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Intr oduction

Routingof pacletsin networksrequireshata pathbe selectecitherdynamicallywhile the paclets
arebeingforwarded,or statically(in adwvance)asin sourcerouting from a sourcenodeto a destina-
tion. Typically, routesareselectedsothatsomecriterionof performanceanbesatis ed, in addition
to the mostelementaryneedof corveying datafrom a speci ed sourceto a speci ed destination.
Recentlythe Universityof CentralFloridahasdevelopeda Quality of Service(QoS)drivenrouting
protocolcalled“Cognitive Packet Network” (CPN)which dynamicallyselectgathsthrougha store
andforward paclet network soasto provide besteffort QoSto route peerto-peerusertraf c. This
techniqueusessmartpacletsto selectroutesbasedon the users QoSrequirementsin this paper
CPN's pathdiscovery processs extendedto include a geneticalgorithmwhich canhelp discover
new pathsthat may not have beendiscoreredby smartpaclets. We proposea geneticalgorithm
approacho theconstructiorandselectiorof routesandapplyit to thecasewherethedesiredQoSis
asshorta delayaspossible.We detail theimplementatiorof the algorithmin the Cognitive Packet

Network test-bedandreporttheresultingQoSmeasurements.



1 Constraints and implementation choices

1.1 Goaland principle of the GA

In its currentimplementationthe Cognitive Packet Network (CPN)reliesa setof lightweightpack-
ets, 'Smart Paclets' (SPs),to explore new network routesand bring back information on these
exploredroutespertainingto the currentQuality of Service(QoS)constraints.A wealthof infor-
mationis broughtbackin this mannerbut it is only partly exploited by the CPN algorithm. The
objectie of the geneticalgorithmis to assistthe CPNin its routing decisionsby doing someextra
processingn this information. Theway the GA worksis by combiningexisting routeswhich share
acommonnodeanddestinationn orderto generatenew routesandselectingthe routeswhich are
moreef cient in termsof achieving the QoSgoal. This processings doneonly atthe source.

1.2 Constraints
1.2.1 Systemload and delays

One mustbearin mind that the GA processings not critical for CPN to function Shouldvery
high systemloadsbe encounteredthe CPN modulemustprevail evenif the GA processings put
on standby The GA mustthereforerun asa separatgrocessbe optional, disconnectablat will
and mustnot inter-operatewith the CPN algorithmin a synchronougashion. As we aretrying to
improve the performanceof the network, the presencef the GA shouldobviously not introduce
extradelays.

1.2.2 Data sharing

TheGA algorithmoperate®y doinga“crosswers” betweerpairsof pathsandperiodicallydiscard-
ing the pathswhich have thelowest tness, for examplethe highestdelay In orderfor this selection
to re ect thecurrentstateof thenetwork, it canbeinterestingo basethesecalculationonthelatest
dataavailable.For examplelet us considertwo pathsA andB which sharesomecommonhops.

—— | node 2, node3 |—— | node 3, node 4 | ——

node 1, node 2 node 2, node 3 node 3, node 4 node 4, node 5

Path A

Path B

R ———

B ———

node 1, node 3 node 3, node 4 node 4, node 5

Figurel: pathssharingcommonhops

Whenwe evaluatethe tness of A andB in orderto comparehem,for this comparisorto have
a meaning,the underlyingmeasurementsn the hops(delay loss) mustre ect the samenetwork
conditions As thesepathswerevery likely broughtbackat differenttimes, it shouldbe possible
to updatethe measurement®r hopsas new informationis broughtback from the network. As
duplicatingdatais not desirable the GA shouldhave a pool of available hop measurementand
pathsshouldjustbea collectionof references$o hopsin this pool.

1.2.3 Developmentenvironment

Anotherimportantconstrainton the GA implementations that, like the CPN module,it shouldbe
portableto embeddedystemswith little or nochangesWith thisin mind,the GA wasimplemented
in ANSI C anduseof standardsNU toolsinsuresmoothcross-platfornrcompatibility.



Finally, the developmentof the GeneticAlgorithm hasto be repositionedn its full context: it
is an extensionof an existing and ongoingproject. This meansthat the codeis constantlybeing
improvedandproperversioningof thesourcecodeis animperatve. During the courseof thedevel-
opmentof the GA, the CPN projectunderwenta major reoganisatiorwhich resultedin the setupa
fully- edged concurrent-deelopmenternvironment.

