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Abstract

Grids are semantically different from other dis-
tributed systems. Therefore, performance analysis, just
like any other technique requires careful reconsidera-
tion. This paper analyses the fundamental differences
between grids and other systems and points out the spe-
cial requirements raised to performance analysis. The aim
of this paper is to survey the special problems, the pos-
sible directions and the existing solutions. A monitoring
system, that is able to support the posed requirements is in-
troduced as an example.

1. Introduction

Although grids are usually viewed as the successors of
”conventional” distributed computing environments, in fact,
they are intrinsically, semantically different. This difference
in some cases prohibits the application of well established
distributed techniques, among them performance analysis,
in a straightforward way. In fact, it is not quite clear what
”grid performance” means. Is it the performance of the grid
infrastructure? Is it the performance of grid applications?

The scope of performance analysis comprises instrumen-
tation, measurement (monitoring), data reduction and corre-
lation, analysis and presentation and finally, system optimi-
sation. Roughly they can be divided as activities for obtain-
ing the performance data and processing the gathered infor-
mation. While there are several approaches for grid moni-
toring [1], surprisingly, very little research effort is aimed at
analysing the monitored data for getting performance char-
acteristics. In this paper latter aspect of grid performance

� The work presented in this paper was supported by IST-2000-28077
(APART-2: Automatic Performance Analysis: Real Tools) IST-2001-
32133 (GridLab: A Grid Application Toolkit and Testbed) and Hun-
garian Scientific Research Fund OTKA T042459.

analysis, its fundamental problems, their reasons, the main
directions, the solved and unsolved issues are summarised.

Obviously, there are clear challenges in grid performance
analysis due to the size of the infrastructure, its dynamism,
application complexity, and so on more or less covered in
the literature. The survey presented in this paper is based
on a semantic analysis [11] and tries to show that some per-
formance issues do not stem simply of the larger-scale dis-
tributed environment but rather, they can be explained by
the fundamental semantic characteristics.

The Mercury monitor [4] elaborated and implemented in
the framework of the GridLab project is shown as an exam-
ple where the design aimed at supporting the very special
requirements of grid performance analysis.

2. Distributed systems and grids

Distributed computing is usually carried out on top of a
software layer called middleware that virtually unifies the
resources into a single coherent hypothetic virtual machine.
In the past decade there were some very popular distributed
computing environments like PVM [5] and certain imple-
mentations of MPI [8]. They were aimed at utilising the
distributed computing resources owned by the user as a sin-
gle parallel machine. Recently however, it is commonly ac-
cepted that with the advent of high speed network technol-
ogy, high performance applications and unconventional ap-
plications emerge by sharing geographically distributed re-
sources in a well controlled, secure and mutually fair way.
Such a coordinated worldwide resource sharing requires an
infrastructure called grid.

A conventional distributed environment assumes a pool
of computational nodes. A node is a collection of resources
(CPU, memory, storage, I/O devices, etc.) treated as a sin-
gle unit. The pool of nodes consists of PCs, workstations,
and possibly supercomputers, provided that the user has
personal access (a valid login name and password) on all
of them. From these candidate nodes an actual virtual ma-
chine is configured according to the needs of the given ap-



plication. In general, with a few exceptions, once access has
been obtained to a node of the virtual machine, all resources
belonging to or attached to that node may be used with-
out further authorisation. The virtual pool of nodes is static
since the set of nodes on which the user has login access
changes very rarely. Although there are no technical restric-
tions, the typical number of nodes in the pool is of the order
of 10-100.

Grids assume a virtual pool of resources rather than com-
putational nodes. The virtual machine is constituted of a set
of resources taken from the pool. In grids, the virtual pool
of resources is dynamic and diverse where resources can be
added and withdrawn at any time according to their owner’s
discretion, and their performance or load can change fre-
quently over time. The typical number of resources in the
pool is of the order of 1000 or more. Due to all these rea-
sons the user (or any agent acting on behalf of the user) has
very little or no a priori knowledge about the actual type,
state and features of the resources constituting the pool.

