DRM Programmingrutorial

Mark Jelasity

1 What isthis tutorial about?

It is aboutwriting applicationswhich are basedon the DRM API. The DRM (dis-
tributedresourcemachine)is an ervironmentfor specialmultiagentapplications. A
DRM is a purefully distributed peerto-peernetwork of nodeswhich use epidemic
protocolsto communicatewith eachother A DRM offers functionality supporting
agentsandcollectives (seeSection?).

This tutorial is usefulfor thosewho wish to usethe DRM directly andnot through
higherlevel libraries,or thosewho usehigherlevel librariesbut wantto accesdower
level functionalityaswell.

Section3 guidesthe userto runningthe famous‘Hello world!” application. This
will give abasicideaof how a DRM applicationlookslike andhow doesit feelto run
somethingon a DRM. Section4 givesthe readeran overview of the functionality the
applicationscanuse. Theremainingsectiongdiscussexamplesin detail. The example
in Section7 is relatively more comple, in factit illustratesa potentially promising
approacho writing realandcomplec applications.

2 What is this tutorial not about?

This tutorial is a practicalguide to the API documentation.Thatis, it is not a class
documentatiomor anintroductionto the low level functioning of the DRM. It does
not containotherspecification®ither, like detailson configurationtools,security and
technicaldetailson startingexperiments. Thesethings canbe accessedh the class
documentationandin the documentdinkedto the overview page.of the classdocu-
mentationin directorydoc/ api *. Therewill be mary referenceso thatdocumenta-
tion throughoutthis document.The html versionof this documentontainslinks to it
aswell.

3 Running the first application

3.1 Settingup alocal DRM

To run an applicationit is necessaryo have a running DRM (distributed resource
machine). A DRM is madeup of a setof nodes,which are connectedo eachothet

IFromnow onwe will assumehatthereadeiinstalledthe DRM properly



The DRM doesnotrely onasener, the nodescommunicatevith eachotherdirectly.

The ideais thatthereis a “big DRM” out thereon the Internetwhich unitesall
participatingnodes.Whendevelopingapplicationsijt is agoodideahoweverto setup
alocal DRM andruntheapplicationghere.Thereasoris thatif theapplicationshave
bugsfor example,it is muchharderto take actiononcethe applicationis out on the big
DRM.

Accordingly, we will setup alocal DRM for trying out the exampleapplications
explainedin this documentln thesimplestcaseonecanstarta DRM which consistof
only onenode. This is doneby runningthe applicationdr mode. (In factthis starts
theclassdr m server. Test GUI Node with propersecurityandclasspattsettings.)

It soundssimpleenough.However, alreadyat this point we have to make a com-
ment. To starta DRM of onenodeit is necessaryo make surethat no othernodes
connectto our singlenode. If our computeris not on the network, it will nothappen.
However, if our computeris connectedo the Internetandfrom the samecomputera
nodewaspartof thebig DRM before thereis somechancehatthe big DRM remem-
bersus andconnectsour nodeagain. To make absolutelysurethatwe arealone,we
canusethe property“group” which identifiesthe DRM. The groupof thebig DRM is
called“default”. Any differentnamewill preventconnection.The groupnamecanbe
configured seethe configurationguidein the classdocumentationThe commandine
approachwouldlook like this:

dr mode group=myUni queG oupNane

Building of DRMs of morethanonenodeis describedn Section5.1.

3.2 Running an application

Thetechnicalspecificatiorof startingexperimentgjobs)is describedn theexperiment
startingspecificationin the classdocumentationFromnow onwe will assumeéhatthe
experimentis in ajar file andnotin a directory, noting that a directory canbe more
flexible whendevelopinganapplication but theagentsstartedrom a directoryandnot
ajar arenotrealy mobile (seethe experimentstartingspecification).To recompilethe
examplesyouhavetoincludethejardr m j ar in theclasspathThisfile canbefound
in the DRM installationdirectory, underthedirectoryl i b/ .

