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1 Moscow ML’s relation to Standard ML

Moscow ML implementsa properextensionof StandardML, asdefinedin the 1997Definition of Standard ML. This
documentdescribesthe languageimplementedby Moscow ML, not StandardML per se: usersseekingan orthodox
StandardML referenceshouldlook elsewhere.Having saidthat,Moscow ML is specificallydesignedto bebackwards
compatiblewith StandardML. Thusevery valid StandardML programshouldbe a valid Moscow ML program,and
Moscow ML maybeusedasif it weresimply a StandardML compiler. Any deviation from this behaviour shouldbe
reportedasa bug.

2 Reservedwords

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
( ) [ ] { } , : :> ; ... _ | = => -> #

3 Comments

A commentis any charactersequencewithin commentbrackets (* and *) in which commentbracketsareproperly
nested.

4 Specialconstants

Integer constants

Examples: 0 ~0 4 ~04 999999 0xFFFF ~0x1ff
Non-examples: 0.0 ~0.0 4.0 1E0 -317 0XFFFF -0x1ff

Realconstants

Examples: 0.7 ~0.7 3.32E5 3E~7 ~3E~7 3e~7 ~3e~7
Non-examples: 23 .3 4.E5 1E2.0 1E+7 1E-7

Word constants

Examples: 0w0 0w4 0w999999 0wxFFFF 0wx1ff
Non-examples: 0w0.0 ~0w4 -0w4 0w1E0 0wXFFFF 0WxFFFF

String constants

A stringconstantis a sequence,betweenquotes(" ), of zeroor moreprintablecharacters,spaces,or escapesequences.
An escapesequencestartswith theescapecharacter\ andstandsfor a charactersequence:

\a A singlecharacterinterpretedby thesystemasalert(BEL, ASCII 7).
\b Backspace(BS,ASCII 8).
\t Horisontaltab(HT, ASCII 9).
\n Linefeed,alsoknown asnewline (LF, ASCII 10).
\v Verticaltab(VT, ASCII 11).
\f Form feed(FF, ASCII 12).
\r Carriagereturn(CR,ASCII 13).
\^ c The control characterc, wherec may be any characterwith ASCII code64–95(@to _).

TheASCII codeof \^ c is 64 lessthanthatof c.
\ ddd Thecharacterwith codeddd (3 decimaldigitsdenotinganinteger0–255).
\u xxxx Thecharacterwith codexxxx(4 hexadecimaldigits denotinganinteger0–255).
\" Thedouble-quotecharacter(" )
\\ Thebackslashcharacter(\ )
\ f ��� f \ This sequenceis ignored,where f ��� f standsfor a sequenceof oneor more formatting

characters(suchasspace,tab,newline, form-feed).
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Character constants

A characterconstantconsistsof thesymbol# immediatelyfollowedby astringconstantof lengthone.

Examples: #"a" #"\n" #"\^Z" #"\255" #"\""
Non-examples: # "a" #c #"""

5 Identifiers
� alphanumeric: asequenceof letters,digits,primes(’ ) andunderbars(_) startingwith a letteror prime;� symbolic: any non-emptysequenceof thefollowing symbols:

! % & $ # + - / : < = > ? @ \ ~ ‘ ^ | *

Reservedwords(Section2) areexcluded.This meansthat for example# and| arenot identifiers,but ## and |=| are
identifiers.Thereareseveralclassesof identifiers:

vid (valueidentifiers) long
tyvar (typevariables)
tycon (typeconstructors) long
lab (recordlabels)
strid (structureidentifiers) long
funid (functoridentifiers) long
modid (moduleidentifiers) long
sigid (signatureidentifiers)
unitid (unit identifiers)

� A typevariable’a is analphanumericidentifierstartingwith a prime.� A labellab is anidentifier, or apositive integralnumeral1 2 3 . . . not startingwith 0.� For eachidentifier classX marked ‘long’ above thereis a classlongX of long identifiers,which may have a
qualifierconsistingof a longstructureidentifierfollowedby adot ‘ . ’ :

longx ::= x identifier
longstrid. x qualifiedidentifier

� Although structureand functor identifiersresidein separatename-spaces,the syntaxof structureand functor
identifiersis identical. The setof identifiersmodidrangesover the union of strid and funid; longmodidranges
over the union of longstrid and longfunid. Moscow ML usestype informationto resolve eachoccurrenceof a
modidor longmodidto a structureor functor identifier during type checking,usingthe optionalkeyword op to
resolveany remainingambiguities.Seethecommentsat theendof Section10.� Any occurrenceof a structureidentifier strid that is not boundin the currentcontext refersto the unit imple-
mentationunitid.uo of the samename(ie. unitid = strid). At compile time, the unit’s compiledinterface
unitid.ui mustexist andhave beencompiledin structure mode.At link time, theunit’s compiledimplementa-
tion unitid.uo mustexist andhavebeencompiledin structuremode.� Any occurrenceof a signatureidentifiersigid that is not boundin thecurrentcontext refersto thecompiledunit
interfaceunitid.ui of the samename(ie. unitid = sigid). The file unitid.ui musthave beencompiledin
structuremodefrom anexplicit interfaceunitid.sig .
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6 Infixed operators

An identifiermaybegiveninfix statusby the infix or infixr directive,whichmayoccurasadeclarationor specifica-
tion. If identifier id hasinfix status,thenexp1 id exp2 mayoccur, in parenthesesif necessary, wherever theapplication
id( exp1, exp2) or id{1= exp1,2= exp2} would otherwiseoccur. Infix identifiersin patternsareanalogous.On theother
hand,anoccurrenceof a qualifiedidentifier, or any identifierprefixedby op, is treatedasnon-infixed. Theform of the
fixity directivesis asfollows(n

�
1):

infix � d � id1
����� idn left associative

infixr � d � id1
����� idn right associative

nonfix id1
����� idn non-associative

where � d � is anoptionaldecimaldigit d indicatingbindingprecedence.A highervalueof d indicatestighterbinding;
thedefault is 0. Fixity directivesaresubjectto theusualscoperulesgoverningvisibility of identifiersdeclaredinside
let andlocal . Fixity directivesoccurringwithin decin astructureexpressionstruct dec end arelocal to dec. Fixity
directivesoccurringwithin specin asignaturesig spec end arelocal to spec.

