
DRM ProgrammingTutorial

MárkJelasity

1 What is this tutorial about?

It is aboutwriting applicationswhich are basedon the DRM API. The DRM (dis-
tributedresourcemachine)is an environmentfor specialmultiagentapplications.A
DRM is a pure fully distributedpeer-to-peernetwork of nodeswhich useepidemic
protocolsto communicatewith eachother. A DRM offers functionality supporting
agentsandcollectives (seeSection7).

This tutorial is usefulfor thosewho wish to usetheDRM directly andnot through
higherlevel libraries,or thosewho usehigherlevel librariesbut want to accesslower
level functionalityaswell.

Section3 guidestheuserto runningthe famous“Hello world!” application.This
will givea basicideaof how a DRM applicationlookslike andhow doesit feel to run
somethingon a DRM. Section4 givesthe readeranoverview of the functionality the
applicationscanuse.Theremainingsectionsdiscussexamplesin detail. Theexample
in Section7 is relatively morecomplex, in fact it illustratesa potentiallypromising
approachto writing realandcomplex applications.

2 What is this tutorial not about?

This tutorial is a practicalguide to the API documentation.That is, it is not a class
documentationnor an introductionto the low level functioningof the DRM. It does
notcontainotherspecificationseither, likedetailsonconfiguration,tools,security, and
technicaldetailson startingexperiments. Thesethingscanbe accessedin the class
documentation,andin thedocumentslinkedto theoverview page.of theclassdocu-
mentationin directorydoc/api1. Therewill bemany referencesto thatdocumenta-
tion throughoutthis document.Thehtml versionof this documentcontainslinks to it
aswell.

3 Running the first application

3.1 Settingup a local DRM

To run an applicationit is necessaryto have a running DRM (distributed resource
machine).A DRM is madeup of a setof nodes,which areconnectedto eachother.

1Fromnow onwewill assumethatthereaderinstalledtheDRM properly.
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TheDRM doesnot rely on a server, thenodescommunicatewith eachotherdirectly.
The idea is that thereis a “big DRM” out thereon the Internetwhich unitesall

participatingnodes.Whendevelopingapplications,it is a goodideahowever to setup
a localDRM andrun theapplicationsthere.Thereasonis thatif theapplicationshave
bugsfor example,it is muchharderto takeactiononcetheapplicationis outonthebig
DRM.

Accordingly, we will setup a local DRM for trying out the exampleapplications
explainedin thisdocument.In thesimplestcaseonecanstartaDRM whichconsistsof
only onenode.This is doneby runningtheapplicationdrmnode. (In fact this starts
theclassdrm.server.TestGUINode with propersecurityandclasspathsettings.)

It soundssimpleenough.However, alreadyat this point we have to make a com-
ment. To starta DRM of onenodeit is necessaryto make surethat no othernodes
connectto our singlenode. If our computeris not on thenetwork, it will not happen.
However, if our computeris connectedto the Internetandfrom the samecomputera
nodewaspartof thebig DRM before,thereis somechancethatthebig DRM remem-
bersus andconnectsour nodeagain. To make absolutelysurethatwe arealone,we
canusetheproperty“group” which identifiestheDRM. Thegroupof thebig DRM is
called“default”. Any differentnamewill preventconnection.Thegroupnamecanbe
configured,seetheconfigurationguidein theclassdocumentation.Thecommandline
approachwould look like this:

drmnode group=myUniqueGroupName

Building of DRMsof morethanonenodeis describedin Section5.1.

3.2 Running an application

Thetechnicalspecificationof startingexperiments(jobs)is describedin theexperiment
startingspecificationin theclassdocumentation.Fromnow onwewill assumethatthe
experimentis in a jar file andnot in a directory, noting that a directorycanbe more
flexible whendevelopinganapplication,but theagentsstartedfrom adirectoryandnot
a jar arenot realymobile(seetheexperimentstartingspecification).To recompilethe
examplesyouhaveto includethejardrm.jar in theclasspath.Thisfile canbefound
in theDRM installationdirectory, underthedirectorylib/.

To run the “Hello world!” applicationit is enoughto have a DRM of onenode.
Startthenodeasdescribedabove. SelecttheFile/Runmenu.In thisdialogyouhaveto
typeexamples/1.jar andhit enter. In factyouhave to giveanabsolutepathname
to 1.jar or a relativeonefrom thedirectorythenodewasstartedin.

