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Abstract

This paperintroducesthe Nitro foreign datainterfacewhich allows the interaction
with foreigndata fromtheNitro programminglanguage.This allows theprogram-
mer to describethe expectedformat in memoryof valuesproducedby a another
programminglanguage.Furthermorewecancreatevaluesin thatformatto passinto
routinesprovidedby theforeign language.This meanswe canprovide servicesfor,
or uselibrarieswrittenin, otherprogramminglanguageswithout theneedto translate
betweentwo differentvaluerepresentations.

1 INTRODUCTION

Nitro is a functional languagedesignedfor usein low-level programming.This
paperdiscussesthe Nitro foreign datainterface,which provides somefacilities
to interfacewith data from other languages.Both higher-level and lower-level
languagesareconsidered.

In generala high-level languagedoesnot allow the userto directly inspect
therepresentationof datain theuser’s program.Theusermustusetheprimitives
providedby thelanguageto create,inspectandmanipulatedata.Thisallowsanim-
plementationof thelanguageto ensurethatall of thevaluesin a program conform
to someinternalrepresentation.This in turn allows theimplementationto provide
otherruntimeservicessuchasgarbagecollection.Theprogrammercannotdirectly
usedatafrom anotherlanguage,becauseit will not conformto the internalrepre-
sentation.Thegarbagecollectorandotherruntimeservices,areusuallywritten in
anotherlanguage,becauseit manipulatesthat internalrepresentationwhichweare
notallowedto inspect.

A marshallinginterfaceis a commonway for a high-level languageto provide
accessto foreigndata.Becausethehigh-level languageonly permitsoperationson
datathatcorrespondsto its representationof values,the languagemustprovide a
meansto marshalarbitraryvaluesto andfrom thatinternalrepresentation.Further-
morebecausethelanguagedoesnot provide theability to inspectarbitraryvalues,
the marshallingcodemustbe written in a languagewhich does. Usually sucha
high-level languagewill provide C macrosandfunctionsallowing thecreationof
valuesconformingto the internal representation.An interfaceis thenbuilt from
onelanguageto anotherby usingC to inspectthevaluesof thefirst languageand
createvaluesof thesecondusingtheprovidedfunctions.
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This arrangementhasat leastthreedrawbacks. Firstly our interfacesto for-
eign languagesmust be written in the C language,even when we are not in-
terfacing with C. Thoughthereare someattemptsto generatethe C stub code
automatically[NJ97,NDT

�

]. Secondlyour marshallingbarrier may be too ex-
pensive. An interfacethatrequiresrepeatedcallsto andfrom theforeignlanguage
requiresrepeatedmarshallingto andfrom bothlanguagerepresentations.In certain
applicationssuchanexpensecausesthehigher-level languageto beabandoned.Fi-
nally if severalimplementationsof thelanguageexist, their internalrepresentations
of valuesmaydiffer, andhenceinterfacesmustbewritten for eachimplementation
- thoughthis can be offset to a degreeby specifyingwhich C macrosmust be
providedby animplementation.

A requirementof our foreigndatainterfaceis to avoid theuseof sucha mar-
shallinginterface.

An alternative arrangementis to provide our languagewith the facilities to
inspectandmanipulateforeign values. However, we requirethat we do this in a
way that we canensureis safe. To do this we provide the programmerwith the
ability to describethe representationof a foreign datatype. A programmermay
still write an unsafeprogram,if he makesa mistake whenwriting the interface.
If however, the interfaceis correct,thenour languagecanmake surethat we do
notperformillegal operationsover theforeigndata.Additionally thecompilercan
helpdetectanillogical interface,suchasanambiguousuniontype.An ambiguous
uniontypeis onein which a valuecouldbeconsideredto beof two incompatible
typesbecausethetestcannotalwaysdeterminebetweenthetwo.

Onedrawbackis that the valuesthat we arenow manipulatingcannotbe en-
suredto beof somecommoninternalrepresentation.Thismeansthatwemayhave
to give up onsuchinternalrepresentationsandruntimeserviceswhich rely upon
them. Alternatively we mustfind a way to separateout suchvaluesandconsider
themseparately, theseissues arenot consideredwithin thecurrentpaper.

In thefirst partof this paperthe typing of arraysis introduced.We show that
wecanallow theaccessto foreignarrayswhichmaynotconformto any specialin-
ternalrepresentation.Wemustshow thatwecanaccesssuchforeignarrays safely,
thatis wedonotmakeanuncheckedoutof boundsaccess.

In the secondpart of this paperthe mechanismsintroducedto the Nitro pro-
gramminglanguageto allow themanipulationof other formsof externaldata are
discussed.We will build up a printer for O’caml[LVD

�

] valuesaswe go. This is
a informative examplebecauseit exercisesmuch of the facilitiesprovidedby the
foreigndatainterfaceincludingour foreignarraytyping.

