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RESUME :

Ce document présente une méthode pour optimiser la valeur du délai d’expiration (timeout) de taches de calcul sur une grille.
Il est fondé sur un modele du temps d’exécution des taches qui considere que la latence du systeme de gestion de tiches de
la grille est une variable aléatoire. Le modele prend aussi en compte un taux de panne pour modéliser soit des grappes fiables
soit des grilles de production qui sont caractérisées par leur pannes. Les systemes de gestion de tiches sont d’abord étudiés en
considérant des distributions classiques de la latence. Plusieurs comportements surviennent en fonction du poids de la queue de
la distribution de la latence et de la proportion de pannes. Nous présentons ensuite des résultats expérimentaux fondés sur des
mesures de la distribution de la latence et du taux de panne sur la grille de production EGEE. Ces résultats montrent qu’utiliser
la valeur optimale du délai d’expiration fournie par notre méthode réduit I’impact des pannes et peut conduire a une accélération
de 1.36 sur des systemes fiables.

MOTS CLES :
délai d’expiration, grilles de production, latence, variabilité

ABSTRACT:

This paper presents a method to optimize the timeout value of grid computing jobs. It relies on a model of the job execution
time that considers the job management system latency through a random variable. It also takes into account a proportion of
outliers to model either reliable clusters or production grids characterized by faults causing jobs loss. Job management systems
are first studied considering classical distributions of the latency. Different behaviors are exhibited, depending on the weight of
the tail of the distribution and on the amount of outliers. Experimental results are then shown based on the latency distribution
and outlier ratios measured on the EGEE grid infrastructure. Those results show that using the optimal timeout value provided
by our method reduces the impact of outliers and leads to a 1.36 speed-up for reliable systems without outliers.

KEY WORDS :
timeout, production grids, latency, variability
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Abstract

This paper presents a method to optimize the timeout valgeraputing jobs. It relies on a model
of the job execution time that considers the job managenysiés latency through a random variable.
It also takes into account a proportion of outliers to modiher reliable clusters or production grids
characterized by faults causing jobs loss. Job managemyetermss are first studied considering classical
distributions. Dfferent behaviors are exhibited, depending on the weightetdh of the distribution
and on the amount of outliers. Experimental results are tfleown based on the latency distribution
and outlier ratios measured on the EGEE grid infrastructuighose results show that using the optimal
timeout value provided by our method reduces the impactttieocsiand leads to a 1.36 speed-up even
for reliable systems without outliers.

1 Introduction

A growing number of distributed applications is relying @rde scale workload management sys-
tems. These applications usually trigger hundreds, thadssar even more jobs. Although large scale
systems provide very high throughput as a direct consegquehthe huge amount of resources avail-
able, they also introduckigh andvariable latencies that drastically degrade the performances of the
application competing with other users’ computations. [Etency corresponds to the duration between
the submission date and the one at which the job executieately starts. It includes the submission,
scheduling and queuing times but also data transfers aag<le the monitoring system. Furthermore,
less reliable systems such as production grids are alscciteg@youtliers

The variability impacts jobs latency inreormal operation modelt mainly comes from the hetero-
geneity of the infrastructure (endogen hardware and soévactors) and from the load imposed to it
(exogen factor). In this document, we will model the systataricy by a probabilistic distribution.

Outliers correspond teystem faultshat lead to huge latencies prevailing on the ones of therothe
tasks of the application. Those latency values can be cereids infinite.

Typical faults generating outliers are hardware failulesally heavy load or scheduling errors leading
to a job being queued in a extremely long queue. This outliedercan be quantified by its proportion
of jobs that never return.

1http://www.eu—egee.org/
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Both variability and outliers penalize applications thelyron the completion of a high number of
jobs. Indeed, a single job is then able to slow down the whpfdieation. In case where there are
dependencies between the jolesg( in case of application workflows), thefects of variability and
outliers are even more critical and lead to accumulatedpeidince drops.

From the user point of view, strategies to reduce the impbaeaoability and outliers include multi-
submission [] (a given job is submitted many times and only the first cormipieis considered), jobs
grouping (many jobs are grouped together to reduce the nuofisabmissions)i, 3] and timeouting{,

5]. Multi-submission is an aggressive strategy and job giogiis not always possible. Timeouting
and resubmitting abnormally long jobs is a common stratégjyoosing the timeout value is often let
to the administrator or the end user. However, a non triviadlé df has to be found as a too long
timeout will penalize the jobs completion time too much, lha too short one may be overkilling,
causing the unnecessary resubmission of jobs that almagpleted. Hence, timeout strategies have
been designed in areas affelient as TCP throughput optimizatio#],[HTTP requests{, 8] or power
saving devices].

To propose a timeout optimization, we first model jobs execuime in sectior?. We then present in
section3 some results of timeout optimization on classical distidns. To show how the optimization
behaves on a real infrastructure, we are particularly eégid in the asymptotic behavior of the system
and on the impact of outliers. We finally present in secl@ome experimental results from a distribu-
tion of the latency measured on the EGEE production grid.atdifate legibility, many of the proofs of
the theoretical results are deferred in appendix.