You shouldseeanagentappearingin theagentlist andthetext “Hello world!” on
thescreen.After a coupleof secondstheagentdisappears.Notethatour agentwrites
to thestandardoutputsoyoucanseeits messageonly if youstarttheapplicationfrom
aconsole(shell). (For example,in Windowsstartingdrmnodeby clicking its icon will
startthenode,youcanstarttheexperimenttoo but youwill not seethemessage.)
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3.3 Security

By default applicationshave sandboxrights, they arenot allowed to write to the disk
or to initiate network connectionsfor example.Our simpleexamplein 1.jar did not
needthisbut wenormallywantourown experimentsto beallowedto write onourown
localdisk. Thesolutionis thatit is possibleto giveanexperimentapplicationrightsin
the nodeit wasstartedin. To achieve this, the jar file which containsthe experiment
mustbeunderthedirectoryfrom which thenodewasstartedat thetime of launching.
Notethatthisdoesnotimply thatthisexperimentwill haveapplicationrightsanywhere
else.

3.4 The application fr om the inside

Thetechnicalspecificationof classesto beincludedin anexperimentcanbefoundin
theexperimentstartingspecificationin theclassdocumentation.Our job containstwo
classes.Thecontentsof thejar thatcontainsthejob lookslike this:

hwjob/HelloWorld.class
Launch.class

HeretheclassLaunch is thestandardclassthatlaunchesthejob. It functionslike
themain methodin C or Java applications.The launchernormally launchesagents.
Theotherclassis theagentthatactuallyperformsthejob.

Thesourcecodeof Launch is in SectionA. It implementsthestandardconstructor
andtheRunnableinterface,thesearerequiredin eachLauncherclass.Therunmethod
constructsan agentandusesthelaunch methodof the nodeto launchit. Launch
type‘‘DIRECT’’ meansthat theagentis launchedto thenodeaddressgivenin the
third parameterwhich is null in our casewhich meanstheagentis put to thenodeon
which launch wascalled. For moreinformationon launchingyou canrefer to the
classdocumentationof drm.core.Node anddrm.agentbase.IBase which is
aninterfaceimplementedby Node.

Thesourcecodeof theagentis in SectionB. Thesourcecodespeaksfor itself, es-
peciallycombinedwith theclassdocumentationof drm.agents.Agent. Theonly
requirementis thatanagentmustimplementtheinterfacedrm.agentbase.IAgent.
The classdrm.agents.Agent is a convenienceclassthat makes writing agents
mucheasierasmostmethodshave a default implementation.In our casewe imple-
mentedonly therun method,whichsimplywritesthemessageonthestandardoutput.
Thereis oneimportantthing to note: to stoprunning,andagentmustexplicitly call
suicide() (line 21) which will resultin removing theagentfrom theenvironment.
Withoutcallingthismethod,theagentstaysalive,althoughit becomespassive. Staying
alivemeansthatit canstill receiveandhandlemessagesfor example(seeSection6).

4 The API: an overview

Now that we have seenan examplethat actually works, it will be easierto give a
generaloverview of theAPI that is availableto thedevelopers.Eventhoughthebasic
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designconceptsof a job arenot yet clear, this overview will help the readernavigate
theclassdocumentationandunderstandtheexamplesof theremainingsectionsbetter.
The following sectionsdescribethe differentpartsof the API w.r.t. functionality and
users.

4.1 The interface drm.agentbase.IBase

4.1.1 Functionality
� Agentadministration,like adding,deleting,dispatchingagents,etc.

� Informationaboutthestateof thenode.

� Messagesending.

4.1.2 Users
� The launcherclass,sincetheNode objectpassedto its constructorimplements

this interface.

� Theagents,after theagentbasecalls their methodsetBase. This alwayshap-
penswhentheagentis put into abase,beforeits run methodis started.

4.2 The interface drm.core.IDRM

4.2.1 Functionality

Providing informationaboutothernodesthatarepartof thesameDRM.

4.2.2 Users

The agents,after the agentbasecalls their methodsetBase. This always happens
whentheagentis put into a base,beforeits run methodis started.Extendingclasses
of Agent canreachit throughgetDRM.

