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Introduction

@ A large collection of semantics for processes.
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Introduction

@ A large collection of semantics for processes.
@ Most are classified ivan Glabbeek’s spectrum:

» Observational/testing framework.
» Axiomatic framework.
» Logical framework.

o No uniform scenario:

» Different kinds of observations.
» Unrelated axioms.
» Different testing scenarios.
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Our proposal

o A uniform observational framework:
» Branching observations for simulation (branched) seroanti
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Our proposal

@ A uniform observational framework:
» Branching observations for simulation (branched) seroanti
» Linear observations for the linear semantics.
» Closure operations to generate the observations for teadisemantics.
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BCCSP processes

Definition
The set BCCSct) of processes is defined by:
p:=0|ap|p+q

wherea € Act; 0 represents the process that performs no action; for every
action inAct, there is a prefix operator; areis a choice operator.

v
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BCCSP processes

Definition
The set BCCSct) of processes is defined by:
p:=0|ap|p+q

wherea € Act; 0 represents the process that performs no action; for every
action inAct, there is a prefix operator; areis a choice operator.

Definition
The operational semantics for BCCSP terms is defined by

p-—>p q->d

a
»P p+q—p p+q-—d
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The classical van Glabbeek’s Itht spectrum

(B) bisimulation
(RS) ready simulation

(PW) possible worlds

\

(CS) complete simulation (RT) ready trace

\

(FT) failure trace (R) readiness

/

(F) failure

I\

(S) simulation (CT) complete trace

(T) trace
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Constrained simulations

Definition
Given a relatioriN, anN-constrained simulation is a relationSy such that
pSuq implies:

o For everya, if p - p’ there exists(,  — ¢ andp'Syq, and

@ pNa.

Notation: p Cns 0.
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Constrained simulations
Definition
Given a relatiorlN, anN-constrained simulation is a relationSy such that
pSuq implies:
o For everya, if p - p’ there exists(,  — ¢ andp'Syq, and
@ pNa.

Notation: p Cns 0.

@ The universal relatiot relating all processes gives rise to the
simulation semantics;

o Relationl, relating processes with the same initial actions, cooedp
to ready simulation;

@ RelationT, that relates processes with the same traces, corresponds
trace simulation;
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Local observationky

We observe locally at each state of the process the infoomageded to
decide the corresponding constraint.

@ Plain simulation:.Ly = {-}, Lu(p) = -.

o Ready simulationL; = P(Act), L;(p) = I(p).

e Complete simulationtc = Bool, Lc(p) istrueif p = 0 andfalse
otherwise.

@ Trace simulationLt = P(Act*), Lt(p) = T(p), the set of traces .
@ 2-nested simulationts = {[p]s | p € BCCSR, Ls(p) = [p]s-
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Branching general observations

The domairBGOy of branching general observationspéorresponding to
the constrainiN contains thdinite trees doubly labelled, at their nodes by
local observations ik, and at their arcs bactions inAct.
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Branching general observations

The domairBGOy of branching general observationspéorresponding to
the constrainlN contains thefinite trees doubly labelled, at their nodes by
local observations ik, and at their arcs bactions inAct.

Definition

The seBGOy(p) can be compositionally defined as

BGON(P) = {{Ln(p),S) | SC {(a,bgo) | bgo € BGON(P),p = p'}} .
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Branching general observations

The domairBGOy of branching general observationspéorresponding to
the constrainlN contains thefinite trees doubly labelled, at their nodes by
local observations ik, and at their arcs bactions inAct.

Definition
The setBGOy(p) can be compositionally defined as

BGON(P) = {{Ln(p),S) | SC {(a,bgo) | bgo € BGON(P),p = p'}} .

Any bgo € BGOy(p) can be interpreted as a partial aggregated view of a
collection of computations gd, by observing_y at their states.

Notation: p <R qif BGOy(p) € BGON(q).
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ExamplesN = |

bgo,; bgo, bgo,
{a} {a} o {a} .
ya e
{b} {b} {b}
Vb by Vb
. {c,d} g {(5} {Cld}
c d
0 2N 0 0 0

Forp = a(b(c + d) + bc + bd), bgo, € BGO, (p), fork € {1, 2, 3}.
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Results

Theorem
Foral N e {U,l,C,T,S} andanytwoproceﬁs&pandq,
pCnsqiffp < a.
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Results

Theorem
Foral N e {U,l,C,T,S} andanytwoprocess%pandq,
pCnsqiffp < a.

