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Abstract. Virtual clusters spanning over resources belonging to different ad-
ministration domains have to face with the computational resources brokering
problem in order to allow the direct interaction among them. Typically, it re-
quires some component collecting, elaborating and providing resources infor-
mation. Currently, every virtual cluster project provides its own solution with a
low degree of portability and isolation from the rest of the platform compo-
nents. We propose the Information Brokering Service Provider (IBSP), a gen-
eral approach which wants to represent an uniform solution adaptable to a wide
set of existing platforms. Its pluggable and flexible design is based on a decen-
tralized architecture where each of the cooperating nodes is composed by a re-
source interface exposing the brokering service, and a portion of a distributed
information system. In this paper, we present the motivations, principles and
implementation of IBSP as well as the performance of IBSP serving the Private
Virtual Cluster system.
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1 Introduction

The convergence between Peer to Peer (P2P) and Grid Computing [1] contributed to
the advent of projects aiming to port the cluster abstraction of computational grids on
top of common machines. Virtual cluster projects like VioCluster [2], Wide-area
Overlay of virtual Workstations [3] (WOW), Private Virtual Cluster [4] (PVC), Clus-
ter On Demand [5] (COD), etc. address this challenge. Typically, they rely on overlay
networks of Internet-connected machines and aim to provide a transparent view of a
single cluster where parallel applications may run unchanged.

Similar concepts are also adopted in the emerging cloud computing [6]. A trans-
parent view of grouped machines is obtained by a cloud interface masking a distrib-
uted back-end where cluster virtualization techniques are adopted. The computational
resources leveraged by clouds are physical clusters rather than common Internet-
connected machines. Compared to P2P-based cluster virtualization, cloud computing
gives a greater relevance to a clean user interface which exposes methods to configure
the whished computational environment. Samples are the widely known Amazon
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Elastic Compute Cloud [7] (EC2), based on a proprietary technology, and the open
source Nimbus [8] and Eucalyptus [9].

P2P-based cluster virtualization presents not trivial issues related to the pooling of
the computational resources. The arising problems may span from networks barriers
to the lack of knowledge of resources location. These practical obstacles imply the
adoption of components able to perform resources inter-mediation, information man-
agement and discovery. Such tasks involve a set of needs we define as brokering
issues. Currently, every project provides its own customized solutions. It is difficult to
individuate a reference model because the implemented mechanisms are often not
completely isolated from other aspects of the platforms. Their level of reusability is
consequently very low, even if the intrinsic nature of the handled problems is usually
shared. A standardized and uniform solution might greatly simplify the deployment of
current virtual cluster platforms and would free the development of future virtual
cluster projects from a not negligible burden. In this paper, we present a possible
solution to this challenge. Upon a categorization of brokering issues, we adopt the
Service Oriented Architecture (SOA) [10] model to design a software entity providing
a general resources brokering service, an Information Brokering Service Provider
(IBSP) for virtual clusters. The widely known SOA pattern implies a single entity
acting as the Service Broker, which exposes the information of services published by
Service Providers. Service Consumers get that information from the Service Broker,
and they can subsequently invoke the services on the Service Providers. In our case,
the services become computational resources. The system architecture is built to
maximize the flexibility in order to fit a wide range of possible requirements. There-
fore, it leverages a distributed structure, which can grow and shrink depending on the
optimization needs of the served platforms. The system design adopts a pluggable
approach to allow the dynamic set-up of the modules supporting specific platforms.

The remainder of the paper is organized as follows: in section 2, we draw the cate-
gorization of brokering needs in a representative set of scenarios; section 3 describes
the operational model, the software design and some implementation highlights of
IBSP; section 4 presents the real applicative scenario we used to test the IBSP refer-
ence implementation, and the test results we obtained; and, finally, section 5 con-
cludes with some remarks and future works.

