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1 Curr ent Version& RecentChanges

The currentversionof IOP is 0.14 . An earlierversionof IOP (0.08 ) wasde-
scribedin [1] andis supersededby thisone.Themostrecentchangesin thesystem,
in goingfrom 0.12 to 0.14 , is thepromotionof theregistryto thestatusof anac-
tor, calledthesystemactor, andthestableincorporationof theGraphics2D actor.
Thesechanges,particularlytheformer, haveallowedthesystemto becon�gurable
via instructionsin the .ioprc �le. The default now is for IOP to only startup
with theminimalsetof actors:thesystemandtheGUI front end.Thishasthecon-
sequencethattheoptionalMaude�le onthecommandline is no longersupported.

Theregistry is thesameUNIX processasthesystemactor, soin thissensethey
aresynonymous.However therearemorefacetsto theregistry thanjust its roleas
thesystemactor, sowe will not usethe two termsinterchangeably. Preferingthe
term registry to emphasizeits multifacetednature,when indeedwe are talking
aboutmorethanjust its roleasanactorin thesystem.

2 CommandLine Ar guments

Theusualway to startup IOP is via thecommand:

iop

IOPunderstandsthreecommandline switches:

-a (default actors)

-n (nowindows)

-d (debug �ag on)

and of courseall eight combinations. The -a �ag will causeIOP to createat
startup,in additionto thesystemandGUI actors,theother� veactorsdescribedin
section5. It alsoinvalidatesany systemactorrequeststhatmayappearin theusers
.ioprc �le. The-n will preventthesystemfrom startingtheGUI front end,and
use,instead,aminimalisticcommandline loop. Finally the-d turnsondebugging
�ags in boththeiop andregistryprocesses,andis usedfor debuggingpurposes.

3 The GeneralAr chitecture

IOP's designis basedon theactormodelof distributedcomputation[2]. IOP con-
sistsof a pool of actorsthat interactwith oneanothervia asynchronousmessage
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passing.Thepoolof actorsis dynamic,it maygrow or shrinkastimegoesby. Ac-
torscanbeinitial actors,createdat startup,or becreatedby anotheractoralready
in thesystemin responseto someevent,suchasanactorreceiving a message,or
reactingto someexternalaction,suchasaconnectionbeingmadeto asocket. New
actorscanalsobecreatedby explicitly askingthesystemactorto do so,by send-
ing it astartrequest.Thoughstrictly speakingthis is justaspecialcaseof anactor
beingcreatedin responseto anevent. Thecollectionof actorscreatedat startupis
easilycon�gurableandnew actorscanbedesignedandaddedto thesystem.

An actorin IOPusuallyis simplyaUNIX styleprocessthathasbeenregistered
with thesystemaccordingto a simpleprocedure.Part of this registrationprocess
involvesallocatingthreeFIFOs,or UNIX style namedpipes,andredirectingthe
actor's stdin , stdout andstderr �le descriptorsto thesespecial�les [3].

Invoking IOPfrom thecommandline resultsin thefollowing startupprocedure
takingplace. The �rst process,beingthemain of IOP, parsesthecommandline
arguments,andcreatestheregistry or systemactor, theGUI actor(if the -n �ag
is absent),and the other � ve actorsif the -a �ag is present. After startupthe
main actsmainly asa signalhandler, ensuringcleanandgracefulshutdown. If
the -a �ag is absent,thenit is theregistry thatcreatesandcon�guresthesystem
accordingto the instructionsin the .ioprc �le. The registry keepstrackof the
currentactors,andmaintainsthelinesof communicationbetweentheseactors.The
GUI frontend,picturedin �gure 4,providestheuserwith aneasymeansof sending
messagesto any of theactorsin thesystem.Theupperpartcanbeusedto compose
messagesto be sentto any of the IOP actors. A �le of precomposedmessages
can be loaded,seesection6, and messageedits can be saved. The lower part
displaysany outputfrom theactorsthatis not inter-actorcommunication(errorsor
messagesto theuser).

