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1 Moscow ML’srelation to Standard ML

Moscav ML implementsa properextensionof StandardML, asdefinedin the 1997 Definition of Standad ML. This
documentdescribeghe languagemplementedoy Moscov ML, not StandardVL per se usersseekingan orthodox
StandardVIL referenceshouldlook elsevhere.Having saidthat, Moscav ML is specificallydesignedo be backwards
compatiblewith StandardML. Thusevery valid StandardVL programshouldbe a valid Moscav ML program,and
Moscav ML may be usedasif it weresimply a StandardML compiler Any deviation from this behaiour shouldbe
reportedasabug.

2 Resewvedwords

abstype and andalso as case do datatype else  end eqtype exception fn fun  functor

handle if in include infix infixr let  local nonfix — of op open orelse raise rec
sharing sig  signature struct structure then type val where with  withtype while
(H)y o1&y > . ==

3 Comments

A commentis ary charactersequenceavithin commentbraclets(* and*) in which commentbraclketsare properly
nested.

4 Specialconstants

Integer constants

Examples: 0 ~0 4 ~04 999999 OxFFFF  ~Oxiff
Non-examples: 00 ~00 40 1E0 -317 OXFFFF  -Ox1ff

Real constants

Examples: 07 -~07 3325 3E~7 ~3E~7 3e~7 ~3e~7
Non-examples: 23 3 4.E5 1E2.0 1E+7  1E-7

Word constants

Examples: owo0 Ow4  0w999999 OwxFFFF  Owx1ff
Non-examples: Ow0.0 ~Ow4 -Ow4d OwlEQ OwXFFFF  OWxFFFF

String constants

A string constanis a sequencebetweenguotes(" ), of zeroor moreprintablecharactersspacesopr escapesequences.
An escapesequencstartswith theescapeharactek andstandgor acharactesequence:

\a A singlecharacteinterpretedy the systemasalert(BEL, ASCII 7).

\b BackspacgBS, ASCII 8).

\t Horisontaltab (HT, ASCII 9).

\n Linefeed,alsoknown asnewline (LF, ASCII 10).

\v Verticaltab(VT, ASCII 11).

\f Formfeed(FF, ASCII 12).

\r Carriagereturn(CR, ASCII 13).

W The control characterc, wherec may be ary charactemwith ASCIl code64-95(@to ).

The ASCII codeof \* cis 64 lessthanthatof c.

\ ddd Thecharactewith codeddd (3 decimaldigits denotinganinteger0—255).

\u xxxx  Thecharactewith codexxxx(4 hexadecimaligits denotinganinteger0—255).

\" Thedouble-quoteharacte(")

\\ Thebackslaskcharactel\ )

\ f--f\  This sequences ignored,where f - -f standsfor a sequencedf one or more formatting
charactergsuchasspacetab,newline, form-feed).



Character constants
A characteconstantonsistof the symbol# immediatelyfollowedby a string constanof lengthone.

Examples: #'a" #\n" #\NZ" #"\255" o
Non-examples: # "a" #e gy

5 Identifiers

e alphanumeric: asequencef letters,digits, primes(’ ) andunderbarg ) startingwith aletteror prime;
e symbolic: any non-emptysequencef the following symbols:
P %&$#+-/: <=>2@\ ~" N | *

Reseredwords(Section2) areexcluded. This meanghatfor example# and| arenotidentifiers,but ## and|=| are
identifiers. Thereareseveralclasse®f identifiers:

vid (valueidentifiers) long
tyvar  (typevariables)

tycon (typeconstructors) long
lab (recordlabels)

strid (structureidentifiers) long
funid  (functoridentifiers)  long
modid (moduleidentifiers)  long
sigid  (signaturedentifiers)

unitid  (unitidentifiers)

A typevariable'a is analphanumeriédentifier startingwith a prime.

A labellabis anidentifier, or apositive integralnumerall 2 3 ... notstartingwith 0.

e For eachidentifier classX marked ‘long’ above thereis a classlongX of long identifiers, which may have a
qualifierconsistingof along structureidentifierfollowedby adot ‘. * :

longx = X identifier
longstrid x qualifiedidentifier

e Although structureand functor identifiersresidein separatename-spaceshe syntaxof structureand functor
identifiersis identical. The setof identifiersmodid rangesover the union of strid and funid; longmodidranges
over the union of longstrid andlongfunid Moscav ML usestype informationto resohe eachoccurrenceof a
modidor longmodidto a structureor functor identifier during type checking,using the optional keyword op to
resol\e ary remainingambiguities.Seethe commentsatthe endof Section10.

e Any occurrenceof a structureidentifier strid thatis not boundin the currentcontext refersto the unit imple-
mentationunitid.uo  of the samename(ie. unitid = strid). At compiletime, the unit's compiledinterface
unitid.ui mustexist andhave beencompiledin structue mode. At link time, the unit's compiledimplementa-
tionunitid.uo  mustexist andhave beencompiledin structue mode.

e Any occurrenceof a signatureidentifier sigid thatis not boundin the currentcontext refersto the compiledunit
interfaceunitid.ui of the samename(ie. unitid = sigid). Thefile unitid.ui musthave beencompiledin
structue modefrom anexplicit interfaceunitid.sig



6 Infixed operators

An identifiermaybegiveninfix statusby theinfix  orinfixr  directive,whichmayoccurasa declaratioror specifica-
tion. If identifierid hasinfix statusthenexp; id exp, mayoccur, in parenthesed necessarywhereserthe application
id(exp1, expp) orid{l= exp;,2= expp} would otherwiseoccur Infix identifiersin patternsareanalogousOn the other
hand,anoccurrenceof a qualifiedidentifier, or ary identifier prefixed by op, is treatedasnon-infixed. Theform of the
fixity directivesis asfollows (n> 1):

infix (d) id1---idy left associatie
infixr (d) id1---idn right associatie
nonfix id{---idy, non-associatie

where(d) is anoptionaldecimaldigit d indicatingbinding precedenceA highervalueof d indicatestighter binding;
thedefaultis 0. Fixity directivesaresubjectto the usualscoperulesgoverningvisibility of identifiersdeclarednside
let andlocal . Fixity directvesoccurringwithin decin astructureexpressiorstruct  dec end arelocalto dec Fixity
directivesoccurringwithin specin asignaturesig specend arelocalto spec

Mix edleft-associatie operatorof thesameprecedencassociat¢o theleft, mixedright-associatie operatorof the
sameprecedencassociatéo theright, andit is illegalto mix left- andright-associatie operator®f thesameprecedence.