4.3 Public and protectedinterface of drm.agents.Agent

4.3.1 Functionality
� Signsthe stateof the agentvia the flag shouldLive that must be usedby

extendingclassesto properly shut down any threadswhen this flag becomes
false.

� It providesacoupleof conveniencefunctionsthatsimplify sendingmessagesvia
simplerinterfaces.

� It definesmethodsfor debuggingsuitablefor redefinitionin extendingclasses.

� Accessto thehostingenvironmentisprovidedthroughthefieldbase andthrough
thefunctiongetDRM().
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4.3.2 Users

AgentsthatextendAgent.

4.4 Public andprotectedinterfaceof drm.agents.ContributorAgent

4.4.1 Functionality
� ExtendsAgent by addingthefunctionalityof beingableto participatein a col-

lective. In particular, it implementstheinterfacesdrm.core.Observer and
drm.core.Contributor. Section7 discussescollectives in more detail.
Thecollectivecanbeaccessedthroughthefield collective.

� Implementsthe conceptof root island in jobs. That is, jobs will have a root
islandwhich will serve asa bootstrapdevice for hookingup new agentsto the
job collective. Thisconceptwill beillustratedin Section7.

4.4.2 Users

AgentsthatextendContributorAgent.

5 Mobility

We will illustratemobility throughan applicationwhich consistsof oneagentwhich
jumpsbetweendifferentnodeswhile countingthenumberof jumps.

5.1 Settingup the DRM

In thecaseof thefirst exampleit wassufficientto haveaDRM of onenode.To illustrate
jumping,weneedaDRM of at leasttwo nodes.Thiscanbeachievedquiteeasily:you
have to start two nodesandyou have to connectthem. Startingtwo nodesinvolves
startingtheapplicationdrmnode two times.This resultsin two independent(i.e. not
connected)DRMseachconsistingof onenode.

Connectingthe nodescanbe doneusingthe dialog “edit/addto nodelist”. Open
thisdialogin thenodestartedassecond andin thesimplestcasetypelocalhost (or
thenameof your computer).If you startedthenodesfrom a console,you shouldsee
log messagesindicatingthatthetwo nodesstartedto communicate.An alternativeway
is to startthesecondnodewith thecommandline parameternode=localhost.

Thereis an importantthing to keepin mind however. If you installedthe DRM
softwareproperly, you haveanodewhich is startedup automaticallyandis runningin
the background,most likely aspart of the big DRM. In that caseif you simply type
localhost in thedialogwindow, thisnodewill beaddedwhichwedonotwantnow
aswe arebuilding a local DRM. You caneven get an error messageif the nodeyou
startedis in a differentgroupthanthedefaultnodein thebackground.

To solve this problemwe needsomeinsight into how port assignmentswork. The
default port is 10101,andif this is taken, the next free port is usedwhich is 10102,
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etc.However thenodealsorememberswhichportwasconfiguredatstartingtime thus
it is possiblethatyou have a nodewhich uses10102but knows that it wasconfigured
to use10101.Simply typinglocalhost meansyouhavechosentheportwhich was
originally configured.This is why you hadto usethesecond nodeto connectthetwo
nodeson thesamemachine,becauseof courseit doesnot make senseto addyourself
to thenodelist. This featuremakesmoresensewhenyou connectnodeson different
computers.

To control the portsexplicitly you canspecifya port at startuptime It is doneas
follows:

drmnode group=myUniqueGroupName port=12345

The default port is 10101,so you might want to seta differentone to avoid un-
wantedconnections.Whenstartingthe secondnode,you mustuseexactly the same
commandline. The nodewill detectthat the givenport is not free andwill automat-
ically usethe next one,12346in this case.Typing localhost in this secondnode
will asumetheport12345asdescribedabove.

You can also specify the port explicitly in the dialog by using the syntaxas in
localhost:10102 for example.

Usingtheproceduredescribedaboveyoucanbuild a DRM of any size.Thenodes
do not have to be on the samecomputer. As a nodeit is possibleto usenot only
thenodestartedby drmnode by default, you canapply the--nogui optionwhich
resultsin startinga nodewithout a window. (This in fact meansrunning the class
drm.server.NakedNode.) This applicationunderstandsthesamecommandline
argumentsandconfigurationfiles, only it doesnot have a graphicalinterface(in fact
any interface...) so it is suitableto be run in the background. Be careful because
drmnode --nogui triesto connectto thebig DRM by default usingdefault nodes.
To preventthis,youcanuseadifferentgroupname(seeSection3.1).

