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Back 1n history: FSM-based @
testing

* Originally invented 1n the sixties for testing
circults, thus there is a finite number of states

 First applied to software by Chow in 78
(ref [20])

* Big corpus of knowledge, with a lot of variants
on the kind of considered FSM
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What 1s an FSM?

: finite set of states,
I: input alphabet,
O: output alphabet
 T: finite set of transitions:
- s—x:y=>5§' €T, s, S'€S, x €], yeO*
— Notations: A(s,x)=y, A*(s,w)=w', w &Il*, w'eO*
o Equivalent states : Yw, N*(s,w) = A*(s',w)
e Here, the considered FSM are: deterministic,
complete (V s€S, Vx€l, 45 —x:y-> s’ €T), minimal
(no equivalent states), and all states are reachable
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The same example

¢ = any character but * and /

This 1s not a comment /* all that / * 1s ** a comment */ this 1s no more a comment.

This FSM removes from the input text all that is not a comment
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Formalities @

 AFSM is a “regular transducer”

e It defines a function from I* into O*

o There is no memory: given an input, the output
depends only on the current state and not on
the way 1t has been reached.
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Revising history

SUT

e System under test
— unknown, but...

equivalence?

output

»

» Testability Hypothesis: input

— the SUT behaves like some (unknown) FSM with the same*
number of states as the description

« Whatever the trace leading to some state s, the execution of
transition s —x.y-> s’ has the same effect (output, change of state)

*or more but this number 1s known
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Back 1n history: control and
observation

est strategy: transition coverage
s —x:y->8’
* Questions

— control: how to put the SUT into a state equivalent to s?

 solution 1: if there is an initial state, perform a “reliable reset”,
and then some adequate input sequence

* solution 2: “homing sequence”, and then some adequate input
sequence
— observation: how to check that after receiving x and
1ssuing y, the SUT 1is in a state equivalent to s ?
 “separating family ” : collection {Z},_, , of sets of nput

sequences whose output sequences make it possible to distinguish
s, from any other state

December 2008 TSI 2008, Burkhart Wolff, LRI



One of the tests for
S -X/y->§’

/answ
@/K WIK(s.,w) 2K 2)

x/y
homing sequence @ =@/\/\

hel* => answ €O*:
then the SUT state
should be equivalent

z belongs to the
separating set of s’

to's,. w €I*: 1n the formal
Or reset description, w leads
from s_to s.
) preamble " transition  observation

execution
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One of the tests of the preamble
of s -x/y->5§’

W/AN*(S,W) Z/N* (s, z)

@/\/jbelongs to the

separating set of s

Homing sequence
hel* => answ €0*;
then the SUT state

should be equivalent

to S, < >
Ou reset w €I*: 1n the formal
description, w leads
from s tos.
) preamble - observation:

the state is the right one
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Back in history [Chow 78] <

* Preliminary theorem: every such FSM has a
characterizing set W= {w, ..., w_} < I, which
allows to distinguish the states

— s#s' = 3w, € W such that L*(s,w))# A*(s',w))

« Test sequences: p.z, wherep € Pz € Z

— P: for every transition s —x:y->s’, there are two sequences
in P, p and p.x, such that p leads from the 1nitial state to s
— Z.= W (or Wk if there are k more states)
— 1.e., coverage of transitions, with observation of the origin
and destination states
 The FSM has an 1nitial state, and the SUT provides a

reliable reset
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Characterizing set : W ={*q}
Note: i1t 1s a destructive observation
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state *@

1 _

2 ¢

3 *
4 **(p
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Construction of some P .

(covering tree)

i

cP  the root 1s the 1nitial state

J » the sons of a node are those

states reachable by some
transition

« if a state 1s already in the tree
it 1s terminal
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Tests and expected results <
*@ nothing | | /*/*¢@ | /*@
**o nothing Moo | o*
*o nothing ey | #rg
/*@ 2
/I*q ¢

_ el | Fo*e

/p*@ nothing
g o /**/*@ | nothing
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Exhaustivity of P.Z

 Let A, B, two FSM with the same I and O ;
— LetV C I¥;
— s, 1s a state of A, s, 1s a state of B;
— s, and s, are V-equivalent iff
— Vw eV, A*(s,,W) = L*(sg,W)
e A and B are V-equivalent <=> their 1nitial states are
V-equivalent
 Chow’s theorem:
A and B are equivalent < A and B are P.Z-equivalent
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It was the first “extrapolation”
theorem applicable to software

testing
/

O
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Application to testing

* A 1s a description/specification/model

* B 1s a system under test (SUT) that behaves like some
FSM

— One knows that I and O are the same sets

— One knows that B has the same number of states than A, or
a known number of additional states

— There 1s a reliable reset of B
— It 1s all that 1s known about B

e From A one builds P.Z

— One tests B against the sequences of P.Z

— If all the output results are the same as for A, B 1s
equivalent to A
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Testability Hypotheses and all @
that. ..

* Hypotheses:

— the SUT behaves like some FSM with the same™ number of
States as the specification

— the SUT provides a reliable reset

« Under these testability hypotheses, the success of a
test set P.Z ensures equivalence of the SUT and the
specification FSM

» Here the satisfaction relation 1s equivalence
* P.Z 1s exhaustive/these hypotheses and this relation

o the SUT behaves like some FSM with a known nb of
states and it provides a reliable reset

=> (SUT passes P.Z <=> SUT equiv SP)
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Before or after Chow

Checking sequence:

— covers every transition and its separating set; distinguishes
the description FSM from any other FSM with the same
number of states, no need of reset

— Finite, but may be exponential/nb of states... in length, in
construction

* Exhaustivity
— Transition (+ separating set) coverage

* Control
— homing sequence, or reliable reset
— Non-determinism => adaptive test sequences

e Observation
— distinguishing sets, UIO, or variants (plenty of them!)
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