To run the “Hello world!” applicationit is enoughto have a DRM of one node.
Startthenodeasdescribedibore. Selecthe File/Runmenu.In this dialogyou haveto
typeexanpl es/ 1. j ar andhit enter In factyou have to give anabsolutepathname
tol.j ar orarelative onefrom thedirectorythe nodewasstartedn.

You shouldseeanagentappearingn the agentlist andthe text “Hello world!” on
the screen.After a coupleof secondshe agentdisappearsNote thatour agentwrites
to the standardutputsoyou canseeits messagenly if you startthe applicationfrom
aconsole(shell). (For example,in Windows startingdrmnodeby clicking its icon will
startthe node,you canstartthe experimenttoo but you will notseethemessage.)



3.3 Security

By default applicationshave sandboxights, they arenot allowed to write to the disk
or to initiate network connectiongor example.Our simpleexamplein 1. j ar did not
needthis but we normallywantour own experimentdo beallowedto write on ourown

local disk. The solutionis thatit is possibleto give anexperimentapplicationrightsin

the nodeit wasstartedin. To achieve this, thejar file which containsthe experiment
mustbe underthedirectoryfrom which the nodewasstartedat the time of launching.
Notethatthisdoesnotimply thatthis experimentwill have applicationrightsanywhere
else.

3.4 The application from the inside

Thetechnicalspecificationof classego beincludedin anexperimentcanbefoundin
the experimentstartingspecificationn the classdocumentationOur job containstwo
classesThe contentsof thejar thatcontainsthe job lookslik e this:

hwj ob/ Hel | oWor | d. cl ass
Launch. cl ass

HeretheclassLaunch is the standardtlassthatlauncheghejob. It functionslike
themai n methodin C or Java applications.The launchemormally launchesagents.
Theotherclassis theagentthatactuallyperformsthe job.

Thesourcecodeof Launch isin SectionA. It implementghestandaratonstructor
andthe Runnablenterface thesearerequiredin eachLauncherclass.Therun method
constructsan agentand usesthe | aunch methodof the nodeto launchit. Launch
type' * DI RECT' ' meanghatthe agentis launchedo the nodeaddresgivenin the
third parametewhich is null in our casewhich meanghe agentis putto the nodeon
which | aunch wascalled. For moreinformation on launchingyou canreferto the
classdocumentatiorof dr m cor e. Node anddr m agent base. | Base whichis
aninterfaceimplementedy Node.

Thesourcecodeof theagentis in SectionB. The sourcecodespeakdor itself, es-
pecially combinedwith the classdocumentatiof dr m agent s. Agent . Theonly
requirements thatanagentmustimplementheinterfacedr m agent base. | Agent .
The classdr m agent s. Agent is a corvenienceclassthat makes writing agents
much easieras mostmethodshave a default implementation.In our casewe imple-
mentedonly ther un methodwhich simplywritesthemessagen thestandardutput.
Thereis oneimportantthing to note: to stoprunning, and agentmustexplicitly call
sui ci de() (line 21)whichwill resultin removing the agentfrom the ervironment.
Withoutcallingthismethod theagentstaysalive, althoughit becomepassve. Staying
alive meandghatit canstill receve andhandlemessagefor example(seeSectionb).

4 The API: an overview

Now that we have seenan examplethat actually works, it will be easierto give a
generabverview of the API thatis availableto the developers.Eventhoughthe basic



designconceptf a job arenot yet clear, this overview will helpthe reademavigate
theclassdocumentatiorandunderstandhe examplesof the remainingsectionsetter
The following sectionsdescribethe differentpartsof the API w.r.t. functionality and
users.

4.1 Theinterface dr m agent base. | Base

4.1.1 Functionality
¢ Agentadministrationjik e adding,deleting,dispatchingagentsgtc.
¢ Informationaboutthe stateof thenode.

¢ Messagesending.

4.1.2 Users

e Thelauncherclass,sincethe Node objectpassedo its constructoimplements
thisinterface.

e Theagentsafterthe agentbaseallstheir methodset Base. This alwayshap-
penswhentheagentis putinto abasebeforeits r un methodis started.

4.2 Theinterfacedr m core. | DRM
4.2.1 Functionality

Providing informationaboutothernodesthatarepartof the sameDRM.