7 Notational conventionsusedin the grammar

e Eachsyntaxclassis definedby alist of alternatves,onealternatve on eachline. An emptyphrasds represented
by anemptyline.

e Thebraclets( and) encloseoptionalphrases.

e Forary syntaxclassX (overwhichx rangesyve definethe syntaxclassXseq(overwhich xsegrangessfollows:

xseq = X (singletonsequence)
(emptysequence)
(X1, ---, %)) (sequencen>1)

Alternative phrasesrelistedin orderof decreasingrecedence.

L andR indicateleft andright association.

The syntaxof typesbindsmoretightly thanthatof expressions.

Eachiteratedconstruct(e.g.matc) extendsasfarto theright aspossible Hencea case insideacase , fn , or fun

may have to beenclosedn parentheses.

e Moscav ML phraseghatare non-complianiextensionsof StandardML syntaxaremarkedwith anbullet (e) in
themamgin.

e Moscav ML phraseshatarenon-compliangeneralisationsf StandardVL syntax,but have instanceshatcom-

ply with StandardVL, are marked with an an bullet anda number(eN) in the mamgin, whereN refersto an

explanatorycommenthatappearsn Section12.



8 Grammar for the Moscov ML Corelanguage

Expressionsand Matches

lab = exp ( , exprow )

exp m=  infexp
exp : ty type constraint(L)
expy andalso expp sequentiatonjunction
expy orelse  expp sequentiatisjunction
exp handle matd handleexception
raise  exp raiseexception
if expp then expy else exps conditional
while expy do exp iteration
case exp of matd caseanalysis
fn matt functionexpression
app&p
infexpy id infexpy infixedapplication
atexp
appep atexp application
scon specialconstan{seeSection4)
(op) longvid valueidentifier
{ ( exprow) } record
#lab recordselector
0 O-tuple
(expr, -+, eXpn) n-tuple,n > 2
[expr, ---, exp] list, n>0
#oexpr, ---, expy] vectorn>0
(expy; ;. eXpPn) sequencen > 2
let decin expi; ---; expn end localdeclarationn>1
[ structure  modep as sigexp ]  structurepackage
[ functor modep as sigexp ] functorpackage
(exp)

expressiorrow

math = mrule { | matd )

mrule = pat => exp



Declarationsand Bindings

dec = val tyvarseq valbind valuedeclaration
fun tyvarseq fvalbind functiondeclaration
type typbind typedeclaration
datatype  datbind ( withtype  typbind ) datatypedeclaration
datatype tycon = datatype tyconpath datatypereplication
abstype datbind ( withtype typbind ) abstypedeclaration
with  dec end
exception  exbind exceptiondeclaration
local deg in deg end local declaration
open longstridy --- longstrid, opendeclarationn > 1
structure  strbind structuredeclaration ol
functor  funbind functordeclaration o2
signature  sigbind signaturedeclaration o2
emptydeclaration
deg (;) deg sequentiatieclaration
infix  (d) idq---idy infix (left) directive,n> 1
infixr  (d) idq---idy infix (right) directve,n> 1
nonfix idy---idn nonfix directve,n> 1
valbind := pat = exp ( and valbind ) valuebinding
rec valbind recursve binding
fvalbind ::= (op) var atpati --- atpati, (ty ) = expr mn>1

| (op) var atpab; --- atpabn (ty ) = exp

| -

| (op) var atpaiy --- atpatm, ity ) = expm
( and fvalbind )

typbind = tyvarseqtycon =ty ( and typbind ) 3
datbind = tyvarseqtycon = conbind ( and datbind ) o3
conbind := (op) vid (of ty) (| conbind)
exbind = (op) vid (of ty) ( and exbind )

{op) vid = {op) longvid ( and exbind )

Note: In thefvalbind form above, if var hasinfix statustheneitherop mustbe presentor var mustbeinfixed. Thus,at
thestartof any clausepp var (atpat atpat) maybewritten(atpat var atpat) . The parenthesesiay be droppedif
‘:ty’ or'=' followsimmediately

Type expressions

tyconpath ::= longtycon long type constructor
longtyconwhere strid = modexp typeconstructomprojection e
ty n= tyvar typevariable
{ ( tyrow ) } recordtype expression
tyseq tyconpath type construction
typ ¥ --- * typ tupletype,n> 2
tyr > tys functiontype expression
[ sigexp ] packagdypeexpression e
(ty)
tyrow n= lab: ty (, tyrow ) type-epressiorrow



Patterns

atpat = wildcard
scon specialconstan{seeSectiord)
(op) longvid valueidentifier
{ ( patrow ) } record
0 O-tuple
(paty, ---, paty) n-tuple,n > 2
[paty, ---, paty] list, n>0
# paty, ---, paty] vectorn> 0
( pat)

patrow = .. wildcard
lab = pat { , patrow ) patternrow

lab (:ty) ( as pat) {, patrow ) labelasvariable

pat = atpat atomicpattern
(op) longvid atpat constructedralue
pat; vid pat infixedvalueconstruction
pat : ty typed
(op) var (:ty) as pat layered

Syntacticrestrictions

e No patternmaybindthesamevar twice. No expressiorrow, patternrow or typerow maybind the samdab twice.

e No binding valbind, typbind datbind or exbind may bind the sameidentifier twice; this appliesalsoto value
constructorsvithin a datbind

¢ In theleft sidetyvarseqtyconof ary typbindor datbind tyvarsegmustnot containthe sametyvar twice. Moscav
ML requiresthat any tyvar occurringwithin the right sideis in scope(either explictly or implicitly), but not
necessarilyn tyvarseq(cf. Sectionl2, restriction3).

e Foreachvaluebindingpat = expwithinrec , expmustbeoftheformfn matd, possiblyenclosedn parentheses,
andpossiblyconstrainedy oneor moretype expressions.

e No valbind, datbind or exbindmaybindtrue , false ,nil ,: , orref . No datbindor exbindmaybindit .

