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Abstract

Scalability is a fundamental problem for information syssawhen the amount of managed data increases. Peer
to Peer systems are usually used to solve scalability prabkes centralized approaches do not scale without large
dedicated infrastructure. But most current Peer to Pegesysdo not take into account that indexed data can be
dynamic and change their values very often. Thus, we proffesklulti-set approach, which aims to find the best
trade-off between DHT-based network and total replicatibhis approach is built over classical DHT Peer to Peer
system. It can improve most of pure DHT Peer to Peer systemaligg into account the dynamism of resources.
Evaluation is done by modeling, simulation and experimtiontieon PlanetLab. This approach is more efficient than
DHT Peer to Peer system and total replication whichever yin@hism of resources is.

1 Introduction

Grids are based on several basic but nevertheless necessaiges. One of such services is the resource manager.
This service has to keep track of the Grid state and has to lee@lpcate resources corresponding to user queries.
The attributes associated with the diverse physical reesunaking up the Grid can be of various types. They can be
static, such as the type of network card, or dynamic, suctetsank bandwidth. Some attributes can be characterized
by an intermediate dynamism, such as the number of free psocein a cluster.

Resource managers have thus to track the various Grid eterard characteristics. To this end, they have to
manage large amounts of information. Information is cambfaproduced in every node of the Grid. Resource
managers have to answer to queries which are initiated kg uwsking to run their applications on the Grid. Users
submit their queries to portals. Those portals are widedfrithuted as there are at least one per community. The burden

This research work is carried out under the FP6 Network oeHewce CoreGRID funded by the European Commission (ConiteT-2002-
004265).



and complexity of resource management should not incremsetich with the scale of the Grid system. Moreover,
such a system should be able to efficiently answer querids[ich as:find clusters with at least 32 free processors
and Ethernet network

Difficulties arise due to the large scale of current Gridse Téntralized approach shows its limits, since it sacrifices
data freshness for efficiency. For example, a system usimgeastructure (like the predominaktonitoring and
Discovery Systeraf Globus) has to increase timeouts to prevent overloadeofdbt. The physical resources, a set
of clusters in this case, are the leaves of the tree. Infoomain the leaves is updated every second. Leaves are
aggregated in groups (sub trees), and so on until reachegptiit which aggregates all resource information of the
system. For large systems, the root is updated every tentesion more to reduce its workload [4].

Peer to Peer systems are known [10] for having solved theliigging scalability problem and for being fault-
tolerant and easy to deploy and manage. However, classealt® Peer systems (Chord, Freenet) cannot directly be
used to solve the problem of Grid resource management, atattiekey functionalities, like the ability to give several
answers for one query or to answer complex queries.

Peer to Peer systems for Grid resource management have loeadyantroduced [2, 5]. Even links between
databases and Peer to Peer have been explored [7]. Howenarofithese systems are not yet efficient enough for
our purposes: they are not reactive, and in some cases, usetgenof cummunications proportional to the number of
clusters in the system. Secondly, most of these studies takminto account the variability of stored information.

Our goal is to improve current systems [2, 5] using a Peer & Bpproach to provide dynamism aware resource
management. Users ask about particular resources sué¥hase can | find computers with exactly 100Mb/s netywork
or range of resources such &here can | find storage with at least 1To fi@emix of these. Queries are often kept
simple because the most versatile the query is, the leswigations are possible. For this reason, resource attigbut
in Grids are usually represented as (or can be transforn)edtéger numbers. Thus queries submitted by users can
be easily translated[5] into disjunction of conjunctiorsafiple queries about particular resources or range ones. Th
Grid resource manager can process those simple querigseindently and then merge the results. This model of
queries is quite generic as it is possible to translate Ha3&P or XPath queries (used by Globus) to this model.
Thus a Grid resource manager can be built using a simple radkat answer interval queries, possibly implemented
as a distributed service. This basic module shall share uladétigs of the whole system: managing dynamic data,
answering fully distributed queries and updates, and bstadable. Our proposal of such a system isNhdti-set
DHT which is optimized for all types of information dynamism.

In the following, we will first evaluate the performance ohet systems, then we will present our Multi-set
approach, and finally we will evaluate its performance.