Mixedleft-associativeoperatorsof thesameprecedenceassociateto theleft, mixedright-associativeoperatorsof the
sameprecedenceassociateto theright,andit is illegalto mix left- andright-associativeoperatorsof thesameprecedence.

7 Notational conventionsusedin the grammar
� Eachsyntaxclassis definedby a list of alternatives,onealternativeon eachline. An emptyphraseis represented

by anemptyline.� Thebrackets � and � encloseoptionalphrases.� For any syntaxclassX (overwhichx ranges)wedefinethesyntaxclassXseq(overwhichxseqranges)asfollows:

xseq ::= x (singletonsequence)
(emptysequence)

( x1, ����� , xn) (sequence,n
�

1)

� Alternativephrasesarelistedin orderof decreasingprecedence.� L andR indicateleft andright association.� Thesyntaxof typesbindsmoretightly thanthatof expressions.� Eachiteratedconstruct(e.g.match) extendsasfar to theright aspossible.Hencea case insidea case , fn , or fun
mayhave to beenclosedin parentheses.� Moscow ML phrasesthatarenon-compliantextensionsof StandardML syntaxaremarkedwith anbullet ( � ) in
themargin.� Moscow ML phrasesthatarenon-compliantgeneralisationsof StandardML syntax,but have instancesthatcom-
ply with StandardML, aremarked with an an bullet anda number( � N) in the margin, whereN refersto an
explanatorycommentthatappearsin Section12.
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8 Grammar for the Moscow ML Core language

Expressionsand Matches

exp ::= infexp
exp : ty typeconstraint(L)
exp1 andalso exp2 sequentialconjunction
exp1 orelse exp2 sequentialdisjunction
exp handle match handleexception
raise exp raiseexception
if exp1 then exp2 else exp3 conditional
while exp1 do exp2 iteration
case exp of match caseanalysis
fn match functionexpression

infexp ::= appexp
infexp1 id infexp2 infixedapplication

appexp ::= atexp
appexpatexp application

atexp ::= scon specialconstant(seeSection4)
� op � longvid valueidentifier
{ � exprow � } record
# lab recordselector
() 0-tuple
( exp1, ����� , expn) n-tuple,n

�
2

[ exp1, ����� , expn] list, n
�

0
#[ exp1, ����� , expn] vector, n

�
0

( exp1; ����� ; expn) sequence,n
�

2
let dec in exp1; ����� ; expn end localdeclaration,n

�
1

[ structure modexp as sigexp ] structurepackage �
[ functor modexp as sigexp ] functorpackage �
( exp )

exprow ::= lab = exp � , exprow � expressionrow

match ::= mrule � | match �
mrule ::= pat => exp
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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 dec1 in dec2 end localdeclaration
open longstrid1

����� longstridn opendeclaration,n
�

1
structure strbind structuredeclaration � 1
functor funbind functordeclaration � 2
signature sigbind signaturedeclaration � 2

emptydeclaration
dec1 � ; � dec2 sequentialdeclaration
infix � d � id1

����� idn infix (left) directive,n
�

1
infixr � d � id1

����� idn infix (right) directive,n
�

1
nonfix id1

����� idn nonfixdirective,n
�

1

valbind ::= pat = exp � and valbind � valuebinding
rec valbind recursivebinding

fvalbind ::= � op � var atpat11
����� atpat1n � :ty � = exp1

| � op � var atpat21
����� atpat2n � :ty � = exp2

| �����
| � op � var atpatm1

����� atpatmn � :ty � = expm

� and fvalbind �

m	 n � 1

typbind ::= tyvarseq tycon = ty � and typbind � � 3
datbind ::= tyvarseq tycon = conbind � and datbind � � 3
conbind ::= � op � vid � of ty�
� | conbind �
exbind ::= � op � vid � of ty�
� and exbind �

� op � vid = � op � longvid � and exbind �
Note: In the fvalbind form above,if var hasinfix statustheneitherop mustbepresent,or var mustbeinfixed.Thus,at
thestartof any clause,op var ( atpat, atpat� ) maybewritten ( atpat var atpat� ) . Theparenthesesmaybedroppedif
‘ : ty’ or ‘=’ follows immediately.

Type expressions

tyconpath ::= longtycon long typeconstructor
longtycon where strid = modexp typeconstructorprojection �

ty ::= tyvar typevariable
{ � tyrow � } recordtypeexpression
tyseq tyconpath typeconstruction
ty1 * ����� * tyn tupletype,n

�
2

ty1 -> ty2 functiontypeexpression
[ sigexp ] packagetypeexpression �
( ty )

tyrow ::= lab : ty � , tyrow � type-expressionrow
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Patterns

atpat ::= _ wildcard
scon specialconstant(seeSection4)
� op � longvid valueidentifier
{ � patrow � } record
() 0-tuple
( pat1, ����� , patn) n-tuple,n

�
2

[ pat1, ����� , patn] list, n
�

0
#[ pat1, ����� , patn] vector, n

�
0

( pat )

patrow ::= ... wildcard
lab = pat � , patrow � patternrow
lab � : ty�
� as pat ��� , patrow � labelasvariable

pat ::= atpat atomicpattern
� op � longvid atpat constructedvalue
pat1 vid pat2 infixedvalueconstruction
pat : ty typed
� op � var � : ty� as pat layered

Syntactic restrictions
� No patternmaybindthesamevar twice. No expressionrow, patternrow or typerow maybindthesamelab twice.� No binding valbind, typbind, datbind or exbind may bind the sameidentifier twice; this appliesalso to value

constructorswithin a datbind.� In theleft sidetyvarseqtyconof any typbindor datbind, tyvarseqmustnotcontainthesametyvar twice. Moscow
ML requiresthat any tyvar occurringwithin the right side is in scope(either explictly or implicitly), but not
necessarilyin tyvarseq(cf. Section12, restriction3).� Foreachvaluebindingpat = expwithin rec , expmustbeof theform fn match, possiblyenclosedin parentheses,
andpossiblyconstrainedby oneor moretypeexpressions.� No valbind, datbind, or exbindmaybind true , false , nil , :: , or ref . No datbindor exbindmaybind it .