9 Interactive sessions

An expressionexp which occursgrammaticallyat top-level in aninteractive sessioris takento be an abbreviation for
thedeclaration

val it = exp

This corventionappliesto interactive session®nly. In a batch-compiledinit, writeval it = exp
orval _ = expetc.



10 Grammar for the Moscow ML Moduleslanguage

TheMoscov ML Moduleslanguages a supersebf thefull StandardViL Moduleslanguage.

Module expressions

modep

appmoda&p

atmodep

m
m

(
(

Module bindings

strbind

funbind

sigbind
con

arg

strid
strid

funid

appmodap

odexp : sigexp
odexp > sigexp

transparentonstraint(L)
opaqueconstraint(L)

functor ( modid: sigexp ) => modep generatiefunctor .
functor  modid : sigexp => modep applicative functor .
rec ( strid : sigexp ) mode&p recursve structure .
atmodep
appmod&p atmodep functorapplication .
struct  dec end basic
{op) longmodid moduleidentifier
let decin modep end local declaration
dec ) abbreviatedstructure .
modep )
( con) = modep ( and strbind ) structurebinding
as sigexp = exp {( and strbind ) packagebinding
arg; --- argn { con) = mode&p
( and funbind ) functorbinding,n > 0

funid

( and funbind )

( spec) ( con) = modep

abbreviatedgeneratie binding

signaturebinding

transparentonstraint
opaqueconstraint
argumentof generatie functor

funid as sigexp = exp ( and funbind)  packagebinding
sigid = sigexp ( and sigbind )

. sigexp

> sigexp

( modid : sigexp )

modid : sigexp

Signature expressions

sigexp

typreal

sig s
sigid

pecend

sigexp where typreal

functor
functor
rec (

type

( modid : sigexp ) -> sigexp
modid : sigexp -> sigexp
strid : sigexp ) sigexp

tyvarseq longtycon=ty ( and typreal )

argumentof applicatve functor

basic

signaturedentifier
typerealisation
opaqueunctorsignature

4

o5

transparentunctorsignature e

recursve structuresignature

typerealisation

o3



Specificationsand Descriptions

spec

Ispec

valdesc
typdesc

datdesc

condesc ::

exdesc
strdesc

fundesc

e Although structureandfunctor identifiersresidein separatename-spaceshe syntaxof structureandfunctori-

val tyvarsegvaldesc

type typdesc

type typbind

eqgtype typdesc

datatype datdesd withtype
datatype  tycon = datatype
exception exdesc
structure  strdesc

functor  fundesc
signature  sigbind

include  sigid; --- stridy
local Ispecin specend

typbind)
tyconpath

spec(;) spec
specsharing  type

longtycon = --- = longtycom,
spec sharing

longstrid, = --- = longstrid,
infix  (d) idq--- idn
infixr — (d) idy--- idp
nonfix  idq---idn

open longstrid; - - - longstrid,

type typbind
local Ispecin Ispecend

Ispec (; ) Ispec
vid : ty { and valdesc)

tyvarseq tycon ( and typdesc)

tyvarseq tycon = condesc{ and datdesc)

vid (of ty) ( | condesc)
vid (of ty) ( and exdesc)
strid : sigexp ( and strdesc)
funid : sigexp ( and fundesc)

valuespecification 6
abstractype

typeabbreviation
abstracequalitytype

datatypewith typbind o7
datatypereplication

exception

structure

functor

signature

include,n> 1

local specifications .
empty

sequential

typesharingn > 2

structuresharing,n > 2

infix (left) directive,n > 1
infix (right) directve,n> 1
nonfix directve,n> 1

(local) open

typeabbreviation

local specifications

empty

sequential

valuedescription
typeconstructoidescription
datatypedescription 3
constructodescription
exceptionconstructodescription

structuredescription

functordescription

dentifiersis identical. In the grammay a moduleidentifierlongmodidmay standfor eithera structureidentifier
longstrid or a functor identifier longfunid Thus, a priori, the moduleexpression{op) longmodidmay refer to
a eithera functor or a structureandthe compiler mustresole this ambiguity ({(op) is an optional prefix of the
keyword op). Fortunately the contet of the phraseoftenrulesout onealternatve, on the groundsthat choosing
thatalternatve would force type checkingto fail. In particular if {op) longmodidoccursastheright handsideof
a structure(functor) binding, thenlongmodidmustbe interpretedasa structure(functor) identifier; if {op) long-
modidoccursin the functor positionof anapplicationthenlongmodidmustbe interpretedasa functoridentifier;
if (op) longmodidis constraineddy a signaturethenthe signatureforcesa uniqueinterpretationon longmodid
(dependingon whetherthe signaturespecifiesa structureor functor). Similarly, if (op) longmodidoccursasthe
argumentof afunctorapplication thenthefunctor’'sdomainforcesa uniqueinterpretatioron longmodid Indeed,
the only ambiguitythat remainsoccurswhen(op) longmodidis the body of a functor. In this case the optional
prefix (op) is usedto resole the ambiguity: the absencef op signalsthatlongmodidrefersto structure;the
presencef op signalsthatop longmodidrefersto afunctor. Whentheinterpretatiorof (op) longmodidis already
determineddy the context, the optionalprefix {op) hasno effect. (This methodof disambiguatiorrelieson type
informationandis performedduringtype checking.)



e In afunctoror functorsignaturesformalargument{ modid : sigexp ) ormodid : sigexp , if sigexp specifies
astructurehenmodidbindsthe equivalentstructuredentifierstrid; if sigexp specifiesaafunctor, thenmodidbinds
theequivalentfunctoridentifierfunid.

e In a structureexpressionstruct  dec end, ary signaturedeclaredin decis local to dec it doesnot definea
componenbf the structurestruct  dec end, nor is it visible in the type of struct  dec end. (Note thatthe
syntaxfor signaturddentifiersis notlong, in the senseof Section5.)

e In a signatureexpressionsig specend, ary signaturedeclaredin specis local to spec in particular sucha
declaratiordoesnot specifythata structurematchingsig spec end shouldalsodeclarethatsignature.

