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This documentdescribesMoscow ML 2.00for the Apple Macintosh.It wasdoneby e (DougCurrie) in
July2000basedon previousports.

The biggestchangessinceversion1.44 are: increaseddefault andminimum memoryrequirements,
AppearanceandNavigationServicessupport,changesto themake function, IntInf andlibgmp.soadded,
Cookies,Bin234map,etc.SeeReleaseNotes_Mac.txt for otherrecentchangesandimprovements.

Threeotherdocuments,the MoscowML Owner’s Manual [3], the MoscowML Language Overview
[1], andtheMoscowML Library Documentation[2], describegeneralaspectsof theMoscow ML system.

Moscow ML implementsStandardML (SML), asdefinedin the1997Definitionof Standard ML, with
someextensionsto theSML Moduleslanguage,andsupportsmostrequiredpartsof thenew SML Basis
Library. Moscow ML supportsseparatecompilationandthegenerationof stand-aloneexecutables.

TheMoscow ML homepageis http://www.dina.kvl.dk/~sestoft/mosml.html
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1 Readthis if nothing else

Usethe installerto install Mac Moscow ML. It will placesomefiles in a "mosml" folder in your System
Folder’sExtensionsfolder. Thisconfigurationsupportslaunchingthemosmlapplicationsassupplied.For
otherpossibilities,seeSection13.

If youwantasourcecodeinstallation(i.e., thesourcecodefor Moscow ML itself,whichis notrequired
to useMoscow ML) besureto readtheinformationdisplayedby theinstallerwhenit’s launched:youmust
install theLinux Moscow ML sourcesbeforetheMacMoscow ML sourcecodesupplement.

Typinganexpressionfollowedby theEnterkey (or Option-Return),causestheexpressionto besentto
mosmlfor evaluation.Try typing:

help "lib";

followedby Enter.
Thereare two applicationsets,nearly identical in function, but customizedfor the PPCand m68k

SANE. If you areusingMoscow ML on a PowerMac,you shouldinstall only the PowerPCset; if you
areusingMoscow ML on a m68k Mac, you shouldinstall only the m68k set. The installeroffers both
of theseoptionsunderthe CustomInstall mode. You musthave a PowerMac,Quadra,or a M68030or
M68020basedMac to useMac Moscow ML, and20 Mbytesof freedisk space(30 Mbytesfor a source
codeinstallation).

Them68kapplicationsdo not supportsharedlibraries(dynlibs).
SeeReleaseNotes_Mac.txt for a historyof improvementsandfixes.
In this document,thecharactersequenceXXX in file namesrepresentsthecurrentversionnumberof

Moscow ML. For example,in release2.00,referencesto thefile mosmlXXX.appareactuallyreferences
to mosml200.app.
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2 Credits/support

Moscow ML (mosml) is freeware. The entiresourcecodefor mosmlis available. A numberof authors
have contributedto its development;seethe file copyrght/copyrght.cl for restrictionson charging money
for distributionof this software.

I have testedmosmlon two PowerMacs(8600andStarMax4200);notethat therecentm68kversions
have beentestedonly in emulation. I have not extensively stresstestedmemoryrequirements.I usually
run with 16M allocatedto mosml,but it will probablyrun with muchless.It will launchandopenfiles in
3 MB. Runningthefull library testrequiresabout16MB.

Comments/questionsabouttheport shouldbedirectedto me,<e@flavors.com>.
Comments/questionsaboutMoscow ML shouldprobablybedirectedelsewhere,asI amnot anexpert

in ML or its implementation!Pleasereadthis document,andany otherREADME or documentationthat
accompaniesthis releasebeforesendingquestionsto me or any of the other authors,mailing lists, or
newsgroups.SeetheSML FAQ, andnewsgroupcomp.lang.mlwhich I watchvia theSML-LIST mailing
list.

3 Getting started

Theinstallationstepsin brief are:

1. launchtheinstaller, MacMoscowMLXXXinstaller (whereXXX is theversion,e.g.200);

2. selectCustomInstall,andchoosethePPCor m68kinstallation;

3. click theInstall button.

Note that if you wanta sourcecodeinstallation(i.e., thesourcecodefor Moscow ML itself, which is not
requiredto useMoscow ML) besureto readtheinformationdisplayedby theinstallerwhenit’s launched:
youmustinstall theLinux Moscow ML sourcesbeforetheMacMoscow ML sourcecodesupplement.

Detailsabouttheinstallation.. .

1. Theinstallerwill createa "mosmlXXX" folderon thevolumeof yourchoice,andwill placeseveral
filesin a"mosml" folder in yourSystemFolder’sExtensionsfolder. In themosmlXXX folderarethe
mosmlapplication,documentation,andexamplefiles. In themosmlfolder in theExtensionsfolder
arethesharedlibraries(PPCinstallationsonly) andthemosmlimageandlibrary files.

2. ThePPCversionof mosmlis suppliedasapairof files: asharedlibrary containingthebulk of mosml
with theuserinterface,anda small (16k byte)application.Note: Thetwo files mustbein thesame
folder, or elsethesharedlibrary mustbe in a subdirectoryof theExtensionsfolder in your System
Folder, wherethey wereplacedby theinstaller.

Thereis a secondPPCsharedlibrary for useby mosmlbasedCGIs,anda pair of applicationtem-
platesfor thecreationof stand-alonemosmlbasedCGIsandapplications.Soin total therearefive
PPCspecificfiles; thesefilesarelocatedin themosmlXXX folderandits e_templates subfolder:

File Contents
mosmlXXXapp themosmlapplication
mosmlXXXapp.template themosmlapplicationtemplate
mosmlXXXapp.lib their sharedlibrary
mosmlXXXcgi.template thecgi applicationtemplate
mosmlXXXcgi.lib its sharedlibrary

For them68kinstall, thereis onem68kbasedmosmlapplication,andtwo m68ktemplates:
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File Contents
mosmlXXXm68 themosmlapplication
mosmlXXXm68.template themosmlapplicationtemplate
mosmlXXXm68cgi.template thecgi applicationtemplate

Eachof the above sets,PPCandm68k,provide the samecapabilitiesexceptthat the PPCsetonly
runson PowerMacs,andrunsfasteron PowerMacsthanthem68kset.Also, them68kapplications
do not supportsharedlibraries(dynlibs). It’s bestto only install oneof them68kor PPCversions,
otherwisethe Finderwill not know which versionto launchwhena mosmlfile is double-clicked.
Fromnow on I’ ll call theversionyoukept"mosml."