2 Drawing a Categorization of Brokering Issues

The resources brokering problem is not only present in the domain of cluster
virtualization. In fact, similar issues are tackled in several domains, and different tools
solve them with approaches and architectural solutions which have to be considered.
Furthermore, interesting issues are coming from the cloud computing adjacent field,
where many cluster virtualization concepts are adopted. Table 1 lists a representative
set of domains with some tool examples and the relative brokering issues. The last
column shows the broker software architecture of those tools. The highlighted
categorization of brokering issues has a double aim: first, to ease the idea of uniform
brokering service provider by a clear list of needs in virtual cluster platforms; and,
second, to explore possible intersections in other domains.
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2.1 Virtual Cluster Platforms

VioCluster consists in a combination of the VIOLIN [11] network virtualization and
XEN [12] machine virtualization and it is targeted to build a computational resources
trade among computational clusters belonging to different administrative domains.
The brokering issue in VIOLIN is bounded to the overlay namespace resolution
which reflects a three layer hierarchy of entities (virtual routers, virtual switches and
virtual machines). The WOW project aims to provide a communication infrastructure
overlaying the Internet and routing messages among a set of world wide distributed
virtual workstations. The brokering needs of WOW consist in the resource enroll-
ment, detection and lookup. The adopted system consists in a distributed DHCP im-
plementation. The DHCP client residing on each VM is redirected to the TAP virtual
driver and encapsulated in a SOAP request, which accesses to a distributed database
containing the configuration of the virtual ID (e.g. a class of private IP addresses).
The PVC system builds an overlay network by the adoption of a virtual ID system
corresponding to IP addresses belonging to the experimental class E. A central regis-
try maps those virtual IPs to real IPs thus allowing the communication between re-
sources. Moreover, the registry works also as resource connectivity enabler to allow
the direct connection between peers. The COD [13] project uses a resource broker to
manage the resource leases. Other aspects like resource identification, lookup and
detection are managed by its overlay network. Virtuoso [14] is a virtual cluster system
pooling dynamically virtual machines connected through an overlay network named
VNET. The brokering issues in Virtuoso refer to virtual machines identification,
lookup, detection and information. They are bounded to the overlay routing ruled by a

Table 1. Categorization of brokering issues
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statically configured two-level hierarchy of elements using an ID system based on
MAC addresses tunneling. The ViNe[15] project is a communication infrastructure
overlaying internet similar to WOW. It uses private IP addresses as ID systems which
are configured through IP aliasing on the machine NIC interface. The resource lookup
and detection is ruled by virtual routers onto which all the traffic among resources is
redirected.

2.2 A Look at Other Domains

The Universal Description Discovery and Integration [16] (UDDI) standard plays the
role of service broker in Web Services technology. Sites exposing Web Services reg-
ister them on an UDDI broker. Web Services consumers looking for a certain type of
service perform a request to an UDDI broker and obtain a network reference enabling
the direct communication. The service provided by UDDI offers three types of possi-
bilities: the white pages (e.g. it replays to a query wanting a specific business name),
the yellow pages (e.g. a certain type of business) and the green pages (e.g. a certain
type of technical information about a business). Therefore, it provides more than
simple lookup by providing elaborated information in order to allow the direct com-
munication between business entities. Typically, UDDI registries are isolated central-
ized server. The UDDI Business Registry (UBR) project was the only effort targeted
to build a federation of UDDI registries. This project was also known as UDDI cloud,
and federated a limited number of UDDI servers belonging to the project partners (i.e.
IBM, Microsoft, SAP and HP). The basic mechanism behind the federation was a
periodical propagation of the entries onto all the registries [17]. However, UBR ended
in 2006 and the partners shut down the UDDI cloud [18]. Among the others, a moti-
vation of the UDDI cloud end was the poor performance of the federation mechanism
[19] based on a not optimized, pure data replication. The Narada Broker [20] is a
distributed system targeted to route messages among remote nodes by supporting
publish/subscribe communication and P2P interaction. Narada provides compatibility
with already developed asynchronous communication standards like Java Message
Service and JXTA [21], and has been adopted in several applicative scenarios. Narada
works as overlay transport layer by taking care of all the communication among nodes
composing the application using it. It is a middleware working as the glue connecting
remote peaces of a distributed application. Narada adopts a hierarchical topology with
master brokers and normal brokers. The resources brokering problems in Narada
result in registration and lookup. They are solved by the hierarchical namespace rul-
ing also the routing on the overlay transport layer. The table contains further samples
of brokering needs of tools operating in various domains. The widely known JNDI
registry serves the remote object look-up in enterprise application based on Java. The
meta computing framework H20 [22] uses an extension of the Java RMI registry to
lookup the deployed services. Some interesting solution comes from the sensor net-
work world. The Semantic Data Fusion for sensor networks [23] introduces an ontol-
ogy-based broker in a publish/subscribe system to get a smart integration of the data
coming from sensors. Publishers and subscribers communicate via declarative gram-
mar their respective notifications and interests to the semantic broker. Afterwards, its
engine performs the matching thus enabling the smart information exchange. The
Activity Context of the Java API for Intelligent Network Service Logical Execution
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Environment (JAIN SLEE) [24], a Java standard targeted to event driven system, is
also familiar to this approach. The Activity Context allows a smart event routing
through declarative programming and a JNDI registry thus enabling the connection
between asynchronous network events sources and Java components.