2 Model of thejob execution time

We adopted a probabilistic modeling of the large-scale Yoatk manager. This approach has already
been successfully reported to tackle related schedulioglems [L1, 12]. We will denote random vari-
ables with capital letters whereas fixed values will be lmase. For a random variablg f, denotes it
probability density function (pdf) anBy denotes its cumulative density function (cdf).

Let J be the total duration of a job (including all its potentiasudmissions) ant], be a user defined
timeout value. The system is seen as a black box introducpuasiive latencyR on the job wall-clock
time r in case of normal operation. The outlier ratio is dengted is assumed to be a fixed value
depending only on the job nature wher&as a random variable.

We denote withg the probability for a job to timeout. A job timeouts eitheiitiis an outlier or if it
faces a latency which is superiortto. Thus:

q
and then q

o+ (1 -p)P(r+R>t,)
1-(1-p)Frts —T1). 1)

If the job timeouts, it is canceled and resubmitted. We rdlee cost of canceling and resubmitting
a job as well as the resulting overload on the system, so tiregecutive submissions are considered
as independent. Le} be the duration of the job from itd" submission to its completionJ; can be
recursively defined as:

3= r+R with probability 1- g )
'] te + Js1  with probabilityq.
For the sake of clarity, we will assume that 0. This hypothesis is not restrictive. In the rest of the
equations, it corresponds to the variable chamget —r. In case of real job executionsywould have to



be added to the timeout value. The goal is to expdessJ; (through its cdffF;) with respect tdR and
t... J can only be superior tot,, if the job timed-oui times. Thus:

P(J>nt,)=q" sothat PO <nt,)=1-q". 3

We have the value ofF;(x) = P(J < X) for every x = nt,. We now have to obtain a complete
expression oF ;. InterpolatingF; in every |nt., (n + 1)t.] is clearly not suitable. Indeed, those intervals
can be quite large with respect to the job execution time hadetror coming from the interpolation is
likely to produce inconsistent results. We can notice thgt) represents the probability far to be
inferior tot, so thatfor all tin [nt,, (n+ 1)t.[:

Fi(t) P < tt € [nt,, (N + L)t.])

PU<nt)+Pnt, <J<t|t<(n+ 1t,)

and thus, according to equatién
Fij(t) = 1-9"+P(nt, <J<t|t<(n+ Dt.). 4)

Given thatt < (n+ 1)t.,, a job duration] can only be inipt., t] if the job timed-outn times (probability
g") and if it succeeded on tha { 1) attempt.e. it was not an outlier (probability % p) andR < t —nt,,

(probability Fr(t — nt..)). ThereforeP(nt, < J<t|t < (n+ t.) = q(1 — p)Fr(t — nt,). We finally
get,Vt € [nt,, (N + L)t [:

Fs) = 1-0"+d"(1-p)Fa(t-nt.). ®)

Given thatR>0, F;(0) = 0 and lim,F; = 1. Moreover,F; is continuous at everpt,.. Indeed,
according to equatioh, the expression df; at the lower bound of the segment], (n + 1)t.] is:

Fint,) = 1-q"+9"(1-p)Fr(0)=1-7"

Moreover, at the upper bound of this segméitjs:

Fa((n+ 1)t) 1-9"+9"(1-p)Fr((n+ Lt — Nt)
= 1-q"+d"(1-p)Fr(t)
= 1-q"+g"(1- q) (given equatiorl with r = 0)
- 1- CIn+1
However, in generak;; is not diferentiable imt,,, ¥n.
Note that ifp = 0, then equatioB resumes to:

Fi) =1-9"+q"Fr(t - nt,) with g=1- Fg(t.).

Thus, taking outliers into account corresponds to multiglyFr by the (1- p) factor.



2.1 TIllustration for p =0

If no outlier are present, the choice of a timeout value cameauated by comparingg andF;.
Figure 1 displays an example of cdf fdR (plain red curve) and (dashed green curve). Notice the
singularities amt,, points. On top, the distribution dR is Gaussian with a mean 300 seconds and
standard deviation 100 seconds, truncated above zero it @&gative latency times. The timeout value
is equal to the mean of the original Gaussian (300 secontsy.of course a very low timeout value
leading to many resubmissions. We can graphically notiaeftir everyt, Fg(t) > F;(t), which means
that for every time valug¢, there is a higher probability th& < t than thatJ < t. In this case, it would
thus have been better not to set any timeout value as it hggrglizes the execution.

On the other hand, the bottom of figutalisplays an example of cdf &t andJ in a case where the
timeout choice improves the execution. The timeout valugils300 seconds but the law & has a
longer tail than in the former examplR.is actually log-normal, witlu=15 seconds ana@=10 seconds.

In this case, it seems that for everyg(t) < F;(t), which means that the timeout improves the execution
time in this case.

. . . . . . . .
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
t t(s)

Figure 1. Example of cdf of R and J. Left: bad timeout choice. R ight: good timeout choice.