4.2.2 Users

The agents after the agentbasealls their methodset Base. This always happens
whenthe agentis putinto a base peforeits r un methodis started.Extendingclasses
of Agent canreachit throughget DRM

4.3 Public and protectedinterface of dr m agent s. Agent
4.3.1 Functionality

¢ Signsthe stateof the agentvia the flag shoul dLi ve that mustbe usedby
extending classeso properly shutdown ary threadswhen this flag becomes
false.

e |t providesacoupleof corveniencdunctionsthatsimplify sendingnessagesia
simplerinterfaces.

¢ |t definesmethoddor detuggingsuitablefor redefinitionin extendingclasses.

¢ Accesdothehostingervironments providedthroughthefield base andthrough
thefunctionget DRM ) .



4.3.2 Users
AgentsthatextendAgent .

4.4 Public and protectedinterface of dr m agent s. Cont r i but or Agent
4.4.1 Functionality

e ExtendsAgent by addingthefunctionality of beingableto participatein a col-
lective. In particular it implementgheinterfacesdr m cor e. Gbser ver and
drm core. Contributor. Section7 discussesollectivesin more detail.
Thecollective canbeaccessethroughthefield col | ecti ve.

¢ Implementsthe conceptof root island in jobs. Thatis, jobs will have a root
islandwhich will sene asa bootstrapdevice for hookingup new agentsto the
job collective. This conceptwill beillustratedin Section?.

4.4.2 Users
AgentsthatextendCont r i but or Agent .

5 Mobility

We will illustrate mobility throughan applicationwhich consistsof one agentwhich
jumpsbetweerdifferentnodeswhile countingthe numberof jumps.

5.1 Settingup the DRM

In thecaseof thefirst exampleit wassufficientto haveaDRM of onenode.Toillustrate
jumping,we needa DRM of atleasttwo nodes.This canbeachiezedquiteeasily:you
have to starttwo nodesandyou have to connectthem. Startingtwo nodesinvolves
startingthe applicationdr mode two times. This resultsin two independengi.e. not
connectedPRMs eachconsistingof onenode.

Connectingthe nodescanbe doneusingthe dialog “edit/addto nodelist”. Open
thisdialogin the nodestartedassecond andin thesimplestcasetypel ocal host (or
the nameof your computer).If you startedthe nodesfrom a console you shouldsee
log messagemdicatingthatthetwo nodesstartedo communicateAn alternatve way
is to startthe seconchodewith the commandine parametenode=I ocal host .

Thereis animportantthing to keepin mind however. If you installedthe DRM
softwareproperly, you have anodewhichis startedup automaticallyandis runningin
the backgroundmostlikely aspart of the big DRM. In that caseif you simply type
| ocal host inthedialogwindow, thisnodewill beaddedwhichwe donotwantnow
aswe arebuilding a local DRM. You caneven getan error messagéf the nodeyou
starteds in adifferentgroupthanthedefault nodein the background.

To solwe this problemwe needsomeinsightinto how port assignmentsvork. The
default portis 10101,andif this is taken, the next free port is usedwhich is 10102,



etc. Howeverthenodealsoremembersvhich portwasconfiguredat startingtime thus
it is possiblethatyou have a nodewhich uses10102but knows thatit wasconfigured
tousel0101.Simplytypingl ocal host meansyou have choserthe portwhichwas
originally configured.This is why you hadto usethe second nodeto connectthe two
nodeson the samemachine becausef courseit doesnot make senseo addyourself
to the nodelist. This featuremakesmoresensenvhenyou connectnodeson different
computers.

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

dr mmode group=myUni queG oupNanme port=12345

The default portis 10101,so you might wantto seta differentoneto avoid un-
wantedconnections.When startingthe secondnode,you mustuseexactly the same
commandine. Thenodewill detectthatthe givenportis not free andwill automat-
ically usethe next one,12346in this case.Typing | ocal host in this secondnode
will asumeheport12345asdescribecabove.

You can also specify the port explicitly in the dialog by using the syntaxasin
| ocal host: 10102 for example.