2 Interval queries

In this study, we focus on systems that can manage intergaksts on dynamic objects efficiently.

2.1 Requests

Interval queries are used to answer inquiries about reesyis, such as: "Find resources of tygasterwith at least
32 free processor$SCl or Myrinet Network andnfs versionof at leas#4”. Such an inquiry can be translated to three
simple queries about resource-attribute values:

e two interval queries

— Free Processors- 32
— nfs.version> 4

e One exact query
— Network= SCI or Myrinet

There are several ways to execute a generic resource ingsiing simpler interval queries [5]: One approach
would be to process the simple queries in parallel and thegertheir results. Alternatively we could process only
one of the simple queries and then check which elements afrtbeer fulfill the initial inquiry. Boolean expressions
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of simple queries typically correspond to most of the realgesof Grids. Nevertheless, they prevent users from doing
second-order queries such as : "Find a cluster where ther@samany computer elements as storage elements”.
Moreover we analyzed logs of real Grids (EGEE [1], CiGri [3hd such complex queries were not used. The
data of EGEE concern the period from 14/02/2006 to 30/0I7201 are of the South-East nodes of EGEE. Logs
shows 144389 queries, of which 1500 are queries number aepsors, and 1334 are about amount of memory.
For Icluster2, which is a French cluster (Grenoble) usimg@AR cluster manager, logs shows 279834 queries from
04/05/2004 to 18/11/2005, of which 5% are only for processaimber and 300 are linked to the network type.

In the following we will concentrate on the problem of resolyinterval queries and updates on a single resource
attribute. The way of managing more complex queries usig sasic component can be found in [5].

To this end, we provide a distributed index for each attebuhich manages a distributed store of attribute values
(key3 and pointers to grid nodesl§jec) that provide access to corresponding resources. Assongin the objects
are : Each object is associated with exactly one key. Keyschange over time. Each query can be either for one
key, or for an interval of keys. Each key can be associatek anty number of objects. For example, for fhree
Processorattribute, the key2 is associated with all the clusters that have exat2lyree processors. The attribute
value is considered as being an integer betweand M az. Thus the key space |8, M ax].

In such a system, the main functionalities are to update #yealssociated with a value, and to find the object
associated with a particular value or a range of values. Tihemal interface of a system usable as a basic component
for resource management should be :

e object list =getyitripute(boundy, bounds);
e object list =getyiripute (key);
e update, ;s ipute(oldkey, newkey, object);

The first query returns all the objects in the system whose key betweehound; andbound,. Several objects can
be found at the same key. Updates are done independentlgxiople to change the available download bandwidth
of a cluster : updatgwnioad_bandwidn (1000, 650, icluster.imag. fr).

Building such a system without dedicated infrastructuigiplex. It needs to react fast to changes to reduce the
false information given to users. Moreover such a systemt masiage peers (hodes that participate in the system)
that come and go, due to crashes or simply to local changediojp

2.2 Distributed Hash Table (DHT)

DHT Peer to Peer networks are distributed indexes that fitdgier keys with single objects. Most DHTSs efficiently
answer simple queries like: which peer is responsible faargiqular key. Typically, the worst case cost to locate an
object, in terms of number of messages exchanged, is lbgadtwith the number of peers. For example, Chord [13]
guarantees that queries need less tha(participants) messages. The mechanism of Chord is simple: each peer
has a randomly chosen identifiét] and each indexable object hag@, obtained by hashing its content. Identifiers
and keys belong to the same integer value space. To avoidico the space is usually chosen to be large. Current
implementations usf)..2* — 1], with & = 80, i.e. 80 bits. Each object is officially managed by one peer whake
is the nearest but smaller or equal to the objeket’s. It is this peer that needs to be contacted to obtain the bbjec
associated with théey. Thus, each peer stores the objects whose keys are betwedraiid the nearest superior
id of a peer (the peer with thigl is called its successor). Each peer only knows (Figure 1)nafibof other peers
(neighbors) whosed are the closest toid + 1,id + 2,id + 4, ...,id + 2%, ..., id + 2¥~1 (modulo2¥). To locate an
object, a request is routed according to its value (condeimen routing). On each peer, the request is forwardeddo th
neighbor whichd is the nearest to thieey (Figure 2). The request is forwarded by the same methoditrgdches the
peer storing the requested object. At each forward, the eumipeers between the current peer and the destination
distance is halved, so there are at mog{n) messages to contact the right peer. This performance ifebtaith
only a partial knowledge of the global system on each peer.

