Large-Scale Simulation Using
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21.1 Introduction

PGENESISis a parallelform of GENESISthat enablessimulationof very large models.
Simulationmodelsarecritical for integrationof behaioral datawith anatomicahndphys-
iological data. Although explanationsof behaioral dataare possiblewithout resortto
neuralsimulationmodels(Chomsly 1957,e.g.),thoseintegrative accountghatmale con-
tact with the anatomicaland physiologicaldatarequirelarge-scalesimulationmodelsat
the neurallevel. The scaleof the modelsrequiredcanbe seenin theoriesaboutthe func-
tion of the hippocampusn learningand memory(McClelland and Goddard1996, Levy
1996). Thesetheoriesasserthatstatisticalpropertiesof ring rates,synaptictransmission
ef ciencies, andconnectionstructuresarecrucial in explaining informationprocessingn
the hippocampus.The validity of thesestatisticalpropertiesis conditionedon sufcient
samplesizesthat cannothold if the modelscalesdown the real systemby morethanone
or two ordersof magnitude Evenscalingdown by two ordersof magnituddeavesuswith
very large modelsthat, aswe shall see,go beyond the capabilitiesof existing simulation
ervironments.

Two developingdataacquisitionmethodologiesredriving this interestin larger scale
models. Technologiedor imaging the nenous system,particularly functional magnetic
resonancemaging (Belliveau, McKinstry, Buchbinder Weissloff, Cohen,Vevea, Brady
andRosen1991),allow usfor the rst time to testhypothesegmbodiedn systemdevel
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modelsandto relatethesemodelsto behaior. Multi-electroderecordingdevices(Wilson,
McNaughtormandStengell 992),which arenow migratingfrom the smallnumberof origi-
natinglabsto alargergroupof usersn diverselabs,arealreadydeliveringindividual spike
datafor over one hundredcells simultaneouslyallowing modelersto re ne hypotheses
aboutinformationrepresentationesmplgedin particularsystems.

Effective useof a parallelcomputerfor simulationrequiresthat the problembe par
titioned in sucha way asto minimize the overheadassociatedvith communicationand
synchronizatiorbetweerprocessorsyhile atthe sametime balancinghe amountof work
doneby eachprocessorOverheads minimizedby reducingthe communicatiorbetween
component®f the simulationthat resideon different processorsand by maximizingthe
the extentto which the component®f the simulationon differentprocessorganproceed
without synchronizing. Thereare two characteristicof communicationhardware (e.g.,
Ethernet}thatarereferredto in this chapter Bandwidthis the effective rateat which data
canbe sentover the medium. Latencyis the time betweenthe transmissiorof databy
oneprocessoandtheir receptionby another Two classe®f neuralsimulationscanoften
exhibit low overhead:

1. Parameter search. Globaloptimizationalgorithmsfor tting aparameterizechodel
to datarequirethatmary parameterizationseevaluated.In neuralmodelsevaluation
of a particularparameterizatiois often bestachiazed by runningthe model. There
aremary optimizationalgorithmsthatcanbeparallelizedsothatmary parameteriza-
tionsareevaluatedsimultaneouslyincludingparallelgeneticalgorithms(Collinsand
Jefersonl991)andparallelsimulatedannealing/Azencott1992). Eachparameteri-
zationof themodelcanberun onaseparat@rocessorThe communicatiorcostsare
small: the parametersnustbe transferredon startup,andthe tness valuereturned
at the end of the evaluationrun of the model. Synchronizatiorcostscan be very
low becausenodelsarerunindependentlyThe amountof synchronizatiomequired
depend®ntheparticularsearchstratgy, asdiscussedurtherin Sec.21.7.

2. Network models Network modelsoften exhibit two characteristicghat closely
matchthe underlyinghardvware of parallelplatforms,if we assumea partition of the
modelthatkeepsthe compartment®sf eachneuronon a singleprocessosothatthe
communicatioris exclusively in the form of spikes. First, spike ratesarelow com-
paredwith the time stepfor integrationwithin the cell, thuscommunicatiorband-
width is low asfew spikes needto be communicatedn eachtime step. Second,
axonaldelaysare typically one or two ordersof magnitudegreaterthan the time
step,sothat cells neednot be simulatedin lock step. Simulationtime on different
processorgandiffer aslong asevery spike is deliveredto its destinationwithin the
axonaldelayperiod. Thesecharacteristicenatchthosein parallelplatforms,in which
bandwidthis oftenlimited andlateng is oftenhigh.
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In contrastdistributing a simulationof anelectrotonicallyconnectednodelover mary
processorwill incurmuchlargeroverhead Thisis becausateachtime steptheprocessors
mustexchangeadatavaluesand,implicitly, synchronizeThereis extensve communication,
andprocessorsnustwait for all to nish atime stepbeforethey canproceedo the next
step.In thischaptemwill introducetheuseof PGENESISor thetwo classe®f modelsenu-
meratedabore: parametesearchandnetwork models.We alsodiscusshybrid simulations
in which parametesearchs performedon a network modelthatitself runsin parallel.

21.2 Classes of Parallel Platforms

Thethreemajor classe®f parallelplatformsare(1) networks of workstationgNOWSs), (2)
symmetricmultiprocessorgSMPs)and(3) non-uniformsharedmemorymassiely paral-
lel processorgNUMA MPPs). In additiontherearehybrid versionsof NOW andMPPin
which eachnodeof the machinegs itself anSMP. Thetwo mostimportantef ciency ques-
tions when decidingwhich platformto concentrateon are: how well its communication
characteristicsnatchthoseneededy the simulationtask;andhow the architecturescales
up to the numberof nodesthatthe modelcanuse.

As statedbefore,the importantcommunicatiorcharacteristicare bandwidthand la-
teng, and of theselateng is usually more critical for neuralmodels. Low lateny and
highbandwidthis thegoal. To simplify vastly NOWSstypically have relatvely high latengy
andlow bandwidth. Thusthey aresuitablefor coarse-grainegaralleltaskssuchasa pa-
rametersearchiaskwhereevaluationof a singleindividual takesan appreciablemountof
time. They mayalsobesuitablefor network modelswith verylonglookaheadhatmaynot
be adwerselyaffectedby high latengy. Otherfactorsto considerwith a NOW platformare
whetheronehasexclusive access$o theprocessorandhov muchdisktrafc thesimulation
generatesWithout exclusive accessit is very hardto partitiona network modelef ciently.
NOW platformsaretypically not setup well for massie transferdo andfrom shareddisk
for mary processors.

SMP platforms(e.g.,0Origin, Corvex, Ultrasparchave verylow lateng andhigh band-
width for smallto mediumnumbersof processorge.g.,up to 16), but thesecharacteristics
do not scalewell to a high degreeof parallelismbecauséhe underlyinghardwarecommu-
nicationmedium— asharedus— doesnot scale.Neverthelesshey canbevery effective
for developmentof smallto mediumscalePGENESISmodelsandare often easierto use
thanMPPsor NOWSs.

