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Feature Timed Automata

I Extends Timed Automata (TA) to models families of TA

I Associates boolean expressions, called feature expressions, to transitions

`0 `1 c ≤ 5

cappuccino

cf ∧ mk,

c := 0

coffee

cf ,

c := 0

brew
c ≥ 2

[ fm = mk → cf ]

{cf }
==⇒ `0 `1 c ≤ 5

coffee
c := 0

brew
c ≥ 2
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Towards Interface Feature Timed Automata

coffee

cappuccino

pay serve
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Interface Feature Timed Automta

I Extends FTA with interfaces and multi-action transitions.

co↵ee is present (which depends on the feature expressions of each port), I.e.,
(fi^fo1 ) $ cf . In the composed IFTA, transitions with binded actions transition

together, E.g., transition (`2, `0)
i�! (`2, `1) with feature expression fi ^ fo1 ^ cf

represents the joint transitions `0
i,o1���! `0 and `0

co↵ee����! `1. The transitions
from CM and Router labeled with non-binded actions (i and brew) can transition
independently or together.

`0 `1

c  5

cappuccino
cf ^ mk , c := 0

co↵ee
cf , c := 0

brew
c � 2

`2
{i, o1}
fi ^ fo1

{i}
fi ^ ¬(fo1 _ fo2 )

{i, o2}
fi ^ fo2

i?
f i

o1
!

f i
^ f o 1

o2
!

f i
^ f o 2

co
↵e

e?
cf

ca
pu

cc
in
o?

cf
^m

k

br
ew

!

./
o1 $ co↵ee
o2 $ capuccino

fm = (fo1 _ fo2 ) ! fi
fm = mk ! cf

l2, l0 l2, l1
brew
c � 2

i
fi ^ fo1 ^ cf , c := 0

i
fi ^ fo2 ^ cf ^ mk , c := 0

{i,brew }
c � 2, fi ^ ¬(fo1 _ fo2 )

i
fi ^ ¬(fo1 _ fo2 )

i
fi ^ ¬(fo1 _ fo2 )

fm = mk ! cf ^ (fo1 _ fo2 ) ! fi ^ (fi ^ fo1 ) $ cf ^ (fi ^ fo2 ) $ (cf ^ mk)

i?
fi ^ (¬(fo1 _ fo2 ) _

(fo1 ^ cf ) _
(fo2 ^ cf ^ mk))

brew!=

Fig. 3: Composition of a Router IFTA (top left) with the CM IFTA (top right)
by binding ports (o1, co↵ee) and (o2, capuccino), yielding the IFTA below.

To study properties of IFTA operations, we define the notion of IFTA equiva-
lence in terms of bisimulation over their underlying FTS. We formally introduce
the notion of timed bisimulation adapted to FTS.

Definition 11 (Timed Bisimulation). Given two FTS F1 and F2, we say
R ✓ F1.S⇥F2.S is a bisimulation, if and only if, for all possible feature selections
FS 2 2F1.F[F2.F , FS |= F1.fm , FS |= F2.fm and for all (s1, s2) 2 R we have:

– 8 t = s1
↵��!1 s01, ↵ 2 2A [ R�0, 9 t0 = s2

↵��!2 s02 s.t. (s01, s
0
2) 2 R and

FS |= F1.�(t) , FS |= F2.�(t0),
– 8 t0 = s2

↵��!2 s02, ↵ 2 2A [ R�0, 9 t = s1
↵��!1 s01 s.t. (s01, s

0
2) 2 R and

FS |= F1.�(t) , FS |= F2.�(t0)

where A = A1.A [ A2.A.

`0 `1

c ≤ 5

cappuccino
cf ∧ mk, c := 0

coffee
cf , c := 0

brew
c ≥ 2

co
ffee

?
cf

ca
pucc

in
o?

cf
∧
m
k

br
ew

!

fm = mk → cf

I ?,! denote inputs and outputs interfaces, respectively.

