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Abstract— Resource reservations in advance are a
mature concept for the allocation of various resources,
particularly in grid environments. Common grid toolkits support advance reservations and assign jobs to
resources at admission time. In such a distributed
environment, it is necessary to develop carefully tailored failure recovery mechanisms that provide seamless transparent migration of jobs from one resource to
another. As the migration of running jobs is diﬃcult,
an important issue in advance reservation, i.e., planning
based, management infrastructures is to determine the
duration of a failure in order to remap jobs that are
already allocated to a currently failed resource but
not yet active. As shown in previous work, underestimations of the failure duration and as a consequence
the remapping of too few jobs results in an increased
amount of job terminations. In order to overcome
this drawback, in this paper we propose a load-based
computation of the jobs to be remapped. A centralized
and a distributed version of the strategy are presented,
showing it is not necessary to have knowledge beyond
the local allocation on the failed resource. The loadbased strategy achieves to eﬀectively remap jobs while
avoiding - inevitably inaccurate - estimations of the
failure duration.

I. Introduction
The use of advance reservations in Grid computing
environments has many advantages, especially for the
co-allocation of various resources. Grid research moves
its focus from the basic infrastructure that enables the
allocation of resources in a dynamic and distributed environment in a transparent way to more advanced management systems that accept and process complex jobs
and workﬂows consisting of numerous sub-tasks and, e.g.,
provide guarantees for the completion of such jobs. In this
context, the introduction of service level agreements (SLA)
provides ﬂexible mechanisms for agreeing on the qualityof-service (QoS) provided by various resources, including
mechanisms for negotiating SLAs [1]. The introduction
of SLAs introduces prices for resource usage and also
implies ﬁnes must be paid when the assured QoS is not
met. Depending on the scenario, this may be, e.g., a
missed deadline for the completion of a sub-job in a
workﬂow. Consequently, the deﬁnition of SLAs demands
for control over each job and its required resources at any
stage of the job’s life-time from the request negotiation to
the completion. An example for a resource management
framework covering these aspects is the virtual resource
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Example: grid application with time-dependent tasks.

manager architecture described in [2]. An application is
depicted in Fig. 1.
One important aspect in this context is the behavior
of the management system in case of failures. While
current research mainly focused on recovery mechanisms
for those jobs that are already active, in advance reservation environments it is also necessary to examine the
impact of failures onto admitted but not yet started jobs
or sub-jobs, i.e., parts of workﬂows. In contrast to the
sophisticated and diﬃcult mechanisms needed to deal with
failures for running jobs, e.g., checkpointing and migration
mechanisms, jobs not yet started can be dealt with in a
transparent manner by remapping those aﬀected jobs to
alternative resources.
Based on previous work in this area, which showed
it is necessary to deal with these aﬀected but not yet
active jobs, in this paper we present a novel, load-based
approach that has the advantage of adapting to the actual
load situation and remapping aﬀected jobs accordingly.
The adaptiveness is the main feature as it relieves the
management system from introducing estimations which
are unreliable and may result in considerably increased
amount of terminated jobs.
We present a centralized and a distributed version of
our basic load-based algorithm. As global knowledge about
the load situation in the whole Grid may be inaccurate
or generally not available, it is necessary to rely on locally available load information in order to remap jobs.
The distributed version of the remapping strategy follows
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II. Related Work
Planning based resource management systems are
widely used in the area of grid computing. Advance reservations are an important allocation strategy, widely used,
e.g., in grid toolkits such as Globus [3], as they provide
simple means for planning of resources and in particular
co-allocations of diﬀerent resources. Besides ﬂexible and
easy support for co-allocations, e.g., in case complex workﬂows need to be processed, advance reservations also have
other advantages such as an increased admission probability when reserving suﬃciently early, and reliable planning
for users and operators. In contrast to the synchronous
usage of several diﬀerent resources, where also queueing
approaches are conceivable, advance reservations have a
particular advantage when time-dependent co-allocation
is necessary, as shown in Fig. 1. Support for advance
reservations has been integrated into several management
systems for distributed and parallel computing [4], [5]. In
[2], advance reservations have been identiﬁed as essential
for a number of higher level services, such as SLAs. The
focus of this paper is on the requirements for dealing
with failures and outages of resources that are reserved
in advance.
In the context of grid computing, failure recovery mechanisms are particularly important as the distributed nature of the environment requires more sophisticated mechanisms than needed in a setting with only few resources
that can be handled by a central management system.
In general, failure detection and recovery mechanisms
focus on the requirements to deal with applications that
are already active. The Globus heartbeat monitor HBM
[4] provides mechanisms to notify applications or users
of failures occurring on the used resources. The recovery
mechanisms described in this paper can be initiated by
the failure detection of the HBM. In [6], a framework
for handling failures in grid environments was presented,
based on workﬂow structure. The framework allows users
to select diﬀerent failure recovery mechanisms, such as
simply restarting jobs, or - more sophisticated - checkpointing and migration to other resources if supported
by the application to be recovered. The diﬀerent recovery