3. Theconfigurationcreatedby theinstallersupportslaunchingthemosmlapplicationsassupplied;the
mosmlapplicationitself, the mosmlXXX folder, andany createdstand-aloneapplicationsmay be
movedaboutfreely. Don’t movethefilesin theExtensionsfolder’smosmlfolderwithoutconsidering
theconsequences;seeSection13.

4 Launching mosml

Thebinaryimagefile "mosml.image"is loadedautomaticallywhenmosmlis launched.mosmlthenloads
somelibrary files. It’s importantto avoid moving the imageor library files; they shouldbe left where
installed(i.e.,in theExtensionsfolder, or relativeto mosmlandthemosmlfolder if youfollow thealternate
installationin Section13).

Now you arerunningmosmlinteractively. Typing expressions,followedby theEnterkey (or Option-
Return),causestheexpressionto besentto mosmlfor evaluation.Try typing:

help "lib";

followedby Enter.
TheCommandmenucontainsmosmlspecificcommands.Usethesemenuitemsto use,load,compile,

etc.Themeaningof thesecommandsis documentedin theMoscow ML documentation[3]. TheFile, Edit,
Search,andWindows menusarefor usingthe built in editor. Also in the Edit menuis a Stylesitem for
settingpreferences(which arerecordedin a "Mosml Preferences"file in yourPreferencesFolder).

Lateryoucanusethelink functionto build yourown images.If younameyour image"mosml.image"
thenit will beloadedautomaticallyat launchinsteadof theoriginal mosmlimage.You canalsoselectan
imageto loadatlaunchtimeusingthecommandline, via draganddrop,or throughnamingconventionsfor
applicationsandimages.Youcanalsobuild stand-aloneapplicationsthathaveyourmosmlimagebuilt-in;
seebelow.

Section14 describeshow to usetheconsoleandeditor featuresprovidedby eConsole.Herearesome
newer featuresspecificto themosmlversionof eConsole:

A commandin theSearchmenu,OpenSelection,canbeusedto openafile by selectingits namein any
window andtyping Command-D.This canalsobeusedwith mosml’serrormessages;in this case,thefile
thatcausedtheerrorwill beopened,andtheerrortext scrolled-toandhighlighted.For example,selecting
theline:

File "errortest.sml", line 3-6, characters 4-75:

andtyping Command-D(or selectingtheOpenSelectionmenuitem) will openthefile errortest.smlin an
edit buffer with the four lines highlighted. This only works for files in the currentdirectory, but this is
almostalwayswherefiles will beif thecompileris complainingaboutthem.

TheConsolerememberstheendpoint of the last input (plusMosml’s response,if any) andrefusesto
allow backspacingpastthatpoint. It beepsin response.A commonnew-userproblemoccurswhentyping
anexpressionwithout a trailing semicolon– it resultsin no response;a naturalreactionis to backspaceto
the previous line, addthe semicolon,andtype Enteragain(ratherthensimply typing the semicolonand
Enter).Unfortunately, this would resultin theexpressionbeingenteredtwice sincetherule is thatall text
in the"run" nearor behindtheinsertpoint is sentwhenEnteris typed.By preventingyoufrom backingup
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to connecttwo text "runs" theproblemis avoided. You canstill useCut or Clearto remove text from the
Consolewindow, if desired.

Thereis a Commandmenuitem calledEndof Input. It is intendedto emulatetheControl-Din UNIX.
Using the End of Input command,or its commandkey equivalent<Command-;>(that’s the Command
key and Semicolon)from toplevel will causeMosml to quit. Using the End of Input commandwhile
awaiting inputwill causeany typedcharactersto beEntered,andthenwhatevercharactersareavailableto
bereturned,evenif therearenoneor fewer thanrequested.

Whenmosmlexits in any mannerotherthananapplQuit commandfrom theuser(i.e., theQuit menu
item or command-Q),the consoletitle will changeto: press

�
enter � to exit andthe application

will not quit until you typethe<enter>key. This featureletsyou seetheresultof UNIX-lik e applications
in theconsole,andevento save theconsole’scontents.In this mode,mosmlis really terminated;only the
consolecodeis still running.

5 Cow icons

My nine(now thirteen)yearold daughter, Megan,drew theicons.Sheis betterat it thanme.I choseacow
for theicon for threereasons:(1) "cow" arethelettersmissingfrom mosml;(2) CamlLight usesa camel,
soI thoughananimalfacewould beappropriate;(3) I think cowsarenice.

Cows in New Hampshirelook somethinglike the icon. They arewhite with blotchy black spots. If
thereareany Moscow ML usersout therewho arealsoartists,pleasefeel freeto contributemorepolished
icons!

6 Library status

The Moscow ML library units, including the SML BasisLibrary, Mosml extensions,andDynlibs (dy-
namicallyloadedor sharedlibraries)arefully supported.Therearealsoa coupleMac-specificextensions
includingAppleScript,andextensionsto theopenfunctionbuilt into theruntime.

6.1 Moscow ML library units

Although muchof it is UNIX derived, a surprisingamountof the library now works with the Mac. In
particular, walkingdirectorystructures,andgettinginformationaboutfiles,elapsed/usedtime,timeof day,
anddatesareall working. In fact, asof this release,the Mac versionis aheadof the DOS andUNIX
versionsin capability. In particular, theMacversion:

� hasthemosmldepcapabilitybuilt into a new make function

� hasthelinker integratedinto thetoplevel environment.