The registry maintainsa list of all the actorsthat are registeredwith it. It
performsseveral functions,andmaintainsthreelinesor formsof communication.
Thethreeformsof communicationare:inter-actor communication,messagessent
from oneactorto another;meta-actorcommunication,actorsnotifying theregistry
of the birth or deathof actors;andinterfacecommunication,communicationbe-
tweentheregistryandactorswith theGUI front end.Eachtypeof communication
hasadedicatedinfra-structurethatsupportsit. In thecaseof inter-actorcommuni-
cation,eachregisteredactorin thesystemhasthreeFIFOs,in /tmp/ , associated
with it. For eachactor in the systemthereare threededicatedregistry threads,
oneto monitoreachFIFOthatis associatedwith theactor's stdin , stdout and
stderr �le descriptors.Theregistry alsohastwo FIFOs(againin /tmp/ ) that
areusedin variousmeta-communications,suchastheregisteringof a newly cre-
atedactor, or from anactorpolitely informing thesystemof its imminentdemise.
All �les in /tmp/ incorporateinto their nametheuniqueprocessidenti�er of the
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main processassociatedwith them,hencemultiple IOP's on the samemachine
do not interferewith oneanother. Finally theregistry communicateswith theGUI
front endby usingtwo socket connectionsestablishedatstartup.

Inter-actor communicationis purely ASCII text, and is implementedin two
layers,the user layer, and the transportlayer. In the transportlayer a message
consistssimply of a line of text representinga number(i.e aninteger in baseten),
followed by that speci�ed numberof bytes. The userlayer, implementedon top
of thetransportlayer, consistsof theaddressof thetargetactor, theaddressof the
sendingactor, followedby thebodyof themessage,eachon anew line:

maude
graphics
show mauderule 25

Thissamemessagecanbesentfrom theGUI by selectingMaude asthedesti-
nation,andsendingthetext (graphics show mauderule 23) . Eitherway
themessageis transmittedin thetransportlayerasthesequenceof bytes:

33\nmaude\ngraphics\nshow mauderule 25\n

Simple libraries implementthe userlayer on top of the transportlayer, and
allow for reliablecrossplatformandarchitectureindependentcommunication.
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4 The GUI Front End

The GUI front end,depictedin �gure 4, allows the userto interactwith any
actorin thesystem.It consists,from top to bottom,of a menubar, a buttonpanel,
the input window, andtheoutputwindow. Therearemultiple redundanciesin the
designof this GUI interface. Anything that canbe donewith the menubar, can
also be donewithout it. Either by control sequences,or in the caseof sending
messages,by usingthebuttonpanel.Themenubarcanbeconsultedto establish,
on aparticularoperatingsystem,thecorrespondingcontrolsequences.

The input window is a rudimentarytext areaallowing theuserto format,and
sendmessagesto any particularactor in the system.The text sentto the chosen
actorcaneitherbeasingleline of text, theselectedor highlightedtext, of thewhole
buffer. Selectingthetargetactoris doneby usingthechoicewidgetin theright side
of the buttonpanel. This canalsobe doneprogrammaticallyin the .ioprc �le
(seesection4 for moredetails),or by messagingthesystemactor(seesection5.1
for moredetails).
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The text in this text areacanbe loadedin oneof threeways: manuallyusing
eitherthemenubar, or thecontrolsequenceassociatedwith �le loading;by speci-
fying thefull pathof the�le asthe�rst line in theuser's .ioprc �le, seesection6;
or automaticallyat startup,by namingthe �le input.txt , andplacingit in the
directorywhereyou executedthe iop command.This lastmethodis usuallythe
mostpractical.Onehasa directorywith various�les oneis usingfor thecurrent
project,andamongsttheseis the input.txt �le, thatservesa role similar to a
rudimentarymakefile .

Theoutputanderrorwindow is a non-editabletext areathatdisplaystheerror
streamsof all theactorsin thesystem,aswell asany actormessagethat is sentto
anunrecognizedactor, anameof anactornot recognizedby thesystem.Typically
any messageaddressedto theuser actorwill show uphere,aslongasthesystem
is con�guredsothatthereis nobona�de actorby thatname.

5 The Actors

TheIOP systemcurrentlycomeswith sevenbuilt-in actors.They are: thesystem
actor, theGUI actor, themaudeactor, thegraphics2D actor, theexecutoractor, the
�lemanageractor, andthesocketfactoryactor.

Thesesevenmayall be launchedwith thesystemat startup by thecommand
iop -a . Only the �rst two are launchedby default, using the commandiop .
Only the�rst is compulsoryandit aloneis launchedusingthecommandiop -n .
Alternately, eachindividual actor(otherthanthesystemactor)may be explicitly
startedup by requestingthesystemactorto do so.Wedescribeactoreachin turn.