mechanisms are discussed and compared. However, the
framework can only be used for the recovery of active applications, inactive applications that are already assigned
to resources but not yet started are not taken into account.
In [7], the basic requirements and opportunities for
failure recovery in planning based resource management
systems have been examined. In particular, it was shown
that remapping admitted but not yet active jobs is essential in order to reduce the number of terminated jobs. It
was also shown that when exact knowledge of the actual
duration of a failure is available and any jobs commencing during this interval are remapped, the best results
in terms of termination probability and overall resource
utilization are achieved. However, estimations of the actual
downtime are a questionable approach as these estimations
are inherently unreliable and underestimations lead to a
signiﬁcantly higher termination ratio than possible with
exact knowledge. In this paper, we extend the approach of
remapping in advance from [7] and provide strategies that
determine the remapping interval depending on the actual
load on the available resources in the grid rather than on
estimations which cannot be expected to be accurate.
III. Problem Definition
In this section the properties of advance reservation
systems are described as well as diﬀerent aspects related
to the problem of remapping jobs in case of failures.
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A. Properties of the Advance Reservation Environment
request

available
resources

this approach whereas the centralized version requires
knowledge about the status of any of the resources in the
Grid. It can be shown, that both versions efectively remap
the aﬀected ﬂows and achieve similar performance than
possible with exact knowledge of the failure durations.
The remainder of this document is organized as follows:
ﬁrstly, related work important for this paper is outlined.
After that, the problem is described, including the properties of the advance reservation environment and the necessary assumptions and conditions to apply our approach.
Following that, the load-based approach for remapping
jobs is presented. In Sec. V, the strategies are evaluated
using extensive simulations, showing the eﬀectiveness of
our approaches. Before the paper is concluded with some
ﬁnal remarks, we present the application of the load-based
approach in an actual resource management system.

slot

allocated resources
of admitted requests
time

book-ahead interval

Fig. 2.

Advance reservations: status about future utilization

Advance reservations are requests for a certain number
of resources during a speciﬁed period of time. In general,
a reservation can be made for a ﬁxed period of time in
the future, called book-ahead interval (see Fig. 2). The
book-ahead interval is divided into slots of ﬁxed size, e.g.,
minutes, and reservations can be issued for a consecutive
number of slots. The time between issuing a request
and the start time of the request is called reservation
time r. In contrast to immediate reservations which are
usually made without specifying the duration, advance
reservations require to deﬁne the stop time for a given
request. This is required to perform reliably admission
control, i.e., to determine whether suﬃcient resources can
be guaranteed for the requested period. As depicted in
Fig. 2, this approach requires to keep the status of each
resource, i.e., information about future requests which are
already admitted, for the whole book-ahead interval.