All of theexamplesarein theNitro programminglanguage,however anyone
familiar with the syntaxof ML languageand O’caml in particularwill find the
syntaxfamiliar.
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2 ARRAY TYPES

Arrays area crucial part of the foreign datainterface. If oneis to accessforeign
values,onemustbe ableto accessanarrayof foreignvalues. Atypesafelanguage
however mustensurethat anaccessto anarrayis madewithin the boundsof the
array.

In ahigh-level languagethis is commonlyachievedby storingthelengthof the
arraytogetherwith thearray, any accessis first checkedat runtime,if theindex is
outwith theboundsof thearrayusuallysomeexceptionis raised.

Thishowever is notanoptionfor externalarrays,sincewhile thelengthmaybe
storedwith thearray, it maynotbein the formatexpected,certainlythereexist sev-
eral languageimplementationsthatstorethelengthof thearrayin differentways,
hencewecouldnothopeto accessall of thesearraykindswith thattechnique.

A betterway is to allow theprogrammerto describeto thecompilerhow the
lengthis stored.

We describethetypeof barearraysandtheir index types.We give labelvari-
ablesto both barearraytypesandto integer types. Label variablesact like exis-
tential typevariables,they cannotmatchany otherlabelvariablesbut themselves.
Thereis a speciallabel int .( ) which is usedfor generalintegertypesthatwe may
wantto unify togetherbut arenot equal.An integertypeis written int .( v) wherev

is thelabelvariable.An arraytypeis written t array .(v) wherev is thelabelvariable
and t is thetypeof theelements.

To make abarearrayaccesswemustprovidethevariableto beusedasthearray
boundscheck. Thesyntaxfor a barearrayaccessis thene 1 .( len ).[ e 2] , wheree 1

is theexpressionthatevaluatesto thebarearray, len is thevariableusedasacheck
for thearrayboundsaccess,ande 2 is theindex expression.For suchanexpression
to bevalid, e 1 musthave type ’ a array .(v) and len musthave type int .( v). Neither
mayhave thespeciallabel .( ).

Given this typing of barearrays,it is possibleto definea typeof native array
thatstoresthelengthvariabletogetherwith thearray. Furthermorebecausethela-
bel variablesareexistentialsuchanarrayrepresentationcanbeseenasan abstract
typein thestyleof [LO94]. We canprovide anarraymodulewith thecommonar-
rayoperationssuchas iter andcopy. Onecanthenusethesearraysasconveniently
asarraysareusedin a traditionalhigh level language,without theneedto provide
acheckvariableateachindex operation.

For thepurposesof this paperthoughwe needonly theability to describethe
representationof externalarraysin orderto accessthem.

Supposewewishtoaccessanarrayrepresentationof someforeignlanguageM.
M arraysconsistsof atupleof 3 elements,thefirst is thelength,thesecondis some
informationusedby the garbagecollectorandthe third is the actualarray itself.
Herewe assumeall the elementsareof type boolean. We definethe type of M
arraysandafunctionfor indexing them.In thisexamplewegivethetypeconstraint
for the get marray function, this is not really necessary, thoughit simplifies type
inference.In [LO94] this problemis solvedby requiringexistentialtypesto have
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constructors,laterwe will seethatwe canalsousethis technique,but for now we
cannotasaConstructorwould invalidatetheruntimerepresentation.

type g c i nf o
type m array = ( i n t . ( l e n ) , g c i nf o , bool array . ( l e n ) )
l e t g et mar r a y : i n t . ( ) � �

m array � � bool
i ( l , , a) = a . ( l ) . [ i ]

Now supposewe would also like to accessarraysfrom languageN. These
arraysaresimilarbut containa furthertupleelementbeforetheactualarray, which
containsdebugginginformation,wecandefinesucharraysas:

type g c i nf o
type d e b u g i nf o
type n ar r a y = ( i n t . ( l e n ) , g c i nf o , debug i nf o , bool array . ( l e n ) )
l e t g et n ar r a y : i n t . ( ) � �

n ar r a y � � bool
i ( l , , , a) = a . ( l ) . [ i ]

3 TAGGED TYPES

A commonC idiom is a taggeduniontype. Union typesareusedasthetypeof a
storagelocationinto which valuesof two or moretypescanbestored.Whenwe
wishto usethevaluestoredin alocationof uniontype,wecastthestoragelocation
to thetypethatwe expectthevaluestoredthereto be. Oftenwe usea tagor kind
field to recordwhattypeis storedwithin theunionlocation.Hereis anexample:

t y p e d e f i n t c i r c l e d i me nsi o ns ;
t y p e d e f i n t sq u ar e di me nsi o ns ;
t y p e d e f s t r u c t r e ct d�

i n t wi dth ; i n t h ei g ht ; �
r e ct d i me nsi o ns ;

t y p e d e f enum
�

Ci r c l e = 1 ,
Square = 2 ,
Re ct a n gl e = 3

� sh a p e k i n d ;

t y p e d e f s t r u c t shape
�

sh a p e k i n d t a g ;
union

�
c i r c l e d i me nsi o ns c i r c l e ;
sq u ar e di me nsi o ns sq u ar e ;
r e ct d i me nsi o ns r e ct a n gl e ; � di mensi ons ;