9 Interacti vesessions

An expressionexp which occursgrammaticallyat top-level in an interactive sessionis taken to bean abbreviation for
thedeclaration

val it = exp

Thisconventionappliesto interactivesessionsonly. In a batch-compiledunit, write val it = exp
or val _ = expetc.
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10 Grammar for the Moscow ML Modules language

TheMoscow ML Moduleslanguageis asupersetof thefull StandardML Moduleslanguage.

Module expressions

modexp ::= appmodexp
modexp : sigexp transparentconstraint(L)
modexp :> sigexp opaqueconstraint(L)
functor ( modid : sigexp ) => modexp generative functor �
functor modid : sigexp => modexp applicative functor �
rec ( strid : sigexp ) modexp recursivestructure �

appmodexp ::= atmodexp
appmodexp atmodexp functorapplication � 4

atmodexp ::= struct dec end basic
� op � longmodid moduleidentifier
let dec in modexp end local declaration
( dec ) abbreviatedstructure �
( modexp )

Module bindings

strbind ::= strid � con � = modexp � and strbind � structurebinding
strid as sigexp = exp � and strbind � packagebinding �

funbind ::= funid arg1
����� argn � con � = modexp

� and funbind � functorbinding,n
�

0 � 5
funid ( spec ) � con � = modexp
� and funbind � abbreviatedgenerativebinding

funid as sigexp = exp � and funbind � packagebinding �

sigbind ::= sigid = sigexp � and sigbind � signaturebinding

con ::= : sigexp transparentconstraint
:> sigexp opaqueconstraint

arg ::= ( modid : sigexp ) argumentof generativefunctor
modid : sigexp argumentof applicative functor �

Signatureexpressions

sigexp ::= sig spec end basic
sigid signatureidentifier
sigexp where typreal typerealisation
functor ( modid : sigexp ) -> sigexp opaquefunctorsignature �
functor modid : sigexp -> sigexp transparentfunctorsignature �
rec ( strid : sigexp ) sigexp recursivestructuresignature �

typreal ::= type tyvarseq longtycon = ty � and typreal � typerealisation � 3
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Specificationsand Descriptions

spec ::= val tyvarseqvaldesc valuespecification � 6
type typdesc abstracttype
type typbind typeabbreviation
eqtype typdesc abstractequalitytype
datatype datdesc� withtype typbind � datatypewith typbind � 7
datatype tycon = datatype tyconpath datatypereplication
exception exdesc exception
structure strdesc structure
functor fundesc functor �
signature sigbind signature �
include sigid1

����� stridn include,n
�

1
local lspecin specend local specifications �

empty
spec � ; � spec sequential
spec sharing type typesharing,n

�
2

longtycon1 = ����� = longtyconn
spec sharing structuresharing,n

�
2

longstrid1 = ����� = longstridn

infix � d � id1
����� idn infix (left) directive,n

�
1 �

infixr � d � id1
����� idn infix (right) directive,n

�
1 �

nonfix id1
����� idn nonfixdirective,n

�
1 �

lspec ::= open longstrid1
����� longstridn (local)open �

type typbind typeabbreviation �
local lspecin lspecend local specifications

empty �
lspec � ; � lspec sequential �

valdesc ::= vid : ty � and valdesc � valuedescription

typdesc ::= tyvarseq tycon � and typdesc � typeconstructordescription

datdesc ::= tyvarseq tycon = condesc � and datdesc � datatypedescription � 3
condesc ::= vid � of ty��� | condesc � constructordescription

exdesc ::= vid � of ty��� and exdesc � exceptionconstructordescription

strdesc ::= strid : sigexp � and strdesc � structuredescription

fundesc ::= funid : sigexp � and fundesc � functordescription

� Although structureandfunctor identifiersresidein separatename-spaces,the syntaxof structureandfunctor i-
dentifiersis identical. In the grammar, a moduleidentifier longmodidmay standfor eithera structureidentifier
longstrid or a functor identifier longfunid. Thus,a priori, the moduleexpression� op � longmodidmay refer to
a eithera functor or a structureandthe compilermustresolve this ambiguity( � op � is an optionalprefix of the
keyword op). Fortunately, thecontext of thephraseoftenrulesout onealternative,on thegroundsthatchoosing
thatalternativewould forcetypecheckingto fail. In particular, if � op � longmodidoccursastheright handsideof
a structure(functor)binding,thenlongmodidmustbe interpretedasa structure(functor) identifier; if � op � long-
modidoccursin thefunctorpositionof anapplication,thenlongmodidmustbeinterpretedasa functoridentifier;
if � op � longmodidis constrainedby a signaturethenthe signatureforcesa uniqueinterpretationon longmodid
(dependingon whetherthesignaturespecifiesa structureor functor). Similarly, if � op � longmodidoccursasthe
argumentof a functorapplication,thenthefunctor’sdomainforcesauniqueinterpretationon longmodid. Indeed,
theonly ambiguitythat remainsoccurswhen � op � longmodidis thebodyof a functor. In this case,theoptional
prefix � op � is usedto resolve the ambiguity: the absenceof op signalsthat longmodidrefersto structure;the
presenceof op signalsthatop longmodidrefersto a functor. Whentheinterpretationof � op � longmodidis already
determinedby thecontext, theoptionalprefix � op � hasno effect. (This methodof disambiguationrelieson type
informationandis performedduringtypechecking.)
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� In a functoror functorsignature’sformalargument,( modid : sigexp ) or modid : sigexp , if sigexpspecifies
astructurethenmodidbindstheequivalentstructureidentifierstrid; if sigexpspecifiesafunctor, thenmodidbinds
theequivalentfunctoridentifierfunid.� In a structureexpressionstruct dec end , any signaturedeclaredin dec is local to dec: it doesnot definea
componentof the structurestruct dec end , nor is it visible in the type of struct dec end . (Note that the
syntaxfor signatureidentifiersis not long, in thesenseof Section5.)� In a signatureexpressionsig spec end , any signaturedeclaredin specis local to spec: in particular, sucha
declarationdoesnot specifythata structurematchingsig spec end shouldalsodeclarethatsignature.