3

In this environment, failure recovery must not only
handle active jobs, but also those which are admitted but
not yet started, so-called inactive jobs. This means that
the aﬀected inactive jobs have to be remapped in advance
to another matching resource. As the timing parameters
start and stop time were speciﬁed during the admission,
jobs can only be moved to another resource but not in the
temporal dimension.
The beneﬁts of remapping in advance are shown in [7].
As the end of the failure will be usually unknown it is not
easy to decide which active jobs on the resource have to
be taken into account for remapping. This paper presents
a downtime independent approach to decide this question
based on the actual load situation.
B. Implications of the Environment
In order to implement failure recovery mechanisms in
the advance reservation environment, it is necessary to
consider the types of available resources, i.e., resource
heterogeneity or homogeneity play an important role.
Whenever identical hardware and software infrastructure
is available - including a wide range of properties such as
processor type, cache sizes, operating system version, or
libraries - mapping an inactive job to another resource is
relatively simple. It may be even possible to migrate a
running job, e.g., with support from checkpointing mechanisms, some systems provide libraries for that purpose
[8].
However, in a heterogeneous environment the same task
is more complex and diﬃcult, even mapping inactive jobs
to a diﬀerent resource, e.g., cluster, may have consequences
on the run-time of the respective processes and hence,
must be considered. For example, mapping a job from a
2 GHz processor to a 1 GHz processor will increase the
overall execution time. In such an environment, the migration of running jobs is even more diﬃcult. Consequently,
in the context of this study active jobs are considered
to be not remappable. For many resource types, such as
cluster systems or parallel computers, such functionality
lacks completely or has to be implemented explicitly by
the application. However, this assumption is not crucial for
the usage of our approach or the success of the remapping
strategy itself.
Furthermore, we consider a homogeneous environment
with resources of at least very similar hardware and software infrastructure, such that jobs can be executed on any
of the available resources. Because of the known problems
with multi-site applications, we assume in the following
that jobs cannot be split among several resources. An
example for an actual application environment of our
approach is given later in Sec. VI.
C. Distributed Environment
A Grid environment is usually seen as the composition
of resources owned by diﬀerent organizations. In such
an environment it is unlikely to initiate a centralized
control structure or to have all information on the system

states available. Besides organizational reasons concerning
information hiding and control autonomity also technical
reasons to minimize the complexity state for a distributed
implementation of such an environment.
In the distributed case the environment is divided into
domains. Within each domain an autonomous control system is installed, which handles for example the admission
control as well as the failure recovery described in this
paper. The number of resources in the domain is as low as
it is needed to deploy such a domain-wide control system,
even one resource can build up a domain.
When a request is submitted to a domain, it will be
mapped to a resource in the domain. In the case not
enough resources are available in the domain for the
requested time, the request will be distributed to other
domains. This mechanism is realized in our application
framework described in Sec. VI.
The admission control can be done using only domain
speciﬁc information, how a failure recovery can be done
using only the limited information available is analyzed in
this paper.
IV. Load-Based Remapping Algorithm
In this section, our novel load-based remapping approach is presented. We show how the algorithm works
in an environment with global knowledge and propose
a modiﬁcation of it which can be used in a distributed
environment.
A. Downtime-Independent Remapping
As shown in [7], predictions of the actual downtime
are critical, as the downtime cannot be accurately anticipated. Underestimations in this case lead to a drastically
increased number of terminated jobs. In contrast to a
prediction, the general approach employed in this paper is
to identify and remap jobs which are unlikely to be safely
remapped at any later point in time. For that purpose,
in each time slot throughout the duration of the failure
a remapping interval is calculated. The length of this
remapping interval is independent of the actual downtime,
which is unknown in the system.
As described before we do not deal with the mechanisms
to recover already active jobs on the broken resource. So
we assume, that all jobs which have been running are
terminated as the failure occurs.
All jobs using the broken resource within the remapping
interval are considered for remapping. In the case of global
knowledge the central management system searches for
another resource with suﬃcient free capacities for this job.
If the remapping is not successful, the job remains on the
failed system until its start time since the failure may have
ended until then, otherwise the job will be terminated. All
other jobs are not remapped, even if they are assigned to
the currently broken resource.
The failed resource is blocked for the remapping interval
only. This means, new reservations for time slots after
the remapping interval can be booked on the currently
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Fig. 3. Examples for the usage of the remapping interval during
a resource downtime for two diﬀerent time slots t1 (above) and t2
(below).