5.2 The application fr om the inside

The jumper applicationis in examples/2.jar. It is advisableto set up a local
DRM of two nodeswith a graphicalinterfacestartedfrom to differentconsoles,and
startthis applicationon any of the nodes.The agentstartsjumping immediatelyand
writesmessagesto theconsolesaswell.

Thelauncherclass(SectionC) is almostidenticalto thatof thefirst example.The
codeof theagentis in SectionD. TheagentusestheIDRM interface(Section4.2) to
get informationaboutthe othernodesin the DRM. Its actionsaredeterminedby this
information,anda serializablefield thatcountsthe jumps(line 12). Thevalueof this
field is preservedaccordingthe java objectserializationprincipleswhenthe agentis
traveling to anothernode.

6 Communication

This little applicationinvolves an agentwhich itself launchesanotheragent,sends
it a messageand prints the answer. It illustratesmessagesendingand the fact that
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agentscancreateandlaunchagentsaswell throughtheIBase interfacethey access
(Section4.1).

The applicationworks on a singlenodeor on a DRM with many nodesaswell.
Startthefile examples/3.jar from anode.

The launcherclasshasthe samesimplestructureagain(SectionE). The agentis
in SectionF. Theagentstartedfirst hasthefull nameTalker.test-<time>.1 as
determinedby the launcherandtheagent.Theagentstartedby thefirst agenthasthe
samenameexceptthat it endsin 2 andnot 1. Thetestin line 20 checksif therunning
agentis thefirst or thesecond.Thesecondagentis passive, i.e. its run functionexits
immediately. It only waitsfor messages.Thefirst agentattemptsto launchthesecond
agent.

Observe the usageof the interfacedrm.agentbase.IRequest. Every func-
tionality that is relatedto communicationis asynchronous.This is becausethesystem
is supposedto work undervery poorconditionsaswell. Themethodsthat implement
thesefunctionalitiesreturnanIRequest object. If you wantto make sureanopera-
tion wassuccessful,you have to wait until it is finishedandcheckits status,like this
agentdoes.

Asynchronousoperationsoftenreturnsomeinformationtoowhich is alwaysdocu-
mentedin theAPI documentationof thecorrespondingmethod.In thecaseof launch,
you canaskfor theaddressof thelaunchedagentif thelaunchwassuccessfulandthe
launchtype is ‘‘RANDOM’’ (line 31). In the caseof messagesending,you canask
for thereply (line 39).

Theagentoverridesthedefaultimplementationof handleMessage. Thismethod
is calledby thenodeif theagentreceivesamessage.Thetaskof thismethodis to han-
dlethemessage,i.e.dosomethingand/orreply. It doesnotmatterif theagentis passive
or active(i.e. its run methodis still running)whenit receivesamessage.

Line 48hasto bealwaysthefirst line of everyhandleMessagemethodthatoverrides
thesamemethodof thesuperclass.Thereasonis that thesuperclassmayalsowant
to handlesomemessageswhich might be of crucial importanceto the functioningof
the DRM. It is alsoimportantto returnfalseif the messagecould not be handledto
allow correctmessagepropagationanderror handling. This implementationhandles
messagesof type“test” andalwaysreplieswith thestring“Fine thanks.” independently
of thecontentof themessage.

7 Collectivesand more

After gettingfamiliarwith theagentfunctionalitylike mobility andmessages,wenow
discussthe powerful conceptof collectives, andan applicationtemplatethat fits well
into this framework. Theapplicationwill beanoptimizerwhich searchesfor themax-
imum of a onedimensionalrealvaluedfunction. Note that this is an illustrationonly,
whatmattersis theway theapplicationis put together.
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7.1 Collectives

A collective is a setof entities(agents,humansetc) who work togetherto achieve a
goal. The main conceptof a collective is the contribution repository. Membersof
a collective who areobservers canreadthis repositoryandcontributors canwrite it.
The philosophybehindthis model is that the goal of the collective is solved by the
participantsvia generatingcontributionsusingthe contributionsof the others. These
new contributionsthenhelptheothersto generatecontributions,andsoon. Duringthis
processthestateof thecollectiveshouldconvergeto thegoal.