5.1 The SystemActor

The�rst majordifferencebetweenversion0.12 and0.14 of IOPis theelevation
of the registry to the statusof an actor in the system. This wasdoneto enable
thestartingpool of actorsto beeasilycustomizable,eitherby directly sendingthe
systemactor, astheregistry is now known, arequestto eitherstartor stopanactor.
Or by describingthedesiredactorsat startupin the.ioprc �le, seesection6 for
moredetails.Thesystemactoralsorespondsto a selectrequest,which resultsin
the speci�ed actorbeingchosenasthe currentlyselectedactor in the GUI front
end. Again, sucha requestcanalsobemadefrom the .ioprc �le. Thesethree
commandsmakeup thecon�guration interfaceto thesystemactor. Thereis alsoa
new registrationinterfacethatconsistsof threeotherrequests.Thesethreerequests
that the systemactorrespondsto are: a namerequest,an enroll request,andan
unenroll request.Theserequestsaredesignedto make it relatively easyfor users
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to programtheir own actorsinto thesystem.In particular, for thesenew actorsto
beableto spawn new actorsin thesystem,by usingthis registrationinterface.We
will discussthecon�guration interfacehere,andleave theregistration interfaceto
section7.

5.1.1 The Systemstart Request

A startrequestto thesystemactorcantakeoneof threeforms.If sentfrom another
actorit takestheform:

system
<sender>
start
<name> <executable> <argv[1]> ... <argv[N]>

If it is sentfrom theIOPGUI front endit takestheform:

(<sender> start <name> <executable> <argv[1]> ... <argv[N]>)

If it is requestedwithin the.ioprc �le, thenit takestheform:

start <name> <executable> <argv[1]> ... <argv[N]>

In responseto sucharequest,thesystem�rst �nds auniquenew actornamebased
on <name>1, it thencreates,andregisterswith the system,an actorwhoseexe-
cutableis namedby <executable> , whoseargumentarrayis argv , argv[0]
is setto betheactor's uniquename,call it nameN. If thesystemactorsuccessfully
createsanew actor, it replieswith

<sender>
system
startOK nameN

If is unsuccessfulit replieswith:

<sender>
system
startFAILED nameN

The start requestis ratherrobust andsucceedseven if the newly createdactoris
stillborn, for exampleif <executable> fails to namean executable�le in the
�le system.Down in theverydepthsof theimplementationthenew actoris created
via anew process,suitablycon�gured,executing:

1If <name> is uniqueasis, thenthis is thenamechosen.Otherwisetheadditionof thesmallest
numericsuf�x thatmakesthenameuniqueis chosen.
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execvp(executable, argv);
// report error and unregister here
exit(EXIT_FAILURE);

whereargv is asdescribedabove.2 If this call to execvp fails, an error report
is sentto theGUI, andthestillborn actoris removed from theregistry datastruc-
tures.However, theparentactorwill still respondwith asuccessmessage.It is the
new actor's processthat seesthe failure of the execvp , whereasit is the parent
that repliesto the request. Now the child could reply with failure, but the par-
ent would still reply with success,sincethe parentdoesn't seethe failure. Thus
startFAILED will only happenfor prettyfatalreasonslike runningoutof mem-
ory etc.

Somesimpleexamplesof startrequestsare:

(user start maude iop_maude_wrapper /usr/local/maude-linux/bin)
(user start maude iop_maude_wrapper /usr/local/maude-linux/bin)
(user start graphics2d iop_graphics2d_wrapper /usr/iop)
(user start filemanager iop_filemanager)

In the casethat the newly createdactor itself wishesto createactors,it will
needto be ableto registerthemwith the registry. To do this it mustbe prepared
to receive thenamesof theFIFOsto use.For this weusethestrings*FIFO_IN*
and*FIFO_OUT* to indicatewherein the argv array, the newly createdactor
expectsthem.Sofor exampleto startthesocketfactoryactor, by hand,requiresthe
following incantations:

(user start socketfactory iop_socketfactory *FIFO_IN* *FIFO_OUT*)

Thesewild cardsareonly neededin thecaseof actors,which themselvespro-
create,thatarewritten in theearlierversionsof IOP, thatdo not make useof the
registrationinterfaceto thesystemactor, but ratherusethemeta-actorcommuni-
cationinfrastructure.We will describein section7 how to write actorsandincor-
poratetheminto thesystem.

