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Abstract

The SantaFe Artificial StockMarketis awell knownagentbasednodel. A newrevisionof
thecode(ASM-2.2)is now available. This essaydescribesomeof thechangeghatwere
madein the codebaseandalsopresentsomeimportantlessondor agentbasednodelerghat
canbeillustratedwith the code. Sincethe codeis availableon theinternet,it is hopedthat
thisdiscussiorandthecodebaseit representsvill be helpfulto peoplewho areplanning

projectsin thefield of agentbasednodeling.
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available. | would especiallylike to thankBlake LeBaron,who hasansweredjuite afew
guestionsaboutthe detailsof this big setof code,andBrandonWeber,who did the detail

work to releaseASM-2.0. All errorsaremy responsibilityalone.



Thereis plenty of talk thesedaysabout'agentbasednodeling”in socialscienceput
precioudittle of it helpswith theactualdetailsof designingsucha modelandwriting code
forit. Thisessayexploressomeconclusionghatwerereachedvhile working on arevisionof
thecodefor the SantaFe Artificial StockMarket(ASM) modelthatwasmadefamousin a
verywidely citedarticle by R.G.Palmer W. Brian Arthur, JohnH. Holland, Blake LeBaron,
andPaulTaylor (1994). TheASM wasoneof thefirst projectsto demonstratéhe potential
of agentbasednodelsfor theexplorationof theoriesof decentralizedndividualistic,and
boundedlyrationalbehavior. It hassparkeda small cottageindustryof researcton artificial
stockmarketqseelLeBaron,2000).

This essayexplorespracticalissueghatanyprospectivenodetbuilderwill confront.
Thesdssuesareof generaimportancenotjustto peoplewho wantto write aboutstock
marketsor usea particularprogrammindibrary. Theoverallmessageés thatmodelsshould
bedesignedasseparatendependentlifunctionalpiecesof code(objects),andthatsome
guidelinescanbe followed to improvereadabilityandreduceunintendedconsequences
(bugs).

| don't write from the perspectiveof a computerscientistwho arrivesonthe sceneo
tell the socialscientistwhatsheoughtto do. Quitethecontrary. | amasocialscientistby
training. Whenl startedearningaboutthe SwarmSimulationSystem(Minar, Burkhart,
Langton,Askenazi,1996)in 1997, | did notknow a greatdealaboutobjectoriented
programmingpr agentbasednodeling. For me,therewasa handin-handdevelopmenof
computingskills alongwith a comprehensionf agentbasednodeling. | suspectt will be
thesamefor manysocialscientistavho aredrawnto thegeneralappeakndclaimsabout
agentbasedmodeling.

Backgroundnthe StockMarketCodeBase

The SwarmDevelopmenGroup (http://www.swarm.orgjnakesavailablea setof working



codeexampledor the SwarmSimulationSystem. In additionto thosesupportednodels,
therearemanymodelscontributedby theusercommunity. Thesecontributedmodelswere
historicallykeptin anftp directoryunderthelabel"anarchy." Userswho would ventureinto
theanarchywould find somesimple,interestingnodels,andsomevery complicatedhard-to-
understananodels.

The ASM codebaseas oneof thedifficult ones. Theoriginal modelwaswrittenin the
languageObjectiveC for the Next operatingsystem. The passingof the Next operating
systemmadea casualtyof the original stockmarketmodel. Thereis, however,a packageof
codeavailableunderthename"sfsm,"whichis ascloseto theoriginal codeaswe arelikely
to get. Thesfsmcodeis the essencef the original model,exceptthatthegraphicalinterface
whichreliedonthe Nextlibrarieshasbeenremoved. With only slight modificationto work-
aroundsomeconflictsdueto changesn the GNU C library, the sfsmcodecanbe compiled
with a currentversionof gcc(the GnuCompilerCollection;http://www.gnu.
org/directory/gcc.html).