Thecollectivecontainsacommanddatabaseaswell, whichcanbewrittenby mem-
berswhoarecontrollers. Themembersof thecollectiveshouldperformthecommands
in thedatabase.

A job canbe a collective. The classdrm.agents.ContributorAgent ex-
tendsAgent with thefunctionalityof participatingin acollective. Thatis, if anappli-
cationwantsto be a collective, it canuseagentsthatextendContributorAgent.
The interface is very simple. To fulfill the role of a contributor, the agenthas to
override the methodgetContribution which must return the most recentcon-
tribution of theagentwhencalledby thecollective. To querythecontribution reposi-
tory, theagentcanusethepublic interfaceof thefield collective which is of type
drm.core.Collective.

To actuallybuild thecollective,ContributorAgent usesadefault andreliable
agent,theroot agent.Therole of this agentis thatwhennew agentshave to beadded
to thecollective, theinformationwhich is necessaryfor this operationis fetchedfrom
this agent.(Note thatother, morerobust implementationsof building a collective are
possibleaswell, andcanbeexpectedin thefuture.) Theroot hasno furtherrole,only
if it is givena furtherrole by theapplicationdeveloper. In our exampletheroot saves
thecontributionsof therestof theagentsto diskduringtherunningof thejob.

7.2 The Files

Thelisting of examples/4.jar lookslike this:

Launcher.class
config.properties
drmhc/HillClimber.class
drmhc/Algorithm.class

The differencefrom the previousexamplesis the presenceof a configurationfile
in theroot directory, anda helperclassin packagedrmhc. Classesof theexperiment
canloadtheconfigurationfile asasystemresource,aswewill seelater, whichoffersa
possibilityto configureexperiments.

7.3 The Launcher

Thisapplicationhasamoresophisticatedlauncher(SectionG). It is moresophisticated
because(apart from defining a separatemethodfor launching)it doesthreethings
more:

8



� Error checking:usingtherequesthandlerit makestheasynchronouslaunchop-
erationlook synchronousto therun method.In generalit is not a goodpractice
becausethelaunchermighthangbut it illustrateshow to userequesthandlers.

� Rootagent:It launchesa root agentseparatelyandthenpassesits addressto all
thenew agents.This is theproperway to startupacollectiveusinga rootagent.

� Configurationfile: It loadstheconfigurationfile (line 66) from theclasspathas
a systemresource(seeSectionJ).

7.4 The Agent

Therun methodof the agentperformsa stochastichillclimber searchon the function
drmhc.Algorithm.eval() (seeSectionI). drmhc.Algorithm.mutate()
is usedasasearchoperator. Theagentis mobile,i.e. it canberelocatedwhile running,
becauseall serializablefields of the agentwill keeptheir values. The algorithmcan
beconfiguredusingtheconfigurationfile (line 49) (seeSectionJ). Whenfinished,the
agentexits, exceptif it is the root which is supposedto collect results(line 69) so it
staysalivegoingpassive.

In methodgetContribution theagentreturnsthe bestknown solution. This
is thevaluethatis goingto bewritten to thecontributionrepositorytime to time. Note
thattheclasstypeof thecontribution(in otherwordsthedatamodelof theapplication)
is fully applicationdependent.

The agentcouldcheckthe field collective for contributionsof others.How-
ever, thereis anotherpossibility. Thecollective callscollectiveUpdated when
new informationarrives(line 92). Our agentusesthis notificationto exploit the new
contributions. This is the point whenthe (hopefully) positive effect of learningfrom
othersmanifestsitself.

Theroot agenttriesto save this informationaswell. Theideais thattherootagent
is runningon the computerof the experimenterso it shouldbe possible.Agentsthat
run on remotenodeswhich arenormally configuredto supportthe sandboxsecurity
modelwill not be able to write anything to the disk. The filenameusedto save the
contributionsis configurable,seeSectionJ.