5.1.2 The Systemstop Request

A stoprequestto thesystemactortakestheform

2Thereis, by force,oneexceptionto this rule. If theexecutableis java , thenargv[0] is also
java . This is becausejava refusesto go by any othername.For this reason,if an actorwritten
in java needsto know its name,thenwe implementit asa two processactor, the�rst processis a
simpleC wrapperprocessthat actsasa go between.For example,this is true of the Graphics2D
actor.
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system
<sender>
stop
<name>

or from theIOPGUI front end:

(<sender> stop <name>)

In responsetosucharequestthesystemterminatestheactorwhosenameis<name>,
usingthekill signal,andderegistersit from thesystem.Deregisteringanactorin-
volvesremoving it from all of thesystem's internaldatastructures,in particularany
FIFOsassociatedwith theactorareremovedfrom the�le system.If successful,it
replieswith

<sender>
system
stopOK <name>

If is unsuccessful,it replieswith:

<sender>
system
stopFAILED <name>

Thoughtheonly reasonit canbeunsuccessfulis if <name> is not recognizedasa
valid actornamein thesystem.Requestingthat thesystemactorstopitself is the
sameasshuttingdown IOP gracefully.

5.1.3 The Systemselect Request

A selectrequestto thesystemactortakesonof threepossibleforms.As amessage
sentto thesystemactorit takestheform:

system
<sender>
select
<name>

As amessagesentfrom theIOPGUI front endit takestheform:

(<sender> select <name>)

Or asacon�gurationrequestin the.ioprc �le, it takestheform:

select <name>

In responseto sucha requestthe systemrequeststhat the GUI front endsetsthe
namedactorto be theselectedactor. Theselectedactorin this senseis theactor
whosenameappearsin thechoicewidget,andwho is the targetof any requested
messagesentfrom theGUI. Thereis no reply to aselectrequest.
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5.2 The GUI Actor

CurrentlytheGUI actoracceptsno actorrequests.Its role in thesystemis purely
asagraphicaluserinterface.

5.3 The Graphics 2D Actor

TheGraphics2D Actor is simplyanentrypoint to theinterpreterof theJLambda
language[4]. Thusthegenericrequesttakestheform

graphics2d
<sender>
<jlambda expression>

or from theIOPGUI front end:

(<sender> <jlambda expression>)

which simply resultsin theGraphics2D actorevaluatingthesuppliedexpression
in a separatethreadof execution.3 Thereis no built in responseto sucha request.
If a requestis desired,thenit shouldbecodedinto theform of theexpressionto be
evaluated.For exampleif onesendsthe following two messagesto theGraphics
2D actorfrom theGUI front end

(user
(define respond

(actor msg)
(sinvoke "g2d.util.ActorMsg"

"sendActorMsg"
java.lang.System.out

(concat actor
"\ngraphics2d\n"
msg
"\n"))))

(user (apply respond "user" "hey!"))

the�rst will resultin noresponse,while thesecondwill subsequentlyrespondwith

user
graphics2d
hey!

3In the exampleswe assumethat we are talking to the �rst actor enrolledwith that name,if
therewereseveralsuchactorswith thesamenamepre�x, thenmessageswould beaddressedto, for
example,graphics2d<n>
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andwill bedisplayedin theGUI'soutputanderrorwindow.
While the Graphics2D actorwasoriginally designedto processanddisplay

graphicalinformation,its functionalityfar exceedsthis. SincetheJLambda lan-
guageprovides an interpretedinterface to the entire Java classlibraries, most
things,if they canbedonein Java,canbedoneby suitablerequeststo theGraphics
2D actor. Weplanto produceJLambda librariesthatmaketheremainingactorsin
thissectionlargely redundant.Thoughthereis nothingto stoptheuserfrom doing
this themselves.

5.4 The FilemanagerActor

TheFilemanageractorprovidesrudimentaryaccessto theunderlying�le system.
It canbeaskedto readfrom, write to, andappendto �les.

5.4.1 The Filemanagerread Request

A readrequestto theFilemanageractortakesthefollowing form:

filemanager
<sender>
read
<file>

or from theIOPGUI front end:

(<sender> read <file>)

In responseto sucha request,the �lemanagerattemptsto openthespeci�ed �le,
lock it, andreadits contents.If successfulit repliesto the <sender> with the
appropriatecontents.If it fails it logs the reasonout to theerror logging �le and
replieswith a failuremessage.