A glancethroughthe sfsmcoderevealgthat,althoughit is written in ObjectiveC, it is
in factordinaryC thatis doingmostof thework. (ObjectiveC is asupersebf ordinaryC, so
anythingthatcanbe donein a C programcanbehousednsidean ObjectiveC programas
well.) Theimportanceof the distinctionis in the extentto which an object-oriented
frameworkis used. The sfsmis objectorientedto the extentthatthe significantactorsin the
modelarehousedn separatdiles andwhenthe simulationruns,objectsbuilt from those
classesreinstantiated.The designonthe macrolevel is excellent separatinghe
functionality of thecomponentinto clearlydemarcatedontainers.Onefindsfiles to
describehebehaviorof stockinvestorgmostimportantly,the bitstringforecastingagent:
bfagent) the dividendgeneratoldividend),a specialisivho manageshe market(speclist) a

world objectthatcollectsdataandmakest availableto agentsvhenaskedworld), and



variousotherclasseshatorchestratehe interactionof theseclasses.However,insidethese
largishfiles, thedesignis decidedlymorelike C thanObjectiveC. Eachbitstringforecasting
agentmaintainsa populationof forecastsandtriesto perfectthemovertime, but eachforecast
is notkeptasaseparat@bject. Rather thereareplentyof instance®f dynamicmemory
allocationandpointerusage.

Variousmembersf the original ASM team,alongwith staff membersandaninternat
the SantaFe Institute,setto thetaskof revisingthe sfsmmodelto run with the Swarm
libraries. Thereareanumberof benefitsto doingthis. First, Swarmprovidesa setof well-
testedroutinesfor thingsasmundaneasrandomnumbergeneratiorandschedulingof agent
actions. Second Swarmhasa built-in graphicalinterface,includinggraphingcapabilities.
Sincethe graphicalinterfacewaslost with the demiseof the Next systemthis wasan
importantconsideration.In orderto putthe sfsmcodeinto a Swarmframework,a significant
amountof work wasrequiredto createthe standardnulti-level Swarmsimulationin whicha
top level swarmobjectobservegventsandcreateggraphswhile amiddlelevel modelSwarm
manageshe actualcreationandinteractionof the substantivelymportantactorsin the model.

During 1998and1999,a preliminaryversionof the SwarmASM wasavailablein the
"anarchy"ftp directory. Sincel wasa relativeneophyten theworld of Swarm,| lookedon
thecodein a stateof wonderandamazement! couldnotimaginehow all of this detailcould
possiblyfit togethelinto a coherenpattern. | wasconstantlyaskingpeoplein the Swarm
communityaboutthe statusof thatcodebecausé wantedto seea big, socialsciencemodel
thatusedSwarm. Many of the Swarmcodeexamplesareaboutbugsandotherecological
critters.Therewerenot asmanyexampledhatdealtwith socialscienceresearch.l thought
the ASM couldserveanimportanteducationatole.

In April, 2000,the SantaFe Instituteannouncedhe releaseof ASM-2.0. ASM-2.0

packagencludesthreeelements First,thereis a copy of the ObjectiveC versioncalled



sfsm,which appearsn adirectorycalledASM_OBJC. Secondthereis the Swarmversion,

which appearsn thedirectorycalledASM-2.0. Third, thereis a Microsoft Word document
by BrandonWeber,who wasthethe personmostcloselyin contactwith the actualcodingof

therevisionof theatrtificial stockmarket. The separatelementof thatreleaseareavailable
(ftp://ftp.santafe.edu/pub/swarm/src/useositrib/anarchy/ASM/).

During thesemesteof the ASM-2.0release| wasteachinga graduateseminaron
agentbasedmodeling.l waseagetrto refermy studentsmanyof whomwerein financeand
economicsto the ASM code. By thattime, my codingskills hadimprovedquite a bit (I was
anauthorof the Svarm User Guide (JohnsorandLancaster2000)andhadwritten several
working examplemodels). After reviewingthe ASM-2.0release| wasableto seethatsome
changesouldbemadeto makethis codeeasierto readandmodify. Somepartsof thecode
wereneedlesslomplicatedandthereweremanydetailsthatweredifficult to explainto
students.

Perhapsottheleastof my concernsvasthatthe code,asdistributed hadsomekind
of mistakein it thatcausedhe dynamicbehaviorof the modelto deviatefrom the expected
pattern the patternonewould expectfrom the descriptionof themodelin Palmer etal., or
from runsof the sfsmmodel. In Figurel, thereis a"screenshot6f arun of the ASM-2.0
code. Notethatin the bottompanel the marketprice goeslow andsaysfar belowtherisk
neutralprice. Onewould expectthe price duringthe simulationto morecloselymirror the
risk neutralprice.

| decidedto startanopeninitiative to reviseandupdatethe ASM codebasenot only
to find the sourceof thatproblem,butalsoto enhancehe codeasateachingexampleandas
anillustrationof the possibilitiesof the Swarmtoolkit. Thereis anabsolutelygreatresource
for opensourcecodedevelopmenknownasSourceforge.Sponsoredby VA Linux,

SourceforgefferswebpagesandcoderepositoriegusingCVS, theconcurrentversion



system)}o peoplewhowantto developcodethatis opento inspectionandfreeusage.The
Sourceforgadministratorgrantedmy applicationfor the ArtStkMkt projectanda page
calledhttp://ArtStkMkt.sourceforge.net?eoplewho wantto readaboutthe statusof the
revisionsor checkoutcodefrom the CVS archivecanvisit thatsite.

