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Abstract

Service discovery has become more complicated than it was just a few years ago, because
lots of service discovery platforms are introduced for their own purpose. As a result, the
devices concurrently existed in such platforms must be equipped with corresponding modules
which enable the devices to communicate with other devices. A great deal of papers dealing
with service discovery has recently been published, and many efficient and fast searching
schemes are proposed, they, however, do not consider the problem of interoperability
between discovery protocols, and scalability as well as user's accommodation needs.
Therefore, we propose a Web-based multi-purpose discovery middleware to support
discovering in heterogeneous ubiquitous environments, and show that proposed system
outperforms in terms of path length and hitting probability.
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1. Introduction

In the last few vyears, service discovery has become increasingly important in
heterogeneous ubiquitous environments as a key element. Service discovery is the process of
locating available nearby services, which enables users to discover information about
matched services automatically. A great deal of papers dealing with service discovery has
recently been published. The ReMMoC [16] adopts the reflection and component technology
to resolve the heterogeneity problem especially in the mobile environment, and supports
small-scaled service discovery protocols such as UPnP [3] and SLP [2]. Although many
efficient and fast searching schemes for service discovery are proposed in these papers, they
do not consider the problem of interoperability between discovery protocols, and scalability at
the same time. In order to overcome the problems of heterogeneous middleware technology,
system must be able to adapt to the dynamic situations. Therefore, we propose Web-based
Multi-purpose Discovery Middleware (WMDM) which supports most widely-used discovery
protocols such as UPnP and SLP, and LSD [13]. The unique features of WMDM are that
communicate with agent platforms such as JADE and FIPA-OS [21], and can be extended
into hierarchical peer-to-peer network. The rest of the paper is organized as follows. Section 2
describes the related backgrounds and Section 3 presents the system architecture of proposed
system. Modeling and mathematical analysis for evaluating the proposed system is presented
in Section 4. Finally, we conclude this paper with some remarks in Section 5.
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2. Background

In this section, we present a short overview of background technologies we used. At first,
we introduce agent-based discovery facilitator run with CALM [14], and then show the web-
based discovery. The CALM is designed to support context-awareness by providing sufficient
flexibility to enable active service deployment and reconfiguration in response of rapidly
changing contexts. The most fundamental processes of the CALM usually occur in the
internal layers [18]. However, these fundamental processes cannot efficiently work without
service directory, called directory facilitator (DF). It must be noted the fact that service
discovery is one of the most important topics in ubiquitous environments because there will
be many different services available in the future Internet and users want to find services
which perform actions to accomplish an user's goal [19, 20]. Web-based discovery systems
are fundamental mechanism to provide consumer with the contents which are the information
of interest to consumers and may be static Web data [1]. It works on the Web infrastructure in
which various users such as system administrator, employees of the organization, and the
persons outside of the company may concurrently exist. We adopt Web infrastructure to
provide basic services, since Web infrastructure is needed to deploy the hierarchical P2P
system and basically provides user with availability, stability, and scalability. If we can find a
web-server which provides user-specific services by using a structured method, then we can
easily utilize the services using well-defined protocol such as HTTP.

3. Web-based Multi-purpose Discovery Middleware

3.1. Message Monitor

Service discovery protocol (SDP) usually uses a multicast group address to send discovery
messages (e.g. advertisement, request, and response). In a similar way, communication of
agent and P2P communication may use unigue port number. The port number may be
interpreted as a permanent SDP identification tag so that we could detect such message just
after listening to these messages. Since we must continually monitor such messages to detect
changes as fast as possible in dynamic network, passive monitoring mechanism which listens
to the well-known SDP multicast groups is efficient way with respect to bandwidth
consumption as well as computation resources. To achieve this feature, the Message Monitor
(MM) subscribes itself to several SDP multicast groups. We can imagine that three multicast
groups (i.e. UPnP, SLP, and LSD) are connected to WMDM through the MM. After the MM
listens to the messages from multicast groups, it forwards the message to Discovery Adapter
(DA) to classify the messages as depicted in Figure 1.

