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Overview

• Mutation testing
• Model-based testing
• Model-based mutation testing
• Equivalent mutant problem
• Mutant equivalence as monotonicity of 

parametric timed games (PTG)



Mutation 
Testing



Examples of Mutation Testing

Further 
examples:

Replacement of some Boolean relations with others, such as 
> with >=, == and <=

Replacement of Boolean subexpressions with true and false

Replacing returned value with null



Model-based Testing



Model-based Testing 
with Uppaal (example)



Model-based Mutation Testing

no

If Mutant <= SUT, then Mutant is subsumed by SUT:
• the Mutant can mimic all the controllable (i.e., input) behaviour of the SUT
• the SUT can mimic all the uncontrollable (i.e., output, delay) behaviour of the Mutant

K.G. Larsen et al., Mutation-based test-case generation with Ecdar. ICSTW 2017



Mutant <=?  SUT



Equivalent 
Mutant 
Problem

• Mutants may exhibit the same observable 
external behaviour
• From a tester’s point of view, the subsumed 

(i.e., equivalent) Mutant is not distinguishable 
from the original system
• No test case can be generated to differentiate 

the Mutant from the original system:
• useless analyses and a waste of 

computational resources



Static Detection of 
Equivalent Mutants

Mutation operators:

• TMI – Transition MIssing
• TAD – Transition ADd
• SMI – State MIssing
• CXS – Constant eXchange S decrease
• CXL – Constant eXchange L increase

D. Basile et al., Static detection of equivalent mutants in real-time model-based mutation testing: An Empirical Evaluation. EMSE, 2022



Contribution
Commandments [4-10] = Monotonicity of Extended L/U PTG

p=2

p=4

L/U PTG:
A. Jovanović et al., A game approach to the parametric control of real-time systems. Int. J. of Control, 2019



Extended

Decidability of refinement for (extended) L/U PTG (undecidable in general for PTG) relies on the property of monotonicity

É. André, What’s decidable about parametric timed automata? STTT, 2019



Extended L/U PTG

• Parameters partitioned into P+ and P-

• P- is related to the commandments for CXS [7-10]
• Parameters in P- only occur as
• Lowerbound of controllable transitions (comm. 7)

(we can increase the controllable behaviour in a refinement)
• Upperbound of uncontrollable transitions (comm. 8)

(we can decrease the uncontrollable behaviour in a refinement)
• Lowerbound of the invariant of a location ℓ whenever all 

incoming transitions are controllable (comm. 10)
• Upperbound of the invariant of a location ℓ whenever all 

incoming transitions are uncontrollable (comm. 9)



Extended L/U PTG

• Parameters partitioned into P+ and P-

• P+ is related to the commandments for CXL [4-6]
• Parameters in P+ only as
• Lowerbound of uncontrollable transitions (comm. 5.i)

(we can decrease the uncontrollable behaviour in a refinement)
• Upperbound of controllable transitions (comm. 4)

(we can increase the controllable behaviour in a refinement)
• Lowerbound of the invariant of a location ℓ whenever all 

incoming transitions are uncontrollable  (comm. 6)





Commandments [4-10]



Conclusion 
and 
Future Work

• We presented the problem of checking equivalent 
mutants in model-based mutation testing
• We showed how the violation of 7 out of the 10 

commandments for detecting equivalent mutants  
is related to the monotonicity of a suitable 
extension of L/U PTG (essential for decidability)

• Future developments: refinement checking on PTG?
(currently no tooling available)


