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Announcements

�MidtermIIisoneweekfromWednesday.

�GiveMidtermIregrades(problem8(b))toCherylbyNovember15.

�Homework7duetoday.

�Homework8outtoday,dueNovember15.
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Exceptions(Chapter14)
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Motivation

Mostprogramminglanguagesprovidesomemechanismforinterruptingthe

normalflowofcontrolinaprogramtosignalsomeexceptionalcondition.

Examples?

Notethatitisalwayspossibletoprogramwithoutexceptions—

insteadofraisinganexception,wereturnNone;insteadofreturning

resultxnormally,wereturnSome(x).Butnowweneedtowrapevery

functionapplicationinacasetofindoutwhetheritreturnedaresult

oranexception.

−→muchmoreconvenienttobuildthismechanismintothelanguage.
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Varietiesofnon-localcontrol

Therearemanywaysofadding“non-localcontrolflow”

�exit(1)

�goto

�setjmp/longjmp

�raise/try(orcatch/throw)inmanyvariations

�callcc/continuations

�moreesotericvariants(cf.manySchemepapers)

Let’sbeginwiththesimplestofthese.
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An“abort”primitiveinSTLC

Firststep:raisingexceptions(butnotcatchingthem).

t::=...terms

errorrun-timeerror

Evaluation

errort2−→error(E-AppErr1)

v1error−→error(E-AppErr2)

�Whatifwehadbooleansandnumbersinthelanguage?
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Typing

Typing

Γ`error:T(T-Error)
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Typingerrors

NotethatthetypingruleforerrorallowsustogiveitanytypeT.

Γ`error:T(T-Error)

Thismeansthatboth

ifx>0then5elseerror

and

ifx>0thentrueelseerror

willtypecheck.
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Aside:Syntax-directedness

Notethatthisrule

Γ`error:T(T-Error)

hasaproblemfromthepointofviewofimplementation:itisnot

syntax-directed!

ThiswillcausetheUniquenessofTypestheoremtofail.

Forpurposesofdefiningthelanguageandprovingitstypesafety,thisisnota

problem—UniquenessofTypesisnotcritical.

Let’sthinkalittle,though,abouthowtherulemightbefixed...
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Analternative

Can’twejustdecoratetheerrorkeywordwithitsintendedtype,aswehave

donetofixrelatedproblemswithotherconstructs?

Γ`(errorasT):T(T-Error)

No,thisdoesn’twork!

E.g.(assumingourlanguagealsohasnumbersandbooleans):

succ(if(errorasBool)then5else7)

−→succ(errorasBool)

Exercise:Comeupwithasimilarexampleusingjustfunctionsanderror.
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Anotheralternative

Inasystemwithuniversalpolymorphism(likeOCaml),thevariabilityof

typingforerrorcanbedealtwithbyassigningitavariabletype!

Γ`error:
′
a(T-Error)

Ineffect,wearereplacingtheuniquenessoftypingpropertybyaweaker(but

stilluseful)propertycalledmostgeneraltyping.

I.e.,althoughatermmayhavemanytypes,wealwayshaveacompactwayof

representingthesetofallofitspossibletypes.
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Yetanotheralternative

Alternatively,inasystemwithsubtyping(whichwe’lldiscussinthenext

lecture)andaminimalBottype,wecangiveerrorauniquetype:

Γ`error:Bot(T-Error)

(Ofcourse,whatwe’vereallydoneisjustpushedthecomplexityoftheold

errorruleontotheBottype!We’llreturntothispointlater.)
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Fornow...

Let’sstickwiththeoriginalrule

Γ`error:T(T-Error)

andlivewiththeresultingnondeterminismofthetypingrelation.
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Typesafety

Thepreservationtheoremrequiresnochangeswhenweadderror:ifatermof

typeTreducestoerror,that’sfine,sinceerrorhaseverytypeT.

Progress,though,requiresalittemorecare.
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Progress

First,notethatwedonotwanttoextendthesetofvaluestoincludeerror,

sincethiswouldmakeournewruleforpropagatingerrorsthroughapplications.

v1error−→error(E-AppErr2)

overlapwithourexistingcomputationruleforapplications:

(λx:T11.t12)v2−→[x7→v2]t12(E-AppAbs)

e.g.,theterm

(λx:Nat.0)error

couldevaluatetoeither0(whichwouldbewrong)orerror(whichiswhatwe

intend).
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Progress

Instead,wekeeperrorasanon-valuenormalform,andrefinethestatement

ofprogresstoexplicitlymentionthepossibilitythattermsmayevaluateto

errorinsteadoftoavalue.

Theorem[Progress]:Supposetisaclosed,well-typednormalform.

Theneithertisavalueort=error.
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Catchingexceptions

t::=...terms

trytwithttraperrors

Evaluation

tryv1witht2−→v1(E-TryV)

tryerrorwitht2−→t2(E-TryError)

t1−→t
′

1

tryt1witht2−→tryt
′

1witht2

(E-Try)

Typing

Γ`t1:TΓ`t2:T

Γ`tryt1witht2:T
(T-Try)
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Exceptionscarryingvalues

t::=...terms

raisetraiseexception

Evaluation

(raisev11)t2−→raisev11(E-AppRaise1)

v1(raisev21)−→raisev21(E-AppRaise2)

t1−→t
′

1

raiset1−→raiset
′

1

(E-Raise)

raise(raisev11)−→raisev11(E-RaiseRaise)
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tryv1witht2−→v1(E-TryV)

tryraisev11witht2−→t2v11(E-TryRaise)

t1−→t
′

1

tryt1witht2−→tryt
′

1witht2

(E-Try)
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Typing

Γ`t1:Texn

Γ`raiset1:T
(T-Exn)

Γ`t1:TΓ`t2:Texn→T

Γ`tryt1witht2:T
(T-Try)
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