1.3 Keyimplementation choices
1.3.1 The GA daemon

Thesizeof thedatastructureslonethatthe GA needd4o manipulatenadeakernel-levelimplemen-
tation seeman unlikely choice. Also the CPN modulealreadyimplementsa dataexchangesystem
with userland applicationswhichis for exampleusedwhencon guring the network parametersr
polling the modulefor statistics.Finally, asit hasbeenstatedabove, the GA processinghouldbe
donein thebackgroundFor all thesereasonsthe GA algorithmhasbeenimplementedasa system
daemorandwill bereferredto as“the GA daemon’from hereon.

1.3.2 Data structur e considerations

Therelationalnatureof the databeingprocesseanadeit wastemptingto usea databaseandhave
the GA daemorrun requestghroughthe databasengine.Both the lateng factorandthe endgoal
of CPN which is implementatioron embeddedystemsuled out this option. The datastructures
of the GA daemomeverthelesse ects therelationsthey sharethroughthe useof pointers keeping
bothmemoryfootprintandprocessingverheadow.

1.4 Behaviour of CPN module and GA daemon
1.4.1 Original behaviour of the CPN module

Whenthe CPNmodulerecevesarequestrom aprogramto senddatato agivendestinationit starts
by checkingthedumbpadketrouterepository(DPRR)for aknown pathto thedestinationlf noneis
available,it will re asmartpacletto try to discoverarouteto thedestinationlf ontheotherhand
a known routeexits, the modulesenda dumbpaclet alongthat pathandwith a certainprobability

res anadditionalsmartpaclet to bring backanothemroute. As smartanddumbpacletstravel on
the network, they collecttimestampgrom the nodesthey go through.

Wheneitherasmartor adumbpacletreachests destinationtherouteit usedis strippedof ary
loopsandanacknavledgemen{ACK) pacletis sentbackto the sourcealongthereverseroute. As
the ACK travelsbacktowardthe source nodescalculatetheir round-tripdelayto the destinatiorby
subtractinghetimestamphey left ontheoriginal smartor dumbpacletfrom the currenttimestamp
and storethis measuremendatain the paclet. Whenthe ACK reacheghe original source,the
CPN modulesupdateghe dumb paclet route repository replacingary existing routeto the same
destinatiorandmakingthe new routeavailablefor futuredumbpaclets.

1.4.2 Behaviour of the GA-enabledmodule

The GA-enablednoduleworksin a similar fashionto the regular CPN module,the main changes
concernthe handlingof the ACK whenit reacheghe source.However, a modi cation to the way
CPN generatesind sendsACKs backwasneededor GA to function properly While CPN deals
with entirepaths,GA operatesata ner level andneedsaccurateneasurementsn individual hops



andthis meanghatcautionneeddo be takenwhenstrippinga routeof loops. Loopsareno longer
removedat the destinatiorbut insteadasthe ACK travels back,the nodeson the pathcheckif they
werepresentwice or morein the original paclet's pathandif thatis the casethey remove theloop
andadjustthe timestamp®f nodesbetweentself andthe sourceto compensatéor the extra delay
introducedby theloop.

Whenthe ACK reacheshe sourcewe have a completepathto the destinatiorandthe measure-
mentsfor eachhop. This datais putinto a FIFO buffer for the GA daemorto processvheneer it
becomesavailable. Unlike the regular CPN module,the GA-enabledmoduledoesnot updatethe
dumbpaclet routerepositoryunlessthereis no routefor the currentdestinatioror the GA daemon
is dead(de ned as*if if the GA daemorhasnottalkedto the modulefor the pastsecond”).

| ACK from network |

crossover
and
selection

- GA pools

FIFO buffer

dumb packet - | ! roundrobin |
route repository L b
‘

CPN kernel module joctl GA daemon

Figure2: interactionbetweermoduleanddaemon

1.4.3 Behaviour of the daemon

TheGA daemoris red upatary time whenthe CPNmoduleis loadedwith noinitial knowledgeof
thenetwork. It consistof amainloopwhichisin chageof polling thekernelfor new paths,check-
ing its internaldatastructuregor sizeandconsisteny, selectingndividualsfor crosseeranddoing
theactualcross@erandperiodicallyupdatingthe CPN modules dumbpaclet routerepository



2 Inter nals of the GA daemon

2.1 Data structures
2.1.1 Generalideas

As hasbeenpreviously stated the GA daemors functionis to assistthe CPN by providing it with
“the big picture”, thatis notjustthe currentlyusedpathto a givendestinatiorbut a setof alternatve
routeswith their associatedness.