The virtual machine of a conventional distributed appli-
cation is just a different view of the physical layer and not
really a different level of abstraction. Nodes appear on the
virtual level exactly as they are at physical level, with the
same name, capabilities, etc. There is an implicit mapping
from the abstract resource needs to the physical ones be-
cause once the process has been mapped, resources local on
the node can be allocated to it. Users have the same iden-
tity, authentication and authorisation procedure at both lev-
els: they login to the virtual machine as they would to any
node of it.

On the contrary, in grid systems both users and resources
appear differently at virtual and physical layers. Resources
appear as separated entities from the physical node at the
virtual pool. A process’ resource needs can be satisfied from
various nodes in various ways. There must be an explicit as-
signment provided by the system between abstract resource
needs and physical resource objects. The actual mapping
of processes to nodes is driven by the resource assignment.
Similarly, a user of the virtual machine is different from
users (account owners) at the physical levels. In a grid a
user has a valid access right to a given resource proven by
some kind of credential. On the other hand, she is not autho-
rised to log in and start processes on the node to which the
resource belongs. A grid system must provide a functional-
ity that finds a proper mapping between a user (a real per-
son) who has the credential to the resources and on whose
behalf the processes work, and a local user ID (not necessar-
ily a real person) that has a valid account and login rights on
a node. The grid-authorised user temporarily has the rights
of local user for placing and running processes on the node.

Thus, in these respects, the physical and virtual levels are
completely split but there is a mapping in grid between re-
sources and users of the two layers. According to [11] these

two fundamental features of grid called user and resource
abstraction constitute the intrinsic difference from other dis-
tributed systems. In [11] a formal model is presented where
precise definition of the abstraction and the working cycle
of conventional environments and grids are introduced.

3. Grid performance analysis

3.1. What is grid performance at all?

Historically, performance is simply speed. The funda-
mental and ultimate goal of parallel processing is speed-
ing up the computation, i.e. execute the same task in shorter
time. Unifying distributed resources may have two goals:
provide more resources than available locally (quantitative
reason) or provide more special resources than available lo-
cally (qualitative reason). In the former case resources may
be unified to gain speed or to execute significantly larger
and more complex problems in the same time frame. In the
latter, quality oriented case performance is not related to
speed at all rather to resource quality and availability.

The motivations, the type of applications and thus, the
aspects of performance evaluation may be different at judg-
ing the performance of grid applications. Instead of purely
concentrating on the speed and speedup, grid performance
evaluation is more about examining the assignment of pro-
cesses to resources over time with respect to required and
provided power, capacity, quality, availability and so on
and evaluating its appropriateness. For instance, which is a
better performance: a powerful supercomputer solving the
problem in a few minutes available tomorrow or a clus-
ter working for half a day but available right now. In other
words, it should be analysed how well the actual virtual ma-
chine is built up of selected resources (just like in case of
conventional distributed systems) however, the grid virtual
machine does not exist prior to execution and very likely, it
will not exist a second time in exactly the same form with
the same characteristics. The aim is to find the ”best” re-
sources for a certain execution and check if a resource sus-
tains its ”best” qualification during execution but the defini-
tion of ”best” varies from application to application. Future
grid implementations will include accounting mechanisms
too, therefore, it will be also an aspect at evaluation what the
price is for a certain performance and quality. There have
been economic models already that try to solve resource
brokering based on economic models [6] thus, yielding a
self-controlled balance between price and the quality of of-
fered services.

3.2. Why is it hard to evaluate grid performance?

Usual performance analysis techniques are not necessar-
ily applicable for grids in a straightforward way since the



performance of a virtual machine should be analysed while
certain physical characteristics can be measured only.

The user utilises a virtual machine and tries to get an
answer if the execution speed is acceptable, if the ma-
chine provides the anticipated capacities, if the application
is well designed, realised and mapped, if there are no abrupt
changes in the progress and so on. On the other hand, there
are physical characteristics about certain resources forming
the virtual machine. These physical metrics are sometimes
hard if not impossible to compare, combine and calculate
the performance metrics for the virtual level.