After working onthe ASM codefor slightly morethanoneyear,| haveannouncedhe
releaseof ASM-2.2,asignificantrevision/enhancement/clarificatiaf the ASM-2.0 code
base.Thisreleasesignalstheintroductionof severahew classesthe simplificationof the
usageof Swarm's schedulingacilities, andaradicalsimplificationandredesigrof the code
thatgovernsheway the bitstringforecastingagentdehave.Midway throughtherevisions,
the"bug" illustratedin Figurel wasdiscoveredandexterminated.In Figure2, onecanfind
ascreenshoof the correctednodelthatwasrun underthe sameconditions.

In this essaytheintentionis notto give acomprehensiveeviewof all thechanges
thatoccurredn the ASM code. Rather,usingthe ASM revisionasanexamplethereare
somegenerabpointsto be madeaboutthe modetwriting experience.Peoplewho are
interestedn thedetailsof therevisionarefreeto checkoutthe codefrom the CVS archive
andusethefacilities of thecvs programto trackthroughthe exacthistory of therevisions.
Onthe ArtStkMkt web site,thereis anhtml versionof the documentatiorior the newversion,
whichincludesanoverviewof themodelanddetaileddocumentatioron all of the classes.
Thecodeincludesa Changelogandthe README file insidethedistributioncontains
periodicupdates.Onecanalsolook attheperiodiccode patcheghathavebeenissuedwhich
includethe exactchangesieededo movefrom oneeditionto another.

Lessongo takeawayfrom the ASM experience

Thecommentdereareorganizedn orderof decreasingenerality. Theintentionis
to speakto issueghatwill affectall kindsof agentbasednodelingprojectsnotjustmodels

of stockmarkets. Havingthe ASM codehandyfor referencehowever givesus something



concretdo talk about.

Theoverallmessagés thatobject-orientation isgood. Wherepossiblemodels
shouldbe designedsothattheyarecomposedf separateisolatedpiecesthatfit togetherin
understandablerays. This makesit easietto extendmodels to find bugs,andto
communicatevith oneanother.In severabf the specificsto be explainedoelow, it is also
arguedhattheisolationandconfinemenof calculationswithin particularobjects, functions,
or methodss important. Globalvariablesarebadandshouldbe avoided.

Hint #1. Replacestructswith objects.

A C structis agroupof variables. An objectis alsoa groupof variablescalledinstance
variablesputit hasanadditionalcapability. An objectis createdasaninstanceof a class,
andbecauset is derivedfrom a class thenanobjectcanexecutanethods.(Thetermmethod
is the objectorientedterminologyfor afunction.) In additionto storingvaluesinsidean
object,onecanalsotell anobjectto makecalculations. Thisis away of "hiding" alot of
work andgettingit donein a dependablevay insideseparat®bjects.

In the ASM-2.0 code,thebuyingandselling of stocksis doneby the BFagentlass
(BF standdor bitstringforecasting). The headeffile BFagent.ideclareswo largestructs,
BF fcast andBFparams. In ASM-2.2, severaklassesverecreatedo containtheinformation
andthesestructswereremoved. Thestruct BF_fast wasreplacedwith the objectBFCast.
TheBFCast objectis quitea complicatedhing becausét doesthe work of taking certain
piecesof theworld into accountandthenformulatinga newforecasof the stock'sprice. That
work wassocomplicatedin fact, thatanothersmallerclass,calledBitVector, wascreatedo
handlethelowestlevel detailsof keepingrecordson thebits of information. Similarly, the
structBFparams wasreplacedwith aclassBFParams.