� shape;

Often the programmerwould then write macrosfor creatingand accessing
valid shapevaluesin a safeand consistentmanner. A high-level languagewill
oftenprovide a specialsyntaxfor creatingsuchtaggedtypes,creatingsuchvalues
andinspectingthosevalues.Additionally, becauseit is notpossibleto examinethe
underlyingrepresentationof sucha taggedvalue,it is not possibleto subvert the
typesystemandaccessa valuewithout usingthetag. Thereforeall manipulations
canbecheckedandensuredto besensible.
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Generallythelack of controlover theunderlyingrepresentationof taggedval-
uesis of no concern.It doesnot matterto us,whetherthe taggedvalueis repre-
sentedwith the tagfirst andthenthevalue,or vice versa.Also it doesnot matter
whatnumericalvaluesaregivento eachof thetags.It might bedefinedby some-
thing like:

type shape = Ci r c l e of i n t�
Square of i n t�
Re ct a n gl e of i n t � i n t

However, wherethe type is that of a foreign language,suchas the C shapetype
definedabove, we cannotusesucha type, sinceit is unlikely to be represented
in the sameway. If we could definewhereto placethe tagandwhich numerical
valueseachtag shouldtake, thenwe would be ableto definethe C shapetype, in
ourhigh-level language.Wecouldaccesssuchavaluedirectly from Nitro without
marshalling.Also thetypesystemof Nitro ensuresthatwecannotcreateaninvalid
shapevalue. It alsoensuresthat we do not make amistake wheninterpretingthe
contentsof a shapevalue.

Nitro providesboth of the facilities that are requiredfor this, we candefine
taggedtypeswith specificnumericalvaluesfor eachtag. We can also specify
wheretheargumentis in relationto thetag. This is alsothegeneraltacticthatthe
foreign datainterfaceof Nitro employs. We usetaggedtypeswherepossibleto
describethestructureof a type’s representation,sincethe constructorsof a tagged
typeprovide aconvenientandfamiliar syntaxto createandinspectforeignvalues.
To do this we extendtaggedunion typesextensively. We call typesthatusesuch
extensions,a custom tagged type.

We now discussmostof the facilities currentlyprovided in the Nitro foreign
datainterface.As aplatformfor thediscussionwebuild upaninterfacefor access-
ing the internalrepresentationof O’caml[LVD

�

] values.In theprocesswe create
a printer for suchO’caml values.As eachnew constructis addedwe discussthe
extraobligationsto thetypechecker imposedby theaddition.

Beforewe begin a brief descriptionof the internal representationof O’caml
values.

Eachvalueis eithera long valuewhich is representedby aninteger, or a com-
poundvaluerepresentedby apointerto arecordallocatedwithin theheap.In order
thatthetwo kindscanbedistinguishedfrom eachotherat runtime,theleastsignif-
icantbit is reservedasanindicator. It is setto 1 for long valuesand0 for pointers.
For long valueswe mustmake surethatwe shift theactualvalueto theleft by one
andsettheleastsignificantbit to one.Whenwewantto operateontheactualvalue
we mustmake surethatwe reversetheshifting operations.Integersaretherefore
restrictedto 1 bit lessthanthelengthof aword for themachine.

Heapallocatedvaluesconsistof a oneword headerfollowed by a numberof
ocamlvalues.Theheadercontainsthreeportions.Thefirst is theocamltag,this is
usedto determinethekind of thevalue.Therearesomepredefinedtagsthatshow
thevaluerepresentedis astring,a functionclosure,adoubleor anarray. Theother
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tagsareusedto storethe tagof anO’caml taggedvalue.Thesecondportionof the
header, is for useby thegarbagecollectorandrecordsthegarbagecollectionstatus
of theheapobject,this is known asthecolourof thevalue,andcanbeoneof four
values.Finally the lengthof the valueis recorded,this tells us how many ocaml
valuesfollow theheader.

Webegin with adiscussionof two verybasiccustomtaggedtype additionsand
thenbegin our representationof the ocaml internalvalue in the third subsection
Masksfor customtags.

3.1 Custom tags

Thesearevery simple to use. To usea customtag to representan externaldata
type,onemustonly beawareof exactly how a valuecreatedwith sucha custom
constructoris representedatruntime.It is representedasapair, thefirst component
of which is the tagvalue,the secondof which is the argument. This meansthat
customtagson their own have limited use,however they form thebasisfor most
of theotherconstructs.

Customtags,arealsoverysimpleto type.Weneedonly ensurethattwo tagsdo
nothavethesametagvalue.In factwecanbealittle moreliberal thanthis,wecan
saythattwo tagsmayin facthave thesametagvalueprovidedthattheargumentis
thesame.This canbeuseful,for examplewe maywanta typeof colour. This can
containthetagsgray aswell asgrey, which we actuallywant to have equalvalues.
Thoughthiswouldperhapsbebetterdonewith atagaliasingconstruct,wewill see
thatin generalallowing tagsto overlapcanbeof use.