As it was introduced, grids and conventional distributed
systems, more precisely, the way how these environments
form virtual machines are semantically different that im-
plies technical differences, too [11]. Both the semantic and
the technical aspects appear at listing the challenges of per-
formance evaluation.

1. Observation, comparison and analysis are significantly
more complex due to the diversity, heterogeneity and
dynamic nature of the resources that form a virtual ma-
chine.

2. Grid applications are executed on a virtual machine
that does not exist prior to execution. Due to the lack
of exact a priori information about the abstract ma-
chine, performance is not characteristic to an applica-
tion rather to the interaction of an application and the
selected resources, i.e. subset of the infrastructure.

3. The fact that grid provides a mapping between abstract
and physical resources and this mapping is performed
on dynamic and diverse entities introduces more possi-
ble performance flaws than in conventional distributed
systems. Their characteristic symptoms must be de-
fined in order to detect them at performance analysis.

4. Usual metrics and characteristic parameters are not
necessarily applicable or not sufficiently expressive for
grids. It is also a question if resource characteristics do
have meaning at the virtual level. Novel and emerging
grid applications possibly need different terms of per-
formance.

5. The significantly larger event data volume needs care-
ful reduction, feature extraction and intelligent presen-
tation. For the same reason, instead of gathering trace
data, there is a need for local preprocessing. Due to the
larger information content and longer runs, human ob-
servation is less effective and feasible than advanced
automatic analysis.

6. The infrastructure thus, the execution environment
changes dynamically from run to run and possibly
during a run. Therefore post-mortem, off-line analy-
sis techniques have less use than on-line, semi on-line
ones.

7. Performance tuning and optimisation is difficult due
to the permanently changing environment and unre-
peatable experiments. The only way to effective con-
trol performance is on-line active steering.

In the followings some of these issues are explained in
details.

3.3. Potential performance problems in grids

The performance problems in parallel/distributed sys-
tems have been well studied [9]. All those problems of
parallel/distributed systems are present in grid applications,
too. Grid applications however, can have further sources of
performance degradation:

� The resource requests of the processes can be satisfied
in many ways. It is the task of an external (wrt. to the
application) agent (e.g. broker) to establish a proper
mapping between the specified resource needs and the
available physical resources. The performance is sub-
stantially determined how appropriate (wrt. specifics,
availability, performance, price, etc.) resources are as-
signed to the processes.

� Some performance characteristics of the utilised re-
sources may change over time (e.g. changes in load,
priorities, availability, etc.) The fact that resources are
shared may induce frequent, abrupt and unpredictable
changes.

� The synchronous availability of resources is not guar-
anteed. Co-allocator agents may help with eliminating
this problem yet, it cannot be assumed all the requested
resources are available at startup. The availability may
change during execution, too. Embarrassingly parallel
applications are completely insensitive to this problem
whereas a number of application classes may suffer se-
rious performance degradation if one of their processes
is starving.

The exhaustive list of potential performance problems of
grid applications together with their characteristic symp-
toms has not been explored and need extensive practical
experimenting. Grid performance analysis should focus on
the specific grid related problems assuming that other sorts
of possible performance bottlenecks have been tested and
eliminated in smaller-scale tests on parallel computers or
clusters.

3.4. Performance metrics, performance character-
isation

Although one can simply speak about high or low perfor-
mance in fact, performance of an application has many as-
pects and it depends on many possible parameters like CPU



power, network speed, cache efficiency, scheduling policies,
communication scheme and various others.

Performance metrics are derived from raw event trace,
profiling or other data produced by the monitoring sys-
tem. A metrics as a quantity must be comparable, inter-
pretable and must have expressive power. For instance, [16]
lists the following performance metrics: percentage usage
of CPU as idle, in user mode and in kernel mode, number of
CPU context switches, number of interrupts, number of sys-
tem forks, logical/physical disk reads, logical/physical disk
writes, network packets received, network packets sent. In a
single parallel system these quantities are comparable, they
can be interpreted within the architectural framework and
have enough expressive power to decide whether a given
performance figure reaches the desired threshold. As soon
as heterogeneity is introduced into the virtual machine and
grids are ab ovo heterogeneous, some of these metrics loose
their meaning. A metrics, e.g. 65% CPU idling, cannot be
interpreted without an architectural framework. The diver-
sity of grid resources make it necessary to establish uniform
grid metrics where interpretation and comparison are possi-
ble.