2.3 Cloud Computing

Cloud computing infrastructures like Nimbus [1], Eucalyptus [2] and Enomaly [3]
coordinate distributed resources by the adoption of centralized registries working in
cooperation with remote agents deployed on the hypervisor installed on each ma-
chine. Even if there are some slight differences, basically they use a master-worker
information system where the master is the registry collecting information about the
workers represented by the daemon running on the managed machines. Nimbus and
Enomaly build this mechanism on top of a two-level hierarchy condensing the master
registry in the cloud interface.
Eucalyptus decouples the
cloud interface from a set of
super registries with a hierar-
chical 3-tier architecture. A
cloud-level registry mediates
" the composition of virtual
cluster instances based on
physical resources collected by
cluster-level registries. These
architecture types reflect the
normal target of resources set
hidden by a cloud interface,
namely a computational clus-
ter. The handled information assumes the form of meta-data describing the groups of
virtual machines fitting a specific request coming from the interface exposed to the
cloud users.

\ : Broker entity
(IBSP)

Plug-in for protocols of
different client platferms

Resource
Interface &
: IBSP
ﬁj&smhuted node
information

system portion
: Resources

& & < running different
virtual cluster
platforms

Fig. 1. IBSP Architecture

3 Information Brokering Service Provider (IBSP)

The operational model of IBSP derives from the categorization of the brokering issues
shown in the previous section. We looked firstly at the P2P-based virtual cluster plat-
forms which are the main target of our work. We extracted from that table the various
brokering needs in order to compose a set of general functionalities. A look at the
brokering issues in other fields is useful to reuse already developed concepts even if a
completely re-usable solution does not exist. The table suggests also possible intersec-
tions with cloud platforms. However, the different kinds of used computational re-
sources (i.e. computational clusters for cloud computing, common machines for P2P
cluster virtualization) and the different targets (i.e. precise fulfillment of user requests
for cloud computing, maximization of utilization of Internet-connected machines for
P2P cluster virtualization) induced us to focus the broker functionalities definition on
the needs of P2P-based virtual clusters we have shown in section 2.1 (i.e. VIOLIN,
PVC, WOW, COD, VNET, ViNe).
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3.1 IBSP Specification

The categorization shows several brokering issues shared among different platforms.
Therefore, we extract the following list of functionalities: 1) resources enrollment, 2)
resources identification system, 3) resources lookup, 4) resources presence detection,
5) resources fault detection, 6) resources connectivity enabler, and 7) resources in-
formation system.

