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1 CurrentVersion& RecentChanges

The currentversionof IOP is 0.14 . An earlierversionof IOP (0.08 ) wasde-
scribedn [1] andis supersedely thisone. Themostrecenichangesn thesystem,
in goingfrom0.12 t00.14 ,isthepromotionof theregistryto thestatusof anac-
tor, calledthe systemactor andthe stableincorporationof the Graphics2D actor
Thesechangesparticularlytheformer, have allowedthe systento becon gurable
via instructionsin the .ioprc ~ le. Thedefault now is for IOP to only startup
with theminimal setof actors:thesystemandthe GUI front end. This hasthecon-
sequencé¢hattheoptionalMaude le onthecommandine is nolongersupported.

TheregistryisthesameaJNIX processasthesystemactor soin this senseahey
aresynorymous.However therearemorefacetsto theregistry thanjustits role as
the systemactor sowe will not usethe two termsinterchangeablyPreferingthe
term registry to emphasizdts multifacetednature,when indeedwe are talking
aboutmorethanjustits role asanactorin thesystem.

2 CommandLine Arguments
Theusualwayto startup IOP is via thecommand:
iop

IOP understandthreecommandine switches:

-a (defaultactors)

-n (nowindows)

-d (delug ag on)

and of courseall eight combinations. The-a ag will causelOP to createat
startup,in additionto the systemandGUI actors the other ve actorsdescribedn

sectionb. It alsoinvalidatesary systemactorrequestshatmayappeain theusers
doprc  le. The-n will preventthesystemfrom startingthe GUI front end,and
use,insteadaminimalisticcommandine loop. Finally the-d turnsondehugging
ags in boththeiop andregistry processesandis usedfor deluggingpurposes.

3 The General Ar chitecture

IOP's designis basedn theactormodelof distributed computatiori2]. IOP con-
sistsof a pool of actorsthatinteractwith oneanothervia asynchronousnessage



passing.Thepool of actorsis dynamic,it maygrow or shrinkastime goesby. Ac-

torscanbeinitial actors,createdat startup,or be createdoy anotheractoralready
in the systemin response&o someevent, suchasanactorreceving a messageor

reactingto someexternalaction,suchasaconnectiorbeingmadeto asoclet. New

actorscanalsobe createdoy explicitly askingthe systemactorto do so, by send-
ing it a startrequest.Thoughstrictly speakinghisis just a specialcaseof anactor
beingcreatedn responsdo anevent. Thecollectionof actorscreatecdat startupis

easilycon gurableandnew actorscanbedesignecandaddedo thesystem.

An actorin IOP usuallyis simplyaUNIX styleprocesshathasbeenregistered
with the systemaccordingto a simpleprocedure Part of this registrationprocess
involves allocatingthreeFIFOs, or UNIX style namedpipes,andredirectingthe
actorsstdin , stdout andstderr le descriptorgo thesespecialles [3].

Invoking IOP from thecommandine resultsin thefollowing startupprocedure
taking place. The rst processpeingthe main of IOP, parsegshe commandine
amgumentsandcreateghe registry or systemactor the GUI actor (if the-n ag
is absent),andthe other ve actorsif the-a ag is present. After startupthe
main actsmainly asa signalhandley ensuringcleanandgracefulshutdevn. If
the-a ag is absentthenit is theregistry thatcreatesandcon guresthe system
accordingto theinstructionsin the..ioprc  le. Theregistry keepstrack of the
currentactors andmaintainghelinesof communicatiorbetweertheseactors.The
GUI frontend,picturedin gure 4, providestheusermwith aneasymeanf sending
message ary of theactorsin thesystem.Theupperpartcanbeusedto compose
messageso be sentto ary of the IOP actors. A le of precomposednessages
can be loaded,seesection6, and message=dits can be saved. The lower part
displaysary outputfrom theactorsthatis notinteractorcommunicatior{errorsor
message® theuser).