The problem is related to the semantics of the grid: grid
resources are virtualised, therefore grid metrics should be
separated from physical metrics and represent a higher level
of abstraction.

From performance metrics characterisation of appli-
cations are possible. For instance, the most simple and
straightforward characteristic parameters of a parallel ap-
plication are speedup, efficiency, parallelisability and
granularity. These values give sufficient information to de-
scribe the application globally. These parameters can be
applied in conventional distributed environments how-
ever, they are not really useful in grids. The running en-
vironment, the utilised resources change from run to
run and even more, possibly during a single run. There-
fore strict numerical values cannot describe an applica-
tion globally. Speedup, for instance, in the usual sense is
not descriptive for a grid application consisting of paral-
lel tasks.

3.5. Benchmarking

Benchmarks are aimed at comparing the capabilities of
computer systems. Detailed features of computers (e.g. pro-
cessor architecture, cache management, etc.) can hardly be
compared or evaluated to decide which one is ”better”.
Solving a well defined set of problems, i.e. benchmarks on
these machines can do this comparison. A single benchmark
can give an overall judgement for the system and hides the
low level details. A well selected set of benchmarks (i.e.
each is sensitive to some of those hidden details), on the

other hand, can point out the weakness and the power of a
certain system.

Applying the original benchmark philosophy for grids
however, may be misleading due to the following reasons:

� The actual virtual machine is composed of the selected
resources according to some criteria and does not exist
prior to execution. Therefore, the result of benchmark-
ing is representative for that particular virtual machine
and not for the entire grid.

� The virtual machine is not necessarily the same for ev-
ery consecutive run. Even if the same resources are se-
lected, the characteristics of the resources may change
abruptly.

� From the benchmark result of an application one can-
not predict the performance of future runs of the same
application.

� From the benchmark result of a certain virtual machine
(i.e. a subset of resources) one cannot estimate the per-
formance of the grid (grid in this sense is the entire vir-
tual pool).

3.6. Interaction of application and infrastructure

Obviously, performance is determined by the application
and the computing infrastructure. In a usual way however,
the monitoring and analysis of the physical resources is typ-
ically omitted since its main characteristics are well known
to the user and their changes are less substantial and can
be traced easily. This is not the case for grids. Performance
evaluation in grid can be carried out by taking into consid-
eration both the characteristics of the application and the in-
frastructure and their changes over time.

This problem of dynamic computational substrate has
been expressed as “The performance sensitivity of current
parallel and distributed systems is a direct consequence of
resource interaction complexity and the failure to recognize
that resource allocation and management must evolve with
applications, becoming more flexible and resilient to chang-
ing resource availability and resource demands” [14].

3.7. Trace data

Usual analysis techniques assume an (partially) ordered
list of events that relies on a (virtual) global common clock.
“The implementation constraints for profiling, counting, in-
terval timing and event tracing all differ, yet they have cer-
tain common implementation needs. Of these, the most
important is a high-resolution, low-overhead global clock.
Without a high-resolution global clock, it is not possible to
correlate events that occur on disparate processors.” [12].



The clocks of distributed systems can be synchronised pro-
vided that messages between two nodes have the same prop-
agation time, messages arrive in the same order as they are
sent, etc. In such cases the precision of clock synchronisa-
tion is in the magnitude of communication time which is
acceptable in case of a cluster. In a grid however, one can-
not made such assumptions since, clocks are either coarsely
synchronised or should be assumed that they are not syn-
chronised at all.

