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Abstract

This paperintroducesthe Nitro foreign datainterfacewhich allows the interaction
with foreign daa fromthe Nitro programminganguage.This allows the program-
mer to describethe expectedformatin memory of valuesproducedby a another
programmindanguage Furthernore we cancreatevaluesin thatformatto passinto
routinesprovided by the foreignlanguage.This meanswe canprovide servicedor,
or uselibrarieswrittenin, otherprogrammindanguagesvithouttheneedto translate
betweentwo differentvaluerepresentations.

1 INTRODUCTION

Nitro is a functionallanguagedesignedor usein low-level programming. This
paperdiscusseghe Nitro foreign datainterface, which provides somefacilities
to interfacewith datafrom otherlanguages.Both higherlevel and lowerlevel
languagesreconsidered.

In generala high-level languagedoesnot allow the userto directly inspect
therepresentationf datain the users program. The usermustusethe primitives
providedby thelanguageo createjnspectandmanipulatedata.This allowsanim-
plementatiorof the languageo ensurethatall of thevaluesin a program conform
to someinternalrepresentationThis in turn allows theimplementatiorto provide
otherruntimeservicesuchasgarbagecollection. Theprogrammecannotirectly
usedatafrom anotheranguagepecauseét will not conformto theinternalrepre-
sentation.The garbagecollectorandotherruntimeservicesareusuallywrittenin
anothedanguagebecausdé manipulateshat internarepresentatiowhichwe are
notallowedto inspect.

A marshallinginterfaceis acommonway for a high-level languagédo provide
accesgo foreigndata.Becauseghehigh-level languageonly permitsoperationsn
datathat correspondso its representationf values,the languagemustprovide a
meango marshahbrbitraryvaluesto andfrom thatinternalrepresentatiorf-urther
morebecausehe languagealoesnot provide the ability to inspectarbitraryvalues,
the marshallingcodemustbe written in a languagewhich does. Usually sucha
high-level languagewill provide C macrosandfunctionsallowing the creationof
valuesconformingto the internal representation An interfaceis thenbuilt from
onelanguageo anothetby usingC to inspectthe valuesof thefirst languageand
createvaluesof the secondusingthe providedfunctions.
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This arrangemenhasat leastthreedravbacks. Firstly our interfacesto for-
eign languageamust be written in the C language,even when we are not in-
terfacingwith C. Thoughthere are someattemptsto generatethe C stub code
automatically[NJ97NDT*]. Secondlyour marshallingbarrier may be too ex-
pensve. An interfacethatrequiresrepeaed callsto andfrom theforeignlanguage
requiregepeatednarshallingo andfrom bothlanguageepresentationsn certain
applicationsuchanexpensecauseshehigherlevel languageo beabandonedri-
nally if severalimplementationsf thelanguagesxist, theirinternalrepresentations
of valuesmaydiffer, andhencenterfacesmustbewritten for eachimplementation
- thoughthis can be offset to a degreeby specifyingwhich C macrosmust be
provided by animplementation.

A requiremenbf our foreign datainterfaceis to avoid the useof sucha mar
shallinginterface.

An alternatve arrangements to provide our languagewith the facilities to
inspectand manipulateforeign values. However, we requirethatwe do thisin a
way that we canensureis safe. To do this we provide the programmemith the
ability to describethe representatiomf a foreign datatype. A programmemay
still write an unsafeprogram,if he makesa mistale whenwriting the interface.
If however, the interfaceis correct,thenour languagecan make surethat we do
not performillegal operation®ver theforeigndata.Additionally the compilercan
helpdetectanillogical interface,suchasanambiguousuniontype. An ambiguous
uniontypeis onein which a value could be consideredo be of two incompatible
typesbecausehetestcannotalwaysdeterminebetweerthetwo.

Onedrawbackis thatthe valuesthat we are now manipulatingcannotbe en-
suredto beof somecommoninternalrepresentationl his meanghatwe mayhave
to give up onsuchinternalrepresentationandruntimeserviceswhich rely upon
them. Alternatively we mustfind a way to separateut suchvaluesandconsider
themseparatelytheseissues ar@ot consideredvithin the currentpaper

In thefirst part of this paperthe typing of arraysis introduced.We shav that
we canallow theaccesso foreignarrayswhich maynotconformto arny specialin-
ternalrepresentationWe mustshav thatwe canaccessuchforeignarrays safely
thatis we do notmake anunchecled out of boundsaccess.