Syntactic restrictions
� No bindingstrbind, funbind, or sigbind maybind thesameidentifiertwice.� No specificationvaldesc, typdesc, typbind, datdesc, exdesc, strdescor fundescmay describethe sameidentifier

twice; this appliesalsoto valueconstructorswithin adatdesc.� In theleft sidetyvarseqtyconin any typdesc, typbind, datdesc, or typreal, or specificationval tyvarseqvaldesc,
tyvarseqmustnot containthe sametyvar twice. Moscow ML requiresthatany tyvar occurringwithin the right
sideis in scope(eitherexplictly or implicitly), but not necessarilyin tyvarseq(cf. Section12,restriction3).� No sequentialspecificationmayspecifythesametycon, vid, strid, funid, sigidor id (in afixity specification)twice.� No valdesc, datdesc, or exdescmayspecifytrue , false , nil , :: , or ref . No datdescor exdescmayspecifyit .� In a generative functor functor ( modid : sigexp ) => modexp or applicative functor functor modid :
sigexp => modexp the body of modexp must be applicative in the sensethat it containsno structureor func-
tor bindingsof the form strid as sigexp = exp or funid as sigexp = exp, excluding thosebindingsthatoccur
within aCorelet -expression.This restrictionalsoappliesto thebodiesof functorsdeclaredin a funbind.
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11 Grammar for the Moscow ML Unit language

Moscow ML supportstheseparatecompilationof namedprogramfragmentscalledunits. A unit unitid consistsof an
optionalunit interfacein file unitid.sig . Eachunit canbecompiledin oneof two modes: structuremodeandtoplevel
mode.A unit’s implementationandinterfacefilesmustbecompiledin thesamemode.

In the batchcompilermosmlc , a unit’s compilationmodeis specifiedby precedingit with the command-linear-
gument-structure (the default) or -toplevel . In the interactive systemmosml, the compilationmodeof a unit is
determinedby the function with which it is compiled: compile andcompileStructure compilein structure mode;
compileToplevel compilesin toplevelmode.

Notethattheintendedmodeof a unit is not determinedby file nameextensionor by file content:themodemustbe
explicitly indicatedto thebatchcompilerandinteractivesystem.

Thesyntaxandsemanticsof aunit’s interfaceandimplementationfilesdependson themodeandis describedin the
following sections.

11.1 Syntaxand semanticsfor units compiled in structure mode

In structuremode,theunit interfacefile unitid.sig , if present,mustcontainasingleMoscow ML signaturedeclaration
binding the signatureunitid ; the unit implementationfile unitid.sml mustcontaina singleMoscow ML structure
declaration,bindingthestructureunitid . Theunit interfacemaybeomitted.

With the batchcompilermosmlc , the files unitid.sig andunitid.sml arecompiledin structure modeif their
filenamesareprecededby thecommandline argument-structure , eg:

mosmlc -c -structure unitid.sig unitid.sml

Sincestructure modeis thedefault compilationmode,the-structure optionmayalsobeomitted:

mosmlc -c unitid.sig unitid.sml

In the interactive system,a unit interfaceor implementationmay be compiledin structuremodeusing the functions
compile andcompileStructure .

Thesemanticsof

- compileStructure ["unitid 1", ����� ,"unitid n"] "unitid.sig";(* if unitid.sig exists *)
- compileStructure ["unitid 1", ����� ,"unitid n"] "unitid.sml";
- load "unitid";

is roughlyequivalentto thatof

- load "unitid 1";
�����
- load "unitid n";
- use "unitid.sig"; (* if unitid.sig exists *)
- use "unitid.sml";

Note that theunit interfaceunitid.sig , if present,shouldbeuse ’ed in the interactive system,sincethe interface
declaresasignaturethatis referredto in unitid.sml , andmaybereferredto in otherunitsthatdependonunit unitid .
A structure-modeunit interfacehastwo effects:it (a)declaresasignatureand(b) servesto constrainthestructuredefined
in theunit implementation.
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Structur e-modeunit implementation (in file unitid.sml )

unitimp ::= structure unitid = modexp structure
structure unitid :> unitid = modexp 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 datbind � withtype typbind � abstypedeclaration

with dec end
exception exbind exceptiondeclaration
local dec1 in dec2 end localdeclaration
open longstrid1

����� longstridn opendeclaration,n
�

1
emptydeclaration

cdec1 � ; � cdec2 sequentialdeclaration
infix � d � id1

����� idn infix (left) directive,n
�

1
infixr � d � id1

����� idn infix (right) directive,n
�

1
nonfix id1

����� idn nonfixdirective,n
�

1

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

unitint ::= signature unitid = sigexp signaturebinding
cspec corespecification deprecated

cspec ::= val tyvarseqvaldesc valuespecification � 6
type typdesc abstracttype
type typbind typeabbreviation
eqtype typdesc abstractequalitytype
datatype datdesc� withtype typbind � datatypewith typbind � 7
datatype tycon = datatype tyconpath datatypereplication
exception exdesc exception
local lspecin specend local specifications �

empty
cspec � ; � cspec sequential
infix � d � id1

����� idn infix (left) directive,n
�

1 �
infixr � d � id1

����� idn infix (right) directive,n
�

1 �
nonfix id1

����� idn nonfixdirective,n
�

1 �

Syntactic restrictions
� In Moscow ML, theunitid, if specifiedin theunit interfaceor unit implementation,mustagreewith thefilename