Key facts to obtain this characterisation:

o We may include, but no must!, intago several partial computations that
start executing several transitions.
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Results

Theorem
Foral N e {U,l,C,T,S} andanytwoprocess%pandq,
pCnsqiffp < a.

Key facts to obtain this characterisation:

o We may include, but no must!, intago several partial computations that
start executing several transitions.

@ We mayduplicate a single transition by including different computation
starting with the same transition.
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Linear observations

@ The setLGOy of linear general observations for a local obselvglis
the subset oBGOy defined as:

» (I,0) € LGOy for eachl € Ly.
» (I,{(a,1go)}), whenevema € Aandlgo € LGOy.
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Linear observations

@ The setLGOy of linear general observations for a local obselvglis
the subset oBGOy defined as:

» (I,0) € LGOy for eachl € Ly.
» (I,{(a,1go)}), whenevema € Aandlgo € LGOy.

@ The set of linear general observations of a progasgh respect to the
local observet.y is LGO(p) = BGOy(p) N LGOy.
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Linear observations

@ The setLGOy of linear general observations for a local obselvglis
the subset oBGOy defined as:

» (I,0) € LGOy for eachl € Ly.
» (I,{(a,1go)}), whenevema € Aandlgo € LGOy.

@ The set of linear general observations of a progasgh respect to the
local observet.y is LGO(p) = BGOy(p) N LGOy.

Since Igo’s are linear they can be presented as decoratazbira

LGON(p) ::= {{Ln(P))} U {{Ln(p),a) olgo | p - P/, Igo € LGON(p')}
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Characterizing (some) linear semantics

We writep <}, g, if LGOy(p) € LGON(q).
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Characterizing (some) linear semantics

We writep <}, g, if LGOy(p) € LGON(q).

Proposition
D)<y =Cr
(2 <| =Crr
(3) <t =Cecr

The linear semantics corresponding to decorated traces\abgLy is the
strongest linear semantics definable kia
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The rest of linear semantics for = |

There areother coarser semantics for which a different way of tregtive
linear observations is needed.
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The rest of linear semantics for = |

There areother coarser semantics for which a different way of tregative
linear observations is needed.

ForT,T’ C LGO, we define the orders|=, </, and<|"=:
0 T <P T «— VXarXy...Xn €T oarY1...Yne T’
YVie0.nXi DY,
° Tg'lf T <— VXoauX1... % €T YouY1... YT’
Xn=Yn

0 T <P T — VXarX1... %€ T FYoarYs.

YaeT’
Xn 2 Yn
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The rest of linear semantics for = |

There areother coarser semantics for which a different way of tregative
linear observations is needed.

ForT,T’ C LGO, we define the orders|=, </, and<|"=:
0 T <P T «— VXarXy...Xn €T oarY1...Yne T’
YVie0.nXi DY,
o T<I'T' «— WXoaXq... % €T NoayYs...Ype T’
Xn = Yn

0 T <P T — VXarX1... %€ T FYoarYs.

YaeT’
Xn 2 Yn

Then, we writep <X qif LGO, (p) <[X LGO,(q).
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Observational characterisations of the linear semantics

Proposition
o < generates the readiness preorder;
° g'lfg generates the failures preorder;

o <2 generates the failures trace preorder.
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Closure operations characterising the linear orders

A closure operation can be associated to each preorder gb¢hat
observational semantics are directly defined in terms dhseision.
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Closure operations characterising the linear orders

A closure operation can be associated to each preorder gb¢hat
observational semantics are directly defined in terms dhseision.

Definition

For7 C LGQ, the following three closures are defined:
o T= = {Xoa1X1...anXn | IYoa1Y1...aYn € T Vi € 0.nX D Yi}.
o T' = {XoauXs...an%n | IYoarY1...an%n € T}
o T2 = [XoarXq...an%n | IYoauY1...anYa € T Xn 2 Yal.