Notethatthis is a toy exampleonly to illustratethebasicidea.Moreclever launch-
ing andloggingcouldhavebeenimplementedeasilyaswell, our intentionwasto keep
thingsassimpleaspossible.
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A Launch

1 import drm.core.Node;
2 import hwjob.HelloWorld;
3
4 public class Launch implements Runnable {
5
6 private final Node node;
7
8 public Launch( Node node ) {
9

10 this.node = node;
11 }
12
13 public void run() {
14
15 node.launch(
16 "DIRECT",
17 new HelloWorld("test+"+System.currentTimeMillis(),"1"),
18 null );
19 }
20 }
21
22
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B hwjob.HelloWorld

1 package hwjob;
2
3 import drm.agents.Agent;
4
5 public class HelloWorld extends Agent {
6
7 /** calls super constructor */
8 public HelloWorld( String job, String name ) {
9

10 super( "Helloworld", job, name );
11 }
12
13 /** prints "Hello World" and exits after 5s waiting */
14 public void run() {
15
16 System.out.println("Hello world!");
17
18 try { Thread.currentThread().sleep(5000); }
19 catch( Exception e ) {}
20
21 suicide();
22 }
23
24 }
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C Launch

1 import drm.core.Node;
2 import jumperjob.Jumper;
3
4 public class Launch implements Runnable {
5
6 private final Node node;
7
8 public Launch( Node node ) {
9

10 this.node = node;
11 }
12
13 public void run() {
14
15 node.launch(
16 "DIRECT",
17 new Jumper("test+"+System.currentTimeMillis(),"1"),
18 null );
19 }
20 }
21
22
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D jumperjob .Jumper

1 package jumperjob;
2
3 import drm.agents.Agent;
4 import drm.core.*;
5
6 public class Jumper extends Agent {
7
8 /**
9 * jump counter. Its value is serialized so it is

10 * preserved while traveling to other nodes.
11 */
12 private int jumps = 0;
13
14 /** calls super constructor */
15 public Jumper( String job, String name ) {
16
17 super( "Jumper", job, name );
18 }
19
20 /**
21 * Jumps to another random node 3 times. The witing periods are
22 * not necessary, they are included only to slow it down so it can be
23 * followed by a human. It is supposed to be an illustration...
24 */
25 public void run() {
26
27 ContributionBox cb = getDRM().getNewestContribution();
28
29 if( cb == null )
30 {
31 System.err.println("No nodes to jump to");
32 try { Thread.currentThread().sleep(1000); }
33 catch( Exception e ) {}
34 suicide();
35 }
36 else if( jumps++ < 3 )
37 {
38 try { Thread.currentThread().sleep(1000); }
39 catch( Exception e ) {}
40 System.err.println("Jumping to "+cb.contributor);
41 base.dispatchAgent(name,cb.contributor);
42 }
43 else
44 {
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45 System.err.println("Got tired of jumping around...");
46 try { Thread.currentThread().sleep(1000); }
47 catch( Exception e ) {}
48 suicide();
49 }
50 }
51
52 }
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E Launch

1 import drm.core.Node;
2 import talkjob.Talker;
3
4 public class Launch implements Runnable {
5
6 private final Node node;
7
8 public Launch( Node node ) {
9

10 this.node = node;
11 }
12
13 public void run() {
14
15 node.launch(
16 "DIRECT",
17 new Talker("test+"+System.currentTimeMillis(),"1"),
18 null );
19 }
20 }
21
22
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F talkjob .Talker

1 package talkjob;
2
3 import drm.agents.Agent;
4 import drm.agentbase.*;
5
6 public class Talker extends Agent {
7
8 /** calls super constructor */
9 public Talker( String job, String name ) {

10
11 super( "Talker", job, name );
12 }
13
14 /**
15 * Launches another agent, sends it a message and prints reply.
16 * Does not suicide to allow some manual testing afterwards.
17 */
18 public void run() {
19
20 if( name.endsWith("2") ) return; // this agent is passive
21
22 IRequest r = base.launch(
23 "RANDOM",new Talker( job, "2" ), null );
24 while( r.getStatus() == IRequest.WAITING )
25 {
26 try { Thread.currentThread().sleep(100); }
27 catch( Exception e ) {}
28 }
29 if( r.getStatus() != IRequest.DONE ) return;
30
31 Address a = (Address)r.getInfo("address");
32 r = fireMessage( a, "test", "How are you?" );
33 while( r.getStatus() == IRequest.WAITING )
34 {
35 try { Thread.currentThread().sleep(100); }
36 catch( Exception e ) {}
37 }
38 if( r.getStatus() == IRequest.DONE )
39 System.out.println( "Answer: "+r.getInfo("reply") );
40 }
41
42 /**
43 * Handles message type "test" answering always with the String object
44 * "Fine thanks."
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45 */
46 public boolean handleMessage( Message m, Object object ) {
47
48 if( super.handleMessage( m, object ) ) return true;
49
50 if( m.getType().equals("test") )
51 {
52 System.out.println("Received: "+object);
53 m.setReply("Fine thanks.");
54 return true;
55 }
56
57 return false;
58 }
59
60
61 }
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G Launch