One of the crucial issues in performance analysis is han-
dling high volume of trace data. It either represents a tech-
nical challenge: how it can be gathered, sorted, transfered,
stored, etc., and a semantical one: how the relevant data
items can be isolated and how the performance features can
be observed from the data. This issue exist in a more severe
form in grids due to the (potentially) significantly larger
number of resources and processes. The volume of trace
data is proportional to the number of processes

�
, the di-

mension of performance metrics � and time � . There are
two statistical approaches for trace data reduction: cluster-
ing tries to reduce

�
, whereas projection reduces � .

The aim of dynamic statistical clustering [12][10] is
finding processes with similar temporal performance trajec-
tories, i.e. identifying behavioral equivalence classes. Af-
ter clustering performance data for representative processes
must be recorded in each equivalence class or cluster (and
data for those processes that are out of any cluster) [10].

Dynamic statistical projection pursuit, on the other
hand, identifies interesting performance metrics (dimen-
sionality) and in turn can dramatically reduce data volume
and perturbation [16]. If performance is described in an n-
dimensional metrics space, projection pursuit identifies a
smaller set � of orthonormal vectors. The largest compo-
nents of these projection vectors represent the most success-
ful (significant, interesting) metrics.

In a grid environment however, due to the inhomogene-
ity of the utilised resources even processes executing the
same code may differ significantly and have different per-
formance characteristics that may jeopardise the effective-
ness of clustering. On the other hand, projection pursuit is
able to show the significant differences of traces of equiv-
alence classes separated by a clustering procedure. In this
respect the two methods are complementary.

The data volume can be reduced with respect to the � pa-
rameter, too. A continuous quantity is transformed into a
metrics by sampling. Obviously, lower sampling frequen-
cies can reduce the data volume. Alternatively, the mea-
sured quantity over a certain time frame or a certain num-
ber of samples can be represented by some statistical prop-
erties, e.g. mean, median, minimum or maximum values,
etc. that also yields data reduction.

3.8. Optimisation, performance tuning

The aim of performance analysis of parallel programs is
to enhance their performance by (partly) rewriting the code,
modifying some algorithms or the compiler. Thus, the re-
sult of a performance analysis will appear in future runs of
the same application. Due to the non-replayable property of
a grid application, this approach is not viable on a grid. “[...]
this a posteriori tuning model is ill-suited to complex, mul-
tidisciplinary applications with time varying resource de-
mands that execute on heterogeneous collections of geo-
graphically distributed computing resources.” [13].

Instead, there are two alternatives for grid applications:
active, on-line real-time performance tuning, steering or
modifying the strategy how the virtual machine is built up.
The former approach can improve the performance of the
application during the same run. The latter does not im-
prove the performance of the actual application but can im-
prove the average performance of future executions.

Interactive steering of programs is the on-line configu-
ration by algorithms or by human users, with the purpose
of affecting the program’s performance or execution be-
haviour [7]. Steering may comprise of automatic configu-
ration of small program fragments, adaptation of program
components in real-time applications or application specific
actions like changing the decomposition geometry, shifting
the decomposition boundaries or replacing expensive oper-
ations with less accurate ones [7].

4. The Mercury monitor

Performance analysis requires a monitoring entity that is
able to provide necessary data related to the execution. As it
was shown before, the semantical difference between grids
and conventional distributed systems poses special prob-
lems. In the following the Mercury monitor is introduced
as an example and its special features are highlighted that
can support high level analysis. Details about Mercury and
its implementation can be found in [4][2][3].

The Mercury monitor has a layered structure (see Fig-
ure 1) consisting of Local Monitors (LM), Main Monitors
(MM) and Monitor Service (MS). At the lowest level sen-
sors connected to processes (P) get actual measured data
that is gathered by LMs for a single node. This producer-
consumer relationship is then repeated at LM-MM and
MM-MS levels allowing the separation of local and grid
metrics. Local metrics are those that are directly measured
on a resource and are highly dependent on the physical pa-
rameters. They can be transformed by MMs into metrics
that are interpreted within a site and these metrics can be
further transformed into grid metrics by MS. The layered
structure also allows preprocessing specific to each level. In
such a way raw trace data are not necessarily presented to
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Figure 1. Architecture of the Mercury monitor

the user rather, filtered, extracted and uniform information
is transfered to higher levels. Realisation of sensors may be
resource and site specific allowing the most suitable data
reduction and transformation. The Mercury monitor is able
to monitor both the infrastructure and the application [2]
thus, can support the co-analysis of these entities. Applica-
tion monitoring poses special requirements since these enti-
ties may reside on different sites, may migrate and are vul-
nerable.