NUMA MPP machineg(e.g., Cray T3E) are the ideal platform for the largest, most
highly parallel PGENESIStasks. The lateny and bandwidthcharacteristicsare vastly
betterthan NOW and approachSMP, andthe architecturecan scaleinto the hundredsof
processor®n parametesearchtasks,andinto the tensof processorgor well-distributed
network models. Thesemachinesareat the high endof high performanceeomputingand
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soaredesignedo balanceprocessospeedwith memorylateny andbandwidthanddisk
lateny and bandwidth. The largestnetwork modelswill almostcertainly requirethem.
However, the NOW or SMP platformsmaybe morecost-efective for large-scalgparameter
searclhtasks.

21.3 Parallel Script Development

Scriptdevelopmenfor PGENESISs anexercisein parallelprogrammingvheremary pro-
cessegrerunningsimultaneouslyEachprocesgcalleda nodg is runningoneinstanceof
asingleparallelscript. For modelerdamiliar with serialprogrammingincludingall GEN-
ESIS users,the transitionto parallel programmingrequiressomeconceptualeaps. For
example,onecanno longerassumedhatbecausetatemenB in a scriptcomesafter state-
mentA thatB will be executedafter A. The orderdepend®n which nodesthe statements
areexecutedby, andwhatsynchronizatiorevents(e.g.,barriers)occurbetweerthem.
We have foundthat PGENESISsimulationsarebestdevelopedin the following order

1. For all modelsdevelopanddelug thesinglecell prototypeausingserial GENESIS.

2. (a) For network models,decidehow the network shouldbe partitioned,i.e., which
GENESISelementsshouldgo on which nodes. It is bestto implementthe
scriptsin ascalabldashionsothatthe numberof nodescanbevariedby chang-
ing arun-timeparameter

(b) For parametesearchasks,develop the scriptsto run andevaluatea singlein-
dividual, andthe scriptsthatcontrolthe optimization. The optimizationscripts
shouldbe parameterizedothatthey will runwith any numberof nodes.

3. First try out your scriptson a single processor— a desktopworkstationis often
most corvenientfor this stage. Make surethat your scriptsrun correctlyusingthe
minimumnumberof nodes(a singlenode,if possible).Also, be surethe scriptswill
runin thebackgroundwithout XODUS or ary interactve input.

4. Continueto usethe single processoplatform, but increasehe numberof nodesin
the simulation. This will shav up errorsrelatedto the partitioning of the problem
acrossnorethanonenode.

5. Runthescriptson a multiprocessoplatformwith a smallnumberof processorskor
example,a small symmetricmultiprocessoor a smallnumberof networked work-
stations.Thiswill shav up errorsdueto assumptiongboutexecutionorder

6. Runthefull scalesimulationsonthelargestmachineyouneedandhave accesso. By
this time your scriptsshouldbe well-delugged. Typically detuggingis dif cult on
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thelargestplatforms,soit is prudentto do asmuchdehuggingaspossibleon smaller
machines.

21.4 Script Language Programming Model

A PGENESISsimulationconsistsof a setof independenprocessegnode$ thatcancom-
municatevia scriptlanguagecommandsand cancooperatan a simulationvia GENESIS
messagebetweerelementgesidingon differentnodes.Serial GENESISformsthe coreof

eachof theseprocessesAs in serial GENESIS executionof a simulationincluding setup
andsteppingjs controlledby scripts.Useof XODUS is discussedn Sec.21.8. However,

scriptprogrammingor PGENESISntroducesadditionalcompleities. It is critical thata
userof PGENESISreview andunderstandheseissuesheforeattemptingto run PGENE-
SIS.

21.4.1 Parallel Virtual Machine

PGENESISSs huilt on top of the Parallel Virtual Machine(PVM) software system(Geist,

Beguelin,Dongarra,Jiang,ManchekandSunderani994),which providestheillusion of a

parallelplatform. The PVM systemmayrunonasingleCPUor multiple CPUs, possiblyof

differenttypes.In therestof this chapterwhenwe referto the“parallel platform” we mean
theillusion providedby PVM. Whenwe referto the“parallel machin€, we meanthe phys-

ical setof CPUsandthe network connectinghemonwhich PVM is running.An executing
PVM programconsistsof userprocessedypically oneper CPU, which communicatevia

the PVM daemonthat runson eachparticipatingCPU. In PGENESIS gachuserprocess
is anindependenGENESISsimulation,which we call a nodeof the parallelsimulation.
Nodesare uniquelyidenti ed by a node number(consecutie integers startingat zero).

Thesenodesmay begroupednto zones— nodeswithin a zonehave their simulationtime

keptmoreor lesssynchronizedywhereassimulationsin differentzonesmay run relatively

independently Thus,a parametesearchalgorithmwould typically run mary simulations
independentlywith eachnodein a separateone,whereasa large network modelwould

typically runwith all nodesin asinglezone.

21.4.2 Namespace

PGENESI<urrentlyprovidesa private-namespagarogrammingmodel. This meanghat
eachnodehasno knowledgeof the elementghatresideon othernodes.This impliesthat
every referenceo an elementon anothemodemustspecifythe nodeexplicitly. It is ervi-
sionedthata shared-namespapeogrammingmnodelwill beimplementedeventually This
will allow nodeswithin a zoneto referenceslementson othernodesin the zonewithout
specifyingthe nodenumber To easeupgradeof parallelmodelsto the shared-namespace
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paradigm,it is recommendedhat elementnameswithin a zonebe unique. If this rec-
ommendatioris not adheredo, therewill be namingcon icts if a modelwishesto take
advantageof the shared-namespacapabilitywhenit becomeswvailable.

21.4.3 Execution (Threads and Sync hronization)

Themainthread(i.e., o w of control)on eachnodeis thatwhich readscommandgrom the
script le (or keyboard,if the sessioris interactve). PGENESISprovideslimited capabili-
tiesfor thisthreadto createnew threadson ary node.On eachnode thethreadsarepushed
ontoa stackwith the mainthreadat the bottomof the stack. Only thetopmostthreadmay
execute,andwhenit completest is poppedoff the stacksothatthe next threaddown can
continue.Threadseadyto executearenot guaranteedo execute:if thetopmostthreadis

blocked or looping,no readythreadlower on the stackcancontinue.

An executingthreadis guaranteedo run to completion(assumingt doesnot contain
anin nite loopor blockon1/O) aslong asit executesonly local operationsi.e., no opera-
tionsthatexplicitly or implicitly involve communicatiorwith othernodes.The command
descriptiondelawv includespeci cationof local or non-localstatus.In addition,simulation
stepsandresetareby de nition non-localoperationsf thereis morethanonenodein the
zone.Usersarestronglyencouragedb useonly local operationsn child threadsvheneer
possible Usersneedto bevery carefulaboutthreadcreationto ensurghatdeadlo& (when
no threadcancontinue)doesnot occur

PGENESISprovidesfacilities for blocking and non-blockingthreadcreation,usually
usedto executecommandon nodesdifferentfrom the one on which the scriptis being
executed.(“remote” nodes).Whenathread(includingthe mainscript) initiatesa blocking
remotethread(alsoknown asa remotefunctioncall), it waits until the threadcompletes
beforecontinuing.Whenathreadinitiatesa non-blockingremotethread(anasynchronous
thread),it continuesimmediatelywithout waiting for terminationof the thread. While a
threadis waiting, the nodecanaccepta requestor threadcreationarriving from ary node
(includingitself). This new threadis pushedon the threadstackandexecuted sothatthe
original waiting threaddoesnot continueuntil thenew threadhascompleted.