<sender>
filemanager
contents <file>
<text>

or

<sender>
filemanager
readFailure
<file>
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5.4.2 The Filemanagerwrite Request

A write requestto theFilemanageractortakesthefollowing form:

filemanager
<sender>
write
<file>
<text>

or from theIOPGUI front end:

(<sender> write <file> <text>)

In responseto sucharequest,the�lemanagerattemptsto openthe�le, lock it, and
write thesuppliedtext out to the�le. The�le is createdif it doesn't alreadyexist.
Thepreviouscontentsof the�le arelost. If it fails it logsthereasonout to theerror
logging�le, andreplieswith a failuremessage.

<sender>
filemanager
writeOK
<file>

or

<sender>
filemanager
writeFailure
<file>

5.4.3 The Filemanagerappend Request

An appendrequestto theFilemanagertakesthefollowing form:

filemanager
<sender>
append
<file>
<text>

or from theIOPGUI front end:

(<sender> append <file> <text>)

In responseto sucharequest,the�lemanagerattemptsto openthe�le, lock it, and
appendthesuppliedtext outto the�le. The�le is createdif it doesn't alreadyexist.
If it fails it logs thereasonout to theerror logging �le, andreplieswith a failure
message.
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<sender>
filemanager
appendOK
<file>

or

<sender>
filemanager
appendFailure
<file>

5.4.4 FilemanagerNotes

The�lename in any of the�lemanagerrequestsmaybeof theform ˜/path . Here
˜ will be interpretedas the homedirectoryof the userrunning this instanceof
iop . All �le locking is donevia fcntl , excepton Mac OSX, whereit is done
via flock becauseof Mac OSX fcntl idiosyncrasies.

5.5 The Socketfactory Actor

TheSocketfactoryActor knows thenumberof:

� clientsit hassuccessfullycreated,<clientNo> .

� listenersit hassuccessfullycreated,<listenerNo> .

5.5.1 The Socketfactory openclient Request

An openclient requestto theSocketfactoryactortakesthefollowing form:

socketfactory
<sender>
openclient
<host>
<port>

or from theIOPGUI front end:

(<sender> openclient <host> <port>)

In responseto sucha request,it attemptsto connectto thespeci�ed<host> and
<port> . If successfulit createsa new socket actorcorrespondingto thatsocket
connection.It thenrepliesthe therequestwith thenameof thenew socket actor.
Thecreatedactor's nameis of theform:
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"clientsocket<clientNo>"

If it is successfulit replieswith amessageof theform:

<sender>
socketfactory
openClientOK
<client socket name>

Otherwiseit replieswith:

<sender>
socketfactory
openClientFailure

5.5.2 The Socketfactory openlistener Request

TheopenlistenerSocketfactoryrequesttakesthefollowing form:

socketfactory
<sender>
openlistener
<port>

or from theIOPGUI front end:

(<sender> openlistener <port>)

In responseto sucha request,it attemptsto createa listeningsocket on thegiven
port. If successfulit createsanew listeneractor(with clientactor<sender> ) that
encapsulatesthatlisteningsocket. Thenameof thelisteneractoris of theform:

"listener<listenerNo>"

If successfulit respondswith themessage:

<sender>
socketfactory
openListenerOK
<listener name>

Otherwiseit respondswith a failurenoti�cation:

<sender>
socketfactory
openListenerFailure
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5.5.3 SocketFactory Notes

TheSocketFactoryactorhasasignalhandlerthatwaitsonany child in responseto
a SIGCHLDsignaldelivery. This preventstheexiting of any spawnedactorsfrom
remainingin thesystemaszombies.

5.6 The Socket Actor

TheSocket Actor knows thesocket that it correspondsto, andwhetheror not it is
still open.It alsokeepstrackof thenumberof requests,thoughthis is notused.

5.6.1 The Socket read Request

TheSocket readrequesttakesthefollowing form:

socket
<sender>
read
<no of bytes>

or from theIOPGUI front end:

(<sender> read <no of bytes>)

In responseto sucha request,if the socket is still openit attemptsto readthe
speci�ed numberof bytesfrom thesocket. This is taken to be an upperlimit. If
this readis successful(i.e. readsa non-zeronumberof bytes)it thenreplieswith
the numberof bytesread,andthe actualbytesread. If it fails eitherbecausethe
socket hasbeenclosed,or thereadfailed,thenit logsthereason,andreplieswith
a failuremessage.

