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What do | do when my love is away
(Does it worry you to be alone)
How do | feel by the end of the day
(Are you sad because you're on your own)
No, | get by with a little help from my friends,
Mmm, get high with a little help from my friends,

Mmm, gonna to try with a little help from my friends ...
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1. Introduction

Dramatic improvements in the capacity and capability ofsees, storage systems,
computers, and networks are enabling the creation of datavas of enormous size and
value [42]. Grid Computing environments support the executif applications that pro-
duce and consume such data volumes. This production androption of data implies
processing, transfer and storage. In general terms, tletidatment in each one of the
activities and the relation between them corresponds tddkeemanagement.

Often, data volumes managed in Grid computing systems gidowsg the execution
time. The capacity of the resources with the processingstea and storage is strongly
related. Then, the behavior of the system changes duringuke, due to the capacity
limits of the resources.

Actually, data transfer is a critical process in Grid Compgtsystems. Because the
various formats, sizes and contents of the data that arsfénraed in messages add com-
plexity and unpredictability to the system behavior. In #zne manner, the different
technologies and topologies implemented in the Grid comgutetworks contribute to
the complexity and variation of the performance during taadransfer. Frequently, the
transfer is more expensive than the processing.

Although Grid Computing systems have architectural featusach as multiprocess-
ing, high bandwidth capacity, large storage capacity andrsdhat ensure high perfor-
mance, users require to know how to exploit these featurtaalty. Modeling and per-
formance evaluation provides mechanisms for knowing the gif a system and predict
their behavior, in order to take advantage of the resourgdgsasminimal cost, in other
words, to exploit the system optimally. Obviously, modgland performance evaluation
are large subjects for study and a given problem can be treatdifferent ways.

Models are needed to predict and analyze data transfer ioehagether with tools to
implement them. Not only to makefarecastof the transfer time in function of the size of
message and the number of resources involved, but in ordgentfy the characteristics
which influence the behavior of the data transfer.

To handle this, this work propose a restriction of the profleovering only the Grid
computing applications that transfer large volumes of dating their execution time, in
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real time.

1.1 Research Context

High Performance Computing Systems (and Grid Computing 8ystallow sci-
entists to treat datefficientlyin accordance with specific needs. In other words, Grid
Computing technology allows to perform science with shaedmuter science facilities.
These facilities can be summarized as technological cegsand possibilities such as
great storage, efficiency, "dynamicity”, heterogeneifyefvasivity”, concurrency, high
bandwidth and so on. On the other hand, we can consider atpects, such as a high
quality of service, collaborative work, safety betweeneoti{14] [42].

Despite technological trends implemented in Grid Compuytthg observation and
analysis of the performance of the applications in thegrnattion with the infrastructure
is necessary to provide efficiency. Grid computing is patiddy complex to observe
and analyze, the processes implies parallel and distdbugg¢erogeneous tasks and con-
currency. Nevertheless, the Grid Computing community makesrtant efforts to pro-
pose models and methodologies to observe and describe Gmg@img architectures,
Grid Computing platforms, Grid Computing applications andreGrid Computing users
(Communities).

This thesis work was done in the general context the HighoRadnce Computing
research, specifically Grid Computing research. The worlkia given domain, perfor-
mance evaluation in realtime.

The observation of the behavior of a system, during a real demands an easy,
feasible and low cost in the monitoring or measurement optioeess and tasks. In the
Grid Computing community, this case corresponds to an ohsernvon Production Grid
Computing platforms.

The work done in this thesis, includes the performance atian of massive data
transfers between nodes of Production Grid Computing systéhe study treats the
large volumes of data consumed and produced by applicati@isare transferred on
high bandwidth networks. The studies associated to th&gslaiow to propose analytical
models and to implement performance evaluation technigue®nitoring tools.

This thesis proposition has been developed in two teamsmflifferent laboratories:
TheRainbow Team of the Informatics, Signals and Systems Laborato&f, k& Sophia
Antipolis and TheMescaf Team of the Laboratory of Informatics of Grenoble, El&t

Ihttp://rainbow.essi.fr
2http://www.i3s.unice.fr
Shttp://mescal.imag.fr/
http://www.liglab.fr
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Montbonnot-Saint Martin, in France.

Research interests of these teams contribute to addressablemp with a hybrid
focus. In the case of the Rainbow team, one of the researcletlsetine services orches-
tration and enactment on a large scale distributed infresstire. About the Mescal Team,
it exist the interest about the performance evaluation andlation of large deterministic
and probabilistic systems, mainly large scale distribwtsshitectures. This interaction
allows to treat the problem under study from two levels, gpliagtion and a fabric levels,
observing the reciprocal action between both.

1.2 Problem Description

Scientific and industrial applications that run in ProdoictGrid Computing platforms
produce and consume great sets of data. This productionarsdimption requires high
bandwidth data transfer. Despite the use of high performaetworks, the use and con-
currency of the shared resources of the Grid computing @iag, saturates these re-
sources differently during the data transfer.

When a specific application runs on a Grid computing infrastme, the data transfer
time varies according to the state of the shared resourcaislfnthe network resources)
and the total quantity of bytes involved in the transfer. Mhihere are two important
points to handle: one, the requirements to describe theiveadata transfer to predict
performance, in order to optimize the use of the shared resslby the application; and
two, the necessity to made this prediction during a real use.

In both cases, prediction implies systematic approachgetimrmance evaluation.
These approaches permit to define metrics, methodologiEeteahniques to provide tools
to specific observatiofs

Then, the problematic implies the definition of a predictivedel. This model should
be implemented in performance evaluation mechanismsglarieal use. Of course, this
predictive model must be simple, not expensive in terms pfiegbility and addressed to
the analysis of high bandwidth data transfer. The high baditivdata transfer analysis
is important because it allows to identify the loss of parfance during the data transfer,
estimate the best case of use in accord with the availabteiress, to know the data
transfer cost or allow efficient scheduling.

On the other words, the modeling will have to permit to cormegbe transfer time and
observe the behavior of the massive data transfer to antilgzsharacteristics that affects
their performance, such as size of message transferrediroes involved, network com-

SHowever, it is important to consider that these systematic@aches are based in theoretical, practical
or theory-practical focus.
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ponents, file systems, between others. These characenstist be related with specific
parameters that allows a pertinent description in the molkietonsequence, the model
proposal must be easily implementable in tools to be useidglarreal time.

1.3 Contributions

The contributions of this work follow the preoccupation eegsed before, but we can
describe the main results:

» Propose a realistic performance evaluation technique fghhbandwidth data
transfer during the execution of Grid Computing applicagon

The work made the analysis of different possibilities of iempentation of the de-
terministic model to make a correct description of the parand massive data
transfer process. In consequence, the model should beemsglement in perfor-

mance evaluation technigues and tools.

On another hand, the performance evaluation techniqueslemcd tools should
be exploited during real use, providing real time inforroati

» Propose a model to predict parallel and massive data traresfieong nodes during
the execution of applications that run on Grid Computing folahs.

The work made for this objective allows to identify the malmatacteristics that
affect the communication performance during massive amdllpadata transfer.
These characteristics are related to parameters thatiloeedbe interactions be-
tween the application and infrastructure resources, mgeaf capacity, availability
and use.

1.4 Document Structure

This manuscript organises the contributions presentedesh® follow:

Chapter two presents the state of art of the problem in stutlys dhapter contains
a description of the technological context associated thiéhcommunication process in
High Performance computing (HPC) and distributed systericgtly in Grid comput-
ing environments. This chapter presents also the currerk twanodel the data transfer
in the context of the research in Clusters and Grid Computistesys. A description of
different modeling proposals using deterministic and nei@dninistic models appears to
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position our work. The emphasis of this description is tespre the possibilities of im-
plementation of these models in performance evaluatiols @mad techniques addressed
to "on-live” performance evaluation needs.

Chapter three focuses in tHegP model used to describe parallel data transfer. A
discussion is presented here, about its utility, advastagel disadvantages to describe
communications in parallel and distributed systems. Thaeesehapter presents the perti-
nence of the use of theljpg P propositions and, the early results of their implementatio
in the realistic performance evaluation tools, to obserm@lbel communications in high
performance computing platforms, such as clusters.

Chapter four presents our contributions to the realisticehofimassive and parallel
data transfer, using deterministic modeling derived fram/tog P model.

Chapter five shows the results of the realistic modeling usurgproposal, to validate
their utility in the performance evaluation of parallel andssive data transfer in Produc-
tion Grid Computing platforms. Measures presented in theptdr were taken during a
real use of the platform.

The chapter six, divided in three sections, presents theusison, conclusion and
consequences of this PhD work. The first section of this @rgpesents the discussion
about the results of this thesis proposal. This chapter tonaeterminate the precision
and utility of the model in the realistic performance evéilua of massive and parallel
data transfer. The second section presents the conclustbis hD thesis. The conse-
guences of this work, are presented in a final section, to dégelopment prospects to
the implementation of new features in our model. On anothadhwe present guidelines
to the development of performance evaluation tools andiigales using our focus.
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2. State of Art

2.1 Technological Context

Technological trends in distributed high performance cotimg, such as Grid com-
puting systems, is to offer high capacity in communicatibtha price of increased com-
plexity in their use. The Grid computing community has idieed several aspects related
with multiple use cases to describe Grid computing comnatiun, taking into account
the technological evolution.

Basically, a communication process is simple: a messagansfarred between a
sender to a receiver from a source among a medium with antolgjed use [149] [107].
The complexity appears when the elements involved in thisnaanication grow and the
message transfer process exceeds the capacities of tbasents.

For example, in a Grid Computing system, as shown in the Figure¢he source of
the information delivered by the message may be the resalt operation in a processor
or a data set in the disk. Sender and receive can be clusteswda particular platform.

On the other hand, the communication occurs at differergti$eMn the same Figure
2.1, we can see a cluster level and a Grid level that reliee®twto platforms. This multi-
level transfer implies an environment exchange and a tresson by different network
devices.

Obviously, the communication channel has a specific prétomolved. And, the
utility of the information contained in the message is gibgrthe user (For example, the
user can select the data source and the interpretation oéshés to use the information
contained in the data).
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Figure 2.1:Some Grid Computing Communication Elements

Often, the communication process is not stable. The traisi® is not constant
during communication, it changes in accordance with ségédrations, as interruptions,
interferences, availability of resources, pre-processinpost-processing delay among
other situations.

This situation should be interpreted as a communicationge® that occurs more or
less efficiently with the characteristics of the environinesed. The efficiency can be
described in terms of speed, throughput, deliverance @rege.

The communication technology implemented in the Grid catinguinfrastructure
affects the performance of the communication process. Ugpavailability, security,
speed are determined by the technical characteristicsaningiis, links, protocols, codes,
etc.

In summary, in Grid computing data transfers exist charesties that add complex-
ity. For example, the transmission channels can be heteeoges. Others characteristics
should be that the data transfer can be simultaneous, glasald moreover, that the data
are in various formats or sizes.

2.1.1 Technological Trends on Grid Computing Communication

Grid Computing technologies support the sharing and coatédhuse of various re-
sources in distributed geographic organizations[14].[4Zhese organizations are dy-
namic and they are known &&tual Organizations (VOS)
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The shared resources of the Virtual Organizations impéebriology developments.
Technology is integrated on systems and the work of teclgyadgstems, needs a descrip-
tion of their characteristics to maximize its use. Thus,3ytem technology is described
to define the function and purpose of the system. Actuallyeims of services, special-
ized communities uses the Open Grid Services ArchitectDf@SA) [45] [115] [44] to
define and describe Grid Services and Grid Computing Arctuites.

Generally, in Grid computing, the descriptions are madeohg the proposition for
distributed systentsand web services. Then, well known descriptions, such dayleeed
Grid Architecture model presented in [42] present the weioomponents grouped in
layers interrelated.

These points are treated here for two reasons: first, betiaesiata transfer implies a
relation between the different layers of the Grid Computiysiams (resources, network,
applications), and second, because the data transferctéiastics are associated with
network-architecture characteristics.

In network technology terms, since the introduction of tipgical transmission, the
relation cost-performance is very important[134]. Theamafy of the backbone trans-
mission systems are enormous and these technologicalitep&ave been used totally,
because a tendency of the applications that runs in distidbcomputer systems, is the
use of all available resources. The same tendency existsdrG&@mputing.

Figure 2.2 presents the evolution of the transmission nétwo this figure is possible
to see the trend of the backbone capacity and their growtmgriie years.

1Also, this description may be more complex if the componeiithe distributed system are parallel
systems.
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Figure 2.2:Evolution of Transmission Networks

In the Figure 2.2, the black line represents the trend of duklbone capacity growth.
There are four main dots for 560Mbit/s, 1.7Gbit/s, 2.4 Guatnd 10Gbit/s transmission
capacities implemented. Each capacity corresponds toga stacabling development,
represented in the Figure 2.2 by the arrow.

The arrow shows connection wires since 80s, as coaxial tyjgg@oaxial, IBM Type
1 and Thin Coaxial), coming to UTP (90’s) and finally, actugleywires like Category 5
and Category 6 wires.

An important aspect observed in the Figure 2.2 is the evmiutif the use of pro-
prietary networks to standards definitions. For examplectiikection of IEEE 802.3
standards [72] [73] [74] defines specification for LAN and Wititerconnections, that
are clearly exploited in Grid computing.
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Figure 2.2 also presents the evolution of physical conaed¢tchnologies. Of course,
these structured cabling systems allows the physical canwation between nodes and
network devices (hubs, switches, routers), and links itligied sites, a principle of the
Grid computing interaction. So, technologies that havelvexbin the time such as
10Base-T 100Base-T, 1000Base-T and 10GBase-T, and implemastaf structured
cabling systems as 568A and 568B [138] are used in Grid cangurtfrastructures.

Nowadays, the transmission technology implemented in Goidputing infrastruc-
tures research to give an excellent performance in relatitmhigh speed connections,
high bandwidth capacity and cost. These characteristedhe same for High Perfor-
mance Computing platforms. Observing the statistics ofrcmt@nection systems used
in HPC infrastructures, from the Top 500 site [140], it is possitdadentify themost
popularinterconnection systems.

Often, the Grid computing infrastructures are a merge ofiiterconnection of dis-
tributed HPC platforms. Projects such as EU-EGEE [34], 8@ [55], TeraGrid [139]
between others, use different technology. This diversityechnology is also observ-
able in the case a specific Grid Computing platform interadtis @ther platforms with a
lower network performance (l. e. Relation between EuropeakE infrastructures and
EELA [35] networks or French Grid 5000 Infrastructure andAr&orto Alegre cluster
platforms).

Independently of the technology in use, the communicasgossible with the use of
a defined protocol. Naturally, protocols have common priigger And in the same way,
the protocol is sensitive to the characteristics of the compation.

Other different networking issues have been proposed fok Gomputing Infrastruc-
tures. Network topology, for example, depends of the diistion of the local platforms,
that in effect corresponds to community members of the VOslescription about this
topic is presented by the Grid High Performance Networkimgup of the Open Grid
Forum [126], focused in the relationships between netvgrknfrastructure and Grid
Computing applications.

Clearly, communication trends for Grid computing infrastiues follow the same
directions proposed for communications in distributed kmge scale systems. Imple-
mentations and protocols in this direction, are locatedoec#ic layers to particular re-
quirements or specific architectures. The interactions@pplications with the network
infrastructure of the Grid computing system, are suppabotie@rotocols. And their per-
formance is affected by the effectiveness of the relatiawéen the protocols and the
applications.

11
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2.1.2 Technological Trends on Grid Computing Storage

Computer applications use, produce and transfer informatioformation is digi-
tal data. Data storage in computer systems refers to compateponents, elements,
devices, and recording media that retain digital data useddmputing, for limited or
unlimited intervals of time. Obviously, the information stlbefoundandrecovered

If we observe only the case of transfer, when the data trarssélimited in the time
that an application runs, even though the large capacitpwiponents, elements, devices
and recording media, the storage capacity is restrictedgt@ittual space size during the
execution. Then, when a process is executing, the infoomatuantity that is stored in
the virtual address space is limited by the virtual space. <ttearly, this implies that the
information must be stored after the process’s end.

Moreover, in our context, some process can access simalialyedata, in accordance
with their utility. To address these situation, the infotioa stored in the components,
elements, devices and recording media are saved in filersg436] [137].

On the other hand, computer systems use different storpgs.tyrhese storage types
are organized in a storage hierarchy around the CPU, as adffletween performance
and cost (it is to say the cost per bit). And the selected azg#ion type affects the time
that the data are accessed.

In Grid Computing systems, the storage can be described asraaofile tree, shared
by all machines. The access must occur with a minimal delag,storage must support
heterogeneity, aggregation of the unused storage spacmhaerdence [143].

Evidently, the placement of data onto storage systems higgificant impact on the
performance of scientific computations and on the relighbénd availability of data sets
[25]. This affirmation concerns storage systems in Grid Campgulatforms also. As
a consequence, the performance of the data transfer igigensi the data placement
too. Data access depends to the characteristics of the $tlerag implemented [103] [53]
in the Grid computing infrastructure. Then, it is necesgargropose data management
mechanisms, integrate these mechanisms with the comnti@nigaotocols and clearly,
know data management behavior in order to predict theirieffay.

Different parallel file systems are implemented in Grid commpy infrastructures. For
example, Lustre [101], PVFS [120], NFSp [111], NFSg [143F6p [82] between many
others. In the same manner, mechanisms for data manage36grsijch as the schedulers
[91], are proposed for the specialized community.

In all cases, each one of the file systems or data managemehianmsms imple-
mented in the Grid computing infrastructure affects thégrarance of the data transfer
process. Then, it is necessary to quantify the impact of kasystem in the data transfer
process.

12
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2.1.3 Impact

Technological opportunities in computing are exploitedhtplement efficient mech-
anisms in data management. In the case of the our problew tdaisfer in HPC and
Grid Computing implies a knowledge of the architecturaldeas, obviously, related with
communication, networking and storage.

The evolution of the computer systems needs different$eveabstraction and, as is
explained in this part, the conception and description eséhsystems correspond in the
same sense to technological trends. For example, cleaslydssible to see the similar
features between the TCP model and the Layered Model proys@&GSA.

On the other hand, as mentioned before, consumption andigtiod of data involve
data transfer and data storage. In consequence, it is v@griamt to guarantee efficient
data access. Different developments are proposed fort@ctinial researchers, data man-
agement specialists and communication researchers vetbijective to provide an effi-
cient data access. These technological trends are imptechenHPC and Grid comput-
ing and shows how the different propositions to distribuggstems or computer network
has been use to made proposals in HPC and Grid Computing amdyd=ach one of the
possible architectures. For example, differences betWesters and Grid Computing
infrastructures from the interconnection point of view.

Computer applications each time are more complex and thenadwof information
increase dramatically. And, the same evolution of HPC systand their integration
into more complex infrastructures, such as Grid computiatfgrms implies technology
opportunities and scientific and industrial advances. Nwiess, each new advance sug-
gests a new use and the complexity (at same time that opjte)rgrows. For example,
due to these technological opportunities and latest n€add,computing environments
should interact with others. Nowadays, they are projedemgiarantee an interaction with
another entities contained in Cloud Computing environmest |

2.2 Modeling Data Transfer in HPC and Grid Comput-
ing

Computing intensive applications running on HPC platform&ad Computing in-
frastructures, rely on parallel algorithms expressed iaren&l manner using models of
parallel architectures. Algorithms are translated in agpon language associated with a
runtime commonly based on OGSA or Web Service Oriented-fecture [13].

For example, many algorithms are used to treat schedulolggms. Several schedul-
ing algorithms contain implementations of distributededaainsfer models. Then, to treat
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the scheduling problem, it exists specifications of the elesthat affect the Grid com-
puting scheduling. These specifications can be groupedee ttategories, observing the
close relationship between scheduling and communication.

First, the specification of the application goal, normadlglescribed as computational
tasks and data sets, as a general model. Second, the spiecifidahe resources and their
interconnection in a platform model as a network model. Amrti the specification of
the behavior in terms of predictability or cost, as a perfange model.

For example, an application performs a computation for aipgroblem in science.
It requires the identification of the inputs and outputs ttedwminate the type of data
that it uses. Between the input and output, it exists some atenprocesses related
with tasks and compute jobs. This general abstraction aft&)processes and outputs
should describe a general model. In the same way, applsation on a determined
infrastructure and use resources. In the case of a paratigdtoibuted application, it runs
amongelementsnterconnected between them, so, the specification of reesand how
this interconnection is due is a network model. Finally ttneate their behavior and the
cost of the resources use, it is necessary to describe thegs®s as function of the use,
capacity and availability of the resources in the platfoasia performance model.

An interesting work about network modeling issues for Gridrpating applications
scheduling [23] presents a extended description about thiesumptions.

On the other hand, exists the problem of thpresentatiof of distributed data, data
transfer and data access of the process. Also taking in attwrieffect in the implemen-
tation of the models in algorithms. This subject is treatgdecialists in languages for
parallel and distributed computation. Propositions is timain help to build implemen-
tations to schedule communication in parallel and distabwapplications [128].

In synthesis, the implementations of models to handle comcation scheduling in
HPC and Grid Computing, are proposed following the applicagoals, the characteris-
tics of the available platform and searching a maximal perémce.

