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c1 == 0.5

c1 <= 0.5

c1 := 0.0

Timed Automata with Input-Output
Time

Finite set of clocks 
valued on reels

Restricted with 
guards and invariants

Reset with affectations

Urgent locations

Abstract Time

Same rate

A.	David,	K.G.	Larsen,	S.	Li,	M.	Mikucionis,	B.	Nielsen.	
Testing	real-time	systems	under	uncertainty.	FMCO’10.

clock value: ci = ℝ+.
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State: <t, n> [controls] { symbols }Dense time

Poncelet,	Jacquemard.	
Model	Based	Testing	of	an	Interactive	Music	System.	30th	ACM/
SIGAPP	Symposium	Computing	(ACM	SAC,	2015).

Poncelet,	Jacquemard.		
Model-Based	Testing	for	Building	Reliable	Realtime	Interactive	
Music	Systems.	Science	of	Computer	Programming	(SCP,	2016).

control: Ci=ℝ+

Synchronous 
aspects



e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

31

State: <0, 0> [C1:0] { }

𝑺

IRTM: System Model
Simulation

lead



e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

32

State: <0, 1> [C1=0 :: C2=0] { }

Alternation𝑺

IRTM: System Model
Simulation

lead

wait



e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

33

Cooperative
Scheduling

State: <0, 1> [C1=0 :: C2=0] { }

𝑺

IRTM: System Model
Simulation

lead

wait

suspended



e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

34

End of logical 
instant

State: <0, 1> [C1=0 :: C2=0] { }

𝑺

IRTM: System Model
Simulation

Synchronous
aspect

TA aspects Transition
Discrete/Temporal



e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

35

.tin <e1, 0, 184>
State: <0, 1> [C1=0 :: C2=0] { e1 }

𝑺

IRTM: System Model
Simulation



Receive

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

36

State: <0, 2> [C1=0 :: C2=0] { e1 }

e1
𝑺

IRTM: System Model
Simulation



e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

37

State: <0, 2> [C1=0 :: C2=0] { e1 }

𝑺

IRTM: System Model
Simulation

extended 
aspects

Priorities



e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

38

State: <0, 2> [C1=0 :: C2=0] { e1 }

𝑺

IRTM: System Model
Simulation

extended 
aspects

Priorities



Send a1

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

39

.tref

State: <0, 3> [C1=0 :: C2=0] { e1 }
<a1, 0>

𝑺

IRTM: System Model
Simulation



Delay 0.040
e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

40

.tref

State: <0.040, 0> [C1=0.040 :: C2=0.040] { }
<a1, 0>

𝑺

IRTM: System Model
Simulation



Expire

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

41

.tref

State: <0.040, 1> [C1=0 :: C2=0.040] { }
<a1, 0>

𝑺

IRTM: System Model
Simulation



Expire

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

42

.tref

State: <0.040, 1> [C1=0 :: C2=0.040] { }
<a1, 0>

𝑺

IRTM: System Model
Simulation



Send a2

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

43

.tref

State: <0.040, 2> [C1=0 :: C2=0.040] { }
<a1, 0><a2, 0.040>

𝑺

IRTM: System Model
Simulation



Remove Control Point

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

44

.tref

State: <0.040, 3> [C2=0.040] { }
<a1, 0><a2, 0.040>

𝑺

IRTM: System Model
Simulation



45

.tin <e1, 0, 184><e2, 0, 184>

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

State: <0, 2> [C1=0 :: C2=0] { e1, e2 }

𝑺

IRTM: System Model
Simulation



46

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

State: <0, 2> [C1=0 :: C2=0] { e1, e2 }

𝑺

IRTM: System Model
Simulation



Receive e2

47

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

State: <0, 3> [C1=0 :: C2=0] { e1, e2 }

𝑺

IRTM: System Model
Simulation



Send min(a1, a3)

48

e1? a1! 0.125 mu a2!

e2? a3! 93 ms a4! 93 ms a5!

State: <0, 3> [C1=0 :: C2=0] { e1, e2 }

𝑺

IRTM: System Model
Simulation



e1! 0.5 mu e2! 0.5 mu e3! 0.5 mu

49

𝓔

IRTM: Environment Model



e1! 0.5 mu e2!

e2!

0.5 mu e3!

e3!

0.5 mu

50

Interpretation

𝓔

Non-Determinism: missed events

TA aspects

Non-determinismmissed events



e1! 0.5 mu e2!

e2!

0.5 mu e3!

e3!

e3!

0.5 mu

51

Interpretation

𝓔

Non-Determinism: missed events

TA aspects

Non-determinismmissed events



52

Interpretation

e1! [0.3,0.7] mu e2!

e2!

[0.3,0.7] mu e3!

e3!

e3!

[0.3,0.7] mu

𝓔

Non-Determinism: duration variation

TA aspects

Non-determinismduration bounds



Outline

53

1.Objectives

2.Interactive Real-Time Model

3.Testing Framework

𝓔 𝑺



Poncelet,	Jacquemard.	
Model	Based	Testing	of	an	Interactive	Music	System.	30th	
ACM/SIGAPP	Symposium	Computing	(ACM	SAC,	2015).