Onecompromisewasnecessaryin Path.sml– it assumesthatthepathnamestringcanbeusedto determine
if a pathis relative to thecurrentworking directoryor absolute(relative to "root"). While it is alwaysthe
casethatMacpathnamesstartingwith ":" arerelative,all otherpathnamescanberelativeor absolute.The
Mac tries its darndestto find thefile somewhere.So,I madethefollowing choice:if thenamestartswith
a ":" thenit’s relative,elseif it containsa ":" it’s absolute,elseit’s relative. This seemsto handlecommon
cases(i.e., it’s rareto storefiles at root level). Path.smlalsohasassumptionsbuilt in abouthow pathname
arcs"." and".." behave. Thesearejust file (or directory)nameson the Mac. The Mac approachof "::"
meaningup versus":" meaningdown is very dissimilarto the UNIX approach;I tried to make Path.sml
work asbestI could. It shoulddo theright thing in mostcases,certainlyall commonandcanonicalcases.

Therearealsosomedifferencesin how file systemlinks work. Mac aliasesarenot 100%like UNIX
links. For example,readLink()returnstheabsolutepathnameof theoriginal file on theMac.

The Mac implementationof readDir sharesa bug with someother mosml implementations:if you
modify thecontentsof a directorywhile it is openfor reading,theresultsareunpredictable.
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6.2 Filenametranslation

Whenfilesareopenedby Moscow ML runtime,a simpleUNIX to Macpathnametranslationis performed
if the namecontainsany ’/’ characters.This is indispensablewhenporting from the UNIX versionof
mosmlto theMac. It is lessusefulaftertheport is done,but remainsin placeif youneedit. Onedrawback
to this mechanismis thatsomelegalMac file andfoldernamescannotbeusedin mosmlpaths,i.e.,file or
foldernamescontaining’/’ characters.This hasnot provedto bea problemin practice.

6.3 AppleScript library module

ThemoduleAppleScriptsuppliesfacilitiesfor compiling,running,andreceiving resultsfrom AppleScripts.
Examplesareprovided in e_SML of usingAppleScriptfrom mosmlto communicatewith Microsoft Ex-
cel andEudora. Many Mac applicationssupportscriptingvia AppleScript. AppleScriptis alsousedin
MakeMacApplication.sml.

Therearealsomany librariesof scriptingadditionsavailablefor usewith AppleScript,e.g.,speech,
encryption,etc.Theselibrariesmustbeplacedin yourextensionsfolder to beusedfrom mosml.

6.4 Process.system

Thetext argumentto system() is sentto theAppleScriptcompilerandexecutedaslongasAppleScriptLib
is in theExtensionsfolder. This is only testedon PowerMacs.UsingAppleScriptandsystem() you can
now sendAppleEventsto otherapplications,e.g.,sende-mail,launchapplicationswith theFinder, etc.But
this is not compatiblewith theDOSor UNIX versionsof thesystem() call.

6.5 Dynlib

Thedynlib DynamicLibrary featureof Moscow ML hasbeenimplementedin thePPCversionof mosml
usingMacOSSharedLibraries.

Note that sharedlibraries on the Mac are referencedby library (aka codefragment)name,not file
name. Also, the Mac implementationignoresthe flag andglobal argumentsto dlopen. Otherwise
the capabilitiesand useof sharedlibraries on the Mac mirror the dynlib supporton other versionsof
Moscow ML (e.g.,Linux, Solaris,Digital Unix, HP-UX, andMS Windows). Thesedifferencesareusually
transparentto SML code.

David Gay’s excellentimplementationof a floatingpoint readerandwriter is providedasanexample
sharedlibrary. It canalsobeusedto readandwrite floatingpointnumbersaccurately(e.g.,to work around
MSL problems).Seee_SML:gay.sml.

Also providedareMac versionsof theMoscow ML IntInf, Sockets,andRegex dynlibs (libmgmp.so,
libmsocket.so,andlibmregex.so).

Dynlibs commonto Moscow ML areprovidedwith a ".so" pathnameextensionfor compatibility. The
Mac Moscow ML applicationand CGI sharedlibraries have the ".lib" pathnameextension. The Gay
floating point readerandwriter library hasa ".slib" pathnameextension. Sincethe Mac accessesshared
librariesby library nameratherthanfile name,theseextensionsarefor decorationonly.
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7 Mac toplevel extensions

The mosmltoplevel environmenton the Macintoshis extendedfrom the UNIX/DOS version. Thereare
four new names:

Variable Use Description
make compilationmanager seeSection7.1
link linker seeSection7.3
moolevel verbositysetting seeSection7.2
getDir currentdirectory sameasFileSys.getDir

Thelastone,getDir, is usedby theCommandmenu.
Themakeandlink functionscanbeusedto build completemosmlapplicationswithoutany othertools,

i.e.,withoutaUNIX shellor makeprogram.Togetherwith mosmllex andmosmlyac,makeandlink canbe
usedto bootstrapmosml. [If you startfrom theUNIX distribution you will alsoneedperl, e.g.,MacPerl,
andyoumayneedto preprocesssomefileswith theC preprocessoror by hand– theMacsourcedistribution
hasthesefiles included"pre-processed."]

7.1 The function make

Note: The make function only supportscompilationin toplevel mode. This is adequatefor rebuilding
Moscow ML itself, andfor makingall theexamplecodeincludedwith thedistribution. Thedepen-
dency tracingportionof makewill needextensivework to accommodatestructuremode.

Themakefunctioncompilesall filesin adirectoryneedingrecompilation.It hasall thecompilecapabilities
of mosmlcin toplevel mode,plusit findsdependenciesamongthefiles. It only compileswhatneedsto be
compiled.It hasthetype:

make : string -> string -> string list -> string ->
(string * string list) list -> unit

Evaluating

make <oset> <stdlib> [<dir1>..<dirN>] <path> [deps]

is equivalentto runningmosmlcasfollows:

mosmlc -c -toplevel -P <oset> -stdlib <stdlib> -I <dir1> .. -I <dirN> <files...>

where<files...> is a subsetof the files in directory <path>determinedby tracing out the dependencies
amongthefilesandtheir needfor compilation.