Various models, originally proposed for clusters, are ratézl to Grid platforms. De-
terministic and non deterministic models appear and ti@atproblems with different
degrees of accuracy and complexity.

The discussion about the use of deterministic or non detesiig strategies to model-
ing communication is long but can be limited to performanedwation needs. In fact, if
we make the hypothesis that the experiments and measungsrésemed in a continuous
time, all the events have to be "serialised”, not using ramaess values.

Our main interest is to reduce the complexity with the uséeéasilyimplementable
models to performance evaluation requirements. Evided#dierministic models make
no use of stochastic mechanisms and the number of variatddsrated and sorted to

20r modeling, as a formal statement of features.
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real measurable conditions.

For example, there are models BRAM [41], BSP [144], SPM [78], LogP [28]
between others, that aim of implement many communicatigarahms or performance
evaluation of communication on associated architecturdsaxdeterministic way.

Some models have evolved in derived models to add new pagesrtetspecify cases
of implementation or cases of observation. For exampl@f@r M/ exist derivate models
as X RAM [27], and in the case of.ogP many extensions exist that are treated with
special attention here.

2.2.1 PRAM Models

The PRAM Model orParallel Random Access Machieéminates the focus on mis-
cellaneous issues such as synchronization and commumdatexploit mainly the con-
currency.

SHARED MEMORY

Figure 2.3:PRAM Model

The Figure 2.3 shows a picture of the general PRAM model. Eamtegsor execute
a step of the algorithm at the same time. There can be sestaictions on the pro-
cessor access to memory and depending on the restrictiomseorory access for data
contention.

Due to this data contention, there are different PRAM Models:

» Exclusive Read, Exclusive Write (EREW): At each time step ofalg®rithm two
processors cannot access the same memory location.
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» Concurrent Read, Exclusive Write (CREW): At each time step of lidperghm two
processors cannot write to the same memory location butagu®cessors can be
read from the same memory location.

» Concurrent Read, Concurrent Write (CRCW): At each time step of tharighm,
several processors can read from and write to the same méowatjon.

Measures of? RAM model are associated with the technique use to implement the
PRAM algorithm. For example, if,(n) denotes the time complexity of RRAM
algorithm when it useg processors, and’(n) the work complexity, then

O]

Ty(n) <T(n) p

(2.2)
WhereT'(n) is the time complexity of & RAM algorithm with as many processors
as needed.
On the other hand, the work complexity is

W(n)=>Y P (2.2)

WherePF, is the number of processors working in the th iteration.

This basic information offered by RAM is not sufficient to analyze data transfer
directly, same for homogeneous systems. In other ditdeAM uses ignore important
performance bottlenecks in modern parallel machines,Usecassumes a single shared
memory in which each processor can access any memory cdiititime. Indeed, this
point of view does not allows its implementation to Grid cartipg analysis.

The PRAM Model is synchronous, and there are simultaneous accessubiple
processors to the same location in shared memory. ObvicAsyyichronous” RAM [6]
differs of the PRAM model, because the process runs asynchronously, thenisheme
explicit charge for synchronization and in consequenacgretiis a non-unit time cost to
access the shared memory.

Other extensions of the RAM model has been proposed to treat characteristics such
as memory contention and latency. In the case of memory octiatemany works propose
a division of the memory into modules, each of which can pseamne access request at
a time [83] [106]. In the latency case delay models, the delagtween the time of
production of the information by a processor and their usarther is measured as a
communication latency [1] [118].
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A tuned version ofX RAM model [46] allows to treat communication problems, as
data-movement intensive problems [2]. Extensions of tii&3d M/ Models address com-
munication problems, and they has been developed for speases. Some of these mod-
els are applied to scheduling programs with communicatedays. An interesting work
about it is possible to see in detail in [7].

Other different extensions are proposed to specific usesifgparchitectures and
specific implementations. But each extension is target teeaifsp architecture and does
not allow a general approach. Studies about their efficieaatgptability and implementa-
tions are made by different authors [50] [66] [92], they apeépresented in this document,
because is out of the scope of this thesis.

2.2.2 BSP Models

The Bulk-Synchronous Parallel modeb P [144] model suggests a parallel computer
that consists into a set of processors with local memoryngeragonnection mechanism
that allows point-to-point communication, and a mechari@rbarrier-style synchroniza-
tions.

The BS P model appears like an unified model candidate for parallelipding. The
BS P properties allows an easy implementation and this is onkeofitost popular mod-
els.

The BS P properties allow are easy design and write of parallel cod®, it should
be close enough to physical reality that computer architeatan be designed in terms
of efficient hardware. Finally, it should be mathematicathctable to aid in analysis of
algorithms.

In mathematical terms, th8SP model is described with three elements: proces-

sor/memory modules, an interconnection network and a sgncter, as shown in Figure
2.4.
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Unit of Synchronization

Network

Figure 2.4:BSP Model Architecture

On the other hand, Figure 2.5 shows the model of executioBfP. The green box
represents the local computing on each processor, aftagiarteg of thesuper-step.iA

super — step is a sophisticated mathematical artifice to make a sequientigosition of
local computation and communication, limited by a barrier.
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Figure 2.5:BSP Model of Execution

In the Figure 2.5, the blue arrows represents the globale@ole) communication
between processors, and the Global synchronization isatige red barrier. This global

18



Modeling Data Transfer in HPC and Grid Computing 2.2

synchronization is the exchanged of data available for &éx¢ super-step.

The nomenclature aBSP as is shown in the Figures 2.4 and 2.5, preserds the
number of processorg, represents the global synchronizatigns the phase of commu-
nication (1 word at most sent of received by each proces$ben, the cost of a super-step
i should be considered as

Cost(i) = (maxo<a—pW) + hix g+ L (2.3)

Where p is the number of processatsyepresents the communication delays and
the compute time. In general, this expression 2.3 sayshibajd¢neral cost of the program
is the addition of the each super-step cost.

In terms of communication3.S P considers that the communication is massive. This
consideration makes possible to bound the time to deliveh@evset of data by consid-
ering all the communication actions of a super-step as a tiatwvever if the maximum
number of incoming or outgoing messages per processarstien such a communica-
tion pattern is called ah — relation [144].

About theg parameter inBS P, this parameter measures the permeability of the net-
work to continuous traffic addressed to uniformly randontidasons. This situation is
defined such that it takes tintgy to deliver anh — relation.

At this point, it is important to say thaS P does not distinguish between sending
1 message of sizen or m messages of sizg then the general cost should be estimated
with the simple relatiom x g  h.

Using PRAM model to describésS P model, this may be considered a general case
of PRAM [80], because if the3S P architecture has a small value of the total number
of local operations performed by all processors in one seawer the total number of
words delivered by the communications network in one secitweth it can be regarded as
PRAM.

Different implementations and studies have been develbpdlle B.S P community
[19], studies as synchronization in parallel algorithm8][®=ommunications in applica-
tions [51], specific architectures [69] between others.

The specific mathematical structures proposedd6iP complicates sometimes the
implementations. Another disadvantage is that in generaBfS P, the data locality is
good but the description of the network locality is bad, sbmes confusing.

2.2.3 LogP Model

In the same way thaBSP, LogP [28] [29] is proposed to describe a machine-
independent model for parallel computing, simple, for paranachines interconnected
by networks with limited bandwidth and significant latency.
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The model is based on four parameters that represents theutiogn bandwidth, the
communication bandwidth, the communication delay and tiigency of coupling com-
munication and computation. These parameterd dog latency,o for overhead timeg
for gap between transfers aRdor number of processors.

The general assumption of thevg P [28] model proposes a transfer between two
processors. When we send a consecutive set of messages ro@@avweseof processors,
it is possible to estimate the transfer time as a functiorheftime that takes the sender
processor to send the messa@g)( the time of reception of the receiver processor)(
the time that the message takes in the chanhglafd the space of time between the
consecutive messages (known as gap

Po

P1

Figure 2.6:LogP Basic Transfer

Figure 2.6 shows the simple assumption/aefy P [28] for the transfer of two con-
secutive messages;; andm, of small size, between two processdtgand ;. The
messages take a time to leave completely the sender pro¢éssoThis time is known
asoverhead send time@..

In the same way, the messages take a time to be received ¢eptlg the receive
processor ;). This time of reception is known asverhead received tim@,. In the
same Figure 2.6 the communication latency is identifiable.dsnally, the space of time
between two messages consecutive is known agahéy message.
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Then, in terms of.og P model, an expression of time transfer is proposed, in the mos
simple case of transfer of a messagdetween two processops

T(m) < o0s(m) + o,(m) + L(m) + g(m) (2.4)

Clearly, The first part of the expression is the general esasof transfer time
T(m) = os(m) + o.(m) + L(m) for one message that can be reduced’im) =
20 + L(m), whereO involves both sending and reception time. The addition(of)
corresponds to a transfer in continuous time proposetday’.

The objective to use these parameters proposda i’ model is the possibility to
capture experimental values easily to describe the trabsfeavior in terms of capacity,
use and availability. This availability is clearly idengiti in the measures presented in this
work.

However, the problem witthog P is that it is proposed for describing transfers of small
messages mainly To treat large message transfers, we considef.tig€; P model.

2.2.4 LogGP Model

The possibilities of thebog P framework are explored by several extensions. A first
interesting extension isogG P [3] model that proposes the incorporation of large mes-
sages in thd.og P model. This incorporation allows to treat massive pointa;mpcom-
munications and it should be addressed to different arctiites.

Different algorithms for some uses has been developed wlsefogG P extension,
mainly in message passing applications [70] [133]. TheG P model adds the parameter
G, that is the gap by byte for a large message. This paraméiessab treat the bandwidth
in the transfer of large messages.

Introducing a new hypothesis for the transfer of conseedtivge messages in the
same platform, the behavior of the communication procesg lmeaobserved with the
same methodology than fahort messages. However, it is necessary to discuss two
aspects: the underlying packet size of the platform and ¢ffieition of large message.

The underlying packet sizey, of the platform is the largest amount of data trans-
ferable in one segment of bytes by the platform. It existied#ht ways to estimate this
capacity, for example, considering the communicationqumoitwindow scale of data (as
the TCP window scale) or considering the maximum segmenbgittes buffer in a node
(i. e. in a machine or network device).

Knowing the underlying packet sizey, it is possible to estimate if a message
transferred idarge or shortin relation with the transfer capacity of the platform.

3In fact, the description initial of.ogP proposed by Culler et al [28] for the existing technology and
type of transfers at that time, take into account only lowdveidth transfer.
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A messagen is shortif the quantity of bites contained is equal or lower than the
underlying packet size. Hencepamessage ikrge when the quantity of bytes contained
is greater than the underlying packer size. In consequéineenessage: will be cutin
k packets to be transferred. Obviously, the numbek packets may be estimated with
2.

In our case, we suppose that if the message muchlarger than the packet size,
it is to saym >> w?, then, the use of.ogP model is not sufficient because it exists a
time related with the transfer of eaéh- packet.

Taking the same transfer of two messages presented in thieeF2g6 but this time,
two large consecutive messages are transferred, Figure 2.7 appearsng the commu-
nication process between processors with the assumptiahse bogG P model [3].

We can observe in the Figure 2.7 the transfer of two consecaotessages; andms
between the processof$ to P,. As the sizem is much larger tham, the message is
divided intok packets. Each one of tlke— packets is send to the receiving processor and
between them exists a space of time knowgas by byte for large messagé's

' olate !
Po_i iG!GiG;Gi

P1

i—(k-1)G —!
: 1

T(m2)

Figure 2.7:LogG P Basic Transfer

Then, for a message transferred it is possible to present an expression of time
transfer for a large message in terms of thg G P model:
T(m) = Os(m) + L(m) + (k — 1)G(m) + Or(m) (2.5)

Where,O,(m) andO,.(m) are the overhead send time and overhead received time. In
opposition to the equation (2.4), tHédtle” ¢ does not appear in this equation (2.5) since

4This assumption is useful for our definition of high bandwitltansfer that it is treated later in this
document.
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we assume the transfer of a single message is divideédHmpackets.

The LogG P model allows to solve some questions associated with ounlgmaatic.
However, in this proposition some aspects are not treatezh as the parallel massive
transfers among heterogeneous platforms (using hetezogemetworks), the capacity
and availability predictions, between others.

2.2.5 Parametrized Modeling ofLog P from Measures

The parameterized.ogP, pLogP Model [87] appears for a practical use to cover
measurement for messages of different sizes as slightsatenf LogP and LogG P.
pLogP uses the same parametersiefy P as a function of the message size)( P is
the number of processors,is the end-to-end latency (combining all contributing €ast
such as copying data to and from network interfaces and #msfer over the physical
network), O;(m) is the send overhead),.(m) is the receive overhead, ag@n) is the

gap.

ThepLog P model permits to propose a procedure to build measuremelstttoknow
the behavior of a data transmission in termd.of; P and LogG P (eventually) parame-
ters. To understand the model, we consider necessary tenrasletailed description as
follows.

The Figure 2.8 shows the message transmission as modelgfldgy’. The times
for sending and received a message of sizethen both sender and receiver simultane-
ously start their operation are introduced likgn) andr(m) respectively. The time at
which the sender is ready to send the next message is derstéd p= g(m)°. Every
time the network itself is the transmission bottlene€k(m) < g(m), and the sender
may continue computing aftév,(m) time. Because the message uses the network, and
obviously, the next message cannot be sent before. However, for sufficiently long
messages, receiving may already start while the sendélt lsusty, soO,(m) andO,.(m)
may overlap [87].

SBecause it is supposed that the space between consecutsages is almost equal to the time to send
the first message and to be ready to send a second message.
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Figure 2.8:pLogP Message Transmission

In the same Figure 2.8(m) = L+ g(m), is to say, the time at which the receiver has
received the message. Latentys the time that it takes for the first bit of a message to
travel from sender to receiver. The messagg, in consequence, adds the time after the
first bit has been received until the last bit of the messagébkan received.

An important point of the use gfLogP reported in Figure 2.8 is when the sender
transmit several messages in a row, the latency will cameilonly once to the receiver
completion time but the gap values of all messages sum ugysQ mao, ....m,) = L +
g(m1) + g(ma) + ... + g(my).

ThepLogP model is a methodological proposition that provides meigmas to cap-
ture the parameters of theog P model (L, O, g and P) using a fast measurement proce-
dure that is fundamentallyRound Trip Transfe(RT'T,,) presented in the Figure 2.9.
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Sender Mirror

Round Trip
Time

Figure 2.9:pLogP Fast Measurement Procedure

As is described in [87], th&T'T,, consists inn messages sent in a row by measure,
and a single empty reply message that is sent-back by thentorsender. The procedure
starts withn = 10. The procedure starts with a small number of messages in arow
order to speed up the measurement. The number of message®ubled until the gap
g(m) per message changes only by = 1%. Clearly, the saturation is assumed to be
reached. The time measured for sending the so-far largegbeof messages (without
reply) isn * g(0).

With this, it is possible to ensure that if the number of mgssaare sufficiently large
then the round-trip time is dominated by bandwidth rathantlatency.

The method takes advantage of the saturation to obtéin The ¢(0) value is
used for deriving other values, thus for this reason it is suead first. For each size
m, two messageoundtripsare necessary frommeasureto mirror and back (generally,
RTT(m) = RTT;(m) is used). In the first roundtrip, measure sends@an bytes mes-
sage and in turn receiveszaro — bytes message. The procedure measures the time for
just sending and for the complete roundtrip. The send timecdy yieldsO4(m).
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In consequence, the latendyis obtained with the Round-Trip Time (RTT) of an
empty messagefdcount = 0). Thus, the latency can be measured as

RTT(0)
2

The same parameters 6bgP are assumed but with emphasis in the measures cap-
tured by the round-trip transfer (See Figure 2.6). For exanthe latencyl that is the
end-to-end latency from process to process, combiningoaiributing factors such as
copying data to and from network interfaces and the trarsfer the physical network
in the platform. Then, following the procedure presentef8if], also the latency may be
calculated with:

Latency = (2.6)

RTT(0) — 2g(0)
2
To calculate the values of the main parameters of the mdaelatencyl, and the gap

g(m) can be determined by solving the equationsi@i7'(0) and R1'T'(m) presented in
[87], then, for example, to estimaigm ) is necessary to resolve 2.8:

Latency = (2.7)

g(m) = RTT(m)— RTT(0) + g(0) (2.8)

Where RT'T'(m) and RT'T(0) are the first and second roundtrip time measure made
to zero — bytes andm — bytes messages, in accordance with the procedure described in
the Figure 2.9,

The second roundtrip, th@easureprocessor (osenderprocessor) sends &ro —
bytes message, waits foh > RTT(m) time and then receivesia — bytes message.
Measuring the receive operation now yiel@s(m), because after waitindh > RTT
time, the message fromirror is available at measure immediately, without further wait-
ing.

If we suppose that among the transmission, the receptiorainagdy starts while the
sender is still busy, the®, and O, may overlap. In the same way that ¢ cover all
contributing factors.

To extend these assumptions to a transfer of a message exuifficiarge, g(m) of
LogP is used to cove®, andO,., theng(m) > O, andg(m) > O,. More details about
this process are discussed in [87].

Table 2.1 shows the possible parameters measured.oyP in terms of LogP and
also in terms ofLogG P [87]. This table shows how theLogP model includes the
originals LogP and LogG P models. Obviously, the parameters presented in terms of

Observing thalR7'7'(0) = 2 * (L + ¢(0)). andRTT(m) = L + g(m) + L + g(0).
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LogG P are applied to the transfer tdrge messages. The authorsyofogP determine
that with the use ofn. = 1byte, it is possible to represents any other short message, and
in consequence the transfer in function/afy P.

LogP/LogGP pLogP Parameters
L L+ g(m) — (Oy(m) + O,(m))
0 Os(m)+O0r(m)
2
g g(1)
G % but only if m is sufficiently large
P P

Table 2.1:LogP and LogG P parameters in terms @fl.og P.

Then, a networkV involved in a transfer of a message of sizenay be characterized
by N = (L,0,,0,,g9,G, P), where the use af or G depends of the size of message

The method has limitations that are explained in detail if].[8However, they are
many interesting limitations. First, the procedure erdgsrthat pipelines will always be
drained between individual message pairs, assuming thesage headers carry on the
back of the another message. Then, the flow control infoonatiat reset senders to
their initial state after each message roundtrip. Thisragsion does not works for all
protocols but, is used by the authors because it works in T@RVBminet. In any case,
we have retain the method because our experiences are in TWdhatar protocols also.

Another limitation is the extreme symmetrical assumptibthe network. This situa-
tion is not always true, for example, on wide area networkSad computing networks,
where the achievable bandwidth or the network latency majifferent, due to possible
asymmetric routing behavior or link speed. Furthermorbefiachines used to measure
and mirror processes are different (like in hierarchicédastructures, such as fast and a
slow local platforms on Grid computing infrastructures$jen the overhead for sending
and receiving may depend on the direction in which the messagent.

However, the methodological process given by jlheg P model is used by our ap-
proach. The abstraction of the data transfer proposed bmtuel is simple and allows
to reduce the complexity of the process, same for the caseegbparallel and massive
data transfer among wide area networks or on Grid computiwgaments but with a
reinterpretation of the parametersy and P.

In synthesis, thewLogP parameters associated with the network characteristics re
mains but a derivation of them is necessary to explain otharacteristics and behaviors.
For example, the utilisation or availability of the linksathinterconnect the processors

27



2 State of Art

or the overhead time when the transfer process implies amaege between different
environments. These and other aspects are analyzed atedltbgeour proposition.

2.2.6 OtherLogP Extensions

Since 1993, when the original proposition was presentedP evolved in different
propositions that added specific parameters for specifidme€he framework supplies
by LogP, allows a simplistic modelling and address its use to smebi#haviors and
architectures. Thd.ogP model in its original version has been interesting to aralyz
problems such as the broadcasting and summation [84], glth@d153], optimization
[5] [33], implementations on specific architectures [34][8mplementations on specific
networks [47] [94], message passing applications [68] anals

As LogG P or pLogP shown above, another extension inspiredy P is the LoPC
model [40], it adds the&C parameter to treat the contention cost for message in phrall
algorithms on a multiprocessor or network of workstatioNetwork contention is also
treated by an extension nameédG PC' [108], specifically in message-passing programs.

On other hand, to analyze synchronization costsLihg~ P.S [75] model is proposed
more like an extension abogG P that LogP. In this model, a paramet& appears to
define the threshold for message length, above which synobsomessage are sent.

Heterogeneoud.ogG P or HLogGP [17] merges like a proposition to take in ac-
count the heterogeneity in parallel platforms. In this mptle LogG P parameters are
organized in arrays: a latency matrix that correspondsedatency between heteroge-
neous pairs, a gapand overhead vectors that correspond to respective gap by bite and
overhead cost in message transfers, a Gapatrix that associate the transfer of large
messages between heterogeneous nodes, afigtecessors vector that represents the
vector of computational power in the platform. The mostresting of this model is that
it does not add a new parameter but changes the treatmerg bb§ii: P parameters.