Scriptsrunningondifferentnodescansynchronizevia severaldifferentsynchronization
primitives. Thesimplestabarrier, cause®very nodeto wait atthebarrier statemenuntil
all othernodeshave reachedhat pointin the script. Therearetwo typesof barriers,one
thatinvolvesall nodesin a zone,the otherinvolving all nodesin the parallelplatform. By
defaultthereis animplicit zone-widebarrierbeforea simulationstepis executed although
this canbedisabled.

Whena scriptrequestshata commanderunasynchronouslpnanothemode,it initi-
atesa child threadof controlon the othernode.Thechild threadrunsasynchronouslwith
its parent.Theparentcanrequeshoti cation or thechild's resultwhenthechild completes,
andcanwait on that noti cation or result(a “future”), andthis is the only way to ensure
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asynchronoughild threadshave completed. Threadsdo not block for child completion
beforeeachsimulationstep,nor atabarrier It is easyto reachdeadlockif the creationand
executionof threadsarehandledcarelessly

If anodeinitiatesseveralchild threadsonaparticularemotenode theseareguaranteed
to commencégbut notnecessarilyomplete)executionin theorderin whichthey wereiniti-
ated.A threadis guaranteedb executeeventuallyaslong asno precedinghread(1) enters
aloop thatonly executedocal operationspr (2) blocksinde nitely becausef deadlock.
Onceexecutionof athreadbegins, it runsto completionwithout interruptionaslong asit
only executedocal operations.

21.4.4 Simulation and Scheduling

PGENESISprovidesthe ability to setup a GENESISmessagdetweentwo elementson

different nodes(a remotemessage)provided the nodesare in the samezone. Dataare

physicallytransferredrom onenodeto the next atthe beginning of a simulationstep.This

meanghatthereis no transferof databetweerelementon differentnodeswithin a single

time step,which hasrami cations for the schedule. (The GENESISReferenceManual

containsa descriptionof simulationschedules. PGENESISguaranteehat executionon

aparallelplatformwill beidenticalto thaton asingleprocessoif andonly if thereareno

remotemessagefr whichthesourceobjectprecedeghedestinatiorobjectin theschedule.
(We assumehatevery nodein a zonehasthe sameschedule.)

21.4.5 Node-Specic Script Processing

Eachnodeexecutesa single main scriptcommonto all nodes.However, it is commonto

neednode-speci cscript processing.A nodeis assigneda uniqueidenti cation which is

availableto the scriptit is processingia the mynodeandmyzonecommandslf execution
of scriptstatementss conditionalonthenodelD, thendifferentnodescanexecutedifferent
scripts.For example,if themainscript(henceforthmain.g executedby all nodescontains
this scriptfragment.
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theneachnodeO will executeearly-statementdollowed by statementsn scriptnode0.g
followed by later-statements All othernodeswill executeearly-statementgollowed by
statement# scriptnode.g, followed by later-statements

21.4.6 Async hronous Simulation

ThePGENESIShodesusuallyoperateasynchronousjysoinstantaneougositionin a script
variesbetweemodes.In the precedingscriptfragment,onenodestill could be executing
early-statementwhile anotheris alreadyexecutinglater-statements This means for ex-
ample thatonenodemay have completecelementreationandbe addingmessagewhile
anothemodeis still creatingelementslf the rst nodetriesto sendamessagéo anelement
onthesecondode,it may nd thatthetamgetelementhasnot beencreated Modelerscan
controlthis behaior throughthe judicioususeof barriers. A barrier is a scriptstatement
that must be executedby all nodesbeforeary nodecan continuepastthe barrier state-
ment. For example,the following main scriptfragmentwill guardagainstthe problemof
attemptingto senda messagéo anelementotyet created:

In this main script fragment,eachnode createsthe requiredelementsthen waits at the
barrier statementOnly whenall nodeshave reachedhebarrier andthereforecreatedheir
elementscanary nodecontinueonto createmessages.

Somescriptcommandsesultin implicit synchronizatiorevents. For example,by de-
fault, the nodessynchronizebeforeexecutinga simulationstep. The resetcommandalso
causeshenodedo synchronize.

21.4.7 Zones and Node Identier s

Nodescanbegroupedn zoneswhenthe simulationis started.Eachnodeis in exactly one
zone(by default, every nodeis in its own zone). The zonesform a x ed partition of the
parallelplatform. The motivationfor usingzonesis to allow differentpartsof the simula-
tion to run asynchronouslyuncoordinatedgven during simulationsteps.For example,in
aparametesearchapplication,onemightwishto runmary instance®f afour-nodemodel
in parallel. Eachinstanceusesfour nodesthat mustrun synchronouslybut the instances
neednot be coordinatedexceptat startand nish). Thus,we canrun eachinstancein a
separateone,eachzonecontainingfour nodes.Zonesareuniquelyidenti ed by consecu-
tive integersstartingat zero. The nodeswithin a zoneareuniquelyidenti ed with a node
number(consecutie integersstartingat zero).
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Nodeidenti ers areof theform* " where is the numberof the nodewithin zone
. Nodeidenti ers areusedin commandghat expectan elementpathwhich maybeon a
remotenode(e.g.,raddmsgn Sec.21.4.10)andin remotefunction calls (seeSec.21.4.8).
Thezonespeci cation® " canbe omitted,in which casethe zoneof the nodeexecuting
the scriptis assumedln network modelsthereis oftenonly a singlezone,sothatthe zone
speci cationcanbe omittedeverywhere.In optimizationtasksthereis typically only one
nodein eachzone,sothatnodesarereferredtowith “ .
A scriptaccessethe nodenumberandzonenumberof thenodeon whichit is running
with the mynodeandmyzonecommandsFor example:

will printthenodeandzonenumbersonwhichthescriptis running.

21.4.8 Remote Function Call

A scriptrunningon a nodecanexecutea functionor commandn anothemodesimply by
appending” " to thecommandwherelD is the identi cation string for the node. We
referto thenodeonwhichthescriptis runningastheissuingnode,andtheremotenodeon
which the function or commands executedasthe executingnodefor the remotefunction
call. For example,if node3 in zonel executegheremotefunctioncall:

thentheissuingnodeis node3 in zonel, andtheexecutingnodeis node0 in thesamezone
astheissuer(i.e., zonel). This commandwill cause”

" to be executedon nodeO of zonel. Noticethatthe evaluationof the commands
mynodeandmyzonds performedon the issuingnode,not the executingnode. Argument
evaluationsarealwaysperformedontheissuingnode.

Two specialkeywordscanbeusedwith the operator:all meansall nodesor all zones,
dependingon context; otheis meansall othernodesor zones dependingon context. Here
aresomeexamplesof how they canbeused:

In addition, nodeidenti ers can be composednto a list separatedy commas. For
example



358 Chapter 21. Large-Scale&simulationUsing Parallel GENESIS

Thisis usedin thenetwork modelin Sec.21.6.