Themake commandusesthemosmldepsparserto find dependenciesfor all files in a directory, com-
putesthe transitive closureof thesedependencies,finds a consistentorderingfor the files, testseachfile
in turn to seeif it needscompilation(including testsuponmodificationtimesof units outsidethe target
directoryaslong asthey’re visible to find_in_path()), andcompilesthe files if necessary. It takesas
arguments-stdlib and-I pathsand-P soit canbeusedto compilethelibrary andcompilerdirectories.

Thefinal argumentto makeis a list of unit dependenciesthatarenecessaryfor correctcompilation,but
whichcannotbeinferredby mosmldep.It hastheformatof a list of pairs:a unit nameanda list of unitsit
dependsupon.SeetheMoscowML Owner’sManual[3] for adescriptionof why thismaybenecessary. In
all of Moscow ML itself, thereis only onedirectorywhichrequiresadditionaldependency info: mosmllib.
SeeSection7.6 for anexample.

A file needscompilationif:

� thereis no correspondingobjectfile, "object"; or

� themtimeof theobjectis olderthantheepoch(wheretheepochis abuilt in time variable,currently
Time.zeroTime);or
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� themtimeof thesourceis newer thanmtimeof theobject;or

� themtimeof any dependency is newer thanthemtimeof theobject.

Makekeepsacacheof file dependencies;whenrunasecondor subsequenttime thecacheis consultedand
verifiedbasedon themtimeof thesourcefile. This cansave considerabletime. If you ever needto flush
this cache(althoughI can’t think of why youwould) seemoolevel below.

Caveats: make doesn’t know aboutcpp, yacc, lex, sed,awk, perl, etc. It doesreportwhen it finds
".grm" fileswithoutcorresponding".sig" and".sml" files, for example,(andthesamefor .mlp and.lex) but
thesemustbemademanually. I havecreatedamacmosmlyacwhich I haveusedto compilethe.grmfiles,
andmosmlcanrunmosmllex with the(seebelow) commandline; I haveusedthis techniqueto processthe
.lex files.

7.2 The variable moolevel

Thevariablemoolevel : int ref controlstheverbosityof make asfollows:

moolevel Effect
0 no messages
1 errormessages
2 compilemessages
3 progressmessages

Themoolevel defaultsto 1, but I personallylike level 2.
As aspecialhack,if moolevel is negative,thenits absolutevalueis used,andadditionallythecacheof

file dependenciesis clearedby make. Youshouldneverneedthis.

7.3 The function link

Thefunctionlink is usedto createstand-alonemosmlapplicationsfrom compiledfiles. It hastype:

link : string -> bool * bool -> bool * string -> string
-> string list -> string list -> unit

Evaluating:

link <file> (<g>,<h>) (<a>,<oset>) <stdlib> [<dir1>..<dirN>] [<file1>..<fileN>]

is equivalentto runningmosmllnkasfollows

mosmllnk -o <file> {-g} {-noheader} {-noautolink} -P <oset> -stdlib <stdlib>
-I <dir1> .. -I <dirN> <file1>..<fileN>

where-g is includedif <g> is true,-noheader is includedif <h> is true,and-noautolink is includedif
<a> is false.If <oset> is "" thenit is replacedby "default".

If <a> is truethenlink doesthefollowing:

1. <oset> is ignored,andmaybe"" or any otherstring;

2. traceoutall loaddependenciesof <file1>..<fileN>;

3. includein thelist of files to belinkedall otherfilesdependeduponif they canbefoundin any of the
specifiedpaths;

4. constructa legal link orderfor thefiles;

5. thenlink this list asusual.

Typically, simply specifyingyour Main programto be linked will find all the required.uo files andput
themin theright order.
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7.4 The function find_lib

The functionsmake and link requirethe path to the mosml lib. If the lib is installedin the Extensions
folder asdirectedabove, thereisn’t an easy(non installationspecific)way to specifythat lib folder. So,
FindStdlib.sml is provided in the e_SML folder; it definesone function called find_lib which doesa
heuristicsearchfor themosmllibraries.It is documentedin FindStdlib.sml.

7.5 The function get_home

It is often necessaryto constructa pathnamefor make and link. It is good to avoid the useof literal
pathnamesin releasedsoftware,i.e., to make thesenamesnon-specificto a particularvolume.So,thefile
GetHome.smlis provided in thee_SML folder; it definesonefunctioncalledget_home which usesENV
variables(seebelow) to generatethenameof thedirectorycontainingthecurrentmosmlapplication.

7.6 Examples

To createa new mosmlproject,put all the sourcefiles in a new directory, "project." Don’t put any in-
completeor irrelevantsourcesin thesamedirectoryor they will becompiled,too. Assumingyour project
only dependson library files, usetheCommandmenuto UseGetHome.smlandFindStdlib.smlandthen
evaluate:

let val base = get_home()
in

make "full" (find_lib()) [] (base ^ "project") []
end;

to compileall yourfiles. Evaluatethiseachtimeyouhavemadechangesin yoursourcesto keeptheobject
filesup to date.Hereis a samplemakeandlink scriptto build mosml.image:

app load ["Path", "Process"] ;

val home =
case Process.getEnv "PATH_TRANSLATED" of
SOME n => Path.dir n

| NONE => ":" ;

moolevel := 2;

(* to compile the toplevel mosml image and the lexer *)

let val base = home ^ "src:"
in

valuepoly := false;
make "none" (base ^ "mosmllib") [] (base ^ "mosmllib")

[("OS",["FileSys","Path","Process"])];
valuepoly := true;
make "none" (base ^ "mosmllib") [] (base ^ "compiler") [];
make "none" (base ^ "mosmllib") [(base ^ "compiler")] (base ^ "toolssrc") [];
make "none" (base ^ "mosmllib") [(base ^ "compiler")] (base ^ "lex") []

end;

(* to build the toplevel mosml image into file "testtop.image" *)

let val base = home ^ "src:"
in
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chDir base; chDir "::";
link "testtop.image"

(true,true) (* -g -noheader *)
(true,"") (* -autolink -P *)
(base ^ "mosmllib") [(base ^ "compiler"),(base ^ "toolssrc")]
["Maine.uo"]

end;

Otherexamplesof theuseof makeandlink canbefoundin thee_SML folder.