The registry maintainsa list of all the actorsthat are registeredwith it. It
performsseveral functions,andmaintainsthreelines or forms of communication.
Thethreeformsof communicatiorare:inter-actor communicationmessagesent
from oneactorto anothermeta-actorcommunicationactorsnotifying theregistry
of the birth or deathof actors;andinterfacecommunicationcommunicatiorbe-
tweentheregistry andactorswith the GUI front end. Eachtype of communication
hasa dedicatednfra-structurghatsupportst. In the caseof inter-actor communi-
cation,eachregisteredactorin the systemhasthreeFIFOs,in /tmp/ , associated
with it. For eachactorin the systemthere are threededicatedregistry threads,
oneto monitoreachFIFO thatis associateavith theactorsstdin , stdout and
stderr  le descriptors.Theregistry alsohastwo FIFOs(againin /tmp/ ) that
areusedin variousmeta-communicationsuchasthe registeringof a newly cre-
atedactor or from anactorpolitely informing the systemof its imminentdemise.
All les in /tmp/ incorporatento their namethe uniqueprocessdenti er of the
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main processassociatedvith them, hencemultiple IOP's on the samemachine
do notinterferewith oneanother Finally theregistry communicatesvith the GUI
front endby usingtwo soclet connectiongstablishedt startup.

Interactor communicationis purely ASCII text, andis implementedn two
layers,the userlayer, andthe transportlayer. In the transportlayer a message
consistssimply of aline of text representingenumber(i.e anintegerin baseten),
followed by that speci ed numberof bytes. The userlayer, implementedon top
of thetransportiayer, consistf theaddres®of thetamgetactor the addres®f the
sendingactor followed by the body of themessagegachonanew line:

maude
graphics
show mauderule 25

This samemessageanbe sentfrom the GUI by selectingMaude asthedesti-
nation,andsendinghetext (graphics show mauderule 23) . Eitherway
themessagés transmittedn thetransporiayerasthe sequencef bytes:

33\nmaude\ngraphics\nshow mauderule  25\n

Simple librariesimplementthe userlayer on top of the transportlayer, and
allow for reliablecrossplatformandarchitecturendependentommunication.



4 The GUI Front End

The GUI front end, depictedin gure 4, allows the userto interactwith ary
actorin the system.It consistsfrom top to bottom,of a menubar, a buttonpanel,
theinputwindow, andthe outputwindow. Therearemultiple redundancies the
designof this GUI interface. Anything that canbe donewith the menubar, can
also be donewithout it. Either by control sequencespr in the caseof sending
messagedyy usingthe button panel. The menubarcanbe consultedo establish,
onaparticularoperatingsystemthe correspondingontrolsequences.

Theinputwindow is a rudimentarytext areaallowing the userto format,and
sendmessage$o ary particularactorin the system. The text sentto the chosen
actorcaneitherbeasingleline of text, theselectear highlightedtext, of thewhole
buffer. Selectinghetamgetactoris doneby usingthechoicewidgetin theright side
of the button panel. This canalsobe doneprogrammaticallyin the .ioprc  le

(seesection4 for moredetails),or by messaginghe systemactor(seesection5.1
for moredetails).



Thetext in this text areacanbe loadedin oneof threeways: manuallyusing
eitherthemenubar, or the controlsequencassociateavith le loading;by speci-
fying thefull pathof the le asthe rst linein theusers.ioprc  le, seesectiorb;
or automaticallyat startup,by namingthe le input.txt , andplacingit in the
directorywhereyou executedtheiop command.This lastmethodis usuallythe
mostpractical. One hasa directorywith various les oneis usingfor the current
project,andamongstheseis the input.txt le, thatsenesarole similarto a
rudimentarymakefile

Theoutputanderrorwindow is a non-editablgext areathatdisplaysthe error
streamf all theactorsin the systemaswell asary actormessagéhatis sentto
anunrecognize@ctor anameof anactornotrecognizedy the system.Typically
ary messagaddressetb theuser actorwill shav up here,aslongasthe system
is con guredsothatthereis nobona de actorby thatname.