In orderto make maximumuseof the measuremendata,the informationis broken down into
its smallestconstitutve elementthe measuremerfor onehop. The datastructurestoringthe pair
of nodeswhich constitutethe hop andthe correspondingneasuremennhformationis referredto as
a genein therestof this document. A pathis a collectionof hopsor genesandis referredto as
anindividual. To make it easierto selectindividualsfor crosseer, the individualsarearrangedn
subpopulationasedon their destination.

destinations

ga_gene |«
ga_gene }«—‘ genes (hops)

ordered by age

individuals (paths)
periodically ordered
by fitness

gene pool

Figure3: principaldatastructuresof the GA daemon

2.1.2 DataexchangebetweenGA daemonand CPN module

Thedataexchangeoperationdetweerthe CPN kernelmoduleandthe GA daemons bidirectional
asthemodulepasseseasurement® thedaemorandin returnthedaemorperiodicallyupdateshe
modules routerepositorywith the pathswho have the best tness at thattime. The GA daemonis
alwaystheinitiator of the dataexchangesothatthe kernelmoduledoesnot needto keeptrackof the
presencer absencef thedaemorto routeCPNtrafc. Thisway we alsoeliminatelockupswhich
would occurif thekernelwereto probethe daemornwhile it is sleeping.

In both exchangesthe dataconcernspathsso the dataformat is the same. For the sale of
efciency and modularity the CPN module only hasa minimum knowledge of the internalsof
the GA daemonand datais exchangedn the form of simpli ed individuals. As dataexchange
with the kernelmoduleis donethrougha byte buffer, the exchangeformat consistsof a header
bearingtimestamp sourcenode,numberof nodesanda byte for ags followed by a successiomf
node/measuremepairs.



2.1.3 Hop measuements(genes

Hop measurementare representedby a datastructurewhich storesa timestamp,the two nodes
betweenwhich the measuremertbok placeandthe actualdelaymeasurementAs never measure-
mentsare sentover by the CPN module, genesare updatedin placeto re ect the newvw network
conditions,and their timestampis updatedaswell. The timestampallows us to periodically rid
the genepool of obsoletegenessothatthe GA enginedoesnot make decisionshasedon obsolete
measurements.

Thesehopmeasurements genesarereferencedn two ways. The rst is alinkedlist of pointers
to all the genesorderedby increasingage, which putsthe mostrecentoneson top available for
cross@eroperationsandtheoldestonesonthebottom,readyfor deletionif thegenepoolgronstoo
large. The secondvay genesarereferenceds in the GA individuals,thatis pathswho containthe
consideredyene. In orderto make deletingobsoletegenesandthe associatedndividualsfast,the
genesstorealist of theindividualswhich usethem.

2.1.4 From hopsto paths (individuals)

The GA individualseachcorrespondo a route andtheir internal representatiomf this routeis a
linkedlist of pointersto genes An individual doesnot storeits tness asthe delaysassociateavith
thehopsthatbuilt upthe pathwill changeovertime. Theindividualsarearrangedn subpopulations,
onefor eachdestinationandwithin thesesubpopulationshey areperiodicallyorderedby tness.
Thisis donejustbeforethesubpopulationarechecledfor size,sothatwhenthesizelimit is reached,
thelessef cient pathsaretheonesthatgetdropped.

2.2 Managing the pools

As hasbeenpointedout, the GA structuresexhibit a high degreeof cross-referencingo carewas
takento handlethe structuresn a consistentindreliablefashion.Also, if the GA daemonis to run
on alimited amountof memory it mustbe ableto controlthe sizeof its datastructures.