8 Creating standaloneMac applications

Mosml canbeusedto createstand-aloneMacintoshapplications.
Well, on PPCmachinesthe applicationsmosml createsdependon the mosmlXXXapp.lib just like

mosmlXXXappdoes. This savesa few hundredkbytesper appl, and is hardly noticeableoncemosm-
lXXXapp.lib is installed.Justrememberto shipmosmlXXXapp.libwith yourapplicationsif youdistribute
themto others.WhenmosmlXXXapp.libis in theusualplace,or in any subfolderof theExtensionsfolder,
theapplicationcanbemovedaboutfreelyandis double-clickable.

Mosml hastheMac creatorcode’Moml’ [if you don’t know whata Mac creatorcodeis, don’t worry,
therewon’t be a quiz]. Stand-aloneapplicationsmadeby mosml have the Mac creatorcode’Msml’ –
thispreventsFinderconfusion,e.g.,thenewly generatedstand-aloneapplicationswon’t belaunchedwhen
double-clickingon mosmldocuments.

Note that the Mac Finder is sometimesslow and/orstubbornaboutrecognizingnew applications;it
seemsto deferenteringthenecessaryinfo into thedesktopdatabaseuntil somesomewhatarbitraryactivity
takesplace. The effect of this is that new applicationswill launchmosml insteadof self-launching. I
havefoundthatclosingandreopeningthemosmlfolder in theFindertriggerstheFinderto fix thedesktop
database.As a last resort,a rebuild of thedesktop(restarttheMac with option-commanddepressed)will
certainlyfix it, but I haveneverneededto resortto thisextreme.If someoneknowsamethodof consistently
proddingthe Finderto do the right thing, e.g.,via an AppleScriptI cancall from MakeMacApplication,
pleaselet meknow.

To createa stand-aloneMacintoshapplication,first make a mosml imageas describedabove, e.g.,
usingmakeandlink. Youcantestyour imageby loadingit manuallywith thecommandline (seebelow for
details).UsetheCommandmenuto UseGetHome.smlif youhaven’t alreadydonesoin thebuild process.
Thenevaluate:

val home = get_home();
chDir (home ^ "e_SML:");
load "MakeMacApplication";

MakeMacApplicationdefinesseveral useful functions,including an interactive applicationbuilder. You
canalsobuild theapplicationprogrammatically, e.g.,

MakeMacApplication.merge_template_image
(home ^ "e_templates:mosmlXXXapp.template")
"hello.image"
"hello!";

or on m68kmachines.. .

MakeMacApplication.merge_template_image
(home ^ "e_templates:mosmlXXXm68.template")
"hello.image"
"hello68k!";

SeethehelloWorld folder in thee_SML folder for acompleteexample.
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8.1 The function merge_template_image

The function merge_template_image : string -> string -> string -> bool takes threeargu-
ments:apathto anapplicationtemplate,apathto a mosmlimage,andanapplicationname.UsingApple-
Script, the templatefile is copiedandrenamed.Thenthe imageis appendedto it, andusingAppleScript
againthefile typechangedto ’APPL’.

Functionmerge_template_image will complain if the target applicationnamealreadyexists, and
refusesto createthe application. This is a featuredesignedto prevent accidentaloverwritesof mosml
applications.If you run into this situation,simplydeletetheold versionandtry again.

8.2 The function make_mac_application

Thefunctionmake_mac_application : string -> bool takesoneargument,thenameof theappli-
cationto build, andpromptsyou for thetemplateandimagewith StandardFile Dialogs.

9 Creating standaloneMac CGI applications

Usingtheprocessdescribedabove,you cancreatestand-aloneCGIs. Theonly differencesare: theshared
lib is mosmlXXXcgi.lib, andthe templateis mosmlXXXcgi.template.For m68k, the templateis mosm-
lXXXm68cgi.template.Seethecgi folder in thee_SML folder for acoupleof completeexamples.

With m68kthis createsa completeandratherlargeapplication,with PPCis a smallapplicationwhich
relieson thesharedlibrary mosmlXXXcgi.lib.

CGIsinterfaceto thewebserver throughcgi AppleEvents(’WWWΩ’ ’sdoc’)andstandardin andout.
The cgi templatebasedapplicationsacceptcgi AppleEventsandprovide the mosmlcodewith accessto
thedata.Themosmlcodehasa full mosmlruntime,but no consoleor editor. TheCGI applicationshould
only belaunchedby a webserver, which will sendtheapplicationa cgi AppleEvent.All outputto stdOut
is collectedandreturnedto thewebserver in anAppleEventreply atexit.

Theenvironmentof theseapplicationsis extendedwith severalnew variables.They correspondto the
UNIX CGI environmentvariablesasclosely aspossible,andcan be obtainedwith Process.getEnv. In
somecasesstdInwill supplyadditionaldatafor thecgi request,e.g.,POST.Usetheenvironmentvariable
CONTENT_LENGTH to determinethenumberof characterswaitingat stdIn.

Theenvironmentvariablesaredocumentedin theEnvironmentVariablessection.
CGI applicationshave a bareminimumuserinterface:Quit. Quitting shouldonly benecessarywhen

yourX.imagehasabugwhichpreventsit from exiting. YoucanQuit fromtheFilemenuor with Command-
Q.

The old (v 1.43) methodof duplicatingthe mosml-cgiapplicationand giving it and an imagefile
appropriatenamesis still supported,but lessnice.. .

