
Preface

A generalabstracttheoryfor computationinvolving sharedresourcesis presented.We
develop the modelsof sharing graphs, alsoknown asterm graphs,in termsof both
syntaxandsemantics.

Accordingto the complexity of the permittedform of sharing,we considerfour
situationsof sharinggraphs.Thesimplestis first-orderacyclic sharinggraphsrepre-
sentedby let-syntax,andothersareextensionswith higher-orderconstructs(lambda
calculi) and/orcyclic sharing(recursive letrec binding). For eachof four settings,
weprovide theequationaltheoryfor representingthesharinggraphs,andidentify the
classof categoricalmodelswhich areshown to besoundandcompletefor thetheory.
Theemphasisis put on thealgebraicnatureof sharinggraphs,which leadsus to the
semanticaccountof them.

We describethemodelsin termsof thenotionsof symmetricmonoidalcategories
andfunctors,additionallywith symmetricmonoidaladjunctionsandtracedmonoidal
categoriesfor interpretinghigher-orderandcyclic features.Themodelsstudiedhere
arecloselyrelatedtostructuresknownasnotionsof computation,aswell asmodelsfor
intuitionistic lineartypetheory. As aninterestingimplicationof thelatterobservation,
for the acyclic settings,we show that our calculi conservatively embedinto linear
type theory. The modelsfor higher-ordercyclic sharingareof particularinterestas
they supporta generalizedform of recursive computation,andwe look at this casein
detail,togetherwith theconnectionwith cyclic lambdacalculi.

We demonstratethat our framework can accommodateMilner’s action calculi,
a proposedframework for generalinteractive computation,by showing thatour cal-
culi, enrichedwith suitableconstructsfor interpretingparameterizedconstantscalled
controls,are equivalent to the closedfragmentsof action calculi and their higher-
order/reflexive extensions. The dynamics,the computationalcounterpartof action
calculi, is thenunderstoodasrewriting systemsonourcalculi,andinterpretedaslocal
preorderson ourmodels.

Preface to the Present Edition

This book containsthe author’s PhD thesiswritten under the supervisionof Rod
Burstall (first supervisor),PhilippaGardnerandJohnPower (secondsupervisors)at
Laboratoryfor Foundationsof ComputerScience,Universityof Edinburgh. Thethe-
sis was examinedby Martin Hyland (Cambridge)and Alex Simpson(Edinburgh).
Exceptfor correctingminormistakesandupdatingthebibliographicinformation,the
text agreeswith theexaminedversionof thethesis.

Somepartsof thebookhave beenpublishedelsewherein [13, 35, 38]. Sincethe
examinationof thethesis,anumberof worksrelatedto this researchhaveappeared.I
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take thisopportunityto mentionsomeof them.

� An independentwork by CorradiniandGadducci[25] usedessentiallythesame
categoricalstructuredescribedin Chapter3 for modelingacyclic graphrewrit-
ing systems(with Cat-enrichmentratherthanPreord-enrichment).Miyoshi [70]
translatedthe resultsin Chapter6 to their settingandreformulatedthe cyclic
sharingtheoriesasa rewriting logic.

� While themodelconstructiontechniquesin Chapter5 show theconservativity
of syntactictranslations,further techniquesfor showing the fullness(or full
completeness)of thetranslationshavebeendevelopedby theauthor, asreported
in [39].

� A direction progressingrapidly is the investigationof tracedmonoidalcate-
goriesasa foundationof recursivecomputation,asclaimedin Chapter7. Some
fundamentalissueson tracedmonoidal categoriesare studiedin Abramsky,
Blute andPanangaden[4] andBlute, Cockett andSeely[23]; the latter con-
tainsa fixpoint theoremrelatedto thosein Chapter7. As an interestingcase
study, Ryu Hasegawa [40] relatedthe fixpoint operatorin a model of (typed
anduntyped)lambdacalculusandtheLagrange-Goodmaninversionformulain
enumerative combinatoricsin termsof trace.Therelationto axiomaticdomain
theoryhasbeenstudiedby Plotkin andSimpson[74].

� In Chapter9 thepossibilityof developingthepremonoidalvariantof thesharing
theoriesandtheirmodelswassuggested.Relatedto this,Jeffrey [46] hasintro-
duceda semanticsof the graphically-presentedimperative programsbasedon
premonoidalcategories.In thatsetting,healsomodeledrecursionusingtrace.
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