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Abstract

The task management is a key point in grid applications anchaghly influ-
ence their efficiency. There are many solutions that we cassifly according to
their centralization degree: fully centralized, semitidlmited and fully distributed.
A fully distributed approach leaves the nodes in charge efgatheduling: the
schedule is performed thanks to the local view of the syst8oth a local treat-
ment reduces the communication cost but it must not impath@computational
power devoted to applications. This kind of solution seembé more scalable
and flexible than a centralized one, especially in a highlgtie environment like
peer-to-peer networks.

In this article, we propose two fully distributed solutidies the task manage-
ment based on random walks. We choose to maximize the cotigmatbpower
of nodes by reducing the maintenance cost of an underlingtstie (a spanning
structure). So, it reduces the number of control messadeexes that is a critical
point in networks with a low bandwidth or in which the enerdynodes must be
saved. We analyze two methods called passive and active armfesent some
simulation results.

1 Introduction

The grid computing aims to share computational power ofdatienected sites. More
generally, the authors of [12] describe the concept of gtids allows to share some
different resources like storage capacities, informatioscientific applications. The
challenge for a grid computing middleware is to share theseurces transparently
for the application designers. The peer-to-peer networkoéten viewed as a way
to share data. But the number of nodes in such networks isingygrtant and the

available computational power can be used for global coatjmuts. The counterpart
is the high volatility of nodes that involves extra-meclsans.

In computational grids, the task management is a key poirttemjobs are sub-
mitted, they have to be assigned to grid nodes following &daling scheme that



takes into account the global load balancing but also tha! loapacities of nodes (li-
braries needed, memory or storage requirements). Degigrisk management must
be achieved according to the middleware topology. We cassiflathese topologies
based on their centralization degree: fully centralizednisdistributed and fully dis-
tributed. For a centralized solution, it is easier to haveieht schedules because
the states of resources are gathered locallyNiwarod ([4]). The authors ofZondor-

G [13] propose a solution that uses existing grid protocolgheiGlobus toolkit [11].
But theCondor-G agent must be deployed on a robust server and this condition is diffi
cult to satisfy in a peer-to-peer network. Moreover, thedetons induce a bottleneck
on this single server that can crash. In addition to secpticies and network het-
erogeneity, it seems to be less flexible and scalable thasti@bdited method. So, in
CONFIIT [10], the authors deploy a fully distributed solution. Neasiption is made
on the node lifetime and no node is differentiated. But ale®are set up into a ring
that has to be maintained. It induces several control messaghanges each time a
node fails.

Here we propose two solutions for the task management basadpeer-to-peer
approach. The task parameters are distributed to all gidiésand each one selects a
task at random it can compute depending on its operatingmsyshstalled softwares
or libraries, processor or computer architecture. The nwdperties are only known
locally and no registration to specific nodes is needed. Bésean underlying vir-
tual structure is maintained in middleware lIKONFIIT, we propose to maximize the
computational resources of nodes by using a random tokeulation: no fixed struc-
ture needs to be maintained and no extra-message is induwdawnode fails. This
solution is fully distributed and the time for processingiorter. We also focus on
two different methods for the local assignment. Indeed,nbées can wait for the
token before selecting a task or they can select one at ratitainavoids the wait of
the token. We give some comparisons according to grid paemand tasks (average
lengths and number of tasks).

This paper is organized as follows. In Section 2, we predsmintodel we use
to map a grid and we introduce the random walks with their eriigs. Then, we
explain in Section 3 the two task managements we compareedtidd 4, we exhibit
simulation results and comparisons between these metkodsly, we propose some
possible optimizations in the last section.

2 Préiminaries

In this section, we speak about the existing grid architestaccording to their cen-
tralization degree and the associated task managemerms, Wk present a model for
designing grid applications on which our solutions are d4%86]. Finally, we present
a topology management solution presented in [2] a way inlvitican be coupled with
the task management solutions we propose in this article.



2.1 Grid architectures

As we mentioned previously, the task management dependseayrid topology and
particularly on its centralization degree: centralizesimsdistributed (hierarchical) or
fully distributed.