1. copy mosmlXXXm68cgi[you mustmakethis from themosmlXXXm68cgi.template]

2. renameit "X.cgi" whereX is anameof yourchoicebut shouldn’t havespaces,slashes,or othernasty
charactersin it

3. makeandlink yourmosmlcgi program;nameit "X.image"

4. moveX.cgi andX.imageto a folderaccessibleto yourwebserver

5. pointanhttp link at X.cgi

Seethe’imagepathnameheuristic’below.

10 Envir onment variables

Environmentvariablesarenot providedby MacOS,but Mac mosmlemulatesthis facility for compatibilty
with UNIX andCGI applications.

11



10.1 Basicenvir onmentvariables

In all versionsof Macmosml,therearetheseenvironmentvariables:

Variable Definedwhere
VERSION from applicationresourcefork
CAMLRUNPARAM from applicationresourcefork
PATH_TRANSLATED constructedat launchtime

VERSION is justaversionstring;CAMLRUNPARAM is accessedby theruntimesystematlaunchtimefor config-
uration(seefile mosml/src/runtime/main.c);PATH_TRANSLATED is thepathnameof therunningapplication
(usedby GetHome.sml).Examples:

- load "Process";
> val it = () : unit
- Process.getEnv "VERSION";
> val it = SOME "mosml 1.42e" : string option
- Process.getEnv "CAMLRUNPARAM";
> val it = SOME "v=0i=50000s=50000o=20" : string option
- Process.getEnv "PATH_TRANSLATED";
> val it = SOME "jalaMPW:ml:mosml142:mosml142app" : string option

10.2 CGI envir onment variables

In theCGI applicationsof Mac mosmlonly, at launchtime (seeAlternateLaunchingMechanismsbelow)
theseareall constructedfrom the(’WWWΩ’ ’sdoc’)cgi AppleEvent:

Variable MacAE name Description
PATH_INFO ’—-’ argumentsfollowing the"$" in a URL
QUERY_STRING ’kfor’ argumentsfollowing a"?" in a URL
REMOTE_HOST ’addr’ Domainnameof client (or IP addressif no DNS)
REMOTE_ADDR ’Kcip’ theTCP/IPaddressof theclient
REMOTE_USER ’user’ Usernameif authenticationwasrequired
REMOTE_PASS ’pass’ Password if authenticationwasrequired
REQUEST_METHOD ’meth’ the HTTP method being requested (e.g., GET,

GET_CONDITIONAL, POST, etc.)
SCRIPT_NAME ’scnm’ The(raw) pathof theCGI beingexecuted
SERVER_NAME ’svnm’ Domainnameof server (or IP addressif no DNS)
SERVER_PORT ’svpt’ TCP/IPport server is listeningon
HTTP_REFERER ’refr’ URL of pagefrom which this CGI wasreferenced
HTTP_USER_AGENT ’Agnt’ TheWWW client softwarenameandversion
HTTP_COOKIE ’Kfrq’ TheHTTPcookiesparsedfrom theFull Request
GATEWAY_INTERFACE ’Kact’ The action being performed by the CGI, either the

nameof the userdefinedaction or one of the strings:
CGI, ACGI, PREPROCESSOR, POSTPROCESSOR,
ERROR,INDEX, or NOACCESS.

CONTENT_TYPE ’ctyp’ MIME typeof POSTargumentsif present
CONTENT_LENGTH ’post’ the sizeof the POSTdata;the POSTdataareplacedon

stdIn

References:

UNIX http://hoohoo.ncsa.uiuc.edu/cgi/interface.html

Mac http://www.starnine.com/support/technotes/cgiparams-table.html
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11 Alter nate launching mechanisms,CGI

Mac mosmlhasa few ad hoc featuresrelatedto applicationlaunchingto supportautomatingmosmlap-
plicationswith AppleScript,AppleEvents,andthestartupof CGI andstand-aloneapplications.Many of
thesefeaturesrely on theuseof commandlines;seetheCommandLinessectionbelow for detailson that
mechanism.

11.1 AppleEvent � event miscdosc�

Mosml supportsan AppleEvent at launchto supply the commandline to mosml. For example,usinga
secondcopy of mosmlXXXappandthe AppleScriptlibrary module,you canrun specifiedimageswith
commandline arguments.I usethis mechanismto automatethe bootstrapof mosmlfrom oneversionto
thenext. Seee_SML:bootstrap: for examples.

Specifically, theAppleScript

tell application "mosmlrun"
�
event miscdosc � <cmdline> end tell

will launchthemosmlrunapplication(which might beacopy of mosmlXXXapp)with thecommandline
<cmdline>.

11.2 CGI support

A versionof mosmlwhich acceptscgi AppleEvents(’WWWΩ’ ’sdoc’) is providedasa templateusedto
createstand-aloneapplicationsasdescribedabove in CreatingStandaloneMac CGI Applications. This
works analogouslyto the above miscdoscmechanism,but ratherthana commandline, a CGI requestis
passed.It is themechanismusedby webserverson theMac, soyou will never needto useit in scripts,it
is all handledbehindthescenes.

11.3 Imagepathnameheuristic

[Theimagepathnameheuristicwascreatedbeforestand-aloneMacapplicationsweresupported.It remains
available,but stand-aloneMacapplicationsarenicer.]

Beforeusing the default imagenamein the econfigstrsresource,mosml checksfor an imagename
which,minusthepathnameextension,matchestheapplicationname,alsominustheextension,in thesame
folder. Specificextensionsarerequired:

Extension Typeof application
.app runtimeapplication(e.g.,a copy of mosmlXXXapp)
.cgi cgi application(e.g.,a copy of mosmlXXXcgi)
.image image

For example,launchingfrob.appwill try to load frob.image,but if it fails to find an imageof thatname,
will resortto the namein the econfigstrsresource.Dragginganddroppingan imageonto frob.appwill
overridethis behavior: thedroppedimagewill beusedinstead.

This is [was]especiallyusefulfor cgi applications(seethatsection).In this case,for example,a copy
of mosmlXXXcgi named"echo.cgi"will run the imagenamed"echo.image"whenlaunchedfrom a web
server.
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12 Command lines

Commandlinesarevery non-Mac.You don’t needto usethemunlessyou needto usemosmllex, wantto
createan applicationthat usescommandlines,or is launch-AppleScriptable,or arebootstrappinga new
versionof mosml.