Theshapeexamplegivenabove is asufficientexamplefor customtags.

3.2 The immediate keyword

Wherethe taggeduniontype,is reallyanenumerationtype,aC representationwill
not createa heapobjectfor it. Insteadit will berepresentedasa word value.The
immediate keyword allows theuserto definesucha taggedvaluein Nitro. We can
still give acustomvaluefor theactualtagvalue.

Herewe definethedaysof theweektype, thatcouldbeusedto representthe
tm wday field of a tm structasdefinedin the time.h systemheaderfile. Notice that
althoughthe C codeexpectsan integer our type would be morerobust sincewe
ensurethatwecannotcreateaninvalid day.
type immediate weekday =

Sunday
�
0 � �

Monday
�
1 � �

Tuesday
�
2 � �

Wednesday
�
3 ��

Thursday
�
4 � �

Fr i d a y
�
5 � �

Satur da y
�
6 �

Immediatetagsalonerequirenoextra typing.

3.3 Masks for custom tags

Often a tag doesnot take up the whole of a word value. In this casewe want to
testagainstonly a portion of the word againstwhich we arematching. A good
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exampleof this is theO’caml representationof values.Thegarbagecollectormust
be ableto distinguishbetweenlong valuesusedto representintegers,characters
andothersuchvalues,andpointervalueswhich referencethe heap.The O’caml
representationreservestheleastsignificantbit of eachvalueto recordwhichkind a
valueis. Pointersaremarkedby a zeroin theleastsignificantbit. For long values,
the leastsignificantbit is set,which meansthatwe have onelessbit availablefor
representing theunderlyinglong value.

In Nitro wecanspecifythiswith amaskonacustomconstructor, wealso need
to usethe immediate keyword. We cannow begin to build up a genericprinter for
O’caml runtimevalues.Webegin by sayingonly whatkind avalueis.

type immediate ocaml val ue =
Pt r

�
0 with mask 1 ��

Long
�

1 with mask 1 �

l e t di sp l a y v al u e p =
match p with

Pt r � �
p r i n t st r i n g ” i s p oi n t er ”�

Long � �
p r i n t st r i n g ” i s l ong ”

Customtags have arguments,andbelow we will addargumentsto immediate
tags.Thismeansthatwemustcheckthattwo tagsdonotoverlap,or whenthey do
thatthetypesof theargumentsarecompatible.This is thesamerequirementasfor
customtagswithout masks,only now with maskson our customtagsour tagsare
muchmorelikely to overlap.This is becauseif two tags havedifferentmasksthen
they automaticallyoverlap- that is a valuecould matchboth tags. In practicethe
masksfor all constructorsbelongingto thesametypeareoftenthesameasin the
givenexample.

3.4 Immediate Arguments

The above exampleshowed us that we could distinguishbetweenpointersand
longs. However this is of limited useif we cannotaccessthe underlyingvalue.
In our O’caml library a pointer points to a heapobject. So far our heapobjects
representationis very simple,but onecan think of a heapobjectasbeingsome
kind of recordvalue.

Immediateargumentsallow us to give the typeof a valuematchingthegiven
constructor. Hereis a revisedversionof our O’caml printer, which dependsupon
displayhobj, ourprinterfor heapobjects whichsofar canhandleonly doubles.

type immediate ocaml val ue =
Pt r

�
0 with mask 1 � of h e a p o bj e ct�

Long
�

1 with mask 1 � of i n t

l e t di sp l a y v al u e p =
match p with

Pt r ( hobj ) � �
di sp l a y h o bj hobj�

Long ( i ) � �
p r i n t i n t ( i

� �
1)
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Notice that althoughthe value is masked to testagainsta tag, the argument
refersto thewholevalue. This is important,in thepatternPtr (hobj), becausePtr

is an immediateconstructor, both theconstructorandtheargumentpatternmatch
againstthesamevalue.However theconstructormatchesagainstonly themasked
part, while the variablepatternhobj, matchesagainst the whole value,hencethe
identifieris assignedto thewholevalue.

Thereis no extra typing requiredbeyond thatwhich we alreadyhave, for the
maskingof customconstructors.Recall that if two tags have incompatibleargu-
menttypes,then theirtagvaluesmustbemutuallyexclusive.

Asidefrom typingconsiderations,addingargumentsto immediateconstructors
doesraisethepossibility for a constructorapplicationto fail. This is becausethe
argumentgiven to a constructorapplicationwill be thevalueusedasboth thear-
gument andthe tag,hencethe argumentitself mustmatchthe tag. The compiler
insertsacheckateachsuchconstructorapplication,sofor exampleLong0 will fail
at runtime.Henceaconstructorapplicationthattypecheckscorrectlymaystill fail
at runtime.