Classical Peer to Peer systems are too limited to be diras#g for resource management. First, they can only
link one object to eacley. Secondly they can only answer queries about one single Some systems are using
a Peer to Peer approach to address the interval query probberimstance Probe [12], Baton [8], and others [9, 6]
described in [14]. These systems use the range techniqeeriloled bellow) to provide interval functionality. In this
case, each peer still manages all the objects with keys letitsgd and theid of the next peer. However, each key can
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Node responsible of
Id between 35 and 50

Query for 40

128

Figure 1: Each peer in Chord has a ran- Figure 2: To find an object in a Chord system, one
dom id between 0 an@® — 1. Each peer contacts the peer which is nearest to the object
of them knows only a small humber of id. The query is forwarded until finding the peer re-
neighbors. Each peer is responsible for sponsible for the object.

the object whose id is between its own id
and the id of its successor.

query | update| join/leave

Probe[12] NU/d | N1/d large
Nikos05[9] log(n) | log(n) log(n)
Baton[8] log(n) | log(n) log(n)

Ganesan04[6] log(n) | log(n) log(n)

Figure 3: Comparison of several Peer to Peer systems ablartage intervals. Results for retrieving objects are given
for small intervals.

be associated with several objects: In classical Peer todystems a key is only a sequence of bits with no meaning
in itself. Here keys can have a defined meaning such as beinmber of processors and queries can be done on this
value. The key of an object can be the value of one of its atie#bfor example. The key can be the free disk space
for objects like storage servers for instance. Those systeme the same performance as usual DHT for a single key
(Figure 3).

When a user wants to obtain the objects whose keys are betweetd; andbound2, the algorithm of the range
guery is as follows (see Figure 4):

e Contact the peer responsible fanund; using a Peer to Peer algorithm.

e This peer forwards the query to its successor.

¢ This forwarding is done until reachirigunds.

e The peer responsible fébund, sends the aggregated answer to the user.

The first problem concern the query cost. For small interwalich are spread on a few peers, the cost remains
the same as classical DHT, i.e. logarithmic. However, treryjoost of those systems is clearly linear in the size of the
interval. Indeed the keys are spread amongst all the peettse $arger the interval query is, the more peers it invalves

The second problem is related to the workload distribut®rf@ some attributes one of the two bounds is always
open. For example, queries for the attribntenber of free processqrasers typically ask for clusters witt leasta
certain number of free processors. Bpeninterval queries, the peer responsible for one of the twreenities of the
key space has to answer all the queries. For example, sipipatgueries looking for clusters with free processors are
interval queries that are open on the right, the peer redplerfer the right extremity of the key space has to answer
all the queries.
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[bound1, bound2] L \
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[Node 1] [ Node 2] [ Node 3]

Answer

Figure 4: For Peer to Peer systems able to answer intervalegu¢he global space is split in ranges, one for each
peers. To find an interval, one has to search for the peermsgpe for the interval’s lower bound, using the global
DHT. Then this peer contacts its neighbor, and so on untilfiger bound of the interval is reached.

Updates are easier to manage. In a system where the key hasnseaming (like being the value of an object
attribute), there is no update by interval. The update st®$n changing the value of they in the tuple ey,
object). The simplest way is to do first a request of removal of thetofde, followed by an insert of the new one.
Each of these two operations are based on the query of thiédpad the old and new peers owning respectively the
old and newkey. So, the update cost is logarithmic.

To summarize, the cost for open queries is linear with redpehe number of peers, and the cost of single updates
is logarithmic. In conclusion, using one DHT appears to lfieieht only when most of requests are updates.

2.3 Total replication

Another extreme method would be to adopt a total replicatioal the objects to be indexed amongst the peers. The
query is free in terms of messages exchanged as the queryecarotessed locally. But the changes of resource
attributes becomes very expensive since all the peers neusbiitacted to update the indexed information. This
method is perfect when there are a lot of queries and a verlf soraber of updates as cost for updates is linear, and
guery cost is constant.