Theremotefunction call examplesshavn in this subsectioraresyntironous Theis-
suingnodesuspendgxecutionof the script containingthe remotefunction call statement
until the executingnode hascompletedthe function call and returnedthe result. This is
shavn schematicallyin Fig. 21.1. In this gure we alsoshawv the executionof the script
on nodel asasolid line. Conceptuallytherearejust two threadsof control active at ary
time. During the executionof the remotefunction call on nodel, boththreadsresideon
nodel. In PGENESIShereis exactly onethreadof controlpernode,aslong astheasync
commandis not executed,but by using remotefunction calls, somenodesmay have no
threadgesidentandothernodesmayhave morethanoneresidenthread.

PGENESIsusersshouldbe awvarethat the threadsof controlarenot full, independent
threads,ableto suspendand resumearbitrarily They areimplementedn a stack-based
systemso thatonly the threadat the top of the stackcanexecute.Whenit completest is
poppedoff thestackandtheprecedinghreadresumes(lt mayimmediatelysuspendigain,
but it is giventhechanceo resume.)

echo@1 hello
node 0 -

echo hello

node 1 ————————————————————————————— >

Figure21.1 Synchronou®kemoteFunctionCall. NodeO issuegshecommanct °tonodel, and
suspendsWhennodel hasexecutedthe commandandreturnedthe resultto node0, node0 continues.

21.4.9 Async hronous Remote Function Call

It is alsopossiblefor a nodeto issuearemotefunctioncall asynchronouslysingtheasync
command.We recommendhatonly experiencedusersof PGENESISusethis command.
A simpleexampleis:

In this case,the issuingnode sendsoff the requestfor the commandto be doneto the
executingnode(1 in this example)andcontinuesprocessingts scriptwithout waiting for
theexecutingnodeto completglor evenstart)thecommandThisis shavn schematicallyn
Fig. 21.2. Noticethataftertheremotefunctioncall hasbeenissuedby node0, anduntil the
resultis receved, therearethreeseparatehreadsof execution:the parenton node0 which
continuesthechild onnodel whichexecutesoncurrentlywith theparentandtheoriginal
threadon node 1. Every useof the asynccommandintroducesone or more additional
threadsof controlbeyondtheinitial singlethreadpernodewith which PGENESISstarts.
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async echo@1 hello

node 0 -
echo hello
node 1 .
Figure21.2 AsynchronousRemoteFunctionCall. NodeO issueshe command? °to nodel,

andcontinuesxecuting. Whennodel hasexecutedthe commandt returnsthe resultto node0, which does
notuseit.

f={async eclho@l hello}  waiton f

node 0 Pl
echo hello
node 1 -
Figure 21.3 Completingan Asynchronouperation.2 ° to nodel, and continuesexecuting.

Whennodel hasexecutedthe commandt returnstheresultto node0, which doesnot useit.

Every asynchronousperationissuedfrom a nodereturnsa resultto the issuingnode
uponcompletion.A scriptcanissueanasynchronousommanddo somefurtherprocess-
ing, andthenwait for thecommando complete:

Theexecutiondiagramfor this scriptfragmentis shavn in Fig. 21.3.

The future variableis a handlereturnedby the asynccommandthat is passedo the
waiton command. The script then suspendsuntil the asynchronousperationcompletes
(thefutureis satis ed). This“join” operatiorresultsin areductionin thenumberof threads
of control. The numberof threadsthat terminateis exactly the sameas the numberof
threadghatwerecreateddy issuingtheasynchronousperation.

A specialform of the waiton commandallows a hodeto wait for all its outstanding
asynchronousperationgo complete:

This form of thewaitoncommandeduceghe numberof threadsf controlthatoriginated
on the currentnodeto exactly one. If every nodeexecutesthis commandfollowed by a
barrier thentherewill beexactly onethreadof controlpernodewhenthebarrieris satis ed.
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21.4.10 Message Creation

For connectingelementgshatresideon the samenode theusual GENESIScommandgad-
dmsgandvolumeconnegiareavailable. However, PGENESISalsosupportghe creationof
messagebetweerelementghatresideon differentnodes.raddmsgallows oneto createa
messagbetweeranelemenbnthenodewheretheraddmsgs executedthe“local” node)
andanelementon anothemode(the“remote” node).For example,to createa PLOT mes-
sagefrom /cell/somaon nodel to a graphon node0, the following shouldbe executedon
nodel.

Onecanalsocreatethis messagérom nodeO by usingthe remoteprocedurecall mecha-
nism:

Thereis alsoanrvolumeconneatommandanalogougo volumeconnetthatis illustrated
in the network examplein this chapter(Sec.21.6). It is currently not possibleto delete
remotemessages.

21.5 Running PGENESIS

TorunPGENESISyoushould rst make surethatit hasbeeninstalled following thedirec-
tionsin thedistribution. If PGENESISvasnotincludedwith your GENESISdistrikution,
you mayobtainit from the PGENESISvebsite (GoddardandHood 1996),alongwith the
latestversionof thedocumentation.

We startwith oneof thesimplestPGENESISscripts— a parallelversionof the classic
“hello, world” program.We'll examinethis scriptline by line, addingsomeline numbers
thatarent presenin theactualscript:

1. tells PGENESISto initialize the parallel capability
running3 nodesin total, in the synchronizedorm (i.e.,all in asinglezone).PGEN-
ESISwill startup two morenodesexecutingthe samescript.

2. tells the nodeto issueanechocommando
nodeO which printstheissuingnodenumber
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3. causesll nodesto wait until the barrieris reached. The purposeof this
barrieris to make node0, which in this scriptis reportingwhich nodesarerunning,
wait until all thenodeshave hadtheirechocommandprinted.

4, causegachnodeto ush its standardutputandstandarderror buffers (so
thatoutputis written out) andthenentera barrier Thus,by the time this command
completesall nodeswill have ushed their buffers.

5. exits to the UNIX prompt.

In summarythe effect of this scriptis thatoutputsimilar to the following will appear
onnode0.

Becausef the parallelnatureof the code,the particularorderof thesemessagess not
deterministicandsoyou maysometimesnd, for example,thatnodel's messagappears
rst.

21.5.1 The pgenesis Startup Script

PGENESISIs usually run by executingthe pgenesisscript. This script performssome
checksontheexecutionervironment,startsthe PVYM daemorontheappropriatenachines,
andrunstheappropriatenitial executabldor PGENESISTo try this out, locatethe pgene-
sisscriptandputit onyour PATH. Henceforthwve assuméhattyping“ " resultsin
this scriptbeingrun. Putthe“hello, world” scriptlistedabose into a le, say “
Now you shouldbe ableto executethe “hello, world” scriptwith:

Thefull setof ags for thisscriptis describedvith the PGENESIShypertet documen-
tation (GoddardandHood 1996),whichis alsoincludedin the PGENESIHistribution. In
additionto theusual ags availablefor GENESIS someof thoseinterpretecdby PGENESIS
include:

-con g lename Thespecied le shouldcontaina list of hoststo useto run the scripts
(e.9.,” "). Namesshouldbe separatethy blanksor newlines.

-debug mode Runtheworkersin their own separatavindownsto allow dehuggingateither
the GENESISscriptlevel or atthe C codesourcelevel. Not all modesaresupported
on all platforms. If you specifyan unsupportednodethe pgenesisshell script will
selectanalternatve. Valid modesare:
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1. tty — runtheworkersin individual windows but notunderary C delugger
2. dbx — runtheworkersin individual windows underthe controlof dbx.

3. gdb — runtheworkersin individual windows underthecontrolof gdbrunning
insideemacs.