Syntacticrestrictions

e No bindingstrbind, funbind or sighbind maybind the sameidentifiertwice.

e No specificationvaldes¢ typdesc typbind datdes¢ exdesg strdescor fundesamay describethe sameidentifier
twice; this appliesalsoto valueconstructorsvithin adatdesc

¢ In theleft sidetyvarseqtyconin arny typdesg¢typbind datdesgor typreal, or specificatiorval tyvarseqvaldes¢
tyvarsegmustnot containthe sametyvar twice. Moscov ML requiresthatany tyvar occurringwithin the right
sideis in scope(eitherexplictly or implicitly), but notnecessarilyn tyvarseq(cf. Section12, restriction3).

e No sequentiaspecificatiormayspecifythe sametycon vid, strid, funid, sigid orid (in afixity specification}wice.

o No valdescdatdescor exdesanayspecifytrue |, false , nil ,:: , orref . No datdesor exdesamay specifyit .

e In a generatye functor functor  ( modid : sigexp ) => modep or applicatve functor functor ~ modid :
sigexp => modep the body of modexp mustbe applicativein the sensethatit containsno structureor func-
tor bindingsof the form strid as sigexp = exp or funid as sigexp = exp, excludingthosebindingsthatoccur
within aCorelet -expressionThis restrictionalsoappliesto the bodiesof functorsdeclaredn afunbind

10



11 Grammar for the Moscow ML Unit language

Moscav ML supportghe separateompilationof namedprogramfragmentscalledunits A unit unitid — consistsof an
optionalunitinterfacein file unitid.siy . Eachunit canbecompiledin oneof two modes structuie modeandtoplevel
mode.A unit'simplementatiorandinterfacefiles mustbe compiledin the samemode.

In the batchcompilermosmic, a unit's compilationmodeis specifiedby precedingit with the command-linear-
gument-structure (the default) or -toplevel . In the interactize systemmosml, the compilationmodeof a unit is
determinedby the function with which it is compiled: compile and compileStructure compilein structue mode;
compileToplevel ~ compilesin toplevel mode.

Notethattheintendedmodeof a unit is not determinedy file nameextensionor by file content:the modemustbe
explicitly indicatedto the batchcompilerandinteractive system.

The syntaxandsemantic®f a unit’s interfaceandimplementatiorfiles depend®n the modeandis describedn the
following sections.

11.1 Syntaxand semanticsfor units compiledin structure mode

In structue mode theunitinterfacefile unitid.sig  , if presentmustcontainasingleMoscon ML signaturedeclaration
binding the signatureunitid ; the unit implementatiorfile unitid.sml mustcontaina singleMoscaov ML structure
declarationpindingthestructureunitid . Theunitinterfacemay be omitted.

With the batchcompilermosmic, the files unitid.sig and unitid.sml are compiledin structue modeif their
filenamesareprecededy thecommandine argumentstructure  , eg:

mosmic -c -structure unitid.sig unitid.sml
Sincestructuie modeis the default compilationmode the-structure  optionmayalsobe omitted:
mosmic -c unitid.sig unitid.sml

In the interactive system,a unit interfaceor implementatiormay be compiledin structuremode using the functions
compile andcompileStructure

Thesemanticof

- compileStructure ['unitid 1", ---"unitid 1] "unitid.sig";(* if  unitid.sig exists ¥
- compileStructure ['unitid 1", ---"unitd "] "unitid.sml";

- load ‘“unitid";

is roughly equivalentto thatof

n

- load Tunitid 1"
- load unitid "

- use "unitid.sig"; (*
- use "unitid.sml";

f unitid.sig exists %)

Notethatthe unit interfaceunitid.siy  , if presentshouldbe use’ed in theinteractve system sincetheinterface
declaresasignaturethatis referredto in unitid.sml , andmaybereferredto in otherunitsthatdependon unit unitid
A structure-modenitinterfacehastwo effects:it (a) declareasignatureand(b) senesto constrairthestructuredefined
in the unitimplementation.

11



Structur e-modeunit implementation (in file unitid.sml )

unitimp = structure  unitid = modep structure

structure  unitid :> unitid = modep structurewith signature

cdec coredeclaration deprecated
cdec = val tyvarseq valbind valuedeclaration

fun tyvarseq fvalbind functiondeclaration

type typbind typedeclaration

datatype datbind { withtype typbind } datatypedeclaration

datatype tycon = datatype tyconpath  datatypereplication

abstype dathind { withtype typbind )  abstypedeclaration
with  dec end

exception  exbind exceptiondeclaration

local deg in deg end local declaration

open longstridy --- longstrid, opendeclarationn > 1
emptydeclaration

cdeg (;) cdeg sequentiatieclaration

infix  (d) id1---idn infix (left) directve,n > 1

infixr — (d) ids---idn infix (right) directve,n> 1

nonfix idq---idn nonfix directive,n > 1

Structur e-modeunit interface (in file unitid.sig )

unitint 1= signature  unitid = sigexp signaturebinding
cspec corespecification deprecated
cspec = val tyvarsegvaldesc valuespecification 6
type typdesc abstractype
type typbind typeabbreviation
eqtype typdesc abstracequalitytype
datatype datdesd withtype typbind)  datatypewith typbind o7
datatype tycon = datatype tyconpath datatypereplication
exception exdesc exception
local Ispecin specend local specifications .
empty
cspec(;) cspec sequential
infix  (d) id1--- idp infix (left) directve,n>1 e
infixr — (d) id1--- idy infix (right) directve,n>1 e
nonfix idq---idp nonfix directive,n > 1 °

Syntacticrestrictions

In Moscov ML, theunitid, if specifiedn the unit interfaceor unitimplementationmustagreewith thefilename
(unitid.sig  or unitid.sml ). In theunitimplementationthe nameof the constrainingsignaturejf arny, mustequal
thatof thestructure.

Theunitimplementatiorsyntaxcdecis deprecatedndis providedonly to supportcodewrittenfor earlierversions
of Moscov ML (versionsprior to 2.xX). The phraseclasscdecis a propersubsebf decandis subjectto thesame
restrictionsasdec Theclasscdecexcludesdeclarationdeginningwith structure , functor , or signature

The unit implementatiorsyntaxcdecabbreviatesstructure unitid {:> unitid) = struct cdecend thusary

fixity directivesin cdecarelocal to the structureexpressiorstruct ~ cdec end andarenot exportedin theinter-

face.