Usingthe proceduredescribedabore you canbuild aDRM of ary size. Thenodes
do not have to be on the samecomputer As a nodeit is possibleto usenot only
the nodestartedby dr mode by default, you canapplythe- - nogui optionwhich
resultsin startinga nodewithout a window. (This in fact meansrunning the class
drm server. NakedNode.) This applicationunderstandthe samecommandine
argumentsand configurationfiles, only it doesnot have a graphicalinterface(in fact
ary interface...) soit is suitableto be run in the background. Be careful because
dr mode - - nogui triesto connecto thebig DRM by default usingdefault nodes.
To preventthis, you canusea differentgroupname(seeSection3.1).

5.2 The application from the inside

The jumper applicationis in exanpl es/ 2. j ar. It is advisableto setup a local
DRM of two nodeswith a graphicalinterfacestartedfrom to differentconsolesand
startthis applicationon ary of the nodes. The agentstartsjumping immediatelyand
writesmessage theconsolesaswell.

Thelauncherclass(SectionC) is almostidenticalto that of thefirst example.The
codeof the agentis in SectionD. The agentusesthe | DRMinterface(Section4.2) to
getinformationaboutthe othernodesin the DRM. Its actionsaredeterminedby this
information,anda serializablefield that countsthe jumps(line 12). The valueof this
field is presered accordingthe java objectserializationprincipleswhenthe agentis
traveling to anothemode.

6 Communication

This little applicationinvolves an agentwhich itself launchesanotheragent,sends
it a messageand prints the answer It illustratesmessagesendingand the fact that



agentscancreateandlaunchagentsaswell throughthe | Base interfacethey access
(Section4.1).

The applicationworks on a single nodeor on a DRM with mary nodesaswell.
Startthefile exanpl es/ 3. j ar from anode.

The launcherclasshasthe samesimple structureagain(SectionE). The agentis
in SectionF. Theagentstartedfirst hasthefull nameTal ker . t est-<ti me>. 1 as
determinedby thelauncherandthe agent. The agentstartedby thefirst agenthasthe
samenameexceptthatit endsin 2 andnot 1. Thetestin line 20 checksif therunning
agentis thefirst or the second.The secondagentis passie, i.e. its run function exits
immediately It only waitsfor messagesT hefirst agentattemptgo launchthe second
agent.

Obsenre the usageof the interfacedr m agent base. | Request . Every func-
tionality thatis relatedto communicatioris asynchronousThisis becausehe system
is supposedo work undervery poorconditionsaswell. The methodgshatimplement
thesefunctionalitiesreturnan| Request object. If you wantto make sureanopera-
tion wassuccessfulyou have to wait until it is finishedandcheckits status ik e this
agentdoes.

Asynchronousperation®ftenreturnsomeinformationtoo whichis alwaysdocu-
mentedn the API documentatiorof the correspondingnethod.In the caseof launch,
you canaskfor theaddres®f thelaunchedagentif thelaunchwassuccessfuandthe
launchtypeis‘ * RANDOM ’ (line 31). In the caseof messagesending,you canask
for thereply (line 39).

Theagentbverridegshedefaultimplementatiorof handl eMessage. Thismethod
is calledby thenodeif theagentrecevesa messageThetaskof this methodis to han-
dlethemessagsd,e.dosomethingand/ormreply. It doesnotmatterif theagentis passve
or active (i.e. its run methodis still running)whenit receivesamessage.

Line 48hasto bealwaysthefirstline of everyhandleMessagaethodthatoverrides
the samemethodof the superclass. The reasoris thatthe superclassmay alsowant
to handlesomemessagewhich might be of crucialimportanceto the functioningof
the DRM. It is alsoimportantto returnfalseif the messageould not be handledto
allow correctmessaggropagatioranderror handling. This implementatiorhandles
messagesf type“test” andalwaysreplieswith thestring“Fine thanks’ independently
of the contentof themessage.