broken resource and are remapped later if necessary. The
remapping approach is illustrated in Figure 3. In the ﬁrst
situation at t1 , the dark gray jobs are terminated as they
were active when the failure occurred. The light gray jobs
are remapped to other resources if possible. The white jobs
stay on the broken resource also if they reside within the
- currently unknown - downtime. The resource is available
for new jobs starting after the remapping interval.
During the following time slots the remapping interval
is recalculated and more and more jobs allocated on the
broken resource are remapped. As can be seen in the
second situation at t2 in Fig. 3, jobs submitted after
the failure occurred are also remapped if they are within
the remapping interval. As the downtime is unknown
to the management system, also those jobs supposed to
start after the downtime, e.g., J16, are remapped. This
remapping and the recalculation of the remapping interval
is repeated each time slot until the resource is recovered.

a higher probability for successful remapping is achieved
using a longer remapping interval.
If the remapping interval is longer than in the optimal
case, the broken resource is blocked for a longer period and
more jobs than necessary are remapped to other resources.
This happens even if the resource will be online during the
next time slot. In this case, jobs are remapped which could
run on the no longer broken resource and thus block free
capacities on other resources. As the broken resource is
also blocked for the duration of the remapping interval,
no new jobs are mapped on the resource for this period.
The combination of both eﬀects leads to a reduction of
the number of accepted jobs, especially, for the time after
the failure of the resource has ended. The remapping of a
job causes extra costs, e.g., for network transmissions of
the job and its related data, and these costs are another
reason to reduce the number jobs to remap. Therefore, it
is necessary to determine the remapping interval as short
as possible.
C. Definitions
Before we give a formal description of the calculation of
the remapping interval some notations are introduced.
As we assume that all resources consist of comparable
nodes, the resource usage of jobs, the load and the capacity
of the resources is measured in number of nodes. Most
values will be normalized by the total number of nodes c
of all resources within the whole grid. For other kinds of
resources our algorithm is also applicable if an adequate
metric is given.
The load situation within the grid of a time slot t0 is
described by the load profile lt0 (t), with t ∈ N, which is
deﬁned as the normalized total number of allocated nodes
on all resources for each future time slot t0 + t.
The set of jobs admitted to the system is denoted by J,
whereas the set of jobs allocated to the broken resource is
denoted by J ∗ .
The booking behavior is described by the average booking proﬁle. The booking profile btx (t), with t ∈ N, of a
time slot tx denotes the normalized number of requested
nodes per future time slot tx +t of all incoming reservations
during this time slot. The average computed over all
previous booking proﬁles is denoted by the average booking
profile b̄(t). These proﬁles are illustrated in Fig. 4.
D. Calculation of the Remapping Interval

B. Objectives for the Remapping Interval
The ﬁrst requirement is that the remapping interval
must be suﬃciently long, such that any job aﬀected by
a failure can be safely remapped with high probability.
In the optimal case, the length of the remapping interval
for our load based approach is set such that each job
is remapped just in the time slot before there are not
enough free resources available in the next time slot. As
the calculation of the remapping interval is done for the
whole system and not on a per job basis and as an accurate
prediction on future reservations is usually not available,

The remapping interval i is calculated based on the load
situation within the grid. An outline of this algorithm is
given in Fig. 5.
The calculation is done for the current time slot t0 . This
may be initially the moment the failure occurs, but for the
repeated calculations of the remapping interval for each
time slot during the failure, the same calculation applies.
First, a combined profile l̂t0 (t) is created for the current
time slot t0 based on the current load proﬁle of the booked
jobs lt0 (t) combined with the average booking proﬁle b̄(t).
Adding these proﬁles gives an indication of the expected
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Fig. 4. Calculation of the remapping interval based on the combination of the current load proﬁle and the average booking proﬁle.

load after this time slot as it sums up the currently booked
load and the average incoming load during one time slot.
The remapping interval [t0 , t0 + iη (t0 )] is determined using
a threshold η with η ∈ [0, 1]. The remapping interval is
deﬁned by the time after which all values of the combined
proﬁle are lower than η (see Fig. 4):

iη (t0 ) :=
ˆ
lt0 (t) :=



min i | ∀t > i : η > ˆ
lt0 (t)
1

if > 1
otherwise

lt0 (t) + b̄(t)

The remapping interval must be at least 1 as all jobs
which are supposed to start within the current time slot
must be remapped or will fail.
The threshold η deals with the problems of fragmentation and the reliability of the prediction. It is used to
decrease the assumed amount of available capacity in the
grid as on the one hand the grid will never be used up
to its full capacity and on the other hand, the threshold
provides a buﬀer for unpredictably large sized incoming
reservations.