If successfulit replieswith:

<sender>
socket
readOK
<no of bytes read>
<bytes>

or

<sender>
socket
readFailure

otherwise.
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5.6.2 The Socket write Request

TheSocket write requesttakesthefollowing form:

socket
<sender>
write
<no of bytes>
<bytes>

or from theIOPGUI front end:

(<sender> write <no of bytes> <bytes>)

In responseto sucha request,if the socket is still open,and<no of bytes>
is nonzero,it attemptsto write thespeci�ednumberof bytesto thesocket. If this
write is successful(i.e. it wrotesomebytessuccessfullyout to thesocket) it then
replieswith thenumberof bytesactuallywritten. If it failseitherbecausethesocket
hasbeenclosed,or the write failed, it logs the reasonandreplieswith a failure
message.If the <no of bytes> was larger thanthe numberof <bytes> it
wassuppliedwith thenit writesasmuchasit can.

If successfulit replieswith:

<sender>
socket
writeOK
<no of bytes written>

or

<sender>
socket
writeFailure

otherwise.

5.6.3 The Socket close Request

TheSocket closerequesttakesthefollowing form:

socket
<sender>
close

or from theIOPGUI front end:

(<sender> close)
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In responseto sucha request,if thesocket is still openit closesit, andremembers
this fact, so subsequentrequestswill alwaysfail. If the socket is alreadyclosed,
this like all the other requestswill result in a fail reply. Upon closing the actor
unregisterswith theregistry, thenexits. Theprocessof unregisteringis not instan-
taneous.

If successfulit replieswith:

<sender>
socket
closeOK

or

<sender>
socket
closeFailure

otherwise.

5.7 The Listener Actor

The ListenerActor knows the listeningsocket that it is managing.It alsoknows
the numberof connectionsthat have beenmade. A listeneractoralso knows a
client actor<client> , theonethat requestedits creation.It is to this actorthat
it sendsthenamesof thesocket actorsit generatesper incomingconnection.The
listenerhastwo threads.Onethreadmonitorsthelisteningsocket,theotherhandles
incomingmessages.

5.8 The Listener close Request

listener
<sender>
close

or from theIOPGUI front end:

(<sender> close)

If thelistenersocket is still openit closesit, andremembersthisfact,sosubsequent
requestswill alwaysfail. If the listeneris alreadyclosed,this will resultin a fail
reply. After successfullycompletingthisshutdown proceduretheactorunregisters
with theregistry, thenexits. Theprocessof unregisteringis not instantaneous.

If successfulit replieswith themessage:
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<sender>
listener
closeOK

otherwiseit replieswith a failurenoti�cation:

<sender>
listener
closeFailure

Thelisteningthreaddoesnotacceptcommands.
All it doesis listen on it' s port, whena connectionis madeit createsa new

socket actor, whosenamewill beof theform:

"connectionsocket.<listener pid>.<requestNo>"

andreplies:

<client>
listener
newConnection
<connection socket name>

5.8.1 Listener Notes

The Listeneractorhasa signalhandlerthat waits on any child in responseto a
SIGCHLDsignaldelivery. This preventsthe exiting of any spawnedactorsfrom
remainingin thesystemaszombies.

5.9 The Executor Actor

Theexecutoractorallows otheractorsto executecommandsin theunderlyingop-
eratingsystem.

5.9.1 The Executor executor Request

An Executorexecutorrequesttakesthefollowing form:

executor
<sender>
<command>

or from theIOPGUI front end:

(<sender> <command>)
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In responseto sucha request,theexecutorforks off a child process,which using
theCroutinesystem() executesthecommandspeci�edby calling

/bin/sh -c <command>

Oncethesystemcall hasended,thechild processrespondsto the<sender> with
theappropriateexit code,asdescribedby thestandardC library.

<sender>
executeOK
<exit code>

Notethatbecausetheforkedchild will sharetheparent's �le descriptortable,any
output to stdout by the child will be directedto the registry, andpresumably
resultin confusion.For thisreasonit is bestto designone'scommandsto besilent.
Output to stderr will, like any otheractor's error stream,be redirectedto the
outputanderrorwindow of theGUI, seesection4 for moredetails.

5.9.2 Executor Notes

The Executoractorhasa signalhandlerthat waits on any child in responseto a
SIGCHLDsignaldelivery. This preventsthe exiting of any spawnedactorsfrom
remainingin thesystemaszombies.