-nox Runaversionof the PGENESISexecutablghatdoesnot have the XODUS libraries
loaded— this is smaller startsup faster anddoesnot requireyou to be running X
windows. Notethis only appliesto the rst node.Subsequemodesarestartedwith
the paron commandn the script,which canspecifyanexecutable.

-v Runin verbosemode.

-help Printtext describingall the ags.

21.5.2 Debug Modes

Thetty delug modesupporteddy the pgenesisscriptcanbe usefulfor detuggingparallel
scripts. The othertwo delug modes,which run PGENESISnodesunderthe dbx or gdb
deluggers,aremostusefulfor adwanceduserswho have interfacedtheir own C codewith
GENESIS.

To illustrate the use of the tty mode,and someof the functionality provided by the
PGENESISxtensiondo thescriptlanguagewe will shav you how to do someinteractve
programmingf PGENESISThisis nottheway to develop parallelscripts,but it will give
someinsightinto PGENESISandit canbeusefulin deluggingparallelscripts.

First createa scriptdehug.g containingthis singlecommandwhich tells PGENESISo
runwith 3 nodesandwith the level at0, i.e., sothatall theusualbanneranderror
messageareprinted:

Now run PGENESISwith:

This shouldstartup a nodethatspavnstwo nenv nodes sothattherearethreePGENESIS
nodesrunning. Eachof the spavnednodesappearsn its own window, andafter startupall
nodesshav a prompt.

Executearemotefunctioncall from ary of thenodes:
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This causes “hello” messagéo appeaiin eachnodewindow.

Now try abarrier Type* " to the promptin eachof the nodewindows. Notice
thatthepromptdoesnotreappeain ary window until thebarrier commanchasbeenissued
oneachnode.

Now exit. Type*“ " to ary of the prompts. The spavnednodewindows will
disappeaand,aftercleaningup, theoriginal nodewill exit tothe UNIX prompt.

21.6 Network Model Example

[If youarenotinterestedn distributing a network modelover multiple nodes this section
may be skipped.]

This sectionillustrateshow the Orient_tut examplein Chapterl8 canbe parallelized.
Recallthatthat network hasan arrayof retinal cells whoseaxonsmake contactwith two
populationsof V1 cells. In parallelizinga network model, the mostcritical decisionis
how to decompos¢henetwork, i.e.,how to distribute the cellsamongsPGENESISodes.
Thegoalis to minimizethe numberof synapsesrossingnodeboundariesvhile maximiz-
ing the axonaldelay of thosesynapseshat do crossnodeboundaries.In Orient tut, the
connectvity is feedforvard from theretinato V1 with somespatialdivergence.A simple
but effective decompositions to divide the x-dimensionof the retinaandVV1 populations
amongsprocessorsasshavn in Fig. 21.4.

In explaining this example, we do not provide the full scripts. Theseresidein the
Scriptsdirectory of the PGENESIdistrikution. Instead we shav the importantfeatures
of the parallelization particularlyhow the simulationis setup andcontrolledandwhatis
modi ed from the serial versiondescribedn Chapterl8. Nor do we discussthe issues
involvedin generatingan XODUS display which arecoveredlaterin Sec.21.8.

21.6.1 Setup

In settingup thesimulation,we will useonenodeto controlthesimulation,andtheremain-
ing nodesto run the slicesof the model. Thus,n sliceswill requiren 1 nodes. These
will runin asinglezone(i.e., steppings synchronized)with nodeO controlling,andnodes
1 n (theworkers)runningtheslices. Themainglobalvariablesusedare:
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V1 - Horizontal
(5x5)

Retina (10 x 10)

Node 1

Node 2

Node 3

Node 4

Node 5

V1 - Vertical
(5x5)

Figure21.4 Slicedecompositiorof theretinalandV1 cellsontoa setof 5 nodes.

Thesetuppartof the controllingscript,executedoy all nodes;s:
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Again, this listing hasaddedine numberghatarenot presenin theactualscript. This
scriptcreatesa string containingthelist of worker nodes(lines 1-2), theninitializes PGE-
NESIS(line 3) with n_nodesnodes. Line 4 setsthe timeoutto a very large value so that
worker nodes,which wait at a barrier (line 23) will not timeout. Lines 5—6 setBooleans
indicatingthe function of the node. Recallthat every nodeexecutesthis scriptand myn-
odereturnsthe numberof the node.Line 7 initializesthe randomnumbergeneratomwith a
differentvaluefor eachnode,to avoid identicalrandomnumbersequencesn thedifferent
nodes.If thenodeis thecontrolnode setupcontol is calledto initialize the controlprocess
(line 8). If it is aworker node theslicecellsarecreatedline 9). Thepurposeof thebarrier
in line 10is to ensurehatall the cellshave beencreatedheforeary nodeattemptso make
connectiongline 11). Althoughthe controlnodemakesno cells,it mustparticipatein the
barrierbecause barrieralwaysincludesall nodesin a zone. After connection$iave been
made all nodesresef(line 12). Theremaindewof this scriptfragment(lines13-24)appears
in thefollowing sectionon simulationcontrol.

Thecodeto createthecellsin slicesis only mamginally differentfrom thatfor the serial
version(in Orient tut/retina.g. For example theretinalsliceis createdwith:

Here, the globalsslice and n_slicesare usedto determinehow mary cells to create
andwhattheir spatiallocationsare. As describedn Sec.18.6,the createmapcommands
performcalculationghatcreatethe V1 populationson two-dimensionagrids.

The connectiongrom retinalto V1 cellsaremadewith callsto rvolumeconnectThis
commands just like volumeconneatxceptthe destinatiorpathindicateson which nodes
to look for the destinationelements. Here we specify all the slice nodes. Although we
couldcomputeaxactlywhichnodesshouldhave theappropriatalestinatiorcells, it is easier
to just ask PGENESISto checkeverywhere. However, this doesresultin unnecessary
communicatiorbetweemodesduring setup. In this exampleit is not a signi cant factor
butin morecomple examplesgspeciallywith mary nodesjt couldbemuchmoreef cient
to dothiscomputatiorin thescript. Theconnectionso theV1 horizontalcells,for example,
aremadethusly:
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After the connectionshave beenestablishedwe can modify the axonaldelaysand
synaptioweightswith rvolumedelayndrvolumeaveightwhichareanalogsf thevolumede-
lay andvolumeveightcommandsn GENESIS For example:

21.6.2 Simulation Contr ol

Lines13-240f themainscriptfragmentcontinuedrom above containthe crucialcodefor
controllingthe simulation:

Worker nodessimply sit atabarrier(line 22), ID number7 (chosersimply for uniqueness),
waiting for commanddgrom the control nodefor a maximumof 100,000seconds.If the
simulationis runninginteractvely, the control node prints a messagéline 19) andthen
the scriptterminatesreturningto the PGENESISorompt. If the scriptis runningin batch
mode,the control nodeexecutesa simulation(line 15), thensatis esthe barrierat whcih
the workers arewaiting. This allows the workersto continueon and quit (line 23). The
controlnodesimilarly quits(line 17).