The unit interfacesyntaxcspeds deprecated@ndis provided only to supportcodewritten for earlierversionsof

Moscav ML (versiongprior to 2.xX). The phraseclasscspeds a propersubsebf specandis subjectto thesame
restrictionsasspec The classcspecexcludesspecificationdeginningwith structure , functor , signature  or

include andsharing specifications.

The unit interface syntaxcspecabbreviatessignature  unitid = sig cspecend thusary fixity directivesin

cspecarelocal to the signaturesxpressiorsig  cspecend andarenot exportedin theinterface.

12



11.2 Syntaxand semanticsfor units compiledin toplevel mode

In toplevelmode theunitinterfacein file unitid.sig  , if presentmustbeaMoscav ML specificatior(which mayitself
beasequencef specifications)theunitimplementationin file unitid.sml mustbea Moscav ML declaration(which
may itself bea sequencef declarations)The unit interfacemay be omitted.

With the batchcompilermosmic, thefiles unitid.sig andunitid.sml arecompiledin toplevelmodeonly if their
filenamesareprecededy the commandine argument-toplevel

mosmic -c -toplevel unitid.sig unitid.sml

In the interactize system,a unit interface or implementationmay be compiledin toplevel mode using the function
compileToplevel

Thesemanticof

- compileToplevel ['unitid 1", ---"unitid "] "unitid.sig"; (* if unitid.sig exists ¥
- compileToplevel ['unitd 1", ---"unitd "] "unitid.sml";

- load "unitid";

Providedthe compilationof unit.sml  issuesowarnings(seebelow), thisis equivalentto

n

- load unitid 1"
- load unitid "
- use "unitid.sml";

Note that the unit interfaceunitid.sig  , if present,shouldnot be use’ed in the interactize system. Unlike the
interfaceof structure-modainit, which declaresa signature unitid.sig doesnot containa declaration but merely
the specificationof the declarationsn unitid.sml . The only purposeof the interfacefile is to supportthe separate
compilationof unitsthatdependon the unit unitid  (for instancejn the absencef file unit.sml ). Sinceuseing the
implementationasopposedo load ing the compiledunit, canpotentially(a) declareidentifiersthatarenot specifiedn
theinterface,or (b) declareconstructorandexceptions thatareonly specifiedasordinaryvaluesin the interface,and
both (a) and(b) may affect the meaningof subsequentode,whencompiling a toplevel-modeimplementatioragainst
its interface,Mosconv ML will issuewarningwhenerer (a) or (b) occurs.

Toplevel-modeunit implementation (in file unitid.sml )

unitimp = dec declaration

Toplevel-modeunit interface (in file unitid.sig )

unitint = spec specification

13



12 Further restrictionsimposedfor Standard ML compliance

In additionto the syntacticrestrictionsimposedby Moscav ML, compiling programsn orthodox —or conservative
mode (seeSectionl), imposesthe following additionalrestrictions. Theseare requiredto ensurecompliancewith
StandaradviL.

e Any instanceof aMoscov ML phrasehatis markedwith a plain e in the grammatis illegal StandaradvL.
e Any instanceof a Moscov ML phrasethatis markedwith a eN in the grammatris illegal StandardvL unlessit
satisfiegestrictionN below:

1.

2.

A structuredeclaratiorstructure  strbindmayonly occurattoplevel, within thedeclaration®f astructure,
or within adeclaratiorocal to thedeclaration®f a structure but notwithin aCore let -expression.

A functordeclaratiorfunctor ~ funbindor signaturedeclaratiorsignature  sigbindmay only occuratthe
top level of a program but notwithin thedeclaration®f a structureor Corelet -expression.

. In ary typbind datbind, datdescor typreal, any tyvar occurringwithin the right side mustoccurin the

tyvarseqof theleft side.

. A functorapplicationappmodexp atmodexp mustbeanapplicationof a functoridentifierto a singleargu-

mentof theform:
funid ( modep ) or

funid ( dec)
The parenthesisedtructureexpressiong modexp ) and( dec), althoughotherwiseillegalin SML, are
legalwhenoccurringasa functorargument.

. A functorbinding mustdefinea one-agumentgeneratie functor, andmusthave the form:

funid ( modid : sigexp ) { con) = modep
( and funbind )

. In avaluespecificatiorval tyvarseqvaldes¢tyvarsegmustbeempty sothatthespecificatioris of theform:

val valdesc

. In adatatypespecificationdatatype  datdesc{ withtype  typbind) the option mustbe absentso thatthe

specificatioris of theform:
datatype datdesc
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13 Built-in types,constructors and exceptions

The following types,constructorsand exceptionsare availablein theinitial environment,of the interactive systemas
well asfiles compiledwith the batchcompilermosmic or the compile function.

Built-in types

Type Values Admitsequality Constructor@andconstants

'a array Arrays yes

bool Booleans yes false , true

char Characters yes #a" , #'b" -

exn Exceptions no

'a frag Quotationfragments if 'a does QUOTEANTIQUOTE

int Integers yes 241, 0xF1, ---

'a list Lists if 'a does nil -,

'a option Optionalresults if 'a does NONE SOME

order Comparisons yes LESS EQUAL GREATER

real Floating-poinnumbers yes

'a ref References yes ref

string Strings yes

substring Substrings no

unit Theemptytuple() yes

'a vector Vectors if 'a does

word Words(31-bit) yes 0w241, OwxF1, ---

word8 Bytes(8 bit) yes 0w241, OwxF1, ---

Built-in exceptionconstructors

Bind Chr Domain Div Fail  Graphic Interrupt lo
Match Option  Ord Overflow  Size  Subscript SysErr

15



14 Built-in variables and functions

For eachvariableor function we list its type and meaning. Somebuilt-in identifiersare overloaded;this is specified
using overloadingclasses For instance,an identifier whosetype involvesthe overloadingclassrealint  standsfor
two functions: onein which realint  (in thetype)is consistentlyreplacedby int , andanotherin whichrealint  is
consistentlyreplacedy real . Theoverloadingclassesre:

Overloadingclass| Correspondindpasetypes

realint int , real

wordint int , word , word8

num int , real , word, word8

numtxt int ,real ,word, word8, char , string

Whenthe context doesnot otherwiseresole the overloading it defaultsto int .