As suggested by those graphical remarks, the impact of son@®tit choices on the job execution
time may be evaluated only by comparikg andFr. However, apart from those particular cases, it is
often not possible to have general results on the compalistweerF; andFr at every time point and
the configuration displayed on figugeis observed. On this figure, the distribution®is log-normal,
with 4 = 5.5s,0- = 1s and a timeout value of 300s. In this case, minimizing theeetation ofJ with
respect td,, is a natural solution to optimize the timeout value.

2.2 Expectation of J
Computing the expectation of a job execution time, genevatlusion can be made on its behavior

when the timeout value increases, independently from tiséeny latency distribution. As shown in
appendixA, the expectation of is:

1 o te
EJ(tw):—FR(tw) fo ufR(u)du+—(1_p)FR(tw)—tw. (6)
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Figure 2. No general result on  F ;.

Equation6 compares to similar expressions derived for modeling cetigoh times probabilistically
. equation 6 in p] and equation 1 in4]. In both cases, the authors introduced a fixed cost penalty t
resubmission that we consider to be zero (there is almostvaead induced by job resubmission on
a large scale system). 1a]| the authors also derives higher momentg @ind some relevant properties
about them €.g. their existence). Our hypotheses are similar to theirs gixtieat they do not take
into account outliers that are of major importance on theastfuctures we are targeting. As stated
above, this parameter is characteristic of unreliableesystand they are needed to properly model a
grid infrastructure. In{], the authors do take into account the outlier ratio (dethde However, the
studied hypotheses do not really match ours : the case oéatdleing unable to hold more than one
connection (so-called simple client) is not developednefi@oticeable remarks (such as the fact that
the timeout values of all the resubmissions have to be idaiytare done.

As shown in in appendiB, E; has the following limits:

lim Ey(t) = +oo if p#0 )

and tIim E;(t.) = Er otherwise (8)

If o # 0, the lineEg + prtm is an asymptote df;(t.).

The first limit can be explained by noticing that a single mutinay lead to an infinite execution time.
Whent,, — +o0, the probability for encountering an outlier tends towatdmd the expected execution
time tends towards infinity. The second limit is also intetiin absence of outliers, if no timeout value
is set, then the system latency would not be disturbed aneiectation of a job duration would resume
to the one of the system latency.

Equations/ and8 show thajp as a major impact on the system behavior. The pas® corresponds
to a reliable cluster management system: faults causirglgds are very unlikely (highly reliable LAN,
robust schedulers). The cgse- 0 is needed to model grid infrastructures. Lower reliapitit WANS,
scale #ects and less mature workload management middlewaresdeeglgnificant number of outliers.
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Figure 3. Behavior of F; for a uniform distribution without outliers.

For instance on the EGEE infrastructupeis in the order of 2%. In case of outliers it is mandatory to
set a timeout value.

3 Reaultson classical distributions

In this section, we study some classical distributions frartheoretical point of view in order to
understand how the timeout value impacts the expectatidheofob duration both with and without
outliers. We explore distributions with light tails (unifa, truncated Gaussian and Weibull with shape
parameter-1), heavy tails (Weibull with shape parameter and log-normal) and power tails (Pareto)
to show how they exhibit dierent behavior. The exponential and Weibull distributieni constitute
a transition between light and heavy-tailed distributiofitie Weibull one is indeed light-tailed for a
shape parameter greater than 1 and heavy-tailed otherhigkt-tailed distributions are the ones that
decay faster than the exponential. In this case, theresexisiich that: lim,.., (1 - F(t)) = 0. On
the contrary, heavy-tailed distributions decay more sjalvan the exponential : lim.,., €(1 - F(t)) =
+00. Power-tailed distributions are a subset of the heavedailnes. In this case, there exiatandb
such that lin o, =5& = b.

For each distribution, our goal is to determine the optinmakbut valuef,, = arg min_{E;(t.)}. In
case of very reliable systems (when no outliers are preserg)optimal value of the timeout may be
+00, which means that no timeout should be set. Another singppéimal timeout value is 0. This
configuration occurs when the probability for the job to faceull latency is so high that it is interesting
to resubmit the job as soon as one knows that it is going to daeen null latency. This later result
would only be realistic if it was possible to resubmit an &rdyily large number of jobs at no additional

cost. Obviously, the overhead induced on any real systeniddmally slow down the process.

3.1 Uniform distribution

In this case, the pdf of the system latency is:

B b—}a if te[ab]
0 otherwise

(9)
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Figure 4. Behavior of E;(t.,) for the uniform distribution without (left) and with (right ) outliers.

We can derive from equatiohithe expectation od:

+00 ift,<a
t bteo +0(teo—3) :
Es(te) =9 =5+t g0,, I e €lab] (10)
3 4t otherwise
0

The shape oE;(t.,) is depicted on figureél. The optimal timeout value ib both with and without
outliers. Even without outliers, setting the timeout+#o is optimal because the expectationbfs
constant in [b+oof.

If there is no outliers, it can be graphically noticed thatiag a timeout always penalizes the execu-

tion. Indeed, as figurd shows, we havé;(t) < Fr(t), for every timeout valué,, and every time point
t.