Thefunctionautosweepalculateghe parameter$or sweepinga baracrossheretina
andthenstepsthe simulationon all nodesfor the appropriatenumberof steps settingthe
appropriatanputin theretinabeforeeachstep.
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init_bar_params(line 2) is a script function not shavn herethat initializes the computa-
tion of the sweepingoar Prior to eachsimulationstep(line 7), the cornersof the bar are
computedwith computebar_corness (line 4), not describedurther This setsthe global
variablesx1, y1, x2, y2, which are usedin wildcard testsin the set eld command(lines
5-6),which actuallysetstheinputin theretinal cells. Recallthatautosweeps only called
on the control node(seeline 15 at the beginning of this subsection).It issuesthe set eld

commandor eachnode,sothatall slicesof theretinaareproperlyinitialized for the step.
Noticetheaddedag “ _ ". This ag is anadditionto theset eld commandwhich

tellsit thatit is notanerrorif noelementsnatchthewildcardspeci cation.In theslicedup

simulation,somenodesmay not containary retinal cells thatareinsidethe spatialextent
of thebar It is simplerto allow set eld to accepanemptywildcardlist of elementghanto

computefor eachstep,exactly which nodeshave relevantretinal cellsandwhich dont.

21.6.3 Lookahead

In network models,axonaldelaysaretypically oneor two ordersof magnitudegreatetthan
the simulationtime stepfor processewithin asinglecell. A spike generatedt simulation
time T neednot be deliveredto a destinationcell until time T L, wherelL is the axonal
delay This allows simulationnodesto operatein a loosely synchronizedashion,some
beingaheadof others,andit allows nodesto continueupdatingtheir cellswhile incoming
spikesarein transitover the physicalmedium(e.g.,Ethernetthatconnectshe CPUs.The
amountof simulationtime by which nodeA cangetaheaddf nodeB andstill besureit has
not missedary spikesis known asthelookaheadof A with respecto B.

In PGENESISookaheads controlledwith threecommandssetlookaheadgetlooka-
headandshowlookaheadTl helookaheadf nodeA with respecto nodeB is theminimum
delayonall datapathsfrom B to A, i.e.,theminimumaxonaldelayover all theconnections
from B to A. If thereareno axonalpathsfrom B to A, the lookaheads in nite because
A's activity doesnot dependon B's. If thereare non-spilke messagedpokaheads dt be-
causethosemessagedeliver dataon the next time step. In addition,PGENESISnmustbe
instructedo executestepsasynchronouslwith thecommand:
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/postis the elementthat providesaccesdso PGENESIScon guration elds. Thevariable
syncbefoe_stepis a BooleanindicatingwhetherPGENESISshouldsynchronizenodesin
azonebeforeasimulationstep.By defaultit hasvaluel, sothatnodessynchronizeTo use
lookaheadsynchronizatiorbeforesteppingmustbeturnedoff.

By default, the lookaheads setto the time step,sinceevery PGENESISnodealways
deliversspikesonthenext time step.To setthe minimumlookaheadf a nodewith respect
to all othernodego 10 msec

To settheminimumlookaheadf a nodewith respecto, e.g.,node3 to 10 msec

To nd thelookaheadf this nodewith respecto, e.g.,node4:

To view thelookaheadf this nodewith respecto all othernodes:

It is wiseto partitionamodelin suchaway asto maximizelookaheadetweerevery pair of
nodes.Techniquegor automategbartitioningareunderinvestigation put intelligentchoice
of partitionby themodelemwill remainacritical aspecbf ef cient simulationfor sometime
to come.

21.7 Parameter Search Examples

[If youarenotinterestedn parametesearchthis sectionmaybe skipped.]

As mentionedn Sec.7.4.1,GENESIScontainsobjectsandcommandgor performing
automatedparametersearchesin orderto estimatea setof model parametersghat gives
the best t of the modelbehaior to the resultsof experiments. To demonstratehe use
of PGENESISfor parameteestimation,we have constructechn examplethat performsa
simplegeneticsearch.Thesearchproblemin thisexampleis quitetrivial — we aretrying to
nd valuesof parametera andb thatminimizemin a 1 b 1 a 1 b 1 .This
functionhastwo minima,oneat 1 1 andoneat 1 1, sooursearclhprocedureshould
nd oneof these A morerealisticparametesearctin theneurosciencdomainwould have
parameterghatrepresentfor example,channektonductancelensitiesn a cell model. The
evaluationof the parametesetwould be obtainedby rst runninga neuralsimulationfor,
e.g.,100 milliseconds,andthencomparingthe simulationresults(e.g., voltagesor spike
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times)with experimentaldata,andgeneratinga numericalvalueto representhe goodness
of the match. However, we have substitutecherea simplefunction evaluationso thatwe
canmorecleanlyillustratea methodfor doingthis typeof searchusingPGENESISWe go
throughthe entire scriptin this section,startingwith the high-level designand gradually
re ning theimplementationn scriptcommands.

In performingthegeneticsearchywekeepa x ed-sizegopulationof individuals“alive”
We randomlypick anindividual from this populationand mutateits representatiomith a
certainprobability We thenevaluatethe new individual and,if it is betterthansomeother
we replacethe worst-evaluatedindividual in the populationwith this new individual. To
allow for parallelism,we evaluatemultiple new individuals simultaneouslyandonly re-
move existing individualsin the populationas new individuals with superiorevaluations
arefound.

In thisexample werepreseneachparamete(outof atotal of 2 parameterperindivid-
ual) asa 16-bit string. The oating point valuethatthis bit-stringrepresentss determined
by linearlymappinghe16-bitintegerwith range/0,65535]intotherangeg 32768 32 767].
Whenconstructinganew individual from anold one,we mutateeachof thebits with prob-
ability 0.02. We evaluateeachindividual by computinga trivial function over the parame-
ters.In areal-world parametesearchthis stepwould bethe mosttime-consumingsinceit

would involve runninganeuralsimulation. The main PGENESISscriptfollows, with each
statemenhumbered.

Thisis thetop-level executionpathfor thenodes.The paron commandline 1) startsup
thenodesn farmmodeji.e.,eachnodeisin its own zone with outputgoingto le o.out and
usingthe non-XODUSexecutablefor spavned nodessincethey do no graphicaldisplay
Line 2 usesa remotefunction call to print a startupmessagen node0. Line 3 causes
all nodesto synchronizenere. barrierall is usedbecausahe nodesarein separateones
— recall that the barrier commandsynchronizeghe nodesin a zone,whereasarrierall
synchronizesll the nodesin every zone. Line 5 is only executedby the global zeronode
(mytotalnodegivesthe globalnodenumbey andmynodegivesthe nodenumberwithin the
zone).Line 5is acalltothefunctionseach, describedelown, whichconductsheparameter
search.The non-zeronodescontinueto line 7, which causeshemall to wait at the barrier
(with ID 7 andtimeoutl million seconds).The zeronodedoesnot reachthis barrieruntil
thecall to seach in line 5 returns,i.e., until the searchis complete.At thatpoint, the zero
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nodesatis esthebarrierandall nodesush their buffersandsynchronizgline 8) thenexit
(line 9). In summarythe non-zeronodessit at a barrierwhile the zeronodeconductshe
searchthenall nodesaxit.