Nonfix identifiers in the initial environment

id type effect exception
~ realint ~ -> realint arithmeticnegation Overflow
! 'a ref -> ‘a dereference

abs realint ~ -> realint absolutevalue Overflow
app (a -> unity -> 'a list -> unit applyto all elements

ceil real -> int roundtowards+oco Overflow
chr int -> char charactewith number Chr
concat string  list  -> string concatenatstrings Size
explode string  -> char list list of characterén string

false bool logical falsehood

floor real -> int roundtowards—oo Overflow
foldl ('a*’b->'b)->'b->' a list->'b fold from left to right

foldr (‘a*b->'b)->'b->' a list->'b fold from right to left

hd 'a list -> 'a first element Empty
help string  -> unit simplehelputility

ignore 'a -> unit discardargument

implode char list -> string male stringfrom characters Size
length ‘a list > int lengthof list

map (a > 'b) -> 'a list -> b Ilist mapoverall elements

nil 'a list emptylist

not bool -> bool logical negation

null 'a list -> bool trueif list is empty

ord char -> int numberof character

print string  -> unit print on standarcutput

real int  -> real int toreal

ref 'a -> ‘'a ref createreferencevalue

rev ‘a list > ‘'a list reverselist

round real -> int roundto nearestnteger Overflow
size string  -> int lengthof string

str char -> string createone-charactestring

substring string  * int * int -> string getsubstring(s, first,len) Subscript
tl 'a list -> 'a list tail of list Empty
true bool logical truth

trunc real -> int roundtowardsO Overflow
vector 'a list -> ’a vector malke vectorfrom list Size
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Infixed identifiers in the initial environment

id type effect exception
Infix precedencé:
/ real * real -> real floating-pointquotient Div, Overflow
div wordint  * wordint -> wordint guotient(roundtowards—o) Div, Overflow
mod wordint  * wordint -> wordint remainder(of div ) Div, Overflow
* num * num -> num product Overflow
Infix precedencé:
+ num * num -> num sum Overflow
- num * num -> num difference Overflow
A string  * string  -> string concatenate Size
Infix precedencé:
; 'a * 'a list -> 'a list consontolist (R)
@ 'a list * 'a list -> 'a list appendists (R)
Infix precedencd:
= "a * "a -> bool equalto
<> "a * "a -> bool notequalto
< numtxt * numtxt -> bool lessthan
<= numtxt * numtxt -> bool lessthanor equalto
> numtxt * numtxt -> bool greaterthan
>= numtxt * numtxt -> bool greatetthanor equalto
Infix precedenc8:
= ‘a ref * 'a -> unit assignment
0 (b->'c) * (a->'b) -> (‘a->'c) functioncomposition
Infix precedenc®:
before a *'h > a returnfirst agument

17



Built-in functions available only in the interactive system(unit Meta)

id type effect exception
compile string  -> unit compileunit (U.sigor U.sml) Fail
(in structuie mode)
compileStructure string  list -> In context Uy, ..., Uy, Fail
string  -> unit compileunit (U.sigor U.sml)
(in structuie mode)
compileToplevel string  list -> In context Uy, ..., Up, Fail
string  -> unit compileunit (U.sigor U.sml)
(in toplevel mode)
conservative unit  -> unit deprecatall Moscov ML extensions
installPP (ppstream->"a->unit) install prettyprinter
> unit
liberal unit  -> unit acceptall Moscov ML extensions
load string  -> unit loadunit U andary unitsit needs Fail
loaded unit  -> string  list returnlist of loadedunits
loadOne string  -> unit loadunit U (only) Fail
loadPath string  list  ref searchpathfor load , loadOne , use
orthodox unit  -> unit rejectary Mosconv ML extensions
printVal 'a > a print valueon stdOut
printDepth int ref limit printeddatadepth
printLength int ref limit printedlist andvectorlength
quietdec bool ref supprespromptandresponses
quit unit  -> unit quit theinteractve system
quotation bool ref permitquotationsn sourcecode
system string  -> int executeoperatingsystemcommand
use string  -> unit readdeclarationgrom file
valuepoly bool ref adoptvaluepolymorphism
verbose bool ref permitfeedbackrom compile

e TheMoscav ML Owner’s Manualdescribesiow to usecompile , compileStructure
compileToplevel andload to performseparatecompilation,and how to usequotations. Evaluatingload U
automaticallyloadsary unitsneedediy U, anddoesnothingif U is alreadyloaded;whereadoadOne U fails if
ary unit neededby U is not loaded,or if U is alreadyloaded. The loadPath variabledeterminesvhereload |,
loadOne , anduse will look for files. Thecommands®rthodox , conservative  andliberal  causeMoscav ML
to enforce monitoror ignorecomplianceo StandardviL.
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15 List of all library modules

A table of Mosml ML’s predefinedibrary modulesis given on page20. The statusof eachmoduleis indicatedas
follows:

themodulebelonggto the SML BasisLibrary.
themoduleis preloadedy default.

themoduleis loadedwhenoption-P full is specified.
themoduleis loadedwhenoption-P nj93 is specified.
themoduleis loadedwhenoption-P  sml90 is specified.

oOzZTowm

To find moreinformationaboutthe Moscov ML library:

e Typinghelp "lib";  in amosml sessiorgivesalist of all library modules.

e Typinghelp "modulé; in amosml sessiorgivesinformationaboutlibrary modulemodule

e Typinghelp "id"; in amosml sessiomgivesinformationaboutidentifierid, regardlesavhich library module(s)t
is definedin.

e In yourMoscav ML installation,consultthelibrary documentatiorfin printableformat):

mosml/doc/mosmllib.p s
mosml/doc/mosmllib.p  df

e In yourMoscov ML installation,you mayfind the samedocumentatiorin HTML-format at
mosml/doc/mosmllib/i ndex. html

e OntheWorld Wide Webthe samepagesareonlineat
http://www.dina.kvl. dk/ ~sest oft /mosmllib /in dex.ht ml