The fully centralized solutions likBletsolve ([1]) or Xtrem\WEb ([7]) are organized
around 3 components: the clients, the resources (the s@eavad the agent. This agent
is in charge both of the resource management and of the sagdlt maintains a
database that contains the resource properties andistassis. For each client re-
quest, it selects the appropriate servers according tolmbload balancing and prop-
erties of the servers. Then, these results are sent to #a.ciVhereas thBletsolve
clients communicate directly to the servers, no such conications are possible in
Xtrem\Web. To improve the security, th¥trem\WeDb clients receive the results through
the agent or from a depository service on a dedicated server.

Semi-distributed solutions have been proposed DKET ([5]) or Globus ([11]).
The authors oDIET chose to build a hierarchy of servers to improve the scatgbil
of the grid and to avoid the overload of the main server. Ressuare registered to
agents that are connected to upper agents and so on to therragsht. Additional
protocols are used to choose the suited resources coridisgaio a client request
received by the master agent. @hobus ([11]), each node can find adapted resources
throughMDS([8]) service. This service is distributed on several iotgmected servers
and it is based ohDAP protocol.

Finally, a fully distributed method call€ddONFIIT ([10]) has been proposed. Each
node has the functions of a server and a client, and it isccabervent. The scheduling
and the task assignment are achieved locally, so the taskngders are distributed
to all nodes and updated thanks to a token. When a node wactartpute a new
task, it can choose it depending on its local capacities fadational power or specific
components like libraries or softwares). In this way, noseeis used to register the
resources and for the scheduling. But a spanning structuraintained for the token
circulation: all nodes are set up into a virtual ring. So,reifehe middleware is fully
distributed and has a better fault tolerance, a lot of meseaghanges can be generated
in the event of a high volatility of nodes.

2.2 A mode for grid

In [19], we propose a model for designing grid applicatioasamposed in five layers
described in Figure 1. Each one is assigned to a specificifumct

Layer 1 represents the network as a gra@h = (V, E) whereE is the set of
physical links (undirected) arld the set of nodes (the nodes can be computers, servers
or passive components as routers or switches).

Layer 2 is the routing layer. A protocol maintains for each neda local set noted
Reach; containing the node identities that nadegan contact. We take into account the
security policies and the protocols like address trarsiato each link is considered
as directed.

Layer 3 represents the communication layer. A protocol suppliesséhd and
receive functions with the error and acknowledgment managementh Bade can
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Figure 1: Grid application model.

send a message to one of the node contained in its loc&leset:.

Layer 4 is the resource management layer of grid applications. iléyer, we
distinguish two kinds of nodes: trastive ones that use or share resources in the grid
and theinactive ones like routers or nodes that are out of the grid. The gridpse-
sented as a graphi = (V/, E”) whereV’ is the set of the active nodes ahd is the
set of the directed communication links between the actbdes. In [2], we propose a
resource management based on a random walk according toooiel.m

Layer 5 represents all the other services of grid applicationstlieeresource shar-
ing and localization or a monitoring component. We need la te@nagement compo-
nent particularly for the grid computing.

This model highlights the impacts of protocols that intétawer a grid. With this
model, we can focus on a specific layer or a component. Faariost the resource
management (layer 4) has already be focused in [19] and [R}hé following, we
present two task management solutions for layer 5.

2.3 Random walks

In [2], we propose a solution for the topology managemenethas a random circu-
lation of a token in the grid. This token collects informatim detect new resources
or resource disconnections. We can use this random walkéotask management to
limit the message exchanges. So, in this case, both theatgypalanagement and the
task management can be achieved with this single token.

A random walk can be viewed as the sequence of nodes visitedtbken that



starts on and visits other nodes according to the following tranaitiole: if the token

is oni at timet then at time + 1, it will be on one of the neighbors aéfthat is chosen
uniformly at random among all dteach; [16]. The cover time”' is the average time to
visit all nodes in the graph and the hitting tirh€&, 5) is the average time to reach node
j for the first time starting from node They are two important values that appear in
the analysis of the random walk based distributed algostimhis survey, the author
of [16] shows that the bound of these values i®im?) and in [3], the authors propose
methods to compute these values.

Random walks have also the following properties: (1) a ramdealk covers a
graph in a finite time, (2) each node will be visited infinitalyd (3) two random walks
will meet them in a finite time.