If mosmlcannotfind theimagefile, or if thecommandkey is helddown whenmosmlis launched,then
mosmlwill displaya singlequestionmarkandawait a commandline. [The commandkey is theonewith
anappleor a "freeway interchange"symbolon it.] Also, a commandline canbesuppliedto mosmlwith
theAppleEvent

�
eventmiscdosc� .

TheMoscow ML documentationdescribescommandlines. Thecommandline optionsarespecificto
theimageloaded.Thegeneralformatis:

<image-name> <command-line-options>

Examples:

:mosml.image -stdlib {Extensions}:mosml:lib:
:mosml.image -stdlib Bang:mosml:src:mosmllib: -P full
:mosmllex.image :src:toolssrc:Deplex.lex

Beforethe commandline is passedto mosml,eachargumentis pathnameexpandedif it containsoneof
a few specialprefixes. All of theseprefixesbegin with the character’{’. Theseprefixesare useful in
econfigstrs(seebelow) wherethey areusedextensively, but they maybeusedin any commandline. The
supportedprefixesare:

{Extensions}: — replacedby anabsolutepathto theExtensionsfolder in theSystemFolder

{ApplicationDF} — replacedby theabsolutepathto thecurrentapplication;this is mostusefulwith the
stand-aloneapplicationmechanism;no charactersshouldfollow this prefix

Also, for someeconfigstrsarguments(seebelow), relative pathnames,i.e., thosebeginning with ’:’ or
without any ’:’ characters,are expandedto absolutepathnamesrelative to the directory containingthe
application.

Note: whenspecifying-stdlib,or -I includepaths,it is bestto providecompletepathnames.A relative
namefor theimageis finesincegenerallyit will gounusedaftertheimageis loaded,but pathsarerecorded
verbatimandbecomeuselessassoonaschDir() is executed.This is not a concernif any of thepathname
expansionmechanismsdescribedaboveareused.

Whenlaunchedwith thecommandkey down,mosmlwill typethecommandline it wouldhaveexecuted
hadno keys beenheld down. This canbe copiedandpastedinto the mosml consoleto customizethe
startup,e.g., add "-P full" or "-P none" after the typed commandline to changethe setof library files
initially loaded.SeetheMoscow ML documentationfor thesesets.

Warning: Thecommandline parserwill barf at pathnameswith spacesin them. Theentirepathfrom
the root to the imagefile, andto stdlib, shouldonly containvolumesanddirectorieswithout spaces(or
returns!)in their names.Alternatively, youmaysurroundthepathnamewith quotes(’namewith space’or
"name’with space").
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13 Configuration

[Youneedto understandMacresourcesandResEditfor therestof theConfigurationsectionto makesense.
Don’t worry, you don’t needto know any of this to usemosml.]

TheMacversionof mosmlsimulatesUNIX environmentvariableswith resourcesof type’ENV ’. The
resourcenumberdoesn’t matter, theresourcesareidentifiedby name.Theformatof an ’ENV ’ resource
is simply a C string. Mosml itself only looks for one’ENV ’ variablecalledCAMLRUNPARAM. It is
usedto configurethe memorymanager. I don’t know whereit’s documented(probablythe Moscow ML
distribution). A sensiblevaluefor this string is providedasan ’ENV ’ resourcein themosmlapplication.
If theresourceis not found,anothersensiblevalueis used.

Youmayadd’ENV ’ resourcesto themosmlapplication(or to thesystem,althoughI wouldn’t recom-
mendit) andthey canbereadusingthefunctionProcess.getEnv; here’sanexample.. .

- load "Process.uo";
> val it = () : unit
- Process.getEnv "VERSION";
> val it = SOME "mosml 1.42e" : string option

Thereis alsoa ’STR#’ resourcein themosmlapplicationcalledeconfigstrs.Thefive stringsin this string
list areusedto form thedefault commandline andconsolewindow title. They are:

Meaning String
imagename {Extensions}:mosml:mosml.image [*]
stdlib relativepath {Extensions}:mosml:lib: [*]
optional -P
optional default
consolename Mosml Console

Whenmosmlusesthedefaultcommandline, it convertsthestdlibrelativepathandtheimagename(marked
with [*]) to absolutepathnamesbeforepassingthemto theimage– seetheCommandLine sectionabove
for adescriptionof thesetranslations.

Whenastand-aloneapplicationis created,thesearechangedto:

imagename {ApplicationDF} [*]
stdlib relativepath {Extensions}:mosml:lib: [*]
optional -P
optional default
consolename Mosml Console

This causesthe imageto be loadedfrom the Data Fork of the applicationfile whereit was placedby
MakeMacApplication.sml.Thesevaluescomefrom thePPCor m68kapplicationtemplate.

Theimagenamein econfigstrsis usedonly if

(a) thecommandkey wasnothelddownwhentheapplicationwaslaunched(in whichcaseanalternative
commandline is acceptedfrom thekeyboard)AND

(b) noimagewasdraggedanddroppedontomosmlto launchit (in whichcasethedroppedimagewould
beused)AND

(c) theapplicationwasnot launchedwith anAppleEvent
�

eventmiscdosc� (in which casethecom-
mandline is takenfrom theAppleEvent)AND

(d) theapplicationnamedoesnot endin ".app"AND no imagewasfoundin theapplication’sdirectory
with the samenameas the application,but with ".app" replacedby ".image" (in which casethat
imageis used)
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14 eConsoleusernotes

Mosml remembersyourStylespreferencesin a PreferencesFolderfile.

14.1 Interacting with the interpreter

Interactionwith the interpreter’s read-eval-print (REP)loop is doneinsidethe"Mosml Console"window.
The contentsof the interactionwindow canbe editedby the user. This window alsoactsasthe default
standardoutput port (and input port). Consequently, the interpretersendsits output to the interaction
window. Userinput andsystemoutputaredisplayedwith differentfonts. By default,userinput is in bold
face(but thisandotherattributesof thewindow canbechangedwith the"Styles..."itemin theEdit menu).