2.4 Meta-methods

A number of DHT systems have been proposed in recent liter§8,) 9, 12, 6] to address the resource management
problem. Each of these systems provide a particular akgorior handling interval queries.

To improve those systems, one can use them as a black box. heinecteristic of this black box is that it can
answer interval queries. By building a system on top of i§ fiossible to improve the use of this black box. This high
level method can be used to improve any system providingdimtesnterface independently of the implementation.

An example is provided by Sword [5] which shows that using ohéhese black boxes for each attribute of a
resource improves the overall performance compared tgusie module for all the attributes.

3 Muitli-set approach

In this section we discuss our proposal to manage objectyrdrdic characteristics. In the case of grid resource
management, the number of free processors in each site érdgnin this example, thebjectis the site URY, and
thecharacteristicis the number of free processors of the site.

Our Multi-set DHT can be thought as a system that aims to firdbtbst trade-off between the two opposite
approaches discussed earlier: the single DHT-based Pé&etonetwork that spans across all the peers of a Grid
system, and the case where the resource index is fully egptido all Grid peers.

Grid resource management is based on information madebi@aby each resource. In the following we consider
thatpeess of our Peer to Peer resource discovery system are the sanpritsrs that manage the local resources of
the Grid sites. Usually, each cluster of the Grid uses a lesiurce manager. Such peer is usually a computer linked
to the computing and storage elements. This allows us taroatally decentralized and self-managed system. Each

lUniversal Resource Identificused to contact a site
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Users

Users Users Queries

Peer to Peer
Network

=] Local Resources
Manager

Local Resources
Manager

Loca M onitering
System

Local Moniteving Local Mnmlenng
ystem System

Locat M onitering
System

Resources table

CharacteristicVhlue

Free 14
Memory per node 2Go
Disk space available 1.75To
Mean bandwidth 1.18Mols
Version of Mpi 127
Operating system GNU/Linux

Local
resources

Local
resources resources

Local

Eaasp resources

Updates

One site

Figure 5: Each site uses at least one Local Resource Mandgsirm receives the updates concerning the resources
it manages locally. It receives queries from users too. Whertogether in a Peer to Peer network, they forward
gueries and upgrades according to local algorithms.

user using our system is connected to one of these peers. ikgplifisation we will only consider the user and the
peer he uses as one single entity. A diagram of this strugdwsteown in Figure 5.

We will use the ternmequestor either update or query. We assume that each resouritrigdthas its owmatio of
update/requestAs seen in the previous section, classical DHT and totdiaapn are efficient for only a few ratios
(when queries are open ones) : Total replication is effidiemtatios close t@® and one DHT spanning all the peers of
the system for ratios close 10

The goal of our Multi-set DHT approach is to provide a tramspasystem that is able to achieve the best perfor-
mance possible whatever the ratio is, event if the ratiow@sgol To this end, we synchronize several classical DHT,
each supported by a distinsetof peers. Each peer is in one singlet and allset are approximately of the same
number of peers.

3.1 Sets

Setsare disjoints groups of peers (Figure 6). Sets are a partitiall the peers. Each of these sets behaves like an
interval-enabled object management system. All thesensateage the same information. Thus &k, objects) are
duplicated on each set. With this property, a query can be darany set and will return the same value, independently
of the chosen set.

In order to keep the sets synchronized, updates are to beothogsch of them. To this end, at any time, each peer
keeps at least a reference to a random peer of each set. Whelate is issued on a peer, it is processed locally on
the set and, at the same time, it is sent to the other sets pothem up-to-date.

To distribute evenly the workload on all the peers, theseregices are used for queries too. When a query is issued
on a peer, the peer chooses randomly a set to process it.

In the following the sets are implemented as interval erdhbBldT systems.

The two fundamental operations provided (Figure 6) are :

Update: In this system, an update is done by contacting an elemeazgaif set and using the usual update system
of the set.

Query : A query is done by first querying a peer of a randomly chosearse then using the usual query system
of the set.