5 The Actors

The IOP systemcurrentlycomeswith sesen built-in actors.They are: the system
actor the GUI actor themaudeactor thegraphics2D actor the executoractor the
lemanageractor andthe socletfactoryactor

Theseserenmay all be launchedwith the systemat startup by the command
iop -a. Onlythe rst two arelaunchedby default, usingthe commandiop .
Only the rst is compulsoryandit aloneis launchedusingthecommandop -n.
Alternately eachindividual actor (otherthanthe systemactor) may be explicitly
startedup by requestinghe systemactorto do so. We describeactoreachin turn.

5.1 The SystemActor

The rst majordifferencebetweenversion0.12 and0.14 of IOPistheelevation
of the registry to the statusof an actorin the system. This wasdoneto enable
the startingpool of actorsto be easilycustomizablegitherby directly sendingthe
systemactor astheregistry is now known, arequesto eitherstartor stopanactor
Or by describingthedesiredactorsat startupin the.ioprc  le, seesection6 for
moredetails. The systemactoralsoresponddo a selectrequestwhich resultsin
the speci ed actor being chosenasthe currently selectedactorin the GUI front
end. Again, sucha requesicanalsobe madefrom the .ioprc  le. Thesethree
commandsnake up the con guration interfaceto the systemactor Thereis alsoa
new registrationinterfacethatconsistof threeotherrequestsThesehreerequests
that the systemactorresponddo are: a namerequestan enwll requestandan
unenoll request.Theserequestaredesignedo make it relatively easyfor users



to programtheir own actorsinto the system.In particular for thesenew actorsto
beableto spavn new actorsin the systempy usingthis registrationinterface. We
will discusghecon guration interfacehere,andleave theregistration interfaceto
section?.

5.1.1 The Systemstart Request

A startrequesto thesystemactorcantake oneof threeforms. If sentfrom another
actorit takestheform:

system

<sender>

start

<name> <executable>  <argv[l]> ...  <argv[N]>

If it is sentfrom the IOP GUI front endit takesthe form:

(<sender> start <name> <executable>  <argv[l]> ... <argv[N]>)
If it is requestedvithin the.ioprc  le, thenit takestheform:

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

In responséo sucharequestthesystemrst nds auniguenew actornamebased
on <name>1, it thencreatesandregisterswith the system,an actorwhoseexe-
cutableis namedby <executable> ,whoseamgumentarrayis argv , argv[0]

is setto betheactors uniguename call it nameN If thesystemactorsuccessfully
createsnew actor it replieswith

<sender>
system
startOK  nameN

If is unsuccessft replieswith:

<sender>
system
startFAILED nameN

The startrequests ratherrobust andsucceedvenif the newly createdactoris

stillborn, for exampleif <executable> fails to namean executablele in the

le system.Down in theverydepthsof theimplementatiothenew actoris created
via anew processsuitablycon gured,executing:

If <name> is uniqueasis, thenthis is the namechosen Otherwisethe additionof the smallest
numericsufx thatmalkesthe nameuniqueis chosen.



execvp(executable, argv);
/Il report error and unregister here
exit(EXIT_FAILURE);

whereargv is asdescribedabore? If this call to execvp fails, anerrorreport
is sentto the GUI, andthe stillborn actoris remaoved from the registry datastruc-
tures.However, theparentactorwill still respondwith asuccessnessagelt is the
new actors procesghat seesthe failure of the execvp , whereast is the parent
that repliesto the request. Now the child could reply with failure, but the par

entwould still reply with successsincethe parentdoesnt seethe failure. Thus
startFAILED  will only happerfor prettyfatalreasondike runningout of mem-

ory etc.
Somesimpleexamplesof startrequestare:

(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 lusrliop)
(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 receve the namesof the FIFOsto use.For this we usethe strings*FIFO_IN*
and*FIFO_OUT* to indicatewherein theargv array the newly createdactor
expectsthem.Sofor exampleto startthe socletfactoryactor by hand,requireshe
following incantations:

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

Thesewild cardsareonly neededn the caseof actorswhich themselespro-
create thatarewritten in the earlierversionsof IOP, thatdo not malke useof the
registrationinterfaceto the systemactor but ratherusethe meta-actocommuni-
cationinfrastructure We will describen section7 how to write actorsandincor
poratetheminto the system.