In the secondpart of this paperthe mechanismsntroducedto the Nitro pro-
gramminglanguageto allow the manipulation of otherforms of externaldata are
discussedWe will build up a printerfor O’caml[LVD*] valuesaswe go. Thisis
ainformative examplebecauseét exercisesnuch of the facilities provided by the
foreigndatainterfaceincludingour foreignarraytyping.

All of the examplesarein the Nitro programminganguage 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 accesdoreign
values,onemustbe ableto acces@anarrayof foreignvalues. Atypesafelanguage
however mustensurethat an accesgo an arrayis madewithin the boundsof the
array

In ahigh-level languagehisis commonlyachiezedby storingthelengthof the
arraytogetherwith the array any accesss first checled at runtime,if theindex is
outwith theboundsof thearrayusuallysomeexceptionis raised.

Thishoweveris notanoptionfor externalarrays sincewhile thelengthmaybe
storedwith thearray it maynotbein the formatexpectedcertainlythereexist se/-
erallanguagemplementationshat storethe lengthof the arrayin differentways,
hencewe couldnot hopeto accesall of thesearraykindswith thattechnique.

A betterway is to allow the programmeito describeto the compilerhow the
lengthis stored.

We describethe type of barearraysandtheir inde types. We give label vari-
ablesto both barearraytypesandto integer types. Label variablesactlike exis-
tential type variables they cannotmatchary otherlabelvariablesbut themseles.
Thereis aspeciallabelint .(_) whichis usedfor generalntegertypesthatwe may
wantto unify togetherbut arenot equal.An integertypeis written int .(v) wherev
isthelabelvariable.An arraytypeis writtent array.(v) wherev isthelabelvariable
andt is thetypeof theelements.

To make abarearrayaccessve mustprovidethevariableto beusedasthearray
boundschedk. The syntaxfor abarearrayaccesss thene.1.(len).[ e2], wheree 1
is theexpressiorthatevaluatedo the barearray len is thevariableusedasa check
for thearrayboundsaccessande 2 is theindex expression For suchanexpression
to bevalid, e 1 musthave type ' a array.(v) andlen musthave type int .(v). Neither
may have thespeciallabel .( ).

Giventhis typing of barearraysi,it is possibleto definea type of native array
thatstoresthe lengthvariabletogethemwith thearray Furthermorebecauséehela-
bel variablesareexistentialsuchanarrayrepresentatiocanbe seerasan abstract
typein thestyleof [LO94]. We canprovide anarraymodulewith thecommonar-
ray operationsuchas iter andcopy. Onecanthenusethesearraysascorveniently
asarraysareusedin atraditionalhigh level languagewithout the needto provide
acheckvariableat eachindex operation.

For the purposef this paperthoughwe needonly the ability to describethe
representationf externalarraysin orderto accesshem.

Supposavewishto accesanarrayrepresentationf someforeignlanguageM.
M arraysconsistof atupleof 3 elementsthefirstis thelength,theseconds some
informationusedby the garbagecollectorandthe third is the actualarrayitself.
Herewe assumaeall the elementsare of type boolean. We definethe type of M
arraysandafunctionfor indexing them. In thisexamplewe give thetypeconstraint
for the getmarray function, this is not really necessarythoughit simplifies type
inference.In [LO94] this problemis solved by requiringexistentialtypesto have
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constructorslaterwe will seethatwe canalsousethis techniqueput for now we
cannotasa Constructomwould invalidatethe runtimerepresentation.

type gc_info
type m_array = (int.(len), gc.info, bool array.(len))
let get_marray : int.(-) —> m.array —> bool

i (1, -, a) =a.(1).[i]

Now supposewe would also like to accessarraysfrom languageN. These
arraysaresimilar but containa furthertuple elementeforetheactualarray which
containsdehlugginginformation,we candefinesucharraysas:
type gc_info
type debuginfo

type n_array = (int.(len), gc.info, debuginfo, bool array.(len))
let get_narray : int.(-) —> n_array —> bool

i (1, -, -, a) =a.(1).[i]

3 TAGGED TYPES

A commonC idiom is ataggeduniontype. Union typesareusedasthetype of a
storagelocationinto which valuesof two or moretypescanbe stored. Whenwe
wishto usethevaluestoredin alocationof uniontype,we castthestoragdocation
to thetype thatwe expectthe valuestoredthereto be. Oftenwe useatagor kind
field to recordwhattypeis storedwithin theunionlocation.Hereis anexample:
typedef int circle.dimensions;
typedef int square_dimensions;
typedef struct rect_d
{ int width; int height; }

rect_dimensions;

typedef enum { Circle 1,
Square 2,
Rectangle = 3

} shapekind;

typedef struct shape {
shapekind tag;
union { circle_dimensions circle;
square_dimensions square;
rect_dimensions rectangle; } dimensions;
} shape;

