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Abstract. In mary parallel processingapplicationstask times have relatively
little variability. Accordingly, mary nodeswill completea taskat approximately
the sametime. If the applicationis run on an Ethernetthe nearsimultaneityof
the task completiontimesimplies that when the tasksattemptto communicate
with somecentraltaskmanagerthey will bumpinto eachother Thisin turncan
causea major slowdown in communicationasthe Ethernethardwaregenerates
unnecesarily long backof times.The work herewill analyzea solutionto this
problem.
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1 Intr oduction

On an Ethernet,, if duringa transmissiorone or more nodesproduceframesto send
andtestthe line, they thenattemptto sendassoonasthe currenttransmissiorends.If
morethanonenodeis involved,thenodescollide, generata randombackof time,and
thentry sendingagain.

Now supposeave have a parallelprocessingpplicationrunningon ahomogeneous
setof workstationsconnectedby an Ethernet,and considertask rendezeus frames
senton it. For example,in a message-passingaradigmwe might have root-finding
program[2]. Here,a functionis known to have a singlerootin a giveninterval, which
the programfinds (to the desiredlevel of accurag) in a paralleliterative proceduré.
In ary giveniteration,the currentinterval to be searcheds dividedinto n subintenals,
wheren is the total numberof machinesEach“worker” nodeinspectsits assigned
subintenal, andthenreportsto a “manager”node whetherthe given function hasa
sign changein that subintenal. Only one of thesesubinterals will experiencesuch
a changeandit will thenbecomethe new interval. The managemwill broadcasthe
valuesof theendpointf thenew interval to theworkers,sothatthey candivideit into

! The material here will also apply to other carrier sensemultiple access/collisiordetect
(CSMA/CD)local areanetworks but for simplicity we concentratéereon Ethernets.

2 We assuménerethatthe evaluationof the functionis lengthyenoughto makea parallelsearch
worthwhile. For instancethe function may itself be evaluatedthrougha time-consumingiu-
mericalsolutionof a differentialequation.



new subintenals,andsoon. Undera sharednemoryparadigm(in this casedistributed
sharednemory),barrieroperationavould producea similar pattern.

A problemwhich ariseshereis that in mary applicationstask times (including
communicatiordelays)have smalldegreesof variability [1]. For instancejn theroot-
finding exampleabore, the function-evaluationtimesshouldbe fairly uniform. As an-
otherexample,the meanrun time for a Heapsortof r itemsis O(r log r), while the
standarddeviation is only O(,/7) [5]; the largerthe problem,the smallerthe standard
deviationis relative to themean.

In applicationan which thetasksat several nodesfinish approximatelysimultane-
ously, thetaskrendezwusoperationwill causecollisionsontheEthernetTherandom
backofs which resultwill thenslow down the application.In this context the random
backofs producedby the Ethernethardwarearetypically muchlongerthanneedbe.
In [4], an approachto solving this problemwas proposedcalled programmedbadk-
off. Suppose nodesarecurrentlyprocessindasks,with thetaskatnodek completing
at time Tj. At thattime, the softwarerunningat nodek will produceits own back-
off, delayingkd time beforesendingits rendezeus frameto the managemode.The
goalis thatby having the softwareproducea small,deterministidackof we canavoid
unnecessariljong backof timesproducedy the Ethernethardware.

Undertheprogrammedbackof procedurecollisionsarestill possible At thatpoint,
theEthernehardwarewill takeoveraryway. But hopefullythiswill bearelatively rare
event.

In the work here,we presentsometheoreticalmodelsof the effectivenesof pro-
grammedackof. We areparticularlyinterestedn the effectsof varyingtheinternode
backof spacing’, for differenttaskdistributions.

2 Investigation

2.1 Analytical

Let f denotethe probability densityfunction of eachTj. As our first measureof the
effectivenessof programmedackof, let us determinethe expectednumberof first-
roundcollisions.To thisend,let 1;; equall if nodei andj collide in thefirst round,0
otherwise Thenthetotal numberof first-roundcollisionsis

n n
N=)> 1
i >0
Let = denotethe time to transmita taskrendezwus frame. This typically will be

muchsmallerthantasktimes,sincetheframewill usuallycontainvery little data(such
asa 0-1 variablein the root-findingexample,indicatingwhetherthis nodes subinter
val producesa sign changefor the function). Let U/;, denotethe actualtime at which
transmissiorbeginsfor nodek, i.e.

