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Why Use Models in Software Testing?

• Models provide an abstract view. 

• Models leave out “irrelevant” detail (irrelevant for a given 
purpose)�.

• Models help in focusing on the interesting aspects.

Real system



Different Purpose ==> Different Model

Real system

Models



Model Based Statistical Testing
(MBST)

� A state-based model which describes the use of the 
software (from a black box point of view).

Example:
Telephone

S.J. Prowell. Jumbl: a tool for model-based statistical testing. In System Science 2003. Proceedings of 36th Annual 
Hawaii International Conference

Telephone

Test Model/
Usage Model



Generating Test Cases

//TestCase1
//Test Step 1

lift_receiver();

//Test Step 2 

dial_good();

Path is chosen based on probabilities which represent how the software will be used.

dial_good();

//Test Step 3

connect();

//Test Step 4

hang_up();



Reliability

• Underlying mathematical 
concept is a Markov chain.

• Single event reliability

– Probability that a randomly – Probability that a randomly 
selected input will not produce 
a failure.

• Single use reliability

– Probability that a randomly 
generated test case (system use) 
will not produce a failure.



MBST and Embedded Systems

Properties of embedded systems:

• Real-time systems

• Continuous signals 

• Parallel systems• Parallel systems

• Distributed systems

• ....

• Time is of concern ==> time should be within the model



Possible time constraints are something shall:

• ... not happen earlier than T1 time units ...

• ... not happen later than T2 time units ...

MBST and Time
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• ... not happen earlier than T1 time units and not happen later   
than T2 time units ...

... after a certain event.

How is it possible to integrate these statements in a usage model?



• The mathematical model used in MBST is a finite state, time 
homogeneous, discrete parameter, irreducible Markov chain [9] 
with discrete time (DTMC).

• DTMC ==> time between state changes is fixed to a constant 

MBST and Time

• DTMC ==> time between state changes is fixed to a constant 
discrete parameter � t.

• MBST neglected the time characteristics of this type of DTMC. 
(MBST counts steps)�

[9] Kirk D. Sayre. Improved Techniques for software testing based on Markov chain usage models. PhD thesis, The University of Tennessee, 1999.



... not earlier than T1 time units ...

Apply the S exactly n� t seconds after E.

Wait at least n� t time units after E before 
applying S to the SUT and possibly longer.



... not later than T1 time units ...

Apply S between � t and n� t = T1 seconds after E or never.



... not earlier and not later  ...

wait between n� t = T1 and m� t = T2 time units 
after E before the S is applied to the SUT or do 
not apply S at all.



More than one stimulus

a: not later than x+1 time units
b: not earlier than m time units and not later than u+1 time units
c: not earlier than l lime units



Example

S.J. Prowell. Jumbl: a tool for model-based statistical testing. In System Science 2003. Proceedings of 36th Annual Hawaii International 
Conference



ExampleExample

Connected:
not later than

Hang up: 
not earlier and not later



Example

Not earlier and not later: hu

Not later than: c

Time dependent response



Conclusion

• Time is needed in  the usage model to test     
real-time systems

• Basic time characteristics of the software       • Basic time characteristics of the software       
use can be expressed now

• Approach allows incremental development    
of usage models



Thanks!