Often the programmerwould then write macrosfor creatingand accessing
valid shapevaluesin a safeand consistentmanner A high-level languagewill
often provide a specialsyntaxfor creatingsuchtaggedypes,creatingsuchvalues
andinspectinghosevalues.Additionally, becausét is notpossibleto examinethe
underlyingrepresentatiof suchataggedvalue, it is not possibleto subvert the
type systemandaccess valuewithout usingthe tag. Thereforeall manipulations
canbechecledandensuredo besensible.
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Generallythe lack of controlover the underlyingrepresentatioof taggedval-
uesis of no concern.It doesnot matterto us, whetherthe taggedsalueis repre-
sentedwith the tagfirst andthenthe value,or vice versa.Also it doesnot matter
what numericalvaluesaregivento eachof thetags. It might be definedby some-
thinglike:
type shape = Circle of int

| Square of int
| Rectandle of int % int

However, wherethe type is that of a foreign language suchasthe 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
our high-level languageWe couldaccessucha valuedirectly from Nitro without
marshalling Also thetype systenof Nitro ensureshatwe cannotcreateaninvalid
shapevalue. It alsoensureghatwe do not make amistale wheninterpretingthe
contentsf ashapevalue.

Nitro provides both of the facilities that are requiredfor this, we candefine
taggedtypeswith specificnumericalvaluesfor eachtag. We can also specify
wheretheargumentis in relationto thetag. Thisis alsothe generakacticthatthe
foreign datainterfaceof Nitro emplgys. We usetaggedtypeswherepossibleto
describehe structureof atype’s representatiorsincethe constructorsf atagged
type provide a corvenientandfamiliar syntaxto createandinspectforeignvalues.
To dothis we extendtaggeduniontypesextensively. We call typesthatusesuch
extensionsa custom tagged type.

We now discussmostof the facilities currently provided in the Nitro foreign
datainterface.As aplatformfor thediscussiorwe build up aninterfacefor access-
ing theinternalrepresentationf O’caml[LVD*] values.In the processwe create
a printer for suchO’caml values. As eachnew constructis addedwe discussthe
extra obligationsto thetype checlerimposedoy the addition.

Before we begin a brief descriptionof the internal representatiorf O’caml
values.

Eachvalueis eitheralong valuewhichis representetdy aninteger, oracom-
poundvaluerepresentetly apointerto arecordallocatedwithin theheap.In order
thatthetwo kindscanbedistinguishedrom eachotherat runtime,theleastsignif-
icantbit is reseredasanindicator It is setto 1 for long valuesandO for pointers.
For long valueswe mustmalke surethatwe shift theactualvalueto theleft by one
andsettheleastsignificantbit to one. Whenwe wantto operateontheactualvalue
we mustmake surethatwe reversethe shifting operations.Integersaretherefore
restrictedto 1 bit lessthanthelengthof aword for the machine.

Heapallocatedvaluesconsistof a oneword headeffollowed by a numberof
ocamlvalues.The headercontainghreeportions. Thefirst is theocamltag, thisis
usedto determinghekind of the value. Therearesomepredefinedagsthatshav
thevaluerepresente astring,afunctionclosure adoubleor anarray Theother
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tagsareusedto storethe tagof anO’camltaggedvalue. The secondportionof the
headeris for useby thegarbagecollectorandrecordghegarbagecollectionstatus
of the heapobject,this is known asthe colour of the value,andcanbe oneof four
values. Finally the lengthof the valueis recordedthis tells us how mary ocaml
valuesfollow theheader

We beagin with adiscussiorof two very basiccustomtaggedype additionsand
thenbegin our representatiof the ocamlinternalvaluein the third subsection
Masksfor customtags.

3.1 Custom tags

Theseare very simpleto use. To usea customtag to representan external data
type, onemustonly be aware of exactly how a value createdwith sucha custom
constructois representedtruntime.lt is representedsapair, thefirst component
of which is the tagvalue, the secondof which is the algument. This meansthat
customtagson their own have limited use,however they form the basisfor most
of the otherconstructs.

Custontags,arealsovery simpleto type. We needonly ensurehattwo tagsdo
nothave thesametagvalue.In factwe canbealittle moreliberalthanthis, we can
saythattwo tagsmayin facthave the sametagvalueprovidedthattheargumentis
the same.This canbe useful,for examplewe maywanta type of colour. Thiscan
containthe tagsgray aswell asgrey, which we actuallywantto have equalvalues.
Thoughthiswould perhap$ebetterdonewith atagaliasingconstructwe will see
thatin generakllowing tagsto overlapcanbe of use.