Random walks have already proved their efficiency in thetilelar mobile net-
works (like peer-to-peer [17] or the ad-hoc networks [6]ne¥ do not need any kind
of virtual structure and reduce the number of control messxghanges.

2.4 Topology management based on random walks

The solution we present in [2] is based on the circulatingdaool, first introduced
in [15]. Itis a list of the visited node identities collectega token. The author presents
a method to detect the termination of distributed algorghoy analyzing the cycles in
the circulating words created by all the network nodes. Intfge author proposes to
use the circulating word in a token that circulates at randomn undirected graph
to build a spanning tree. To ensure the fault tolerance af dfgorithm, the token
circulates infinitely in the network. So, the word contentirected when a node
disconnects or a link disappears. But the size of the wordigiofinitely, so the author
proposes two methods to reduce it and to ensure that theraotish of a spanning tree
is always possible. This solution is fault tolerant and aspgime use is the construction
and the maintenance of local routing tables on each node.

In [2], we propose an extension of this solution to directetivorks. The reduction
methods proposed in [9] delete identities in the word withtaking care of the link
orientation. We base our solution on the cycle detectionmaaihtenance in the word
content. When a cycle exists in the word, it is possible tddopaths between any
nodes contained in this cycle. So, if this cycle containgtal nodes of the visited
network, it is possible to build a path between two arbitrawges. Our algorithm aims
to maintain an image of the communication graph of the ndtwerom this image, it
is possible to build spanning structures like trees or rany$to detect all the identities
of the network nodes.

This solution is fully distributed, the time for processimgd the number of created
messages are low. Moreover, it is possible to merge thigisolto the task manage-
ment by using the same token circulation.

3 Passive and active methods

The task management consists in collecting task parameaerassigning these tasks
to grid nodes. This assignment takes into account the naxfepties and the compu-



tational power of nodes must be used equitably.

In this article, we focus on independent tasks (no resultaskis used to compute
another one) and irregular tasks (we cannot predicate theudrn time of a task that
can be very irregular) as @ONFIIT middleware. We define a task as a tufites, r}.
pis the set of execution parameters of the task. It gathensrtiggram used to compute
it (or the address of the node that owns this program) anchpeteas of this program
(eventually data files)s is the current state of the task. We distinguish 3 differet v
ues:computed if the task is already computedncomputed if the task is not computed
yet andin progress if a grid node is computing it- is the set of results for the task if it
is already computed (or the address of the node that owng suéis).

Each node of the grid owns a local set of the task states ndiethat is updated
during the computation. A node can be in 3 different staesting if the node waits
for a task to computesleeping if the node is pending (no more task to compute) and
computing if the node is computing a task.

We define a token as a message contained & sétat is a task state set. This
message circulates at random among the nodes of the gricharigeanerged with the
token of the topology management (see previous sectionenittcomes on node
setsS; andsS; are updated. For each task of these sets, we check if it @xitts other
set otherwise it is added. Then, we update its state by kgepémore advanced one
(we haveuncomputed < in progress < computed).

When node submits new tasks, their parameters are added to its local s&o,
when the token comes on this node, the parameters are aitaliyaddded to the
token. Then, these parameters are disseminated to alllibe giid nodes. So, a task
submission does not produce any extra-message. In the saynthe deletion of tasks
is proceeded when the results are transmitted to the susmdatie.

Each node owns the full task parameter set but how can the teskssigned to
nodes? Here we focus on two fully distributed methods of tssignment based on a
token. For the first one, callgahssive, the nodes wait for the token before selecting a
task to compute. For the second one, calletive, the nodes select a task at random
among all of the uncomputed ones.

3.1 Passive method

As described previously, the token disseminates the tasipgters to the grid nodes.
But we need a global synchronization mechanism to assigiiagies to nodes and
to avoid the simultaneous computation by other nodes. Thetasks to compute
are selected locally by nodes at the token reception. Sosttte of the tasks are
immediately modified in the token and the other nodes will select it again. The
token implies a mutual exclusion on tasks and none can bieatgd.

When a node finishes a task, it tags itcasnputed in its local set and enters the
waiting mode (or thesleeping mode if no more tasks have to be computed). Then, it
waits for the token. During this time, its computational ows wasted which we call
thewasted time. The efficiency of this method depends directly on the evatubf this
value.