resource failed at t0
// terminate all active jobs
for each job j ∈ J ∗ do
if j.start < t0 do
terminate j
while resource down do
// calculate the proﬁles
init ˆlt0
for each job j ∈ J do
for each t ∈ [j.start, j.stop] do
ˆlt (t)+ = j.size
0
add average booking proﬁle b̄ to proﬁle ˆ
lt0
// calculate i
for i = tba to 1 do
if not l̂t0 (i) < η break
// remap jobs within remapping interval
for each j ∈ J ∗ do
if j.start < t0 + i do
remap j if possible
wait for next time slot: t0 = t0 + 1
Fig. 5. Schematic overview of the algorithm for the calculation of
the remapping interval and the downtime independent remapping.

there are not enough resources free within the domain, the
job will be submitted to another domain within the grid
and if this was successful remapped to the newly assigned
resources.
V. Evaluation
In this section, the results of our load-based approach
are outlined. In particular, we show that the distributed
approach achieves the same performance as the centralized
one and does not suﬀer from overhead introduced by
gathering status information from other resource which
may even impossible in many cases.

E. Modification for a distributed environment

A. Simulation Environment

The algorithm is heavily based on knowledge about the
global state of the grid. It uses not only information, which
can be obtained on demand as the failure occurs like the
current load proﬁles, it also needs a permanent access to
the booking proﬁles to calculate a global average booking
proﬁle. In a distributed environment both kinds of information may not be available across domain boundaries.
The following modiﬁcations to the algorithm are proposed to reﬂect this limited access on information. In a
distributed environment all proﬁles, the booking proﬁle
b̄(t) as well as the load proﬁle lt0 (t), are calculated only
using the jobs submitted to the local domain and are
normalized by the number of the available resources within
the domain to get a comparable value.
In case of a failure within the domain, a domain-speciﬁc
remapping interval will be calculated. The jobs on the
broken resource within the remapping interval will be tried
to remap to another resource within the domain ﬁrst. If

The simulations were made assuming an infrastructure
of several cluster and parallel computers with homogeneous node equipment, i.e., each job is capable of running
on any of the machines involved.
The simulations only serve the purpose of showing the
general impact of failures and since according to [9] the
actual distribution of job sizes, job durations etc. do not
impact the general quality of the results generated even
when using simple models, the simulations were made
using a simple synthetic job and failure model. Each job
was assumed to be reserved in advance with the reservation time being exponentially distributed with a mean
of 100 slots. Job durations were uniformly distributed
in the interval [250, 750] and each job demanded for a
number of nodes being a power of 2, i.e., 2, 4, 8, . . . , 256
nodes with uniform distribution. The assumed hardware
infrastructure consisted of diﬀerent parallel computers
with varying number of compute nodes, in total there were
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where O denotes the set of jobs that were considered for
remapping although not actually aﬀected by the failure.
As described in previous sections, for the simulations
we assume that running jobs cannot be migrated which is
the usual case in a high performance computing scenario.
However, our model is general enough to cover also the
opportunity of migrating running jobs.
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with A being the set of aﬀected jobs and A ⊂ A ⊂ J
(see Sec. IV-C) being the set of terminated jobs. In addition, the overhead of the respective remapping strategy is
deﬁned as
remapping overhead :=

rglobal = 800, rlocal = 300
100

termination ratio (%)

termination ratio :=

caused by the two load-based strategies which is done in
the following.

termination ratio (%)

eight machines with 512, 256, 256, 128, 128, 96, 32, and
32 nodes.
In order to assess the performance of the load-based
approach, two metrics were chosen. The ﬁrst metric is the
termination ratio, which is deﬁned as follows:
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Fig. 6. Termination ratio of the centralized and distributed approaches compared to exact knowledge and 50% underestimation for
rglobal > rlocal (left) and rglobal < rlocal (right).

In Fig. 6, the minimal termination ratio achieved by the
central and distributed approach is depicted. The main
result is, that both load-based approaches, i.e., in particular the distributed variant, achieve the same performance
as possible with exact knowledge of the failure duration.
As described in earlier work, underestimations lead to a
signiﬁcant increase of the amount of terminated ﬂows.
The success of the load-based approach is clearly shown in
Fig. 6, however, it is also necessary to determine suitable
threshold parameters η and assess the remapping overhead

0.85 1.00

distributed

exact knowledge

50% underestimation

Termination ratio as a function of the threshold η.