2.2.1 Merginginformation into the pools

New pathsappeamalke thereway into the poolsin two ways: eitherwe geta pathfrom thekernel
afterit wasbroughtbackby anACK orwe generatenew pathby crosseer. Whenapathis receved
from the kernelit is broken down into hopsandwe generateghe equivalentGA individual. We go
overthe geneghatbuild up theindividualandwe compareghemto thoseexisting in the genepool.
If we nd agenedescribinghe samehop,we updatethetimestampanddelaymeasuremerfor this
geneandmove the geneto the top of the genepool, thendiscardthe temporaryindividual's gene
andreplaceit by a referenceo the pool's correspondingyene. Otherwisewe addthe geneto the
top of the pool. By the time we reachthe endof the genotypeall of the individual's genesarein
thegenepool andwe know if anidenticalindividual exists. If it doeswe candiscardthetemporary
individual, otherwisewe addit to appropriatesubpopulatiobasedn its destination.

2.2.2 Controlling pool sizes

Control of the size of the geneandindividual poolsis achiezed by periodicallyrunninga cleanup
function which eliminatesobsoleteor excessgenesand individuals. The cleanupis donein two

steps, rst ‘'marking' the itemsto be deletedthenactuallydeallocatinghem,a genebeingmarked

for deletionwhenno individualsareregisteredasa userof thatgene.
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The genepool is processedrst by a function which runs over the genescountingthemasit
goes.If ageneis obsoleteor if themaximumcounthasbeenreachedtheindividualscontainingthis
geneareunlinkedfrom all their constitutve genes.Next we orderthe subpopulatiorof individuals
for eachdestinatiorby evaluatingthe tness of eachindividual atthattime, droppingtheindividuals
whichweremarkeddeadaswego. If we havetoo mary individuals,we unlink theexcessandividuals
from their genesanddiscardthem. All thatis left to do now is to discardall the geneswhich are
markedfor deletion,thatis which have no moreindividualsregisteredasusingthem.

2.3 Crosswer relatedoperations

The following functionsform the core of the path selectionprocesswvhich precedeshe crosseer
operation.Theirrole is to returna pair of individualswhich aresuitablefor crossaer. As we will

see dependingn the situationthe GA daemons mainloop eitherrequestsa “match” for aspeci c
individual or just asksfor a pair of individualsto crosswer.

2.3.1 Pre-crosswer selection: ga_indiv_match(ga_indv *indi v)

Givenanindividual which we shall call indiv, this functiontriesto nd anotherindividual suitable
for crosswer, thatis anindividual which hasthe samesource the samedestinatioranda common
nodein themiddle.

Thesearchs doneby goingover indiv's nodesfrom sourceto destinationgxcludingthe source
andthedestinatiorthemseles.Let nodebethenodewe areconsideringWe go overthegenepool,
looking for a genewhich containsnode Amongtheindividualscontainingthis gene,if onehasthe
samedestinationasindiv, we have found our pair of individualsand know what nodethey share,
otherwisghesearcttontinues As thegenepoolis orderedoy increasingage we paymoreattention
to the hopsfor which we have recentmeasurements his encourageprocessingf datawhile it is
freshandmeanghatthe tness of theindividual resultingfrom the crosseeris likely to re ect the
currentnetwork conditions.

2.3.2 Pre-crosswer selection: ga_crosswer_select()

Whilethega_crosseer_matcHunctionis usefulfor matchingagivenpath,in over90%of its cycles,
the GA daemonis not looking for a speci ¢ match,we simply want a pair of pathswhich canbe
crossedver.

As we have severaldestinationgo considerandasover time we wantprocessingo be donefor
all of them,thega_crosseer_selectunctionstartsby pickingadestinatiorin around-robinfashion.
Within thesubpopulatiorf individualscorrespondingo thatdestinationye alsopick anindividual
accordingto around-robindiscipline.We thencall ga_crosseer_matcho nd asuitablematchfor
thatindividual andthe nodethey have in common. If this fails to yield anindividual we shift the
round-robin.

2.3.3 Crosswer : ga_crosswer(ga_ipair *ipair)

Oncewe have selectedhe pair of individualswhich will be usedfor the crosseer andthe nodeat
which cross@er occursthe operations simple.We createtwo new individualsandcopy beginning
of oneof the parentpathsupto thecommonnodeinto oneandthe beginningof the otherparentinto
the otherthenswitchandcontinue.We evaluatethe performancef the offspring, discardthe worst
oneandmeimgethebestoneinto the subpopulatiorior the currentdestination.