ForX e {D,f,f2} andp € BCCSP, we defineLGOX(p) = LGO, (p) .-
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Closure operations characterising the linear orders

A closure operation can be associated to each preorder gb¢hat
observational semantics are directly defined in terms dhseision.

Definition

For7 C LGQ, the following three closures are defined:
o T= = {Xoa1X1...anXn | IYoa1Y1...aYn € T Vi € 0.nX D Yi}.
o T' = {XoauXs...an%n | IYoarY1...an%n € T}
o T2 = [XoarXq...an%n | IYoauY1...anYa € T Xn 2 Yal.

ForX e {D,f,f2} andp € BCCSP, we defineLGOX(p) = LGO, (p) .-

Proposition

p <" g & LGO(p) C LGO[(q)
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Generalisations to cover other semantics

The preorders<{ can be generalised substitutingy an arbitrary constraint
thus gettine<{.

David de Frutos, Carlos Gregorio, Miguel Palomino (UCM) | On the Unification of Process Semantics SOFSEM 2009 16/20
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The new preorders allow us to characterise:

@ two semantics recently added to the spectrum: possiblessipreorder
and the impossible futures preorder.
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futures trace semantics.

David de Frutos, Carlos Gregorio, Miguel Palomino (UCM) | On the Unification of Process Semantics

SOFSEM 2009 16/20



Generalisations to cover other semantics

The preorders<{ can be generalised substitutingy an arbitrary constraint
thus gettine<{.
The new preorders allow us to characterise:

@ two semantics recently added to the spectrum: possiblesifareorder
and the impossible futures preorder.

@ two new semantics: possible futures trace semantics aritchffassible
futures trace semantics.

All the results obtained for the linear semantics coarsan tieady simulation
can be generalised to ahy
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The possible worlds semantics and deterministic branch
observations

A bgo is deterministic if for every node in it, its set of chith { (&, bgo, ) }
satisfiesa; # g whenevei # |.
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The possible worlds semantics and deterministic branch
observations

A bgo is deterministic if for every node in it, its set of chith { (&, bgo, ) }
satisfiesa; # g whenevei # |.

@ The set of deterministic branching observations of a popés
dBGON(p) = BGON(D) N dBGOy.

o We writep <% qif dBGOy(p) C dBGON(Q).
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The possible worlds semantics and deterministic branch
observations

A bgo is deterministic if for every node in it, its set of chith { (&, bgo, ) }
satisfiesa; # g whenevei # |.

@ The set of deterministic branching observations of a popés
dBGON(p) = BGON(D) N dBGOy.

o We writep <% qif dBGOy(p) C dBGON(Q).

Deterministic branching observations capture the possilorlds semantics
plus many other (a bit strange) ones.

Proposition

p<Pgep<pwq
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Unification of the algebraic semantics of processes

(NS) N(X,y) == X=X+Yy
(ND) M(x,y,w) = a(x+Yy) < ax+ a(y + w)
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Unification of the algebraic semantics of processes

(NS) N(X,y) == X=X+Yy
(ND) M(x,y,w) = a(x+Yy) < ax+ aly + w)

(NDF)  Mg(x,y,w) <= true

(NDR)  Mr(xy,w) <= 1(x) 21(y)

(NDFT) Mer(xy,w) <= I(w) C 1(y)

(NDFT) - Mgr(x,y,w) <= 1(x) =1(y) A I(w) S1(y)
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Conclusions

@ We have clearly established the three mechanisms to chaszcthe
process semantics by means of observations:
» Branching observations characterise the simulation séosan
» Linear observations characterise the linear semantics.
» A closure operation is needed to characterise each of thdifi@mar
semantics coarser than each constrained simulation sesant
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Conclusions

@ We have clearly established the three mechanisms to chaszcthe
process semantics by means of observations:

» Branching observations characterise the simulation séosan

» Linear observations characterise the linear semantics.

» A closure operation is needed to characterise each of thdifi@mar
semantics coarser than each constrained simulation siesiant

@ By changing the local observation function we obtain a d#fife: family
of semantics. All the families are defined in the same way ave the
same (parametrised) properties.
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The new linear time-branching time spectrum

B
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‘ | New/
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