U =T + kd

andassumehe Uy (equivalently, the7}) to beindependentThen



E(N)=)_ > P(Ui-Uj|<7) (1)
i §#i
where

Pvi- v <7 = | /| 8 s @

Equation(1) suggestshatE(N) is O(n?) in magnitudeThis suggestshatthebene-
fits of programmedbackof grow rapidly with thesystensizen, speculatiorwhich will
beconfirmedbelow.

We cangetalower boundon the quantityin (2) asfollows.

Lemma:SupposeX andY arecontinuou$ independentandomvariableswith the
samevariancey? andwith EY = EX + d. Then

2v% + d?
P(X =Y[>b) < T 3)

Proof: FirstdefineZ tobeX - (Y - d), andthuswrite E[(X — Y)*] asE[(Z — d)°].
Thenthelatterquantitywill beequalto 242 + d?, sinceZ will have mean0 andvariance
2+2. Thenletting g denotethe densityof X-Y, we have

2

2y +d* = E[(X -Y)] > / u’g(u)du > b*P(|X — Y| > b),
|u|>b

yieldingtheresult.
Now takingX andY to beU; andlU;, respectrely, we have that

202 4 (j — i)*62

PUi —Ujl <7) > 1= 3

T

whereo? is thevarianceassociateavith thedensityf.

2.2 Simulation

At thispointweturnto simulation.Takingasour criteriontheexpectedime » until all n
nodeshave successfullgransmitteca messagegurinterestwill centeronthefollowing
guestions:

— How muchof animprovementcanprogrammedackof bring over simply letting
the Ethernethardwaremanagdransmission?

— With all otherfactorsfixed,how doesthe optimalvalueof § vary with the system
sizen?

3 Actually, this conditionis couldbedropped.



— Letc beascaleparameterfor afamily of densityfunctionsfor thetasktimes.That
is

1
J(t) = ~hle(t = q)]
for somefunctionh and someconstantg. As c increaseswe getdensitieswhich
have similar shapedut aremoredisperseands will beproportionato c.

It is of interestto investigatehow the optimalvalueof § variesasc increases.

In thesimulationghetasktime distributionwasfirst takento betheuniform density
U(1-c,1+c).Thuswe have afamily of distributionscenteredarounda meanof 1.0,with
c playingtherole of a scaleparameteasdescribedbore.

Frametransmissiortime, r, wasassumedo be considerablysmallerthan 1.0, the
meantasktime. Specifically in all the simulationspresentedhere,r wastakento be
0.1.Thisis a practicalassumptionsinceotherwisethe communicatioroverheadeven
without collisions)would be too high for effective speeduplueto parallelism.Note
alsothatin mary applicationsof thetype we have discussedhere thetaskrendezous
messages very short. For example,in the root-finding applicationcited earlier the
messagéformationconsistanerelyof 1 or 0, indicatedwhetheror not a signchange
was found in the nodes assignedsubintenal. (However, the minimum length of an
Ethernetframeis 64 bytes[6].) Ethernethardwarebackof wasmodeledaccordingto
theusualbinaryexponentialschemg6].

Intuitively thequantity(2) will typically beadecreasingunctionof §. Ontheother
hand,asé increasesve areaddingmoredelay“at thefront end; addinganincreasing
componento n. Thuswe mightexpectthatthegraphof  asafunctionof § is roughly
U-shapedandthiswill beseeno bethecase.

We begin with a simulationfor a small valueof c, 0.1, presentedn Figurel for
systemsizes32, 64 and128. Here we have the nearsimulataneityin tasktime com-
pletionwhich formedthe fundamentamotivationfor our work, soit is not surprising
that programmedackof is shavn to be capableof strongspeedupsn the task ren-
dezwusprocesspf sizes292%,439%and619%respectiely. Notetoo thatthelarger
thesystemthegreateithe benefitobtainabldrom programmedackof.

