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Introduction

•Extensibility

•FunctionalLanguages—functionalextensibility

•ObjectOrientedLanguages—dataextensibility

•Goalissomesortofmergerthatallowsboth

•Butwewanttoretainmodulartypechecking
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ExtensibilityinFunctionalLanguages

•NotoftenreferredtoassuchbyFPLprogrammers,usually

takenforgranted.

•Supposewehavealibrarythatdefines

datatypeexp=Appofexp*explist

(*f(e1,...en)*)

|Methofstring*arglist*exp*type

(*rtntypefunc(x1,...,xn){...}*)...

•Wecanwriteinourclientcode

funsuperoptimize(App(e,args))=(*caseforApp*)

|superoptimize(Meth(name,args,body,rtntype))

=(*caseforMeth*)

...
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ExtensibilityinFunctionalLanguages2

•Contrastthiswiththefollowingpseudo-javacode

abstractclassExp{...}

classAppextendsExp{App(Expe,Liste){...}...}

//f(e1,...en)

classMethextendsExp{

Meth(Strings,Liste,Expb,Typet){...}

...

}

//rtntypefunc(x1,...,xn){...}

•Ifthisisinalibrary,can’twriteanynewmethodsthat

case-analyzeoverAppvs.Meth!
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ExtensibilityinOOLanguages

•However,supposewewanttoaddanewconstructtothe

languageofourcompiler

•EasyinOOlanguage

•Justdefineanewclass

classIsHaltingextendsExp{

IsHalting(Expe){...}

...

}

//ishalting(e)

•Overrideallmethodsthatneedoverridden

•That’sit!
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ExtensibilityinOOLanguages2

•ToaFPLhackeroftherightpersuasionthismayseemkindof

mysterious

•He/sheseesatypeinalibraryasgiven:

datatypeexp=Appofexp*explist

|Methofstring*arglist*exp*type

•Clientcan’tjustupanddecidetoaddnewpossibilities
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PreviousWork

•O’CamlhasanML-styletypesystemandanOO-styletype

systeminthesamelanguage

•...butdatatypeandclassaredifferentbeasts

•OMLhasobjtypewhichisageneralizationofdatatypeand

class

•...butenforcesadistinctionbetweenOO-extensiblemethods

andFP-extensiblefunctions.

•ML≤unifiesmethodsandfunctions

•...butnopattern-matching,andnomodularcheckingof

extensiblefunctions
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SetExample

structureSetMod=struct

abstractclassSet()of{}

classListSet(es:intlist)extendsSet()

of{es:intlist=es}

classCListSet(es:intlist,c:int)

extendsListSet(es)of{count:int=c}

funadd:(int*#Set)->Set

extendfunadd(i,sasListSet{es=es})=

if(memberies)thenselseListSet(i::es)

...
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SetExample2

•Interjectsomequickcommentsbeforewefinish:

•SyntaxisquiteclosetoML,notsomuchtoJava

•MLthings:structure,struct,{records}andrecordtypes,

patternmatching

•Newthings:abstract,class,extend,#.
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SetExample3

...

extendfunadd(i,sasCListSet{es=es,count=c})=

if(memberies)thenselseCListSet(i::es,c+1)

funsize:Set->int

extendfunsize(ListSet{es=es})=lengthes

extendfunsize(CListSet{es=_,count=c})=c

funelems:Set->intlist

extendfunelems(ListSet{es=es})=es

end
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SetExample4

•What’sgoingon?Simpleclasshierarchy:

Set
�

ListSet
�

CListSet

•andsomefunctionsaddandsizeandelems.

•sizemoreefficientforCListSet

•elemsinheritedbyCListSet

•OrdinaryOOstuff

•Typecheckingtakesplaceatresolutionofstructures;weonly

haveonerightnow

•Note:‘owner’ofaddis2ndarg
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FunctionsinEML

•Somewheredefinethe“genericfunction”