We usea numberof globalvariablesn the script:

While thenon-zeranodesaresitting atabarrier they canprocessncomingremotefunction
calls andotherrequestdrom othernodes. The zeronodeconductsthe searchby issuing
remotefunctioncallsto thenon-zeranodedo evaluateindividualsandreturn tnessvalues.
Thefunctionthatexecuteghis searchis:

In this function,line 3 initializesdatastructuresisedin conductinghesearch(init_seach)
and managingthe farmingout of tasksto nodes(init_farm). Theloop in lines 4-8farms
outthe evaluationsto the nodes.Lines5 and6 selectparametewraluesfor the evaluation.
An initial populationis selectedandomly(init_individual), afterwhich new individualsare
derivedfrom theexisting populationby mutation(mutateindividual). Line 7 sendghetask
to the worker (del@ate task using parametewvaluesbsa andbsb. Line 9 ensureghe
searchhascompleted nish) andthenprintsthe bestmatch(print_bes}. Thesefunctions
aredescribedelow.
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Thesetwo functionscreate(with createmajp andinitialize the datastructuresusedto
controlthesearch/populatior) andthe farmingout of tasksto nodeg(/freg. Eachindivid-
ualin the/populationvectorhas elds for the valuesof thetwo parameterandthe tness
thoseparameterprovide. Theentriesin thefreevectorhave one eld, thezonenumberof
anodethatdoesnot currentlyhave ataskassignedThefreeindex variableis anindex into
this vectorof thelastentrythatcontainsa freenode.

Thethreefunctionsabore generatea new individual. init_individual generatesandom
parameteralues. mutateindividual generates parameteraluesby mutatingthe chosen
individual with mutate
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Thesetwo functionscontrol the assignmenof tasksto nodesandthe gatheringof re-
sults. delegyatetask waits until thereis a free node,thenissuesan asynchronousemote
function call to the worker to evaluatethe currentparameterizatiofbs.a, bsb). Line 3
testsfor afreenode.If thereis one,thetaskis assignedline 4), the nodeis remoredfrom
the free set(line 5), andthe function returns(line 6). If thereis no free worker, worker

responsearechecledfor (line 7) andtheloopiterateg(line 2) until oneis found.
Thisfunctionprintsoutthe bestmatchfoundduringthe search:

Thereis oneotherfunctionwhichexecutesonthenodethatcontrolsthesearch{zone0).
Whenanodehascompletedanevaluation,it issuesaremotefunctioncall for thecontrolling
nodeto reporttheresult.It calls:
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return.resultaddstheindividual (lines 9—12)to the populationif eitherthereis room (line
4), or if theindividual has tness greaterthansomeindividual currentlyin the population
(line 8). It printsthe tness (line 14) and putsthe nodein the /freevector (lines 15-16).
Notice in line 12 that if the populationis full, thenthe individuals with minimum and
maximum tness arecomputedvith recomputetness_extremesshavn below.

Sincethis functionis calledby return.result it alsoexecuteson node0, which controls
the search.The evaluatingnodecodeis muchsimplerin this examplebecauseur evalu-
ationfunction evaluateis trivial. In arealapplication,the evaluationwould be computed
by runninga GENESISmodelandcomparingits outputwith experimentaldata. The two
functionsthatexecuteon the evaluatingnodein our exampleare:
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worker is the function called by the controlling nodeto executean evaluation. It corverts
thebit stringrepresentationf the parameter$o oating pointvalues,computedhe tness
with a call to evaluate andreturnsthe resultto the controlling node(0.0) usinga remote
function call. In our example,evaluatecomputesa matchvalue that hastwo minima at
(1 1)and( 1 1),andreturnsa tness valuethatis theinverseof the squareroot of the
match.

21.8 1/O Issues

Parallel simulationscan often bene t from visualizationswith XODUS during develop-
ment, and often will requirelarge input and/oroutput les in full scaleproductionruns.
Modelersshouldbe avarethattheway thesel/O issuesaredealtwith canhave a consider
ableimpacton performance.

PGENESISincludesa capabilityto allow multiple nodesto displayon the sameXO-
DUS widgetsothat, for example,a singlexview canbe usedto shav activation of all the
cellsin adistributed V1 layer. In serial GENESISthereare seseral waysto setup input
to anxview element,describedn Chapterl8 andin the documentatiorfor xview in the
GENESISReferencéManual. However, theonewe mustusefor internodecommunication
in PGENESISis to setup remotemessagefrom a sourceelementto a destinatiorxview
element.Thisis doneby usingthe PGENESISaddmsgcommand.

If every nodewereto setup COORDSandVALn messagemdependentlythe VAL
messagesould easily get associatedvith the wrong COORDSmessagesjependingon
the orderin which the particularadd messageequestsvere handled. To dealwith this
dif culty, the standardSENESISxview objecthasbeenextendedin PGENESISo allow
IVAL n messageto beassociateavith a particulart COORDSmessageThe userdoesthis
by choosingan integral index with eachmessagehatis setup, andpassingt asthe rst
parametepof the ICOORDSandIVAL n messageslVAL1 throughlVALS messagewill
beassociateevith ICOORDSmMessagebaving thesameindex. For anexampleof this, see
the examplescript Scripts/pario/par_view.g in the PGENESISistrikbution.

PGENESIsalsoincludesa capabilityfor writing asingledisk le from multiple nodes.
For disk outputin serial GENESIS,|t is typicalto createanasc le elementandthensetup
a SAVE messagéehatwill causeavalueto bewrittento a le oneverytime step.In PGE-
NESISit is possibleto addsuchmessageBom element®n variousnodes However, there
is no guaranteef orderfor the normalasc le object,soin PGENESISthe par_asc le
objectis provided. WhenSAVE messagearesetup, the rst parameters anintegral index
thatis usedto maintaina x ed orderingamongall of the variousincoming message$o
thepar_asc le element.This integral index shouldbe uniqueandin the rangefrom 0 to
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the numberof incomingmessageminus1, inclusive. Serial GENESISusesthe disk _out
objectfor writing arraydatato a le in anefcient binaryformat. We have similarly pro-
vided a correspondingpar_disk_out objectthattakes an addedintegral index parameter
The Scripts/pario/par_out.g le in the PGENESISdistribution illustratesthe useof this
object.

Both of theseextensionsfor /O supportrequirethatinformation o w in the form of
PGENESISnessagebom thesourcenodeto thedestinatiomode(which holdsthe xview,
par_asc le , or par_disk_out element).If you aredoing very large amountsof 1/0 from
mary nodes,the destinationnodewould likely becomea simulationbottleneck. In those
situations,it would likely be adwantageoudo considera solution whereeachnodewas
doingits I/O to andfrom les onthelocal disk, ratherthanusingthe abose mechanisms.

21.9 Summary of Script Langua ge Extensions

21.9.1 Startup/Shutdo wn

To useary of the capabilitiesof the parallel library, one must rst startup the library.
This will alsospavn the requestechumberof worker nodeson architectureshat support
process-spaning.

paron Startsup theparallellibrary.
paroff  Shutsdown the parallellibrary.

Thereareseveralcommandgor obtainingcon gurationinformation:

mynode Numberof this nodein this zone.
nnodes Numberof nodesn this zone.
myzone Numberof this nodes zone.
nzones Numberof zones.

ntotalnodes Numberof nodesn all zones.

mytotalnode Uniquenumberover all zonesfor this node.

mypvmid Taskidenti er usedby PVM for this node.

npvmcpu Numberof CPUsusedby PVM in the parallelmachine.