The optimalvalueof § is seento be relatively constantasa function of n (though
shaving aslightdecreasingrend).Thenearconstang makessomesensavhenviewed
in thefollowing contet: If thetasktimeswerecompletelyconstantthe optimalvalue
of § would be 7; this value would resultin a scheduleunderwhich the (i+1)st node
startedransmittingimmediatelyafterth i-th.

This reasoningvould not applyto the casec = 0.8, shawvn in Figure2. Herethere
is muchmore variationin tasktimes,andaccordinglythe speedupsn this case,are
somavhatmoremoderate158%,324%and507%.Yetit is interestingo find thatthe
optimalvaluesof § aresimilarto thosein thepreviouscase.

As notedabore, if thetasktimeswerecompletelyconstantthe optimal valueof §
would be r. Thuswe would expectthe optimald to bejustslightly morethanr in set-
tingswith nearly-constantasktimes.Preliminarysimulationsconductedy the author
for valuesof  smallerthan0.1 (notincludedhere)seento confirmthis. Moreover, typ-
ically theusercanfind thevalueof  a priori, sinceit is aknown function of Ethernet
parameterandtheusers messagéength.



However, evenwith ¢ = 0.8thetask-timedistributionhasafairly smallstandardie-
viation, sonext we turnedto thefamily of exponentialdistributions,with the parameter
¢ beingthemeanof thedistribution.* Figures3 and4 correspondo ¢ = 0.1andc = 0.8,
respectiely. The resultsare similar to thoseof Figuresl and2. However, the results
for c = 10.0,showvn in Figure5, arequite different.Heretasktimeshave enoughvari-
ationthatprogrammedackof simply producesuperfluousielayover whatis needed
to avoid backofs producedy the Ethernetcards.

3 Discussionand Conclusions

We have constructedtheoreticaimodelof the effectsof smallvariability in tasktimes
in parallel processingon EthernetsThe model suggestghat overall taskrendezwous
time will be on the order O(n?), and we have derived a lower boundbasedon the
standardieviation of thetasktimes.

As a potentialsolutionto this problem,we have found that programmedackof
canproducevery largespeedups casesn whichthetasktime distribution hasasmall
standardleviation. In addition,the optimalvalueof § in suchcasesappearso berather
insensitveto typeof distribution,andappearso betypically about10-20%largerthan
thetransmissiorntime for atask-rendezsusmessage.

A numberof otherapproacheso the Ethernetbackof problemmay be effective.
A tree-basedbarrier[7, p. 247] imposesa partial orderingamongthe nodesregarding
the sequenceén which they sendbarriermessageghuspreventingmostcollisions. It
hasrecentlycometo the authors attentionthat the GenoaActive MessageMachine
(GAMMA) [3] hasnow takenthisideaa stepfurther, imposingalinearorderingamong
the nodes.Note, howeer thatthesemethodsare easiesto implementin applications
in which thereis only onesetof nodeswhich will beinvolvedin barriers,andthatset
is fixed throughoutthe program.It may not be possibleto implementsuch“ordered
barrieraccessequencemethodsn full generality

References

1. VikramS.Adve andMary K. Vernon, The Influenceof RandonDelayson ParallelExecution
Times] Proceeding®f the 1993ACM SigmetricsConfeenceon Measuementand Modeling
of ComputerSystemaMay 1993,pp.61-73.

2. S.G.AKl. “The DesignandAnalysisof Parallel Algorithms”, PrenticeHall, Inc, 1989.

3. G.Ciola,G. CiaccioandL. Mancini. GAMMAProject: GenoaActiveMessagéMAchine Web
pagehttp://wwwdisi.unige.it/project/gamma.

4. Greggory Davies and Norman Matloff. “Network-SpecificPerformanceEnhancementsor
PVM,” Proceedingf the Fourth IEEE International Symposiunon High-PerformanceDis-
tributedComputing August1995,pp205-210.

5. G. GonnetHandbookof Algorithmsand Data Structues Addison-Wesley, 1984.

6. GilbertHeld. EthernetNetworkgsecondedition),JohnWiley, 1996.

7. G. Wilson.Practical Parallel Programming MIT Press]1995.

41t is thus not a scaleparametein the sensedefinedearlier andin fact the meanequalsthe
standardleviationin this distribution.
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