The Mercury monitor specifies an architecture but it is
flexible to handle the dynamic and heterogeneous nature
of grids. For instance, sensors and actuators can be easily
added to the monitor according to local needs, and simi-
larly, the realisation of LM and MM can be node and site
specific. The aim is to provide a transparent and control-
lable service for the user at the MS interface.

The key ideas in the architecture of Mercury with respect
to the challenges of grid monitoring are summarised in the
followings.

1. Simultaneous monitoring of the application and the in-
frastructure. In grid environments it is crucial that the
infrastructure can fundamentally determine the perfor-
mance. Therefore, resource or job monitors alone are
not sufficient to solve a complex performance analysis.
The notion of sensors is independent of the entity they
are measuring and therefore, Mercury supports moni-
toring both resources and jobs however identifying the
jobs at different levels needs support as follows.

2. Conversion between virtual and physical levels. Pro-
cesses are identified locally by the operating system by
process identifiers (PIDs). The local resource manage-
ment system (LRMS) controls jobs running on hosts

belonging to a grid resource. It allocates hosts to jobs,
starts and stops jobs on user request and possibly
restarts jobs in case of an error. The LRMS identifies
the job it manages by a local job identifier (LJID).

To monitor a job the relation between LJIDs and
PIDs must be known. This is required because some
metrics (e.g. CPU usage and low level performance
metrics provided by hardware performance counters)
are only available for processes, while other metrics
(such as high level job status) can only be get from
the LRMS by the LJID. The LRMS is the only com-
ponent that has all the information about which pro-
cesses belong to a job, thus it should have an interface
for the monitoring system to provide the mapping be-
tween PIDs and LJIDs to support monitoring. In prac-
tice however, current LRMS implementations usually
do not provide such an interface thus another way to
get the mapping between PIDs and LJIDs is necessary.

The jobmanager in Figure 1. represents the grid ser-
vice, which allows grid users to start jobs on a grid re-
source. The easiest and most secure way to identify
processes belonging to a job is to start each job under
a different user account distinct from accounts used by
other currently running grid jobs. A free user account
can be taken from a pool of accounts that are reserved
for running grid jobs. In this way, processes of a job
can be identified by the user ID.

The jobmanager also allows the user to control
the execution of the job. To reference jobs started by
the jobmanager yet another identifier the grid job ID
(GJID) is used. The jobmanager maintains the map-
ping between GJIDs and LJIDs and must provide an
interface for the monitoring system to get this infor-
mation together with the user ID that is assigned to this
job. The multi-level setup of the monitoring system is
useful for making this mapping transparent. When a
grid user connects to the MS and requests monitoring
of a grid job by a GJID, the MS can convert the GJID
to a LJID and pass it to the MM. The MM then con-
verts the local job ID to a user ID and passes it to the
appropriate LMs that take the actual measurements.

3. Grid metrics. As it was introduced in 3.4, measurable
quantities may have different meaning at physical and
virtual levels. An early report on Mercury [3] proposes
the separation of local and grid metrics. Local metrics
are those that are directly measured on a resource and
are highly dependent on the physical parameters while
grid metrics are derived from one or more local met-
rics by applying a specific, well defined algorithms to
them. The layered structure of Mercury and the mon-
itoring agents make it possible to separate grid met-
rics form the physical characteristics of the resource.
Note, that Mercury does not specify any metrics just



provides a framework where they can be defined and
transformed.