5.1.2 The Systemstop Request

A stoprequesto the systemactortakestheform

2Thereis, by force, oneexceptionto this rule. If theexecutablds java , thenargv[0] s also
java . Thisis becausgava refuseso go by ary othername. For this reasonjf anactorwritten
in java needgo know its name thenwe implementit asa two processactor the rst processs a
simple C wrapperprocesghat actsasa go between.For example,this is true of the Graphics2D
actor



system
<sender>
stop
<name>

or from the lOP GUI front end:
(<sender> stop <name>)

In responséo sucharequesthesystenterminatesheactorwhosenames <name>,
usingthekill signal,andderaistersit from the system.Derggisteringanactorin-
volvesremaoving it from all of thesystemsinternaldatastructuresin particularary
FIFOsassociateavith theactorareremovedfrom the le system.If successfulit
replieswith

<sender>
system
stopOK <name>

If is unsuccessfuit replieswith:

<sender>
system
SstopFAILED <name>

Thoughtheonly reasorit canbeunsuccessfuk if <name> is notrecognizedsa
valid actornamein the system.Requestinghatthe systemactorstopitself is the
sameasshuttingdowvn IOP gracefully

5.1.3 The Systemselect Request

A selectrequesto thesystemactortakeson of threepossibleforms. As amessage
sentto the systemactorit takestheform:

system
<sender>
select
<name>

As amessagasentfrom the IOP GUI front endit takestheform:
(<sender> select <name>)
Or asacon gurationrequesin the.ioprc le, it takestheform:

select <name>

In responséo sucha requesthe systemrequestghatthe GUI front endsetsthe
namedactorto be the selectedactor The selectedactorin this senses the actor
whosenameappearsn the choicewidget,andwho is the target of ary requested
messagesentfrom the GUI. Thereis noreplyto aselectrequest.
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5.2 The GUI Actor

Currentlythe GUI actoracceptsio actorrequestslts role in the systemis purely
asagraphicaluserinterface.

5.3 The Graphics 2D Actor

TheGraphic2D Actor is simply anentrypointto theinterpreterf the JLambda
languagd4]. Thusthegenericrequestakestheform

graphics2d
<sender>
<jlambda  expression>

or from thelOP GUI front end:
(<sender> <jlambda expression>)

which simply resultsin the Graphics2D actorevaluatingthe suppliedexpression
in a separate¢hreadof execution® Thereis no built in responséo sucha request.
If arequests desiredthenit shouldbe codedinto theform of theexpressiorto be

evaluated.For exampleif onesendshe following two messageo the Graphics
2D actorfrom theGUI frontend

(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 noresponsewhile thesecondvill subsequentlyespondvith

user
graphics2d
hey!

%In the exampleswe assumethat we aretalking to the rst actor enrolledwith that name, if
therewereseveral suchactorswith the samenamepre x, thenmessagewould be addressetb, for
example,graphics2d<n>
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andwill bedisplayedn the GUI's outputanderrorwindow.

While the Graphics2D actorwas originally designedo processanddisplay
graphicalinformation,its functionality far exceedghis. Sincethe JLambda lan-
guageprovides an interpretedinterface to the entire Java classlibraries, most
things,if they canbedonein Jara, canbedoneby suitablerequests$o the Graphics
2D actor We planto producelLambda librariesthatmake theremainingactorsin
this sectionlargely redundantThoughthereis nothingto stopthe userfrom doing
thisthemseles.

5.4 The FilemanagerActor

The Filemanagernctorprovidesrudimentaryaccesgo the underlying le system.
It canbeasledto readfrom, write to, andappendo les.

5.4.1 The Filemanagerread Request

A readrequesto the Filemanagenctortakesthefollowing form:

filemanager
<sender>
read

<file>

or from the|OP GUI front end:

(<sender> read <file>)

In responséo sucharequestthe lemanagerattemptsto openthe speci ed le,

lock it, andreadits contents.If successfuit repliesto the <sender> with the
appropriatecontents.If it fails it logs the reasonout to the errorlogging le and
replieswith afailuremessage.