Intuitively, the update cost increases with the number tf as there are more sets to inform of the change. In
contrast, the query cost decreases as the query is solhidd mse set, and the size of each set is reduced when the
number of sets grows.
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Set n°2
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Figure 6: Multi-set system: Objects are replicated acresersil groups of peers calleds. AnUpdateis forwarded
to all the sets. AQuerygoes to a random set. The number of sets depends on the ratig/Qpdate

Merge
9 Several Dht Merge
(here 5) (
L

1 Dht Split Split

Figure 7: On the left side, all the peers belong to the same.[IMilthe right one, all the peers have a copy of the
same index, i.e., the replication is total. One of the pdssitiermediate cases is shown in the center, where peers are
subdivided into several sets. Each peer set supports aadiBtHT. In order to switch between a system configuration
and another onenergeandsplit functions are used.

3.2 Trade-off

Figure 7 shows the Multi-set DHT approach. All the peers as&ituted inses. Each of these sets is a DHT as
described above. If there is only one set, then this corredptoa single DHTcase, whereas if there is only one peer
per set, this corresponds to the total replication case.

The Multi-set approach is to be between those two extremgshdvratio Update/Requests evolves over time, it is
necessary to have a system whepelateandquerycosts can be adapted depending on its use.

With this systemUpdatesbecome more costly with increasing the number of setsQudriesbecome less. By
adapting the number of sets to the ratio Query/Update, a ¢raoi@-off can be achieved. It should distribute the
workload more efficiently too.

Coordinators obtain information from peers to extract theent ratio. Then they adapt the number of sets by
using two methods : Merging, which decreases the numbetsfaed Splitting, which creates a new set.

3.3 Model

A first step to evaluate the quality of this approach is to nhddand compare to the other two extremes approaches.

To compare them, the metric used will be the mean number o$ages used for answering a request. This metric
is relevant as it gives information at the same time on theniat and on the resources used by the system.

As the underlying Peer to Peer systems can adapt to spreaesteginiformly amongst the peers [15], we assume
that requests are uniform in the model. Requests will beessuniformly amongst the peers. Updates will change a
random value to another random one. Queries will be opengti, i&nd the left bound will be uniformly distributed.

Let N be the number of peers in the systemthe number of setsy the ratio of updates. The probability that a
generic request is an updateniswhile the probability that it is a query is— a.

Peers are supposed to be uniformly distributed amongsehspace.
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We use the chord underlying systems which usesmessages on average im @eers system to locate an object
using its key [13].

Update cost for one DHT Two operations are done, first remove the old value, thentitise new one. The cost is
thus:
2In N

Query cost for one DHT As peers are uniformly distributed, the cost for one queprigortional to the size of the
interval. The mean size of the interval is half the key spdoeanswer a query regarding half the key space, half the
peers needs to be contacted. The cost of contacting thedinsichisin N. The cost is thus:

N
3-1-111]\7

Query cost for total replication  As the object is already local there is no communication is thse.

Query cost for total replication  All the other peers are contacted leading to a cost of:
N-1

Update cost forp sets The update is done on the current set{fopeers), then on the others ones. Beside the real
updatesp — 1 communications to contact the other sets are needed. thalcost is:

2p1n<%>+<p—1>

Query cost for p sets There is only one set that solves the request. There is a Ipititpaf % to randomly choose
the local set and thus to prevent one communication betweesets. The cost is:

p—1 N
P 2p
Request cost forp sets  Consequently the mean cost of a request in the Multi-se¢syt:
N p—1 N
ax(2pln(—)+(p-1)+ (1 —-a)(— + —
(2pIn( ’ )+ {—1)+( (= 2p)
This function has only one minimum wigh> 0.
The curves on figure 8 show the three costs. For the Multfsetachca, thep used is the one that minimizes the
mean cost.

3.4 Algorithm

For each ratio it exists an optimal number of sets that minégnthhe number of messages in the system. This number
depends on the number of peers too.

As those values evolves over time, it is not possible to defiam one and for all before launching the Multi-set.
Thus is must be able to evolve towards the optimal number tsfwbken running. To achieve this it needs first to
evaluate the right number of sets, and second, to changathber of sets.

The three basic operations on which this system is baseti@feltowing.

Decision which chooses when to doMergeor aSplit
Merge which reduces the number of sets by one.

Split which increases the number of sets by one.