I each interface has associated an inferred feature expression.
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Interface Feature Timed Automata

Operations over IFTA:

I Product: A1×A2

I Synchronization: ∆a,b(A)

I Composition = A1 1a1↔b1,...,an↔bn A2 = ∆a1,b1 . . .∆an,bn (A1 ×A2)

co↵ee is present (which depends on the feature expressions of each port), I.e.,
(fi^fo1 ) $ cf . In the composed IFTA, transitions with binded actions transition

together, E.g., transition (`2, `0)
i�! (`2, `1) with feature expression fi ^ fo1 ^ cf

represents the joint transitions `0
i,o1���! `0 and `0

co↵ee����! `1. The transitions
from CM and Router labeled with non-binded actions (i and brew) can transition
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– 8 t = s1
↵��!1 s01, ↵ 2 2A [ R�0, 9 t0 = s2

↵��!2 s02 s.t. (s01, s
0
2) 2 R and

FS |= F1.�(t) , FS |= F2.�(t0),
– 8 t0 = s2

↵��!2 s02, ↵ 2 2A [ R�0, 9 t = s1
↵��!1 s01 s.t. (s01, s

0
2) 2 R and

FS |= F1.�(t) , FS |= F2.�(t0)

where A = A1.A [ A2.A.
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Motivation - FTA not enough
Example: call two databases, DB1 and DB2, and wait for their results

I using FTA and usual modeling approach

l6

db1in
db1

l7

db2in
db2

db1out

db1 ���db2

l9

l8

db2out

db1out

db2

db1

db1out
db1

db2out

db2

l5

l4

db2outdb2 ���db1

db1out
db1

db1out
db1

db2out
db2

db2out
db2

l0 l1consultl10 result
db1 ∨ db2db1 ∨�db2

l2

db2in
db2

l3

db1in
db1
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Motivation - FTA not enough
Example: call two databases, DB1 and DB2, and wait for their results

I using IFTA

DB1
db1outdb1in

db1db1

DB2
db2outdb2in

db2 db2

Replicator
i

o1

o2
fi ⋀ fo2

fi ⋀ fo1 

fi Join
o

i1

i2

fi1 

fi2

fo⋀(fi1⋁fi2) ⨝ ⨝ ⨝
o1 <-> db1in 
o2 <-> db2in

i1 <-> db1out 
i2 <-> db2out

fm = (fo → (fi1 ∨ fi2 )) ∧ (fo → (fi1 ∨ fi2 )) ∧

((fo1 ∧ fi )↔ db1) ∧ ((fo2 ∧ fi )↔ db2) ∧
(db1 ↔ fi1 ) ∧ (db2 ↔ fi2 )
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Motivation - FTA not enough
Example: call two databases, DB1 and DB2, and wait for their results

I using IFTA

`0
{i, o1, o2}

fi ∧ fo1 ∧ fo2

{i, o1}
fi ∧ fo1 ∧ ¬fo2

{i, o2}
fi ∧ ¬fo1 ∧ fo2

{i}
fi ∧ ¬fo1 ∧ ¬fo2

fm = (fo1 ∨ fo2 )→ fi

Replicator

`0
{i1, o}

fi1 ∧ ¬fi2 ∧ fo

{i1, i2, o}
fi1 ∧ fi2 ∧ fo

{i1, i2}
fi1 ∧ fi2 ∧ ¬fo

{i2, o}
¬fi1 ∧ fi2 ∧ fo

{i1}
fi1 ∧ ¬fi2 ∧ ¬fo

{i2}
¬fi1 ∧ fi2 ∧ ¬fo

fm = fo → (fi1 ∨ fi2 )

Join

`0 `1

db1in
db1

db1out
db1

fm = >

DB1

`0 `1

db2in
db2

db2out
db2

fm = >

DB2

ARCA Composing Families of Timed Automata Nov 29, 2016 8 / 11



Motivation - FTA not enough

Example: call two databases, DB1 and DB2, and wait for their results

I using FTA and a modular approach

Table 1: Examples of basic Reo connectors and their corresponding IFTA.