Without adding other parameters, parametriZed P or pLogP [87] introduces a
methodology to fast measurementiodg P and LogG P parameters to minimize intru-
siveness cost and completion time in measurement tectsidirs methodology allows
to build monitors and benchmarking tools for performancdweation goals. The method-
ology is presented in the section 2.2.5.

In addition with performance evaluation usks;, P Model extension [22] appears to
provide analysis techniques to predict communication icodistributed systems.

Other interesting extensions bbg P model involves hierarchical memory models, as
is the case of théogP — HM M andLogP — UM H Models [95]. These models allows
to capture network communication costs and the effects dfileuel memory, such as
local cache and I/0O.
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Finally, models likeLogG P [3] and LogG PC [108] considers others factors, associ-
ated with the saturation of the network and the contentiolso Amodels likeLogGPS
[75] or H LogG P [17] considers factors like the synchronization in mesgaagsing pro-
grams (collective-communications) and the heterogenmeitjusters respectively.

Each derivation of thé.og P model adds a new parameter in behalf to explain a spe-
cific behavior. But, eachpecificmodel excludes the parameters of the other ones.

2.2.7 Other Models

Different approaches exist to model data transfer or comecation process in parallel
and distributed platforms. The degree of complexity andr thecuracy are engaged in
each implementation of the model, in behalf of the user needs

In the last sections are presented the most interesting Ismwdaccordance with our
needs, related with the contribution of this work. Howewers important to mention
other models that have different approach.

One of the first model proposed to communication modelintésiockney model
[67]. This model uses only the latency and the bandwidth koutate the communication
time in function of the message size. It is a very simple mage normally used to
describe simple communications.

The Postal Model [8] [9] is other basic model that aims to get mechanisonisuild
broadcasting algorithms in networks with specific projstti

Other models are the specific models farPI collective communications. These
models uses mechanisms proposed by modelsog®’, BSP or PRAM and search
tuning algorithms to broadcast collective communicatilgoathms [15] [104] [142].

Several sophisticated models appears to analyze otheaatbastics, as fault toler-
ance, bandwidth sharing and bandwidth loss, packet-de¢dyeen others. These models
uses techniques such as stochastic methods, game theoogelpgs, quantum computing
and so on.

The degree of complexity grows with these models and thgtementation or use in
practical solutions is really difficult or only limited toreulation environments or specific-
restricted behaviors. For this reason, these models amonstdered into our proposal.

2.3 Discussion

The description of the data transfer process (like any pimema described in scien-
tific terms) requires the development of abstractions toehtieeir behavior. The abstrac-
tions are formalized in mathematical models that allow trenfal description not only of
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the architectural characteristics, also the implemesnadf algorithms to communication
protocols, transfer strategies in applications and trexaation application-infrastructure.

Each one of the presented models has specific characteasticthey are proposed to
describe and predict behaviors in particular conditiorss@chitectures. These architec-
tures have technological characteristics and they havenpadt in the applications that
run on its and that transferring data. So, observing then@olgical trends in the platform
and in accord with our objectives, the models have been caedpa find the best suited
to massive high bandwidth data transfers.

Comparing the general proposition bbgP with BS P, LogP is similar thatBS P.
The main difference is thaBS P does not use the overheads and adds barriers in the
communication process

A comparison betweehogP, PRAM and BSP in terms of accuracy, shows that
the accuracy of3S P in comparison withL.ogP and PRAM is simila®. The discussion
between them is about the implementation of the models, Sor@e complex.

For example,BS P model demands the use of sophisticated mathematical mecha-
nisms, as is the case of tsaperstepsOn the other hand, practical aspects like locality,
shows that this irBS P is critical.

Table 2.2 presents a comparison between some of the mogdehpsen this part of the
thesis document. The models d&&AM, BSP, LogP, LogG P and in a general manner
stochastic modelsThe target characteristics are the accuracy, compleast, (this cost
represents the add values of the model in their implememgséind the main feature.

Model/Characteristics Accuracy| Complexity | Cost Feature
PRAM Medium Medium | Low | Homogeneous Architecture
BSP High Medium | High | Demands sophisticated maths
LogP Medium Low Low Only for short messages
LogGP Medium Low Low Suited for large messages
Stochastic Models High High High | Implementation is complex

Table 2.2: Comparison between Models

In the Table 2.2; a high accuracy represents a best approdhb description of the
behavior treated by the model. The accuracy of several rmatel determined by the
characteristics to observe, in this case, related with oalslpmatic.

"It is possible to see different formal comparison proposeddme authors that have published results
about [16] [122] [121] [147].
8Sometimes, i3S P the degree of accuracy can be lower when it does not do lowpeseessing [16]
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A low complexity for us, represents a better possibilityrtigplement the model into a
technique (in addition with a measure tool). Normally, th complexity is related with
a low cost.

2.4 Conclusion

Observing the comparison between models presented in tile Z&, in accordance
with our objectives, we find thatog P and LogG P are more interesting than the others.
In the case of thé.og P model, their approach is interesting for us, because tranpaters
offers a specific description of network and communicatioaracteristics simple. Theses
possible descriptions should be treated to analyze behawi performance easily, in
consequence, the use of the model allows to build performaualuation tools. Indeed,
we have selected the specific extension for our study thatiders large message transfer
that subsumes theog P and LogG P models: theyLog P model.

The parameters alogP and LogG P models included i Log P model capture the
relevant aspects of massive and parallel data transfecdindie used in distributed archi-
tectures. The latencl, gapsg andG, overhead$), andO, provide information about
the behavior of the system during the data transfer progsetams of availability, capac-
ity and use, in function of the number of processBrswolved. Using these parameters
associated with network entities we can estimated the baitioiwn the shared resources
and analyze different factors, such as the data transféefaosxample.

Of course, other models provide parameters associatedorkecharacteristics also,
but in some cases, the number of parameters is expensivetlieeamplementation of the
model begins very complex, and for performance evaluatezus, adds several cost such
as intrusiveness cost. A comparison about this is presemtbé Table 2.2.

Nevertheless, modeling process remains difficult, degpgeuse of parameters to
build "parameterized models”. They allow simplify the mbdg. Parameters can be
assigned to specific characteristics and provides an eastifidation of their values. In
the case of the transfer of great volumes of data in parpglegmeterized models provide
mechanisms to measure performance for the set of the resounplied in the transfer.
Moreover, for distributed systems parameters should lecadsd to one isolate resource.
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3. Modeling and Measuring Parallel
and Massive Data Transfer withpLog P

Modeling is important to implement performance evaluatiechniques. Actually,
these techniques can be gathered in systematic appro&cheefines many techniques
and methodologies to specific observations and standard49@] [96] [130]. In any
case, these techniques starts from theoretical bases.

We have presented the theoretical assumptions of.thid” model and their exten-
sions to describe data transfer. The utility of theyP? model family is the possibility
to identify and capture the relevant aspects of messagsféran parallel and distributed
architectures. For each new aspect to observe, authorsarseoimess.og P parameters.

As is shown before, théogG P model adds a parametéffor modeling the gap per
byte for long messages. This parameter, as the othegjsando depend on the message
sizem. In the same sense, for practical uses, we have describ@atameterized.og P
or pLogP model in the section 2.2.5, that provides mechanisms tonfi@stsurement of
the Log P parameters.

In this chapter, we presents the practical possibilitieslafg P Model. It allows in
principle, the measurement of data transfers inside clstebetween multiple clusters
connected via wide-area networks, such as the case of a @n@uting infrastructure.
The early results presented here shows the methodolodit& of the pLog P proposal
but also the limitations in the case of the massive and duddita transfer on Grid com-
puting infrastructures.

3.1 Measurement Methodology

Experimentation implies a measurement methodology thaitahelose relation with
the platform testbed. Measurement methodology is propasejreement with the
propositions op Log P methodology, and the used techniques aims to measure ttiéspe

characteristics involved in bothog P and LogG P models.
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Characteristics of Cluster and Grid Computing infrastructane different. Each ex-
perience or observation needs to be attributed with timiigrimation and an historic
description of the environment, indicating when and in wtgonditions a certain obser-
vation has been made.

The measurement efficiency provided by fHeog P model, reduces the cost of mea-
surement due to intrusiveness and the technique shouldgderimented easily in runtime
tests. On the other hangLogP methodology can be implemented on real systems,
because it takes in account the changes in the network lmehdwiing the application
runtime.

3.1.1 Tests Description

The fundamentabLog P test consists in simultaneous transfer of fixed messages of
m bytes between a given number of procesgorsThe fixed messages are transferred
with the use of a benchmark tool and a simple application nolseceive messages. The
objective of this basic test is to capture the parameteys.of; P during a parallel data
transfer among a limited number of processors.

The test is made using a main benchmark tool. The used benmkltow is a mod-
ification of theLogP MPI Benchmark Multitest Togl0] [11] [87], that is part of the
MagPIE suite [88] [87] proposed for the Albatross ProjegtifibNetherlands. The orig-
inal modification has been proposed by Luiz Angelo Barchetf&tel in the context of
LaPle project [10].

The modification made tbogP MPI Benchmark Multitest Toochims to permit the
parallel and massive send and reception of the messagesdretiifferent platforms. The
working principle is the same than the original benchmark.t®e send simultaneous
messages of size among the links between two different nodes. Each nodesepts an
end component onty Each one of the messages uses a link to be transferred.rflyjde
the test measurements corresponds to/theP parameters in the same sense that the
original tool: overhead times (reception and send), latemd gap in the runtime.

Each link is filled with a large size messageand, since it is a parallel transfer of
data, the total amount of transferred byfesn the test is expressed:

M:m*%9 (3.2)

Wherep is the number of processors involved in the transfer, alvimfe/een pairs.
In tests, the size of the messagedransferred between processors is increased, from

IFor our beings, this node is mainly a set of processor-memetwork card. Actually, the nodes has
multiple cores (multiple processors) but for our testsyamle core by node is selected.
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IMB to 250M B. Also, the number of pairs of processors involved is inaedasin
consequence, the total quantity of transferred bytes ¢gnoand the network is quickly
saturated.

For example, following the equation 3.1, if a message tearnsfm = 50/ B among
p = 10 processors occurs, the total quantity of bytes transfewitbe N = 250M B.

Of course, the relation between pairs of processors angd bielween them suggest an
other analysis. This aspect will discussed later.

The tests are repeated several times to capture sufficieresvaf gap ¢(m)), over-
head times@©;(m), O,(m)) and latency {.(m)).

For example, a simple example of a line script to show thewgia@t of theLogP MPI
Benchmark Multitest Toalith the last characteristice{= 50M B andp = 10) is:

mpirun -np 10 -machinefile magsgrid logp_nultitest -min-size 5242880 -max-size 5242880 -o QutputFile

The first part of the script calls the execution of the coagp_mul titest in-
voking thenpi r un environment forl0 processors. Each processor corresponds to a
machine/node and are recorded intie®sgr i d file. The second part defines de size of
the message and the output file.

An output file is produced for each pair of processors, fongda, for the last script,

a typical output is:

# LogP network performance data: |ogp_test. Send. Recv. 8.9

# Latency = 64. 50
# tine bytes os os_mn os_cnfint or or_mn or_cnfint g
1158932612 0 0.0000000 0.0000000 0.0000000 O.0000000 0.0000000 0.0000000 0.0002319

1158932613 52428800 16. 1575521 16.1328125 0. 0858335 14.6132812 14.5976562 0. 0513423 16. 2431790

In the output example, we can see that there are three contimesit The first com-
mented line presents the performance type of measure,srcéisie for the execution of
the codelogp_multitest, between the nodes 8 and 9. Second commented line presents
the latency measure at moment at moment of tests. The lasheotad line describe the
measures taken. In the case of the column the first columnsstientime in the clock
system during the test. The second column shows the quahbiytes transferred by row
(here50M B are52428800. The next columns present the valuesaf O, andg. Ob-
serving the results, the first measures results are the mesefsu the first transfem( = 0)
and the second measures line provides the measures forcthedseansferie = 50M B
in this case). The values represented@asnin andor_min are the minimal values for
os ando, respectively. The values with the extension fint indicate the confidence
interval difference (by default the confidence intervaki®0%)

The test protocol can be summarized as follows:

35



3 Modeling and Measuring Parallel and Massive Data Transfer with pLogP

» Objective: Capture of the transfer parameters (Latenqy, geerhead times) as-
sociated with network characteristics (Bandwidth, Tran€fest), to measure the
performance and observe the behavior of a massive datddratssdescribe and
predict performance of this type of transfer..

» Used Method: Execution of a benchmark tool to make a maskite transfer be-
tween selected pairs of a specific platform testbed. Théopiatis not isolated and
it is in a normal activity. Various sizes of messages arestened among various
nodes on the platform. In fact, the tests are classified inrdemce with the size of
message transferred among a link.

» Analysis: The different measures are analyzed to obshevedpacity and use of the
resources and make a relation with the network charadgtersid the data transfer
behavior.

This test protocol is used to obtain the early results pteseabove and the other
results presented later in this document.

3.1.2 Platform Description

Almost all tests were done on the Grid5000 [55] infrastruetthe French experimen-
tal grid platform for research in large-scale architectut@gh performance computing
and grid computing.

The platform involves 9 sites geographically distributed-rance and some interac-
tion with international projects, as the Das-3 infrastuwetin Netherlands [30], Naregi
Project in Japan [110] and the UFRGS supercomputing intretstre in Porto Alegre,
Brazil [26].

The Grid’5000 platform is highly reconfigurablegntrolableandmonitorable Which
permits to design, develop and follow different experienicedifferent conditions.

The experiments made on Grid’5000 involve software lay@atsvben the network
protocols up to the applications.

Figure 3.1 shows the infrastructure and network charatiesiof Grid 5000 including
two of the international interconnections: the connectigtih the NAREGI project and
the DAS-3 infrastructure.
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Figure 3.1:Infrastructure and Network Characteristics of Grid 500(hvidkternal Sites

In the Figure 3.1, the clouds represents the Point of Preggt@Ps). The huge black
lines represents the dark fiber connection and the non eanigilines are the Multi pro-
tocol Label Switching (MPLS) connections. Blue lines arell&b/s links between some
POPs and local platforms as is the case of Grenoble and temaktink to Japan. Yel-
low lines are 2 Gb/s links and red lines are the 10 Gb/s linksinK links, that usually
interconnect switches are represented with green lines.

Also, Figure 3.1 shows internal characteristics of the liptatforms. The blue pies
represents the routers inter site. Each site has at leastuster with a high performance
configuration. For example, Figure 3.1 shows the differdmsters that can be in one
place.

Clusters are represented in the Figure 3.1 with gray arragd@t racks) and servers
by long gray boxes. Switches are represented by simple ldxeshn the case of inter-
cluster switches and composed blue boxes in the cases ohdly Infiniband switches.

Grid’5000 backbone network infrastructure is providedRBNATER124], the French
National Telecommunication Network for Technology, Ediscraand Research.
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Figure 3.2:Network Backbone of Grid 5000

The RENATER network offers about 30 Points of Presence (P@FSaNce, at least
one POP for each region on, which metropolitan and regioaabarks are connected
on. More than 600 sites (Universities, Research Centersfigont entities, etc.) are
interconnected through this network. Between these mores&@8 are the sites that
are involved in Grid 5000 infrastructure. Figure 3.2 sholes Backbone of Grid 5000
provides for RENATER.

The standardarchitecture is based on 2,5 Gbit/s leased lines and previRl¢ransit
connectivity, interconnection with GEANT22overseas territories and the SFINX (Global
Internet exchange), as shown in the Figure 3.2.

2http://www.geant2.net/
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Nowadays, Renater network is in a phase named RENATER-4. RENAT ERo-
duces a dark fibre infrastructure allowing to allocate datgid 10 Gbit/s "lambdas” for
specific research projects. It also provides interconaratiith GEANT-2 and it greatly
increases the capacity compared with the standard netwbekGrid’5000 sites will see
each others inside this VLAN (10Gbit/s).

Inside every Grid’5000 site has a specific network hardwae @nfiguration for
each local platform. Normally, they are different and maybetain high speed network
technologies, such as Myrinet and Infiniband network infregures.

Grid 5000 is a heterogeneous platform. However it existtidahconfigurations in the
local platforms. For example, the GDX cluster nodes are B836¢Server 326m machine
nodes with 2x AMD Opteron 246 (2GHz, x86-64) processors amgaory ram of 2GB
DDR RAM for node is used. Each GDX node has a storage capac3§®B SATA Hard
Disk and a Gigabit Ethernet network interface.

In the case of Grillon cluster nodes are 186 IBM eServer 326chima nodes with 2x
AMD Opteron 246 (2GHz, x86-64) processors and a memory ra2s& DDR RAM for
node is used. Each node has a storage capacity of 80GB SATAMPsk and a Gigabit
Ethernet network interface. All infrastructures chargste&s can be consulted in the Grid
5000 project site [55].

As is says before, the set of nodes of each cluster duringe#ite &re booked but not
isolated at the moment of the experiments.

3.2 Early Results

First observations with the methodology described, shavutility of the pLogP
proposed as a technique to fast measurement in data trafi$fese observations were
done by specific tests explained before and their outconeegfdhe tests realised by us.

The results presented here, correspond to different erpets transferring messages
of m size between KB to 50M B. In other words, the quantity of bytes transferred
corresponds to transfers of messagsrotllisizes tdarge sizes.

On another hand, the number of processors is increase 8) fraim2 to 100 proces-
sors. Processors are in two clusters of the Grid’5000 piatfd hese two clusters are in
the Grenoble site: IDPOT and I-Cluster 2.

IDPOT 2 is an experimental Beowulf cluster, with 48 nodes Bi-Xeon D60D0SC 2.5
GHz processors, 1.5 Gb. RAM ECC and a Gigabit network (Fastrithe

I-Cluster 2 platform contains Itanium-2 technology. This cluster isd@maf 104

3At moment of this writing process, IDPOT not is availabledsts.
4At moment of this writing process, I-Cluster 2 is dismantéotiild a more powerful cluster: Genepi.

39



3 Modeling and Measuring Parallel and Massive Data Transfer with pLogP

nodes Itanium-2 with 64 bits, 900 MHz and 3.0 Gb of RAM, a Mytiaed a Fast Ethernet
network. The system provides a total of 208 processors aa@®lof RAM memory and
a disk capacity of 7.5 Th. During the tests only has been use&ast Ethernet network.

3.2.1 Cluster Transfer Measurements

Observing the gap in the transfer cluster measurementanthease of the values
each time that the number of nodes involved in the test grevevident. The observed
behavior is easy to describe in terms of the; P.

Figure 3.3 shows the measures of tfheg P parameterg (blue line),O, (cyan line)
and O, (red line) for a transfer of messages Iok B between determined quantity of
nodes.

LogP Measures 1KB

0,00025 |
— Gap
0,0002 - 0Os
—-Or
/4]
80,00015 -
o
[ ]
@ 0,0001 —
0,00005 /\
0 %’AAT/
2 4 8 16 24 32
Processors

Figure 3.3:pLogP measurements in IDPOT Cluster - 1KB Transfer

The low values observed in the different measures are obvible growth in the val-
ues is due to the increase of the number of nodes that suggatiration in the network.
Theoretically, the values of the gap and overheads musepresslight increase.

For this transfer ofn = 1K B, the values of the latency are not shown, because the
values are really smalk{ 0) and remain stable.

Advancing to the observations for long messages, the FRjdrehows the same mea-
sures, but for a transfer af\/ B. The values of the gap presents in this case corresponds
to the gap for long messages. Evidently, the values of the differenaipeters; (blue
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line), O, (cyan line) andD,. (red line) of theLog P model are highest for this transfer than
for the transfer oft X' B (In fact, a message dfM B not is a small message really). The
growth in all measures is due to the increase of the numbesagstoo.
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Figure 3.4:;pLogP measurements in IDPOT Cluster - 1MB Transfer

Contrary to the observations when = 1K B, these observations shows the equiv-
alence in the curves of the, andO, measures. However the values of theremains
lower thanO,. values. The overhead associated with the messages shipaehes sim-
ilar values to the overhead reception because the incrédale quantity of bytes trans-
ferred affects the deliverance time to the transmissiomicél In other words, the time
that exists between the first byte and the last byte that ldeveource is important, and
adds a significant cost. Same for the reception time due tmthease of the quantity of
bytes in the message.

Following with the test to observe what happens with othangfers of more large
messages using this technique, the size of the messagesdasad ta0M B, 50M B
and100M B. For these cases also, the values of the gap corresponds gaphfor long
messages.

At this point, a specific analysis is necessary to understa@dehavior and explain
the observations. The assumptiongébg P or the other extensions can be used but in
any case they add a complexity degree important in the asalys

The behavior begins to be unstable when the quantity of hyaesferred reaches a
saturation of the resources, in a first approach saturafitifgedinks between the proces-
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Sors.

Taking the gap like reference measure to see the time betim@econsecutive mes-
sages, it is possible to observe how the increase in thewvalubeg parameter is impor-
tant.