3.5 Tag operations

In the previous subsectionour representationof a long valuehada slight defi-
ciency. We hadto rememberto right shift the returned integer in orderto get the
actualinteger represented.BeforeapplyingtheLong constructorto an integer, we
would have to rememberto left shift andsetthe leastsignificantbit of the integer
argumentor elsetheconstructorapplicationmayfail andperhapsmoreto thepoint
wewouldberepresenting thewrongvalue.

All of thiswasmoreor lessaninconvenience, however this is becauseshifting
andsettingbits areall valid operationsover integers. If theargument hadbeena
pointer, thenwe couldnot performsuchoperations.For exampleif theO’caml bit
tagswereswitchedaround,wewouldnotbe ableto usethe Ptr tagatall.

To overcometheseproblems,we provide tagoperations.Theseareoperations
that areappliedto the argumentof a tag when the tagis matchedagainst. The
reverseof theoperationis appliedwhentheconstructoris appliedto anargument.
Hereis ournew definitionof theocamlvaluetypeandprinter.

type immediate ocaml val ue =
Pt r

�
0 with mask 1 � of h e a p o bj e ct�

Long
�

1 with mask 1 � � � � � 1� of i n t

l e t di sp l a y v al u e p =
match p with

Pt r ( hobj ) � �
di sp l a y h o bj hobj�

Long ( i ) � �
p r i n t i n t i

The dot after the tagoperationhere,tells the compiler that the reverseshift
operationshouldpadwith 1sinsteadof zeros.

Thetypingof thesetagoperationsis a little subtle.Thepromiseof our foreign
datainterfaceso far hasbeenthat we must retain type safetyin the absenceof
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a mistakenly written interface. What this meansis that if we write our interface
incorrectly, thenwe acceptthat we may accessa foreign datavalueat the wrong
type. However we shouldnot be ableto usethe foreign datainterfaceto subvert
ourown typesystem,thatis weshouldnotbe ableto incorrectlyaccessavaluethat
hasbeencreatedby ourselves,evenif it wascreatedwith acustomconstructor.

Tagoperationscouldexploit this possibility, becausewe mayloseinformation
by shifting bits out. This is why the tagoperationsandtheir reversemustbespec-
ified sopreciselyby the programmer. The compiler thenmust inserta checkon
eachconstructorapplicationto ensurethattheoperationis reversible.In theabove
examplethecompilerinsertsa checkwhentheLong constructoris appliedthatthe
mostsignificantbit is 0, otherwisewe would returna differentvaluewhenshifted
in theotherdirection.

Thechecksinsertedby thecompilerfor someconstructorswouldoftensimply
not be doneby a low-level implementation,becausethe programmerhassome
reasonto believe that the checkwould never fail. A smartcompiler may be able
to reducesomeof the checksnecessary. For example,as mentionedabove, an
applicationof the Long constructorabove would first needto checkthat the most
significantbit is 0 beforeperformingthe shift this ensuresthat we can retrieve
theoriginal value. After theshift we mustcheckthat the leastsignificantbit is 1
which ensuresthat theargumentmatchesthetag. It is very simplefor a compiler
to omit thesecondcheckbecausethereverseshift operation- usedat constructor
application- padswith 1s soafter the shift the secondtest could never fail. In
somecasesa smartcompilermayeven be ableto eliminatethefirst check,just by
ensuringthe valueof the integer is low enough,certainlyin the caseof applying
theconstructorto aconstantintegerthecheckcanbeomitted.

3.6 Wild cards

At this point we take abrief detourfrom our goalof representingO’caml internal
valuesto explain wild cardconstructors.Wild cardconstructorsareusedto repre-
sentthefollowing situation.We have oneor morespecialvaluesof a certaintype,
while all othervaluesthatarenot oneof thespecialvaluesarevalid for that type,
it mustbe firstcheckedthatthey arenotoneof thespecialvalues.

Themostfamiliar situationin which this arisesis a possibly null pointer. We
want to indicatethat a pointervalue is either the specialnull value,or it canbe
consideredto be a pointer to the argumenttype. We write wild card tagsusing
an underscore.Assumingwe have atype for cstrings then,we could representa
possiblynull cstring with thefollowing type.

type immediate p n cst r i n g = Nul l
�
0 � �

Cst r i n g
� � of cst r i n g

In orderto extractthebestpossibleuseoutof suchwild card tagswerequireto
alter thetyping of matchexpressions.However thetyping is still straightforward.
Thebasicrequirementis thatawild cardconstructormayonly bematchedagainst
onceall otherconstructorsfrom thesametypehave beenmatchedagainst.Where
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thetypeis alsoimmediate,wemustalsocheckatconstructorapplicationtime that
theargumentis notoneof theothertags.