7 Collectivesand more

After gettingfamiliar with the agentfunctionalitylike mobility andmessagesye now
discussthe powerful conceptof collectives, andan applicationtemplatethatfits well
into this framework. Theapplicationwill beanoptimizerwhich searchegor the max-
imum of a onedimensionareal valuedfunction. Note thatthis is anillustration only,
whatmatterss theway the applicationis puttogether



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 are observers canreadthis repositoryand contributors canwrite it.
The philosophybehindthis modelis that the goal of the collective is solved by the
participantsvia generatingcontributionsusingthe contributions of the others. These
new contributionsthenhelptheothersto generateontritutions,andsoon. During this
procesghe stateof the collective shouldcorvergeto the goal.

Thecollective containsacommandiatabasaswell, which canbewritten by mem-
berswhoarecontrollers. Themember®f thecollective shouldperformthecommands
in thedatabase.

A job canbe a collective. Theclassdr m agent s. Cont ri but or Agent ex-
tendsAgent with thefunctionality of participatingin acollective. Thatis, if anappli-
cationwantsto be a collective, it canuseagentshatextendCont r i but or Agent .
The interfaceis very simple. To fulfill the role of a contributor, the agenthasto
override the methodget Cont ri but i on which mustreturnthe mostrecentcon-
tribution of the agentwhencalledby the collective. To querythe contribution reposi-
tory, theagentcanusethe public interfaceof thefield col | ect i ve whichis of type
drmcore. Col | ective.

To actuallybuild thecollective, Cont r i but or Agent usesadefaultandreliable
agenttheroot agent.Therole of this agentis thatwhennew agentshave to beadded
to the collective, theinformationwhich is necessaryor this operationis fetchedfrom
this agent. (Note that other, morerobustimplementation®f building a collective are
possibleaswell, andcanbe expectedin thefuture.) Theroot hasno furtherrole, only
if it is givenafurtherrole by the applicationdeveloper In our exampletheroot saves
the contributionsof therestof theagentgo disk duringthe runningof thejob.

7.2 TheFiles
Thelisting of exanpl es/ 4. j ar lookslikethis:

Launcher. cl ass

config. properties
drimhc/ Hi Il i mber. cl ass
drmhc/ Al gorithm cl ass

The differencefrom the previous examplesis the presencef a configurationfile
in theroot directory anda helperclassin packagedr mhc. Classe®f the experiment
canloadtheconfiguratiorfile asa systenresourceaswe will seelater, which offersa
possibilityto configureexperiments.

7.3 The Launcher

Thisapplicationhasa moresophisticatedauncher(SectionG). It is moresophisticated
becausgapartfrom defining a separatemethodfor launching)it doesthreethings
more:



e Error checking:usingthe requeshandlerit makesthe asynchronoutaunchop-
erationlook synchronousgo therun method.In generait is nota goodpractice
becausehelaunchemight hangbut it illustrateshow to userequestandlers.

e Rootagent:It launchesaroot agentseparateljandthenpassests addresso all
thenew agentsThisis the properway to startup a collective usingarootagent.

e Configuratiorfile: It loadsthe configuratiorfile (line 66) from the classpathas
asystenresourcgseeSectionl).

7.4 The Agent

The run methodof the agentperformsa stochastidillclimber searchon the function
drmhc. Al gorithm eval () (seeSectionl). dr mhc. Al gori thm nutat e()
is usedasasearcloperator Theagentis mobile,i.e. it canberelocatedvhile running,
becausall serializablefields of the agentwill keeptheir values. The algorithm can
be configuredusingthe configuratiorfile (line 49) (seeSectionJ). Whenfinished,the
agentexits, exceptif it is the root which is supposedo collectresults(line 69) soit
staysalive going passve.

In methodget Cont ri but i on theagentreturnsthe bestknown solution. This
is thevaluethatis goingto bewritten to the contribution repositorytime to time. Note
thattheclasstype of the contribution (in otherwordsthedatamodelof theapplication)
is fully applicationdependent.

The agentcould checkthefield col | ect i ve for contributionsof others. How-
ever, thereis anotherpossibility The collective callscol | ect i veUpdat ed when
new informationarrives(line 92). Our agentusesthis notificationto exploit the new
contritutions. This is the point whenthe (hopefully) positive effect of learningfrom
othersmanifeststself.