If youdonothavetheHTML pagesyou maydownloadthemfrom the Moscov ML homepage.
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Library module Description Status
Array Mutablepolymorphicarrays SDF
Array2 Two-dimensionabrrays S
Arraysort Array sorting(quicksort)

BasiclO Input-outputasin SML'90 DF
Binarymap Binary treeimplementatiorof finite maps

Binaryset Binary treeimplementatiorof finite sets

BinlO Binary input-outputstreamgimperatve) SF
Bool Booleans SF
Byte CorversionsbetweenWord8 andChar SF
Callback RegisteringML valuesfor accessrom C code SDF
Char Characters SDF
CharArray Mutablearraysof characters SF
CharVector Immutablecharactewectors(thatis, strings) SF
CommandLine Programnameandamguments SF
Date Fromtime pointsto datesandvice versa SF
Dynarray Dynamicarrays

Dynlib Dynamiclinking with C

FileSys File systeminterface SF
Gdbm Persistenhashtablesof strings(GNU gdbm)

Gdimage Generatiorof PNGimages(Boutell’s GD package)
General Varioustop-level primitives SD
Help On-linehelp DFNO
Int Integerarithmeticandcomparisons SF
Intmap Finite mapsfrom integers

Intset Finite setsof integers

List Lists SDFNO
ListPair Pairsof lists SF
Listsort List sorting(memgesort)

Location Error reportingfor lexersandparsers

Math Trigonometricandtranscendentdlinctions SF
Meta Functionsspecificto theinteractive system

Mosml VariousMoscav ML utilities F
Mosmlcgi Utilities for writing CGI programs

Mosmlcookie manipulatingcookiesin CGI programs

Msp Utilities for efficiently generatindHTML code

Mysql Interfaceto the MySQL databasesener

NJ93 Top-level compatibilitywith SML/NJ 0.93 N
oS Operatingsysteminterface SF
Option Partial functions SDFNO
Path File pathnames SF
Polygdbm Polymorphicpersistenhashtables(GNU gdbm)

Polyhash Polymorphichashtables

Postgres Interfaceto the PostgreSQldatabassener

PP Generabrettyprinters F
Process Processnterface SF
Random Generatiorof pseudo-randomumbers

Real Realarithmeticandcomparisons SF
Regex Regularexpressionasin POSIX1003.2

Signal Unix signals S
SML90 Top-level compatibilitywith 1990Definition S O
Socket Interfaceto soclets

Splaymap Splay-treemplementatiorof finite maps

Splayset Splay-treeémplementatiorof finite sets

String String utilities SDF
StringCvt Corversionto andfrom strings SF
Substring Scanningof substrings SF
TextlO Text input-outputstreamgimperative) SDF
Time Time pointsanddurations SF
Timer Timing operations SF
Unix StartingconcurrensubprocessasnderUnix S
Vector Immutablevectors SDF
Weak Arraysof weakpointers

Word Unsigned31-bitintegers(‘machinewords’) SF
Word8 Unsigned8-bit integers(bytes) SF
Word8Array Mutablearraysof unsigned-bit integers SF
Word8Vector Immutablevectorsof unsigned-bit integers SF
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16 The preloadedlibrary modules

Thefollowing librariesare preloadedy default: Array , Char, List , String
"lib" in theinteractve system.

library lib, evaluateload

Notation in the tablesbelow

, TextlO , andVector . To loadary other

f functionalargument

n integer

p predicateof type(a -> bool )
S string

xsys | lists

List manipulation functions (module List )

id type effect

@ ‘a list * 'a list -> 'a list append

all (a -> bool) -> 'a list -> bool if ptrueof all elements

app (a -> unity -> 'a list -> unit apply f to all elements
concat 'a list list -> ’a list concatenatésts

drop ‘a list  * int -> ‘a list dropn first elements

exists (a -> bool) -> 'a list -> bool if ptrueof someelement
filter (a -> bool) -> 'a list -> 'a list theelementdor which pistrue
find (a -> bool) -> 'a list -> 'a option first elementor which p is true
foldl (a *b ->'h) ->b ->'als ->" fold from left to right

foldr (a *b ->'h) ->'b ->'als ->" fold from right to left

hd ‘a list > a first element

last ‘a list > a lastelement

length 'a list -> int numberof elements

map (a -> 'h) -> "a list -> b Ilist resultsof applying f to all elements
mapPartial (a -> 'b option) -> 'a list -> 'b list list of thenonNONEesultsof f
nth ‘a list *int -> ‘a n’th element(0-based)

null 'a list -> bool trueif list is empty

partition ('a->bool)->'a list->'a list*'a list compute(truefor p, falsefor p)
rev ‘a list > 'a list reverselist

revAppend 'a list * 'a list -> 'a list compute(rev X9 @Yys
tabulate int * (nt -> 'a) -> 'a list computd f(0), ---, f(n-1)]
take ‘a list * int -> ‘'a list take nfirst elements

tl a list > 'a list tail of list

e For a more detaileddescription,type help  "List"; or seefile mosml/lib/List.sig . Thelist moduleis

loadedandpartially openedn theinitial environment,makingthe following functionsavailable: @ app, foldl

foldr

, hd, length , map, null ,rev ,tl .
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Built-in valuesand functions for text-modeinput/output (module TextlO )

id type effect

closeln instream  -> unit closeinput stream

closeOut outstream  -> unit closeoutputstream
endOfStream instream  -> bool trueif atendof stream

flushOut outstream  -> unit flushoutputto consumer

input instream  -> string inputsomecharacters

inputl instream  -> char option inputonecharacter

inputN instream  * int -> string inputat mostn characters
inputAll instream  -> string inputall availablecharacters
inputLine instream  -> string readupto (andincluding) next endof line
inputNoBlock instream  -> string  option read,if possiblewithoutblocking
lookahead instream  -> char option getnext charnon-destructiely
openAppend string  -> outstream openfile for appendingdo it
openin string  -> instream openfile for input

openOut string  -> outstream openfile for output

output outstream  * string -> unit  write stringto outputstream
outputl outstream  * char -> unit write characteto outputstream
print string  -> unit write to standardbutput