•Elsewhereextendit

•LikeMLpattern-matchingcases

•EXCEPT!nonotionof‘firstmatch’—‘bestmatch’instead

•‘#’Ownerposition—talkaboutlater

•Singleinheritance

•Possibleerrors:nonexhausticmatch,ambiguousmatch

•Justlikepreviouslanguageswe’veseenthisclass,prohibit

multiplematchesinsteadoffixinganorderforambiguity

resolution
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FunctionalExtensibility

structureUnionMod=struct

fununion:(#Set*Set)->

extendfununion(s1,s2)=foldadds2(elemss1)

extendfununion(ListSet{es=e1},ListSet{es=es2})=

ListSet(merge(sort(e1),sort(e2)))

end

•Newfunctionalityinaseparatestructure

•Näıvelythislooksokayfromthepointofviewofexhaustivity

andunambiguity
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DataExtensibility

structureHashSetMod=struct

classHashSet(ht:(int,unit)hashtable)

extendsSet()of{ht:(int,unit)hashtable=ht}

extendfunadd(i,sasHashSet{ht=ht})=

ifcontainsKey(i,ht)thens

elseHashSet{put(i,(),ht)}

extendfunsize(HashSet{ht=ht})=numEntries(ht)

extendfunelems(HashSet{ht=ht})=keyList(ht)

end

•NewpossibilityforthetypeSetinaseparatestructure

•Lookslikewe’veaddedacaseforeveryfunctionthatneeds

newcases

•IfweaddedUnionModandHashSetModitwouldbeokaytocall

uniononHashSets.Why?
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DataExtensibility2

structureSortedListSetMod=struct

classSListSet(es:intlist)extendsListSet(es)

of{}

extendfunadd(i,sasSListSet{es=es})=

if(memberies)thenselse

let(lo,hi)=partition(fnj=>j<i)es

inSListSet(ls@(i::hi))end

extendfununion(SListSet{es=e1},

SListSet{es=e2})=

SListSet(merge(e1,e2))

fungetMin:SListSet->int

extendfungetMin(SListSet{es=es})=hd(es)

end
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DataExtensibility3

•Hereweseethatwecanreusetherepresentationtypeand

changesomeofthemethods

•sizeisstillinherited

•Acasetounionisadded

•getMinisadded

•Again,everythingseemstoworkoutokay,noambiguitiesor

missingcases

•Howcanwebesure?
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Type-Checking

•ThepapertalksalotaboutImplementation-sideType

Checking

•ThisissupposedtocontrastwithClient-sidetype-checking,

whereyoumakesureeveryuseofthefunctionisokay,instead

ofmakingsurethefunctioncannotbemisused.

•DiscussionQuestion:Anybody’sfavoritelanguagedothe

latter?

•HowdowedoITCforEML?

•NäıveITC(“justcheckallthedependencies”)isunsound!

•Atleastwithoutfurtherrestrictions
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ChallengeCase

structureShapeMod=struct

abstractclassShape()of{}

funintersect:(#Shape*Shape)->bool

end

structureCircleMod=struct

classCircle()extendsShape()of{}

extendfunintersect(Circle_,Shape_)=...

end

structureRectMod=struct

classRect()extendsShape()of{}

extendfunintersect(Shape_,Rect_)=...

funprint:Shape->unit

extendfunprint(Rect_)=...

end
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Problems

•NäıveITCsaysok!BUT:

•intersect(Circle{},Shape{})isambiguous

•intersect(Shape{},Circle{})isundefined

•print(Circle{})isundefined

•Howtofix?

•Makerestrictionsinvolvingtheownerposition

•Ownercanbeanyargument,possiblynesteddeeply

•Ownerpositionofafunctionfixedbydecl.ofgenericfunction

•Theownertypemustbeaclass

•HassomepropertiesincommonwithOOnotionofreceiver
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Restriction

•Wesayfunctionsdeclaredinthesamemodule(i.e.structure)

astheirownerclassareinternal,allothersexternal

•Requirement:externalfunctionsmusthaveaglobaldefault

case

•Thatis,amodulethatdeclaresanexternalfunctionmust

extenditwithacasethatcoversalltype-correctarguments

•Thisrulesoutprintaswe’vedefinedit,becauseitonlyworks

forRects

•IfweaddedadefaultcaseforShapes,thenitwouldbefineto

passaCircletoit
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Restriction2

•intersection’sstillaproblem,andit’saninternalfunction

•Dowewanttorequireglobaldefaultcasesforinternal

functions?No.

•Justlocaldefaults,likeinOO

•Requirement:foreverymoduleMcontainingaconcrete

subclassSofaclassCthatownssomeinternalfunctionf,

thenMmusthavealocaldefaultcaseforfandS

•Thatis,Mmustextendfwithacasethatacceptsanythingof

typeSorasubclassofSattheownerposition,andanything

atallforeveryotherposition.