6 The .ioprc File

The.ioprc �le, whichshouldbesituatedin theusershomedirectory, allows for
customizationof IOP. Hereis asample:

/home/iop/SRI/PlethoraOfDemos/input.t xt
#this file is /home/iop/.ioprc
#this is a comment
font size = 12
#font style = bold
font type = Lucinda Sans
show font familes = true
window width = 550
window height = 550
start maude iop_maude_wrapper /usr/local/maude-linux/bin
#This is the location of my maude ˆˆˆˆˆˆˆˆˆˆˆˆˆˆˆˆˆ ˆˆˆˆˆˆˆˆˆ
#Yours might vary!
#start socketfactory iop_socketfactory *FIFO_IN* *FIFO_OUT*
start graphics2d iop_graphics2d_wrapper /usr/iop
#This is the location of my iop binaries ˆˆˆˆˆˆˆˆ
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#Yours might vary!
#start executor iop_executor
#start filemanager iop_filemanager
#start pvs iop_pvs_wrapper
select maude

An IOP startedwith sucha .ioprc �le will have a squaregeometry. It will
alsohave asits font twelve point LucindaSans. It will includea long list of all
fontsavaiablein thesystemin its initial errorwindow. It will consistof thesystem,
GUI, Maude,and Graphics2D actors. The currentlyselectedactor in the GUI
choicewidgetwill beMaude.

7 Writing and Incorporating New Actors

Incorporatingnew actorsinto thesystemis relatively simple,especiallyif thenew
actorsthemselvesdo not requiretheability to createothernew actors.Typicalex-
amplesof theseactorswould be new formal reasoningtools. Incorporatingnew
actorsthatcanthemselvescreateotheractorsrequireseitherfollowing therequired
protocolsnecessaryfor meta-actorcommunicationwith theregistry, seesection3
for a descriptionof thevariousformsof communication,or usingthenewer regis-
tration interfacewith thesystemactor.

Wewill dealwith thesimplecaseof actorsthatdonotneedto procreate,before
covering the morecomplex case.An new actorwill, invariably, be incorporated
into thesystemby astart requestto thesystemactor, section5.1,eitherdirectly
or at startupin the.ioprc �le. Consequently, webegin by lookingat thisstepin
a little moredetail.

A startrequestto thesystemactortakestheform:

system
<sender>
start
<name> <executable> <argv[1]> ... <argv[N]>

In responseto sucharequest,thesystem�rst �nds auniquenew actornamebased
on <name>. If <name> is uniqueasis, thenthis is thenamechosen.Otherwise
theadditionof thesmallestnumericsuf�x thatmakesthenameuniqueis chosen.
It thencreates,andregisterswith thesystem,anactorwhoseexecutableis named
by <executable> , whoseargumentarrayis argv , argv[0] is setto be the
actor's uniquename,call it nameN. Thecreationprocessinvolves:

� CreatingthreeFIFOs,oneeachfor standardin, out anderror. TheseFIFOs
arecreatedin /tmp/ , andarecalled

21



iop_<pid>_<nameN>_IN
iop_<pid>_<nameN>_OUT
iop_<pid>_<nameN>_ERR

respectively. Here<pid> is theprocessidenti�er of themainiop process.

� A new processis fork edoff, andits standardin, out anderrorstreamsare
redirectedto thecorrespondingFIFOs.

� Thenew processthenexecutes

execvp(executable, argv);
exit(EXIT_FAILURE);

whereargv is asdescribedabove.

� Finally thenew actoris registeredwith thesystem.This involves,amongst
otherthings,creatingseparatethreadsto monitorbothoutanderrorstreams
of thenewly createdactor.

As a consequenceof this, writing an actorinvolvespayingattentionto the name
oneis christenedwith, i.e. argv[0] , andusingtheappropriatemessageformat
whenwriting to standardout, namelythe transportlayer describedin section3.
In the transportlayer a messageconsistssimply of a line of text representinga
number(i.eanintegerin baseten),followedby thatspeci�ednumberof bytes.For
examplein Java thiscanbeachievedusingthefollowing library

public static void sendActorMsg(OutputStream dest, String body){
String message = "" + body.length() + "\n" + body;
try{

dest.write(message.getBytes("US-AS CII")) ;
}catch(Exception e){ IO.err.println(e); }

}

routinein theActorMsg of thepackageg2d.util , asdescribedin section5.3.
The new actorwill alsoneedto parseincoming input on standardin. This also
follows thesameformatof line of aline of text representinganumber, followedby
exactly thatmany bytes.Dueto historicalreasonsthetext thatfollows is enclosed
in parentheses,with theparenthesesbeingincludedin thebytecount.

