

 
tim

e
 lo

g
ics (TC

T
L) a

s w
e
ll a

s lin
e
a
r tim

e
 lo

g
ics 

(M
T
L, M

IT
L) a

n
d

 th
e
 a

sso
cia

te
d

 m
o
d

e
l ch

e
ckin

g
 

p
ro

b
le

m
s.

U
P

P
A

A
L, d

a
ta

 s
tru

c
tu

re
s
 a

n
d

 a
lg

o
rith

m
s

In
 th

is le
ctu

re
 th

e
 fu

ll m
o
d

e
lin

g
 a

n
d

 sp
e
cifica

tio
n
 

fo
rm

a
lism

 o
f th

e
 to

o
l U

P
PA

A
L w

ill b
e
 

d
e
m

o
n

stra
te

d
 o

n
 se

v
e
ra

l e
x
a
m

p
le

s. A
lso

, a
 fu

ll 
a
cco

u
n

t o
f th

e
 d

e
v
e
lo

p
m

e
n

t o
f e

fficie
n

t d
a
ta

 
stru

ctu
re

ss (so
-ca

lle
d

 zo
n

e
s re

p
re

se
n

te
d

 b
y
 

D
B

M
s, C

D
D

s, ..) a
n

d
 a

lg
o
rith

m
s fo

r th
e
 sy

m
b

o
lic 

e
x
p

lo
ra

tio
n

 o
f tim

e
d

 a
u

to
m

a
ta

 w
ill b

e
 g

iv
e
n

 a
s 

w
e
ll a

s th
e
ir a

v
a
ila

b
ility

 v
ia

 v
e
rifica

tio
n

 o
p

tio
n

s in
 

U
P
PA

A
L. T

h
is le

ctu
re

 w
ill co

n
ta

in
 a

 h
a
n

d
s-o

n
 

e
xe

rcise
 to

 b
e
 d

e
a
lt w

ith
 b

y
 p

a
rticip

a
tin

g
 stu

d
e
n

ts.

P
a
tric

ia
 B

o
u

y
e
r-

D
e
c
itre

É
co

le
 N

o
rm

a
le

 
S

u
p

é
rie

u
re

 d
e
 

C
a
ch

a
n
, Fra

n
ce

K
im

 G
. L

a
rs

e
n

A
a
lb

o
rg

 U
n

iv
e
rsity

 
D

e
n

m
a
rk



A
b

s
tra

c
ts

P
ric

e
d

 tim
e
d

 a
u

to
m

a
ta

Price
d

 Tim
e
d

 A
u

to
m

a
ta

 (P
TA

) a
re

 a
n

 e
x
te

n
sio

n
 o

f 
tim

e
d

 a
u

to
m

a
ta

 w
ith

 o
n

e
 (o

r m
o
re

) co
n

tin
u
o
u

s 
p
rice

 v
a
ria

b
le

s a
llo

w
in

g
 e

.g
. e

n
e
rg

y
 co

n
su

m
p

tio
n

 to
 

b
e
 m

o
d

e
le

d
 in

 a
 ra

th
e
r d

ire
ct m

a
n

n
e
r. P

TA
 h

a
v
e
 

p
ro

v
e
d

 u
se

fu
l fo

r p
e
rfo

rm
a
n

ce
 a

n
a
ly

sis a
n
d

 
o
p

tim
iza

tio
n

 o
f re

a
l-tim

e
 sy

ste
m

s w
ith

 q
u
a
n

tita
tiv

e
 

in
fo

rm
a
tio

n
. T

h
e
 le

ctu
re

 sh
o
w

s h
o
w

 th
e
 n

o
tio

n
s o

f 
re

g
io

n
s a

n
d

 zo
n

e
s a

re
 e

x
te

n
d

e
d

 w
ith

 p
rice

-
in

fo
rm

a
tio

n
 a

llo
w

in
g

 fo
r d

e
cid

a
b

ility
 a

n
d

 e
fficie

n
t 

a
n

a
ly

sis o
f P

TA
. 