Note that the virtual cluster platforms calling IBSP functionalities are referred as
client platforms in the remainder of the paper. The rest of this sub-section examines
the functionalities offered by IBSP. 1) The enrollment regards the registration of the
resources into the broker. After this step, the broker is able to provide information
about them. This functionality implies the exposition of an enrollment method for
every type of resource required by a client platform. 2) The broker provides an ID
system which is used to identify resources. An unique ID is assigned to a resource. An
ID system has to be configured before the startup of the broker. The ID systems can
be ranges of private IP addresses, namespaces or any other identification system re-
quired by a supported client platform. The assignment of IDs can be done by the
broker (in a pseudo-DHCP way) or statically configured by the client platform. In
both cases, the broker maintains the IDs consistence. Different ID systems can coex-
ist within the broker in case of broker instance serving concurrently multiple plat-
forms. This functionality is not bounded to the exposition of a specific method, while
it is rather linked to the enrollment method. In fact, the invocation of the enrollment
method ends with the memorization of an association between an unique ID and a
resource representation, which includes at least its physical location. 3) The simple
resource lookup is provided. Therefore, the broker exposes a simple lookup method to
retrieve a target endpoint (e.g. physical location as an URL or an IP) when a resource
is looking for another resource given a certain target ID. An extension of this method
provides the additional information possibly associated to a given ID more than the
mere location information. 4) The presence detection functionality serves to verify the
actual participation of a given resource. A resource participates in a virtual cluster if it
is enrolled into the broker. A resource presence detection method confirms or not if a
resource is enrolled by a given ID. 5) The resource fault-detection may appear similar
to the previous functionality. However, it refers to the notification of a resource fail-
ure. This functionality is offered though a subscription mechanism. A resource sub-
scribes its interest in the aliveness of a target resource, and it is notified in case of
fault of that resource. The subscription can be explicitly done by a resource or auto-
matically performed by the broker which subscribes the interest of a resource in an-
other one if the first one has previously looked up the second one. 6) The resources
connectivity enabler refers to the actions performed by the broker to set-up the con-
nectivity between two enrolled resources. It is an inter-mediation functionality, it
supports the start-up of the connection between two resources, which otherwise would
not be able to communicate. After this set-up phase, the resources communicate di-
rectly without any other broker intervention. The connectivity enabler functionality
relies on schemas of messages relay between the requester resource and the requested
resource through the broker. Those schemas may comprise a simple request/reply
messages exchanges as well as complex inter-mediations composed by messages
loops involving the requester, the callee and even third-part resources. Forwarded
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messages can be enriched and modified by the broker according to specified pattern
depending on the client platform. This functionality can be useful for a variety of
situation that can span from network information (e.g. bypass of routers and firewalls,
overlay routing rules, etc.) to public security information exchange. This functionality
is mapped to a set of connectivity methods depending on the client platform. Finally,
7) the broker has a flexible information system where resources information are
stored. Basically, a resource is registered with an association between an unique ID
and a representation of its actual location. However, typical virtual cluster platforms
require more than just location (e.g. system information, leases, etc.). Therefore, it is
possible to add additional information to an entry representing a resource. Such in-
formation can be registered at the enrollment stage as well as by an update method
exposed to modify the entries content. Furthermore, the information system serves to
provide a resource discovery not based on a precise ID. It can be useful for those
cases requiring a resource search on the base of some feature without an a-priori
knowledge of the resource ID. This kind of search can be considered rare compared to
the ID-based search. However, it can be useful for a noticeable variety of cases (e.g.
search for specific computational capabilities, specific software configuration, etc.).
IBSP support this capability by a publish/subscribe based system. Every module sup-
porting a client platform can implement an application grammar used by resources to
publish topics which are useful for a not ID-based resource discovery. Resources can
then subscribe to topics according to the module grammar. Such a grammar can be
composed by a few keywords or based on some ontology. This approach resembles
the semantic-based data fusion for sensor network mentioned in section 2.2.

IBSP structure wants to maximize its flexibility in order to be adaptable to a large
set of client platforms. Mainly, it aims to: 1) avoid single points of failure, 2) provide
multiple access points, 3) allow both loosely coupled and permanent connections
between the broker and the resources. The first and the second constraints force a
distributed structure where all the participating nodes have the same importance with-
out any hierarchy. The third one represents an exception to the native SOA model. It
is recommended for resources not able to receive incoming connections because they
are hidden by NATSs or firewalls.