3.2 Active method

For this method, the nodes do not wait for the token beforectieg a new task. So,
the wasted time is avoided but we need an extra-mechanisthddask assignment
to avoid task replications. Instead of selecting the firsk fa its local set, the authors
of [10] propose to choose a random task among all of the unatedppnes. So, it

reduces the probability of two nodes selecting simultasboihe same task but it im-
plies that the number of tasks must be sufficient. If only @s& temains and if several
nodes have to select a new one, they will select this one algnduce replicated

tasks. By simulations, we remark that about 80% of replatédsks are detected at
95% of the execution.

4 Activeversus passive

As described previously, the efficiency of the passive nettepends on the wasted
time. The more the nodes wait for the token, the more the effay decreases. In the
active method, the period of waiting for the token will praéueplicated tasks. In the
same way, if the average execution time of tasks is too sbarpared to the cover time
of the token, the probability for a node to select an alreamgputed task is higher.

So, to compare the methods, we launch series of simulatiatins MASOR |i-
brary [18] and we analyze independently impacts of few patars that modify the
cover time. First, we modify the grid size (the number of r)dend the network per-
formances (the communication time). On the other hand, veerve if the efficiency
evolves depending on the number of tasks and their lengths.

4.1 Simulation parameters

In the exposed simulations, we have used a set of task leneghbKing of a real exe-
cution of the Langford combinatorial problem ([14]). Thetdibution of these tasks is
ignored: at the beginning of simulations, each node knoigssét. The execution time
of each task is the same for each grid node and for each sionul#tiese assumptions
ensure only that each simulation can be reproducible butmmihods work as well if
the computational power of nodes are irregular. During aukation, no task is added
in the system and the simulation ends when all tasks areaenesl as computed in all
grid nodes (each node must be in ghaeping state). The task results (or the address of
the node that owns them) are transmitted to all nodes.

We distinguish the timé;,.,; that corresponds to the time when the first node
enters in thesleeping mode and the timeé. when all nodes are in th@eeping mode
(also called theompletion time or makespan).

To compare the two methods, we observe the global executi@td compute all
the tasks and we analyze the number of replicated tasks. Wpwte an efficiency
that is a comparison between the sequential executionttijpé€only one node in the
grid) and the distributed execution ting;,..; depending on the node numbemvith
the following formulaze = s

trirst*n’
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Figure 2: Grid node number.

When the efficiency is close to 1, the distributed solutioaptimal. On the other
hand, if it equals 0.5, it means that the distributed sofutomputes only during 50%
of the execution time.

4.2 Impactsof grid size

The two solutions are based on a random walk of a token. As e&ept in Section 2.3,
the bound of the random walk cover time is@{n?). So, when the network node
number increases, it means that the wasted time will inereathe passive method.
When a node wants to compute a new task, it has to wait longéhdéatoken. In the

active method, the token is used to refresh the task statdmsoimber of replicated
tasks will also increase.

We launch series of simulations on random networks. We mdbdg number of
nodes (1.000 to 10.000) and we fix the task set and the comatioricime. We obtain
the results in Figure 2.

We remark that the active method is more clearly efficiem tihe@ passive method
even if some tasks are replicated. When the number of nodesaises, this differ-
ence is reduced and their efficiency is nearly the same in inetthods. This can be
explained by the cover time that becomes too high.

4.3 Network performances

The efficiency of a grid depends on the number of nodes andabeiputational power
but also on the network that interconnects these resoufcksv-bandwidth network
and also long distances between nodes (i.e. transversainolber of passive nodes)
imply slower communications.

We choose to simulate the influence of the network by modifyire communica-
tion time (the average time a token spends to circulate btweo nodes) and we ob-
tain the results in Figure 3. When the grid is interconnewti#id a high speed network,
we observe that the two methods have the same efficiency {)eeud the difference
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Figure 3: Communication time.

between the first node execution times is very small. In tloesalitions, the token
circulates very fast and the cover time decreases. On theargrwhen the communi-
cation time is high, the active method becomes clearly falstn the passive one. The
more the token is waited for, the more time is wasted.