Theroot agenttriesto save thisinformationaswell. Theideais thattherootagent
is runningon the computerof the experimentersoit shouldbe possible. Agentsthat
run on remotenodeswhich are normally configuredto supportthe sandboxsecurity
modelwill not be ableto write anything to the disk. The filenameusedto save the
contributionsis configurableseeSectionJ.

Notethatthisis atoy exampleonly to illustratethebasicidea.More clever launch-
ing andlogging could have beenimplementedasilyaswell, ourintentionwasto keep
thingsassimpleaspossible.



A Launch

1 inport drm core. Node;

2 inport hw ob. HelloWrld;

3

4 public class Launch inplenents Runnable {
5

6 private final Node node;

7

8 public Launch( Node node ) {
9

10 t hi s. node = node;

1}

12

13 public void run() {

14

15 node. | aunch(

16 " DI RECT",

17 new Hel | oWorl d("test+"+SystemcurrentTineMIlis(),"1"),
18 null );

19 }

20 }

21

22

10
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B hwjob.Helloworld
package hwj ob

i mport drm agents. Agent;

public class Hell oworld extends Agent {

[** calls super constructor */
public Hellowrld( String job, String name ) {

super ( "Hel |l oworl d",

}

[** prints "Hello Wrld" and exits after 5s waiting */

public void run() {

Systemout.printin("Hello world!");

try { Thread.current Thread(). sl eep(5000);

catch( Exception e )

sui ci de();

j ob,

{}

11

nane );

}
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C Launch

i mport drm core. Node;
i mport j unperj ob. Junper;
public class Launch inplenents Runnable {
private final Node node;
public Launch( Node node ) {
t hi s. node = node;
}
public void run() {
node. | aunch(
"Dl RECT",
new Junper ("test+"+SystemcurrentTineM I 1is(),"1"),
null );
}
}

12



D jumperjob.Jumper

1 package junperj ob;

2

3 inport drm agents. Agent;

4 inport drmcore.*;

5

6 public class Junper extends Agent {

7

8 /**

9 * junp counter. Its value is serialized so it is
10 * preserved while traveling to other nodes.
1 */

12 private int junps = O;

13

14 /** calls super constructor */
15 public Junper( String job, String nanme ) {

16

17 super ( "Junper", job, nane );
18 }

19

20 [ **

21  * Junps to another randomnode 3 tines. The witing periods are
22 * not necessary, they are included only to slowit down so it can be

23 * followed by a human. It is supposed to be an illustration...
24 */

25 public void run() {

26

27 Contri butionBox cb = get DRM). get Newest Contri bution();
28

29 if( cb == null )

30 {

31 Systemerr.println("No nodes to junmp to");

32 try { Thread.currentThread().sl eep(1000); }

33 catch( Exception e ) {}

34 sui ci de();

35 }

36 else if( junmps++ < 3 )

37 {

38 try { Thread.currentThread().sl eep(1000); }

39 catch( Exception e ) {}

40 Systemerr.println("Junping to "+cb.contributor);
41 base. di spat chAgent ( name, cb. contri but or);

42 }

43 el se

44 {

13



45
46
47
48
49
50
51
52

Systemerr.println("Got tired of junping around...");
try { Thread. current Thread(). sl eep(1000);
catch( Exception e ) {}

sui ci de();

14

}
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E Launch

i mport drm core. Node;
i mport tal kjob. Tal ker;

public class Launch inplenents Runnable {
private final Node node;
public Launch( Node node ) {

t hi s. node = node;

}
public void run() {
node. | aunch(
"Dl RECT",

new Tal ker ("test+"+SystemcurrentTineM I 1is(),"1"),
null );

15
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F talkjob.Talker

package tal kj ob;

i mport drm agents. Agent;

i mport drm agent base. *;

public class Tal ker extends Agent {

[** calls super constructor */

public Tal ker( String job, String name ) {
super ( "Tal ker", job, nane );

}

/**

* Launches anot her agent, sends it a nessage and prints reply.
* Does not suicide to allow sone nmanual testing afterwards.