10



2.4 Main loop
2.4.1 Polling the CPN module for new paths

Uponreceving anACK paclet, the CPN modulemakesthe recevedrouteavailableto the daemon
but puttingit into a FIFO buffer. This buffer hasa x edsizeandif thedaemordoesnotrequesthe
data- for examplein thecaseof avery high systemoad- new datapushegheold dataout. Thereis
arestrictionto this behaiour dueto the dual natureof the measurementsthe ACKs generatedy
smartpacletsmostlik ely bringbacknew pathswhile the ACKs generatedby thedumbpacletscarry
updatedmeasurementsn known paths. Diversity in the individual populationis highly desirable
bothin orderto have a setof alternatve routesif thecurrentroutebecomesaturatedndin orderto
enhancehe chance®f crosseer producinginterestingnew individuals.

For the samereasonthe GA daemontreatspathsbroughtbackby smartpacletsin a different
fashion.To make this possible alongwith the pathitself, thedaemorrecevesasetof ags, theonly
currentlyusedbeingthe'priority’ ag whichis setif the pathwasgeneratedby a smartpaclet.

2.4.2 Crosswer operations

After polling the kernel,the next stepin the mainloop is to proceedwith cross@er operations.If
we receveda pathfrom the kernelin the currentcycle andthat pathbearsthe priority ag, we call
thega_crosseer_matcHunctionto try to crossthe new pathoverwith anexisting path.If this does
notyield a pair of individualswe call ga_crosseer_selecto try to continueround-robinprocessing
of theindividualswherewe lastleft off. If eitherof thesemethodsyieldeda pair of individualswe
call thecrosseerfunction.

2.4.3 Cleaningup the pools

Thecleanupfunctionis notrunon every cycle of the GA daemorbut whenit called,this occursjust

afterthe cross@er operation.After the cleanupwe have compensatefbr whaterer excessgrowth

the poolshadknown sincethe lastcleanup.The pathsfor eachdestinatiorhave alsobeenordered
by tness sowe arereadyto sendresultsbackto thekernel.

2.4.4 SendingGA resultsback to the CPN module

In a rst implementationthe GA daemorwould always sendthe kernelthe bestpathfor a given
destination,but after sometestingthis was changed. The two problemsencounteredvere route
saturatioranda depletionof theindividual pool.

The rst problemis easyto understandandit alsooccurswith regularCPN: if wedonotchange
theroutein thedumbpacletrepositoryfor agivendestinationall dumbpaclets- which areboththe
largestpacletson the network sincethey aretheinformationbearersandthe mostnumerous red
for this destinatiorwill follow the samerouteandin the caseof heary traf ¢ they will saturatehat
route.In thecaseof GA thisis counterbalancebly thefactthatthedumbpacletswill generat\CKs
with rising delaysandthe route will be abandone@nceit becomedessefcient thanalternatve
routes but the exacttime for the adjustmentvould dependon the speecdat which datais processed.
It seemedh betterideato x thecauseof thesaturatiorratherthantry to compensatéor it.

The secondproblemis morecloselyrelatedto the workingsof GA daemon.The main source
of updatedo the hop measurementsomesfrom the ACKs generatedy the dumb paclets, since
the red smartpacletto red dumbpacletratiois approximatelyoneto veandalarge majority of
the smartpacletsgetlost. If we nd aninterestingrouteto a givendestinatiorandsendall dumb

11



pacletsalongthatroute,we no longerreceve updatesaboutalternatve routesandeventuallythese
routesdisappeafrom the GA poolswhentheir genesbecomeobsolete

In orderto solve both theseproblems,insteadof systematicallyreturningthe bestroute, the
daemordoesa round-robinon the routeswhosedelaydoesnot exceedthe bestdelayby morethan
5%.
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3 GA performanceevaluation

3.1 Conditions for the measurements

To evaluatethe performanceof the GeneticAlgorithm, measurementwere doneon a 26 node
testbed,consistingof 24 “core” machinesa sourceand a destination. Initially, all the machines
onthetestbedstartwith anemptydumbpaclet repositoryandemptyGA pools. The network cards
onthetestbedwvereall setto 10 Mbpssothatit is possibleto put strainon thelinks without having

to re verylargequantitiesof paclets.