As anexampleof the simplificationthatcomeswvhenobjectsareintroduced consider

thecodein ASM-2.0'sfile BFagent.m.Whenaforecasf(in this case a pointerto a struct



namedmptr) is to beupdatedthevalueis explicitly calculatedoy retrievingsomevaluesfrom
the parameterstruct(pp) andfptr itself:

fptr->specfactor 1.0/(1.0+ pp->bitcost*fpt->specificity);
All of this calculationcanbedoneinsidethe objectitself by a methodcalle updateSpecfactor.
Then,whenevewonewantsthatcalculationto takeplace,onetells theforecasto do the
calculation. In ObjectiveC, thatlookslike:

[aForecastipdateSpecfactor];

If datamustbeupdatedn severalifferentplacesthis methodcanbecalledin eachplace.
Any changesieededn the updatingprocedurecanbetakencareof insidethe forecast
object'supdateSpecfactor method ratherthanin severabpartsof BFagent.

Perhapshe mostimportantexampleof introducingclassego isolatecalculationgs
theBitVector class. Thebitstringforecasibjects(instance®f BFCast) monitorup to 80
dichotomousrariablesin thestockmarketworld. Thesebitsin theworld indicatethatthe
priceis rising or declining,or thatthe movingaverageof dividendsis rising or declining,and
soforth. Eachforecasicanmonitorsomeor all of thesebits, andsoeachforecasthasto
maintaina recordof which bitsit is monitoring. Thisis donein ASM-2.0with explicit bit
mathin thefile BFagent.m.(A "bit" isa0 or 1 value.Everyintegerhasarepresentatiom
binary (base2) format,a stringof 0'sandl's. Hence eachintegercancompactlystorealot
of bits.) Thatmakesthe codeextremelydifficult to read,evenif oneenjoysbit operations
(andl don't). In ASM-2.2,bit mathhasbeenconfinedto the BitVector class,andeachof the
forecasbbjectsis createdwith a BitVector instanceansideit. Changedo theBitVector values
aredonethroughaninterfacewith meaningful(comparativelyspeakingatleast)method
names. The BFagentsieverneedto preciselymodify theindividual bits becausall of that
detailis hiddeninsidetheimplementatiorof the BFCast andBitVector classes.

Hint #2. Keepthe scopeof all variablesassmallaspossible.



Thisis astandardgieceof adviceto studentof programmingKernighanandPike,
1999,p. 104),butit is easyto misstheimportanceof it. Scopeis theareain which avariable
is visible. A globalvariableis visible throughouta program,aninstancevariableis visible
within anobject,andalocal variableis visible within amethodonly. Whenan objectis
small,thereis someconveniencen keepinga singleinstancevariable thevalueof which can
beeasilyaccessetly severaldifferentmethodsegitherfor readingor writing. Theproblemis
that,asthe classgrows,thenonemay makemistakeghataccidentallychangehe valueof
thatvariable. Programghatusevariableswith largescopearederisivelycalled"spaghetti
code"becausa "yank" ononestrandcanhaveunexpectedmplicationsthroughout.

Insteadof usinga singlevariablethatis accesseth severaimethodsit is oftenbetter
to revisethe methodssothattheytakeexplicit argumentandexplicitly returnvalueswithout
relying on easyaccesdo variablesfrom a higherscope.In the ASM-2.2,for examplethere
aresignificantchangesn themethodghatcontroltheway the agentsconductthe genetic
algorithmthatoptimizestheir forecasts.Forinstancethe functiondeclaredn ASM-2.0like
so:

staticvoid Generalize(strudBF _fcast*fcast)
assumegt hasaccesgo aglobalvariablecalledavstrength. To preventthe possibility thatthe
valueof avstrengthmight be accidentallyalteredsomewherethe Generalizenethodof
ASM-2.2 nowtakesasoneof its inputargumentshe valueof avstrength:

-(void) Generalizelist AvgStrength{double)avgstrength
Usingthis approachthereis nolongeraneedfor a globalvariableavstrength.

Oneof the risky practiceghatis fairly widespreadhroughouthe ASM codeis the
useof staticvariables. A staticvariablein ObjectiveC is avariablethatis sharecdby all
instance®f aclass. It is ausefulapproachf therereallyis a singlevaluethatis supposedo

beavailablefor all instance®f a class. However,sometimestaticvariablesareusedfor



conveniencesayfor "workspace'calculations. Theusageof staticvariabless inspiredby
thedesireto savememory,sinceroomfor only a singlepieceof memoryis needed.If there
arethousandsf instance®f aclass the savingsof memorycanbe significant,andevenon a
newcomputerfor which memoryis cheapthe savingsmight be worthwhile. But thisis not
withoutdanger. Any instanceof the classcanchangehevalueof a staticvariable,andin a
complicatedsimulation,onecancreatevery hardto-find bugsby usingstaticvariables.

