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m The implementation can add new behaviours for the inputs.

m /10COS S.
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Formal Definitions

Input-Output Conformance relation

An iocos relation
R is an iocos-relation iff for any (i, s) € R:
ins(s) C ins(/)
al. o

a?ins(s) i 25 i then s-25 ¢, (,s) €R

x! € outs(i) i =5 i’ then s =5 ¢, (I/,s) € R

iocos

iocos = [J{R | R is a iocos-relation} (i,s) € iocos <> i iocos s
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Formal Definitions
@00

What has already be done?

Offline testing

Soundness

ppass T forany T € T (p)

Completeness

VT €T (s)ipass T iff iiocoss

“C. Gregorio-Rodriguez, L. Llana, R. Martinez-Torres: Input
Output Conformance Simulation (iocos) for Model Based Testing.
FORTE 2013”
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Formal Definitions
o] ]

What has already be done?

Online testing

Algorithm 1 Online Testing Algorithm for iocos
1: function TE(s, iut, maxTter)

2 continue
3: numlIter « maxIter
4: while numlter > 0 A continue == v do
5 continue, numlter + TE_ggc(s, iut,numlter)
6: if continue == v then
7 reset iut
8: return continue
9: function TEgrec(s, iut, numlIter)
10: if numlter =0 then
11: return v/, numlter
12:
13: choice
e P Offrsaminput o the implementaton ]
15: choice a € ins(s)
16: if a? is not enabled in iut then
17 return X,numlter HC G L] R d ’ L Ll
send a to it . Grregorio-Rodriguez, L. Llana,
19: duto  copy(iut)
20: for & € saftera? do 7 . o
s ity R. Martinez-Torres: Effectiveness
22: continue, numlter < TEgsc(s', iut, numlter — 1)
23: if continue == v/ then f | O C f
p return /i or Input QOutput Conformance
250 return X,numliter
26: case wait do © Waits for an output from the implementation M l M - F O RT E 2 0 1 4 ”
» et Simulation iocos.
28: if saftero! = @ then -
29: return X,T
30: iuto « copy(iut)
31: for s' € s after o! do
32 iut + copy(iuto)
33: continue, numlter « TErgc(s', iut, numlter — 1)
34: if continue == v/ then
35: return v/, numlIter
36: return X,numiter
37 case reset do > Resets implementation and restart
38: return v/, maz Iter
39:
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Formal Definitions
ooe

What has already be done?

Implementations

General Coarser Partition Problem (GCPP)

m Can be effectively computed using the GCPP algorithm.

m This allows to perform iocos-minimisation.
m Given process p, compute g s.t. giocos_ p and g has a
minimal LTS.

mCRL2 tool (Jan Friso Groote, TU Eindhoven (CWI, Twente...))

m Implementation of iocos in mCRL2.

|
“C. Gregorio-Rodriguez, L. Llana, R. Martinez-Torres: Extending mCRL2

with ready simulation and iocos input-output conformance simulation.
SAC 2015"
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Logic for iocos

Model Checking

Model Properties
I !
Operational description = Logic formula
l

'Minimal’ and 'equivalent’ = Logic formula

m We present a logic that characterizes iocos.
m Both, preorder and equivalence.

m Is a subset of the Hennessy-Milner Logic.
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Definitions

pu=tt|fFlgAG| SV S| (a2 | (x)e.

Semantics of Liocos

® Standard interpretations for tt, ff, A and V.
= pE (x!)$ iff o/ = ¢ for some p—=Ls p'.
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Definitions

Syntax of Liocos

pu=tt|fFoAP[ PV [ {a?he | (x)o.

Semantics of Liocos

® Standard interpretations for tt, ff, A and V.
p e (x1)¢ iff p' | ¢ for some p =5 p.

p k= (a?) ¢ iff P—E?7L> or p' |= ¢ for some p -2 pl.
(a?)¢ is logically equivalent to [a? [ff Vv {(a?)¢.
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Some results

Liocos characterizes the preorder

iiocos s iff (V¢ € Liocos 1 |= ¢ then s |= }).

Liocos characterizes the induced equivalence

iiocos_ s iff (Vo € Liseos 1 | ¢ iff s = o).

Corollary

For all ¢ in Liocos if we want to check p = ¢, it is equivalent to
minimise p to g (using GCPP) and solve ¢ = ¢
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A logical characterisation for iocos (WIP)



An Alternative logic

An Alternative logic

B Liocos follows a standard approach to the characterisation of
simulation semantics.

= However, iocos was originated in the model based testing
environment.

m The natural reading for a logical characterisation would be
“every formula produced by the specification should be also
proved correct in the implementation”.
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An Alternative logic

~

Eiocog

pu=tt|fflopAP[dVe][a?]d|[x!]o.

Semantics

® Standard interpretations for tt, ff, A and V.

m pE[x!¢iff p £ ¢ for each p =5 p.
=
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Eiocog
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Semantics

m Standard interpretations for tt, ff, A and V.

p =[x iff p’ |= ¢ for each p =5 p'.

p E [a?] ¢ iff p-2% and p’ = ¢ for each p % .
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L. Aceto, |. Fabregas, C. Gregorio-Rodriguez, A. Ingolsfdattir

A logical characterisation for iocos (WIP)



An Alternative logic

Some results

cos Characterizes the preorder

iiocos s iff (Vo € Ziocog s = ¢ then i = ¢).

Liocos characterizes the induced equivalence

iiocos_ s iff (Vo € Liseos s | ¢ iff i = o).

Corollary

For all ¢ in Z;oco§ if we want to check p = ¢, it is equivalent to
minimise p to g (using GCPP) and solve g = ¢
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An Alternative logic

~

Relation between Lioeos & Liocos

|
Bijection T : Liocos — Zioco§ :

m T (tt) = ff.

m T (ff) = tt.

m T(P1 A d2) =T (1) VT(2)

m T(P1V ¢2) =T(¢p1) AT (¢2).

= T((a?)¢) = [a?]7 (¢).
m T((x1)e¢) = [xT(9).

The inverse function 71! : Liocos = Liocos is defined in the
obvious way.
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Characteristic formula

Characteristic formula

A formula ¢ is characteristic for s iff
® s |= ¢ and

m for all i it holds that i |= ¢ if and only if jiocoss.

xtp) =\ @xe)n Alal \/ x(p)

a,p—>sp' acA p—p
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Characteristic formula
N a7 \/ x(p)

a’eins(p)

p—p




Characteristic formula

Characteristic formula

A1\ xe)

xleO pL!>p’




Characteristic formula

xtp)= N\ [a7] \/ x(p AT\ x)

a’eins(p) = 9 xleO = x =

|. Fébreg . Gregorio-Rodriguez, A. Ingdlsfdottir

A logical characterisation for ioco: IP)



Characteristic formula

xtp)= N\ [a7] \/ x(p AT\ x)

a’eins(p) = 9 xleO = x =

= Applying a result in “L. Aceto, A. Ingélfsdottir, and J. Sack.
Characteristic formulae for fixed-point semantics: A general
framework. EXPRESS 2009".

L. Aceto, |. Fabregas, C. Gregorio-Rodriguez, A. Ingélsfdattir

A logical characterisation for iocos (WIP)



Future Work

Future Work

m Relation of Liscoswith other logics in the literature

m Ready simulation logic, covariant-contravariant simulation
logic and p-calculus.

= Expressive logic for iocos
m ACTL
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