(unitid.sig or unitid.sml ). In theunit implementation,thenameof theconstrainingsignature,if any, mustequal
thatof thestructure.� Theunit implementationsyntaxcdecis deprecatedandis providedonly to supportcodewrittenfor earlierversions
of Moscow ML (versionsprior to 2  xx). Thephraseclasscdecis a propersubsetof decandis subjectto thesame
restrictionsasdec. Theclasscdecexcludesdeclarationsbeginningwith structure , functor , or signature .� Theunit implementationsyntaxcdecabbreviatesstructure unitid � :> unitid � = struct cdec end thusany
fixity directivesin cdecarelocal to thestructureexpressionstruct cdec end andarenot exportedin theinter-
face.� Theunit interfacesyntaxcspecis deprecatedandis providedonly to supportcodewritten for earlierversionsof
Moscow ML (versionsprior to 2  xx). Thephraseclasscspecis a propersubsetof specandis subjectto thesame
restrictionsasspec. Theclasscspecexcludesspecificationsbeginningwith structure , functor , signature or
include andsharing specifications.� The unit interfacesyntaxcspecabbreviatessignature unitid = sig cspecend thus any fixity directives in
cspecarelocal to thesignatureexpressionsig cspecend andarenot exportedin theinterface.
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11.2 Syntaxand semanticsfor units compiled in toplevel mode

In toplevelmode,theunit interfacein file unitid.sig , if present,mustbeaMoscow ML specification(whichmayitself
beasequenceof specifications);theunit implementationin file unitid.sml mustbea Moscow ML declaration(which
mayitself beasequenceof declarations).Theunit interfacemaybeomitted.

With thebatchcompilermosmlc , thefiles unitid.sig andunitid.sml arecompiledin toplevelmodeonly if their
filenamesareprecededby thecommandline argument-toplevel .

mosmlc -c -toplevel unitid.sig unitid.sml

In the interactive system,a unit interfaceor implementationmay be compiled in toplevel modeusing the function
compileToplevel .

Thesemanticsof

- compileToplevel ["unitid 1", ����� ,"unitid n"] "unitid.sig"; (* if unitid.sig exists *)
- compileToplevel ["unitid 1", ����� ,"unitid n"] "unitid.sml";
- load "unitid";

Providedthecompilationof unit.sml issuesno warnings(seebelow), this is equivalentto

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

Note that the unit interfaceunitid.sig , if present,shouldnot be use ’ed in the interactive system. Unlike the
interfaceof structure-modeunit, which declaresa signature,unitid.sig doesnot containa declaration,but merely
the specificationof the declarationsin unitid.sml . The only purposeof the interfacefile is to supportthe separate
compilationof units thatdependon the unit unitid (for instance,in theabsenceof file unit.sml ). Sinceuse ing the
implementation,asopposedto load ing thecompiledunit, canpotentially(a)declareidentifiersthatarenot specifiedin
the interface,or (b) declareconstructorsandexceptions,thatareonly specifiedasordinaryvaluesin the interface,and
both (a) and(b) mayaffect themeaningof subsequentcode,whencompilinga toplevel-modeimplementationagainst
its interface,Moscow ML will issuewarningwhenever(a)or (b) occurs.

Toplevel-modeunit implementation (in file unitid.sml )

unitimp ::= dec declaration

Toplevel-modeunit interface (in file unitid.sig )

unitint ::= spec specification
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12 Further restrictions imposedfor Standard ML compliance

In additionto the syntacticrestrictionsimposedby Moscow ML, compilingprogramsin orthodox or conservative
mode(seeSection1), imposesthe following additionalrestrictions. Theseare requiredto ensurecompliancewith
StandardML.

� Any instanceof aMoscow ML phrasethatis markedwith a plain � in thegrammaris illegalStandardML.� Any instanceof a Moscow ML phrasethat is markedwith a � N in thegrammaris illegal StandardML unlessit
satisfiesrestrictionN below:

1. A structuredeclarationstructure strbindmayonly occurattoplevel,within thedeclarationsof astructure,
or within a declarationlocal to thedeclarationsof a structure,but not within aCore let -expression.

2. A functordeclarationfunctor funbindor signaturedeclarationsignature sigbindmayonly occurat the
top level of aprogram,but not within thedeclarationsof a structureor Corelet -expression.

3. In any typbind, datbind, datdescor typreal, any tyvar occurringwithin the right side must occur in the
tyvarseqof theleft side.

4. A functorapplicationappmodexp atmodexp mustbeanapplicationof a functor identifier to a singleargu-
mentof theform:

funid ( modexp ) or
funid ( dec )

Theparenthesisedstructureexpressions( modexp ) and( dec ) , althoughotherwiseillegal in SML, are
legalwhenoccurringasa functorargument.

5. A functorbindingmustdefineaone-argument,generativefunctor, andmusthavetheform:
funid ( modid : sigexp ) � con � = modexp
� and funbind �

6. In avaluespecificationval tyvarseqvaldesc, tyvarseqmustbeempty, sothatthespecificationis of theform:
val valdesc

7. In a datatypespecificationdatatype datdesc� withtype typbind � the option mustbe absent,so that the
specificationis of theform:

datatype datdesc
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13 Built-in types,constructors and exceptions

The following types,constructors,andexceptionsareavailablein the initial environment,of the interactive systemas
well asfilescompiledwith thebatchcompilermosmlc or thecompile function.