<sender>
filemanager
contents  <file>
<text>

or

<sender>
filemanager
readFailure
<file>
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5.4.2 The Filemanagerwrite Request
A write requesto the Filemanageactortakesthefollowing form:

filemanager
<sender>
write

<file>
<text>

or from the|lOP GUI front end:
(<sender> write <file>  <text>)

In respons&o sucharequestthe lemanagerattemptgo openthe le, lockit, and
write the suppliedtext outto the le. The le is createdf it doesnt alreadyexist.
Thepreviouscontentf the le arelost. If it failsit logsthereasoroutto theerror
logging le, andreplieswith afailuremessage.

<sender>
filemanager
writeOK
<file>

or

<sender>
filemanager
writeFailure
<file>

5.4.3 The Filemanagerappend Request
An appendequesto the Filemanagetakesthefollowing form:

filemanager
<sender>
append
<file>
<text>

or from the|OP GUI front end:

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

In responseo sucharequestthe lemanagerattemptdo openthe le, lockit, and
appendhesuppliedtext outto the le. The le is createdf it doesnt alreadyexist.
If it failsit logsthereasonoutto the errorlogging le, andreplieswith afailure
message.
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<sender>
filemanager
appendOK
<file>

or

<sender>
filemanager
appendFailure
<file>

5.4.4 FilemanagerNotes

The lenamein ary of the lemanagerrequestsnaybeof theform“/path . Here
~ will beinterpretedasthe homedirectory of the userrunningthis instanceof
iop . All le lockingis doneviafcntl , excepton Mac OS X, whereit is done
viaflock becausef MacOSX fcntl  idiosyncrasies.

5.5 The Socletfactory Actor

The SocletfactoryActor knows the numberof:
clientsit hassuccessfullycreated<clientNo>

listenerdt hassuccessfullycreated<listenerNo>

5.5.1 The Socketfactory openclient  Request

An openclientrequesto the Socletfactoryactortakesthefollowing form:

socketfactory
<sender>
openclient
<host>
<port>

or from thelOP GUI front end:
(<sender> openclient <host> <port>)

In responséo sucha requestjt attemptgo connectto the speci ed<host> and
<port> . If successfuit createsa new soclet actorcorrespondingo thatsoclet
connection.lt thenrepliesthe the requestwith the nameof the new soclet actor
Thecreatedactors nameis of theform:
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“clientsocket<clientNo>"
If it is successfuit replieswith amessagef theform:

<sender>

socketfactory
openClientOK

<client socket name>

Otherwiseit replieswith:

<sender>
socketfactory
openClientFailure

5.5.2 The Socletfactory openlistener Request

TheopenlistenerSocletfactoryrequestakesthe following form:

socketfactory
<sender>
openlistener
<port>

or from the lOP GUI front end:
(<sender> openlistener <port>)

In responséo sucha requestjt attemptgo createa listeningsoclet on the given
port. If successfuit createsnew listeneractor(with clientactor<sender> ) that
encapsulatethatlisteningsoclet. The nameof thelisteneractoris of the form:

"listener<listenerNo>"
If successfult respondsvith themessage:

<sender>
socketfactory
openListenerOK
<listener name>

Otherwiset respondsith afailurenoti cation:

<sender>
socketfactory
openListenerFailure
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5.5.3 SocketFactory Notes

The SocletFactoryactorhasa signalhandlerthatwaitson ary child in responséo
a SIGCHLDsignaldelivery. This preventsthe exiting of ary spavnedactorsfrom
remainingin the systemaszombies.

5.6 The Socket Actor

The Soclet Actor knows the soclet thatit correspond$o, andwhetheror notit is
still open.It alsokeepsrackof the numberof requeststhoughthisis notused.