Connector IFTA Connector IFTA

i o

Sync

`0

{i}
fi ^ ¬fo

{i, o}
fi ^ fo

fm = fo ! fi

i1 i2

SyncDrain

`0

{i1}
fi1 ^ ¬fi2

{i2}
¬fi1 ^ fi2

{i1, i2}
fi1 ^ fi2

fm = >

i o

FIFO1
`0 `1

{i}
fi ^ fo

{i}
fi ^ ¬fo

{o}
fi ^ fo

fm = fo ! fi

i1

i2

o

Merger

`0

{i1, o}
fi1 ^ fo

{i2, o}
fi2 ^ fo

{i1}
fi1 ^ ¬fo

{i2}
fi2 ^ ¬fo

fm = fo ! (fi1 _ fi2 )

o1

o2

i

Router

`0

{i1}
fi ^ ¬fo1 ^ ¬fo2

{i, oi}
fi ^ fo1

{i, o2}
fi ^ fo2

fm = (fo1 _ fo2 ) ! fi

o1

o2

i

Replicator

`0
{i, o1, o2}

fi^
fo1 ^ fo2

{i, o1}
fi ^ fo1 ^ ¬fo2

{i, o2}
fi^

¬fo1 ^ fo2

{i}
fi ^ ¬fo1 ^ ¬fo2

fm = (fo1 _ fo2 ) ! fi

is a bisimulation between states of F1 and F2. Let (h(l1, l0), ⌘i, hl1, ⌘i) 2 R. The
proof for delay transitions follows trivially from the fact that Inv(l1, l0) = Inv(l1)
for all l1 2 A[o/a].S.

Lets consider any action transition h(l1, l0), ⌘i S��! h(l01, l0), ⌘0i 2 F1.E. If

it comes from a transition in (1), then 9 l1
g,S,r����! l01 2 A.E s.t . a 62 S,

thus 9 hl1, ⌘i S��! hl01, ⌘0i 2 F2.E; if it comes from (2), then 9 l1
g,S0,r����!

l01 2 A.E s.t . a 2 S0, thus 9 hl1, ⌘i
S0[o/a]�����! hl01, ⌘0i 2 F2.E, where S =

S0[{i, o}\{i, a} = S0[o/a]. Conversely, if 9 hl1, ⌘i S��! hl01, ⌘0i 2 F2.E and o 62 S,

then 9 (l1, l0)
g,S,r����! (l01, l0) 2 AS .E s.t . i /2 S ^ a /2 S, thus 9 h(l1, l0), ⌘i S��!

h(l01, l0), ⌘0i 2 F1.E; if o 2 S, then 9 (l1, l0)
g,S0[{o}\{a},r�����������! (l01, l0) 2 (�i,a(AS)).E,

such that S = S0[o/a] = S0[{o}\{a}, thus 9 h(l1, l0), ⌘ S��! h(l01, l0), ⌘0ii 2 F1.E.

In both cases, we have F1.�(h(l1, l0), ⌘i S��! h(l01, l0), ⌘0i) = F2.�(hl1, ⌘i S��!
hl01, ⌘0i). Furthermore, A0.fm = A[o/a].fm. ut

l6

l0 l1db2inl10

l2l3

db1in

i

db2in

db1in

db1indb2in

db1in

db
2in

i

i

db2in

i

db
1in

i

db2indb1in
l2

i

db2

db1⋀¬o2

db1⋀o2

i ⋀
 (d

b1
⋁

 d
b2

)

db2⋀¬db1

db2⋀db1

db1

i⋀db2

i⋀db2i⋀db1

i⋀db1

db
2⋀

(d
b1

⋁i) db1⋀(i⋁db2)

db
1⋀

¬ii⋀¬
db

1

db2⋀¬i
i⋀¬db2

Replicator
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Implementation

Scala DSL:

I Specification of IFTA and networks of IFTA (NIFTA)

I Product, synchronization and composition over IFTA and NIFTA

I NIFTA to networks of FTA (FTA) (with committed states)

I NFTA to Uppaal network of TA

I Visualization in DOT and Vis.js (interactive)

Demo: https://github.com/joseproenca/ifta
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Discussion

Advantages over FTA:

I Multi-action transitions simplify design
I Interfaces:

I automatic reasoning about variability during composition
I makes easier to see how the automata can interact with others

I Composition:
I composes feature model
I facilitates modular approach

Limitations:

I Uppaal doesn’t work very well with sequence of committed states

I Size of IFTA composition can growth quickly

Questions?
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