Fig. 7.

For the two load-based strategies, the threshold parameter η has very diﬀerent impact on the actual termination
ratio. This is outlined in Fig. 7 for a failure duration
of 500 slots1 . The central approach achieves satisfactory
results with relatively high choice of η and the change
from maximal to minimal termination ratio happens with
only small change of η. In contrast, gradual adjustments η
in the distributed setting have only small eﬀects and the
minimum is reached with small η.
80
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rglobal = 300, rlocal = 800
remapping overhead (%)

remapping overhead (%)

As the actual load on the resources is crucial for the
overall performance of the algorithms, the two extreme
situations were simulated: the average global situation is
much lower than on the failed resource and on the other
hand the global load is higher than on the failed resource.
This was modeled by adjusting the average reservation
time for the failed resource (rlocal ) and the remaining
resources (rglobal ) as depicted in Fig. 6. Furthermore, three
failure durations were selected, such that the failure lasts
shorter or longer than the average reservation time.
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B. Performance of the Load-Based Remapping Strategies
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Remapping overhead of the load-based strategies.

The overhead caused by the remapping strategies is
depicted in Fig. 8. The diagrams show the remapping
overhead resulting from the choice of η such that the
termination ratio is minimal. For example, in the setting
with rglobal < rlocal and failure duration of 200, the central approach reaches its minimal termination ratio with
η = 0.7 which results in approximately 36% remapping
overhead, whereas the distributed approach leads to 140%
overhead when the minimal termination ratio is reached,
i.e., with η = 0.3.
The general result is that the remapping overhead of
the distributed strategy is similar to the results of the
central approach for rglobal > rlocal . This cannot be
expected for the opposite case, i.e., rglobal < rlocal . In
this situation, the distributed approach suﬀers from the
inaccurate knowledge about the global load situation.
In Fig. 9, the remapping overhead is depicted for varying
threshold η. The failure duration was 200 slots in order
to cover an extreme situation where the duration of the
failure is short compared to the load situation on the
network.
In order to assess the impact of the global load situation
on the distributed and central approach, a number of
1 The

results are similar for the other failure durations.
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Fig. 10. Termination ratio for varying load diﬀerence and threshold
η. The average failure duration was 500 slots.

diﬀerent load situations were generated, with ﬁxed load
on the failed resource and varying load on the remaining
resources. The termination ratio for varying η and varying
load diﬀerence, i.e., rglobal − rlocal , is given in Fig. 10.
The ﬁgures reﬂect the situation also shown in Fig. 7. The
distributed approach requires small choice of η whereas the
central approach reaches its best performance earlier, i.e.,
with higher values of η. The load diﬀerence itself, which
describes the degree of inaccuracy of the knowledge in the
distributed case, does not play an important role.
Concluding, it can be stated, that under various load
situations, both strategies are able to eﬀectively reduce the
termination ratio, achieving similar results as possible with
exact knowledge about the failure duration. However, the
centralized approach leads to signiﬁcantly lower overhead
in cases where the load on the failed resources is much
higher than the global load, i.e., rglobal < rlocal . In such a
setting, the centralized approach beneﬁts from the global
knowledge.
VI. Application Environment
Due to its generic approach, the previously described
failure recovery mechanism is useful for many diﬀerent
types of resources. A particular target environment is the
Virtual Resource Manager (VRM) described in [2]. This
grid resource management system was designed to provide
services able to meet new requirements such as support
of service level agreements (SLA). These capabilities are
crucial for the acceptance and usability of next generation
grid management systems. Support of SLA implies control
over resources and jobs during the run-time in a reliable
way. Because of complexity of new grid applications, such
as collaborated jobs and workﬂow jobs, allocation of a lot