Many of thechangeghathavebeenmadein ASM-2.2werenotresponset
problemsputratherstepsto preventfuture accidentsor to resolvestudentgquestiondefore
theyarise. Forexamplejn the ASMObserverSwarm.file, therewasaninstancevariable:

double*position;

This pointsto a locationin memorywhichis allocatedn ASMObserverSwarm.mThe
initialization createda permanentgdynamicallyallocatedpieceof memorylike so:

position= xcalloc (humagentssizeof(double));

Thatpieceof memoryis usedduringeachiterationin the updateHistos method, wherethe
holdingsof the agentsarecollectedinto thatarrayandthenpassedlongto a chartingobject
thatthe authorsreferto asahistogram(but it ratherappearso beabarchart).

In ASM-2.2,theinstancevariableposition is eliminated,asis the needto dynamically
allocatememory. Insteadjt is possibleto rewrite the updateHistos methodwith alocal array
positions whichis createdo hold informationfrom justasmanyagentsasarecurrentlyin the
model'dist of agents.Firstthenumberof agentds retrieved thenthe position arrayis
created.

int numagents: [[asmModelSwarngetAgentList]getCount];

doubleposition[numagents];

Theadvantag®f this approachs notjust thatit keepsthe scopeto the absoluteminimumand

avoidstheuseof dynamicallyallocatednemory,butit alsomeanghatthe chartobjectcanbe



usedto chartthefortunesof anagentist which changesn sizeduringthe simulation. In
ASM-2.0,thereis no flexibility to accommodatehangan thenumberof agents.

Hint #3. Useacollectionslibrary.

A collectionis acontainera“thing” thatcanhaveobjectsaddedto it andremoved
fromit. TheJavalanguagas distributedwith alargelibrary of collections rangingfrom flat
(unordered)ists to sortedsets. TheC, C++, andObjectiveC languagesrenotdistributed
with collectionslibraries,buttherearecollectionslibrariesthatcanbe usedwith these
languages A goodopensourcecollectionslibrary for C canbefoundin theglib package
(http://www.gtk.org). For C++, thereis the Standardlremplatelibrary andfor ObjectiveC
modelsthe Swarmtoolkit hasa collectionslibrary (or onecouldalsousetherecentlyreleased
GNUsteptoolkit: http://www.GNUstep.org).

If onedoesnotwantto usea collectionslibrary, thenwhat? A look atthe ASM-2.0
codewill giveanexampleof the alternativeusedynamicallyallocatedmemoryandpointer
math. (Readersvho do not now aboutmemoryallocationin C might consultoneof the
standardexts,suchas(KernighanandRitchie, 1988,or Kochan,1994)). In Kochan(1994,p.
255),thereis a presentatiomescribinghow onecancreatea linked list in the stylethatis used
in ASM-2.0. A C structis usedto containtheinformationabouta “thing,” andonepieceof
informationin thestructis apointerto thenext“thing” in the collection. As long asonehas
accesgo onestruct,thenonecanalwaysfind thenextone.

Theexplicit usageof structsandmemorypointersis not somuchwrongasit is prone
to error. To correctlymakea seriesof calculationspnefor eachstruct, a sequencef
relatively detailedstepsmustbetaken. In C, thereis no warningif onegrabsanincorrect
segmenbf memorywhile conductingsuchanexercise.

Usinga containetibrary, the maintenancandtraversabf collectionsis converted

into asimpler,morereliableprocess.If onehasanobject,insertingit into the collection
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usuallyrequiresa simplecommandike "add" or "put.” All of thecollectionslibrariesthatl
haveseenincludea standardsetof toolsfor steppingthroughthe collectionwith aniterator.
In Swarm,theinteratorfor a collectionis oftencalledanindex," andonesimply asksa
containetto createanindexwith a begin statemenandtheneachsuccessivelementof the
collectionis found by askingtheindexfor the "next" element.

In Tablel, onecanfind acomparisorof thetwo approache$ maintaininga set
forecasts.In theleft, codefrom ASM-2.0is presentedywhich showsthe dynamicallocation
of achunkof memory (enoughto hold pointersto numfcasts structs),andthenafor loop over
thestructssetstheirinitial values. After the arrayof structsis set,thenthis exampleshows
how onecantraverseovertheelementsn orderto computethe averageof avariablecalled
specificity.