3.2 Implementation Choices

The resulting architecture is a distributed set of cooperating nodes constituting the
whole broker entity. Each node hosts a resource interface and a portion of a distrib-
uted information system. The first exposes the broker functionalities to resources, and
different plug-ins implement the protocol syntaxes and the semantics required by the
supported client platforms. Figure 1 shows a graphical representation of the architec-
ture of IBSP. The number of composing nodes can dynamically grow and shrink. The
assignment of this number can be done by some heuristic depending on the actual
situation requiring IBSP. If it is serving just a single client platform, the number of
IBSP nodes can be the optimal one calculated for that platform. If it is serving multi-
ple client platforms, the maximum one can be used. However, the calculation of the
optimal number of the IBSP instances required by a singe or more client platforms
may depend on a wide set of factors. Just for a single client platform, reflections com-
ing from the overlying parallel application as well as particular administrative situa-
tions can influence the number of the needed IBSP instances. Section 4 presents a set
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of experiments we ran in different case studies which contribute to ease the assign-
ment of the number of IBSP instances. We focused on P2P data distribution models to
design the distributed information system to avoid hierarchical layers bringing to
critical points of failure. We selected the structured overlay network approach which
relies on Distributed Hash Tables [28,29](DHTs). The meaning of a DHT is a hash
table distributed among a set of cooperating nodes. As a normal hash table it allows to
put and get items as key-value pairs. IBSP stores into a DHT the ID generated for an
enrolled resource as key. The value associated to a key has to provide a certain infor-
mation about the resource. That value can be a string reassuming directly all the re-
quired data depending on the client platform (e.g. resource actual location, resource
information) or a network pointer (e.g. an URL) to a file containing that information.
It depends on the amount and the nature of the data. The first solution is obviously
faster and, therefore, preferable if applicable. We prefer the DHT adoption to the
unstructured overlay network because DHTs provide better scalability. Moreover, the
usage scenario of the broker should not affect the main known drawback of DHTs.
Their main capability is to provide a scalable logarithmic keys lookup time. The scal-
ability is not a trivial issue in unstructured overlay networks being based on queries
broadcasting. The solution consists in the layering of nodes into a hierarchical classi-
fication. However, it introduces critical points of failure in the structure and does not
nullify completely the lack of scalability. Unstructured overlay networks have actu-
ally good capabilities as the possibility to perform range queries which are not possi-
ble with DHTs. To overcome this limitation, DHT implementations provide basic
APIs to perform multicast communication based on the publish/subscribe pattern.
This capability is particularly useful for the functionalities exposing methods replay-
ing to not ID-based requests (e.g. fault detection and some of the information system
functionalities). Current IBSP reference implementation is written in Java. A wrapper
hides an existing DHT API, namely FreePastry [30]. It provides access to the in-
sert/lookup operations and the multicast communication based on the pub-
lish/subscribe pattern. FreePastry is an open source project and the main Java DHT
solution with Bamboo [31]. Even if it has been shown that Bamboo may be preferable
in some cases [32], the differences are not so remarkable. An evaluation of the Java
DHT implementations is out of the scope of this paper. The default configuration
exposes HTTP-REST interfaces and loads a resources ID system based on a class of
private IP addresses. Such configuration is not bounded to any specific platform.
Declarative programming allows specifying the plug-ins to be loaded to support spe-
cific platforms. Plug-ins are deployed even at run-time through a descriptor Java
properties file. It serves to set-up the proper classes fitting a client platform. A set of
interfaces are provided to implement the plug-ins. They let to customize the following
aspects: 1) the ID system; 2) the grammar for topic publish/subscribe; 3) the message
model; 4) the wire protocol; and 5) optional DHT interactions through the wrapper.
While we already mentioned the first and the second aspects in the functional descrip-
tion, it is useful to spend a few words about the others. The third and fourth aspects
determine the way to invoke the methods exposed by IBSP. More precisely, they
define the semantic and the protocol syntax of a supported client platform. The fifth
aspect serves to customize the format of the data to be stored and retrieved to and
from the DHT. They can be simply represented as values of DHT entries thus requir-
ing some rule to compose and parse the values strings. Alternatively, they can be
network pointers to specific remote files containing all the information associated to a
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resource. In this case, this aspect allows specifying the way to access to remote sites
and the handler to manage the adopted file format. A practical example showing the
plug-in of an existing platform is included in the reference implementation. It regards
the already mentioned Private Virtual Cluster (PVC) platform. The developed plug-in
uses the PVC metric to indentify resources, namely the experimental class E of IP
addresses. The messages are text based and exchanged on top of TCP. Apart the fault
detection, all the available functionalities are used by PVC. The most remarkable
implementation is a connectivity enabler method articulating a loop allowing the
discovery of the traversing technique necessary for the direct connection with a re-
source. That loop involves different PVC entities, and implies a whole exchange of
eleven messages. Given the small amount of data required by PVC, the wrapper stores
PVC resources information directly as the DHT values instead of network pointers. A
registered PVC resource is represented by a couple composed by its virtual class E IP
address and an aggregate data including: peer real IP, resource nature, traversing
technique required to access to itself, virtual hostname and optional data. Next session
shortly provides some details about PVC to introduce the various set of case studies
we tested with the IBSP plug-in for PVC.