Theshapeexamplegivenabove is a sufficient examplefor customtags.

3.2 Theimmediate keyword

Wherethe taggediniontype,is reallyanenumeratiortype,a C representatiowill
not createa heapobjectfor it. Insteadit will berepresentedsa word value. The
immediate keyword allows the userto definesucha taggedvaluein Nitro. We can
still give acustomvaluefor theactualtagvalue.

Herewe definethe daysof the weektype, that could be usedto representhe
tm_wday field of atm structasdefinedin thetime.h systemheadeffile. Notice that
althoughthe C codeexpectsan integer our type would be more robust sincewe
ensurehatwe cannotcreateaninvalid day

type immediate weekday =
Sunday {0} | Monday {1} | Tuesday {2} | Wednesday {3}
| Thursday {4} | Friday {5} | Saturday {6}

Immediatetagsalonerequireno extratyping.

3.3 Masksfor custom tags

Often atag doesnot take up the whole of a word value. In this casewe wantto
testagainstonly a portion of the word againstwhich we are matching. A good
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exampleof thisis the O’camlrepresentationf values.The garbagecollectormust
be ableto distinguishbetweenlong valuesusedto represenintegers, characters
andothersuchvalues,and pointervalueswhich referencehe heap. The O’caml
representatioresenestheleastsignificantbit of eachvalueto recordwhichkind a
valueis. Pointersaremarkedby a zeroin theleastsignificantbit. For long values,
the leastsignificantbit is set,which meanghatwe have onelessbit availablefor
representing thanderlyinglong value.

In Nitro we canspecifythis with amaskon a customconstructorwe also need
to usetheimmediate keyword. We cannow begin to build up a genericprinter for
O’camlruntimevalues.We begin by sayingonly whatkind avalueis.
type immediate ocaml_value =

Ptr  { 0 with mask 1 }
| Long { 1 with mask 1 }

let display_-value p =
match p with
Ptr —> print_string "is.pointer”
| Long —> print_string "is.long”

Customtags hae agumentsandbelonv we will addargumentgo immediate
tags.This meanghatwe mustcheckthattwo tagsdo not overlap,or whenthey do
thatthetypesof theagumentsarecompatible This is the samerequirementsfor
customtagswithout masks only now with maskson our customtagsour tagsare
muchmorelikely to overlap. Thisis becauséf two tags hae differentmasksthen
they automaticallyoverlap- thatis a valuecoud matchbothtags. In practicethe
masksfor all constructordelongingto the sametype are oftenthe sameasin the
givenexample.

3.4 Immediate Arguments

The abore example shaved us that we could distinguishbetweenpointersand
longs. However this is of limited useif we cannotaccesghe underlyingvalue.
In our O’'caml library a pointer pointsto a heapobject. So far our heapobjects
representatiois very simple, but one canthink of a heapobjectasbeing some
kind of recordvalue.

Immediateagumentsallow usto give the type of a valuematchingthe given
constructor Hereis arevisedversionof our O’caml printer, which dependsupon
display.hobj, our printerfor heapobjects which sofar canhandleonly doubles.
type immediate ocaml_value =

Ptr { O with mask 1 } of heapobject
| Long { 1 with mask 1 } of int

let display_-value p =
match p with
Ptr (hobj) — display_hobj hobj
| Long (i) —> print_int (i > 1)
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Notice that althoughthe value is masled to testagninsta tag, the agument
refersto the whole value. This is important,in the patternptr (hobj), becausertr
is animmediateconstructorboth the constructorandthe argumentpatternmatch
agpinstthe samevalue. However the constructomatchesagainstonly the masled
part, while the variable patternhobj, matchesagainstthe whole value, hencethe
identifieris assignedo thewholevalue.

Thereis no extra typing requiredbeyond thatwhich we alreadyhave, for the
maskingof customconstructors.Recallthatif two tags hae incompatibleargu-
menttypes,then theirtag valuesmustbe mutually exclusie.

Asidefrom typing considerationsaddingargumentdo immediateconstructors
doesraisethe possibility for a constructorapplicationto fail. Thisis because¢he
argumentgivento a constructorapplicationwill bethevalueusedasboththe ar-
gument andhe tag, hencethe agumentitself mustmatchthe tag. The compiler
insertsa checkat eachsuchconstructompplication sofor exampleLongo will fail
atruntime.Hencea constructorapplicationthattype checkscorrectlymaystill fail
atruntime.