Ontheright sideof Tablel, the moreobjectorientedversionof this exercisas shown
from ASM-2.2. Insteadof treatingthe elementsasstructs the elementsarenow objectsfrom
theclassBFCast. Thecreationandinitialization of thoseobjectsis segregatethto a method
in Bfagent calledcreateNewForecast, andanytime a newforecastis neededthatmethodis
used. Following thatapproacteliminatestherisk thatonemight forgetto setall of the
numericalvaluescorrectlywhendoingtheinitialization in the middle of the othermethodsas
is doneontheleft handside. Ontheright handside,onecanseethatthe objectsareputinto a
collectioncalledfcastList, andwhenit is time to computeaveragespecificity,aniterator
objectcalledindex is obtainedirom thefcastList, andthenaloop repeatedlyasksfor the next
elemenbf thelist.

Themainpointof this sectionis thatstoringobjectsinto a collectionis easierandless
errorpronethanthe otherway. Thereis anothempointto recommendt, however. It would
bea bit difficult to addnewforecasbbjectsif theold approactwerefollowed. Theamount

of memoryallocateds fixed, andsocreatingmore"headroom'in the collectionwould
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requirefurtherexplicit work to allocatememory. Doing thatwould significantlycomplicate
the pointermaththatis usedto transversehecollection. On the otherhand,mostcollections
librarieswill makeit easyto increasdahesizeof acollection. A list classwill simply grow
whenevemrnobjectis added. In the Table1 example a SwarmArray collectionis used,
mostlybecause¢heretrievalof specificitemsis fasterwith thanclassthanin anunstructured
list. Butthe SwarmArray hasa methodwhich allowsit to beresized.Of coursethesame
work getsdoneif oneuseseitherapproach.Thedifferenceis that,in thelatterapproactthe
work is doneautomaticallyjnsidethe (hidden!)confinesof a collectionslibrary. Thework is
donein awell-tested multipurposecollectionslibrary, ratherthanin themiddle of a
substantivepplication. This freesthe userfrom a significantamountof detailedwork.

Hint #4. Think aboutparametemanagement.

The SwarmSimulationSystemhasfeaturedn it for creatingobjectsandsettingtheir initial
valuesto particularparametewalues. Theinput parametersarekeptin separatdiles, eitherin
LISP formator the NationalCenterfor Supercomputind\pplication's (NCSA) HDF5 data
format(http://hdf.ncsa.uiuc.edu/index.htmlin ASM-2.2,the LISP approacthasbeentaken,
andthe defaultsettingsfor the modelarein atextfile calledasm.scm. (Theextensionscm
refersto the Schemdanguageanimplementatiorof LISP.)

Onepoint of emphasiss to separatehe adjustmenbdf parametewvaluesfrom the
editingof the codeitself. If thenumericalvaluesof the parametersreburiedinsideafile that
includesC code,thenit is somewhatnconveniento dig in, find values,andadjustthem.
Furthermorepnemustrecompilethe modelin orderto runit. It is muchnicerto edita
separatgparametefile andrunthe modelagainwithoutrecompiling.

Thenewparameteclassesn ASM-2.2 areBFParam&andASMModelParams.The
BFParamglasscontainghe defaultsettingshatgovernthe creationof bitstringforecasting

agentsaandthe bitstring forecastshemselves Eachagentmaintainsmanyforecasts,
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repeatedlycomparingtheir quality in predictingthe stockprice. Whenanobjectis created
from the BFCastclass the Bfagent'smethodcreateNewForecast is responsibldor reading
valuesof of the BFParam®bjectandsettingthemin thenewforecast. Becausef this
objectorienteddesign|t is possibleto allow changesn BFParam®vertime, possibly
reflectingtheexperiencef theagent.

Anotherbig changan ASM-2.2is the separatgarameteclassfor the overallmodel,
ASMModelParamsThis affordsa significantsimplification of the maintenancef the code.
Thisis sobecaus&warmmodelsaretypically written to run eitherin the graphical(GUI)
modeor in abatchmode(withoutanyGUI interaction). Themodelitself is supposedo be
thesame pof course putthetop level objectwhich manageshe simulationwill differ. In the
GUI version,for examplethetoplevel classis calledASMObserverSwarmyhile in the
batch/noninteractiveersionit is calledASMBatchSwarm.Becausehe ASMModelParams
arebrokenoff into a separatelass theneitherof thesetop level modelscanaccesshe same
setof parameters.