This extra checkat constructor applicationtime is often unnecessary, so to
avoid this we saythat the checkis omittedif the argumenttype of the wild card
constructorused,is safeto usein placeof all theargumentsof non-wild-cardcon-
structors. In practicewherewild card constructorsare used,the non-wild card
constructorshave no argument,as is the caseabove. This meansthat all argu-
mentsaresafeto usein placeof a non-argument andhenceall suchconstructor
applicationchecks canbeomitted.

3.7 Preceeds

Sofar we have concentrateda greatdealon the customdescriptionof a tag. The
datasurroundinga tag thoughhasbeenleft asstandard.Either theargumenthas
beenassumedto follow the tagdirectly or, wherethe immediate keyword is used,
actuallybethetag.

We now considerthe caseswherethe tagis followed by more than one ar-
gumentin memory. In this casewe usethe preceeds keyword which acceptsone
argument. Normally the argumentgiven will be a recordor tuple type, so effec-
tively wehavedescribedseveralargumentsthatwill follow themaintag.Whenwe
matchagainstthe tagwecanassignto theargumentanamewhichcanthenbeused
to de-construct therecordor tuple typeandgainaccessto themultiplearguments.

An alternative solutionto this is to allow the definition of taggedtypeswith
multiple arguments,however the preceeds methodhasthe advantagethat we can
give to the argumenttype, an arraytype, for which we do not know, at compile
time, how many elementswill follow thetag. Generallycontainedwithin thetag,
or surroundingthe tag, is an elementstatinghow long the arrayis otherwisewe
couldnot safelyaccessthearray.

Wecannow begin to accessocamlheapobjects.Ourocamlvalueprinterabove
alludedto aprinterfor heapobjects; wecannow partiallydefinesuchheapobjects
- only thosethatarefloatingpoint values- andbegin adefinitionfor displayhobj.

type h e a p o bj e ct =
Doubl e

�
253 with mask 0xFF � preceeds ( i n t � i n t )

l e t di sp l a y h o bj h =
match h with

Doubl e f � �
p r i n t f l o at f

Weforbid atagwithin animmediate typeto containapreceeds argument,because
in generalthereis no addressassociatedwith an immediate value. We mustalso
disallow thecreationof a taggedtype,usingaconstructorwith apreceeds argument
which is its own type.This is dueto thedifficulty of creatingsuchavalue.

Thismeansthatthefollowing definitioncanbeusedto inspectnull terminated
integerarrays,but wecannotcreateany suchvaluesourselves.

type n ul l t er m i n t =
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End
�
0 ��

One val ue
�

of i n t � preceeds n ul l t er m i n t

3.8 External Arrays

We now have enoughmachineryto revisit externalarrays.Recallthatbarearrays,
allow usto typearrayoperationswithoutdependinguponrepresentingarrayswith
aprivateinternalrepresentation,wecan usethis to accessexternalarrays.Wewill
createtwo externalarraytypes,the first is a simplepair representationof arrays,
thesecondis analogousto whatwe requirefor ourO’camlvaluerepresentation.

Ourfirst examplerepresentsarraysasapair, to ensurethatwedon’t allow sim-
ply any pair consistingof anintegeranda barearraybut onein which theinteger
representsthelengthof thebarearray, weuseacustomtaggedtype.Howeverthere
is only oneconstructorfor thetypeandthathasa wild cardtagvalue. This is es-
sentiallythesameasthepair representationfor externalarrayswe hadbefore,but
now thetypesystemcaninfer theexternalarraytypebecauseweuseaconstructor
to matchagainstsuchvalues.

type p ai r ar r a y =
Par r a y

�
of i n t . ( l e n) � of bool array . ( l e n)

Becausethecustomtypeis not immediate,valuesof thistypeareautomatically
representedasa pair consistingof first the tagfollowedby thebooleanarray. Be-
causeboth the tagvalueandthearraylengthhave thesameinteger labelvariable
weknow thatthetwo areequal.

Our next exampleis a populararrayrepresentation.Thearrayandthe length
arestoredtogetherin onecontiguousportionof memory. Thefirst word of which
is a headervaluecontainingthelength,while theremainderis thearrayitself. We
can usethepreceeds keyword toindicatethis format.

type v al u e
type saf e ar r a y =

Sar r a y
�

i n t . ( l e n) � preceeds o f v al u e array . ( l e n)

l e t p r i n t saf e ar r a y p =
match p with

Sar r a y
�

l e n gt h � ( a) � �
f o r i = 0 to l e n gt h � 1 do

pr i n t v al u e ( a . ( l e n gt h ) . [ i ]
done

Whenwe matchagainstthe Sarrayconstructorwe cansetthesecondargument
to avariablewhichwecanthenuseto accessthearrayargumentbecausethey both
have thesameintegerlabeltype.