StdErr outstream standarcerroroutputstream
stdn instream standardnput stream

stdOut outstream standardutputstream

e Foramoredetaileddescriptionseefile mosml/lib/TextlO.si g, ortypehelp "TextlO";

e ForthecorrespondingtructureBinlO for binary (untranslatedinput andoutput,seehelp "BinlO"

String manipulation functions (module String )

id type effect

A string  * string  -> string concatenatstrings

collate (char*char->order)- >st rin g*s tri ng- >or der  comparestrings

compare string  * string  -> order comparestrings

concat string  list -> string concatenatést of strings
explode string  -> char list charactetist from string
extract string  * int * int option -> string getsubstringor tail

fields (char -> bool) -> string -> string st find (possiblyempty)fields
fromCString string  -> string  option parseC escapeequences
fromString string  -> string  option parseML escapeequences
implode char list -> string stringfrom charactetist
isPrefix string  -> string  -> bool prefix test

map (char -> char) -> string -> string mapover characters
maxSize int maximalsizeof a string
size sting  -> int lengthof string

str char -> string make one-charactestring
sub string  * int -> char n’'th charactef0-based)
substring string  * int  * int -> string getsubstring(s, first,len)
toCString string > string make C escapesequences
toString string > string make ML escapesequences
tokens (char -> bool) -> string -> string list find (non-empty)okens
translate (char -> string)  -> string -> string apply f andconcatenate

e In addition,theoverloadeccomparisoroperators:, <=, >, >= work on strings.
e Foramoredetaileddescriptionseefile mosml/lib/String.si g, ortypehelp "String";
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Vector manipulation functions (module Vector )

is the type of one-dimensionaimmutable,zero-basedonstantime acceswectorswith elementsf
admitsequalityif 'a does.

Type'a vector
type'a . Type’'a vector

id type effect

app (a -> unity -> 'a vector -> unit apply f left-right

appi (int *'a -> unit) -> 'a vector * int * int option -> unit

concat 'a vector list -> 'a vector concatenatgectors
extract 'a vector * int * int opton -> ’'a vector extracta subvectoror tail
foldl (a *b ->'h) ->'b ->'a vector -> b fold f left-right

foldli (int *'a *'h -> b ->'b -> 'a vectortinttint opton ->'b

foldr (a *b ->'h) ->'b ->'a vector -> b fold f right-left

foldri (int *'a *'b ->"b) ->'b -> 'a vectortinttint opton -> b

fromList 'a list -> ’a vector make vectorfrom thelist
length 'a vector -> int lengthof thevector
maxLen int maximalvectorlength
sub 'a vector * int -> ‘a n’th element(0-based)
tabulate int * (nt -> 'a) -> 'a vector vectorof f(0), ---, f(n-1)
e Foramoredetaileddescriptiontypehelp "Vector';  or seefile mosml/lib/Vector.si g.

Array manipulation functions (module Array )

Type'a array isthetypeof one-dimensionalnutable,zero-basedonstantime accessarrayswith elementsof type
'a . Type'a array admitsequalityregardlessvhethera does.

id type effect

app (a -> unity -> 'a array -> unit apply f left-right

appi (int *'a -> unit) -> 'a array * int * int option -> unit

array int *’'a -> 'a array createandinitialize array

copy {src 'a array, i int, len int  option, copy subarrayto subarray
dst ‘a array, di int}  -> unit

copyVvec {src 'a vector, si int, len int  option, copy subvectorto subarray
dst 'a array, di intt  -> unit

extract 'a array * int * int option -> 'a vector extractsubarrayto vector

folal (a *b ->"b) ->'b ->'a aray -> b fold left-right

foldli (int *'a *b -> M) ->"b ->'a aray * int * int option -> b

foldr (a *b ->h) ->'b ->'a aray > b fold right-left

foldri (int *'a *b ->"M ->'b ->'a aray * int * int option -> 'b

fromList 'a list -> 'a array make arrayfrom thelist

length 'a array -> int lengthof thearray

maxLen int maximalarraylength

modify (a -> 'a) -> 'a aray -> unit apply f andupdate

modifyi (int *'a ->'a) ->'a array * int * int option -> unit

sub 'a array * int -> ‘a n’th element(0-based)

tabulate int * (nt -> 'a) -> 'a array arrayof f(0), ---, f(n-1)

update 'a array * int * 'a -> unit setn’'th element(0-based)

e For amoredetaileddescriptiontype help

"Array";

loadedbut notopenedn theinitial ervironment.
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Character manipulation functions (module Char)

id type effect exception
chr int -> char from charactecodeto character Chr
compare char * char -> order comparecharactecodes

contains string -> char -> bool containedn string

fromCString string  -> char option parseC escapesequence

fromString string  -> char option parseSML escapesequence

isAlpha char -> bool alphabeticASCII character

isAlphaNum char -> bool alphanumeri@ASCII character

iSAscii char -> bool seven-bitASCII character

isCntrl char -> bool ASCII controlcharacter

isDigit char -> bool decimaldigit

isGraph char -> bool printableandvisible ASCII

isHexDigit char -> bool hexadecimaMligit

isLower char -> bool lower casealphabetiq ASCII)

isPrint char -> bool printableASCII (includingspace)

isPunct char -> bool printable,but not spaceor alphanumeric
isSpace char -> bool spaceandlay-out(HT, CR,LF, VT, FF)
isUpper char -> bool uppercasealphabetiq ASCII)

maxChar char lastcharacte(in <= order)

maxOrd int largestcharactercode

minChar char first charactefin <= order)

notContains string  -> char -> bool  notin string

ord char -> int from characteto charactecode

pred char -> char precedingcharacter Chr
succ char -> char succedingharacter Chr
toLower char -> char convertto lower case(ASCII)

toCString char -> string make C escapesequence

toString char -> string make SML escapesequence

toUpper char -> char convertto uppercase(ASCII)

¢ In addition,the overloadedcomparisoroperators, <=, >, >= work onthechar type.
e For a more detaileddescription,type help

"Char";  or seefile mosml/lib/Char.sig
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. The Char moduleis
loadedandpartially openedn theinitial environment,makingthefunctionschr andord available.