4.4 Task lengthsand task number

In this section, we observe the impacts of the task numbdreoaverage task length.
First, we increase the number of tasks: we use the same talsiktsge compute each
task several times (1 to 10). We obtain the results desciibE@dyure 5 on 1000 node
networks. For a small set of tasks (about 1 per node), the ahaetclusion on each

task avoids a large number of replicated tasks. So, theesifigiof the passive method
is better than the active one. This efficiency seems to bet@otwhen the number of
tasks increases. With the active method, as we show in $eidy the replicated tasks
appear when the ratio of the node number and the number & imsknall. So, when

the number of tasks increases, the efficiency also incrdabasst twice as much as
the passive method).

Then, we study the impacts of the average task execution tikfeeuse the initial
task set but we multiply each length by a factor 0.1 to 20. Wedh series of simula-
tions on random 1.000 node networks and we observe that bettiogs have the same
behavior: for short tasks, the efficiencies are worse thalofa tasks. The ratio of the
token cover time and the average execution time is higher.

5 Fault tolerance

As we specified previously, our solutions have been propfigaedlatile networks. In
this section, we study the influence of node disconnectionthe task management.
On the other hand, the two methods are based on a token tioculé5o, we need
to prevent the loss of the token to stop the nodes waitingitefinwith the passive



method and the increasing of task replication with the acthethod. We also need
to manage when a task is begun by a node that disconnects limnetwork before
finishing it.

5.1 Nodedisconnectionsor corruption of atask state

When a node disconnects from the grid, we have the followasgs to considet.),
the node is waiting for the token to select a task (only with plassive method®),
the node has started a task but the token has not yet visitet) jtthe node owns the
token and crashes before transmitting it to one of its nedghl ), the node has started
a task and the token has already visited it.

For cased) and2), there is no impact on the task management and there is only
wasted time. In casg), we need an extra-mechanism described in Section 5.2.

If a node begins a task and crashes before its end, the taskecaigwed asn
progress by the other nodes. So, no other node can select this task agdiit will
never be computed (we call this taskambie task). When no other task in a node is
considered as uncomputed, the node enters the sleeping mbdeuthors ofCON-
FIIT propose the voluntary replication. It implies that the naldes not enter the
sleeping mode and selects a task taggdd asogress. It induces a replicated task but
as we explained previously, it allows the computation ofabrebie tasks.

5.2 Lossof thetoken

If a node disconnects from the network after receiving tkemnmand before transmitting
it to one of its neighbors, the token is lost. It is also possibat the network loses its
connectivity after several node failures. In that case, the token camactragain all
nodes of each part of the network.

So, we add a timeout on each node reseted at each token cecelfta timeout
ends, the associated node creates a new token based on dheiéve of the node
task state set. To avoid having several tokens in the nefweekiag the token with
an identifier composed of a message identifier and the igenttithe node that cre-
ates the token. At each reception of the token, the nodes a@npe token identi-
fier with the trace of the last token identifier. For instant¢he node has the trace
(OldNodeld, OldMessageld) and the message has the identifidodel d,Messagel d),
we have the following casesOldMessageld<Messageld: the token has been cre-
ated more recently that the last token, so it is valid and itheeton the node is up-
dated.OldMessagel d>Messagel d: the token is an old one, it can be delet@iidMes-
sageld=Messageld: we need to compare the identity of the node that createswhe t
tokens. IfOldNodeld>Nodeld, the token can be deleted or the token is valid and the
trace on the node is updated.

At the connexion of a node, its trace is initialized widhdNodel d=0 andOldMes-
sageld=0. When a new token is creatddpdeld equals the identity of the node that

1We have the similar impacts if the node has selected and éiditite task and crashes before the token
visit.
2Here we suppose that the network will be strongly connedied a given time.



creates it andiessageld=0OldMessageld+1 (OldNodeld and OldMessageld are also
updated with these new values).

The timeout must be reseted with a value that depends on klea twover time:
the average communication time and the number of nodes imaheork. For the
simulations we exhibitin Section 5.3, we reset the timedth @ random value chosen
in the intervall2 x t x n,3 x t x n] wheret is the average communication time and
is the number of nodes in the network.

The timeout mechanism can have an influence on the efficieihiogth methods.
Indeed, in the passive method, the token is created wittotted View of the node and
this local view can be incorrect. So, it could induce repcktasks. Moreover, if the
timeout is reseted with a value that is too high, the wastee tvill increase.