The headerword commonlycontainsmore than just the length. The ocaml
representationfor which we arebuilding a genericprinter, is onesuchcase,in the
next subsection weseehow weextractmultipledatafrom singletagsandcomplete
ourocamlvalueprinter.
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3.9 Multiple arguments packed in a tag

Oftenthenumberof differenttagsis rathersmallcomparedwith theamountpossi-
ble from theword sizeof themachine.In additiontheargumentsmaynot require
awholeword. Whenthissituationarisesit is temptingto storethe tagof thevalue
and its argumentin the sameword. We actually had somethingsimilar to this
whenwe usedthe leastsignificantbit of an ocamlvalue to flag whetherthe value
wasa pointeror not. To storemultiple tagsis alwayspossibleby usinginterme-
diatetypesandshifting. Sometimesthoughthis is inconvenientwhenwe want to
accessonly oneof thevaluesstoredwithin a valuewithout goingthroughseveral
layersof constructors.

This is the situationfor the heapobjectsin the ocaml value representation.
Recallthat theheadercontainsthreepiecesof information;the tagdescribingthe
kind of heapobject,thegarbagecollectorcolour, andthelengthof theheapobject.

To representa heapobject in Nitro, we usemultiple argumentswithin a tag,
sincethis allows us to accessthese3 piecesof informationin any order. Hereis
thedefinition:

type g c c ol o ur =
Caml whi t e

�
0 x000��

Caml grey
�
0 x100��

Caml bl ue
�
0 x200��

Caml bl ack
�
0 x300�

type h e a p o bj e ct =
Cl osure

�
247 with mask 0xFF;

with mask 0x300 of g c c ol o ur ;
(

� �
10) of i n t ; �

�
Doubl e

�
253 with mask 0xFF;

with mask 0x300 of g c c ol o ur ;
� preceeds ( i n t � i n t )

�
Tag

�
with mask 0xFF of i n t ;
with mask 0x300 of g c c ol o ur ;
(

� �
10) of i n t . ( l e n) � preceeds ocaml val ue array . ( l e n)

and immediate ocaml val ue =
Pt r

�
0 with mask 1 � of h e a p o bj e ct�

Long
�

1 with mask 1 � (
� �

. 1) of i n t

l e t rec di sp l a y h o bj obj =
match obj with

Cl osure
�

; gc ; l e n � � �
p r i n t st r i n g ” � f un

�
”�

Doubl e
�

; gc ; � ( f ) � �
pr i n t d o u bl e f�

Tag
�

; gc ; l e n � ( a) � �
f o r i = 0 to l e n � 1 do

di sp l a y v al u e a. ( l e n ) . [ i ]
done

and di sp l a y v al u e p = ( � as b e f o r e � )
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A valid type definition containingmultiple argumentswithin a tag requires
careful typing but the extra checksarestraightforward. We mustensurethat the
”extra” argumentswithin a tag can not be seen at an incorrecttype. Thereare
severalwaysin which to expressthis constraint,for clarity we insist that thefirst
argumentof eachconstructormustbe ableto distinguishbetweenvaluescreated
with eachconstructor. As beforewe can usewild card patterns,but the same
restrictionsapplyasbefore,sothatmatchexpressionsmustfirst checkfor all other
constructors.In theexampleabove we mustcheckfor the ClosureandDouble tags
beforethegenericTagconstructor.

This completesour simpleprinterfor O’caml values.Someof thedetailshave
beenleft out suchasindentingpurelyfor spacereasons.Theimportantpartis that
wecansafelyaccessvaluesof a foreignlanguagedirectly.

4 RELATED WORK

4.1 No Longer Foreign Function Interface

Nlffi [Blu01] is an encodingof (nearly) the whole of the C type systeminto the
type systemof ML. Thereis a programgeneratorwhich will generatesomestub
coderequired,but in general,asin thiswork, C valuesareaccesseddirectly.

Themaindifferencebetweenthis work andtheNlffi is thatwith theNlffi one
attemptsto representthe C representationof a foreign dataformat. The Nitro
foreign datainterfaceattemptsto allow oneto describethe underlyingformat of
thedatavalues,regardlessof how onemight have implementedthis in C. Even if
theforeignlanguageis indeedC.

The most importantadvantageof the Nitro foreign datainterfaceis that we
retaintype safety. Thereis nothingin the C type systemthat preventsonefrom
picking any field from a union type, regardlessof what the actualvalue stored
there is. Another example is possiblynull pointers,which can be represented
asdescribedabove. Oncethis is donewe cannotincorrectlyattemptto derefer-
encea null pointer. In contrastwith the Nlffi, onechecksfor a null pointerwith
if C.Ptr. isNull l then ... else ... . However thereis nothingto prevent you deref-
erencingsucha pointerin eitherbranchof the conditional,or even ensuringyou
have performedthecheck. To retaintypesafetyin this casethestubcodeimple-
mentingthedereferencingcould applyacheck,but thenwewouldhaveperformed
thechecktwice.