In ASM-2.2,all parametemanagementhoresaregatheredogethemunderthe
umbrellaof the Parameterslass. Parameters subclasseffom SwarmsArguments_class,
andtheendresultof thatis that Swarm'sdefaultobjectarguments is customizedo fit the
application. Whena simulationmodelbegins thefirst thing thathappenss the creationof a
Parametersbject,andwhenit is createdjt spawndnstance®f ASMModelParamsnd
BFParamssothosevaluesarereadywhenthe otherobjectsarecreated.

Thinking aheado theendof the project,whenonewantsto runamodeloverandover
again,or exploretheimpactof changesn conditions,t is importantto notethatthe
Parameterslasscanalsohandlecommandine parameters Whenthe modelruns,the
commandine optionsaresorted,andthe parametepbjectscanbetold to adjusttheir settings.

If aprogramis ableto accepttommandine parameterghenthereareeasy
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approachethatcanbe usedto generatenanyrunsof themodel. Themostsophisticated
approaclof which | amawareis Ted Belding'sDrone program(http://Drone.sourceforge.net),
which hashigh poweredcapabilitiesto managearametesweepsanddistributejobsacross
networks. Dronereliesonthe Expectpackageandwe havehadsometroublebuilding that

for MS Windowssystemgbut not on Unix/Linux), sol prepareda Perlscriptthatcanrun
parametesweepsaswell (http://lark.cc.ukans.
edu/~pauljohn/Swarm/MySwarmCode/replicator.pi)tit will notdistributejobsarounda
networktheway Dronecan.

Hint #5. Considerstrategiegor dataoutput.

In the past,| haveusedC andthe standardnethodsof creatingoutputfiles in text
format. Thisis convenientandthereis alwaysconfidencehattheresultswill be usefulacross
avariety of programs.In the ASM-2.0 Output class,onecanfind the codethatcausesa
simulationto write plain asciivaluesinto afile. Thisis oneof theapproacheslustratedin
ASM-2.2. Thefile's nameis stampedwvith thetime anddate. Model runsin batchmodewiill
automaticallyturn-on the datawriting facilities, but runsin the graphicalinterfacewill not
write dataunlessthe userpushesa buttonthatturnson datawriting.

Therearesomeshortcominggo raw text output,however,oneof whichis thelack of
precisionin realvaluednumbers.MarcusDanielsof the SantaFe Instituteandthe Swarm
DevelopmentGrouphasintegratedhe NationalCenterfor Supercomputing\pplication's
HDF5 dataformatinto Swarm,sothatdatacanbe savedn a compressetbrmatthatretains
precision. Mr. Danielshasalsowritten codeto supportHDF5 usagefor the free software
statisticalprogramR (IhakaandGentleman1996;seehttp://www.R-project.org), whichis
free,opensourcejncreasinglyconvenienthigh powered andfun-to-usetool for creating
graphsandestimatingmodels. OnecangeneratédDF5 files from a Swarmsimulation,read

theminto R, analyzethedata,andoutputthe datain otherformatsif desired.
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In ASM-2.2,thesecapabilitieshavebeenputto use. In orderto takeadvantagef
them,howeveroneneedsafairly neweditionof Swarm,eitheradevelopmensnapshoof
Swarmfrom July, 2001or later,or areleaseversionof Swarm2.2. Therearetwo kinds of
hdf5 outputthatcanbe savedn ASM-2.2. First, thereis asmallHDF5file thatincludesthe
time-seriesof thevariablesprice, dividend, andvolume. Thatfile is createdhroughSwarm's
EZGraphclasswhichis typically usedto showgraphsonthe screenputin this caseit saves
valuesinto afile ratherthanonthescreen.

Theotherkind of outputthatthe Swarmlibrariescangenerates typically called
"serialization" information. Serializationrmeangheability to savethe stateof anobjectinto
afile andthen,atafuturetime, re-createthe sameobject.(Peoplewho write computergames
have,of course masteredheart of serialization.) Swarmcanoutputthe contentsof whole
objectsin eithera LISP formator HDF5. In ASM-2.2, we arenotinterestedn afull
serializationthough,andwe cansavesometime/storagespaceby only savinga shallowcopy
of thevariousobjects. A shallowcopyrecordsthe variablesnsideanobject,butnotthe
objectsthatit haswithin it. In ASM-2.2,thedefaultcodewill write outaLISP formattedtext
file thatincludesthe dataof the Specialistobjectandthe World object. At theendof arun,
oneshouldseefiles like:

output.dataWed_Oct 24 11 30 18 2001

swarmbDataArchiveWed _Oct 24 11 30 18 2001.scm

hdfGraphWed_Oct 24 11 30_18_2001.hdf

If, insteadof the LISP formattedswarmDataArchivdile, onewantsHDF5 formattedoutput,
it canbedonewith eithera C preprocessditag or anobviouschangen thefile Output.m.
Theusageof the LISP archiverin this examplesignificantly slowsdownthe speedwith

whichthe modelrunsbecausdt archivesa greatdealof information,muchof whichis not
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needed.

