
Categorical Models for Fairness: Completion vs Delay

ThomasT. Hildebrandt
�

TheIT Universityof Copenhagen,Denmark,
hilde@it-c.dk

Abstract

We study two different approachesto semanticsfor fairnesswithin the categorical
framework of presheafmodelsfor concurrency [1, 2]. The first approach,usedin e.g.
dataflow models,is basedon representingfinite or infinite completedobservations.A
completedobservation is the resultof an infinite computation.A finite completedob-
servation is thentheresultof an infinite computationthatonly producesfinitely many
actions,i.e.atsomepoint it stopsproducingoutputbut staysactive(asopposedto being
deadlocked).Thesecondapproachis thatof e.g.Milner’s SCCSwith finite delay[6],
having anobservabledelayactionandrepresentingalsofinite incompleteobservations,
but only infinite completedobservations.

Moreprecisely, we consider(separated)presheavesover respectively thecategory
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of incompletefinite, andcompletedinfiniteandfiniteobservations, andthecategory
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of incompletedfinite and completedinfinite observations,possiblycontainingdelays,
where
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is somesetof actions,suchthat
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. We refer to
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as the delay

actionand
 

asthe idle completion. For @ asetof sequences,
����� @ " is thesetof (finite

and infinite) prefixesof sequencesin @ and
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is the usualprefix order. The latter
modelwasappliedpreviously by the author[5, 4] to give a denotationalsemanticsof
SCCSwith finite delayshown to befully abstractwith respectto HennessyandStirlings
extendedbisimulation[3]. Oneof themotivationsfor studyingfinite delayis theability
to encodeafair asynchronousparalleloperator. However, themodelcontainsalot more
processesthan just thoseobtainedfrom the encoding.Moreover, the introductionof
delayactionsmakesthe modellingof synchronouscommunicationlessobvious.This
raisesthequestionsof identifying thebehavioursof fair processesandgiving a “delay
free” representationof theprocesses,bothansweredby thepresentpaper. Weapplythe
firstmodelto giveadenotationalsemanticsfor aCSP-likeprocesslanguage,FCSP, with
a fair asynchronousparalleloperatorwith synchronouscommunication,anidle process
(theidentity for thefair paralleloperator)andadeadlockedprocess(representedby the
incompleteobservationwith noactions).Thecanonicalnotionof bisimulationobtained
from spanof openmapsis sensitive to bothfairnessanddeadlock.A
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Wegiveasyntacticencodingof FCSPinto SCCSwith finite delay. Benefitingfrom
the categorical presentationwe show that, semantically, the encodingcorrespondsto
the inverseimageof thegeometricmorphisminducedby thefunctor B�C -/.10	D �������
which removesdelayactionsandaddsthe idle completion,if the sequencecontained
infinitely many delayactionsbut only finitely many non-delayactions.
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