T
im

e
d

 g
a
m

e
s

Tim
e
d

 g
a
m

e
s a

re
 g

a
m

e
s b

e
tw

e
e
n

 tw
o
 p

la
y
e
rs, th

e
 

co
n

tro
lle

r a
n

d
 th

e
 o

p
p

o
n

e
n

t, p
la

y
e
d

 o
n

 a
 tim

e
d

 
a
u

to
m

a
to

n
. T

h
e
 p

o
ssib

le
 m

o
v
e
s o

f th
e
 tw

o
 p

la
y
e
rs 

a
re

 in
d

ica
te

d
 b

y
 m

a
rkin

g
 tra

n
sitio

n
s o

f th
e
 tim

e
d

 
a
u

to
m

a
to

n
 a

s e
ith

e
r co

n
tro

lla
b

le
 o

r u
n

co
n
tro

lla
b

le
 

(i.e
. u

n
d

e
r th

e
 co

n
tro

l o
f th

e
 o

p
p

o
n

e
n

t). G
iv

e
n

 a
 

co
n

tro
l o

b
je

ctiv
e
, sp

e
cifie

d
 in

 o
n

e
 o

f th
e
 tim

e
d

 
te

m
p

o
ra

l lo
g

ics p
re

se
n

te
d

 in
 le

ctu
re

 3
, th

e
 p

ro
b

le
m

 
is to

 d
e
te

rm
in

e
 (a

n
d

 sy
n

th
e
size

) th
e
 e

x
iste

n
ce

 o
f a

 
"w

in
n

in
g

" stra
te

g
y
 o

f th
e
 co

n
tro

lle
r th

a
t w

ill 
g
u

a
ra

n
te

e
 th

e
 co

n
tro

l o
b

je
ctiv

e
 to

 b
e
 sa

tisfie
d

 
re

g
a
rd

le
ss o

f th
e
 b

e
h

a
v
io

r o
f th

e
 o

p
p

o
n

e
n

t. H
a
v
in

g
 

in
tro

d
u

ce
d

 th
e
 n

o
tio

n
 o

f tim
e
d

 g
a
m

e
, th

e
 le

ctu
re

 
d

e
m

o
n

stra
te

s d
e
cid

a
b

ility
 o

f w
in

n
in

g
 stra

te
g

ie
s fo

r 
sa

fe
ty

, re
a
ch

a
b

ility
 a

s w
e
ll a

s tim
e
-o

p
tim

a
l 

re
a
ch

a
b

ility
 stra

te
g

ie
s. M

o
re

 ch
a
lle

n
g

in
g

 a
n

d
 

p
ra

ctica
lly

 u
se

fu
l, w

e
 co

n
sid

e
r th

e
 p

ro
b

le
m

 o
f 

sy
n

th
e
sizin

g
 w

in
n

in
g

 stra
te

g
ie

s fo
r tim

e
d

 g
a
m

e
s 

w
ith

 o
n

ly
 p

a
rtia

l o
b

se
rv

a
b

ility. D
e
cid

a
b

ility
 h

e
re

 
d

e
p

e
n
d

s h
e
a
v
ily

 o
n

 th
e
 kin

d
 o

f o
b

se
rv

a
tio

n
s th

a
t 

m
a
y
 b

e
 m

a
d

e
. W

e
 a

lso
 illu

stra
te

 th
e
 a

p
p

lica
tio

n
 o

f 
tim

e
d

 g
a
m

e
s to

 se
ttle

 b
e
h
a
v
io

ra
l e

q
u

iv
a
le

n
ce

s a
n

d
 

p
re

o
rd

e
rs.

O
p

e
n

 p
ro

b
le

m
s

In
 th

e
 fin

a
l le

ctu
re

 w
e
 p

o
in

t to
 a

 n
u

m
b

e
r o

f o
p

e
n

 
p
ro

b
le

m
s re

m
a
in

in
g

 to
 b

e
 so

lv
e
d

 w
ith

in
 th

e
 co

n
te

x
t 

o
f re

a
l-tim

e
 m

o
d

e
l ch

e
ckin

g
.