Normally, theusertypesanexpressionandthen"sends"it to theinterpreterto beevaluated.Theresult
of theevaluationis thenoutputto theinteractionwindow. Thepreferredwayof evaluatinganexpressionis
to placetheinsertionpoint (caret)immediatelyaftertheexpressionto evaluateandthentyping the<enter>
key. An alternative methodis to usethe <opt-return>(i.e., pressthe <return>key while pressingthe
<option>key). When<enter>is pressed,the sequenceof "userinput" charactersimmediatelypreceding
the insertionpoint aresentto the interpreter. Becauseit doesn’t checkfor a properlyformedexpression,
the <enter>key is useful for programsdoing text orientedinput. Arbitrary text canalsobe sentto the
interpreterby selectingthetext andtyping<opt-return>or <enter>.

Theseinteractionmechanismsalsowork from windows associatedwith files (i.e., in an edit buffer).
However, theresultof evaluationis alwaysdisplayedin theinteractionwindow.

TheConsolerememberstheendpoint of the last input (plusMosml’s response,if any) andrefusesto
allow backspacingpastthatpoint. It beepsin response.A commonnew-userproblemoccurswhentyping
anexpressionwithout a trailing semicolon– it resultsin no response;a naturalreactionis to backspaceto
the previous line, addthe semicolon,andtype Enteragain(ratherthensimply typing the semicolonand
Enter).Unfortunately, this would resultin theexpressionbeingenteredtwice sincetherule is thatall text
in the"run" nearor behindtheinsertpoint is sentwhenEnteris typed.By preventingyoufrom backingup
to connecttwo text "runs" theproblemis avoided. You canstill useCut or Clearto remove text from the
Consolewindow, if desired.

14.2 Basicediting

It is assumedthatyou arefamiliar with standardMacintosheditingtechniques.If not, you shouldconsult
yourGettingStarteddisksandMacintoshusers’manuals.

Onall keyboardsthefollowing keysaredefined:

Key Effect
delete erasecharacterbeforecursorposition
tab indentcurrentline
return insertanew line andmoveto theleft margin (andthendo

a <tab>if autoindentis selectedfor thewindow)
opt-return sendtheexpressionprecedingtheinsertionpoint
enter sendtheuserinputprecedingtheinsertionpoint
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14.3 Specialkeys

Onextendedkeyboardsthefollowing specialkeysaresupported:

Keys Effect
F1– F4 equivalentto Undo,Cut,Copy andPaste
F5– F15 functionkeys (notused)
del> erasecharacteraftertheinsertionpoint
home scroll text to thetop of theedit buffer
end scroll text to thebottomof theedit buffer
pageup scroll text upa page
pagedown scroll text down apage

Notethattheselastfour do not movetheinsertionpoint, justscroll.

14.4 Arr ow keys

Arrow keys (whenavailable)movetheinsertionpoint in thecorrespondingdirection:

Key Effect
left movecursorto theleft onecharacter
right movecursorto theright onecharacter
up movecursoruponeline
down movecursordown oneline

Arrow keyscanbemodifiedwith the<shift>,<option>,and<command>keys.
The<shift> key maybe usedto extendthe text selectionperApple standards.Eachselectionhasan

anchorendandanactive end.Generally, theactive endis thelastendyou moved,theanchorenddoesn’t
move. Whenthe<shift> key is helddown, theselection’sactiveendis movedby thearrow keys.

The<option>key maybeusedwith thearrow keys to movetheinsertionpoint left or right by word,or
up or down by page.<Shift> and<option>togethermaybeusedto move theactive endof theselection
left or right by words,or up or down by pages.

The<command>key maybeusedwith thearrow keys to move the insertionpoint left or right to the
beginningor endof the line, or up or down to thebeginningor endof thetext. <Shift> and<command>
togethermaybeusedto movetheactiveendof theselectionto startor endof theline or text.

When<shift>, <option>,and<command>arehelddown together, theup or left arrow will make the
beginningof theselectionthe active end,andthedown or right arrow will make the endof the selection
theactiveend.

14.5 Err or finder

A commandin theSearchmenu,OpenSelection,canbeusedto opena file by selectingits namein any
window andtyping Command-D.This canalsobeusedwith mosml’serrormessages;in this case,thefile
thatcausedtheerrorwill beopened,andtheerrortext scrolled-toandhighlighted.For example,selecting
theline:

File "errortest.sml", line 3-6, characters 4-75:

andtyping Command-D(or selectingtheOpenSelectionmenuitem) will openthefile errortest.smlin an
edit buffer with the four lines highlighted. This only works for files in the currentdirectory, but this is
almostalwayswherefiles will beif thecompileris complainingaboutthem.
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14.6 Mouse

Theeditingactionis specifiedby thenumberof mousebuttonclicks:

Buttonclick Effect
single positioninsertionpoint
double selectword
triple selectline

Draggingafteroneof theseclicksextendstheselectionby character, word,or line respectively; theanchor
point is theoriginal click position,theactive endis theotherendof theselection.After a click-drag,the
active endcanbe moved with <shift> clicks or <shift> arrow keys. The anchorandactive endsof the
selectioncanbe swappedwith <option+shift+click>,or <option+shift+command>up/down or left/right
arrow keys.

14.7 Scrolling

Holding down <command>,<shift>, <option>, and <control> keys speedsup scrolling when mousing
in the arrows of the scroll bar. The morekeys you hold down the fasterit scrolls(exponentially). Live
scrollingis alsosupported:grabthescrollbar’s"thumb" indicatoranddragit around;thetext will follow.

14.8 Editor limitations

Thetext sizeis limited by memoryspace.Thereis a limit of 32,000lines(notcharacters)perwindow. The
editorhasbeenusedwith filesseveralhundredkilobytesin size.

Credits:Thanksto MarcFeeley for contributingto theeConsoleUserNotes.
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