3.2 Truncated Gaussian

Normal distributions are the most commonly used but they aloexclude negative values. In our
case, the latency cannot be lower than 0. We are thus comgjd8aussian distributions with mean
and standard-deviatian truncated above 0. The pdf and cdf of the system latency are:

L1 3% if t>0
fr(t) = { @(5) V2o _
0 otherwise

Fr(t) = %%)(Lﬁ with () = \/% f_too e3du

o

As shown in appendik, the expectation of the job duration is then:

o(5)-0(%) 1 o() +p].
o(5)-o(F) torlo(t)-o(5)

o

u+o

with ¢ = @’.

The curve ofE; is plotted on figured. E; exhibits diterent behaviors depending on the presence of
outliers or not. If there are no outliers € 0), E; is decreasing towards its limiig whent,, — +co. On
the other hand, whem# 0, thenE; exhibits a global minimum reached ftu< + co. The corresponding
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Figure 5. Behavior of the expectation of J for a truncated Gau ssian distribution without (left) and
with (right) outliers.

proof is based on the fact that the forth derivativekgfis always positive, so that we can study the
existence of a root in the lower order derivatives. It is né@d in appendi¥.

If the distribution of the system latency is Gaussian ard0, timeouting is not a solution to limit the
impact of variability, regardless of the variability ordefrmagnitude. In this case, other solutions such
as multi-submissions or job grouping have to be studied.

3.3 Exponential distribution

In this case, the cdf of the system latency is:
Fr(t) = 1-e™.
And according to equatiof, the expectation o is:

L,
@ (1-p)(l-e)

The curve ofE;(t.,) is depicted on figuré. In case of outliersk; is thus increasing and the best
timeout value id,, = 0. If there are no outliers, the expectationJif independent from,,, which is a
singular behavior particular to the exponential distnbaf as proved in append. This characteristic
of the exponential distribution has to be related to the faat this distribution is the only one to be
memory-less. In this case, at a given instant, knowing thab as still in the system does not give any
information about its future behavior and the timeout values does not impact the distribution &f
The exponential distribution is a particular case of thelWkione which is studied in the next section.

Es(te) =

3.4 Weibull distribution

The Weibull distribution is typically used to model the ta# of technical devices. For this distribu-
tion, the cdf of the grid latency is:

Fa() = 1-e ()

k is a shape parameter ands a scale parameter of the distribution. In the context idifa modeling,
k<1 means that the failure rate decreases over tkieel means that the failure rate is independent from
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Figure 6. Behavior of Ej; for an exponential distribution without (left) and with (ri ght) outliers.

time andk>1 means that the failure rate increases over time. In ouatsitn, the random variable can
be seen as the date at which a job completesRmodels the success of a job. Note that the exponential
distribution of parameter/l is a Weibull distribution with k1.

In this case, we have the following results for timeout ojtettion,in absence of outliers

e If k > 1, then setting a timeout value always penalizes the exagutihatever this value is. The
optimal timeout value is thusco (no timeout).

e If k < 1, then the timeout value has to be as low as possible. Thealgiimeout value is 0.

e If k = 1, then the distribution oR is exponential and the timeout value does not impact the job
execution time.

The corresponding proofs are reported in appemtiX hey are based on a comparison betwEgiand
Fg, following the remarks done in secti@nl

The obtained results are coherent with the classical irg&pon of the shape parameter of the
Weibull distribution. Indeed, whek>1, the success rate of a job is increasing over time, which ex-
plains that timeouting will penalize the job. On the congravhenk<1, the success rate of a job is then
decreasing over time, and timeouting as soon as possibtgrieecmandatory.

When outliers are present, we conjecture that the behaveains the same when the shape pa-
rameter is lower than 1. Indeed, outliers lengthen the faihe distribution and thus lower the timeout
value. Similarly, when the shape parameter is greater thatskems that the expectation of the job
execution time with respect to the timeout value reache®baglfinite minimum. Its derivative tends
towards minus infinity (it seems to be equivalent—téi%%kl_)l) when the timeout value tends towards zero
andE; is thus decreasing on an intervall starting from= 0. As it is tending towards-co whent,,
tends towards-oo, it has to reach a global finite minimum. However, this bebawis still not proved.

3.5 Log-normal distribution

The log-normal distribution is a typical example of heawyted distribution. In this section, we
assume thaR has a log-normal distribution with parametarando. In this case, the cdf and pdf of the
system latency are respectively:

1 _(nt-)?

Int—,u)
and fg(t) = e 2?2 .
tvar

FR(t) =0 (

(o



The expectation and standard-deviatiorRare:
Er=e"% and op= (¢ - 1) (11)

In this case, as reported in appen@ixwe can show théa; is:

D (X — 0) xom 1
“(*a0r e (awe ) .

In(te)) —
——

where X, =

This expression shows that the minimizatioregfcan be performed independently franon the trans-
formed variablex,,. The obtained solutior.{c, p) only depends on- andp. The optimal timeout value
can then be written as:

tw(u, o) = €'K(o,p) where K(o,p) = g7 %) (13)
and:

D (X — 0)
D(X)

% (a6 )

K(o, p) is actually the optimal timeout value far= 0.
We also have the following limit fot,, = O:

Rl ) = arg min,_ (

lim E)(t.) = lim Ej(x.) = +co.
teo—0 Koo —>—00

This infinite limit proves that whep # 0, there exists a finite non null optimal timeout value that
minimizesk;. Indeed, in this case, the limit &; whent,, tends towards infinity is infinite, according
to equation/ andE; thus has to reach a global minimum.