Built-in types

Type Values Admitsequality Constructorsandconstants
’a array Arrays yes
bool Booleans yes false , true
char Characters yes #"a" , #"b" , �����
exn Exceptions no
’a frag Quotationfragments if ’a does QUOTE, ANTIQUOTE
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-pointnumbers 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, 0wxF1, �����
word8 Bytes(8 bit) yes 0w241, 0wxF1, �����

Built-in exceptionconstructors

Bind Chr Domain Div Fail Graphic Interrupt Io
Match Option Ord Overflow Size Subscript SysErr
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14 Built-in variablesand functions

For eachvariableor function we list its type andmeaning.Somebuilt-in identifiersareoverloaded;this is specified
usingoverloadingclasses. For instance,an identifier whosetype involvesthe overloadingclassrealint standsfor
two functions: onein which realint (in the type) is consistentlyreplacedby int , andanotherin which realint is
consistentlyreplacedby real . Theoverloadingclassesare:

Overloadingclass Correspondingbasetypes
realint int , real
wordint int , word , word8
num int , real , word , word8
numtxt int , real , word , word8 , char , string

Whenthecontext doesnot otherwiseresolve theoverloading,it defaultsto int .

Nonfix identifiers in the initial envir onment
id type effect exception
~ realint -> realint arithmeticnegation Overflow
! ’a ref -> ’a dereference
abs realint -> realint absolutevalue Overflow
app (’a -> unit) -> ’a list -> unit applyto all elements
ceil real -> int roundtowards � ∞ Overflow
chr int -> char characterwith number Chr
concat string list -> string concatenatestrings Size
explode string -> char list list of charactersin string
false bool logical falsehood
floor real -> int roundtowards � ∞ 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 makestringfrom characters Size
length ’a list -> int lengthof list
map (’a -> ’b) -> ’a list -> ’b list 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 onstandardoutput
real int -> real int to real
ref ’a -> ’a ref createreferencevalue
rev ’a list -> ’a list reverselist
round real -> int roundto nearestinteger Overflow
size string -> int lengthof string
str char -> string createone-characterstring
substring string * int * int -> string getsubstring� s	 f ir st 	 len� Subscript
tl ’a list -> ’a list tail of list Empty
true bool logical truth
trunc real -> int roundtowards0 Overflow
vector ’a list -> ’a vector makevectorfrom list Size
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Infixed identifiers in the initial envir onment
id type effect exception

Infix precedence7:
/ real * real -> real floating-pointquotient Div, Overflow
div wordint * wordint -> wordint quotient(roundtowards � ∞) Div, Overflow
mod wordint * wordint -> wordint remainder(of div ) Div, Overflow
* num * num -> num product Overflow

Infix precedence6:
+ num * num -> num sum Overflow
- num * num -> num difference Overflow
^ string * string -> string concatenate Size

Infix precedence5:
:: ’a * ’a list -> ’a list consontolist (R)
@ ’a list * ’a list -> ’a list appendlists (R)

Infix precedence4:
= ”a * ”a -> bool equalto
<> ”a * ”a -> bool notequalto
< numtxt * numtxt -> bool lessthan
<= numtxt * numtxt -> bool lessthanor equalto
> numtxt * numtxt -> bool greaterthan
>= numtxt * numtxt -> bool greaterthanor equalto

Infix precedence3:
:= ’a ref * ’a -> unit assignment
o (’b->’c) * (’a->’b) -> (’a->’c) functioncomposition

Infix precedence0:
before ’a * ’b -> ’a returnfirst argument
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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 structure mode)
compileStructure string list -> In context U1, �� , Un, Fail

string -> unit compileunit (U.sigor U.sml)
(in structure mode)

compileToplevel string list -> In context U1, �� , Un, Fail
string -> unit compileunit (U.sigor U.sml)

(in toplevelmode)
conservative unit -> unit deprecateall Moscow ML extensions
installPP (ppstream->’a->unit) install prettyprinter

-> unit
liberal unit -> unit acceptall Moscow ML extensions
load string -> unit loadunit U andany 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 rejectany Moscow ML extensions
printVal ’a -> ’a print valueon stdOut
printDepth int ref limit printeddatadepth
printLength int ref limit printedlist andvectorlength
quietdec bool ref suppresspromptandresponses
quit unit -> unit quit theinteractivesystem
quotation bool ref permitquotationsin sourcecode
system string -> int executeoperatingsystemcommand
use string -> unit readdeclarationsfrom file
valuepoly bool ref adoptvaluepolymorphism
verbose bool ref permitfeedbackfrom compile

� TheMoscow ML Owner’sManualdescribeshow to usecompile , compileStructure ,
compileToplevel and load to performseparatecompilation,andhow to usequotations.Evaluatingload U
automaticallyloadsany unitsneededby U, anddoesnothingif U is alreadyloaded;whereasloadOne U fails if
any unit neededby U is not loaded,or if U is alreadyloaded. The loadPath variabledetermineswhereload ,
loadOne , anduse will look for files. Thecommandsorthodox , conservative andliberal causeMoscow ML
to enforce,monitoror ignorecomplianceto StandardML.
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15 List of all library modules

A tableof Mosml ML’s predefinedlibrary modulesis given on page20. The statusof eachmoduleis indicatedas
follows:

S : themodulebelongsto theSML BasisLibrary.
D : themoduleis preloadedby default.
F : themoduleis loadedwhenoption-P full is specified.
N : themoduleis loadedwhenoption-P nj93 is specified.
O : themoduleis loadedwhenoption-P sml90 is specified.