4 Case Studies

PVC is a P2P middleware targeted to provide a computational cluster abstraction on
top of machines connected to LAN or WAN networks through the TCP/IP suite. From
the user point of view, the access to these resources is transparent, without changing
the security policies of each participating domain. A PVC peer daemon runs on every
participating machine. On top of those demons, a distributed application can run un-
modified upon the virtual cluster. PVC defines a set of interposition techniques to
intercept the network communications of the overlying application. Another set of
techniques, called connectivity techniques, allows establishing direct connections
between resources, which can be behind firewalls or NATs. The interposition tech-
niques detects when a virtual resource attempts to establish a direct connection, trig-
gering the suitable connectivity technique by means of the IBSP connectivity enabler
functionality. Each interposition technique implies a constant overhead in the peers
direct connection which is not under control of IBSP. Since our target is not the
analysis of the PVC connectivity techniques impact, we used Traversing TCP in all
the experiments we ran. The functionalities we measured are: the resource enrollment,
the resource lookup and the resource connectivity enabler we describe before. The
resource enrollment includes the interaction with the ID system. In the case of PVC,
the connectivity enabler is called inter-connection establishment, and the term re-
source becomes synonym of PVC peer. They are the functionalities mainly used by
virtual clusters as shown in table 1, and they produce the largest part of the overhead
involved by the IBSP adoption. PVC does not use the presence detection and the fault
detection methods, while the use of the information system is limited to a particular
case which has not relevant effect on the performances. An implementation of the
presence detection would behave similarly to the resource lookup because basically it
would leverage the same primitives (as it is implemented in the neutral HTTP-REST
interface). We ran three different stages of experiments to test IBSP serving PVC.
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Fig. 2. NPB experiments results

We leveraged the Grid5000 [33] platform for the first two stages. The Grid5000 pro-
ject offers an experimental test-bed for grid experiments. This platform is made up
with computing resources coming from nine sites geographically distributed in
France. Each site has its own hardware and network specifications, and clusters are
inter-connected through a 10Gb/s link or at least 1 Gb/s, when 10Gb/s is not avail-
able. Depending on the size of the performed experiment, resources can belong to
only one site, to a maximum of eight different sites. The third experiment deals with a
heterogeneous environment we will describe later.

4.1 NAS Benchmarks

For the first group of experiments, we ran the NAS [34] benchmarks on top of PVC.
The NAS Parallel Benchmarks (NPB) are used to evaluate the performance of
parallel supercomputers. They provide a set of kernel and pseudo-applications to
measure different aspects of parallel environments. We used the MPI-based imple-
mentation of the NPB. The CG, EP, LU, MG benchmarks were run for the following
PVC virtual cluster sizes: 32, 64 and 128 nodes, while the BT and SP benchmarks for
36, 64 and 121 nodes. For a fixed virtual cluster size, each benchmark were run with
different sets of IBSP nodes serving PVC: we increased the number of IBSP nodes
starting from a single instance managing all the PVC nodes, to the match of the vir-
tual cluster size (i.e. PVC peers) following the power of 2 ( 2, 4, 8, ... 256). An equi-
table number of PVC peers were assigned to each IBSP node. Note that the same
experiments with a random assignment of PVC peers among the IBSP nodes gave
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similar results. In all the NPB experiments, we used the Library interposition tech-
nique on the PVC peers. This technique overloads certain standard system calls, by

means of the Dynamic Library Linking feature.

The different tested functionalities

showed similar behaviors independently on which NPB it was run. Figure 2 shows the
average time and standard deviation of each functionality for every configuration of
IBSP nodes and PVC peers. The performance evolution of the resource enrollment
and lookup operations for any virtual cluster size, in relation with the number of IBSP
nodes, follows a similar trend. The larger overhead of the resource enrollment func-
tionality is explained by the fact that the resource enrollment includes a resource
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Fig. 3. Scalability experiments results