3.2. Discovery Adapter
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Figure 1. Multi-purpose Discovery Middleware Figure 2. Discovery Adapter
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Figure 3. ACL Message Manager Figure 4. DHT component

The DA analyzes the messages sent from the MM and then loads appropriate parser and
semantic composer. The parser interprets the messages encoded in syntactic structure and the
semantic composer generates common messages for DF. Protocol Loader loads a
corresponding protocol according to the SDPs, and then message classifier interprets the
message if it needs a semantic processing in the case of advertisement message. The ontology
Loader only passes the request message to the Message Manager in the semantic composer.
Context Manager sends the context information in the SDP messages to the CALM as
depicted in Figure 2. It is important to note that DA does not provide direct interoperability
between two SDPs since it is impossible to perfectly change the each messages. However, we
provide indirect interoperability which registers common message at first and then uses it.
Thus, Semantic Composer expunges the some elements of original messages and appends
dummy messages into common message. In fact, we may use a fixed set of common events
which are defined for all SDPs.

3.3. ACL Message Manager

Both Agent platform (CALM) and WMDM must be connected in order that WMDM
works as an agent. After both systems are connected, the ACL Message Manager
(AMM) receives the ACL messages sent from an agent and the main container in the
CALM. FIPA ACL is an outer language that specifies message format and includes
descriptions of their pragmatics, and its agent can communicate with each other using
the semantic languages; every agent has common semantics that is based on shared
ontology for communication [8-12]. Thus, we need to decode the ACL messages and
then parse the content messages to get the agent descriptions. Content Message Parser
(CMP) can support not only FIPA-SL for agent ontology but also other semantic
languages such as RDF, OWL, and DAML+OIL. It is important to call attention to the
fact that each agent can have different semantic languages, so that the conventional
agent platform could not inter-communicate with each other due to its contents
language even though they use the same semantic languages. Therefore, AMM has two
elements; Content Message Parser can interpret the semantics which generated in
different semantic languages, and Content Message Composer generates the contents
message according to the agent's needs as shown in Figure 3.

3.4 DHT Component

WMDM is organized into two-layered hierarchy, where the lower layer consists of
several discovery domains and the higher layer consists of P2P overlay network. DHT
component (DC) comprises of hash function, topology manager, and routing table
manager. The hash function is the main module which provides abstract key space such
as the set of 160-bit strings. Topology manager is responsible for producing the
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topology of overlay network (e.g. circle, butterfly, and de Brujin). To join the high-
layer overlay network, Routing Table Manager registers hash key from local peer (i.e.
every nodes in local groups) with repository and then generates new hash key using
address of WMDM itself. Thus, Routing Table Manager is responsible for registration
of local service and publication of newly-generated key. Figure 4 illustrates DHT
component.

4. Modeling and Performance Analysis

4.1 Modeling of Structured P2P System

In flat P2P system, look-up process depends on its particular algorithms. We analyze
the performance of structured P2P networks including Chord [4], CAN [5], Tapestry
[6], and Pastry [7] through a Markov process for their query method. Most of DHT-
based P2P systems use routing table by which peer selects a neighbor in random or non-
random, and then forwards message sent from arbitrary peer. In Chord, for example,
routing mechanism is similar to binary search, where the searching space will be
reduced to half after a search/routing-hop. Thus, the number of nodes that must be
contacted to resolve a query in a N-node network, and the table size is O(logN). In
paper [15], the authors model the flat P2P system using a discrete absorbing Markov
process. However, they use static failure probability for node dynamics. Therefore, we
re-model the flat P2P system using the failure probability distribution (FPD) based on
lifetime model [17]. This distribution is well agreed with our flat and hierarchical
model. An example of a discrete absorbing Markov process with transition probability
is depicted in Figure 5 (a), where Q, U, and V are expressed as follows:

0 O 0 0 pl,o p1,4

Q- P2, 0 0 0 U= P20 V= P24 1)
P31 Pas 0 0 Pso Ps4
Paz Paz Pay 0 Pao Psa

We use the following equations to compute the hitting probability and expected steps to
absorbing state:

A=(1-Q)"U )
S=((1-Q)"'A) @)
Thus, the average hitting probability and average hopping count as followings:
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Figure 5. The Transition Model of P2P Systems
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Where z°= (1, 1, -, 1).