A first test presented in the Figure 3.5 shows a comparisandaet the gap observed
for two transfers1 M B (red line) andlOM B (blue line).
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Figure 3.5:0bserved gap in ID Cluster for Long Messages

The curve ofl0M B has important quantity and quality differences with theveur
of 1M B, due mainly to the increase of the bytes transferred and tisei of the shared
resources. On another hand, the measure of this gap is takerdn two consecutive
messages of M B and 10M B, then the delay of time that finish to go the last byte of
the first message and the first byte of the second message astamfy and affects this
measure.

Tests in other platforms confirm these assumptions. Figérst®ws a comparison of
the gap measured during the transfer of messages of&iZe3 (red line),50M B (green
line) and100M B (blue line) in Icluster-2 platform.
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Figure 3.6:0bserved gap in ICluster-2 Cluster for Great Messages

In this Figure 3.6, is observable the increase of the gap itinfenction of the size of
message. And also, is notable the increase of gap valuestiwbeuantity of nodes that
are involved in the transfer grows.

The latency normally is considered in one-way, and provid&sgmation about the
time from the start of message transmission to the start ssage reception. In other
words, the latency measures allows to know the delay betéesinitiation of a network
transmission by a sender and the receipt of that transmibsia receiver. At this point, it
is important not to confuse the latency with theoughput The throughput is the number
of messages successfully delivered per unit time.

Figure 3.7 shows the latency comparison between threeelfféransfers in ICluster-
2 platform. Transfer of messages of sizes= 1M B (red line),10M B (green line) and
50M B (blue line). The measures of the latency are in microsecandgshe transfers are
between 2 to 32 processors respectively.
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ICluster-2 Latency Comparison
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Figure 3.7:ICluster-2 Latency Comparison

As is presented before, the latency values representee iRigfure 3.7, the delay of
time that takes a message among the effective link betweears gn accord with the
LogP hypothesis, the latency is measured since the moment wieefirsh byte of the
message is leaving the sender and start its "trip” amonginked the moment until the
last byte arrives to the receiver and completes the traissmnisOf course, at moment that
more processors are implied in the transmission, the n&tmay be saturated. Then, the
latency is increased.

On the other hand, due to the growths of the number of bytesmiissage is cut in
k—packets, then it exists an additional time delay that correspondsiobyk —package.
Then, the latency is affected.

The important differences observed in the measures, suggesfluence not only
in the total quantity of bytes transferred between nodesalso in the use of the links
between these nodes. In consequence, for the transferssstages of large size it is
necessary to propose an analysis that take into accouatetfffactors related with the
quick saturation of resources due to the high quantity oé®ytvolved.

The set of measures made for the cluster transfer shows thegmee of thepLog P
model descriptors and their methodology for fast measunéofehe parallel and massive
data transfer. However, the information provided in terigrocessors and the increase
of the gap values for the really large message suggest thaupisrtant to analyze the
behavior taking into account network characteristics saglthe number of links used
between the processors, the bandwidth generated by eadageesansfer and the per-
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formance of the switch (and other eventual resources iegbtiuring the data transfer).

3.2.2 Grid Transfer Measurements

When the transfer of amallmessage occurs between distributed platforms, this pro-
cess implies amall occupation of the resources and in addition, the behavioaies
stable with little values of gap time.

The management of data is optimal because the shared resanme not saturated.
Observations for theddtle transfers shows, in the same way that for the cluster observa
tions, the adequate use of theg P assumptions.

Following the same technique proposeditvg P, Figure 3.8 presents the different
values of gap measured for different transfers between liwgbdars in Grid’5000 platform:
GDX and Grillon cluster.
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Figure 3.8:0bserved gap in GDX-Grillon Clusters Transfer for Many Megesa

In the Figure 3.8, we observe on increase in the gap timeecklaith the amount of
bytes that are transferred in the Grid communication pmbetween the two clusters.
The small sizes of message (undén/ B) are omitted in this figure.

The different measures remains stable in some values, wetlige disturbances, due
mainly to thereal use oron-live state of the Grid platform.

The observation of the gap, as a reference measure is itnerégcause the gap is
the related reciprocal inverse value to the bandwidth. Ttiengap provides information
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about thedelayin the transfer among the link due to the division of the mgesapackets
of a determined size. Clearly, the values of the gap rem&taislefor each one of the
measures, change in its value are correlated to the sizaes bhansferred by message.

Although this behavior is expected, it is necessary to alestire phenomenon on the
links and on the switch. The relation between pairs and thescription is not sufficient
specially when the amount of data transferred is consideerab

In all cases,LogP characteristics are adapted to describe the behavior, duabd
resolve questions that are normally treated with the modehsions of.og P, increasing
the degree of complexity.

On another hand, if the behavior looks stable for each onbekize of messages
transferred, some questions like the influence of the dsyites intra-cluster commu-
nication in the general transfer or the real use influencéénliehavior, need specific
analysis and other assumptions.

Figure 3.9 shows the irregular behavior of the latenciehetests, for transfer of
m = 10M B (red line),30M B (blue line) andl00M B(cyan line).
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Figure 3.9:0bserved Latencies in GDX-Grillon Clusters Transfer for Méfessages

The interested point of this figure, is how the values of therley fall to reach a
stable value that remains, for the lineslof\/ B and30M B. However, is not the case for
100M B, that start in low values and after growths to reach the sateaty value of the
other transfers. This situation suggest that it exists #inence of the network activity of
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the link to cause a delay in the latency. Then, it is necedgsanterpret the behaviors in
terms of links.

As is presented by Kielmamn et al in [87], the method has semigations. A first
one, the difficult to measure the gapalues in the case of large messages. To handle this,
is necessary to calculate the relation betw&emdg proposed byLogG P. This relation
adds an error in the estimation of the delay by byte for thg lmessages.

On the other hand, the measures sometimes show thatithe< O, (m), which is
contradictory to the parameterizdagP assumptions. This situation is caused by the
variations in the behavior of the message reception thartipon whether the incoming
message is expected to arrive [87].

It is important to say that the measurement procedure destabove assumes that
the network links are symmetrical, and this situation is pi@sent in some wide area
networks, such a Grid Computing network. Then, the achievabhdwidth and their
associated gap may be different in both directions, the owtVatency too. So, a reinter-
pretation of the parameters and is necessary a limitatidheofest procedure to handle
this.

3.3 Discussion

The early results presented in this chapter, shows how theedure proposes for
pLog P, captures the relevant parameters associated with cheagtics of message trans-
fer between processors in distributed architecturesyms®f Log P model and the slight
extension ofLogGG P model to handle large messages transfer.

These parameters are the latercyhat provides information about the use of the
network, theg(m) gap that should be associated with the bandwidth and prewder-
mation about the capacity of the network, theverhead send and receive times and the
number of processorB involved in the process.

The latencyL depends more on the distance between nodes and the numbesof |
used than on the quantity of bytes transferred. For thisore#fse values of the latency
remain stable for the tests set. It is not the case for the g&vglves as a function of the
guantity of bytes transferred as it is presented in the lady eesults. Of course, due to
the relation between the gap and the bandwidth by link, tmelwedth by link is affected
too. However, the values of the bandwidth in the switch, e®las a function of the
number of links during the transfer.

Early tests show the advantage®abg P uses. And as it limitations in the description
of the phenomenon observed when the number of bytes traedfby messages grows
considerably. For this, the mechanisms of capture have imeelified in the main tool
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used for the tests, but the limitation in the descriptionha& behavior, justify to add or
reinterpret the parameters bbg P and LogG P use inpLog P technique.

On the other hand, a perspective of evaluation on the pfattestbed is necessary.
In our problematic, the main interest is to observe and ptelde data transfer behavior
in Grid computing environments. Observations in clusteositribute to understand one
of the levels of the data transfer on the Grid platform. IneotWords, for us the cluster
platform is a local component of a large infrastructure,@nel infrastructure.

The set of equations presented in the section 2.2.5 allowsdtyze and predict the
behavior of the data transfer. These equations are implie@en the benchmark tool
and used for the respective analysis. However in terms bfyuthe early results pre-
sented offer more a procedure to fast measuremehb@P parameters than a predictive
approach.

Obviously, a systematic approach is necessary to definevbéslof the data transfer,
and identify the resources used during the data transfenallg, in the case of théog P
proposition, the extensions add parameters associatbdhext characteristics. But, each
new aggregation implies a new degree of complexity. And inseguence, a new de-
gree of complexity does not allow an easy implementationmbael in a technique for
performance evaluation during a real use.

Inside clusters or a homogeneous HPC platforms, some rlefvesformance char-
acteristics remain stable, as is the case of the overheas ti®ther variations of the
network performance characteristics depend on the nunfbigrke or quantity of bytes
transferred by messageFor example, we saw in the early tests presented before, the
important variations of the bandwidth by link are due to theréase of the quantity of
bytes by message transferred, and the latency variatiomsodilne increase of the num-
ber of links. However, when the data transfer involves logieneous systems, wide area
networks, and also massive and parallel data transfergtweonk performance character-
istics may be affected by several factors and other netwerfopmance characteristics,
such as the overhead times and requires a reinterpretation.

3.4 Conclusion

In behalf of the pertinence of the test procedure providedly P, as is said before,
it is necessary to propose a reinterpretation of the paemsetLog P to give specific in-
formation for our beings and to permit an analysis of thegfancharacteristics in terms
of network characteristics. This information is relatedhathe growing of the quantity

SIndeed they are variations due to the performance of thearktprotocol (in this case TCP), as is
observed for the non linear behavior of the gap and overhessuanes in relation with the size of message.
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of bytes during a massive data transfer, the increase oirtke between processors used,
the behavior exchange between the possible network lemeds@rid Computing infras-
tructure, the sensibility of the file system and their inflcewluring the data transfer and
so on. These information that are not givenjéwog P clearly.

In practical terms, the time of intrusiveness and comptedioe to the use of the mon-
itoring and test tools derived of the model, are an importacior, because the objective
is to implement performance evaluation mechanisms durimegleuse of production Grid
computing platforms.
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4. Contributions to Modeling of Parallel
and Massive Data Transfer on Grid
Computing

4.1 Introduction

Grid Computing platforms are scalable distributed systeifise applications that
run in Grid computing platforms, often consume and prodacgd amount of data, this
implies massive and intensive data transfer among the @rigpating network.

Even though that technological challenges can give moraaiypand more speed
of transfer, the efficiency of the interaction between thplalged applications and the
physical resources in the platform is crucial for an appedpruse of Grid Computing
technology (and related e-science emergent technolodibs)transfer occurs to carry the
requirements of use of the application and the availakslitgl/or capacity of the network
resources. The communication process in a Grid computiatjopin involves sharing
network resources between users, applications and ssrvice

Globally, the resources of a Grid computing platform aretaieneous (this is a main
feature of a Grid Computing infrastructure that was mentorepeatedly throughout
this document). The distributed remote local platformsdifferent, with heterogeneous
nodes and the network can dynamically change in topologykudn technology (i.e. for
suppression or addition of devices due to availability cg ttutechnological evolution).
All changes among the Grid Computing platform affect the badraof the system, and
in consequence, the performance of the Grid Computing agdjuits.

The characterization of the communication behavior isiatio anticipate the appli-
cations performance. Different scenarios are possiblaussca change of a resource or
a untimely and dynamic action during application runtimeldaaffect the transfer and
make difficult the prediction of the behavior.

To handle these, various strategies are investigated,tireranalysis of technological
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characteristics of the physical resources, to the use ofdbexpressions of communica-
tion process or modelling algorithms to implement protscdtreviously, some of them
were presented and discussed (Mainly in the Section 2.2).

As said before, the description of transfer charactegstigproposed in terms of par-
allel architectures. This description enables to builddlgorithms, to implement them
in applications or protocols associated with a runtime, mamly based oGS A [43].
Moreover, several models to describe the behavior or togréee performance are pro-
posed from different points of view. Depending of the altioa levels of the models,
they are used in the implementation of monitoring tools aachmarking applications
or they are used to modify and to implement algorithms tocbinédnsfer protocols or data
storage/management services in scalable architectures.

The model proposal of this thesis work is addressed to thallphdata transfer of
great volumes of data, usind.og P assumptions, that in the same time, uses the hypoth-
esis ofLog P and LogGG P models. We profit the simplicity of the abstractions and ts f
measurement methodology given jalog P.

Our approach aims to treat this parallel and massive datafeabetween heteroge-
neous nodes, on a distributed systems context, specificelBrid computing environ-
ments. Consequently, we have heterogeneous resourcedpeakplatform is aH PC
infrastructure (specifically they are clusters) and is seagy a definition of hierarchical
levels of observation (Cluster level, Grid Computing level).

The heterogeneity of the resources requires that we cardiifierent factors that af-
fects the parallel and massive data transfer: the file systéoence, the transfer costs
associated with use of the platform, the capacity of theeshagsources , etc. Further-
more, we have the principal assumptions that the application in concurrence and that
is necessary to make the performance evaluation in real time

At this point, we aim to make a minimal and implementable niddeanalyze and
evaluate the behavior of the communication process in hagiutidth networks on Grid
Computing infrastructures during real time. Consequertthyill possible to predict or
tuning applications running on these platforms. To satsfeinterpretation of the origi-
nal parameters afog P andpLog P is made to create a parameters reduction.

The communication process between two nodes of a Grid Congpptatform is de-
scribed taking into account the network parameters styoagociated with the infras-
tructure characteristics. This description is observethastudied models. Then, ob-
served the network characteristics, we propose differgnbtnesis.

A first assumption of our contribution analysis is that theadeansfer occurs in par-
allel (in a synchronized manner or not) between nodes in HPGridd Computing plat-
forms. Then, is necessary to consider the busy resourcaésgdine transfer and the
consequences in the general capacity of the platform anlecappn performance.
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In our context, we use the time to measure tilm@sfer timé. This is theestimated
time for the completion of a data transmissiorhe transfer time is sensitive to specific
characteristics related with trenvironmentwhere occurs the data transmission (chan-
nels, links, technical features, distance), state of thisgrenment (availability, capacity,
use), entities implied in the transmission (senders, vecgi nodes), policies of the trans-
mission (synchronization, non-synchronization, floogliagd obviously, the data (type,
size).

The different possibilities of the relation between thelsaracteristics, elements, en-
tities, states, politics and data allow the descriptionhef behavior in terms of latency,
bandwidth, traffic, cost and so on.

In this chapter, we present our contribution to modeling arfigiel and massive data
transfer on Grid computing in the following sections: sewt#.2 presents the definition
of the massive and intensive data transfer, section 4.8sttha data transfer cost, the
overhead times analysis is presented in the section 4.#ldtsystems influence is treated
in the section 4.5, the section 4.6 handle a specific casewsfier due to low capacity
performance of the network and finally the section 4.7 prissargeneral conclusion of
our contributions.

4.2 Massive and Intensive Data Transfer

The LogG P [3] model says that a large messagetransferred between a pairs of
nodes or processors is divided in— packets, where eaclgap byk — packet may be
understood agk — 1) * G(m). Then, taking into account this assumption of the)G P
model, we propose a parameter of teg captured between the— packets transferred,
as:

g=(k—1)%G(m) (4.2)

As the bandwidth is a rate of data transfer, measured in the, tis to sayB = 7,
using the expression (2.5), the bandwidth estimated is:

=

m
B = 4.2
os(m) + (k—1)*G(m) + L + o.(m) (4.2)
Now, if we suppose that a message of sizés very large {n ~ o), the overheads
O, and O, are negligible in relation with the latendy, because the link between the

1The first measure to characterize a transfer is the time. i@ is a fundamental quantity used in
sequential events, to compare the durations of events anidtérvals between them and allows to define
other quantities, such as delay, velocity, etc.

53



4 Contributions to Modeling of Parallel and Massive Data Transfer on Grid
Computing

processors is saturated, the message is cut in accordaticégheiiunderlying capacity
transfer of the link, then the message transfer occurs bygtscand it exists a delay time
of the transmission, so, the latency with ttle— 1) « G(m) values the expression 4.2
becomes:
m m
B = = 4.3
(k—=1)«G(m)+L g(m)+L (4.3)
Presently, as the delay time of the transmission is donunbyethe gap observed.
Then, the high values of thgwill be more important that the latency existent during the
transmission, so, the equation 4.3 becomes:

B=_——_ (4.4)

~

g(m)

Essentially, the expressions (4.2), (4.3) and (4.4) remtethegap as the reciprocal
value of the end to end bandwidth from processor to proce$bs relation between the
gap and the bandwidth is a principle of theg P model.

On the other hand, a preoccupation of the massive and imeedata transfer analysis
are the consequences of the parallel data transfer betvwosks.nParallel transfers sat-
urate the network quickly, which is common in HPC and Grid Catimg applications.
Also parallel transfer may be synchronous or asynchronous.

Then, to make an analysis of the interaction between thesyaglproposed the obser-
vation of the data transfer in terms of links between thenn.tk® side of the requirement
to implement parallelism and synchronism (or asynchropisrthe data transfer, is pro-
posed the use of barriers.

A barrier defines a start process to send the messages aral @smt of the recep-
tion time of the parallel and simultaneous transfer betw@emodes. A barrier can be
used to synchronize all processes in a communicator an dsig ® implement. Barrier
implementations exist intd/ P1, PV M, OpenM P and others well known libraries.

With the hypothesis of the transfer process between paipspobcessors using one
link by pairs, namedV,,, eachiV, transmits the same quantity of bytes contained in the
m messagé. Obviously, the quantity of bytes contained in the messaggreally larger
than the underlying transfer capacity of the link (m >> w), then it exits a certain
number ofk — bytes for eachk — packet one generated. On the other hand, the total
quantity of M bytes transferred amond, links in a platform, may be calculated with

M =W, xm (4.5)

Obviously, W, corresponds to the number of links used during the paratiakter.

The numbeiV,, is estimated by .
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Figure 4.1:Transmission amony/,, links

Figure 4.1 represents a parallel and simultaneous trasgmisamonglV,, links be-
tween nodes. The set of nodes are in two local platforms, eaehis a cluster. The
connections are concentrated a connection point, repessém the Figure 4.1 by the
black diamonds (in the real world by a router or switch). Faraple, the most simple
case is an abstraction with direct connections, shown ifighee as blue non consecutive
lines.

Remember the important assumption presented before relatedhe size of the
messagen, then, if the message: is much larger than the capacity, the message
is divided ink — packets that are transferred consecutively; two possible assompti
come: first, the large sizex of the message by linkB/, and the addition of each one
of the transfers when a generél quantity of bytes transferred representaassivedata
transfer. Second, the cut or division of themessage itk — packages following the
consecutive transmission representsrd@nsivedata transfer.

Practically, thentensive data transmissiatoes not depends of the size of the pack-
ages transferred because this type of transfer corresposdscessive requests between
the sender and receiver nodes.

Then, the simultaneous transfer of message of large sizkipeca utilisation of the
network resources with the attributes of intensive and madsansmissions (increas-
ing the number of transfers). Likewise, the capacity of teemork resources is easily
saturated (connection points, interconnection links,) efthis situation suggests a high
bandwidth.

The termhigh bandwidthis frequently used to distinguish faster broadband connec-
tions from traditional or lower connections. However, tt@em corresponds to an idea or
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concept more than a formal definition due to the technoldgieads.

Taking the expressions (4.2) to (4.4), the bandwidth is exged as a function of
the size of message and parameters of transfer related with the time. Thehigh
bandwidthconnection should be with a great capacity of transmissialata sets.

Observing the equation (4.2), we consider parameters iassdavith the availability
of the resources, for example as is the case of the laténcplso, we observe other
parameters associated with the data transfer managerséahis @he case, for example,
of theO, andO,.. So, with the hypothesis that is sufficiently larger to gather th@,(m)
andO,.(m) times intog(m), thehigh bandwidthtransfer is guaranteed by a low latency,
is to say a great availability of transference.

Other interesting situation is the possibility to estimateorst bandwidtrusing only
the space of time between the- packages, it is to say thej.

Then, from a measurement procedure to capture the paraneircan represent a
worst bandwidth as:

m

(4.6)

worst — m

Wheremaz(g) is the maximal gap measured causing jams of the transmigsion
faults due to the saturation among the transfer).

Other capacity measure, due to the possible connectiorigeindtwork is the sum
of each bandwidth by link. This sum of the bandwidth by linkserving all possible
connections on the network, is known as thisection bandwidth For example, if we
have a linear topology with a maximum of the shortest pattvéen a given pair of nodes
or diameter = n — 1 the bisection bandwidth i8 = 1. In the case of a Torus ring, the
diameter is/ = 7 then the bisection bandwidth i$ = 2. Other possible connections are
explained in [63].

Then, at this point, we have analyzed the massive and péraltsfer in terms of ca-
pacity of the links, mainly used the estimation of the barttini However is necessary to
know how much is the cost of the data transfer to know the efiiry of the transmission
in accordance with the quantity of bytes transferred. Titaisgfer cost analysis is treated
in the next section.

4.3 Transfer Cost

Transfer cost analysis is necessary to know the efficienaycoimmunication depend-
ing of the amount of bytes transferred. These measures d@fliceency should predict
the performance of a implemented algorithm on a determipetication. Of course, the
influence of the network Quality of Service (QoS) [21] is imijamt.
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The type of transfer that is described in the past sectionglies the use of collec-
tive communications Collective communications transmit data among all prozessa
group specified by amtracommunicator objectThe barrier, serves to synchronize pro-
cesses without passing data. Several libraries that inglemessage passing, such as
M P1I, provides functions to collective communications [129].