lookup, in order to check if the
chosen ID it is not already in use.
The address generation itself and
the creation of a new entry in the
DHT also increase the execution
time of this functionality. With
only a single IBSP, the overhead
is very limited, since these two
operations remain local. When the
number of IBSP nodes increases,
the overhead due to coordination
and network communication
becomes higher: an IBSP node
must interact with the nodes in its
neighborhood and wait for their
answers to complete the operation.
From a cluster size of 64 nodes,
the resource enrollment and lookup
operations undergo a consistent
decrease, even if they remain in a
very low scale. This is explained by
the influence of the Grid5000 inter-
site communication arising when
resources belong to more than one
single site. It also explains a higher
standard deviation. Finally, when
the number of IBSP nodes is
equivalent to the number of PVC
peers, the information reaches its
maximum distribution over the
DHT. Experiments with more IBSP
nodes than PVC peers would not
provide any additional information,
since the worst test case comprises
each IBSP node managing a single
PVC peer as maximum. These
results might appear in contrast
with the intuitive deduction that
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more brokers should be faster than a single one, because they are supposed to perform
tasks in parallel. It may be true over a certain threshold causing a performance decrease
because of the concurrent management of multiple peers. However, we did not reach
this scalability threshold, even if the scale of real collected peers was not negligible. It
means that the overhead due the connection broker-to-peer is lower than the overhead
due to communication broker-to-broker. We did not get over that scale because of
practical burdens hampering to set-up larger experiments on Grid5000. It is possible
to say that a single instance of IBSP is enough up to manage 128 PVC peers. More
instances can be used for any reason (e.g. administrative policies, reliability, high
availability, etc.) with the shown overhead. In the inter-connection establishment
graphic, the measures show a constant overhead in all the cases. Considering the
scale, the behavior reflects the influence of the other measures plus a constant due to
the PVC peers interposition and connectivity techniques, which are not under control
of IBSP and take an active role during this process. Obviously, the overhead due to
the Grid5000 inter-cluster communication has also an influence. Figure 2 shows also
the requests density associated to a virtual cluster of 128 peers, the largest in the NPB
experiments. The stress associated to the resources enrollment remains constant, since
PVC peers were registered sequentially at the same rate, in all cases. For the other
requests, we can easily notice a decrease in the stress the IBSP nodes are subjected to,
when their number increases, since the workload is shared among them. It could sug-
gest another reason to adopt multiple IBSP instances in order to reduce the load on the
machines hosting IBSP.

Regarding the adoption of multiple IBSP instances and the mentioned scalability
issue, we ran a further experiment with a simulated configuration. We implemented a
simulated PVC peer which calls sequentially the enrollment, the lookup and the Inter-
connection establishment operations disregarding the NAS benchmarks. For each run,
five Grid5000 machines were used to launch simultaneously 500 instances of simu-
lated PVC peer per machine, at a rate of one instance every two seconds. Each IBSP
node ran in a different machine. Figure 3 reports the interesting results we obtained.
The graphics show for each run, the submission and accomplishment time of each
operation request. It looks evident the performance decrease when a single broker has
to manage the whole set of 2,500 simulated peers. The overlap of functionalities
requests, the overhead associated to the ID generation process, the simultaneous ac-
cess to the DHT, and the stress in the network management are added thus provoking
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Fig. 4. CONDOR/BLAST experiment results
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Fig. 5. IBSP/PVC Impact

a noticeable amount of peaks and a general increase of the measured accomplishment
times of each functionality. As shown, the adoption of one instance more reduces
greatly the general increase. Some peaks still remain when the structure is stressed by
the accumulation of many concurrent requests. Finally, the third IBSP instance re-
duces significantly even the number of peaks arising in the most stressful moments.
Obviously, these results are less meaningful than the ones obtained in a real execution
environment running consolidated benchmarks. However, they provide a reasonable
cue advising the use of multiple instances of IBSP for pure performances reasons, as
it seems when the size of PVC virtual cluster is one order of magnitude larger than the
largest we reached in the real environment.

4.2 Condor/BLAST

We set up a different PVC configuration to test the IBSP functionalities in another
applicative scenario. We configured PVC peers to use the Kernel Module interposi-
tion technique instead of the Library interposition, used to run the NPB benchmarks.
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Even if the communication protocol does not change, the different approach to
manage the network communications brings PVC to behave like a different applica-
tion compared to the previous case. We ran the job scheduler Condor on top of PVC.
The jobs submitted to Condor belong to BLAST (Basic Local Alignment Search
Tool) application [35]. This program compares nucleotide or protein sequences to
sequence databases and calculates the statistical significance of matches. In the tests,
different queries are performed against the Genome Survey Sequence (GSS) database,
being managed each one of them as an independent job. Condor schedules these jobs,
and assigns them to the suitable nodes. Condor has been set up without any special
configuration and with a single resource pool, where the participating nodes are regis-
tered. We ran this test on virtual clusters composed respectively by 32 and 64 PVC
nodes. The configuration of the PVC virtual cluster size follows the same pattern we
used to run the NAS benchmarks. The number of BLAST queries submitted for each
test is equal to the number of participating nodes.

Figure 4 reports the graphs of the average time obtained for the enrollment and the
inter-connection establishment. The measures show trends similar to the previously
seen ones. The different absolute values are a reflection of the different interposition
technique used by PVC. Figure 5 provides a single view of the time percentage re-
lated to each IBSP operation compared to the whole execution time of each applica-
tion we ran. We used the data coming from the experiments with the largest virtual
cluster sizes, 128 nodes for NPB benchmarks and 64 nodes for Condor/BLAST. In the
lowest total execution time, the IBSP overhead does not exceed the 20%. The Con-
dor/Blast test over PVC configured with the Kernel Module interposition technique
has the largest impact.