5.6.1 The Socketread Request

The Socletreadrequestakesthefollowing form:

socket
<sender>

read

<no of bytes>

or from the IOP GUI front end:
(<sender> read <no of bytes>)

In responsdo sucha request,if the soclet is still openit attemptsto readthe
speci ed numberof bytesfrom the soclet. Thisis takento be an upperlimit. If
this readis successfu(i.e. readsa non-zeronumberof bytes)it thenreplieswith
the numberof bytesread,andthe actualbytesread. If it fails eitherbecausehe
soclet hasbeenclosed,or thereadfailed, thenit logsthe reasonandreplieswith

afailuremessage.
If successfuit replieswith:

<sender>

socket

readOK

<no of bytes read>
<bytes>

or

<sender>
socket
readFailure

otherwise.
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5.6.2 The Socketwrite Request
The Socletwrite requestakesthefollowing form:

socket
<sender>

write

<no of bytes>
<bytes>

or from the|lOP GUI front end:

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

In responsdo sucha request,f the soclet is still open,and<no of bytes>
is nonzero|t attemptso write the speci ed numberof bytesto the soclet. If this
write is successfu(i.e. it wrote somebytessuccessfullyout to the soclet) it then
replieswith thenumberof bytesactuallywritten. If it failseitherbecaus¢hesoclet
hasbeenclosed,or the write failed, it logs the reasonandreplieswith a failure
message.lf the<no of bytes> waslargerthanthe numberof <bytes>

wassuppliedwith thenit writesasmuchasit can.
If successfuit replieswith:

<sender>

socket

writeOK

<no of bytes written>

or

<sender>
socket
writeFailure

otherwise.

5.6.3 The Socketclose Request
The Soclet closerequestakesthefollowing form:

socket
<sender>
close

or from thelOP GUI front end:

(<sender> close)
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In responsé¢o sucharequestjf thesocletis still openit closest, andremembers
this fact, so subsequentequestswill alwaysfail. If the socletis alreadyclosed,
this like all the otherrequestswill resultin a fail reply. Upon closingthe actor
unregisterswith theregistry, thenexits. The procesf unragisteringis notinstan-
taneous.

If successfuit replieswith:

<sender>
socket
closeOK

or

<sender>
socket
closeFailure

otherwise.

5.7 The Listener Actor

The ListenerActor knows the listeningsoclet thatit is managing.It alsoknows
the numberof connectionghat have beenmade. A listeneractoralso knows a
clientactor<client> ,theonethatrequestedts creation.lt is to this actorthat
it sendshe namesof the soclet actorsit generateperincomingconnection.The
listenerhastwo threads Onethreadmonitorsthelisteningsoclet, theotherhandles
incomingmessages.

5.8 The Listener close Request

listener
<sender>
close

or from the|OP GUI front end:

(<sender> close)

If thelistenersocletis still openit closest, andremembersghisfact,sosubsequent
requestswill alwaysfail. If thelisteneris alreadyclosed,this will resultin afail
reply. After successfullcompletingthis shutdevn procedurgheactorunregisters

with theregistry, thenexits. The procesf unragisteringis notinstantaneous.
If successfuit replieswith themessage:

18



<sender>
listener
closeOK

otherwiseit replieswith afailurenoti cation:

<sender>
listener
closeFailure

Thelisteningthreaddoesnotacceptcommands.
All it doesis listenon it's port, whena connectionis madeit createsa new
socletactor whosenamewill beof theform:

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

<client>

listener

newConnection

<connection socket name>
5.8.1 Listener Notes

The Listeneractor hasa signal handlerthat waits on ary child in responseo a
SIGCHLDsignaldelivery. This preventsthe exiting of ary spavnedactorsfrom
remainingin the systemaszombies.

5.9 The Executor Actor
The executoractorallows otheractorsto executecommandsn the underlyingop-

eratingsystem.

5.9.1 The Executor executor Request
An Executorexecutorrequestakesthefollowing form:

executor
<sender>
<command>

or from the|OP GUI front end:

(<sender> <command>)
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In responséo sucha requestthe executorforks off a child processwhich using
theCroutinesystem() executeshecommandspeci edby calling

/bin/sh -c <command>

Oncethesystencall hasendedthe child processespondso the<sender>  with
theappropriatexit code,asdescribedy the standardC library.

<sender>
executeOK
<exit code>

Notethatbecauseheforked child will sharetheparents le descriptortable,ary
outputto stdout by the child will be directedto the registry, and presumably
resultin confusion.For thisreasorit is bestto designone’s commandso besilent.
Outputto stderr  will, like ary otheractors error stream,be redirectedto the
outputanderrorwindow of the GUI, seesectiond for moredetails.