The existence of a global minimum &f;(t..) whenp # 0 is not straight-forward. Given the infinite
limit of E; whent,, tends towards 0 and given thag(+~) = Eg, it resumes to the existence ota
for which E;(t.)<Egr. If o > 1, thent,, = € satisfies this relation. Indeed, in this cagg,= 0 and

according to equatiofi2, Ej(X., = 0) = Er(2®(-0) + e‘”—zz). A numeric resolution then shows that
E;<Egrifand only if o > 0.9311. Numeric simulations also suggest thahas a global minimum even
for lower values otr. However, an analytic proof still has to be done.

Figure7 displays a simulation of the optimal timeout value fe10, several values of the outlier ratio
ando ranging from 1 to 2. We first can notice thid{o, p) seems decreasing with respeciptoThe
timeout value thus has to be reduced when the proportion tiemiis increasing, which is coherent.
Moreover, given an outlier ratio, the optimal timeout vafoeu = 0 is decreasing as is growing. It
is also coherent because the standard-deviation of thedogal distribution is increasing with respect
to o (see equatioril). The optimal timeout value thus has to be reduced as thahibty of the
infrastructure is growing.
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Figure 7. Evolution of the optimal timeout value for (=0 in the log-normal case.

3.6 Pareto distribution

The Pareto distribution was introduced to represent thegiloligion of wealth and proved to be very
accurate to model a large class of computer systems measnte({jobs durations, size of the files, data
transfers length on the Internet. . 1) 14]. It is an example of power tailed distribution. The cdf oéth
system latency is then:

ay ,
Fr(t) = 1—(m) with a and v > O.
The expectation is only defined fer1. Then:

a

ErR = —.
R v-1

In this case, the expressiongf can be directly derived from equati@and it is:

a+tor— a(%)v t. 0

a

V - E + teo-
@-n|(=) -1 a-of(=) -y tor
We also have the following limit when the timeout value isInul

a
V(1-p)

We then can show (see proof in appendixthat the expectation of the job duration time is increasing
with respect to the timeout value, regardless of ghealue. The optimal timeout value is thus 0. The
behavior ofE;(t.,) is depicted on figuré.

t!xl,r_r»]o Eats)
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R. Left: no outliers ; Right:

| Distribution | Without outliers p = 0) | With outliers >0) |

Uniform +0o (Or b) b

Truncated Gaussian +00 0<fy <400

Weibull k>1 +00 0 <ty < 400
Exponential any 0
Weibull k<1 0 0

Log-normal {1,07) to = €K(0) < 400 0<te <+
Pareto ¢>1) 0 0

Table 1. Optimal timeout values for the studied distributio nsof R

3.7 Results summary and interpretation

Tablel displays a summary of the results we obtained for variousibigions of the system latency.
Those results suggest that the weight of the tail of theiligion of the system latency is a discrimi-
natory parameter for the timeout optimization when ousliare not present. Indeed, only heavy-tailed
distributions such as the log-normal, or the Pareto onekttefinite optimal timeout values. In this case,
the optimization speeds the execution up. On the other veimeh the distribution of the system latency
decays more rapidly than the exponential, then setting adirmmvalue always penalizes the execution
and the optimal timeout isco. The exponential distribution stands in the middle and isaffected by
the timeout value.

As noticed in sectio, taking into account the outliers resumes to multiplyfgoby the factor (1p).

In this case, the distribution of the system latency becdmeasy-tailed as liq., ;.. €*(1 — (1 — p)Fr(X)) =
+0o whena > 0. Effectively, in this case, the optimal timeout value that waibis always finite, which
is coherent with this interpretation.

Results for the Weibull distribution with outliers and ftvetlog-normal one without outliers and with
0<0.94 are only conjectures.

3.8 Performance improvement

In case of reliable systems (without outliers), the expemtaof the job duration without timeout
equals to the one of the system latency. In this case, thlagj%b evaluates the speed-up yielded by the
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Figure 9. Evolution of the speed-up of the optimization for u = 6.4sin the log-normal case.

optimization. If the latency of the system is light-tailéigen setting a timeout value always penalizes the
execution. The best strategy is thus to set the timeout valueinity. In this case, the optimization does
not provide any speed-up with respect to the expectatiohefystem latency. Concerning the limit
case of an exponential distribution, the expectation ofdbeduration is independent from the timeout
value and the optimization does not lead to any speed-up.

The optimization becomes interesting for heavy-tailedriistions as already suggested. For the log-
normal case, figur® displays a numerical simulation of the evolution of the gpap of the optimization
with respect tar for a particular value ofi. We can see that the speed-up is growing witihe higher
the system latency, the more interesting the timeout optitron. Concerning the Pareto distribution,
the optimized expectation of the job duration without amiis€, whereas the one obtained without
setting any timeout i€g = -%. The speed-up obtained by the optimization is thgs This value is
maximal fory = 1 and decreases towards 1 wheincreases. Under Pareto assumption, the variance of
the system Iatenc&m) Is decreasing with respect to Here again, the more variable the latency
of the infrastructure, the more important the speed-upigiélby the optimization.