4.3 Heterogeneous Environment

The aim of the third type of test is to prove the capability of IBSP to manage PVC
peers belonging to different domains. We collected PVC peers running over resources
coming from: Amazon EC2 (5 PVC peers and 1 IBSP node), DSLIab [36] (1 PVC
peer and 1 IBSP node), an experimental platform providing a set of nodes spread over

amazon o
welservices m‘ﬁ}b w‘amm“"!.
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Fig. 6. Heterogeneous environment configuration
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NAS EP Experiment - 9 nodes the ADSL, ar}d a private networ}( 4 PVC
e . - peers) belonging to the Laboratoire de Re-
[ Feterogeneous SmviTonEnT KK | cherche en Informatique (LRI), located at
I = 1 Orsay, France. We ran the EP NAS bench-
mark on top of PVC, using all the available
resources (i.e. 9 PVC peers), with the same
configuration used in the experiments shown
in section 4.1.

Figure 6 shows the IBSP-PVC topology,
and the connections established among PVC
peers when the NAS EP benchmark is
launched. Special attention is needed when the
Enrollment  Lookup  Connection PVC-IBSP resources belong to different

Broker Operations administration domains. PVC peers belonging
to the same domain cannot connect to an IBSP
node which is also running in the same
domain: the IBSP node would register their
private real IPs instead of the public real IPs associated to their administration domain.
This would cause a conflict when an external PVC peer attempts to establish a connec-
tion because the IBSP node would provide the private addresses of the requested peers.
This problem is solved by enrolling PVC peers to IBSP nodes running in different do-
mains. This deployment operates on a real user environment instead of an isolated one
as Grid5000. In fact, this experiment is able to collect PVC peers belonging from com-
mercial providers to single Internet-connected machines (DSLlab), and goes a step
further from isolated test-bed environments. We ran the same experiment on the
Grid5000 platform to be able to compare the results coming from this heterogeneous
environment. Figure 7 shows the measures we obtained. The resource enrollment and
resource lookup operations present a longer execution time than their equivalents on
Grid5000 because of the higher network latency due to the communication through the
public Internet. There is not a substantial change in the Inter-connection procedure. In
fact, the lightweight IBSP-PVC communication protocol is not affected by the lower
bandwidth of the public Internet.

1000 |

100 |-

Time in Milliseconds

Fig. 7. Heterogeneous experiment results

5 Conclusion and Future Works

In this paper, we have presented a distributed software architecture targeted to provide
a brokering service seized to various needs of P2P-based virtual cluster platforms.
Our work takes its origin from a classification of brokering needs arising in different
platforms. The drawn categorization is the base of the Information Brokering Service
Provider (IBSP), a SOA-compliant Resource Broker for virtual clusters. It is built on
top of a flexible architecture which allows to be plugged-in in order to serve different
platforms.

We tested the early IBSP reference implementation serving the Private Virtual
Cluster (PVC) platform. As shown in section 4, the overhead added by IBSP to the
considered applications and benchmarks is acceptable when compared to the total
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execution time. We performed our tests on an isolated test-bed as Grid5000 as well as
on a real scenario involving resources distributed over Internet. The main contribution
of the experiments on Grid5000 is a precise evaluation of IBSP capabilities without
any disturbs possibly arising in real environments. The experiments showed that a
single IBSP instance could be enough for a large number of PVC peers. However, as
shown in the last experiment, there are real cases which require multiple instances
because of practical burdens not permitting the optimal deployment. In fact, IBSP is
built with a flexible architecture which allows administrators to tune its topology. Our
evaluation quantifies the overhead involved by this possibility, and provides precise
cues on the performance impact which can be brought by a particular topology
choice. The encouraging results we obtained are the starting point for definition of
new plug-ins in order to promote the IBSP adoption for the deployment of P2P-based
virtual clusters. As immediate future works, we planned the development of the IBSP
support for the emerging HIPCAL [37] cluster virtualization platform.

Acknowledgments. Experiments presented in this paper were carried out using the
Grid'5000 experimental test-bed, being developed under the INRIA ALADDIN de-
velopment action with support from CNRS, RENATER and several Universities as
well as other funding bodies (see https://www.grid5000.fr).
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