T 0 4 b7 e

111 114 ik 1P0 123

— = — - = 3

Figure4: topologyof thetestbed

The GA daemons thenstartedup on the sourcenodeandwe send100 byte datapacletsfrom
sourceto destinatiorover the CPN network at a constantate. This resultsin both smartanddumb
pacletsbeing red andasthesepacletsreachtheredestinationacknaviedgementsregenerated.
Onthesourcenode,the CPN moduleis slightly modi ed to log paclet departuregndarrivalsto a

le, aswell asthe routesusedandthe associatedlelay By parsingthelog le we candetermine
which pacletsarrivedandplot theinformationconcerninghem.

It is interestingto notethatin a rst setof experimentsthe destinationwasnot x edbut picked
randomly As hasbeenpreviously stated,the GA daemondividesthe pathsinto subpopulations
basednthedestinatiorandcrosseeris donewithin agivendestination.Thegenepoolis common
to thevarioussubpopulationsyhichmeanghatwe have slightly morecurrentmeasurementhanif
we considereanly onedestinationput onthewholewhentherearesereraldestinationshe system
behaesasif thedestinationsvhereconsideredndependentlyvith theirrespectre paclet rates.For
this reasonthe rotating destinationwas subsequentlyabandonedsit only complicatedthe result
analysiswithout providing uswith arny extrainformation.

As currentlythe QoSdiscipline supportedoy the GA daemonis minimum delay the principle
meansof evaluatingthe performanceof the GA engineis by comparingthe round-trip delaysof
smartanddumb pacletswith andwithout GA. Delay measurementand paclet IDs are basedon
timestampgeneratedy the CPN modulewith a resolutionof 10us so all time-relatedmeasure-
mentsusethis astheir unit.

13



3.2 Smart packet paths and delays

Themeasurement®r smartpacletsfor GA andnon-GAexperimentshave the samecharacteristics
assmartpacletroutingis not affectedby the GeneticAlgorithm.

smart packet times
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Figure5: smartpaclet delaysat 100 paclets/s

Theround-tripdelayfor smartpaclketsis randomandsmartpacletsusepathsof variablelengths,
whichre ectsthesmartpaclets' function,thatis discoveringnew paths.Also, the majority of smart
pacletsarelostasthey aredroppedvhenthey reacha maximumhopcountin orderto avoid paclets
runningforever on the network.

Whenthe resultsare parsed pathsare assignedncreasingag numbersso thatit is possibleto
track pathchangeovertime. Onceagainthe smartpaclets' scoutingfunctionis visible asthey are
constantlybringingbacknew paths.

In the following experimentsonly the averagedelayfor smartpacletswill be statedasit gives
someinformationaboutthe strainbeingput on the network.

3.3 Dumb packet measurements
3.3.1 Packet ratesup to 200 packet/s

When usingratesof two hundredpaclets per secondor less,the load put on the network is low
meaningthereis alinearrelationbetweerpaclet delaysandpathlengths. The bestperformancen
this scenariowould thereforebe achieved with a simple shortestroute discipline,andthe shortest
pathsfrom sourceto destinatiorhave elevennodes.

In CPN without GA, wheneer a new routeto a given destinationis broughtbackby a smart
paclet, thisrouteis putinto thedumbpaclet repositoryregardlesof the performancef this route.
Thismeanghatalthoughshortpathsarediscovered they arereplacedy whatever pathis discovered
next, producinga characteristicteppatternin the dumbpaclket round-tripdelays.

Onthe otherhand,whenGA is enabled aslow-delayspathsare acquiredthey continueto be
used. It is also possibleto seethe round-robinbeing performedby the GA daemonboth before

14



Figure6: smartpaclet pathlengthsat 100 paclets/s

Figure7: smartpaclet pathsat 100 paclets/s
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Figure8: dumbpaclet pathsat 200 paclets/s(GA disabled)

Figure9: dumbpaclettimesat 200 paclets/s(GA disabled)
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Figurel10: dumbpaclet pathsat 200 paclets/s(GA enabled)

Figurell: dumbpaclettimesat 200 paclets/s(GA enabled)
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timestamp2.5e+7andaftertimestamp?.9e+7. At timestamp2.5e+7the GA daemondiscorersan
eleven nodepath and abandonghe round-robinon twelve nodepaths,but assoonasit hassome
alternatve eleven nodepathsit resumeshe round-robinpolicy on the newly discoveredpaths. As
onemight expect,theround-tripdelayfor dumbpacletsis moreconsistentvhenthe GA daemons
activated.