5.9.2 Executor Notes

The Executoractorhasa signalhandlerthat waits on ary child in responseo a
SIGCHLDsignaldelivery. This preventsthe exiting of ary spavnedactorsfrom
remainingin the systemaszombies.

6 The.ioprc File

The.ioprc le, whichshouldbesituatedn theusershomedirectory allows for
customizatiorof IOP. Hereis asample:

/homel/iop/SRI/PlethoraOfDemos/input.t xt
#this file is /homel/iopl/.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 ~TTTTTTYTYTY T -
#Yours might vary!

#start  socketfactory iop_socketfactory *FIFO_IN*  *FIFO_OUT*
start  graphics2d  iop_graphics2d_wrapper lusrliop

#This is the location of my iop binaries 777
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#Yours might vary!

#istart  executor iop_executor
#start  filemanager iop_filemanager
#istart  pvs iop_pvs_wrapper

select maude

An |OP startedwith sucha.ioprc  le will have a squaregeometry It will
also have 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 currently selectedactorin the GUI
choicewidgetwill beMaude.

7 Writing and Incorporating New Actors

Incorporatingnew actorsinto the systemis relatvely simple,especiallyif the new
actorsthemselesdo notrequirethe ability to createothernew actors.Typical ex-
amplesof theseactorswould be newv formal reasoningools. Incorporatingnew
actorsthatcanthemselescreateotheractorsrequireseitherfollowing therequired
protocolsnecessarjor meta-actorcommunicatiorwith theregistry, seesection3
for adescriptionof the variousforms of communicationor usingthe newer regis-
tration interfacewith the systemactor

Wewill dealwith thesimplecaseof actorsthatdo notneedto procreatebefore
covering the more complex case. An new actorwill, invariably be incorporated
into thesystenby astart  requesto the systemactor section5.1, eitherdirectly
or atstartupin the.ioprc  le. Consequent|ywe begin by looking atthis stepin
alittle moredetail.

A startrequesto the systemactortakestheform:

system

<sender>

start

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

In responséo sucharequestthesystemrst nds auniquenew actornamebased
on<name>. If <name> is uniqueasis, thenthis is the namechosen.Otherwise
the additionof the smallestnumericsufx thatmakesthe nameuniqueis chosen.
It thencreatesandregisterswith the system,anactorwhoseexecutables named
by <executable> , whoseargumentarrayis argv , argv[0] is setto bethe
actors uniquename call it nameN The creationprocessnvolves:

CreatingthreeFIFOs,oneeachfor standardn, outanderror TheseFIFOs
arecreatedn /tmp/ , andarecalled

21



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

respectrely. Here<pid> istheprocessdenti er of themainiop process.

A new processs fork edoff, andits standardn, outanderrorstreamsare
redirectedo the correspondingrIFOs.

Thenew procesghenexecutes

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

whereargv is asdescribedabove.

Finally the new actoris registeredwith the system.This involves,amongst
otherthings,creatingseparatéhread€o monitorbothout anderrorstreams
of thenewly createdactor

As a consequencef this, writing an actorinvolves payingattentionto the name
oneis christenedwith, i.e. argv[0] , andusingthe appropriatenessagdéormat
whenwriting to standardout, namelythe transportlayer describedn section3.
In the transportlayer a messageonsistssimply of a line of text representinga
number(i.e anintegerin baseten),followed by thatspeci ednumberof bytes.For
examplein Java this canbe achiered usingthefollowing library

public  static void sendActorMsg(OutputStream dest, String body){
String  message = "™ + body.length() + "\n" + body;
try{
dest.write(message.getBytes("US-AS ciumyy
}catch(Exception e} I10O.err.printin(e); }
}
routinein the ActorMsg of thepackageg2d.util  , asdescribedn section5.3.

The new actorwill alsoneedto parseincominginput on standardn. This also
follows thesameformatof line of aline of text representingnumbey followed by
exactly thatmary bytes.Dueto historicalreasonghetext thatfollows is enclosed
in parenthesesyith the parentheselseingincludedin the byte count.