When outliers are present, the optimization of the timeoev@nts the expectation dfto be infinite.
The impact of the optimization can then be evaluated by coimg#he optimized expectation of the job
duration to the one obtained without outliers. In case of éoam distribution, outliers add the term
blpr to the expectation of the job duration. This term is incregswith respect to the outlier ratio and
tends towards infinity whep tends towards 1. The exponential distribution and the Bame¢ exhibit a
similar behavior: the outliers introduce an exgﬂa factor on the expectation of the job duration. Here
again, this factor tends towards infinity when the outligioréends towards 1.

4 Experiments

In this section, we present experimental results obtairyeshéasuring the distribution of the latency
of the EGEE grid infrastructure on a particular time periothe EGEE grid is a pool of thousands



09

08
0.7
06

05 /

04 /

FR(t)

03| /
]
02} ol

01 //
7 ’ Experimental cdf
) Mixed ITognormal-E’arem mods‘zl ———————

L L L L
200 300 400 500 600 700 800 900 1000
t(s)

Figure 10. Measured data (green) and best fitting Log-normal -Pareto model (red).

computers (standard PCs) and storage resources accébsiloigh the gLite middleware. The resources
are operated in computing centers, each of them runningtesnal batch scheduler. Jobs are submitted
from a user interface to a central Resource Broker (RB) wHispatches them to the computing centers.
EGEE is a production infrastructure with more than 25000 €Bpread in more than 190 computing
centers. Itis characterized by its high throughput but bisibs high latency, high variability and outliers.

It is thus an ideal target to test our optimization procedure

4.1 Measure of the distribution

To measure the distribution of the system latency on the EGiitE we submitted probe jobs that
only consist in the execution ofin/hostname and we measure their round-trip time. We maintain a
constant number of probes inside the system by submittireyyeaome as soon as one completed to avoid
introducing any extra variability.

To measure the proportion of outliers, we consider alongtiomT beyond which jobs are considered
as outliers. When the value @fis suficiently high, the measured outlier ratio, computed as thebar
of outliers jobs divided by the number of submitted ones ssiaged not to depend dnand we use it as
an approximation of the true one. However, by definition]ietg are rare phenomena, and the measure
of the outlier ratio does not rely on a significant number ofreg. It is thus likely to be misestimated.
Specific statistical methods concerning rare evenhifinay be used to have a more precise estimation
of the outlier ratio.

Our measure of the distribution &gathers 2137 probe jobs spread on 8atent days and involving
3 RB. The maximal duration of those jobs was fixedtg = 10000 seconds. Beyond this value, we
consider the job as an outlier. Given those conditions, waioned an outlier ratio of 2.5 %. In normal
operating mode, the measured distributiolRa$ plotted in green on figur&0. It has an expectation of
393 seconds and a standard deviation of 792 seconds.
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4.2 Timeout optimization

If we do not take outliers into account, the evolutioregfwith respect to the timeout value is plotted
in red on figurell E; then converges toward&; as predicted by the theoretical analysis. In this case,
E, reaches a minimum fdi, = 360s. At this optimal pointEJ(foo) = 289s. The speed-up w.r.t to an
execution without timeout is.36.

The evolution ofE;(t.,) taking the outliers into account is plotted in green on feglit. E; effectively
tends to its asymptote. The optimal timeout valués now 358 seconds ari(f,.,) has grown to 300
seconds. Setting the optimal timeout value thus limits thpact of the outliers to a 11-seconds loss,
whereas it would be highly superior if the timeout value i$ pperly set, as suggested by figuare

4.3 Model of the measured distribution

To relate those experimental results to the ones presemtibe iprevious section, we here model the
experimental distribution of the grid latency. The expeittal data shown on figurE) cannot be rea-
sonably fitted with any of the standard distributions ddxatiin sectiorB. However, the distribution
appears to be close to a log-normal distribution for low eal@up to 500 seconds) and a Pareto distri-
bution beyond. Based on this observation we fitted the exymarial data with the following distribution
which is an interpolation of the log-normal and Pareto of@st, in [tmin, tmax]:

A0 = (@-a)o (14)
4 — . k
2®(1-(s2)) witn a(t):(—tr:ax_t“;'r’;m).

tmin denotes the smallest latency measured among the data (tiee zto below this value) ant},.«
the highest one. There are thus five parameters fully desgribis model g, o, a, v, andk). «(t) is

a weight function designed so thaft,,) = 0 anda(tna) = 1. The model thus tends to a log-normal
distribution inty, and to a Pareto one iRy



We have estimated the best fit of the modélwith the experimental data by minimizing the least

square criterion:
tmax
; modelr;\ _ =eXpPy; 2
argw’g_g[]k){z (FRe*) - F (.))}

i=tmin
where F5®(i) is the value of the measured distribution at timeThe optimal model is displayed on
figure 10 (red curve). A Kolmogorov-Smirnov test was made to evalubheequality of the model.
When considering an undersampling of up to 1000 measuramtiet Kolmogorov-Smirnov test value
is D1goo = 1.35 (we used, = ynsup|F5 " - FX)), which correspond to a p-valye = 0.051. The
tests is thus positive. It shows that a simple model (5 pat@rsecan accurately model the distribution
measured over a very complex workload system (EGEE grichgtfucture) even when considering a
very large data sample.