3.5 Tagoperations

In the previous sub sectionour representatiomf a long value had a slight defi-
cieng.. We hadto remembetto right shift the returned intgerin orderto get the
actualintegerrepresentedBeforeapplyingthe Long constructoito aninteger, we
would have to remembeto left shift andsetthe leastsignificantbit of theinteger
argumentor elsetheconstructorlpplicationmayfail andperhapsnoreto the point
we would berepresenting thevrrongvalue.

All of thiswasmoreor lessanincorvenience, havever thisis becausehifting
andsettingbits areall valid operationsover integers. If the agument hadeena
pointet thenwe could not performsuchoperationsFor exampleif the O’caml bit
tagswereswitchedaroundwe would notbe ableto usethe ptr tagatall.

To overcometheseproblemswe provide tag operations.Theseareoperations
that are appliedto the agumentof a tag whenthe tagis matchedagainst. The
reverseof the operationis appliedwhenthe constructoiis appliedto anargument.
Hereis our new definition of the ocamlvaluetype andprinter.
type immediate ocaml_value =

Ptr { O with mask 1 } of heapobject
| Long { 1 with mask 1 } (>>.1) of int

let display_value p =
match p with
Ptr (hobj) —> display_hobj hobj
| Long (i) —> print_int i
The dot after the tagoperationhere, tells the compiler that the reverseshift
operationshouldpadwith 1sinsteadof zeros.
Thetyping of thesetagoperationss alittle subtle. The promiseof ourforeign
datainterface so far hasbeenthat we mustretaintype safetyin the absenceof

67



a mistalenly written interface. What this meansis that if we write our interface
incorrectly thenwe acceptthat we may accessa foreign datavalue at the wrong
type. However we shouldnot be ableto usethe foreign datainterfaceto sulvert
ourown typesydem,thatis we shouldnotbe ableto incorrectlyaccessvaluethat
hasbeencreatedby oursehes,evenif it wascreatedwith a customconstructor

Tagoperationgouldexploit this possibility becausave mayloseinformation
by shifting bits out. Thisis why the tagoperationsaandtheir reversemustbe spec-
ified sopreciselyby the programmer The compilerthenmustinserta checkon
eachconstructorapplicationto ensurehatthe operationis reversible.In theabove
examplethe compilerinsertsa checkwhenthe Long constructoiis appliedthatthe
mostsignificantbit is 0, otherwisewe would returna differentvaluewhenshifted
in theotherdirection.

Thechecksnsertedoy the compilerfor someconstructorsvould oftensimply
not be doneby a low-level implementationpbecausehe programmerhassome
reasonto believe thatthe checkwould never fail. A smartcompiler may be able
to reducesomeof the checksnecessary For example,as mentionedabore, an
applicationof the Long constructorabove would first needto checkthat the most
significantbit is O before performingthe shift this ensureshat we canretrieve
the original value. After the shift we mustcheckthatthe leastsignificantbit is 1
which ensureghatthe agumentmatcheghetag. It is very simplefor a compiler
to omit the secondcheckbecauséhe reverseshift operation usedat constructor
application- padswith 1s soafter the shift the secondtest could never fail. In
somecasesa smartcompilermay even be abldo eliminatethefirst check,just by
ensuringthe value of the integeris low enoughcertainlyin the caseof applying
the constructotto a constanintegerthe checkcanbe omitted.

3.6 Wild cards

At this point we take abrief detourfrom our goal of representing’caml internal
valuesto explain wild cardconstructorsWild cardconstructorareusedto repre-
sentthefollowing situation.We have oneor morespecialvaluesof a certaintype,
while all othervaluesthatarenot oneof the specialvaluesarevalid for thattype,
it mustbe firstchecledthatthey arenot oneof the specialvalues.

The mostfamiliar situationin which this arisesis a possibly null pointer. We
want to indicatethat a pointervalueis eitherthe specialnull value,or it canbe
consideredo be a pointerto the agumenttype. We write wild card tagsusing
an underscore Assumingwe have atype for cstrings then,we could representl
possiblynull cstring with the following type.

type immediate pn_cstring = Null {0} | Cstring {_} of cstring
In orderto extractthe bestpossibleuseout of suchwild card tagsve requireto
alterthe typing of matchexpressions However the typing is still straightforvard.

Thebasicrequirements thatawild cardconstructomayonly be matchedagainst
onceall otherconstructorgrom the sametype have beenmatchedagainst. Where
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thetypeis alsoimmediate we mustalsocheckat constructomapplicationtime that
theamgumentis notoneof the othertags.