*/

public void run() {

i f( nanme.endsWth("2") ) return; // this agent is passive

| Request r = base. | aunch(
"RANDOM', new Tal ker( job, "2" ), null );

while( r.getStatus() == | Request. WAl TI NG )

{
try { Thread. current Thread().sl eep(100); }
catch( Exception e ) {}

}

if( r.getStatus() != I Request.DONE ) return

Address a = (Address)r.getlnfo("address");

r = fireMessage( a, "test", "How are you?" );

while( r.getStatus() == | Request. VWAl TI NG )

{

try { Thread.current Thread(). sl eep(100); }
catch( Exception e ) {}
}
if( r.getStatus() == | Request. DONE )
Systemout.println( "Answer: "+r.getlnfo("reply") );
}
/**

* Handl es nessage type "test" answering always with the String object
* "Fine thanks."

16



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

*/

publ i c bool ean handl eMessage( Message m Object object ) {

i f( super.handl eMessage( m object ) ) return true;

if( mgetType().equal s("test") )

System out. printl n("Recei ved:
m set Repl y("Fi ne thanks.");

{
return true;
}
return fal se;
}
}

17
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G Launch

1 inport drm core. Node;

2 inport drmutil.ConfigProperties;

3 inport drm agentbase. | Request;

4 inport drm agentbase. Address;

5 inport drm agentbase. | Agent;

6 inport drimhc. HIIdinber;

7 inport java.util.*;

8 inport java.net.|net Address;

9

10 public class Launch inplenents Runnable {

11

12

13 || =========== Prijvate Fields ==============—===—=—=—=—==——=-———-—————-————=—===
14 // s e e s —————————————————————
15

16

17 private Node node = null;

18

19 private final String exper = "hillclinm"+SystemcurrentTineMIIlis();
20

21
22 || =========== private met hods =======================—===—===—===—=======
23 // e ——————————
24
25

26 private Address launch( String name, Address root ) throws Throwabl e {
27

28 | Agent a = new H Il dinber( exper, name, root );

29

30 | Request r = node. |l aunch("RANDOM', a, null );

31 while( r.getStatus() == | Request. VWAl TI NG )

32 {

33 try { Thread.currentThread(). sl eep(10); }

34 catch( Exception e ) {}

35 }

36

37 if( r.getThrowable() != null ) throw r.get Throwabl e();

38 return (Address)r.getlnfo("address");

39 }

40

41

42 || =========== Public constructors =============—===—===—==—=—===—===—=======
43 // s s s s s s ———(——(—————————
44

18



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

pub

pub
try
{

lic Launch( Node node ) {

thi s. node = node;

lic void run() {

Systemerr.println("Launching hillclinber job");
if( node == null ) return;

/1 loads the config pars as a systemresource fromthe
/1 classpath which is the jar or directory of the job
Properties conf = new Properties();

Cl assLoader cl = getd ass().getd assLoader();

try

conf.load( cl.getResourceAsStrean(
"config.properties" ) );

}
catch( Exception e )

{

Systemerr. println(
"Error |oading config, using defaults.");

}

/'l --- launching root

Address root = launch("root",null);
/1 this should be a l|ocal Iaunch

if( ! root.isLocal() )

{
Systemerr.print("Root |aunched to renpte node.");
Systemerr. print(
" This is not necessarily what you want.");
Systemerr.println(" Something is going wong...");
}
/[l --- launching the rest
i nt i=Ilnteger.parselnt(

19



91 conf. get Property("l aunch. 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 drnhc;

2

3 inport drm agent base. Address;

4 inport drm agents. Contri butorAgent;
5 inport drmcore.*;

6

7 inport java.util.List;

8 inport java.util.Properties;

9 inport java.io.FileWiter;

10

11 public class H |II1dinber extends ContributorAgent {
12

13 private double current Sol ution

14

15 private doubl e currentVal ue;

16

17 private int evals = 0;

18

19 private transient Properties conf;
20

P B B e e e
22

23 [** calls super constructor */

24 public HIIdinber( String job, String name, Address root ) {

25

26 super( "H 1 dinber", job, nane, root );

27 current Sol uti on = Mat h. randon();

28 currentVal ue = Al gorithmeval (currentSol ution);

29 }

30

K B e e
32

33 [**

34 * Runs the hillclinber. The optimnized function is defined in

35 * {@ink Algorithn}. The nmaxi mal function evals is given by property
36 * "hillclinber.maxEval s". See default config file

37 * <a href="doc-files/config.properties">here</a>.