Collective communications are important in the developnadnparallel programs
that have running on parallel machines or scalable plagorithese collective commu-
nications provides operators to conduct all to all nodesmanication and on mesh net-
works. Also, collective communication operators provideschanisms to guarantee syn-
chronization and minimize the steps and conflicts amongrtrester between network
interfaces.

A way to analyze the transfer cost of these type of commuioicas observing the
behavior of the completion time of the transmission [15].&8kg the completion time of
a transmission is the time between the start of the transéeegs from the first processor
and the end of the transfer process in the last processovad.o Thus, if all proces-
sors start the collective operation approximately at tmeesame, the completion time of
the transmission is affected mainly by the runtime strietafrthe communication algo-
rithm. This assumption allows, in principle, to eliminatdernal factors for the analysis.
However, this implies to observe the latency.

Latency not depends on the size of message transferred bogeds to observe the
impact of the size of the message transferred to analyzerdnefér cost. As we as-
sume that a message of large size is transferred, the trsgismtime is affected by the
overhead time and in consequence, is measured to consalsizth of message in this
estimation.

Actually, latency is considered almost larger than the gaébus, to reinterpret the
overhead time it is necessary to see the latency like a mawiohelay of time to trans-
fer the message and to observe the possible bottlenecksnpedsin the 1/0 bus. This
situation increases the amount of time where a node is busygdihe transmission.

Then at this point, we have two situations: one, when thehmaat is negligible in
comparison with the latency (as is presented before) angwiven the overhead is con-
sidered in relation with the latency (for example due to thdrenment exchandg®

To simplify the analysis of transfer cost, we take the patemg that is a relation
between the latencl and the our gag. Then, it is possible to distinguish three cases:

* In afirst case, as it says above, the values of the latendyer than the values
of the gap, then for a messagetransferred) is

3Collective communications are implemented to optimize @amication within different clusters into
a Grid platform.
4The estimation of the overhead due to the environment exghisrtreated in the next section 4.4.
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)\(m) =—=1 (47)

Equation (4.7) suggests that thesytime during the transmission is not important.
It is to say, the time to send and the time to receive the medsag node, are small
in relation with the gap between packets and the latency.

In other words, as the latency and gap values are similagdbeof transmission
is low, because the transmission delay, described by thadgtis similar than the
couped cost, described by the gap.

 Another case is when valugs,,) < 1. We can suppose that the transfer cost s high
because the gap values are significants in relation with ffieetwe transmission
delay determined by the latenéy

* Finally, in the case of the values af> 1, the capacity of the network is exceeded
and this has a direct of the bandwidth. Then, these relaiglevaluesf the latency
implies a high cost of the transfer.

To rule out a general expression, let us consider the ovdrhiee in the transfer,
merged into the equation (4.8). This expression is propwsfd], but we present this in
terms ofg at the time that each communication takes intle P model.

_2*O+L
g

Equation (4.8) presentS as the overhead time, the latency observed during the
transfer and; the measured gap.

Analyzing the possible values af if \,,,) < 1the assumptions presented before may
be extended for this expression. However, in the case®f 1, the high values ok may
be caused by the busy time in the network devices, mainlyarsénding and receiving
time. For example, due to a saturation in the 1/0O bus.

On the other hand if we suppose an effective delivery dutiegsending or receiving
process, the cost associated may be moved to the networlasgs that changes the level
from the cluster network to the grid network. Then, the eiguat4.8) will be:

A(m) (4.8)

Aoy = (Oc) + g + (O¢) 4.9)
Where(O¢) is the overhead time corresponding to the change of clgsigémnetwork

and(O.) is the overhead time corresponding to he cluster-netwolgk on
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Then, high values ofO) involve a great busy time of delivery in the network inter-
faces, due to the saturation of the resource. A discussiout dfve influence of the change
of cluster-grid network is proposed in the next section.

4.4 Cluster and Grid Overhead Time

Nodes in Grid computing are distributed over remote intensxted platforms. Like-
wise, nodes are often heterogeneous and the network camayaily change in topology
and also in bandwidth. When a transfer of data occurs in a gnapaiting platform, the
datatravel upon two types of environment: the intra-network that iobemects the nodes
in the cluster and the external network associated to tluktigat relies the remote cluster
platforms.

The LogP model [28] considers the transfer process in a homogeneziuork. The
nodes are linked by a connection that may be affected by #tardie between nodes and
the possible presence of the latency variations.

Now, if we observe aginglecommunication between two clusters of a Grid computing
platform, the message transferred leaves the sender node, namedMhegrand ittravels
through a link to the received node, namgd in the other cluster. Thus, a part of the
message travel occurs in the cluster network, and otheritid network.

Figure 4.2 shows a minimalistic approach of the Cluster to t€lusansmission in-
side a Grid computing platform. On the other side, Figureréd@esents a general case,
where they are differentndeterminedlevices and networks. It is for this reason that it is
represented by a cloud.
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Cluster 1 Cluster 2

Grid Connexion

oct 06t 0Gs oc2

[ —He—

Figure 4.2:Cluster-Grid Transmission

Then, Figure 4.3 proposes an abstraction of the Grid datsfeawhere the Grid
network may be understood aslaudand we treat only the overhead (and gap variations)
to determinate the transmission behavior. This point walldiscussed later with all the
elements.

Cluster 1 Cluster 2

Grid Connexion

Figure 4.3:Cluster-Grid Transmission General Approach.

In the Figures 4.2 and 4.3 each overhead time is identifiethéytigin and destina-
tion. For example, the overhead time for the reception oftleesagen from the cluster
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1 to start the Grid environment travel is nam@g,. Immediately thisO., is followed
by a overhead time of the start transference namgd At the moment the message
leaves the Grid network, the overhead timig, and the overhead tim@., follows the
Og, atonce.

Then for this case, the overhead time of the change clusidetyster can be pre-
sented as:

001 + OG’T OGS + 002
2 + 2

The Figure 4.4 explains this hypothesis in function of tlesfer processing of the
messagen. The message is transferred from a processor/ipde a processor/nodg,,
but in the transfer process crosses the cluster connecmhthe grid connections. This
Figure allows to observe more clearly our analysis.

Ocge = (4.10)

@
Cluster Connection

| o_c o_G

Grid Connection

o_c

Figure 4.4:Cluster-Grid Transmission Abstraction

Returning to the right side of the Figure 4.2, we observe thigtinore general. In
real life, the clusters are different, the network intrastéw are heterogeneous, but we
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suppose the devices have similar behavior in almost oneeséns = O¢, + O¢, and
O¢ = Og, + O¢,. Then the expression (4.10) may be presented as:

Oc + O¢c

chc - 9

(4.12)

WhereO,,. represents the overhead time of the change cluster-gigtesl architec-
ture,O¢ the general overhead time in the clusters due to intra@lustwork devices and
Og, the general overhead time in the Grid network, due to iptatforms devices.

As the Figure 4.4 represents a transfer among two cluster@resents latencids,
and L, associated with each one of the cluster transmission. Taedal, is the delay
transmission associated with the Grid network.

Then, when the message arrives to the Grid connexion, the timés andO, and
vice versa can be measured as time difference at the monagnt tis received and sent
by the network devices.

These devices making the relation between the cluster metaval the inter-cluster
network. As a consequence, during the transfer upon thedhister network, the latency
L, exists. In consequence, our latericin the Grid transfer becomés= L1+ Lg+ L2.

This analysis modifies the equation (2.4) and obviously 8siaptions of the equa-
tion (2.5). Then, for our transfer of a messagef great size in a linkl p, the transfer
time 7'(m) becomes:

T(m) = L+ Ocge + §(m) (4.12)

WherelL is the total latency that contains the latency during theahatuster network
and the inter-cluster network (Grid connection) ang. is the overhead cluster-grid-
cluster time, measured as a differential time in the linketivork devices. The parameter
g(m) is the measured gap (not included in the Figure 4.4).

On the other hand, is necessary to observe how the data @atatffiects the data
access and in consequence the data transfer. Then, anispétye file systems influence
is proposed and treated in the next section.

4.5 File Systems Influence

Observing the influence of the file system in the transfer ggsdetween nodes that
correspond clients, servers or storages devices, it issdgiret the activity of the file
system is important and affects the general performandaglthre communication. This
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activity may be multiple and independent and it demands\dcgepperation in the net-
work that requires a time to satisfy the service reqdests

Nowadays, the efficient use of the network resources onlpbaald distributed archi-
tectures may be beneficial for storage requirements or ttzendanagement.

To handle this, they are proposed many distributed file systa management strate-
gies to guarantee an efficient data management and conslygaeefficient data transfer.
Of course, there are an influence of the file system or managestrategy on the data
transfer.

Many works like [36], [103] have made studies about the s®itgji modeling and
performance prediction of high performance networks aased with the file systems
and they address this problematic in an interesting way.

The use of parallel and distributed file systems implies & {@ge amounts of data
and a continuous data transfer. Algorithms of data placéntana structures and query
methods are implemented to obtain a relative efficiency fepecific physical machine
architecture. In fact, the goal of a parallel file system ialtow a standard performance
with a maximal adaptation, in terms of architectural cheastics. Different strategies of
data management are implemented not only for file systenmedsgmifor many applications
at different levels as it is possible to see, for example§6j.[In terms of the applications,
the efficiency is guaranteed by the balancing and distobutf the data without increase
of the costs of communication.

A hybrid point of view allows to observe these characterssinto a set: applications
send/receive data in concurrents process in accordanéeet f data, concurrents ac-
cess, allocation and scalability [64]. This point of viewyee applicable also to general
file systems.

Actually, a way to understand the effect of the file systemhatransfer process is to
see the response time in the node, observing its relatidntixgt throughput time. In fact,
the gapg is dominated by the message size and the transfer withindgtveork. Thus,
the gap changes as a function of the packet size managed Inatis¢er protocol. The
latencyL can vary, for example, where the network switches are aftbloy a congestion.
Conversely, it exist an additional delay due to the file syqtEd3].

5This subject is part of the work developed by the CAPES/COFEBaction between the LIG-
Montbonnot Laboratory at Montbonnot-St Martin, France stredlGPPD-UFRGS Laboratory at Porto Ale-
gre, Brazil.
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Node

Network -
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« Response Time ——»

Figure 4.5:Model to Response Time in a Node

When the message arrives to the node, the interface netwbvkerdihne message to
the interface processor that is placed into the receive ejuddter, in accordance with
the demanded task, the message is written or not in the dissh@wn in the Figure 4.5.
Consequently, the total latency is increased and thus thsfenatime.

It would seem that the change of write or read the block datadatermined file sys-
tem is unknown, but there exists mechanism to know this, edlgnical implementations
(i.e. the commandbstat). Thus, to infer a delay time in the transfer process as fonct
of the file systen¥’r5,,,), the equation (4.13) shows:

Trsim) = LA L (4.13)
m;  tps
Wherem is the size of messagey, is the relation between the size of a block trans-
ferred and the block size of the file system that vary in acmwocd with the specific file
system andps is the number of transfers by second, with the assumptidretieh trans-
fer on the disk correspond to a block.

4.6 Analysis of Anomalies during the Data Transfer
A significant case of study, is when exists a worst transfertd@an unreliable network
or a quickly saturation of the devices (as router or switgh&stually, this assumption is

observable by the important variations of the latency os lmidbandwidth [12].
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Consequently, variations represent abrupt increases dfdhsfer cost. To handle
this, two sub-cases are used: first, for a cluster data #aasid second, for a Grid data
transfer. The discrimination of the two sub cases searathetatify the factors that affect
the latency and the bandwidth.

Firstly, we can use the cluster network in different behes/and to omit the influence
of the overhead send/receive time. For the next subcasesevalufactors. However, in
each one of the sub-cases exists a variation of the size cfages and the number of
nodes and links between them involved during the transfer.

In the cluster subcase, we take the equation (4.7) for ow ofgransfer high band-
width explained before. Obviously the values of>> 1 are for a worst network that
presents a high latendy.

Normally, when the number of nodes is increased, the latgrmys due to the use of
the resources, then it’s possible to observe different fesaof \°.

In the Grid subcase, we use the expression (4.9). It is pessilbmit the values of
the overhead send/receive time and consider only the vafues change of cluster-grid
network:

L+ (2%0y)
g

Where )., is the cost relation. the general latency2 * O,.) is the overhead ex-
change ang the measured gap.

At this point, it is necessary to observe the variation of bla@dwidth due to the
influence of the gap during the transfer.

Taking the equation (4.6) presented in the section (4.2)covesider the values of
mazx(g) measured without saturation causing jams of the transomigsir faults due to
the saturation among the transfer) as we says before.

Thus, experimental results in the case of really worst casetworks, suggest the
possible utilization of @nomaly parameteto correct the bandwidth curve.

Now, knowing the influence of thgreatgap, using the expression:

A(m) = (4.14)

B=—" T4 (4.15)
maz(g) g
WhereB = kﬂ*g is the bandwidth at time of the saturation due to the worsvok
andA, is the anomaly parameter.
Themax(g) parameter is used because the delay time between each dmeioft
packages is very long, then the other parameters that affects theoitid have negligi-
ble values.

5These descriptions are based in experimental results edposhe early results.
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A, is experimental and can be calculated as a function of ttiereifces in the band-
width curve.

4.7 Discussion: InterpretingpLogP as LOgW,

In this chapter, we have made a reduction and a reinterfmetat parameters from
LogP andLogG P models included ipLog P model to describe the data transfer behavior
in applications using files running on Grid computing platfis.

Taking the advantages of th€.og P model, we can use the main parametes$),,

O,, g (or eventually) and P to describe and predict the parallel and massive data trans-
fer behavior, but with a reinterpretation in the case of therbead, gap and number of
processors involved in the data transfer, to handle it.

This reinterpretation have consequences in derived aeaksch as the case of the
transfer cost. On the other hand, we can analyze the influgftbe file systems in these
types of data exchanges and possible particularities ddi€éoences in the performance
of the network.

With the assumption that the transfer of the message ofsiaecurs simultaneously
and synchronized upol, links, the M total bytes transfer over the network can be
characterized as:

NG(M) - (LJ.é)éa OS7OT7Wp7m7 chc7TFS(m)) (416)

WhereL is the latencyy is the gap associated with the division of the messéage,
andO, are the respective overhead send/receive tiljethe number of links used during
the transfer that relies the nodes,the size of message transferred by lidk,. is the
overhead time associated with the change of cluster-gtidorg and7rg(.,) is the delay
associated with the file system.

Observing the Figure 4.4 we can identify that ffetal Time Transfeis equal to:
Time to Send + Time to Reception + Time of Transference + Axidit Delays (Also
this relation is observable in the Figure 4.6 presented.)ate

The Time to Sencand Time to Receptiomare considered by the overhead send and
receive respectively. ThBme of Transferencer time of trip among the network is con-
sidered by the latency. However, due to the influence of th@t@ans in the size of
message, the gap is fundamental and affects the total tamsfar.

It exists other factors that add delays to the transfer, ag¢he data access in the disk,
considered by the influence of the file system and the overieado de environment
exchange (Cluster-Grid exchange) taken by the overheagegeh
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Thus, it is possible to propose a general expression forithe transfer in relation
with the equations (2.4) and (2.5):

T(m) =05+ 0O, + L+ Oy + G+ Trs (4.17)

Where the first part of the equation 4.17 corresponds tardresfer timewithout
the node strictly speaking and the second part to the infi@fche file system and
the transfer within the node. In the large of this chaptecheane of the equation 4.17
elements are treated.

Now, assuming the supposition of a low influence of the ovadhgend/receive time
in the nodes in relation with the other parameters, we casepits this expression 4.17 in
another manner,

T(m) =L+ Oce+ g+ Trs (4.18)

Of course, there are limitations to this approach, for eXamwe can not observe
stochastic facts. However our objective, explained in #aien 4.1 is to achieve @in-
imalist modelimplementable to the performance evaluation in "live” $esEometimes
stochastic models involve several parameters that do tmslto build practical ap-
proaches due to their complexity.

In fact, there are consequences, discussed in the pasirsedtie presumption of the
transfer cost in a first time with the relation between therlay and the gap, and after,
between the general latency and the delay associated \eifildlsystem.

Other consequences can be inferred associated with outhege, as the possible
addition of many parameters to new transfer charactesidtie is observable in the evo-
lution of Log P model.

However, in general, the methodological advantages of ppraach facilitate the
measurement to performance evaluation of running apmitain Grid computing plat-
form because they do not add many parameters. We emphasinittapproach proposes
a reduction and reinterpretation of the parameters to axfile behavior of the different
characteristics involved in the massive data transfer id Gomputing platform.

4.8 Conclusion

This proposal reach a level of abstraction where we can aeddyge transfers on het-
erogeneous architectures, knowing only a general lateonsidering the Grid network
as a cloud, taking into account the overheads measured Bxdmange of the environ-
ment O, beginsO simply), and obviously the gap that provides informatioowtithe
time delay due to the size of the message.
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The complexity of the real process, observed graphicaltyekample, in the Figures
4.2 and 4.4 should be abstracted with simplicity by the Fegut.3 and 4.6

Cluster Connection

mil

Grid Connection

ml

Cluster Connection

Figure 4.6:Cluster-Grid Transmission Reduction Abstraction

Figure 4.6 shows this simple abstraction for the case ofrstea of a message of
large sizen, between two nodes{0 and P1) among a Grid computing network (without
specify the number of links). The general latency is represkin the left (vertical line
in blue) and the overhead time exchange for each one of ttlstecigrid environment
exchange byO,,.(x). Of course the only value of th@.,. will be calculated with the
expression 4.11, presented before in the section 4.4.

In the same way, the Figure 4.6 shows the two types of cororectiGrid and Cluster
connections are determined gsay zonesnd the Grid network is represented by a cloud.
The Total Transmission Time or Total Transfer Time will be tmorizontal end line in
black in the down of the Figure 4.6 and named with It involves the addition of the
parameters treated before.

The abstraction of the File Systems influence to treat datesamatterns is presented
in the section 4.5 by the Figure 4.5. This analysis of the figems influence permits
to observe the variations in the data transfers betweeerdiit file systems used in the
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system under study, even more taking into account that iduton Grid computing
platforms we can find different file systems to select in adance with our necessities.
In general, practically if the transfer does not imply a hiigimndwidth data transfer, is
to say, transfer of short messages, our model may becamg?. If the transfer implies
a high bandwidth data transfer in homogeneous systems tdelm@y becomegogP.
In the case of a high bandwidth data transfer among heteeogsrarchitectures (as Grid
Computing platforms), each one of the parameters descrigfetdeocontributes to explain
this massive and parallel data transfer.
At this point, it is necessary to validate the utility of thede! to implement mech-
anisms of performance evaluation to observe the data @abshavior. To handle this
validation of our proposal, several cases will be preseiméae next chapter.
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5. Realistic Performance Evaluation
using LOgWW,

The main interest of this work is to propose an implementahkka simple model to
observe the high bandwidth data transfer behavior on gmadpeing platforms. In the
past chapter, the contribution to modeling is presentedras;gerpretation of thé.og P
parameters into a newO ¢W,, model.

The validation of the model utility is a difficult process. Analytical model requires a
confrontation with measurements or with simulation. Thagks aimed at performance
evaluation, then, two techniques are presented: firsingeaith a benchmarking tool and
second, monitoring the behavior in real processes into d Gomputing platform. The
first technique is based on the use of the methodology presgénthe section 3.1. We use
the same modification of tHdPI LogP Multitest Benchmark Togbresented before in the
same section 3.1) and we measure the main parameters 6fo#/, model (presented
in the chapter 4Contributions to Modeling of Parallel and Massive Data Trérson
Grid Computing and their behavior is analyzed.

The sizem of the messages transferred is10fM/ B to 250M B. The quantity of
processors on two local platforms (clusters) start with @pssors that corresponds to
one (1) linkW, and finish with100 processors that corresponds to150 links. In fact,
we consider these sizes of messagéasge messages, because their transfer involve a
sufficient charge to saturate the underlying capacity ohttevork resources.

Hence, the total bytes quantify transferred during the tests follows the expression
4.5. For example, if in one test that involvexs IV, links, with a transfer of a message
of 100M B by link, the total quantityl/ will be 1200M B (12 * 100M B = 1200M B).

Test were made in two layers to observe the two network leedister environment
tests and grid computing environment tests. Clusters tast$oaacquire measures that
involve intra-cluster transfer. On the other hand, Grid Cotimg tests aim to acquire
values of the Grid transfers between nodes of two differkrsters.

In this chapter the validation of our proposal is presera&ahg in account each one of
the considerations presented in the content of the chaptbe4yeneral massive and data
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transfer behavior in the cluster context (section 5.1) arttié Grid context (section 5.2),

the overheads due to cluster-grid exchange (section 5tBeljransfer cost analysis (sec-
tion 5.3), the file systems sensibility (section 5.4) andahalysis of the anomalies in the
worst case of a performance network (section 5.5). Moredwer cases of performance
evaluation in real systems using our proposal are presé¢sgetion 5.6).