Except during a split, all the peers know at least one peeadi ether set. Decisions are not to append frequently
beyond initialization as pattern of use do not often chafkgethe following operations, each set has a peer respensibl
for all the sets, calledesponsible In the case of Chord, the peer responsible is the one thaagearthe key. Each
set has a identifier. In this description, fosets, the identifiers will bé..p.
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Figure 8: Model of the mean number of messages for a requpshdeng on the ration Update/Requests. The two
classical approaches are shown as a comparison. This sisstermposed of 1000 peerg.is chosen for each point
of the Multi-set curve to minimize the mean cost.

3.4.1 Decision process

The right number of sets is decided on the responsible pEart responsible peers can initiate a change (increase or
decrease) in the number of sets.

Responsible peers need to evaluate the current ratio ofteljegizery in the system. To this end, all the peers send
regularly the number and type of requests they receivedgio thsponsible. Each responsible uses those information
sent by peers of its set and extract an evaluation of the firatio them.

Using this estimated ratio and an estimation of the numbpeefs, the responsible uses the model to evaluate the
optimal number of set according to the environment.

If a change is necessary, one responsible notices the dtiat@Mergeor aSplitis scheduled and initiate it.

Algorithm of Decision processn a responsible peer

clearqb_queryl], nb_updatel])

time = getcurrenttime()

while(getcurrenttime() < time + timeout)
Recv(d, query, update)
nb_querylid] = query
nb_update[id) = update

end while

Request = Query =0

forall (id)
Request = Request + nb_query[id] + nb_updatelid]
Query = Query + nb_queryl[id]

end forall

optimal = modelgetnb_setqb_peers, Query/Request)
if (optimal > nb_set) then split()

else if{optimal < nb_set) then merge()
end if

CoreGRID TR-0084 9
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Figure 9: Choice of peers in a split operation. As keys anéabjare replicated amongst adjacent peers, removing
peers that are far from the others lead to reduce the numimeesdages during a split.

3.4.2 Merge

Itis based on the capability of the underlying DHT systemsupport peers that dynamically join/leave the system.
When a merge is decided, one of the sets is chosen to be dabtrolgen the peer responsible for this set ask the
other responsible an estimation of their set size.
Then it evaluate how to use the peers of its set to eventualfnice the number of peers in each sets.
Finally it send to each peers of its set the identifier of theiv set. Then, they insert themselves in the other sets.

Algorithm of Mergeon a responsible peer

clearnb_peers|]
forall (set exceptcurrent_set)

nb_peers|set] = requesinb_peersget)
end forall

forall (peer in current_set)
clearmin
forall (set exceptcurrent_set)
if (nb_peers[set] < min)

then
new-set = set
min = nb_peers|set]
end if
end forall

sendpeer, "Change set to"pew_set)
nb_peers[new_set] + +
end forall

After this operation is finished, the peers updates the lthky had with the other sets are some are no more
relevant.

3.4.3 Split

To be efficient, this operation is based on the error recoreghanism of the underlying DHT system. In Peer to
Peer systems like Chord, objects are replicated to prelieitlbst when a client part unexpectedly from the system.
For each peer, objects are replicated on its nearest naigiilith such a system, when a peer leaves, the neighbor is
naturally considered as the new owner of the key previoustysal by the leaving peer.

The goal of the implementation of Split is to use these reduhthformation to prevent to do most of the commu-
nications.

Indeed, with taking neighbor in the old sets to create a nesy itrwvould be necessary to: Communicate the lost
information in the old sets to replace the lost informati@ommunicate in the new set to obtain the objects needed to
complete the knowledge of the new set.
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The first part can be reduced by choosing carefully the peertaigreate the new set. Indeed by taking well
distributed peers, it is possible to mostly remove peerssetobjects are still replicated on other peers.

As shown on figure 9 we choose the peers the farther from onedtiher to create the new set.

Each responsible is assigned a number of peers to providbdarew set. It chose them in order to well spread
them amongst its peers. The chosen peer then join the neliesgling their old identifier in order to keep with them
their knowledge. If there are gaps in this knowledge, théyodlser sets using classical interval queries.