To find moreinformationabouttheMoscow ML library:

� Typing help "lib"; in a mosml sessiongivesa list of all library modules.� Typing help " module"; in a mosml sessiongivesinformationaboutlibrary modulemodule.� Typinghelp " id"; in amosml sessiongivesinformationaboutidentifierid, regardlesswhich library module(s)it
is definedin.� In yourMoscow ML installation,consultthelibrary documentation(in printableformat):

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

� In yourMoscow ML installation,youmayfind thesamedocumentationin HTML-format at

mosml/doc/mosmllib/i ndex. htm l

� OntheWorld Wide Webthesamepagesareonlineat

http://www.dina.kvl. dk/ ~sest oft /mosml lib /in dex .ht ml

If youdo not havetheHTML pages,youmaydownloadthemfrom theMoscow ML homepage.
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Library module Description Status
Array Mutablepolymorphicarrays SDF
Array2 Two-dimensionalarrays S
Arraysort Array sorting(quicksort)
BasicIO Input-outputasin SML’90 DF
Binarymap Binary treeimplementationof finite maps
Binaryset Binary treeimplementationof finite sets
BinIO Binary input-outputstreams(imperative) S F
Bool Booleans S F
Byte ConversionsbetweenWord8 andChar S F
Callback RegisteringML valuesfor accessfrom C code SDF
Char Characters SDF
CharArray Mutablearraysof characters S F
CharVector Immutablecharactervectors(thatis, strings) S F
CommandLine Programnameandarguments S F
Date Fromtimepointsto datesandvice versa S F
Dynarray Dynamicarrays
Dynlib Dynamiclinking with C
FileSys File systeminterface S F
Gdbm Persistenthashtablesof strings(GNU gdbm)
Gdimage Generationof PNGimages(Boutell’s GD package)
General Varioustop-level primitives SD
Help On-linehelp DFNO
Int Integerarithmeticandcomparisons S F
Intmap Finitemapsfrom integers
Intset Finitesetsof integers
List Lists SDFNO
ListPair Pairsof lists S F
Listsort List sorting(mergesort)
Location Error reportingfor lexersandparsers
Math Trigonometricandtranscendentalfunctions S F
Meta Functionsspecificto theinteractive system
Mosml VariousMoscow ML utilities F
Mosmlcgi Utilities for writing CGI programs
Mosmlcookie manipulatingcookiesin CGI programs
Msp Utilities for efficiently generatingHTML code
Mysql Interfaceto theMySQL databaseserver
NJ93 Top-level compatibilitywith SML/NJ0.93 N
OS Operatingsysteminterface S F
Option Partial functions SDFNO
Path File pathnames S F
Polygdbm Polymorphicpersistenthashtables(GNU gdbm)
Polyhash Polymorphichashtables
Postgres Interfaceto thePostgreSQLdatabaseserver
PP Generalprettyprinters F
Process Processinterface S F
Random Generationof pseudo-randomnumbers
Real Realarithmeticandcomparisons S F
Regex Regularexpressionsasin POSIX1003.2
Signal Unix signals S
SML90 Top-level compatibilitywith 1990Definition S O
Socket Interfaceto sockets
Splaymap Splay-treeimplementationof finite maps
Splayset Splay-treeimplementationof finite sets
String Stringutilities SDF
StringCvt Conversionto andfrom strings S F
Substring Scanningof substrings S F
TextIO Text input-outputstreams(imperative) SDF
Time Time pointsanddurations S F
Timer Timing operations S F
Unix StartingconcurrentsubprocessesunderUnix S
Vector Immutablevectors SDF
Weak Arraysof weakpointers
Word Unsigned31-bit integers(‘machinewords’) S F
Word8 Unsigned8-bit integers(bytes) S F
Word8Array Mutablearraysof unsigned8-bit integers S F
Word8Vector Immutablevectorsof unsigned8-bit integers S F
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16 The preloadedlibrary modules

Thefollowing librariesarepreloadedby default: Array , Char , List , String , TextIO , andVector . To loadany other
library lib, evaluateload " lib" in theinteractivesystem.

Notation in the tablesbelow
f functionalargument
n integer
p predicateof type(’a -> bool )
s string
xs	 ys lists

List manipulation functions (module List )

id type effect
@ ’a list * ’a list -> ’a list append
all (’a -> bool) -> ’a list -> bool if p trueof all elements
app (’a -> unit) -> ’a list -> unit apply f to all elements
concat ’a list list -> ’a list concatenatelists
drop ’a list * int -> ’a list dropn first elements
exists (’a -> bool) -> ’a list -> bool if p trueof someelement
filter (’a -> bool) -> ’a list -> ’a list theelementsfor which p is true
find (’a -> bool) -> ’a list -> ’a option first elementfor which p is true
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
last ’a list -> ’a lastelement
length ’a list -> int numberof elements
map (’a -> ’b) -> ’a list -> ’b list resultsof applying f to all elements
mapPartial (’a -> ’b option) -> ’a list -> ’b list list of thenon-NONEresultsof 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 xs) @ ys
tabulate int * (int -> ’a) -> ’a list compute[ f (0), ����� , f (n-1)]
take ’a list * int -> ’a list taken first elements
tl ’a list -> ’a list tail of list

� For a more detaileddescription,type help "List"; or seefile mosml/lib/List.sig . The List moduleis
loadedandpartially openedin the initial environment,makingthefollowing functionsavailable: @, app , foldl ,
foldr , hd, length , map, null , rev , tl .
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Built-in valuesand functions for text-modeinput/output (module TextIO )

id type effect
closeIn instream -> unit closeinput stream
closeOut outstream -> unit closeoutputstream
endOfStream instream -> bool trueif at endof stream
flushOut outstream -> unit flushoutputto consumer
input instream -> string inputsomecharacters
input1 instream -> char option inputonecharacter
inputN instream * int -> string inputat mostn characters
inputAll instream -> string inputall availablecharacters
inputLine instream -> string readup to (andincluding)next endof line
inputNoBlock instream -> string option read,if possiblewithoutblocking
lookahead instream -> char option getnext charnon-destructively
openAppend string -> outstream openfile for appendingto it
openIn string -> instream openfile for input
openOut string -> outstream openfile for output
output outstream * string -> unit write stringto outputstream
output1 outstream * char -> unit write characterto outputstream
print string -> unit write to standardoutput
stdErr outstream standarderroroutputstream
stdIn instream standardinputstream
stdOut outstream standardoutputstream

� For a moredetaileddescription,seefile mosml/lib/TextIO.si g, or typehelp "TextIO"; .� For thecorrespondingstructureBinIO for binary(untranslated)input andoutput,seehelp "BinIO" .