This extra checkat congructor applicationtime is often unnecessaryso to
avoid this we saythatthe checkis omittedif the agumenttype of the wild card
constructosed,is safeto usein placeof all the agumentsof non-wild-cardcon-
structors. In practicewherewild card constructorsare used,the non-wild card
constructorshave no amgument,asis the caseabore. This meansthat all argu-
mentsare safeto usein placeof a non-agument anchenceall suchconstructor
applicationchecks carbbe omitted.

3.7 Preceeds

Sofar we have concentrated greatdealon the customdescriptionof atag. The
datasurroundinga tag thoughhasbeenleft asstandard.Either theargumenthas
beenassumedo 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 agumentgivenwill be a recordor tuple type, so effec-
tively we have describedseveralargumentghatwill follow themaintag. Whenwe
matchagainstthe tagwe canassigno theargumenta namewhich canthenbeused
to de-construct theecordor tuple typeandgain accesgo the multiple aguments.

An alternatve solutionto this is to allow the definition of taggedtypeswith
multiple arguments however the preceeds methodhasthe adwantagethat we can
give to the agumenttype, an array type, for which we do not knaw, at compile
time, how mary elementswill follow the tag. Generallycontainedwithin thetag,
or surroundingthe tag, is an elementstatinghow long the arrayis otherwisewe
couldnotsafelyaccesshearray

We cannow begin to acces®camlheapobjects.Ourocamlvalueprinterabove
alludedto a printerfor heapobjects; wecannow partially definesuchheapobjects
- only thosethatarefloating point values- andbegin a definitionfor displayhobj.
type heapobject =

Double { 253 with mask OxFF } preceeds (int = int)

let display_hobj h =
match h with
Double f —> print_float f

We forbid atagwithin animmediate typeto containapreceeds argumentpecause
in generalthereis no addressassociatedvith animmediate value. We mustalso
disallow thecreationof ataggedype, usinga constructomith a preceeds argument
whichis its own type. This is dueto thedifficulty of creatingsuchavalue.

This meanghatthefollowing definitioncanbe usedto inspectnull terminated
integerarrays but we cannotcreateary suchvaluesourseles.

type null _term_int =
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End {0}
| One_value {_ of int} preceeds null_term_int

3.8 External Arrays

We now have enoughmachineryto revisit externalarrays.Recallthatbarearrays,
allow usto typearrayoperationsvithoutdependingiponrepresentin@rrayswith
aprivateinternalrepresentationye can usehis to accesexternalarrays.We will
createtwo externalarraytypes,thefirst is a simple pair representationf arrays,
the seconds analogougo whatwe requirefor our O’camlvaluerepresentation.

Ourfirst examplerepresentarraysasa pair, to ensureghatwe don't allow sim-
ply ary pair consistingof anintegeranda barearraybut onein which theinteger
representthelengthof thebarearray we usea customtaggedype. Howeverthere
is only oneconstructorfor the type andthathasa wild cardtagvalue. Thisis es-
sentiallythe sameasthe pair representatiofor externalarrayswe hadbefore,but
now thetype systemcaninfer the externalarraytype becauseve usea constructor
to matchagainstsuchvalues.

type pair_array =
Parray { _ of int.(len) } of bool array.(len)

Becausg¢hecustomtypeis notimmediate valuesof thistypeareautomatically
representedsa pair consistingof first the tagfollowed by the booleanarray Be-
causeboththe tagvalueandthe arraylengthhave the sameinteger label variable
we know thatthetwo areequal.

Our next exampleis a populararrayrepresentationThe arrayandthe length
arestoredtogetherin onecontiguousportion of memory Thefirst word of which
is aheadewaluecontainingthe length,while the remaindeiis the arrayitself. We
can usehe preceeds keyword toindicatethis format.
type value

type safe_array =
Sarray { - int.(len) } preceeds of value array.(len)

let print_safearray p =
match p with
Sarray {length}(a) —>

for i = 0 to length — 1 do
print_value (a.(length).[i]
done

Whenwe matchagainstthe sarrayconstructomve cansetthe secondargument
to avariablewhichwe canthenuseto accesshearrayargumentecausehey both
have the sameintegerlabeltype.