N
ic

o
la

s
 M

a
rk

e
y

É
co

le
 N

o
rm

a
le

 
S

u
p

é
rie

u
re

 d
e
 

C
a
ch

a
n

, Fra
n

ce

A
b

s
tra

c
ts

C
h

ris
te

l B
a
ie

r

Te
ch

n
isch

e
 U

n
iv

e
rsitä

t D
re

sd
e
n
, G

e
rm

a
n
y

P
ro

b
a
b

ilis
tic

 c
o
m

p
u

ta
tio

n
 tre

e
 lo

g
ic

 a
n

d
 

q
u

a
n

tita
tiv

e
 lin

e
a
r-tim

e
 p

ro
p

e
rtie

s

T
h

e
 tu

to
ria

l p
ro

v
id

e
s a

n
 in

tro
d

u
ctio

n
 to

 th
e
 m

o
d

e
l 

ch
e
ckin

g
 te

ch
n

iq
u

e
s fo

r p
ro

b
a
b

ilistic sy
ste

m
s 

m
o
d

e
le

d
 b

y
 fin

ite
-sta

te
 d

iscre
te

-tim
e
 M

a
rko

v
 

ch
a
in

s a
n
d

 M
a
rko

v
 d

e
cisio

n
 p

ro
ce

sse
s. It co

n
sid

e
rs 

th
e
 lo

g
ic p

ro
b

a
b

ilistic co
m

p
u

ta
tio

n
 tre

e
 lo

g
ic a

n
d

 
th

e
 q

u
a
n

tita
tiv

e
 a

n
a
ly

sis a
g

a
in

st lin
e
a
r-tim

e
 

p
ro

p
e
rtie

s u
sin

g
 o

m
e
g

a
-a

u
to

m
a
ta

, e
x
p

la
in

s th
e
 tre

a
tm

e
n

t o
f fa

irn
e
ss 

a
ssu

m
p

tio
n

s a
n

d
 th

e
 m

a
in

 id
e
a
s o

f p
a
rtia

l o
rd

e
r re

d
u

ctio
n

 fo
r 

p
ro

b
a
b

ilistic p
a
ra

lle
l sy

ste
m

s.

Jo
o
s
t-P

ie
te

r K
a
to

e
n

R
W

T
H

 A
a
ch

e
n
, G

e
rm

a
n
y

M
o
d

e
l c

h
e
c
k
in

g
 a

n
d

 a
b

s
tra

c
tio

n
 o

f 
c
o
n

tin
u

o
u

s
-tim

e
 M

a
rk

o
v
 c

h
a
in

s

T
h
is le

ctu
re

 w
ill p

ro
v
id

e
 a

n
 in

tro
d

u
ctio

n
 to

 th
e
 

v
e
rifica

tio
n

 o
f C

T
M

C
s, a

 m
o
d

e
l th

a
t co

m
b

in
e
s 

d
iscre

te
 p

ro
b

a
b

ilistic b
ra

n
ch

in
g

 w
ith

 ra
n

d
o
m

 
sta

te
 re

sid
e
n

ce
 tim

e
s. C

T
M

C
s a

re
 p

ro
m

in
e
n

t in
 

p
e
rfo

rm
a
n

ce
 a

n
d

 d
e
p

e
n

d
a
b

ility
 e

v
a
lu

a
tio

n
, o

ccu
r 

a
s se

m
a
n

tic m
o
d

e
l o

f h
ig

h
-le

v
e
l m

o
d

e
lin

g
 

fo
rm

a
lism

s su
ch

 a
s sto

ch
a
stic Pe

tri n
e
ts a

n
d

 p
ro

ce
ss a

lg
e
b

ra
s, a

n
d

 a
re

 
fre

q
u

e
n

tly
 u

se
d

 in
 sy

ste
m

s b
io

lo
g
y. W

e
 w

ill in
tro

d
u

ce
 a

 b
ra

n
ch

in
g
-tim

e
 

lo
g

ic o
n

 C
T
M

C
s, a

n
d

 e
x
p

la
in

 in
 d

e
ta

il h
o
w

 th
e
 v

a
lid

ity
 o

f th
e
se

 lo
g

ica
l 

fo
rm

u
la

s ca
n

 b
e
 m

o
d

e
l-ch

e
cke

d
 o

n
 fin

ite
 C

T
M

C
s. In

 o
rd

e
r to

 h
a
n

d
le

 
la

rg
e
, o

r e
v
e
n

 in
fin

ite
 C

T
M

C
s, w

e
 in

tro
d

u
ce

 a
n

 a
b

stra
ctio

n
 te

ch
n

iq
u

e
 

th
a
t fits w

ith
in

 th
e
 re

a
lm

 o
f th

re
e
-v

a
lu

e
d

 a
b

stra
ctio

n
 m

e
th

o
d
s. T

h
e
 ke

y
 

in
g
re

d
ie

n
ts o

f th
is te

ch
n

iq
u

e
 a

re
 a

 p
a
rtitio

n
in

g
 o

f th
e
 sta

te
 sp

a
ce

 
co

m
b

in
e
d

 w
ith

 a
n

 a
b

stra
ctio

n
 o

f tra
n

sitio
n

 p
ro

b
a
b

ilitie
s b

y
 in

te
rv

a
ls. 

W
e
 w

ill p
re

se
n

t th
e
 u

n
d

e
rly

in
g

 th
e
o
ry

 o
f th

is a
b

stra
ctio

n
, so

m
e
 

e
x
a
m

p
le

s, a
n

d
 in

d
ica

te
 h

o
w

 su
ch

 a
b

stra
ctio

n
 ca

n
 b

e
 a

p
p

lie
d

 in
 a

 
co

m
p

o
sitio

n
a
l m

a
n

n
e
r.