In the active method, the creation of new tokens can alsociedeplicated tasks
until the new token is fully updated. But several tokens ddntrease the efficiency
of this method. Indeed, depending on the meeting time ofwetokens, they will
circulate in the network and faster update the local taste stats of the nodes (in
Section 6, we present a multi-token solution for both thehrods).

5.3 Simulations

With the previously described mechanisms, we launch sefisgmulations for both
methods on 1.000 node networks on which we apply a fault mdthth time, only a
fixed number of nodes are awake. The method efficiency is nompated following
the number of awake nodes: for a network of 1.000 nodes, 800 nodes are awake,
we can consider that this network is a 500 node network.

We decrease the number of awake nodes from 1.000 to 500 anttaie cesults
described in Figure 4. The efficiency of both methods deeeaden the number of
faults increases. They are two main explanations. Firsbt aflnodes begin a task
and fail before the end of the task. Therefore, this time istac and it involves a
decreasing of the efficiency. Then, when a node starts atfsiskone is tagged ds
progress. So, at the end of the computation, there are a lot of zomBlestaThus it
involves a lot of replicated tasks.

6 Optimizations

To improve the efficiency of these methods, we propose twondgdtions: a multi-
token solution and an hybrid method that switches betweetwib methods depending
on the number of nodes and the number of tasks.

A multi-token solution can increase the efficiency in thegpgsmethod. If we add
new tokens, the nodes will wait less and will quickly seleneav task. But to avoid the
replication, we need to divide the whole task set into sdyends: for instance, one per
token. This division can be achieved by dividing the whokktset into equal shares.
Another solution can be the gathering of task submitter @oating to the library
needed to compute the tasks. During the computation, a syniziation between the
tokens can be achieved by moving dynamically tasks from artdak another one in
order to balance them.
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Figure 4: Percentage of failure.

Contrary to the passive method, a multi-token solution eaadsier to adapt to the
active method. Each token can own a full copy of the whole s&tkbut we can also
choose to divide it into the tokens. A synchronization betwthem is useless because
their circulation will induce an automatic update of tasktas.

Each token added in the grid increases the number of exciangsesages inde-
pendently of the grid properties and tasks. Therefore,ggafrmulti-token solutions
seem to be less significant than the one with an hybrid salutio

From the simulations, we observe that the efficiency of the tvethods depends
on the grid properties (the number of nodes and the netwankwiath) and also on
tasks to compute (number and average length). To obtaiartresults, it is possible
to use an hybrid solution. The algorithm begins in the aatiaele and when the ratio
of number of tasks and number of nodes becomes too smaltni toto the passive
mode: the nodes wait for the token before selecting a new flls& lengths of tasks
cannot be taken into account because, as specified in S&:tiba tasks are irregular
and their lengths cannot be predicated.

As shown in Figure 5, the passive method is better that theeactethod with a
ratio lower than 5. Thus, we launch series of simulationsheftiybrid method with
this ratio value and we obtain the results in Figure 5 andreigu The hybrid solution
gives better results whatever the number of nodes. Its effiyi is nearly the same as
the active method when the ratio is upper than 5 but the nuwiteplicated tasks is
widely reduced. It can be explained by the percentage of todgutational power
use. As shown by Figure 6, a large part of the node computdtmwer is saved with
the hybrid method and can be used for another computaticor erlbcal use (the grid
applications share the computational power with otherllapplications).

7 Conclusion

In this article, we compare two methods of task managemengrid applications:
active and passive methods. These methods use only onemmandlx of a token
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and they do not need any kind of centralization. Their efficiedepends on several
parameters like the grid physical properties and the aeetagk length or the task
number. We present an hybrid solution that switches betileemctive and passive
solutions by comparing the grid node number and the task eumile observe that
it gives better results and saves computational power. Weimprove this solution
if we also take care of the network properties. Moreover, Wseove that when the
network is too large, both passive and active solutions giveduced efficiency. By
dividing the network into several parts, we will decrease ¢bver time of the token
and improve the efficiency.

In further works, we will focus on a larger study by combinihgse parameters.
Particularly, we plan to integrate several metrics intchdager of our model in order
to give more detailed comparisons between grid stratelyideed, the time to compute
all tasks is not the main concern, the saved computationeepis also important.
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