The headerword commonly containsmore than just the length. The ocam|
representatiofor which we arebuilding a genericprinter, is onesuchcasejn the
next subsection weeehow we extractmultiple datafrom singletagsandcomplete
our ocamlvalueprinter.
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3.9 Multipleargumentspacked in atag

Oftenthenumberof differenttagsis rathersmallcomparedvith theamountpossi-
ble from theword sizeof the machine.In additionthe argumentsmnay not require
awholeword. Whenthis situationarisesit is temptingto storethe tagof thevalue
andits agumentin the sameword. We actually had somethingsimilar to this
whenwe usedthe leastsignificantbit of an ocamlvalue to flag whetherthe value
wasa pointeror not. To storemultiple tagsis awayspossibleby usinginterme-
diatetypesandshifting. Sometimeghoughthis is incorvenientwhenwe wantto
acces®nly oneof the valuesstoredwithin a valuewithout goingthroughseveral
layersof constructors.

This is the situationfor the heapobjectsin the ocamlvalue representation.
Recallthatthe headercontainsthreepiecesof information;the tagdescribingthe
kind of heapobject,thegarbagecollectorcolour, andthelengthof theheapobiject.

To represent heapobjectin Nitro, we usemultiple agumentswithin a tag,
sincethis allows usto accesghese3 piecesof informationin ary order Hereis
thedefinition:
type gc_colour =

Caml_white {0x000}

| Caml_grey {0x100}

| Caml_blue {0x200}
| Caml_black {0x300}

type heapobject =
Closure {247 with mask OxFF;
_ with mask 0x300 of gc.colour;
- (>> 10) of int;}

| Double { 253 with mask OxFF;
_ with mask 0x300 of gc_colour;
} preceeds (int % int)

| Tag { - with mask OxFF of int;
_ with mask 0x300 of gc_colour;
- (>>10) of int.(len) } preceeds ocaml_value array.(len)

and immediate ocaml_value =
Ptr { 0 with mask 1} of heapobject
| Long { 1 with mask 1} (>>. 1) of int

let rec display_hobj obj =
match obj with
Closure {_; gc; len} —> print_string "<fun>”
| Double {_; gc;}(f) — print_.double f
| Tag {-; gc; len}(a) —>

for i = 0 to len - 1 do
display_value a.(len).[i]
done

and display_-value p = (* as before x)
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A valid type definition containingmultiple agumentswithin a tag requires
carefultyping but the extra checksare straighforward. We mustensurethatthe
"extra” amgumentswithin a tag cannot be sea at an incorrecttype. Thereare
severalwaysin which to expressthis constraint for clarity we insistthatthe first
argumentof eachconstructomustbe ableto distinguishbetweervaluescreated
with eachconstructor As beforewe can usewild card patterns,but the same
restrictionsapplyasbefore ,sothatmatchexpressionsnustfirst checkfor all other
constructors.In the exampleabore we mustcheckfor the ClosureandDouble tags
beforethe genericTag constructor

This completeur simpleprinterfor O’camlvalues.Someof the detailshave
beenleft out suchasindentingpurelyfor spaceeasonsTheimportantpartis that
we cansafelyacceswyaluesof aforeignlanguagedirectly.

4 RELATED WORK

4.1 No Longer Foreign Function Interface

NIffi [BluO1] is an encodingof (nearly)the whole of the C type systeminto the
type systemof ML. Thereis a programgeneratomwhich will generatesomestub
coderequired but in generalasin thiswork, C valuesareaccessedirectly.

Themaindifferencebetweerthis work andthe NIffi is thatwith the NIffi one
attemptsto representhe C representatiorof a foreign dataformat. The Nitro
foreign datainterfaceattemptsto allow oneto describethe underlyingformat of
the datavalues,regardlessof how onemight have implementedhisin C. Evenif
theforeignlanguages indeedC.

The mostimportantadvantageof the Nitro foreign datainterfaceis that we
retaintype safety Thereis nothingin the C type systemthat preventsone from
picking ary field from a union type, regardlessof what the actualvalue stored
thereis. Another exampleis possibly null pointers,which can be represented
asdescribedabove. Oncethis is donewe cannotincorrectly attemptto derefer
encea null pointer In contrastwith the NIffi, onechecksfor a null pointerwith
if C.Ptr.isNull | then ... ese ... Howeverthereis nothingto preventyou deref-
erencingsucha pointerin eitherbranchof the conditional,or even ensuringyou
have performedthe check. To retaintype safetyin this casethe stubcodeimple-
mentingthedereferencingould applya check,but thenwe would have performed
thechecktwice.