5.1 Cluster Tests Results

Various local platforms of the Grid 5000 platform are usethmtests, but we present
in this document significant results of specific sites. Is thipe of tests, all tests are made
in one cluster of the local platforms. This tests allows teexlve the behavior of the intra-
cluster transfer, observing the different parameterdedlaith network characteristics.

The first measure of reference observed is the ggpesented before in the section
4.2. Initially we observe this measure of gapy link and later, on the switch. The
gap provides information about the throughput and as neéereneasure can be used to
observe the efficiency in the delivery of a message.

The gap, as all parameters, is measured for several trar(sfetween 10-50 times)
and after a statistical treatment is possible to observamabgap values, minimal gap
values and calculate an average gap. In the same way, thaeireéadata has a little
dispersion, that is increased when the size of messageresased, but remains between
0.4ms and0.8ms approximately.

Figure 5.1 shows the gap measured for the Grillon ClustereofNncy site, for the
transfer of250M B by link. This figure presents the average values of the gag)pbthe
gap minimal (green) and the gap maximal (red). During thesstéhe latency remains in
60 microseconds.
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Gap (Average, Min, Max) in Grillon Transfer for m = 250 MB
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Figure 5.1:Measured gap for Grillon Cluster

Observing the gap, it remains stable until the useé laiks and after grows to remain
stable for the rest of/, links with a slight increase. In the three curves, the inseda
observed of the gap values. As expected, the maximal gaprigethe more slope in the
curve and the gap minimal presents a little increase.

The saturation noticeable in the tests with the increasheofap, is reached quickly
because a large quantity of bytes is transferred. The isergathe delay between the
transfer ofk — packets that is composed the message is due to this saturation. @pis g
increases follows until a value related with the capacitthefnetwork resources, such as
the case of the links. However, is possible to find higheres|e.g. when exists a switch
contention.

Before analyzing the switch behavior, we present the Figuze B shows the mea-
sures of gag (blue line), overhead serd, (cyan line) and overhead receptioh (red
line) for a transfer oR50M B.
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Gap, Os and Orin Grillon Transfer for m = 250 MB
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Figure 5.2:Gap and Overhead measures in Grillon Cluster

The Figure 5.2 shows a similarity of the three measured gallre fact, as the data
transfer is synchronized bylzarrier, the reception of a message does not starts before
that the message is completely sent. The space betweerctmion time and the send
time is affected by the gap.

A situation interesting to observe is when the transferlve®6 links. In this critical
point, the total quantity of bytes transferred i§)0 M/ B among the links, the delay in all
measures grows before this quantity of links used, and iti@a@an important saturation,
due to the important activity added in the network, that ieghkn increase of the data
transfer cost that is discuss later.

Analyzing the behavior of the switch, the Figure 5.3 showvesittiluence of the gap
in the bandwidth. Obviously, the gap is influenced by the @wiiehavior, and this influ-
ence is measurable in their bandwidth. The gap influence eantérpreted in terms of
effectiveness. In the case of the gap minimal, this gap spords to the more effective
links, unlike the case of the maximal gap measures.
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Gap influence in the switch Bandwidth for M =250
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Figure 5.3:Influence of the gap in the Bandwidth of Grillon Switch Cluster

Figure 5.3 shows, in the same way as Figure 5.1, values ofghéduence: minimal
(greenline), maximal (red line) and average (blue). Dué¢aéciprocal relation between
the gap and the bandwidth, a maximal gap represents a lownidthd comparing with
the others values in the Figure 5.3).

When the bandwidth observed in the measures that uses theahigap grows, the
data transfer cost decrease. However, it is important teneoer that the bandwidth
is affected only by the gap, due to the size of message traedfand our hypothesis
discussed about the saturation, as is presented in thersdc#, Massive and Intensive
Data Transfer

The next Figure 5.4 presents the bandwidth by links for thadfers ofs different
sizes of messages. The messages are transferred in parallel among determuzadity
of links (W,). The different values of bandwidth in the transfer of the= 50\ B,

m = 100M B, m = 150M B andm = 200M B present a similar behavior. Conversely
for the case ofn = 250M B the decrease of the bandwidth occurs when the number of
nodes grows. Initially, the bandwidth grows in the same wwantthe others, until the use

of 6 links.

Immediately, occurs a fall in the bandwidth and decreasennanal valué. Observ-
ing the gap analyzed before, tfalls in the bandwidth occurs when the gap increases.
Thesefalls are a bandwidth loss due to saturation, mainly due to thetdyani bytes

1This last minimal value remains when we increase in our tastaumber of links t&0 for this transfer.
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transferred. This behavior for the transfemot= 250 M B suggests an analysis presented
before in the Figure 5.3 specifically for the case of the gdpamce in the switch.

Grillon Transfers Bandwidth (with average gap)

250
230 -
210
——m =250
190 +—|—=m =200
——m =150
o 170 T ——m=100
7150 4—\=m=50
=
130
110
20 - - -
0l 1 - - - T
——
50
1 2 3 7 8 9 10

5 6
Links

Figure 5.4:Bandwidth by links in Grillon Cluster

On the other hand, in the Figure 5.4 exists differences ib#melwidth values between
each one of the curves, due mainly to the difference of thetifyaf bytes transferred
However, this difference is more important between the messof250M B and the
others. This low bandwidth suggests a saturation that mexlbigh values of the gap by
k — packet.

In fact, it is necessary to remember that with the networlrsdibn the gap is in-
creased, and also with the increase of the nodes the barmdigidhared between the
connections. In consequence, the bandwidth reached forliekas limited. The values
of the gapg are most important in ther = 250M B transfers than for the others, due to
the saturation and for some connections, there are higlplwalaes that may correspond
to packet loss, a characteristic of saturated networks.

The relation gap-bandwidth advise to make a further exatmimaf the switch be-
havior for all data transfers. The bandwidth values preskbifore, indicate that the
shared bandwidth in the network depends of the number ofl&maeous connections,
however, these results are not sufficient to insure thatittke between the two clusters
are reached. The next Figure 5.5 presents the analysis siileh behavior, for transfer

Treated in the model by the expressions 4.2, 4.3 and 4.4.
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of m = 50M B, m = 100M B, m = 150M B, m = 200M B andm = 250M B.

Grillon Switch Bandwidth (with average gap)
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Figure 5.5:Switch Bandwidth of Grillon Cluster

In the Figure 5.5 is shown the increase of the bandwidth irsthigch in all transfers
of messages ofn = 50M B, m = 100M B, m = 150M B andm = 200M B. Also,
it exists an important difference between the bandwidthiawofm = 2500/ B and the
others, in the same way that the Figure 5.4. As is presenfeddhéhe bandwidth switch
for the transfer ofn = 250M B presents a regular increase untlink. After there are a
bandwidth loss, due to saturation of the switch (bottlehegiter this fall, the increase
follows a small slope and reach to another bottleneck.

The switch behavior presents a sensibility to the incredgbeoconnections. Each
connection transfers a determined quantity of bytes betvageair. But the influence is
not clear in the number of connections related with the sizeeomessage. Therefore, an
analysis is necessary that takes the number of links to wbgkis influence during the
transfer.

Figure 5.6 shows the bandwidth by link, betwdép = 1 until W, = 10 links that
links pairs of processors. Each one of the link quantitiesléntified with a different
color.

The Figure 5.6 contains the size of the messages transtencethe ordinates axe has
the bandwidth values in Megabytes per seconds.
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Grillon Bandwidth for Lanks
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Figure 5.6:Bandwidth by Links involved in a Transfer on Grillon Cluster

It is interesting to observe in the Figure 5.6, how the inseeaf the links adds more
bytes in the network, but the general behavior remains estalllf course, the growth
of the messages induces an increase of the gap, but the ketvamrages the transfer
guaranteeing a constant and stable high bandwidth for eaathtity of links. However,
the management of the transfer is efficient for the messdgezas betweem = 50M B
andm = 200M B, but not form = 250M B , because the capacity is outgrown. In
consequence, the bandwidth decays for 2hi&\/ B transfer.

In other words, the connections are saturated when theiguahtn bytes transferred
exceeds the capacity of the network. This saturation isquooed in the measures like
bandwidth loss. In the practice, saturations causes ations in the transfer, such as
bottlenecks. Precisely, the dramatical fall in the bandwwhlues withm = 250M B
is due to the growth in the quantity of bytes transferred hi that affects the network
capacity. The space of time ldy— packet grows and the bandwidth falls.

We have done the test in different local platforms of Grid80nfrastructure. The
behavior observed in several clusters varies for the sast® t€hese differences are due
to the influence of the architecture and the technologicaiufes of the platform in the
transfer. For example, the Figure 5.7 shows the measurefbgtpe GDX Cluster during
the transfer ofn = 250M B. The gap values are presented in the same way that Figure
5.1: gap average (blue), gap minimal (green) and gap maxnea).
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Gep (Average, Max, Min) in GDX Transfer for m = 250 MB
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Figure 5.7:Measured gap for GDX Cluster

The gap time measured in GDX cluster is lower than the gap dinserved in Grillon
cluster. Also, Figure 5.7 shows that thap curvesare different qualitatively in relation
with the Grillon cluster gap curves.

Without making a comparison with other behaviors, the diifé gaps present im-
portant irregularities in specific quantity of links inveld. However, is observable an
increase of the gap values to reach a specific value in thenasalin the gap maximal
and gap average.

Observing the curves of the gap maximal and gap average, @éhiat the behavior
is very similar and their values are close. The Figure 5.Wwshbe same points of growth
of the gap for these results.

Clearly, the original behavior of the minimal gap is opposedhe behavior of the
maximal gap and average gap (only is the same with the usad2 links). Neverthe-
less, wher links are used in the transfer, a similar increase in the ghpevs remarkable
in the three curves.

In the same way than Figure 5.2, Figure 5.8 shows the meastigegp (blue line),
overhead send time (cyan line) and overhead reception tietelihe) for GDX cluster
tests.
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Gap, Os and Or on GDE Transfer for m = 250 WB
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Figure 5.8:Gap and Overhead measures in GDX Cluster

Notwithstanding that these measures are less stable teaactivity in the Grillon
cluster tests, the results remains in the interval expedikd three measures are similar,
the synchronization method used in the tests with the biaguarantees that the message
receive does not start before the message has been comgletel and the differences
between the overhead send time and the overhead receivargnegplained by the gap.

Figure 5.9 presents the bandwidth observed during the messeansfer in the GDX
cluster. The sizes of messages are the same than for otk®rtes= 50M B, m

100M B, m = 150M B, m = 200M B andm = 250M B.
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GDX Transfers Bandwidth (with average gap)
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Figure 5.9:Bandwidth in GDX Cluster

The bandwidth values presented in the Figure 5.9 are stabliné first transfer of
messages, it is to say for the sizes= 50M B, m = 100MB, m = 150M B and
m = 200M B. The bandwidth observed during the transfenof= 250M B is different.
This bandwidth presents dramatic falls. And these fallsuoedor different number of
links used.

In spite of these observations, the decrease observed atibvidth is interesting
because for all curves, it follows a similar tendency. Thalgsis of the gap permit to
explain this behavior. The growth of the gap produces an rapodelay in the transfer
that causes the falls in the bandwidth values. The saturdtie to the quantity of bytes
transferred is noticeable in this cluster, and more whepémneallel transfer increases.

The analysis of the switch behavior is proposed with the il e&ul0. The Figure 5.10
presents the test results of the bandwidth in the switchnguhe transfer on GDX cluster.
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GDX Switch Bandwidth (with average gap)

600

—4—ra = 250 k
——r, = 200 r
0 || e = 150
8 = 100
—¥—rmm =50 L, —
o /
v.
& 300
=1
o
200 /{
100 /
o

Figure 5.10:Bandwidth in GDX Switch Cluster

In the Figure 5.10, the switch bandwidth grows for all tramsfsimilarly. They are
falls of the bandwidth for the transfer ek = 250M B, but generally their behavior
remains following the same increase that the other trasisfer

In general, the management of the connections made by thehsiniGDX Cluster
search to maintain a high bandwidth during all transfers. t@oy of the observations
in Grillon cluster, where exists an important loss of thedwidth due to the saturation
when250M B are transferred.

In synthesis, the particular behaviors observed in eadtalguggests that it is impor-
tant to take in account the gap influence in the intra-clusgersfer. Obviously, the gap
is affected by the quantity of bytes transferred and eachl jplatform has implemented
specific mechanisms of transfer managed associated witraticgitecture.

At this point, is important to remember that the gap represtte reciprocal value of
the end to end bandwidth from node to node, then it estalsliah@lation between the
gap and the bandwidth to analyze.

Observing the figures 5.4, 5.5, 5.6, 5.9 and 5.10, the baridwidserved follows a
tendency. In the case of the switch analysis, bandwidth glmeause the transfer manage
made for the switch search to guarantee the maximum capditgnsfer. In the case of
the links analysis, the bandwidth decreases because theityapf each link is reached,
and the general network state is affected by the total giyasftbytes transferred.

On another hand, there are two aspects that should be addtyesplain the distur-
bances in the measures: (1) the saturation of the netwodedehy the test at the transfer
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time, and (2) the contention in the benchmark program.

Making the test with a latency @) microseconds on Grillon transfer, and using the
general expression 4.17 presented in the last ségtisrpossible to estimate the total
transfer time for all sizes of messages, as is presentee iRiture 5.11.

Grillon Transfers
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Figure 5.11:Transfer Time in Grillon Cluster

The high values of the gap presented for the transf@50f\/ B affects the general
transfer time, as is possible to see in the Figure 5.11. Hewyetw/is clearly that the
increase of the links in this transfer adds a delay, and ttuatson is observed also in the
other measures for other platforms.

In the case of the test on GDX transfer, the measured latantye80 microseconds
at moment of the tests. The transfer time estimated for eaelobthe sizes of messages
are presented in the Figure 5.12.

30f course, without the use of tite.,. overhead, because the transfer occurs in one cluster. dathe
sense, we suppose a minimal influence of the file system)(for this time estimation and for the next
estimation on GDX Cluster.
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GDX Transfers
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Figure 5.12:Transfer Time in GDX Cluster

In these tests, the space between transfer times is moie $tathout little distur-
bances, due to the cluster activity). Clearly exists a md&grénce between the transfer
of 50M B and the others, but remains stable. The other transfersgmiea clear growth
in their transfer time due in the same sense by the growtheeigap.

Comparing the times observed in these two platforms, predantthe figures 5.11
and 5.12, is possible to observe that the transfer time resyi@@tween similar intervals.
Of course, there are differences due mainly to the specitutaictural characteristics and
the use of each one of them.

The cluster computing allow to analyze and describe thehehaf the massive and
parallel transfer using our proposal. In fact, we have ubedize of the messages trans-
ferredm and the number of links involved in the transféf,, as main characteristics.
Knowing the latency., and supposing that the overhead is negligible in accordasit
our hypothesis presented in the chapter 4, we arrives tmatithe gag, and using this
gap, we analyze the bandwidth by links and the bandwidtharstitch.

The opportunities provided by our model simplify the captof values to analyze
the behavior, moreover if we search to describe the datafeaim terms of network
characteristics only. Evidently, this simplicity is prded also by Log P for this type of
transfer in clusters. However, it is not the case for gricadednsfer, that is treated in the
next section.
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5.2 Grid Computing Tests Results

The Grid computing tests makes the same type of transferecCtuster tests. In the
section 3.1Measurement Methodologye have presented the description of these types
of tests. The main goal of these tests is to observe the bmhapturing the parameters
associated with our proposition: values of gapoverheads (mainly the overhead time
due to the environment exchange), latency at moment of #msfier occurs to estimate
the transfer cost, bandwidth, file system influence betwdeers.

Grid computing transfer has specific characteristics. Relpeeitihe characteristics of
the transfer "out” of the cluster, when the transfer proadss message of siz@ occurs
the message transferred leaves the cluster environmentrianaent to trip in a wide
network and finally arrives to another cluster environmedndoubtedly, the transfer
time is affected by the changes of the environment, repteddsy overheads presents in
the inter-cluster switches, PoPs and routers.

Another important characteristic is the direction of thensfer. Even though the re-
sults selected shown here have a similar behavior, thetdineof transfer is defined in
each one of the figures.

Figure 5.13 shows the results of the gap measures for a ¢érapisimessages of size
m = 250M B. The transfer occurs between the GDX and Grillon clusteSrnd’5000
platform. Measures of gap corresponds to gap average (lgag)maximal (red) and gap
minimal (green).

Gap (Average, Max, Min) in GDX-Grillon Transfer for m = 250

I
——ygap avg
\ ——gopmax

1\ /
IR /

T4

69 T

63

Figure 5.13:Measures of gap for GDX-Grillon Transfer
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In the Figure 5.13, the initial transfers that involve fewkis present falls in the gap
values. After, the gap remains stable. However, observiagyap maximal curve, when
the number of links grows considerably, the gap values asado reach one more time a
relative high value, near to the original value of the gap.

This behavior is expected, because each one of the envirdarf@uster and grids)
and the devices that are in the middle of the Grid platfornd ake part of the Grid trans-
fer) adds delays between the- packet transmissions. Thus, the data management in the
Grid wide connection guarantee a high capacity in compangth the data management
in the cluster platforms, on the other hand the transmissagacity is more high. Thus,
the curves of the gap are more stable in the grid transfersithide cluster transfers.

In fact, when the capacity term is used here, this term not @ntelated with the
hardware features. It is important to observe that the tapolnd network management
inside of the cluster are different than the Grid. Moreoifehe shared resources during
the cluster transfer are highly committed by the users (sathe different process that
runs in concurrence does not implies an external intena)tgving a high concurrency.

The Figure 5.14 shows the gap and overhead measures forséetraetween GDX
and Girillon clusters. Indeed, the values of overhead, spmeds to the overhead ex-
changeO,,., during a transfer ofn = 250M B and with a latency ofL. = 1415,13
microseconds at moment of the tests.

Gap and Overhead of GDX-Grillon Transfer for m = 250 MB
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Figure 5.14:Gap and Overhead Measures for GDX-Grillon Transfer

The values of the overhead excharigg. are close to gap values. Itis not a surprise
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because the delay due to the gap in the transmission affectsrie of reception and sent
of the message in the network device. On the other hand, thsunes of), andO, that
corresponds to overhead in the nodes are negligible wittrdsgo their values with the
other parameters in this type of tests.

Figure 5.15 shows the bandwidth for the Grid transfer betw&®X and Grillon
clusters. The size of messages transferredrare 50M B, m = 100M B, m = 150M B,
m = 200M B andm = 250M B.
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Figure 5.15:Bandwidth for GDX-Grillon Transfer

Observing the Figure 5.15, the bandwidth values for thestearofm = 50M B re-
mains constant in all quantity of links used. The relativamfity of bytes transferred does
not saturate dramatically the network. At this point is imtpat to say that at moment
of the tests, the latency was52, 70 microseconds. For the other transfers of messages,
m = 100M B, m = 150M B andm = 200M B, the bandwidth growths to reach a relative
high value quickly and after remains stable and the lateraye¥1375, 27 microseconds.

The difference of bandwidth values is not much, only0g$ tenths betweem: =
50M B transfer and the others. But, for an application that runs@mid environment in
concurrency with other applications, this difference sti@dd an important cost in the
total performance.

Taking in account the scale of the measures, different eggilans explain this behav-
ior. First, the relativdow bandwidth values for the transfer of = 50M B remain stable
because there are not a real saturation in the devices @, lille to the high capacity of
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the channels and Grid devices.

Second, for all size messages transfer, a quick saturaiosached, caused by the
mechanisms of management of data in the high speed netwedd in the Grid in-
terconnection. The goal is to guarantee a small growthsard#iays for saturation or
deliverance. In other words, provides a high bandwidth ectian.

5.2.1 Contention and Overhead

Actually, contention in the short messages is ignored, bthie transfer of large mes-
sages, as it is the case of this work, analysis of the contergiimportant.

Different works propose extensions of thegP model, add parameters to estimate
the contention [40] [108]. The parametg} is added to study the impact of the data and
process mapping, in other words, locality or the messageasiznetwork contention.

In our approach, the overhead values measured permit to kman experimental
way, the delay due to contention network and the delay duertteation in the interfaces.
Both cases, with a hard influence of the size of message, makéj®to build a relation
between the number of nodes/processors that are impli¢gitransfer and the quantity
of links that interconnect them.

The Figure 5.16 shows the overhead time measured in thergnsfer between GDX
and Grillon clusters, for different sizes of messages, emghidentified with a specific
color.

GDX-Grillon Transfers Overhead Time
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Figure 5.16:0verhead in GDX-Grillon Transfer
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The overhead time represents the delay due to the envirdnemehange (Cluster-
Grid), in accord with the hypothesis presented before,arsdttion 4.4Cluster and Grid
Overhead Time

In the Figure 5.16, we can observe how the increase of thes Isgasferred affects
the overhead and obviously, adds a delay that impacts tiretontention. The lowest
values of overhead time corresponds to the smallest sizeee$ages, in this case for a
transfer ofm = 50M B, and the highest overhead time corresponds to the largesobi
messages, it is to say, = 250M B.

The overhead time remains constant when is increased thberwhlinks, because
the time that take the message to change the environmerd gthe. This time is only
limited by the capacity of the device responsible of the emtion cluster to grid, and
normally, this capacity is not affected by the underlyingaezity of the communication
protocol or by the link capacity.