•Inplainenglish,ifyoudeclareasubclass,youhavetoextend

everyfunctiontodealwithitattheownerposition.
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Restriction2...

•Thisrulesoutintersectaswe’vedefinedit,becauseofRect

...

funintersect:(#Shape*Shape)->bool

...

extendfunintersect(Shape_,Rect_)=...

...

•WeonlyconsiderRectforthesecondargument!

•Ifwehadputtheownerpositionintheotherspot,Circle

wouldhavefailed
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Restriction3

•Butsupposeweaddeda(Rect,Shape)casetoRectMod

•Ambiguityproblemstillthere

•Sayafunctioncase’sowneristhetypeintheownerposition

•Requirement:everyfunctioncasemustbedefinedinthe

samemoduleasitsowner,orthesamemoduleasthefunction

declaration

•Thisrulesoutthe(Shape,Rect)casebeingdefinedin

RectMod

•ThisallowseachfunctioncasetobehavelikeanMLcase(same

moduleasfunctiondeclaration)oranOOmethod(same

moduleasitsowner)

24



Caveats

•Takeamomenttopointoutsomelessfelicitousaspectsofthe

languagesofar

•Can’tasaclientofHashSetModandUnionModwriteaspecial

hashset-union

•Can’ttreatextensiblefunctionsasfirstclass

•Havetogiveexplicittypestofunctions

•Can’treallysimulateMLdatatypesbecauseofglobaldefault

condition

•(butwe’llfixthislastprobleminamoment)
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Signatures

•Theideaofmodulartype-checkingisthatyoucanchecka

moduleonceandforalljustknowingthesignatures(i.e.

interfaces)ofallthemodulesitdependson

•Sotheimplementationofothermodulescanchangewithout

harmingit

•Upuntilnowthishasbeenimplicit

•Justreadoffthe(principal)signaturefromthestructure

•ButMLhasanotionofsignatureascription

•Exposeonlysomethings

•NotentirelyunlikeaclassmatchinganinterfaceinJava
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Problem

signatureShapeSig=sig

abstractclassShape()of{}

funbad:Shape->unit

extendfunbads

end

structureShapeMod=struct

abstractclassShape()of{}

funprint:Shape->unit

funbad:Shape->unit

extendfunbads=prints

end:ShapeSig

structureCircleMod

classCircle()extendsShape()of{}

end
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Problem...

•IfwepassaCircletoprint,itwillcallbad,whichis...bad.

•Supposeprintweredefinedinaseparatemodule

•Wouldthenbeanexternalfunction

•Wouldberequiredtohaveaglobaldefaultcase

•Noproblem!

•Solution:treathiddenfunctionsasiftheywereinaseparate

module,forthepurposesofenforcingrestrictions
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OtherFormsofAscription

•Weseethatwecanomitsomedeclarations(‘privatemethods’)

•Alsocanhiderecordfields(‘privatefields’)

•Canascribeaconcreteclassasabstract(analogueinOO

languages?thisdoeshaveananalogueinML)

•Canascribeaclassassealed(‘final’??)

•SealingallowsfaithfulencodingofMLdatatypesbyprohibiting

furthersubtyping

•Ifanexternalfunction’sownerandallavailablesubclassesare

sealed,thenthefunctionneednothaveaglobaldefault,forno

unexpectedcasescanarise
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However

•Can’tascribetransitivesuperclassrelationships

•SupposeCextendsBextendsA

•Can’tascribeCasextendingA

•Couldwritecasesfor(A,A),(B,C),(C,B)inamodulethat

onlyknowsBextendsAandCextendsA.

•Ambiguous,(considera(C,C)argument)butyouonlyknow

thatifyouknowCextendsB!
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Conclusion

•EMLseemstobeanicestepalongsomepathofmixing

functionalandobject-orientedprogrammingeverclosertoeach

other

•Itdoesn’tnecessarilycomeclosetotellingushowtoJavifyML

orMLifyJava,orwhateverifyyourwhateverfavoritelanguage

andparadigm

•Justforinstance,itstepsalloverML’sphilosophicaltoesin

fundamentalways,ifyouasktherightpeople(whomaybein

theroomatthemoment)

•Nonetheless,Ithinkit’saninterestingexerciseinfindinga

leastupperboundofextensibility-powerinsomesense

•Maybethere’sanaltogethernicerupperbound?

•Questions,discussion?
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