Thereareseveraladvantagesto usingan interfacein thestyleof Nlffi. These
include;it canbeusedwith anexisting languagethereis noneedto addconstructs
to your languageto dealwith foreigndata. TherearesomecaseswheretheNlffi
canbemoreefficient,thesecorrespondexactly to thosecaseswhereC canbemore
efficient andin generalcorrespondto the placeswherethereis a possiblesafety
hole. Thereis somescopefor thenlffi to bemoregeneral,again this comesfrom
thosecaseswhereonecan useruntime information to avoid somechecksthat a
staticcheckermustinclude.
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4.2 Checking type safety of foreign function calls

Anotherapproach,taken in [FF05], is to do multiple languagetype checkingof
the foreign function calls. The authors’ goalis to checkthe safetyof usesof an
existing foreignfunction interface,in this casethat of O’caml. This meansthat
we still requirestubcodeandthereis still a marshallingbarrier. However thereis
now greaterconfidencethat the marshallinginterfaceis indeedwritten correctly.
The foreign datainterfacedescribedin this work cannotachieve this, essentially
theprogrammeris on their own whenactuallywriting the interfaceandmistakes
canstill be made. A combinationof the two approachesseemslike apromising
directionfor futurestudy.

5 CONCLUSIONS

This paperhasdescribedan alternative way for a type safelanguageto provide
accessto foreigndata.Wehavediscussedhow to accessforeignarrayswhichmay
storethe lengthof thearrayin variousways. For generalforeignvaluerepresen-
tations,taggedtypesareextendedto allow moregeneraldescriptionof the format
of a valueof sucha taggedtype.This givesustheability to describethe formatof
runtimetypeinformationthat allows theinspectionof valuesat thecorrecttype.

Thethreemajoradvantagesof thisapproachare:

� Foreigndatais accesseddirectlywith nomarshallingroutinesrequired.

� Weretaintypesafety;meaningboththatprovidedwehavewrittenour inter-
facecorrectly, wecannotinspectforeigndatavaluesatanincorrecttypeand
alsothat we cannotusethe foreign datainterfaceto subvert our own type
system.

� Theprogrammercanwrite theinterfacein thehostlanguage.

Becausewe retain type safetythereis the opportunityfor one to write data
structuresthatareentirely for usewithin thehostprogram,but take advantageof
thecontroloverdataformatto optimisetherepresentation.While thisis possiblein
aforeigndatainterfacethatdoesnotretaintypesafetyit diminishestheadvantages
of workingwithin a typesafelanguage.

Therearesomedisadvantagesto this style of foreign datainterface. Firstly
becauseof the requirementto retaintype safetythe compilermust insert the oc-
casionalcheckthat is not strictly necessary. This was mentionedbeforein the
context of our Long constructor. Thereareotherexamples,the Ptr constructormust
make surethat the argument’s leastsignificantbit is zero, however this should
alwaysbethecase for a valid word alignedpointerandsothecheckis not neces-
sary. As wasmentionedabove someof thesechecks canbe removed by a smart
compiler. For checksthat cannotbe removed onemight arguethat C codewith-
out thecorrespondingcheckis moredifficult to maintainasonemustbe surethat
changesdo not effect theassumedguarantees.Also becauseour interfacesrarely
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corresponddirectlywith thatof, saytheC representation,automaticinterfacegen-
erationwould probablyproduceat bestmixed results.Onceagain onecanargue
that thisis becausetheforeigndatainterfaceprovidesmoreexpressivepower than
thatof anunsafelanguage.Perhapsthemostprevalentdisadvantageis thefactthat
our host language,mustgive up an internalrepresentationfor its own values,or
find someway to separateinternalvaluesfrom foreigndata.

The ideasput forward in this paperhave beenimplementedin a compilerfor
the Nitro programminglanguage. This hasthen beenusedto programseveral
examples. The most importantexamplesincludethe library for interfacingwith
theO’caml internalrepresentationof values,someof which wasdescribedabove,
anda library for interfacingwith thencurses[Dic]C library for building command
line userinterfacesin whichasmalltext editorhasbeenbuilt. Sofar theexpressive
powerof theforeigndatainterfacehasbeensufficientandnoextraC gluecodehas
beenrequired.

6 FUTURE WORK

The arraytype containsa representationof the lengthof the array. It is assumed
thateveryvaluewithin thearrayis initialised.Thismeansthatwe requireanarray
initialisationprimitive. Thecrucial failing is that the lengthof the initialisedpor-
tion of thearrayis assumedto bethesamesizeasthespaceallocatedfor thearray.
In attemptingto re-writesomeC codein Nitro I have foundoccasionwherethis is
a limitation. In everydaycodingit canleadto aninefficient representationbecause
all valuesof anarrayareinitialisedonly to bethenre-assignedto someothervalue.
Currentwork thenis theremoval of this limitation, thearraytypecontainingboth
a lengthandaninitialisedpart.

Oncethishasbeendonetheauthoris alittle dissatisfiedwith thecurrentsyntax
of arraytypes. Adding an initialisation part givesus threepiecesof information,
two of whicharecommonlyequal.It is awish thento investigateabettersyntax.
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