Figure12: dumbpaclet pathlengthswith andwithout GA at 200 paclets/s

In this scenario GA outperformgegular CPNwith anaverageround-tripdelayof 54msversus
68msfor regularCPN.Thegainatthislow pacletinputrateis duenearlyexclusively to thecrossaer
andselectionoperationstheloadbalancingntroducedby theround-robinhaving little effectasthe
loadis low.

3.3.2 Packet rates above 200packets/s

If weincreasdheinputrateabove 200paclets/sthedelaysonthenetwork rise,anddelayvaluesare
no longerproportionalto the pathlength. The mostef cient disciplineis no longersystematically
shortestpath. We continueto obsenre differentbehaiours whenthe GA daemonis runningand
whenit is notrunning.

Figure13: dumbpaclet delayswith andwithout GA at 600 paclets/s

Justas CPN assistedby the GeneticAlgorithm yielded shorterdelaysthanplain CPN at low
inputrates,it continuego do soat higherpaclet rates.It is nolongerpossibleto visualisethejitter
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| | GA enabled| GA disabled|

averageroundtripdelay 82ms 106ms
standardieviation 15ms 22ms

on thedelaystraightfrom the plots, but the standarddeviation on dumbpaclet round-tripdelaysis
considerabljyower whenthe GA daemons running.

Figure14: dumbpaclet pathlengthswith andwithout GA at 600 paclets/s

As in thelow pacletratescenariowhenthe GA daemons active the vastmajority of the paths
that are usedare of minimal length. However the increasein the paclet rate introducesgreater
differencesn the delaysof the varioushopson the network andsolongerpathsaresometimesised
asthey becomeamoreef cient thantheminimal lengthpaths.
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3.3.3 Overview of GA and non-GA performance

The highestrate that was successfullytestedon the testbedwas 800 paclets/s,the limiting factor
being the speedat which the systems logging daemoncan write to disk. In the 800 paclets/s
resultsdisruptionsin the logging startto appear shaving up as periodswherethereare no more
measurements.

Figurel5: disruptionsn ameasurementat 800 paclets/s(GA disabled)

Thegraphshaws the evolution of the averageround-tripfor dumbpaclketswith andwithout GA
looksis representetbr ratesof up to 800 paclets/s.

Figure16: averageround-tripdelayswith andwithout GA

20



3.4 Systemload

Whenthe network is idle, the GA daemonusesa total of 376kB of memory 316kB of whichiis in
factsharedmemoryusedby standardibraries. When ring 800 paclets/son the 26 nodetestbed,
the peakmemoryusagewas 384kB, which fell backto the original valueoncethe experimenthad
endedandall the genesof the genepool hadbecomeobsolete.
As for processousageit is dif cult to give anexact gure asafter runningfor anhourwith a
ring rateof 800 paclets/sthe cumulatedprocessotime usedby the daemonwvasbelov a second.
In ary casethe GA daemorcomplieswith therequirementor alow systemload.
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Conclusion

Building uponthe existing Cognitive Packet Networking moduleand runningonly at the source
node,the GeneticAlgorithm daemonsigni cantly improvesperformancevhenthe quality of ser
vice disciplineis minimum delay Throughsuccessie cross@er andselectionoperationsthe GA
daemorenableghesourcenodebothto composenew routesfrom existing onesandto selectwhich
routesto usebasedon their tness. Furthermorea round-robinpolicy on the bestroutesactsasa
simpleloadbalancingsystemwhichis desirableat high pacletrates.

An interestingline of future researctwould be to interfacethe daemonwith the lossmeasure-
mentcodefor CPNwhich is currentlybeingdeveloped.With the daemonrarchitectureandthe GA
operationsn placethis would requireonly minimal changeso daemorand CPN modulecodeand
would considerablyproaderthe scopeof theresultingsystem.
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