Preface

A generabbstractheoryfor computatiorinvolving sharedesourcess presentedWe
develop the modelsof sharing graphs, alsoknown asterm graphs,in termsof both
syntaxandsemantics.

Accordingto the compleity of the permittedform of sharing,we considerfour
situationsof sharinggraphs.The simplestis first-orderagyclic sharinggraphsrepre-
sentedby let-syntax,and othersare extensionswith higherorderconstructglambda
calculi) and/orcyclic sharing(recursve letrec binding). For eachof four settings,
we provide the equationatheoryfor representinghe sharinggraphs andidentify the
classof categyoricalmodelswhich areshavn to be soundandcompletefor thetheory
The emphasigs put on the algebraicnatureof sharinggraphswhich leadsusto the
semanti@accountof them.

We describehe modelsin termsof the notionsof symmetricmonoidalcateyories
andfunctors,additionallywith symmetricmonoidaladjunctionsandtracedmonoidal
catgyoriesfor interpretinghigherorderandcyclic features.The modelsstudiedhere
arecloselyrelatedo structureknown asnotionsof computationaswell asmodelsfor
intuitionisticlineartypetheory As aninterestingmplicationof thelatterobsenration,
for the agyclic settings,we shav that our calculi conseratively embedinto linear
type theory The modelsfor higherordercyclic sharingare of particularinterestas
they supporta generalizedorm of recursve computationandwe look at this casein
detail,togethemwith the connectiorwith cyclic lambdacalculi.

We demonstrateéhat our framewnork can accommodatéMilner’s action calculi,
a proposedramenork for generalinteractve computation by showving thatour cal-
culi, enrichedwith suitableconstructdor interpretingparameterizedonstantsalled
controls, are equivalentto the closedfragmentsof action calculi and their higher
order/reflgive extensions. The dynamics,the computationalcounterpartof action
calculi,is thenunderstoodsrewriting systemson our calculi, andinterpretedaslocal
preordersn our models.

Prefaceto the Present Edition

This book containsthe authors PhD thesiswritten underthe supervisionof Rod
Burstall (first supervisor) PhilippaGardnerand JohnPower (secondsupervisorspat
Laboratoryfor Foundationsof ComputerScience University of Edinkurgh. Thethe-
sis was examinedby Martin Hyland (Cambridge)and Alex Simpson(Edinkurgh).
Exceptfor correctingminor mistalesandupdatingthe bibliographicinformation,the
text agreeswith the examinedversionof thethesis.

Somepartsof the book have beenpublishedelsavherein [13, 35, 3§]. Sincethe
examinationof thethesis,a numberof worksrelatedto this researcthave appeared|
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take this opportunityto mentionsomeof them.

¢ Anindependentvork by CorradiniandGadducci25] usedessentiallthesame
catgyorical structuredescribedn Chapter3 for modelingagyclic graphrewrit-
ing systemgwith Cat-enrichmentatherthanPreord-enrichmentMiyoshi [70]
translatedhe resultsin Chapter6 to their settingand reformulatedthe cyclic
sharingtheoriesasarewriting logic.

¢ While the modelconstructiortechniquesn Chapters shav the conserativity
of syntactictranslations further techniquesfor shaving the fullness (or full
completeness)f thetranslationdiave beendevelopedby theauthor asreported
in [39].

¢ A direction progressingrapidly is the investigationof tracedmonoidal cate-
goriesasafoundationof recursve computationasclaimedin Chapter7. Some
fundamentalissueson tracedmonoidal cateyories are studiedin Abramsky,
Blute and Panangadeiid] and Blute, Coclett and Seely[23]; the latter con-
tains a fixpoint theoremrelatedto thosein Chapter7. As aninterestingcase
study Ryu Hasegyawa [40] relatedthe fixpoint operatorin a model of (typed
anduntyped)lambdacalculusandthe Lagrange-Goodmainversionformulain
enumeratie combinatoricsn termsof trace. Therelationto axiomaticdomain
theoryhasbeenstudiedby Plotkin andSimpson[74].

¢ In Chapte@ the possibilityof developingthepremonoidal/ariantof thesharing
theoriesandtheir modelswassuggestedRelatedto this, Jefrey [46] hasintro-
duceda semanticf the graphically-presenteninperative programsbasedon
premonoidatateyories.In thatsetting,healsomodeledrecursiorusingtrace.
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