5 Conclusion

In this work, we presented a model of the job execution tinkentainto account the timeout value
and resubmissions. We used it to optimize the timeout valtieegobs and we studied the optimization
results for various latency distributions. Two cases haenldistinguished, given that we consider that
the job management system is prone to face outliers (gridpb(cluster).

We showed that the optimal timeout value is highly dependarihe nature of the distribution of the
system latency. In absence of outliers, the heavy-tailstlibution studied (log-normal) leads to a finite
optimal timeout value whereas for the light-tailed onesr{tated Gaussian, uniform), setting a timeout
value always penalizes the execution.

If we take outliers into account, our model predicts thatekpectation of the job execution time is
then diverging to+co when the timeout value tends towares for every distribution. The expectation
of J has an asymptote whose slope only depends on the outlier raitie optimal timeout value is
then finite for all the studied distributions, which can b@lained by noticing that taking outliers into
account lengthens the tail of the distribution.

We finally presented some experimental results from a digion that was measured on the EGEE
production grid. Results showed that even without outjierks. 36 speed-up can be achieved by using the
optimal timeout value. Considering outliers, using theiropt timeout value is even more critical and
the resulting optimal expectation of the job duration isseldo the one obtained in absence of outliers.

However, some problems still remain to be able to use thisropation in practice. The most impor-
tant one is to be able to dynamically measure the distrinugidhe non-stationary grid latency.
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A Expectation of Jin the general case

We have:

Ej(te) = fo wth(t)dt:i f wtf}“”*“(t)dt
= (- p)Zq f - tr(t — nto)dt

= (1-p) Z q" fo (u+ ntw) fr(u)du
n=0

— too
_1-p ufR(u)du+(l p)qt‘*’f fr(U)du
1-9Jo

1. (1 p) (1= (1 - p)Fr(te)) teo
= FR(too)j(; ufr(u)du+ (1) Fa(l)?

I T (1- (1 - p)FR(to))teo
- FR(tw)fo W R R
oo

1 leo
= ) fo MR R

FR(tw)

B Limitsof E;

oo

+00
ufr(u)du = f ufr(u)du=E
MMFR(W) R(U) | uf(Wdu=Eq

And, whenp # 0:

to
im ———-t, =
tomveo (1 - p)Fr(ts)

Whereas whep = 0:

(1-p)Frts) = Felts) B Fr(to)
h t, ftjufR(u)du
B s o R o

te
Sothat lim (—————-t,] = 0
tomreo \ (1 = p)Fr(te)



C Distributions for which the timeout value does not impact E; when p =0

Let F be the cdf of a distribution which has this property. ithe

¥neN,Vt, € R,
1-(1-F(o)"+ (1 - F(t.)"F(t — nt,,) = F(t)
= V¥n e N, Vt, € R,
G(t.)"G(t — nt,) = G(t) with G=1-F
= VneN,Vt, € R",
nH(t,) + H(t — nt,) = H(t) with H =1In(G)
= ¥YneN,Vt, € R",
H'(t - nt,) = H'(t)
H’ is thus periodic, with perioaht,, for everyt,, and every n. It is thus constant and we h&/&) = a.

Thus,H(t) = at+. We thus havé (t) = 1-’et. Moreover, the limit ofF (t) has to be 1 wheh— +co,
so thate<0 andB = 0, which demonstrates that the distributiorFofias to be exponential.

D Behavior of E; in the Weibull case without outliers

We have:

¥n e N, Vt € [nt,, (n+ L)t.],
Fo(t) = 1-q"+d"Fr(t-nt)
= 1- e‘”(%)k + e‘”(%)k (1 — e‘(thm k)

ERETCNES)

We are going to comparg; and Fr. To do that, we will actually compare (=) and In(%).
The comparison resumes to study the sign of the followingtion f;_,, for everyn and everyt,

(fun=In(g) - In ()
Yn e N, VYt > 0,
fon:[nte,(n+1)t,] — R

) () -6

t > nl—) + —(=

A A A

If f_n IS positive, then setting a timeout improves the execufidre derivative off,_ , with respect td

is: £/ ,(1) = %((t—gu )k—l ~ (%)k—l)'

Ifk>1 f_n(nty) = (%‘")k(n —nk) < 0 andvt € [nt., (N+ D], (1) < 0. fi_a(t) is thus negative
on this interval and we have:

VYt > 0, Vt, > 0,



| ! | —1 0
n(l—FJ(t))_ n(l—FR(t)) )
thUS FJ(t) < FR(t)

It proves that every timeout value penalizes the execufitie.timeout thus has to be infinite.