1 import drm.core.Node;
2 import drm.util.ConfigProperties;
3 import drm.agentbase.IRequest;
4 import drm.agentbase.Address;
5 import drm.agentbase.IAgent;
6 import drmhc.HillClimber;
7 import java.util.*;
8 import java.net.InetAddress;
9

10 public class Launch implements Runnable {
11
12
13 // =========== Private Fields ========================================
14 // ===================================================================
15
16
17 private Node node = null;
18
19 private final String exper = "hillclimb"+System.currentTimeMillis();
20
21
22 // =========== private methods =======================================
23 // ===================================================================
24
25
26 private Address launch( String name, Address root ) throws Throwable {
27
28 IAgent a = new HillClimber( exper, name, root );
29
30 IRequest r = node.launch("RANDOM", a, null );
31 while( r.getStatus() == IRequest.WAITING )
32 {
33 try { Thread.currentThread().sleep(10); }
34 catch( Exception e ) {}
35 }
36
37 if( r.getThrowable() != null ) throw r.getThrowable();
38 return (Address)r.getInfo("address");
39 }
40
41
42 // =========== Public constructors ===================================
43 // ===================================================================
44

18



45
46 public Launch( Node node ) {
47
48 this.node = node;
49 }
50
51 // =========== Public Runnable implementation ========================
52 // ===================================================================
53
54 public void run() {
55 try
56 {
57 System.err.println("Launching hillclimber job");
58 if( node == null ) return;
59
60 // loads the config pars as a system resource from the
61 // classpath which is the jar or directory of the job
62 Properties conf = new Properties();
63 ClassLoader cl = getClass().getClassLoader();
64 try
65 {
66 conf.load( cl.getResourceAsStream(
67 "config.properties" ) );
68 }
69 catch( Exception e )
70 {
71 System.err.println(
72 "Error loading config, using defaults.");
73 }
74
75 // --- launching root
76
77 Address root = launch("root",null);
78 // this should be a local launch
79
80 if( ! root.isLocal() )
81 {
82 System.err.print("Root launched to remote node.");
83 System.err.print(
84 " This is not necessarily what you want.");
85 System.err.println(" Something is going wrong...");
86 }
87
88 // --- launching the rest
89
90 int i=Integer.parseInt(
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91 conf.getProperty("launch.contributors","4"));
92 while( i>0 )
93 {
94 try{ launch( ""+i, root ); }
95 catch( Exception e ) { ++i; }
96 --i;
97 }
98 }
99 catch( Throwable e )

100 {
101 e.printStackTrace();
102 }
103 finally
104 {
105 System.err.println("Launching finished.");
106 }
107
108 }
109
110 }
111
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H drmhc.HillClimber

1 package drmhc;
2
3 import drm.agentbase.Address;
4 import drm.agents.ContributorAgent;
5 import drm.core.*;
6
7 import java.util.List;
8 import java.util.Properties;
9 import java.io.FileWriter;