Conclusion
While working onthe ASM code,severaissuesaboutmodetbuilding andprogramming
cameinto focus. It is betterto encapsulatenformationandretrieveit whennecessaryhanit
is to leaveinformationsitting aboutwhereit canbe accidentallyaltered. It is betterto use
containerclasseshanto do mathwith pointers. It is agoodideato designa simulationmodel
with aneyetowardtheendproduct,bothin termsof exploringparametecombinationsand
dataoutput.

All of theseobservation$low togetherinto the contentionthatobj ect-oriented
modelingisgood. Or, perhapsn themorecynicalstyle of WinstonChurchill, "Object
orientedcodingis the'worst' form of modelbuilding, exceptall thoseothersthathavebeen
triedfromtimetotime." Onecanreadilycriticize the statusof ASM-2.2 becaus¢hereare
thingsthatcouldbefurtherisolatedinto specificclasse®f theirown. Therearecasesn
whichthe scopeof somevariablescould be madesmaller. | havestoppedat this stagefor a
releaseébecausehe changediavebeenquite substantialandfurtherrevisionis likely to
requiremoresignificantbreaksn the conceptuahlignmentof the code. | hopethatpeople
whowantto learnaboutSwarmin particular,or agentbasednodelingin generalmight

benefitfrom acomparisorof the variousversionsof the Artificial StockMarket.
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Tablel
CollectionsUsagein ASM-2.0andASM-2.2

/[ExampleCodefrom ASM-2.0 (BFagent.m):
I/l Declarea pointerto spacefor BF_fcast
struct
structBF_fcast*fcast;
/I Allocate memoryfor forecasts

fcast= calloc(p->numfcasts,sizeof(struct
BF_fcast));

if('fcast)

printf(*Therewasanerrorallocatingspace

for fcast.”);

structBF_fcast*fptr, *topfptr;

/I Initialize the forecasts
topfptr = fcast+ p->numfcasts;
for (fptr = fcast;fptr < topfptr; fptr++)
{
fptr->forecast= 0.0;
fptr->Ilforecast= global_mean,;
fptr->count= 0;
fptr->lastactive= 1;
fptr->specificity= 0;
fptr->next= fptr->Inext= NULL,;
[* Allocate spacefor thisforecast’s
conditionsout of total allocation*/
fptr->conditions= conditions;
conditions+= condwords;
/* Initialise all conditionsto don't care/
cond= fptr->conditions;
for (word = 0; word < condwordsword+)
cond[word]= 0;
/* Add non-zerobits asspecifiedby
probabilities*/
if(fptr'=fcast) /* protectrule O */

[* Computeaveragespecificity */

specificity= 0;
for (fptr = fcast;fptr < topfptr; fptr++)
{

specificity += fptr->specificity;

}
avspecificity= ((double)specificity)/p-
>numfcasts;

}

[[ASM-2.2 equivalent:
/[CreateArray to hold forecastobjects
fcastList=[Arraycreate]self getZone]
setCountnumfcasts];

/I CreateForecasbbjects,addto fcastList
/I The“know nothing”forecasts first
[fcastListatOffset:0 put: [self
createNewForecast]];
/[createrestof forecastswvith random
conditions
for (1 =1;i < numfcastsj++)
{
id aForecast|[self createNewForecast]
/linitialize
[self setConditionsRandomlyForecast];
[fcastListatOffset:i put: aForecast];

}

[* Computeaveragespecificity */

index=[ fcastListbegin:[self getZone]];
for (aForecast [index next];
[index getLoc]== Member,;
aForecast [index next])
{
sumspecificity+= [aForecast
getSpecificity];

avspecificity=
(double) sumspecificity/(double)
numfcasts;
[indexdrop];
}
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Figurel
Screenshovf ASM-2.0
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Figure2
Screenshodf ASM-2.2
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