Ifk <1 fn(nt) = (Lw)k(n —nk) > 0 andvt € [nt,, (n+ D], £ () > 0. fi_n(t) is thus positive

A
on this interval and we have:

VYt > 0, Vt, > 0,

[ ! | —1 0
n(l—FJ(t))_ n(l—FR(t)) g
thUS FJ(t) > FR(t)

k k. . .
Moreover,n(%) + (t‘gt“) is decreasing with respect tg. Thus,Vt,, > 0, Vt/, > t., Fyr (t) < Fa (1)
for everyt. The optimal timeout value is thus O.

E Expression of E;(t.) in thetruncated Gaussian case

According to equatiot,

too teo
Es(ts) = = (t ) uf(u)du+ (1-p)Frte)

1 1 © o _1(um (D(f_’)
= d)(ﬁ‘;)—d)(’%) \/Eo-fo ue 2 (F) du+ . p)( (ﬁ)—d)(’%)) -t
Moreover,
fotw ue () du= o I:o vel"2¥)dv + o j:t_w el-#)dy
= Var(o(5) o ("5 ) oz (o) - 0 ()
Thus,
i) _ g (ats e
0 - v MIME e

F Behavior of E;(t.,) in thetruncated Gaussian case

Let us consider the following transformed variables:

-t
Voo = K and 1=1
g g
According to equatiord 1, we then have:

Exve) . 6(d) - 6(%) (V) p
P T 7 I ((1 Z0) @) - B(v)




To study the behavior oF,, we are going to consider the functidit)(v,,) = GW-0)" o

which has the same sign é%](v—‘” We are going to show that the third derivativefé? is positive. We
will then be able to study the sign &fY. We have:

F'(Veo) = ¢(Veo) [K(2) = K(Veo) + pVeo (P (Veo) = D(4)) + p ($(Veo) — B(1))]
+ D(Veo) (P(Veo) = D)) = p (P(D) — D(Vew))?
with k(V) = vO(V) + ¢(V)

k is actually a primitive ofd and is thus increasing. Derivating f’ with respect to v, wéaotn:

f9V) = oW)g?v)
with g9(v) = v(k(v) - k(1) + pV* (@(2) — D(V))

+oV ($(4) - ¢(V)) + (1 - p) (D(V) — (1))

f@ has the same sign of?. By successive derivation of this function, we obtain:

g®W) VO(V)(1 - 20) + ¢(V)(1 — 20) + k() — k(1) + 2ov®@(1) + pg(A)
and

gv) = 2(1-p)D(V) +20D(1)

g¥(v) is thus positive on } o, 1], so thatg® is increasing on this interval. Moreovefd(—co) = —co
andg®(2) = Ad(2) + (1 - p)p(2)>0. g® thus has a single roe on ] — o, 1]. g@ is negative fov<vy
and positive otherwise.

g is thus decreasing or}o, vg] and increasing on, 1]. Moreover,g@(—co) = +c0 andg?(1) = 0
g® thus has a single roet on ] — oo, 1] (vi<Vp). g®@ is positive forv<v; and negative otherwise.

f@ is thus increasing on$ oo, v;] and decreasing onv{, 1] Moreover, f®(1) = 0 and fM(~c0) =
—p®(1). Two cases then have to be studied:

1. p = 0: in this casef M (-c0) = 0. f® is thus positive on } «, 4].

2. p # 0: in this casef M (-0)<0. f® thus has a single roe on ] — oo, 1] (Vo<vy). @ is negative
for v<v, and positive otherwise.

The behavior off @, g@ andg® is plotted on figure-.
We can then conclude on the behavioiE(t.,) by noticing that:

8E3(tw) aEJ(Vw) OV,

teo Voo I
_10Es(v)

(oa Voo

The two cases described above thus resume to:
1. p = 0: E;4(t.) is decreasing on [G-oo[

2. p # 0: E,(t.,) is decreasing on [®@,] and increasing ont, +oo[ (with t; = u — o'wy).



Figure 12. Behavior of f, g(z) and g(3) derivatives of E;(V.) in the truncated Gaussian case.

G Expression of E; in thelog-normal case

If we consider the transformed variabtg = W then equatio® gives:

I S A S T(O= - (;)
B0 = S0k Vaet dur e T et~ *

If we then perform the variable change- @ — o in the integral term, we obtain:

1 o - 1 B
00 = e ot e (s 1)

H Behavior of E; in the Pareto case

Let us consider the transformed variadlle= %=, We then have, according to equatibhand after
some manipulations:

E;(2) 5Z-2)+ &2 -2)

a Zr-1

By derivation, we then have:

(Z'-1°0Ey(2) 1
a az  1-

((1 -2 +vZ7t - 1)

p v—1 v+1

T =772 - (v+ 1)Z +v2)
A(Z2)=(1-v)Z"+vZ"~1-1is negative, for every>1 and for every Z1. Indeed, A(130 and A(Z)=v(1-
v)Z'~(Z - 1) is negative. Moreover, B(Z2'*! — (v + 1)Z + vZ is positive, for every>1 and for every
Z >1. Indeed, B(130 and B'(Z)=(v + 1)(Z — 1) is positive.Z242 s thus positive, as well a2} and
E, is thus increasing.



Properties of ® and link with erf
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