10
11 public class HillClimber extends ContributorAgent {
12
13 private double currentSolution;
14
15 private double currentValue;
16
17 private int evals = 0;
18
19 private transient Properties conf;
20
21 // ----------------------------------------------------------------
22
23 /** calls super constructor */
24 public HillClimber( String job, String name, Address root ) {
25
26 super( "HillClimber", job, name, root );
27 currentSolution = Math.random();
28 currentValue = Algorithm.eval(currentSolution);
29 }
30
31 // ----------------------------------------------------------------
32
33 /**
34 * Runs the hillclimber. The optimized function is defined in
35 * {@link Algorithm}. The maximal function evals is given by property
36 * "hillclimber.maxEvals". See default config file
37 * <a href="doc-files/config.properties">here</a>.
38 */
39 public void run() {
40
41 // loads the config pars as a system resource from the
42 // classpath which is the jar or directory of the job
43 // It must be loaded here and not construction time because
44 // after construction the agent might be serialized.
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45 conf = new Properties();
46 ClassLoader cl = getClass().getClassLoader();
47 try
48 {
49 conf.load( cl.getResourceAsStream(
50 "config.properties" ) );
51 }
52 catch( Exception e ) {}
53
54 double x, y;
55 final int maxEvals = Integer.parseInt(
56 conf.getProperty("hillclimber.maxEvals","1000"));
57
58 for(; shouldLive && evals < maxEvals; ++evals )
59 {
60 x = Algorithm.mutate(currentSolution);
61 y = Algorithm.eval(x);
62 if( y >= currentValue )
63 {
64 currentSolution = x;
65 currentValue = y;
66 }
67 }
68
69 if( !name.endsWith("root") ) suicide();
70 }
71
72 // ----------------------------------------------------------------
73
74 /**
75 * Returns the current best solution.
76 */
77 public Object getContribution() {
78
79 return new double[] { currentSolution, currentValue };
80 }
81
82 // ----------------------------------------------------------------
83
84 /**
85 * Checks if there is a better solution than our current best.
86 * If there is, we adopts it.
87 * If this is the roor than it attempts to log the contributions to a
88 * file name, which is given as property "hillclimber.outFile".
89 * See default config file
90 * <a href="doc-files/config.properties">here</a>.
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91 */
92 public void collectiveUpdated( ContributionBox peer ) {
93
94 List peers = collective.getContributions();
95
96 for( int i=0; i<peers.size(); ++i )
97 {
98 double[] contrib = (double[])
99 ((ContributionBox)peers.get(i)).contribution;

100 if( contrib[1] > currentValue )
101 synchronized(this)
102 {
103 currentSolution = contrib[0];
104 currentValue = contrib[1];
105 }
106 }
107
108 // --- log stuff if root
109 // don’t forget: this is an example. Much more clever logging
110 // should be used than simply dumping out stuff every time.
111 if( name.endsWith("root") )
112 try
113 {
114 FileWriter fw = new FileWriter( conf.getProperty(
115 "hillclimber.outFile", "hillclimber.out" ), true );
116 for( int i=0; i<peers.size(); ++i )
117 {
118 double[] contrib = (double[])
119 ((ContributionBox)peers.get(i)).contribution;
120 fw.write(contrib[0]+" "+contrib[1]+"\n");
121 }
122 fw.close();
123 }
124 catch( Exception e ) { e.printStackTrace(); }
125 }
126
127
128
129 }
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I drmhc.Algorithm

1 package drmhc;
2
3 /**
4 * This class contains algorithmic components needed by the
5 * hillclimber agent. Don’t forget that this is a toy example only.
6 * This class is separated mainly to illustrate that a job can
7 * use many classes, not only the agent class.
8 *
9 * <p>It contains an objective function to be maximized

10 * ({@link #eval(double)}) over the domain [0,1]. It contains
11 * operators that operate on this real domain.
12 */
13 public class Algorithm implements java.io.Serializable {
14
15 public static double eval( double x ) {
16
17 // would be far too fast without waiting
18 try { Thread.currentThread().sleep(100); }
19 catch( Exception e ) {}
20
21 return x*Math.sin(x*50);
22 }
23
24 public static double mutate( double x ) {
25
26 x += (2*Math.random()-1)/3.0;
27 if( x < 0 ) x = 0;
28 if( x > 1 ) x = 1;
29
30 return x;
31 }
32
33 }
34
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J config.properties

1 # This is the default configuration file. Thus if there is no
2 # configuration file, these are the values that are used.
3 # You can copy this file to "config.properties" into the root of the
4 # jar or directory of the experiment and you can modify the values.
5
6
7 # the number of contributors (agents) to launch, default is 4.
8 launch.contributors = 4
9

10 # the maximal number of hillclimbing steps per agent. Default is 1000.
11 hillclimber.maxEvals = 1000
12
13 # the output file to log results to
14 hillclimber.outFile = hillclimber.out
15
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