In the same Figure 5.16, it is possible to see a little vammakietween the use of one
link and the rest. The variation is more notable when the gizaessages grows. These
little variations in the first values of the overhead timedue to the change of the network
state at moment to start the tests.

To analyze the different overhead time increase duringrtresters, it is necessary to
present the results as a function of link quantity involvedhe parallel transfer. In this
sense, the Figure 5.17 shows the overhead time values oifftx@dt transfers by link.

GDX-Grillon Transfer Overhead by links
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Figure 5.17:0verhead in GDX-Grillon Transfer by links
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Clearly, Figure 5.17 permit to see the influence of the size @gsage in the transfer
time. The increase of the overhead time is linear, when ttee @ message is increased
independently of the number of links used at time of the fiems

Thus, the size of message is the main factor that affectsvisead time in a Grid
transfer. The little variation observed by the transfengsa link not affects really this
affirmation, because the growth tendency of the overheagldinserved in the Figure 5.17
presents the same linear behavior.

Other characteristics as the influence of the synchrooizati the heterogeneity could
be studied with these results. For example, in the case skighronization, it is possible
to modify the tests sending asynchronous messages, buhteuest is to see a parallel
and massive data transfer among the two types of networkst@lnetwork and Grid
network). In the case of asynchronous messages, a delaljddlwadded in the general
transfer time.

On the other hand, to analyze the heterogeneity, it is napess take into account
the topology of the network with techniques associated $oadier the specific topology
and architectural features of the platform. For exampkegilay adding by the processor
interruption or specific memory management, or the delayngdaly the different capac-
ities of the network devices presents in each one of thewedoplatforms between other
possibilities.

These cases are analyzed with methodologies proposed ésabauthors using test
results similar to our tests [17] [40] [75] [108].

At this point, we have observed different measures for higihdwidth data transfer.
The measures are related with network characteristicaguir reinterpretation of the
pLog P parameters witl.OgWWp parameters. We take measureg td analyze the delay
of time due to partitioning of the message An— packages and drawing the relation
between the gap and the bandwidth, we succeeded to analyneemsure the bandwidth.
In the same sense, we can take the latency at the momentatestve can consider the
occupation of the network and their availability.

Grid data transfer implies environment exchange. The enuiient exchange creates
a backlog in the data transfer, that is possible to measuen e data leaves the local
platform where the message is sent and when arrives to theteelocal platform in-
volved in the reception. This overheadallows to analyze factors as the contention in
the exchange network devices.

On the other hand, our proposition reaches to analyze tleetgatsfer behavior con-
sidering the number of links between nodes. In fact, in teohisommunication, the
number of links used to interconnect the nodes give morenmdtion that the number of
processors. In our approach, we use, the most simple preésumphe nodes are linked
between peers for a link among them. Using the number of liwescan observe what
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happening during a parallel transfer. In these simultas@@nsfers the quantity of bytes
that travels each link, add a charge to the network. And whersay before, permits to
describe the communication process associated with neharacteristics.

However, an estimation of the total transfer time and eachadrthe last values of
LOgWp is sufficient to understand the behavior of a data transfers hecessary to
analyze the transfer cost, that allows to qualify the efficyeor not of the transfer.

5.3 Transfer Cost Analysis

Knowing the efficiency of a communication as a function of #raount of bytes
transferred, it is possible to analyze the transfer cost. athodology used in this work
implies the observation of the completion time of the traission.

Basically, as is described in the section 4.3, we can use tagore between the la-
tency, the gap and the overheads to observe efficiency. &laisan is known as and it
allows to estimate the transfer cost, depending the valugs o

Figure 5.18 shows the values dfthat represents the relation between thiatency
and theg gap by number of links that relies the nodes. The latency irsriaw in these
tests ¢0 microseconds)

Grillon Analysis Cost by links
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Figure 5.18:Cost Analysis of the Transfers in Grillon cluster (Low latghc

In this Figure 5.18, is possible to see how the increase o$itteeof message affects
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the transfer cost. Obviously, the total quantity of bytemsferred is increasing each
time that a new links is added. In consequence, each new ditvkden processors adds a
transfer cost. The values of the relatibfig are less than. This situation supposes that
the cost generated by the transfer is due to the delay in fhamga this figure shows that
this transfer cost decreases when the difference betwedratency and the gap is lower.
Growing the latency= 1 second), the Figure 5.19 shows the transfer cost behavior

represented by the relatiah/g. These\ values changes however the similarity in the
curves shown in the Figure 5.19.
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Figure 5.19:Cost Analysis of the Transfers in Grillon cluster (High latgh

In this figure, the values of the relatidty g are high, and more of. Obviously, this
behavior is due to the cost related with the high values ofdtency. The gap values
are the same values of the previous test.

The idea to changes the latency values and to observe thesdiftarent behaviors,
reach to observe the different cases of cost presentedebi@ftine section 4.3 about the
A values. In the first case, wheke< 1, the data transfer cost is dominated by the gap
The second case, shows> 1 values, that implies that the data transfer cost is domihate
by the high latency..

Now to analyze the data transfer cost between two localgiatf that implies a grid
computing exchange, we use the parameiefsandO of our model, using the expression
4.9 explained in the section 4.Bransfer Cost These grid computing transfers are con-
ducted in the same way of the other past experiences (Maasd/@arallel data transfer
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among the links that interconnect nodes in two differenalg@tatforms).

Figure 5.20 contains the analysis cost in relation with the ef message transferred
in a two types of Grid computing transfers.First, using amoek with a capacity of
1GB/s and second, with a network with a capacity2df/GB/s. The latency id413, 49
microseconds. (Actually, the capacities of the Grid esdire most important than the
cluster as is also their usg

Analysis of Transfer Cost for GDX-Grillon Communication
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Figure 5.20:Transfer Cost Analysis for GDX-Grillon clusters

Although the capacities of the Grid entities, in any casdfected by the transmission
capacity of the communication channel. As is observed ifrtgere 5.20, the high values
of X represents a large difference between the gap and theyathrecto the high use of
the Grid network, independently of the data management stmwthe stable values of
the gap.

Figure 5.21 shows the transfer cost but in relation with thmber of links implied
in the transfer with a high latency. The cost is related with fatency and the possible
high values ofO,,. that involves a possible busy time of the deliverance in &tevark
interfaces, and in consequence, contention or saturatitheidevices.

40n another hand, the management of the data transfer in a@xark is more efficient than a cluster
network. However, the increase of the transfer cost betwleedifferent sizes of messages is noticeable.
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GDX-Grillon Lambda for Links
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Figure 5.21:Transfer Cost Analysis for GDX-Grillon clusters by links

The specific\ analysis provides information about the transfer cost dugap values
and effective transference delay, determined by the Igtdfar other latency values, the
behavior is the same, with the similar curves with an inceeaisthe values if we use
more high values of the latency. In fact, the transfer cokigh on the Grid computing
network, because the exchanges of the environment, destarttuse of the network adds
time delaygo the transfer.

Consequently, the different parameters proposed have aesk&iption. The gap
provide important information about the delays due to tha ttansfer itself, but the trans-
fer cost is only known with the relation. In the same sense, the analysis of the overheads
time give information about the time involved during the ieomment exchange, and al-
lows to analyze saturation or contention that generate bosyin the network devices.
But the influence with the transfer cost is quantified implyihg A analysis, as is pre-
sented before.

Indeed, there exist other factors important to observd, dhathe case of the data
placement and the data access. To handle these, we propasalgsis of the file system
influence in the data transfer process, presented in theseetion.
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5.4 File Systems Sensibility

Section 4.5 presents the theoretical assumptions of tieeSyistem influence in the
data transfér To handle these assumptions, is measured the paramedpospd by our
methodology to observe the behavior of data transfer irouarfile systems on each one
local platform.

The results presented here, correspond to experiences imaae file systems in
GDX Cluster: NFS [127] and dNFSp [82]. Basically, they consistending and receiv-
ing data upon a cluster deployed with NFS and, later, with §pF

The goal of these tests is to measure the transfer time ofltis¢éec platform upon
the two systems. The delay between consecutive transfenesfages leads to define a
relationship between the number of nodes used in the tnaausfthe size of the messages
transferred. The volume of data transfered between nodkskoig the same so the total
amount increases with the number of nodes.

Figures 5.22 and 5.23 show the influence of the file systenme for transfers of
50M B upon NFS and upon dNFSp respectively. For NFS tests (Fig@22) 51 NFS
server is used witth9 clients. The Figure 5.22 shows the time average (red) and the
maximal (green) and minimal (blue).

5This subject is part of the work developed by the CAPES/COFEBaction between the LIG-
Montbonnot Laboratory at Montbonnot-St Martin, France stredlGPPD-UFRGS Laboratory at Porto Ale-
gre, Brazil.
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NES 50MB Transfer
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Figure 5.22:File System Sensibility for 50MB transfer in NFS

The measure of time was taken during consecutive transtdvgelen nodes in the
platform. The number of processors is shown inthaxis and the measure of the time
in the y axis, in seconds. A total af0 nodes were used in these tests. The tests were
repeated 3 times for each case.

Figure 5.23 presents the dNFSp tests. In these tesisdes are used as metaservers
and IOD’s; the remaining4 nodes are clients. The Figure 5.23 shows the time average
(red) and the maximal (purple) and minimal (blue).
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dNFSp 50MB Transfers
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Figure 5.23:File System Sensibility for 50MB transfer in dNFSp

Comparing the Figures 5.22 and 5.23, we can exhibit the behavithe two file
systems and quantify an influence on the transfer. Obsethimgneasures in the NFS
tests, it is possible to observe the initial saturationespnted by the high values. When
the number of nodes increases, these values decrease io renmervals more stable.
For dNFSp tests, the time falls to a minimal value and theisésrand remains stable.

To continue with the analysis of the file system on the trangfe propose an analysis
of the bandwidth for the data transfer in each one of the fitesys used. In this way,
the figures 5.24 and 5.25 show the analysis of the bandwilthganto account the file
system influence for both files system in study, done on resi$.teThe bandwidth is
presented for transfers 60 M B for both NFS (Figure 5.24) and dNFSp (Figure 5.25)
deployed in the platform.

The Figure 5.24 shows the maximal bandwidth (blue), mini(fge¢en) and average
(red). For each one of the measures is take the maximal irduehtime presented
before, and also take in account the maximal gap in the ®aff all measures.
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NF'S Bandwidth Analysis - 50MB Transfer
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Figure 5.24:File System Sensibility - Bandwidth for 50MB transfer in NFS

The two figures show, for both cases, the quick saturatiom@hetwork and, after
that, a stable behavior. For theM B transfers in NFS, the values seem to increase. For
dNFSp, on the contrary, after the saturation, we can obsedexrease of the bandwidth.
However, the decrease and increase of values are not steemanagement done by the
dNFSp servers guarantees a stability in the transfer. Tvarsations are the consequence
of the increase of processors (clients). They are minimabade seen in Figure 5.25.
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dNFSp Bandwidth Analysis (50MB Transfers)
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Figure 5.25:File System Sensibility - Bandwidth for 50MB transfer in dNFS

The Figure 5.25 shows the maximal bandwidth (blue), mini(ge¢en) and average
(red) as the last Figure 5.24 . In the same way, for each ongeafneasures is take the
maximal influence of time presented before, and also takedount the maximal gap in
the transfer for all measures.

Comparing the behavior of the two file systems, it is possibleliserve the similar
bandwidth performance, the difference lies in the satongtioint. Since the bandwidth is
also influenced by the number of synchronized connectitas)gécessary to observe the
total bandwidth as is shown in the Figures 5.26 and 5.27 .
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NFS Bandwidth Shared - 50MB Transfer
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Figure 5.26:File System Sensibility - Bandwidth Shared for 50MB transfeNFS

In the Figure 5.26, a quick look may find that the behavior msilsir, however, the
space between the two bandwidths grows when the number okctians is increased.
Same behavior for the case presented in dNFSp (Figure 5.27).
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dNFSp Bandwidth Shared - 50MB Transfer
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Figure 5.27:File System Sensibility - Bandwidth Shared for 50MB transfedd NFSp

In the Figure 5.26, a quick look may find that the behavior msilsir, however, the
space between the two bandwidths grows when the number oéctians is increased.

The comparison between dNFSp and NFS shows that there arelarfiehavior in
the transfer for both systems. A first approach suggestdR&tisslightly betterfor this
case of transfer. However there is a difference in the cordigan of the test, the use
of six servers for dNFSp and one for NFS affects the netwotiabier. Sensibility in
network transfer explains this difference, but, the higle & transfer guaranteed by the
increase of the bandwidth if the number of clients grows dmedtbtal bytes transferred
shows the high efficiency in the data transfer process forjNF

It is clear that several aspects affects the data transfeviter during the execution
of application that implies a data-massive productiomsfer and consumption. We ex-
posed in this section a performance measurement of the fitersg sensitivity to handle
data access and data placement. In the sectiorFde5System Influenceve have inte-
grated the effect of the file system in the transfer processitanodel, as a delay time in
function of a specific file system.

The results presented here shows a quantification of theykems influence in ac-
cordance with the characteristics of the transfer (size eésage, number of links used
between the clients and servers, latency), However to dersihe values df-g is nec-
essary the use of the modeling proposed before in the setBpand made an integration
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with the network characteristics in accordance with theesgion 4.13.

Now, considering the relatiom, = 48768 for a maximal size of block possible in
NFS = 32k and a quantity total of blocks transferred far= 50M B, of = 1524. The
values oftps are betweer7, 0 and7,8. Then, thel»5 estimated should b& 14 seconds
approximately in these tests.

In the case of the dNFSp, the relation = 49280 for a maximal size of block possible
of = 64k and a quantity total of blocks transferred far= 50)/ B, of 770. The values of
tps are betwee, 0 and5, 7 Then, theTrs estimated should b& 19 approximately for
the tests presented before.

In fact, there are other aspects, such as the case with isausetivork with a worst
performance in relation with the actual capacities of a @iichstructure. Thisvorstcase
may be rare, due to the technological possibilities. Howeavieen thisvorst performance
occurs, it produces falls in the bandwidth, high delays ires& measures, as is presented
in the next section.

5.5 Anomalies in the Worst Case

Following with the realistic performance using our modek wesent the case of
the parallel and massive data transfer occurs in low pediona networks. Section 4.6
presents a special case for worst cases of transfer. Agratecharacterize the worst
behavior in anomalies that has seen in tests has falls ofvbdtidor great values of
gap, overhead and another parameters due to saturatioassirttate anomaly value or
parameter

Two different scenarios of tests have been used to idertdyfdlls of bandwidth a
time of the saturation due to the low capacity of the netwartheir intensive use, and in
consequence, to calculate the anomaly paraméter

In the first scenario, two old clusters of the Grid’5000 matfh interconnected with
a normal network (not the high speed network) are used. Tédtseof these tests are
presented in past works [10] [11], but not with the analysishe falls of bandwidth,
represented with a parameter of anomalies. The clusteiisdaasthe IDPOT Cluster and
ICluster-2, in the Grenoble site.

IDPOT was an experimental Beowulf cluster at ID-IMAG Laboratotysimade with
48 nodes Bi-Xeon Dell 1600SC 2.5 GHz processors, 1.5 Gb. RAM E@Caagigabit
network. Since 2004, IDPOT works with Linux 2.4.26. ID-POded not available for
works after 2006.

[-Cluster2was the first cluster with Itanium-2 technology in FranceisTdluster is
made of 104 nodes Itanium-2 with 64 bits, 900 MHz and 3.0 GIRrA, a Myrinet and
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a Fast Ethernet network. The system provides a total of 208essors and 312 Gb. of
RAM memory and a disc capacity of 7.5 Th. For more informati@it the I-Cluster2
web site.

The second scenario is a high capacity network with full G$es behavior is not ev-
ident, but in the experiences show here, it is possible tatifyethe falls in the bandwidth
and estimate different,, values.

Figure 5.28 shows a comparison between IDPOT and I-Clustehvadth for a trans-
fer of 100M B between pairs of processors. This bandwidth correspondsnteasure
using the assumption that exists a link between a pair ofgasmrs. Notorious falls in
the bandwidth are observed due to rapid saturation thaesdaattlenecks in the transfer.
The latency is irregular and it presents different valueis abown later.

IDPOT -
14 ICluster2

L
2 4 B 8 10 12 14 16 18 20 22 24 26 28 30 32
Processors

Figure 5.28:1-Cluster2 and IDPot Clusters Bandwidth Comparison

Observing the latency behavior in one of the cluster, in tlaise in I-Cluster2, pre-
sented in the Figure 5.29, disturbances increase the jatandetermined numbers of
pairs. Indeed, the latency is measured by each transfenkydnd as is observable in the
Figure 5.29, the behavior is irregular.

In the same way that the Figure 5.28, the delay time due touluk gaturation of the
network causes high and irregular values of the latency.
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Figure 5.29:I-Cluster Cluster Latency Disturbances

Observing Figures 5.28 and 5.29, two intervals of perforceaare identified, in rela-
tion with the number of processors. Then, it is possible tippse two values afl,, that
correspond to each interval.

Clearly, the values measures for the latency are very higla foormal use. Then,
clearly the values possibles fdr, will be high ( In this case isl, << 1, however a case
should be with values ofl, >> 1).

In the second scenario, using the information of the Gridgfer between GDX and
Grillon clusters, is possible to estimate transfer costansivcases of network availability,
for example, by excessive use that causes congestion iesbences.

Figure 5.30 shows the bandwidth measured for a speed camyes$tthe resources,
due to a high real use in relation with the availability of thetwork. The values of the
bandwidth are low in comparison with the experiences pitesmefore, but the behavior
remains stable.

With other observations, for example, with a excessive nseod different networks,
also using the information of the GDX-Grillon transfer, thigure 5.31 appears to show
very high values of lambda and in consequence, an excessvettransfer due in this
case for the great values of the latency. The values afe predicted using the relation
between the latency, the ga@and the overheads, presented in the section 4.3.
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Grid Experience Bandwidth Worst Case
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Figure 5.30:GDX-Grillon Transfer: Bandwidth Worst Case Measurement
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Figure 5.31:GDX-Grillon Transfer: Lambda predicted for Worst Case
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Different issues for the anomaly parameter may be propoBedexample A, can
be describe as limitations of a determined network or aechire. Also, the anomaly
parameter may be useful to predict the behavior of a datafeafor an application that
currently runs between two very different networks.

In this sense, the table 5.1 is proposed to showAhevalues comparing the two
different measures presented Keraworstcase for a network of.0G B /s and anormal
case for a network of0G B/ s.

Bworst B Ap
3,39 | 3,39| 0,00
3,60 | 3,62| 0,02
3,61 | 3,63| 0,02
3,60 | 3,61| 0,01
3,53 | 3,62| 0,09
3,55 | 3,63| 0,08
3,56 | 3,63| 0,07
3,59 | 3,64| 0,05
3,61 | 3,63| 0,02
3,44 | 3,63| 0,19

'Soooxlcnm.hwml—yg

Table 5.1:4, for Worst Case 0250M B Transfer2.0GB/s .

Nevertheless the values of the, should be considereldw to be representatives in
this two cases, it shows a characteristics value that isrediske when we analyze the
transfer cost, and more, considering the disturbanceseratiency of the network, a
feature in low performance networks.

Now, following with our proposition to realistic performeg evaluation, the observa-
tion of data transfer behavior is necessary to validate pipdiaability of our proposition.
These observations in real systems is presented in the ectiars.

5.6 Observations in Real Systems

In the context of this research, it is very important to valalthe use of our model to
evaluate the performance in real systems. The reductioarmainpeters and the method-
ology techniques proposed in this work, aims to provide gui@mentable and simplistic
model to predict and performance evaluation.

5Where B is the bandwidth.
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In the last sections, different tests are presented usipgafe benchmark tool. How-
ever the observation on real systems implies the use of talsinterpretation of the
results with respect to the model.

In this chapter, the validation has been made mainly on aifspsgstem: Gedeon.
However, other cases are studied and the results of oursamale described in a special
section.

5.6.1 Gedeon

The Gedeon Project [49] is a project that search made anchgysiem between a File
System Management and a Data Base Management System iatiegaaGrid comput-
ing middleware to make data management. The project is ssidgethe bioinformatics
community needs.

The work associated with Gedeon, implies data access, symgzhtion, semantic
process, community support and so on. Figure 5.32 showsakiégn of the Gedeon
middleware in a general system of data management for twsildesuses. The data
come from instruments and are stored in specialized daesbakhe treatment of data
begins after a request and depending of this, the data atopiss only a meta-data
access or a completion data transfer.