String manipulation functions (module String )

id type effect
^ string * string -> string concatenatestrings
collate (char*char->order)- >st rin g*s tri ng- >or der comparestrings
compare string * string -> order comparestrings
concat string list -> string concatenatelist of strings
explode string -> char list characterlist from string
extract string * int * int option -> string getsubstringor tail
fields (char -> bool) -> string -> string list find (possiblyempty)fields
fromCString string -> string option parseC escapesequences
fromString string -> string option parseML escapesequences
implode char list -> string stringfrom characterlist
isPrefix string -> string -> bool prefix test
map (char -> char) -> string -> string mapovercharacters
maxSize int maximalsizeof a string
size string -> int lengthof string
str char -> string makeone-characterstring
sub string * int -> char n’ th character(0-based)
substring string * int * int -> string getsubstring� s	 f ir st 	 len�
toCString string -> string makeC escapesequences
toString string -> string makeML escapesequences
tokens (char -> bool) -> string -> string list find (non-empty)tokens
translate (char -> string) -> string -> string apply f andconcatenate

� In addition,theoverloadedcomparisonoperators<, <=, >, >= work on strings.� For a moredetaileddescription,seefile mosml/lib/String.si g, or typehelp "String"; .
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Vector manipulation functions (module Vector )

Type ’a vector is thetypeof one-dimensional,immutable,zero-basedconstanttime accessvectorswith elementsof
type ’a . Type ’a vector admitsequalityif ’a does.

id type effect
app (’a -> unit) -> ’a vector -> unit apply f left-right
appi (int * ’a -> unit) -> ’a vector * int * int option -> unit
concat ’a vector list -> ’a vector concatenatevectors
extract ’a vector * int * int option -> ’a vector extracta subvectoror tail
foldl (’a * ’b -> ’b) -> ’b -> ’a vector -> ’b fold f left-right
foldli (int * ’a * ’b -> ’b) -> ’b -> ’a vector*int*int option -> ’b
foldr (’a * ’b -> ’b) -> ’b -> ’a vector -> ’b fold f right-left
foldri (int * ’a * ’b -> ’b) -> ’b -> ’a vector*int*int option -> ’b
fromList ’a list -> ’a vector makevectorfrom thelist
length ’a vector -> int lengthof thevector
maxLen int maximalvectorlength
sub ’a vector * int -> ’a n’ th element(0-based)
tabulate int * (int -> ’a) -> ’a vector vectorof f (0), ����� , f ( n-1)

� For a moredetaileddescription,typehelp "Vector"; or seefile mosml/lib/Vector.si g.

Array manipulation functions (module Array )

Type ’a array is thetypeof one-dimensional,mutable,zero-basedconstanttime accessarrayswith elementsof type
’a . Type ’a array admitsequalityregardlesswhether’a does.

id type effect
app (’a -> unit) -> ’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, si : int, len : int option, copy subarrayto subarray

dst : ’a array, di : int} -> unit
copyVec {src : ’a vector, si : int, len : int option, copy subvectorto subarray

dst : ’a array, di : int} -> unit
extract ’a array * int * int option -> ’a vector extractsubarrayto vector
foldl (’a * ’b -> ’b) -> ’b -> ’a array -> ’b fold left-right
foldli (int * ’a * ’b -> ’b) -> ’b -> ’a array * int * int option -> ’b
foldr (’a * ’b -> ’b) -> ’b -> ’a array -> ’b fold right-left
foldri (int * ’a * ’b -> ’b) -> ’b -> ’a array * int * int option -> ’b
fromList ’a list -> ’a array makearrayfrom thelist
length ’a array -> int lengthof thearray
maxLen int maximalarraylength
modify (’a -> ’a) -> ’a array -> 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 * (int -> ’a) -> ’a array arrayof f (0), ����� , f ( n-1)
update ’a array * int * ’a -> unit setn’ th element(0-based)

� For a moredetaileddescription,typehelp "Array"; or seefile mosml/lib/Array.sig . TheArray moduleis
loadedbut not openedin theinitial environment.
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Character manipulation functions (module Char )

id type effect exception
chr int -> char from charactercodeto character Chr
compare char * char -> order comparecharactercodes
contains string -> char -> bool containedin string
fromCString string -> char option parseC escapesequence
fromString string -> char option parseSML escapesequence
isAlpha char -> bool alphabeticASCII character
isAlphaNum char -> bool alphanumericASCII character
isAscii char -> bool seven-bitASCII character
isCntrl char -> bool ASCII controlcharacter
isDigit char -> bool decimaldigit
isGraph char -> bool printableandvisibleASCII
isHexDigit char -> bool hexadecimaldigit
isLower char -> bool lowercasealphabetic(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 uppercasealphabetic(ASCII)
maxChar char lastcharacter(in <= order)
maxOrd int largestcharactercode
minChar char first character(in <= order)
notContains string -> char -> bool not in string
ord char -> int from characterto charactercode
pred char -> char precedingcharacter Chr
succ char -> char succedingcharacter Chr
toLower char -> char convert to lowercase(ASCII)
toCString char -> string makeC escapesequence
toString char -> string makeSML escapesequence
toUpper char -> char convert to uppercase(ASCII)

� In addition,theoverloadedcomparisonoperators<, <=, >, >= work on thechar type.� For a more detaileddescription,type help "Char"; or seefile mosml/lib/Char.sig . The Char moduleis
loadedandpartially openedin theinitial environment,makingthefunctionschr andord available.
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