54

Contribution
Publications

Poncelet,	Jacquemard.	Model-Based	Testing	for	
Building	Reliable	Realtime	Interactive	Music	Systems.	
Science	of	Computer	Programming	(SCP,	2016).

journals
conferences

Developments

Antescofo	adaptors	(C++).

Application	to	Antescofo	+	Regression	tests

front-end	compiler	of	AntescofoDSL	(C++,	13.000	loc).

~	20	Scripts	for	test	execution	(Perl).

Conformance	and	trace	manager	(C++,	4.000	loc).

Virtual	Machine	(C++,	3.000	loc).

𝓔 𝑺

C.	Poncelet,	F.	Jaquemard.	
An	automatic	test	framework	for	interactive	music	systems.	
Journal	of	New	Music	Research	(JNMR),	2016.

C.	Poncelet,	F.	Jaquemard.	
Test	Methods	for	Score-Based	Interactive	Music	Systems.	
ICMC	-	SMS,	2014.

Poncelet,	Jacquemard.		
Model-Based	Testing	for	Building	Reliable	Realtime	
Interactive	Music	Systems.	Science	of	Computer	
Programming	(SCP,	2016).

Burloiu,	Cont,	Poncelet.	A	visual	framework	for	dynamic	
mixed	music	notation.	
Journal	of	New	Music	Research	(JNMR,	2016).



55

Perspectives

•

Applications:

Interactive Real-Time Model:

Testing Framework:

• Visual tool for improving framework uses
• A debug environment with Ascograph

• Application to other IMS (or timed-cyber systems)

• Translate IRTM into Hybrid Automata
• add constraints on tempo

• Translate IRTM into Stochastic Automata
• Improve the input generation

• Improve Fuzz Testing
• White-fuzzing Guided-Random (DART)

• Specify a concrete specification language
• Based on a Given-When-Then like paradigm 

(Gherkin)

Other Applications:

• Static Analysis of Mixed Score

• Verification of properties
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ConstructionConstruction:
from high level to model Automatic

e1?

d11 msg11! d12

e2?

d21 msg21! . . .

. . .

𝓔 𝑺et

at

Domain Specific 
Language 
Antescofo

Interactive Real-Time 
Model

: ; `
all

A;

: ms `env Menv

: ms `
proxy

P : ms `
sys

A
: ms `

all

M
env

kPkA

Inference Rules FSM Parts & Connectors 
+ Operators

if � > 0
d, �, e0, e,T : `tight,⇤

delay

`1

`2

`i

3

`0e 3

`0e 4

`0

4

2

`0 1
e?

e?

e?

e?

�

e 0?

e 0?

act(d, a, al 0) `tight,global
atom

`1

`2

`e3

`e4

`0 1
a

`0 2
a

`0e 3
a

`0e 4
a



Listening
machine

Reactive
engine

Reactive 
Engine black box
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.tin <e1, 0, 120><e2, 0.5, 120><e3, 1, 120>

.tout

<e, t, p>

Antescofo Execution
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Antescofo Execution
.tin <e1, 0, _><e2, 0.5, _><e3, 1, _>

Listening
machine

Reactive
engine

Reactive 
Engine black box

.tout

<e, t>
tempo
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.tout .tref

Verdict



co
ve

ra
ge

 (%
 

lo
ca

tio
ns

)

0

22,5

45

67,5

90

0 1 3 5 7

0% 5% 50%

79

Experiments

% allowed duration variation
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Approach Offline: 
CoVer

Benchmark

consecutive
misses

• Covering 
generation

• Existing Tools

• Translation into 
Timed 
Automata

• No musically 
relevant

consecutive
misses
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Experimentsmisses - k
Sonata in F major

Georg Friedrich Händel

Measures 5
10s

25 events
84 actions

Measures 8
16s

48 events
185 actions

Measures 10
20s

74 events
264 actions

Measures 15
30s

122 events
444 actions

Measures 40
80s

360 events
1218 actions

Approach Offline: 
CoVer

Measures Measures

consecutive misses - % allowed duration variation
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Experimentsmisses - k
Sonata in F major

Georg Friedrich Händel

Approach Offline: 
CoVer

Measures Measures

• Not scalable

consecutive misses - % allowed duration variation
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Experiments Sonata in F major
Georg Friedrich Händel

Measures 40
80s

360 events
1218 actions

Approach Offline: 
Fuzz

10 traces

Measures Nb. tins

40 measures

• Musically 
relevant

• No translation

• No coverage 
guarantee

consecutive misses - % allowed duration variation
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Experimentsmisses - k
Sonata in F major
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Appendices

a! b!

b? a?

State: <0, 0> [C1=0 :: C2=0] {  }
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Appendices

a! b!

b? a?

State: <0, 0> [C1=0 :: C2=0] {  }
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Appendices

a! b!

b? a?

State: <0, 1> [C1=0 :: C2=0] { a }
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Appendices

a! b!

b? a?

State: <0, 2> [C1=0 :: C2=0] { a, b }
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Appendices

a! b!

b? a?

State: <0, 3> [C2=0] { a, b }
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Appendices

a! b!

b? a?

State: <0, 4> [C2=0] { a, b }



90

Appendices

a! b!

b? a?

State: <0, 5> [C2=0] { a, b }