Algorithm of Spliton a responsible peer

step = nb_peers|current_set|/nb_requested_peers
for i = 1 to nb_peers[current_set]

if (¢ modstep = 0)

then

sendpeer[i], "Change set to"pew_set)

end if
end for

4 Performance evaluation

4.1 Methodology of evaluation

Multi-set is evaluated using a dedicated event-driven Eiouimplemented in Ocaml [11]. Each peers created the
same number of requests by using tenerator of requestsRequests stand for queries and updates. Queries are
relative to intervals open on the right (like @i least 32 free processqgrand with the left bound uniformly distributed
over the keys space (see section 3.3). The underlying P&eretioarchitecture is Chord-like [13].

To evaluate such a system, two point of view are necessaeyusér one, and the system one. Users are willing to
obtain answer the fastest possible. The systems tendstttg sBonsume too much resources and to prevent specific
part of it to be overloaded. As the simulator is to be useddogé systems, it simulates the network at high level,
and thus the basic element of measure is the message. Toraodate the two points of view, the metrics &Mean
number of messages for requests (Query and Updaé)Vorkload balance

Mean number of messages for requegtes a good indication of the latency for the user. Moredhiersmallest
it is the least global resources the system will need.

Workload balancés an indicator to verify if one peer does not answer all thguessts. As this system aims to
work efficiently without dedicated hardware, it is necegsanvell balance the workload amongst all the peers.

Those values are measured by counting the number of medsagesh request. Multi-set is compared with the
two other limit approaches, i.e. a single DHT and total iegilon. Data for one DHT and total replication are obtained
by simulation too. Models of the three approaches confirnukition results.

4.2 Evaluation of the Query

First we evaluate the system behavior with respect to thelysize. The following simulations are done with 4 sets.
Simulations are done to compare three approaches :

e One DHT
e 4-set
e 4-set when only the 10% of the total number of answers isenesd

Figure 10 shows the mean number of messages needed to cemietery for several number of peers for the
three approaches.

More precisely, the 4-set mean value is the on®oé DHTdivided by the number of sets. Thus even if the cost
remain linear, it is possible to reduce it by increasing thmhber of sets. Each time we duplicate the number of sets,
the number of peers per set is instead halved, and thus &sodghn number of messages needed to complete a query
is halved too. Consider that this is because a single setasbplosting a replicated DHT network, is enough to solve
an open interval query, and its cost is linear in the numbeeefs of the set.
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Figure 10: Simulation of the mean number of mes- Figure 11: Simulation of the workload repartition for
sages used to answer a Query for several approachesl000 peers from the least loaded to the most one.
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Figure 12: Simulation of mean number of messages Figure 13: Standard deviation of the peer’'s workload
in a 1000 peers system to answer Queries and Updatein a 1000 peers system. X-axis shows the percentages
X-axis shows the percentages of the requests that areof the requests that are Updates one.

Updates.

The workload repartition follows the same trend. Figureidves the workload repartition in a 1000 peers system
for the three approaches. The worst cases workload for dasetstill the peers at the end of the intervals. But they
just have to manage one fourth of the requests of the Oneaset &or queries where only 10% of the answers must
be retrieved, the load is well distributed. When the query &aery small first bound, most of the time it will stop
far from the right end of the interval. Alas, this approach’tde used with multi-attribute queries as there are no
guarantee that merging two partial results will give evea answer.

For Queries, rising the number of sets improves the mearasosell as the workload repartition.

4.3 Dynamism of keys

The following simulation where done with different scewarifrom only Queries requests to only Update ones.
Figure 12 compares the performance of the three methodsrfetveork of 1000 peers as a function of the ratio
Updates/Requests. The Multi-set performance is alwaystifan the others, particularly for non-extreme values of
the ratio. The worst performance obtained for the Multiisethen the ratio id /2. Yet, at this point it is more thash
times more efficient than the system based on a single DHT3 éintks more than the one based on total replication.
This behavior confirms the model shown in part 3.3.
Figure 13 compares standard deviation of the workload asditp each peer for the three methods for uniformly
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Figure 14: Simulation of the set number evolution accordinipe ratio in a 1000 peers system. The left Y-axis is the
ratio of Updates compared to all the requests (Updates ardyQU he right Y-axis is the performance of the system
expressed as the mean number of messages per request.

distributed requests. Standard deviation of the totdliaation is null as all the peers do always the same amount
of work. Open queries for one DHT put a lot of weight on peespomsible for the end of the interval. By using
Multi-set, the work is more distributed, even when thereraostly queries.