Histology
G System _ cd Microscopy
cd objective=63x,f1.4 / filter=LP650
— -\ ages Batch Traitment
e b < —
Microscopy Ghase SwissProt GBase
e s Gedeon B0l
D Middleware o
Confocal Microscope e SwissProt o SisPr
Camera Sources p Own | Sources - cd DT_Update=10-25-2005
o Photos | | soquences | (6rid) | Base VX d GN_Name=Jon9aci
olos ¢d GN_Synonyms = SER2.5ERS
BLAST Sequences
e fil fie
, SwissProt y =) T,ea,memq
video

Base Vy

Figure 5.32:Gedeon System

In any case the data has been shared between peers and theadateement is pro-
posed in different levels, mainly in meta-data level to ioyar the performance in data
access. Figure 5.33 shows the data distribution for twaetss
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Figure 5.33:Gedeon Data Distribution

In the Figure 5.33, there are three phases for the dataldistm. First, the request
by the client, second, a meta-data access and third, theade¢éss. In each one of the
phases, different entities take part. Obviously, in the plese, the semantic cache and
in the subsequent phases the meta-data and data servetise aadord cache.

The measurement process for this real case of performanatgagion of data transfer
implies the use of monitoring tools such esdessynthetics. These codes are placed
to capture the different parameters of our proposition. nllwvee can measure the total
transfer time and estimate the paramétesing our hypothesis presented before.

The observations include the measured of gap for 4 diffeszntests, that corresponds
to 4 different sizes of responsest, 74M B, 75,3M B, 132,83M B and 150, 39M B and
4 different semantic work charges. The tests has been madediel to 30 servers, using
the GDX and Girillon clusters of the Grid’5000 platform. Thefarences?90, R60 R30
and R0 are the semantic work charge, whété represents an uniform work charge and
R90 represent80% of non-uniformity in the requests

Taking the gap as reference measured, the Figure 5.34 shewsdasured gap by the
observations in Gedeon system. Itis interesting to seethia the values of the gap with

’In fact, this type of requests are part of the general reqmérds to observe in Gedeon Project to
characterize the availability and the response time of ystes to different type of requests.
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the increase of the number of server used for all type of theasts. The blackout values
between 5 to 7 servers are very small values of gap. The ateas60 microseconds at
moment of tests.

Gedeon Gap

—+=R0

R ‘-_“-——____.
—Rb /

=7

Figure 5.34:.Gedeon Gap measured

In the Figure 5.34 is observable a relative decreased indghees of the gap. As the
size of message transferred by links are not sufficientlgptgieesaturate the network, the
values of the gap remains on low values.

Drawing on the information given by the gap, the Figure 5.88wss the bandwidth
presented in the experiences in Gedeon System. The baihdegtitnation was made for
4 different measures, in accordance with the last measuirke @ap presented in the
Figure 5.34
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Figure 5.35:Gedeon Bandwidth Measured

In the Figure 5.35 the falls of the bandwidth for th@ and R30 request, are due by
the size of the answers. They are g0, 39M B in the case of thé?0 and132,83M B
for R30

Finally, the Figure 5.36 shows the transfer estimated tiorettie last tests, using
our proposition. Indeed, the high values of time are for taagfer which implies more
guantity of bytes transferred.
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Gedeon Tests ‘Transfer Time
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Figure 5.36:Gedeon Transfer Time

In all cases, how the transfer time is affected by ghe, it exist an increase in the
values of the transfer time. However, due to the increaskeotapacity of transfer guar-
antee by the grows in the bandwidth, the transfer time detcestable values that remains
when the number of server increase to 30.

Analyzing the results of these tests in Gedeon System, weaaiude that the band-
width observed is sufficient to guarantee a stable perfocemaame when the number of
servers and clients is increased. In the same way, for &é iz transfers and all type of
the requests, the data transfer can be reduced, obviousigaising the number of nodes.

In practical terms, this experience to estimate the perdoce in terms of data transfer
using LOgW,, is interesting, because our approach allows to profit thiétfato capture
the values of the gap and make a relation with the bandwill#it,grovides information
allows the capacity of transfer of the system.

Due to the type of tests, we have not presented the values avérhead, because
they are very close to the gap values, and in any case for @asnée estimation of the
bandwidth in the use of Gedeon demands consider the gapeasneé measure. How-
ever, the overhead delays are considered in the estimdtibie transfer time, presented
in the Figure 5.36, and also the other parameters such #heclaind the number of links.
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5.7 Image Deployment

The methodology has been used in the observation of anatisescmainly in Grid
Computing applications that deliver great data set volun@se of the cases is the de-
ployment of an image in the nodes of Grid’5000 platform, ie tontext of the ANR-
MEG Project [105]. The project aims to develop applicatitmsulti scale modelling for
Electromagnetism studies in Grid platforms.

To runs the compute environments is necessary to deployrthga that contains the
MEG compute tools in several nodes. Each image contains @@approximately. This
deployment in Grid 5000 platform is made with the use of Kaldg of Ka-Tools [81].

The deployment process in one node requires 250 seconds.e\Wheportant per-
centage of the time corresponds to transmission of the iservbe node. Obviously,
when the number of nodes implied in deployment is increasdtie same cluster, the
deployment time grows reach use the maximal capacity of gteark, after this point,
the behavior remains.

In the same way, when the nodes implied are of different etssthe observations
shows the same behavior observed in the use of the benchowrkresented in the
chapter 3.1. Figure 5.37 shows the gap observed for tworéiftdransfers between two
clusters of Grid’5000, in this case Pastel cluster in Toséosite and Azur cluster in
Sophia-Antipolis site . The average of the transfer time3@ 4econds, and they are used
two MEG Images, one witB00M B and another witlh50M B. The latency was: 60
microseconds.
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Measured Gap in MEG Environement Image Deployment
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Figure 5.37:Gap measured in MEG Environment Deployment

On another hand, the bandwidth in the same transfer is pgexbanthe Figure 5.38.
Same that the experiences made with the benchmark toolatiembdth grows to a point
for 2 links and after remains stable in interval for the twoasweres betweeth 2M B/ s
and4,5M B/ s.
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Bandwidth in MEG Environment Image Deployment
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Figure 5.38:Bandwidth in MEG Environment Image Deployment

The bandwidth measures for the two transfers show an init@kease, due to de
quickly saturation of the link, scaling a most high possitéue of bandwidth for the
transfer. In the Figure 5.38, we can see that although tlfiereifce in bytes transferred,
the bandwidth has similar values. Obviously, these valvesffiected by the increase of
the gap, but as is possible to see in the Figure 5.37, the gagime stable for this type of
transfer, but with high values.

This analysis of deployment process using our approachesgsting, because allows
to observe the behavior in terms of capacity and use of theanktduring a massive data
transfer, such as the transfer of an environment image aiffiegent nodes in real time.

In the same way that the other tests, the capture of the gaps/allows to estimate
the bandwidth during the data transfer, with a minimal costifitrusiveness. Also we
can estimate the transfer cost observingthelation and also using the other parameters
we can exhibit the different delays associated with the agkwexchange, as is the case
of the overhead for example.
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5.8 Discussion

Modeling to performance evaluation of distributed envinemts, as Grid computing,
is complex. The implementation and use of the models, su@xaasriments or moni-
toring of real systems, is difficult. The utility of a model performance evaluation is
measured not only by its capacity of prediction but also bitgimlity and pertinence in
the description provided. On the other hand, the testingzahdation of this type of pro-
posals require an understanding of the utility of the matitéral formalisms of the model
and a knowledge about the platform testbed and observeriesels (What is important
or interesting to see, and Where?).

In this document we have said that communication is a ctpigacess to measure and
monitoring, moreover when the communication process iespdiistributed systems and
a necessity to observe the communications in real timepduwaicurrent use. Unfortu-
nately, oftercritical is associated witkomplex However, in order to propose a realistic
approach, useful for the performance evaluation in readtime propose a parameters
reduction and a reinterpretation of the parameters usé@g® for our needs. This ap-
proach allows to simplify the observation of the behavidentify the key parameters
and propose a methodology to implement this approach witfopeance evaluations
techniques.

The measurement techniques used give information abodathdransfer behavior in
terms of network characteristics. Precisely, this infdioraallows to estimate the capac-
ity, availability, loss and delay of the data transmissiontlee Grid computing platform
during the use of a specific application. Results of the tesisgmted here, shows the
utility of our approach, as a systematic and hybrid perspefcthat permits to develop
an analytical model applicable to data transfer on Clusteds@rids environments. Of
course, taking into account important architectural défees that affect the behavior.

Clearly, the analysis of the results permits to observe m@iffeinformation to set our
case of transfer. For example, the relation between thefganost and the size of mes-
sage transferred by link. Or, the increase of the networikigctiue to the increase of the
number of connection between nodes and also, the influertbe @ife system activity.

Even thought a model tries to cover a large range of posséses; is not possible
to build universalmodels and the limitations of use of a model must be identif@dr
proposed model does not manage fault tolerance, it alwgygoses that the delivery
message arrives to their destination and the predictionadenfor the case of parallel,
massive and simultaneous transfer in Grid computing ptai$o Evidently is possible to
treat special situations, such as the case when the daséetraccurs in a non-high band-
width network of for an use of the resources that cause dainrar congestion. A first

8In terms of theoretic and practical point of view.
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approach is to estimate the degree of the possible transfterrpations as disturbances or
anomalies.

The anomalies are identifiable as falls in the bandwidth anditical and sudden
increase of the transfer time, latency, gap or overheadesalun opposition with the
general argument of our thesis, that is not adding new pdeamaeave propose the use of
the anomaly parameter to quantify the loss bandwidth. Hewes possible to describe
the data transfer behavior without use new parameters, asithe case of the network
contention, that we can explain in terms of overheads dueg@tvironment exchanges
(Cluster-Environment to Grid Environment).

Actually, the advantages of our model proposal and theagiration with the measure-
ments permit an easy description of the data transfer behawd an efficient measure-
ment. Apparently, the descriptions proposedlhyg P or the other models are sufficient
to handle the problematic exposed, but as is presented idefxlopment of the past
discussions and how the tests shown, the representatidre afata transfer process de-
mands the use of network entities, this type of descriptsomat provided by any.og P
extensions enough.

5.9 Conclusion

The tests presented in this chapter, show the advantagbee btx;1Vp implementa-
tion for performance evaluation techniques and the impbrtdormation provided by the
modeling for various analysis. For example, we can analyeérfluence of exchange of
data using different file systems or the overhead time dukdahange of environment
cluster-grid, using real data in real time. In other word§}g\W» model offers good
possibilities to realistic performance evaluation.

However it exists limitations clearly observed in the prasd tests that suggest ad-
ditional experiments to identify the precise causes ofdhmsitations. These additional
experiments are conducted currently in the context of ddrivorks.

Furthermore, a current additional focus of research is #tielation of the model on
Grid computing simulation frameworks. This focus allowgxplore another possibilities
of the model, addressed to design of algorithms to commtiaicananagement from
theoretical assumptions.
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6.1 General Discussion

The production and consumption of large volumes of inforamain Grid computing
systems generate parallel and massive data transfershiSaype of data transfer is a
critical factor in Grid computing application performastelt implies the intensive use
of shared network resources between users, applicatiahsemices. Often, this high
use changes dynamically, involves heterogeneity and coaroy.

Then, the opportunities and capacity offered by Grid Conmgutiecome non famil-
iar in terms of efficient use. To handle this, several stiategre proposed to design
algorithms to schedule or management communication ardataess, based on formal
expressions of communication process, models and so amplemented protocols. All
with the purpose to take advantage of the resources for amalrgost. However, the
problem of the prediction remains. Then, the performaneduation appears to handle
the prediction problem.

Performance evaluation aims to describe systems to préwat behavior. Com-
monly, the Grid computing and HPC community, propose motteldescribe transfer
characteristics in terms of parallel architectures, bas€d>SA. With the different levels
identified clearly (infrastructure, resources and appbece), it is important to observe
the interactions between them, to guarantee an adequatepties of the phenomenon
(in this case, data transfer) and an good prediction.

On the other hand, we have the need to observe and predicebiaibr during the
real use of the Grid computing systems. In fact, applicatibiat runs in Production Grid
computing platforms can not be interrupted for performageauatiod. A Production
Grid computing platform guarantees a pervasive and cootisiservice, it can not be
isolated in one only application execution. A Grid compgtapplication, that runs in

1Even though advances in technology provide high capacitetwork resources and communication
protocols.
2In practical terms, because in any case an application dl@ustopped in any time but is not correct.
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these type of platforms, is in concurrence with others aed thbservation is affected
by this situation. So, the techniques of monitoring implated to observe and analyze

behaviors during eeal timeshould not be complex and they cannot add overheads due to

intrusiveness in the system in observation.

The research involved in this thesis work, propose an aipalyhodel that considers
infrastructure characteristics and application spedciboa to the specific problem of the
parallel and massive data transfer on Grid computing pla$o Of course, the utility of
the analytical model is in terms of prediction and implenaéioh in easy performance
evaluation techniques. Our proposal uses few parametarsigze the behavior and the
measurement of these parameters, as is presented befeasilisand it can be made
using synthetics codes (implemented in benchmark toolsanitor systems). Indeed,
the problem proposed is at the same time a challenge bedalsrinates the complex-
ity of the problem to guarantee implementation of the modeaihieapest performance
evaluation techniques.

Performance evaluation community classified this type pfagch asybrid point of
viewof performance evaluation [77] [90] [96] [130]. This hybpadint of view, demands
a detailed analysis of all network characteristics andsfiemnscenarios to select key pa-
rameters to provide information about the data transfeaieh Also, the model must
be simple and easily implementable. Several models consitiresting scenarios, but
for example, implies a large quantity of parameters or sifgsited mathematical mech-
anisms that hardens their implementation and limits theplieation to very particular
cases.

Our proposition has been tested and the obtained resultsgheir easiness in their
implementatiof. The collected information by the techniques implementéaivato
made descriptions of behavior in terms of capacity, avditaland use, using measures
of bandwidth, latency, transfer times, transfer delaysvben others, presented in the
content of this manuscript. Obviously, this informatiotoals to characterize the perfor-
mance of an application in a moment and take decision duinigig €xecution (increase or
decrease of resources in use, network or local platforncsete prediction of conclusion
time, bottlenecks, bandwidth loss).

3Cheap in terms of cost and intrusiveness.
4This easines$ias an additional consequence that is the low delay addéw imeasures by their low
intrusiveness cost.
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6.2 Contributions

The general contribution of this thesis is to offer an appho@® understand the influ-
ence of the network and communication characteristics pli@ions running in Grid
computing platforms that make massive and parallel datesfea on high bandwidth net-
works associated with Grid computing systems.

6.2.1 Performance Evaluation

The modelling proposed in this work provides performancaweation contributions
that permit identifying the behavior in terms of capacityaiéability and use. The mea-
surement techniques derived of the analytical model ardyeiagplemented without
adding important or non controlled workloads.

In another words, our proposition provides an easy and lplertaethodology to test
high bandwidth data transfer

The model allows a systematic approach, that in the same gamwides mechanisms
to evaluate the high bandwidth data transfer in differemirenments, taking architectural
characteristics and defined a correct performance metdegoribe each one of the mea-
sures. For example, the descriptions made about the batidayidinks or the bandwidth
in the switch, use common network measures. The variousnpeahce criteria consid-
ered permit individual and global measurements, as is ptegén the long of the chapter
5, Realistic Performance Evaluation usidg)gWV,,.

Consequently, this analytical modelling permits the desifjnew tests and experi-
ments. The measurement can be validated by another teesmaqa drop the experimen-
tal non familiar related with the complexity of the system®bservation.

Furthermore, analysis of data provided by the measuremetiiadology, allows to
identify derived factors or consequences of the measuues$, a&s contention, transfer
cost, transfer time between others.

For example, in the case of the measurement made in clustionohs, we capture
easily the values associated with the parametetgfiV, (in the same way thatLog P),
making the description of the behavior with network chagastics. Of course, the main
advantages are for the case of the Grid computing transferewve can use theOgWv,
model to treat transfer between heterogeneous platforest,the environment exchange
and estimate transfer costs, availability of the resoyrcapacity in real time, between
others characteristics.

5The termhigh bandwidthused in this work is associated with faster connections agtil tapacity of
transference.
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Finally, the measurement techniques provide here can bkeingmted in monitors,
sensors of systematic programs as benchmark tools. As saeeof the codes imple-
mented in the benchmark tool used, ttegP MPI Benchmark Multitest Toalnd in our
further modification of this benchmark tool.

In the case of the monitors, they can be considered as irvas#chanisms that add a
known workload. For the sensors, they are non-invasive ar@sims, then it is possible
to capture measures without add important workloads, andhreark tools offer possi-
bilities of comparison. The different possibilities hasbexplored in this work and the
results presented before, confirm this contribution, a®ssible to see in the chapter 5,
Realistic Performance Evaluation usidg)gWV,,.

In synthesis, we arrive to contribute with a realistic perfance evaluation technique
to treat massive and parallel data transfer on high bantiwietworks into Grid comput-
ing environments. This realistic performance evaluatmhhique is addressed to observe
in real time the data transfer behaviors during the exeouifcGrid computing applica-
tions .

6.2.2 Modeling

The modelling contribution allows to propose a descriptidrthe high bandwidth
data transfer process in terms of network characteriskies.analytical modelling begins
from theLogPfamily assumptions, and our model is an extension of the indaeppo-
sition with other extensions, in this description one pagtemis added and it proposes
a re-interpretation of the key parameters: Lateh¢yverhead), in this case takes into
account the overhead due to the environment exchange nfalply, G gap by byte for
long messages, but for us is the gapkby packet (§) of a message of sizer and the
number of processogsinvolved, for us is more important the links that intercocine
nodes of the Grid computing infrastructui&’). In consequence, characteristics as the
bandwidthB (for example using the equations 4.4 or 4.6 ) to handle datester capac-
ity, Trs to measure the influence of the File System (equation 4.18)emata transfer
process, the overhead time (equation 4.11) due to envirohexehange between others
should be estimated with several formal expressions féeréint cases, as is presented
before in this manuscript.

On another hand, interesting consequences of the modebimgibution is the defini-
tion terms as massive/intensive data transfer and highvladttd This definition presents
the high bandwidth as a bandwidth that implies the massiteetdansfer.

Indeed, massive data transfer is defined in terms of size e$ag@n transferred by
link. Then, if the message: contains a quantity of bytes greater than the underlying

60nly one, thedp, in the specific worst case of network to explain disturbance
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packet size capacity, that cut the message in— packets, the message is great. For ex-
ample, the underlying packet capacity for a TCP transfer eathéwindow transmission
size.

As the message is divided in— packets and transferred consecutively, this situation
involves a intensive data transfer. However, in practieains, the intensive data trans-
mission not depends of the size of the packages transferhews, accordingly with these
two hypothesis, the transfers analyzed in this work are iwalgstensive data transfers.

To discuss high bandwidth, in this work is proposed the hypsis of a high band-
width connection have a great capacity to transmissionsigtta In consequence, a high
bandwidth data transfer supports massive data transfasaafined in terms of this type
of transfers.

Summarizing, we propose a model based in experimental wdigars to describe and
predict parallel and massive data transfer among nodesgltire execution of applica-
tions running on Grid Computing Platforms.

6.3 Future Works

Communication process in HPC and Grid computing is an actweain of study. The
contributions offer by the results of this thesis leave mapen questions that solutions.
Our performance evaluation and prediction approach hased to limit the problematic,
however, different study proposals can be addressed.

» For Analytical Modelling, an interesting perspective he taddition of more com-
plexity, without adds new parameters. The objective isttotaer possible cases,
conserving the principle of easy implementation of the nhadperformance eval-
uation methodologies. Between the possible cases to stedypar completion
transfers that implies analysis of fault tolerance, asymebus communications,
non-collective communicants and active messages [146].

» Mathematical formalisms proposed to describe the diffetiransfer characteristics
can be used to define new entities or existing concepts. lsabe for example of
our hypothesis to define High Bandwidth, massive and intertsansfer, underly-
ing capacity, etc. Several concepts exist in Grid compuding it is necessary to
build definitions that allows to made standard descriptiosd in consequence,
these definitions may be used to identify specific networkanttaristics for exist-
ing network entities and new entities proposed

"Due for example, to technology evolution.
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Another interesting perspective, derived of the last anéhe integration in the
model of different network entities, as hon HPC nodes (swehan permanent
devices or compute nodes, instruments, specific netwoskwifaless networks) in
order to propose a more general model to explain the behtui@ny distributed

systems, such as High Throughput Computing systems, Cloud @omgisystems,

\oluntary Desktop Computing Systems.

Exploiting the possibilities of the analytical model, &mer perspective is the place-
ment of the model in a simulator framework. This approacimpesrto know math-
ematic limitations of the model and a comparison with othierthis case not only
to performance evaluation beings, also to design and géiseriof algorithms to
schedule and data management.

On another hand, an interesting possibility is use theyéioal modelling to pro-

pose models to design data-transfer algorithms that campkeimented in sched-
ulers, data managers, data transfer protocols betweersotAévays conserving
the simplicity and portability of the modelling results.

For Performance Evaluation perspective, a point impoiitathe characterization
of different protocols, architectures, network topolagand algorithm implemen-
tations to build description tables for specific platforniis information is useful
to planning infrastructure utilization or infrastructureplementations, to treat for
example, scalability and heterogeneity.

Finally, design and build monitors, sensors, tracers amthbmarking tools based
in the analytical modelling proposed in this work, provides only tools to predict
with a high degree of accuracy and portability. Also, it isgible to present new
performance measurement techniques that can be implednarmew or existents
performance evaluation tools.
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