The above describeshow thesystemactorcreatesan actor. If an actor, other
thanthe systemactor, needsto createanotheractor, the processdescribedabove
is modi�ed slightly in two places.Firstly, theactordoingthecreatingmustvouch
for theuniquenessof thenewly createdactor's name.Secondly, thesystemactor
mustbenoti�ed of it' s creation,sothatmessagesto andfrom thenew actorcanbe
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monitored.Thiscaneitherbedoneusingthelow level metaactorcommunication,
or elseby usingthenewer registration interfacewith thesystemactor.

Theregistration interfaceof thesystemactorinvolvesthreenew requests:an
uniquenamerequest,an enrollment request,and an unenrollment request. The
uniquenamerequestallowsanactorto obtain,from thesystemactor, anew unique
namefor it to usein christeninga newly spawned actor. This newly spawned
actor can then be registeredwith the systemusingan enrol request,the request
must containthe necessaryinformation for the systemto incorporateit into its
communicationinfrastructure.A spawnedactorcanexit thesystemby sendingthe
systemanunenroll request.

7.1 The Systemname request

In orderto guaranteethatactorsin thesystemhaveuniquenames,thesystemactor
providessuchaservice.A uniquenamerequestto thesystemactortakestheform:

system
<sender>
name
<name>

or if it is sentfrom theIOPGUI front endit takestheform:

(<sender> name <name>)

In responseto sucharequest,thesystem�rst �nds auniquenew actornamebased
on <name>. If <name> is uniqueasis, thenthis is thenamechosen.Otherwise
theadditionof thesmallestnumericsuf�x thatmakesthenameuniqueis chosen.
If nameNis thisuniquename,thenthesystemactorrespondswith themessage

<sender>
system
nameOK <name> nameN <iop pid>

where<iop pid> is theuniqueprocessidenti�er of thecurrentiop system.If
therequestcannotbesatis�ed,thenthesystemrespondswith a failuremessage.

<sender>
system
nameFAILED <name>

The participatingactor is then free to use this nameto createa new actor.
This involves, amongstother things, making the appropriateFIFOs, redirecting
the new processesstandardstreamsto theseFIFOs,andinforming the new actor
of its uniquename. The processidenti�er of the iop processis includedin the
reply to assistin makingsurethenecessaryFIFOswill beuniqueto thisparticular
runningIOP system.Thespawnedprocesscanthenberegisteredwith thesystem
usingtheenroll request.
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7.2 The Systemenroll request

Oncea new actorhasbeenspawnedby anotheractor in the system,it needsto
be registeredwith the systemactor, so that, for example,it' s out going mail can
be handled,and any incoming mail can be forwarded. To register an actor the
systemneedsto know it' suniquename(asagreedwith thesystemby aprior name
request),its uniqueprocessidenti�er (so it canbe shutdown at the appropriate
time),andthenamesof theFIFOs(somail canbehandled,andlaterat shutdown,
they canberemoved from the �le system).An enroll requestto thesystemactor
takestheform:

system
<sender>
enroll
<name>
<pid>
<in_fifo>
<out_fifo>
<error_fifo>

or if it is sentfrom theIOPGUI front endit takestheform:

(<sender> enroll <name> <pid> <in_fifo> <out_fifo> <error_fifo>)

If thesystemactorsuccessfullyregistersthenew actor, it replieswith

<sender>
system
enrollOK <name>

If is unsuccessfulit replieswith:

<sender>
system
enrollFAILED <name>

7.3 The Systemunenroll request

Whenvoluntarily exiting thesystem,it is regardedaspolite to notify thesystem.
This allows the systemto remove the FIFOsfrom the �le system,andreusethe
nameif required.This is donevia theunenroll request.An unenrollrequestto
thesystemactortakestheform:

system
<sender>
unenroll
<name>
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or if it is sentfrom theIOPGUI front endit takestheform:

(<sender> unenroll <name>)

Thesystemactordoesnot reply directly to thesender, sinceit mayno longerbea
goingconcern.It doessendthefollowing to thestandarderrorstream:

<sender>
system
unenrollOK <name>

If is unsuccessfulit sends:

<sender>
system
unenrollFAILED <name>

soeitherway, someresponsewill appearin thelowerGUI window.
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