4.4 Dynamism of the ratio

Our approach is efficient because it does not need to have aoragstimation for the number of sets. This number
evolves in function of the ratio Updates/Requests by udiegiasic operations Merge and Split.

Figure 14 shows the use of the Split operation in a system @D p@ers. At the beginning, the ratio.& then it
changes to5. At this point performance drops. After some data sent taelsponsible peers, one of these decides to
run a Split to improve the overall performances.

Itis worth noting that the performance, expressed as themember of messages to answer a request, gets worse
and reaches a peak when the ratio changes. This occurshsfiflit operations ends up by including an optimal
number of sets. In this case three Splits are done to obtaiogtimal number of sets.

As shown on the model (figure 8) the system performance is trstvone when the ratio i8.5. Thus, the
performance decreases during the ratio changes@r8ito 0.5.

4.5 Experimental validation

Testing our system on a real platform would validate the iprevsimulations and model. Using a real production grid
would limit the exploration of possible values for ratio a@hé nodes number. Moreover it would require a complete
implementation of the Multi-set DHT, which would focus therformance evaluation on the underlying DHT rather
than on the Multi-set to itself. For these reasons, a simipigdementation of Multi-set is evaluated. It runs on
PlanetLab which provides a distributed infrastructurdé th@omparable to the infrastructure linking local Reseurc
Managers in real Grids.

For these experiments, 60 PlanetLab computers emulate ibkewinfrastructure. To be able to experiment on
larger scale, several peers run on each physical computelanétLab. During experimentations, each peers on a
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Figure 15: Experimentation on PlanetLab using 60 comptitegsnulate 120 nodes. Multi-set is used with between 2
and 20 sets.

computer belongs to a different set. This is done to preveallcommunications to occur inside a single computer
between peers. Such communications would be a bias as peexggposed to be ran on different computers.

There are several available implementations of DHT[16, Mst of them do not implement range requests and
only manage classical Hash Table. A good and efficient impteation of classical DHT without interval queries,
like Bamboo[16], is 20000 lines of Java and require heavyrenments like a Java Virtual Machine (JVM) which
becomes troublesome when running several peers on eachutennp

We implemented a light interval enabled chord-like systerb200 lines of python. Our implementation is aimed
at providing basic interval enabled DHT system with low riegionents (no JVM by instance) and ease of modification
to simplify obtaining traces of execution. This naive impkentation does not yet manage the dynamism of nodes by
instance.

Each peer can reply to range query request, and can alscatienegquests, as in the previous simulation tests. Two
metrics are used :

e Mean number of communication per request

e Total time of communication per request

During the 264 experiments, the first metric follows the maael simulation results. Total time of communication
measures the global use of resources. Figure 15 shows ghatpierimental behavior roughly matches the simulations
one. The main difference is that communications caused ihyergueries are more expensive than the one due to
updates. In our experiment, range communication take 50% time as they transport more information. This lead
to a slight change of the optimal number of sets accordinbeadtio, but this can be included easily in the model by
increasing the weight of requests. Comparing to the sinwnand emulation results, full replication turns out to be
less efficient as due to the broad distribution of latencig2lanetLab.

5 Conclusion
Most of the Peer to Peer systems able to answer intervaleguditiectly try to solve the problem by optimizing the

Query and the Update costs. We choose to address a mordicezdise where the ratio between the queries and
updates is important. Our approach is to be used over otl@rtBdéeer systems able to deal with interval queries,
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using them to manage each set. The resulting system perficmigthen dramatically better than the one underlying
system used to manage each set. We can inherit some of tbhpanies too, for example workload repartition.

The Multi-set method gives good results for each type obrdfidate/Request. Moreover it can adapt automati-
cally to the way the requests are done. Thus it is efficientdoage several types of resources for Grids. This method
is validated by experiments and simulations which confirengtoposed model.

The current model of workload is quite simple (uniform foe fiirst bound of the queried interval) but most of the
underlying Peer to Peer systems use workload repartitgporidhms.
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