The above describeshow the systemactorcreatesan actor If anactor other
thanthe systemactor needsto createanotheractor the processlescribedabore
is modi ed slightly in two places.Firstly, the actordoingthe creatingmustvouch
for the uniquenes®f the newly createdactors name. Secondlythe systemactor
mustbenoti ed of it's creation,sothatmessage® andfrom thenew actorcanbe
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monitored.This caneitherbedoneusingthelow level metaactorcommunication,
or elseby usingthe newer registration interfacewith the systemactor

Theregistration interfaceof the systemactorinvolvesthreenew requestsan
unique namerequest,an enwolimentrequest,and an unenollmentrequest. The
uniquenamerequestllows anactorto obtain,from the systemactor anew unique
namefor it to usein christeninga nenly spavned actor This newly spavned
actor canthen be registeredwith the systemusing an enmwl request,the request
must containthe necessarynformation for the systemto incorporateit into its
communicationnfrastructure A spavnedactorcanexit thesystemby sendinghe
systemanunenpll request.

7.1 The Systemnamerequest

In orderto guarante¢hatactorsin the systemhave uniqguenamesthesystemactor
providessuchaservice.A uniqguenamerequesto the systemactortakestheform:

system
<sender>
name
<name>

orif it is sentfrom theIOP GUI front endit takestheform:
(<sender> name <name>)

In responséo sucharequestthesystemrst nds auniquenen actornamebased
on<name>. If <name> is uniqueasis, thenthis is the namechosen.Otherwise
the additionof the smallestnumericsufx thatmakesthe nameuniqueis chosen.
If nameNis this uniquename thenthe systemactorrespondsvith themessage

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

where<iop pid> istheuniqueprocesddenti er of thecurrentiop system.If
therequestannotbe satis ed, thenthe systenrespondsvith afailuremessage.

<sender>
system
nameFAILED <name>

The patrticipatingactor is then free to usethis nameto createa new actor
This involves, amongstother things, making the appropriateFIFOs, redirecting
the new processestandardstreamdo theseFIFOs,andinforming the new actor
of its uniquename. The procesddenti er of theiop processs includedin the
reply to assisin makingsurethe necessary¥IFOswill beuniqueto this particular
runninglOP system.The spavnedprocessanthenberegisteredwith the system
usingtheenroll  request.
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7.2 The Systemenroll request

Oncea new actorhasbeenspavned by anotheractorin the system,it needsto
be registeredwith the systemactor sothat, for example,it's out going mail can
be handled,and arny incoming mail can be forwarded. To register an actorthe
systemneeddo know it' s uniqguename(asagreedwith the systenby a prior name
request),its uniqueprocessdenti er (soit canbe shutdown at the appropriate
time), andthe namesf the FIFOs(somail canbe handled andlater at shutdevn,
they canberemoved from the le system).An enroll requesto the systemactor
takestheform:

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

or if it is sentfrom thelOP GUI front endit takestheform:
(<sender> enroll <name> <pid> <in_fifo> <out_fifo> <error_fifo>)
If thesystemactorsuccessfullyegistersthe new actor it replieswith

<sender>
system
enrollOK  <name>

If is unsuccessfut replieswith:

<sender>
system
enrollFAILED <name>

7.3 The Systemunenroll  request

Whenvoluntarily exiting the systemiit is regardedaspolite to notify the system.
This allows the systemto remaove the FIFOsfrom the le system,andreusethe
nameif required.Thisis doneviatheunenroll  requestAn unenrollrequesto

the systemactortakestheform:

system
<sender>
unenroll
<name>
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orif it is sentfrom the IOP GUI front endit takestheform:
(<sender> unenroll <name>)

The systemactordoesnot reply directly to the sendersinceit mayno longerbea
goingconcern.lt doessendthefollowing to the standarderrorstream:

<sender>
system
unenrollOK  <name>

If is unsuccessfut sends:

<sender>
system
unenrollFAILED <name>

soeitherway, someresponsevill appeain thelower GUI window.
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