4. An infrastructure for data preprocessing. Similarly to
the support of grid metrics, where the meaning of data
is transformed, any other sort of data processing can
be introduced in Mercury. In such a way the raw data
got from the sensors can be completely hidden from
the user by highly structured, processed information.

5. Active steering. Monitoring is an information flow
from the sensors to the users. If this flow is reversed,
control can be propagated from user to the components
of the monitoring system or to the actuators at the low-
est level. The flexible structure of Mercury allows the
addition of any specific actuator and control flow.

5. Related work

This paper aimed at summarising the special problems
and requirements of performance analysis in grids based on
a semantic approach. These issues have appeared in other
works yet, there is no system or proposal that has solved all
of them. The existing solutions are surveyed here.

The application signature model presented in [18] intro-
duces the application intrinsic metrics solely dependent on
the application code and problem parameters that expresses
the demands the application places on resources. The appli-
cation signature is a trajectory in the n-dimensional metric
space. The achieved application performance is represented
by the execution metrics and the execution signature is a tra-
jectory in the execution metric space the application traces
through. The execution metrics reflects both the application
demands on the resources and the response of the resources
to those demands. Such signature scheme has been devel-
oped for CPU and network performance. Although they ad-
dress well the problem of application and infrastructure co-
analysis, these metrics are just one of the possible divisions
of performance to application signature and a scaling fac-
tor.

There is no solution for universal grid metrics. The most
advanced proposal suggests that instead of strict and exact
numerical values, less rigorous symbolic control could be
adequate for grids: “Although sensors provide the quanti-
tative data needed [...], our experience [...] has shown that
qualitative data on current and future resource demands is
an effective complement” [14]. Autopilot uses qualitative
data (fuzzy values) for interactive steering but does not ad-
dress explicitly the possibility of qualitative or symbolic
metrics.

The proposal for grid benchmarking in [15] has two im-
portant findings:

� Grid applications have necessarily a different structure
than the conventional distributed ones. According to

the workflow idea grid applications are composed of
larger chunks of computation and there is a data or con-
trol dependency between them.

� The Computationally Intensive Grid Benchmarks
(CIGBs) try to grasp those details of a grid infras-
tructure that are relevant from performance point of
view. In this way this set is able to detect and spot var-
ious performance problems.

Yet, the application of grid benchmarks is questionable
as it was explained in 3.5.

Autopilot realises dynamic optimisation by integrating
instrumentation with resource policies and decision pro-
cedures [17]. Distributed sensors capture quantitative ap-
plication and system performance data. Software actua-
tors can enable and configure application behaviour and re-
source management policies. Both sensors and actuators are
placed into the source code. Actuators at run time are con-
trolled by fuzzy logic decision procedures based on the per-
formance sensor data. The quantitative performance data
is transformed by the qualitative behavioral classification
tools based on hidden Markov models and neural networks
to describe certain behaviour patterns. Applicability of Au-
topilot has been tested at realising a Portable Parallel File
System (PPFSII) [17]. On-line program steering assumes
that application builders write their code such that steering
is possible, users provide performance information neces-
sary for steering decisions, the latency of such information
is less than the required rate of steering [7]. This assumption
however, does not hold for grid applications at the present.

6. Summary

The aim of this paper is to survey the possible challenges
of grid performance analysis above the monitoring level,
the existing solutions and possible directions. First the fun-
damental semantical differences of conventional distributed
systems and grids were discovered. Due to these fundamen-
tal differences, usual approaches do not necessarily work or
are not effective in a grid environment. Grids open a way
for novel applications and their diversity makes it necessary
to redefine performance. Accordingly, performance metrics
and performance characterisation have a new dimension,
too. The heterogeneity and the dynamics of the infrastruc-
ture, the large number of resources and processes, the lack
of any a priori knowledge about the virtual machine poses
technical challenges that were listed in this paper. There are
some approaches to tackle with some of these problems but
there are no existing systems that have addressed all these
issues. These high level analysis issues must be supported
at a lower level by monitors. The Mercury monitor was in-
troduced as one of the example systems that is capable of
supporting the requirements of grid performance analysis.
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