Theability to run parallelthreadscanbeturnedon or off (thedefaultis on) with therelated
commands:

threadson  Re-enablegarallelism.

threadsaf Disablegparallelism.

clearthirads Procesall queuedequestérom othernodes.

clearthead Proces®nequeuedequestrom anothemode.
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21.9.2 Adding Messages

It is possibleto createarbitrary messagebetweenelementson differentnodesusingthe
raddmsgcommand:
raddmsg Addsmessagbetweerthelistedsourceelementsand
thelisteddestinatiorelementgwhich maybedesignated
to beon othernodeshy meansf the“@” notation).
Thefollowing routinedisplaysinternodemessagesorrectly(andsuppressethe displayof
the postmastemessagessedto implementtheinternodemessages).
rshowmsg Shawsthemessageéntranodeandinternode)associated
with agivenelement.

21.9.3 Synaptic Connections

Thereare seseral routinesthat allow oneto setup multiple synapticconnectionsacross
nodes.They areanalogsf thenormalGENESISroutinesfor settingup synapses.
rvolumeconnect Connectonegroupof elementsn avolumeto another
usingsourceanddestinatiorelementists andmasks.
rvolumedelay  Setsdelaysof agroupof synapseseceving input
from alist of presynaptielementsn avolume.
rvolumaveight  Setsweightsof a groupof synapseseceving input
from alist of presynaptielementsn avolume.

21.9.4 Remote Command Execution and Sync hronization

command@nodelist Executescommandon speci ed nodessynchronously
(i.e.,doesnotreturnuntil remotecommand$ave
completedandreturnedresult).

asynccommand@nodelist Executescommandon speci ed nodesasynchronously
(i.e., returnsinteger“future” without waiting

for result).
waiton Wait for completionof a speci edasynccommand.
barrier Wait for all nodesin my zoneto reachthis point.
barrierall Wait for all nodesin all zonegto reachthis point.

21.9.5 PGENESIS Objects

postmaster  Onepostmastef/pos) is createdoernodeby the
paron commando managenternodesynchronization
andcommunication.

par_asc le Analogougto asc le , exceptusesanorderingindex.

par_disk_out Analogousgo disk_out, exceptusesanorderingindex.
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21.9.6 Modiab le PGENESIS Parameter s

Severalparametersf PGENESIScanbemodi ed by theuserby setting eld valuesin the
/postelement.Theseelds, andtheirmeaningsare:

1. syncbefoe_step A Booleanindicatingwhethemodesin a zonesynchronizebefore
asimulationstep.Thedefault valueis 1 (true). Asynchronousimulationis required
for thelookaheadptimizationandmay befasterevenwithoutlookahead.

2. remoteinfo. A Booleanindicatingif information aboutmessagedetweennodes
shouldbe kept for displaywith rshowmsg This is an overheadthat could be dis-
pensedvith for maturemodels.Thedefault valueis 1.

3. perfmon A Booleanindicatingif performancestatisticsshouldbegatheredThisis a
featureunderdevelopmentgexplainedin the PGENESISdocumentationThe default
valueis 0.

4. msghangtime A oating point value indicating how mary secondsPGENESIS
shouldwait beforetiming out on remoteoperations.The default valueis 120.0sec-
onds. If delugginginteractvely, it is oftenusefulto setthisto avery large valueso
thatonedoesnot have to worry aboutthetiming out of othernodes.

5. pvmhangtime A oating point valueindicatinghow mary secondseforetiming
out that PVM internal operationsshouldwait. Whena PGENESISnodeis wait-
ing for somemessageét expects,it will print a messagdollowed by dots every
pvmhangtimesecondsThedefault valueis 3.0seconds.

6. xupdateperiod A oating pointvalueindicatingthe numberof seconddetweena
PGENESIShodes requestghat X eventsbe processedwhenit is waiting for some
expectednessageHigh valuescancausepoorresponsérom XODUS widgets.Low
valuescanhave an adwerseimpacton performance— but you shouldnt be using
XODUSIif youwantperformanceThedefault valueis 0.01seconds.

21.9.7 Unsuppor ted and Dangerous Operations

It is extremelyeasyto reachdeadlockin parallelprogramspneway to reducethe chances
of thisis thefrequentuseof barriersandsparsaiseof asynchronousommandsHowever,
barrierscanbe expensie to executeand canreduceparallelism,sothey shouldbe placed
judiciouslyin scripts.

The serial GENESISstop commandshouldbe usedonly with extremecarein zones
containingmorethanonenode.PGENESISexecutesanimplicit barrierbeforeperforming
a simulationstep. If ary nodesenterthe barrier thenall nodesmust, otherwisedeadlock
will result. It is very dif cult to satisfythis requirementvhenthe stopcommands issued.
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Issuingstepcommandsnustbe donewith care. Sincethe stepcommandexecutesan
implicit barrier failure to obsere the following rule canresultin deadlock.The two safe
methoddo issuestepcommandsre:

1.

stepcommandsare issuedexclusively locally (i.e., no useof the @ operatorwith
step.

. remotesimulationstepcommandge.g., ) areissuedby at mostonenode
in azone.

21.10 Exercises

1.

Modify the“hello, world” programin Sec.21.5to have nodeQ print*
onbothnodesl and2. Usethe pgenesisscriptin the” " modeto obsere
that the outputis correctly producedon the worker nodes. Now, changethe paron
statemento include” " sothattheir outputis redirectednto
a le. Whendoingthis, be sureto invoke pgenesiswithout the® " ag
or thatwill overridethe le redirection.

. Createa very simplenetwork modelon two nodesusingthe neuralmodelprovided

in Scripts/simple Incorporatethis by includéing the neuron.gle in thatdirectory
Write a script to createneuronA on node0 and neuronB on nodel. Createa
synapserom A to B usingthe raddmsgcommand. Verify that the modelworks
by creatinga display elementon both node0 and nodel usingthe createdisplay
function. Manually re neuronA on nodeO andwatchthatthe neuronB on nodel
res in succession.

. Partition the network modelexampleof Sec.21.6sothatall retinalnodesresideon

nodel, andall V1 cellsonnode2. DisplaytheV1 horizontalandV1 verticalcellsin
two separatavindows, eachcontrolledby node2.

. Constructa “central patterngenerator’by connecting ve neuronsn aring fashion

with eachneuronmakingan excitatory synapseonto its clockwiseneighbor Place
eachneurononits own nodeandsetthe axonaldelayto 5 msec Investigatehe use
of thelookaheadeatureto speedup the simulation. Optional: usethe performance
monitoringcapabilitiesdescribedn the PGENESISdocumentation.

. Using the neuronmodelandreal spike data le suppliedwith the PGENESISdis-

tribution in Scripts/@periment modify the parameteisearchof Sec.21.7to usea
realisticevaluationfunctionthatemploys aleast-squaredrrormethodfor comparing
the simulatedspikesto the actualdata. Useit to nd thevaluesof the conductances
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for the fastNa currentandthe delayed-recti erK currentthat bestmatchthe data.
Hint: createanevaluatorelementhatacceptsSPIKEmessageandin theactionhan-
dler (setby addactior); comparehe simulatedspike timesagainsthe spike timesof
theactualdata.
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