Thereare several advantagego usinganinterfacein the style of NIffi. These
include;it canbe usedwith anexisting languagehereis no needto addconstructs
to yourlanguageo dealwith foreign data. Thereare somecasesvherethe NIffi
canbemoreefficient, thesecorresponaxactly to thosecasesvhereC canbemore
efficient andin generalcorrespondo the placeswherethereis a possiblesafety
hole. Thereis somescopefor the nlffi to be moregeneral again this comesfrom
thosecaseswvhereone can useruntime informationto avoid somechecksthat a
staticchecler mustinclude.
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4.2 Checking type safety of foreign function calls

Anotherapproachtakenin [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 stil requirestubcodeandthereis still a marshallingbarrier However thereis

now greaterconfidencehat the marshallinginterfaceis indeedwritten correctly

The foreign datainterfacedescribedn this work cannotachieve this, essentially
the programmeiis on their own whenactuallywriting the interfaceandmistales
canstill be made. A combinationof the two approacheseemdike apromising
directionfor future study

5 CONCLUSIONS

This paperhasdescribedan alternatve way for a type safelanguageto provide
accesdgo foreigndata.We have discussedhow to accesgoreignarrayswhich may
storethe lengthof the arrayin variousways. For generalforeign valuerepresen-
tations,taggedypesareextendedto allow moregeneraldescriptionof the format
of avalueof suchataggedtype. This givesusthe ability to describethe formatof
runtimetypeinformationthat allavs theinspectionof valuesatthe correcttype.
Thethreemajoradvantage®f this approactare:

e Foreigndatais accessedirectly with no marshallingroutinesrequired.

¢ Weretaintypesafety;meaningooththatprovidedwe have written ourinter-
facecorrectly we cannotinspectforeigndatavaluesatanincorrecttypeand
alsothat we cannotusethe foreign datainterfaceto subvert our own type
system.

e Theprogrammecanwrite theinterfacein thehostlanguage.

Becausewe retaintype safetythereis the opportunityfor oneto write data
structureghat areentirely for usewithin the hostprogram,but take adwvantageof
thecontrolover dataformatto optimisetherepresentationWhile thisis possiblan
aforeigndatainterfacethatdoesnotretaintypesafetyit diminishesgheadwantages
of working within atype safelanguage.

Thereare somedisadwantagedo this style of foreign datainterface. Firstly
becausef the requiremento retaintype safetythe compilermustinsertthe oc-
casionalcheckthat is not strictly necessary This was mentionedbeforein the
contet of our Long constructor Thereareotherexamplesthe pir constructomust
make surethat the aguments leastsignificantbit is zero, however this should
alwaysbethe ca® for avalid word alignedpointerandsothe checkis not neces-
sary As wasmentionedabove someof thesechecks carbe removed by a smart
compiler For checksthat cannotbe removed one might arguethat C codewith-
outthe correspondingheckis moredifficult to maintainasonemustbe surehat
changedlo not effect the assumedjuaranteesAlso becauseur interfacesrarely
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correspondlirectly with thatof, saythe C representatiorautomatidanterfacegen-
erationwould probablyproduceat bestmixed results. Onceaggin onecanargue
that thisis becauseheforeigndatainterfaceprovidesmoreexpressve power than
thatof anunsafdanguagePerhapshe mostprevalentdisadwantagds thefactthat
our hostlanguagemustgive up an internalrepresentatioffior its own values,or
find somevay to separaténternalvaluesfrom foreigndata.

Theideasput forwardin this paperhave beenimplementedn a compilerfor
the Nitro programminglanguage. This hasthen beenusedto programseveral
examples. The mostimportantexamplesinclude the library for interfacing with
the O’camlinternalrepresentationf values,someof which wasdescribecabore,
andalibrary for interfacingwith the ncurses[Dic|C library for building command
line userinterfacesn which asmalltext editorhasbeenbuilt. Sofartheexpressie
power of theforeigndatainterfacehasbeensufiicientandno extraC gluecodehas
beenrequired.

6 FUTURE WORK

The arraytype containsa representatiomf the lengthof the array It is assumed
thatevery valuewithin thearrayis initialised. This meanghatwe requireanarray
initialisation primitive. The crucialfailing is thatthe lengthof theinitialised por
tion of thearrayis assumedo bethe samesizeasthe spaceallocatedfor thearray
In attemptingto re-write someC codein Nitro | have found occasionwherethisis
alimitation. In everydaycodingit canleadto aninefficientrepresentatiobecause
all valuesof anarrayareinitialisedonly to bethenre-assignetb someothervalue.
Currentwork thenis theremoval of this limitation, the arraytype containingboth
alengthandaninitialisedpart.

Oncethishasbeendonetheauthoris alittle dissatisfiedvith thecurrentsyntax
of arraytypes. Adding aninitialisation part gives us threepiecesof information,
two of which arecommonlyequal.lt is awishthento investicatea bettersyntax.
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