of diﬀerent resources is needed which can only provide by
local advance reservation systems.
So the VRM is up to managing the diﬀerent local
resources to implement an environment able to meet these
new requirements.
In the following, the application of our failure recovery
approach within the VRM architecture is brieﬂy described.
An instance of the VRM consists of diﬀerent local
resource management systems (RMS) representing and
managing one resource, active interfaces dealing with
diﬀerent levels of services provided by the RMS and, as
the management component of the VRM instance, the
administrative domain controller (ADC).
The local resource management systems may control
arbitrary types of resources, e.g., cluster systems, parallel
computers, storage servers, or networks, while the active
interfaces provide more reliable and transparent services
needed to support SLAs on diﬀerent RMS. The ADC itself
combines all of the diﬀerent resources, negotiates the SLA
and has to ensure that the SLA is to be meet.
Because diﬀerent ADCs can be organized in a hierarchically way one ADC can be seen as a resource itself.
Despite of building hierarchical domains ADCs can also
communicate in a peer-to-peer like manner to overcome
the limitations of a domain structure and adapt the structure in focus to a Grid like behavior.
The failure recovery mechanism proposed in this paper is situated in the ADC component. Once any of
the underlying resources fails partly or entirely, the jobs
allocated to the failed resource are mapped onto alternative resources within the same domain according to
our strategy. Partial failures, e.g., of one or more nodes
within a cluster computer, may also require the recovery
mechanism to act, as the total capacity of a resource may
be exhausted. Within one ADC domain, inactive jobs can
be transparently mapped without further notiﬁcation to
users which is a major advantage compared to other grid
resource management systems such as Globus [4]. This
holds also for ADC overlapping failure recovery.
For this the framework of the VRM provides control
over compute resources as well as over any other resource
required for the migration of jobs, i.e., also interconnection
networks. For example, migrating a compute job with large
amounts of input data requires a considerable amount
of time that must be considered and network transmissions must be planned accordingly, which may include the
reservation of network bandwidth. Allocation of network
bandwidth is often available in dedicated networks for high
performance grid environments, e.g., LambdaGrids [10].
Because of the possibly huge number of diﬀerent resources managed by the ADC and the complexity of jobs
handled by the VRM environment, while the migration of
large jobs implicates such complex jobs by itself, failure
recovery within such an distributed and dynamic environment turn out to be an challenge for management
components. The failure recovery strategy has to meet
diﬀerent constrains especially time constrains in order to
reduce termination ratio of allocated jobs. This leads to
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the demand for minimizing the time consumption of all
tasks in order to meet most of the SLA by remapping
these jobs to another resource.
As the calculation of global current and future resource
load and booking proﬁles is one of the time consuming
tasks besides the migration of the job itself this overhead
has to be minimized.
VII. Conclusion and Future Work
In this paper, a novel load-based failure recovery strategy was presented for management systems with advance
reservations, with both a centralized and a distributed version. The mechanism is applicable any environment were
distributed resources must be managed and failures of the
system are critical, e.g., SLAs are given for the correct and
complete execution of a job. In particular, co-allocation
environments such as Grids are target environments for
our strategy.
The load-based algorithm is based on previous work on
this ﬁeld which showed, underestimations of the actual
downtime of a resource have a particularly negative impact
on the termination ratio as to few jobs are remapped.
Consequently, our approach adapts to the actual load
situation and determines a remapping interval accordingly,
which diminishes the danger of underestimating failure
durations as any job is remapped before it is actually
endangered of being terminated. Selecting an appropriate
value for η is simpliﬁed by the fact that smaller values of η
do not impact the performance and the lower η is chosen,
the lower the termination probability.
The strategy presented in this paper is generic, i.e., it
can easily be applied to almost any resource type and any
resource management system, either centralized or distributed. This is particularly important for next generation
grid systems, which essentially need to support higher level
quality-of-service guarantees, e.g., speciﬁed by SLAs, as in
the context of the VRM [2].
Future work will deal with the possibility to integrate
checkpointing and migration mechanisms into the loadbased approach. Important issues in this context are the
time required for job migration over a network and also
scheduling batch jobs with best-eﬀort treatment during
the failures which is expected to improve the utilization
during the actual failure period. Moreover, the dependence
of η on the failed resource capacity will be further investigated, as this may lead to a completely automated
selection of η. However, the simulations conducted for
this paper indicate, that a relatively static choice is also
reasonable and leads to good results.
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