38 */

39 public void run() {

40

41 /1 loads the config pars as a systemresource fromthe

42 /1 classpath which is the jar or directory of the job

43 /1 1t nmust be | oaded here and not construction tine because
44 /1 after construction the agent mght be serialized.
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

conf = new Properties();

Cl assLoader cl = getd ass().getC assLoader();

try
{

conf.l oad( cl.getResourceAsStrean(
"config.properties" ) );

}

catch( Exception e ) {}

doubl e x, v;

final int maxEvals = | nteger. parselnt(

conf.getProperty("hillclinber.naxEval s","1000"));

for(; shoul dLive && eval s < naxEval s;

Al gorithm nut at e(current Sol ution);

{
X =
y = Algorithmeval (x);
if( y >= currentVal ue )
{
current Sol uti on = x;
current Val ue = vy;
}
}
i f( !'name.endsWth("root") ) suicide();
}
11
/**

*

*/

Returns the current best solution

public Object getContribution() {

}

/1

/**

* Checks if there is a better
* |If there is, we adopts it.
* See default config file

*

return new double[] { currentSolution

If this is the roor than it attenpts to log the contributions to a

sol ution than our

++eval s )

current Val ue };

current best.

file name, which is given as property "hillclinber.outFile".

<a href="doc-files/config.properties">here</a>.
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91 */

92 public void collectiveUpdated( ContributionBox peer ) {
93

94 Li st peers = collective.getContributions();

95

96 for( int i=0; i<peers.size(); ++i )

97 {

98 doubl e[] contrib = (double[])

99 ((ContributionBox)peers.get(i)).contribution;
100 if( contrib[1] > currentVal ue )

101 synchroni zed(t hi s)

102 {

103 current Sol ution = contrib[O0];

104 currentValue = contrib[1];

105 }

106 }

107

108 [l --- log stuff if root

109 /1 don't forget: this is an exanple. Mich nore clever |ogging
110 /1 should be used than sinply dunping out stuff every tine.
111 i f( nanme.endsWth("root") )

112 try

113 {

114 FileWiter fw= new FileWiter( conf.getProperty(
115 "hillclinber.outFile", "hillclinber.out" ), true );
116 for( int i=0; i<peers.size(); ++i )

117 {

118 doubl e[] contrib = (double[])

119 ((Contri butionBox) peers.get(i)).contribution;
120 fwwite(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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| drmhc.Algorithm

1 package drnhc;

2

3 /**

4 * This class contains algorithm c conponents needed by the

5 * hillclinber agent. Don’t forget that this is a toy exanple 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 naxinm zed

10 * ({@ink #eval (double)}) over the domain [0,1]. It contains
11 * operators that operate on this real donmain.

12 */

13 public class Algorithminplenments java.io. Serializable {
14

15 public static double eval ( double x ) {

16

17 /1 would be far too fast without waiting
18 try { Thread.current Thread().sl eep(100); }
19 catch( Exception e ) {}

20

21 return x*Mat h. si n(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

3 }

34
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J config.properties

© 0 ~NO O~ WDNPR

ol
= o

12
13
14
15

# This is the default configuration file. Thus if there is no

# configuration file, these are the values that are used.

# You can copy this file to "config.properties" into the root of the
# jar or directory of the experinment and you can nodify the val ues.

# the number of contributors (agents) to launch, default is 4.
| aunch. contributors = 4

# the maxi mal nunber of hillclinbing steps per agent. Default is 1000.
hillclinmber.maxEval s = 1000

# the output file to log results to
hillclinber.outFile = hillclinber. out
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