4.2 Modeling of Hierarchical P2P System

In this subsection, we introduce Layered Absorbing Markov Process (LAMP) based
on conventional theory of absorbing Markov chain (AMP). Figure 5 (b) shows a
transition model of layered Markov chain. We compose the model of 16 sub-states and
4 domains, which are depicted by small and big circles respectively. Transition process
among domains at the upper layer is independent of sub-layer transition process
between the sub-states. We adopt the same routing mechanism used in Chord for top-
level routing, and routing mechanism among sub-states in a domain is various
according to its size of participant peers. Although we can use directory service of DF
in most cases, other routing mechanism such as broadcasting, mesh routing, and other
P2P mechanisms (i.e. Chord, Pastry and so on) can be used. We used the former case in
our model, hence routing path takes one hop to reach the other node in the same
domain. Whole transition model should be a function of both the transitions among
domain and sub-states. We used the index of a domain or sub-state to designate the
domain or sub-state. For example, the second domain is D, and the third sub-state of O?

isol. An overall system state is also called a global system state in contrast to a local
sub-state. The LAMP is a 6-tuple LAMP = (D, G, vg, O, S, vs). We compute domain
hitting probability using matrix H, and its probability used in matrix h denoted z'':

Qv

0.978

0.973 0.983
0,963 0.943 0,906 0.986
= , 72=10997 |, ®=| , 7' ={0.973

0.998 0.953 )

0.998 0.953

0.963 0.963
0.975

7'1is result of computing the upper-layer hitting probability. Thus, " is, for example,
hitting probability from a state of domain 1 to the absorbing domain. We consider four
domains and the number of state in each sub-domain is the same as denoted in matrix (6) and
(7). The right-top column vector of h denotes the transition probability from a sub-state
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to absorbing sub-state. Here, o is failure probability and e is column vector (e = [1, 1,,
n.]). The transition in the intra-domain takes one hop to reach the destination because
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Figure 7. Comparison of Simulation Results using MATLAB and P2Psim

we assume that superpeer (denoted S ) has routing information and thus the matrix
Q'has zero as their elements. As a result, we can compute hitting probability using Eqg.

(2). The fundamental matrix is just equal to the identity matrix because matrix Q' has
no value. Thus hitting probability can be computed as follows:

A=1x[77xs)|(1-0)e] (8)

4.3 Performance Analysis
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Figure 8. Comparisons of Hierarchical P2PMATLAB and P2Psim

We simulate the structured P2P system including flat and hierarchical using two
simulation tools: MATLAB and P2Psim [22]. We use MATLAB to perform
mathematical simulation and obtain the path length using the Eqg. 8, and the simulation
result depicted in Figure. 6. The mathematical simulation results are comprised of three
P2P routing mechanisms of Chord: Unidirectional, Bidirectional, and Hierarchical. In
Hierarchical model, the average hitting probability almost approaches to 1 and has the
same value over time, which means that churn ratio does not affect the hitting
probability even if all nodes in other domain leave at the same time. Furthermore,
average path length of global system is just one-hop length. Thus the simulation results
give us clear and convincing evidence that hierarchical approach for P2P system is
reasonable solution in terms of network dynamism. We use the P2Psim to simulate for
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considering real network environments. It is difficult to simulate all P2P algorithms
using this simulator due to particular characteristics of these algorithms. We compared
the simulation results using P2Psim with the mathematical simulation results. Figure 7
shows that hierarchical mathematical model provides the better performance than both
mathematical results and simulation results using P2Psim. Figure 8 shows simulation
result of hierarchical P2P where domain number varies range from 10 to 200. The
number of node has range from 10,000 to 200000 because we set number of intra-
domain nodes to 1000. Hit probability downgrades according to the number of domain
in the case that inter-domain transition probability is not fixed value as shown in Figure
8 (a). We can increase the hit ratio if we consider more stable WMDM, and expect that
average hit probability reaches almost 1 in real P2P systems as shown Figure 8 (b).

5. Conclusions

In ubiquitous environments, we must consider the heterogeneity of devices and
applications. In addition to this, it is important to consider whether we can find
distributed services in large-scaled network and access the services we need at any
time. In this paper, we have proposed a novel architecture, namely WMDM, to provide
various services in the network using three methodologies; the first is brokering
mechanism that acts as a transient node between the conventional SDPs. The second is
ACL converting mechanism by which an agent can be communicated across the
different platform. We believe that these two mechanisms successfully resolve the
heterogeneity problem even though there are many systems have to be accounted for.
The WMDM adopts peer-to-peer discovery mechanism to provide various services in
the large-scaled network based on the Web infrastructure, which is the third mechanism
used in WMDM. Although WMDM may seem like a little heavy system compared to
conventional systems that are supported by WMDM, in fact WMDM is rather
lightweight systems because it mainly focuses on the interpretation and conversion of
messages sent from conventional systems. The key roles of discovery systems such as
advertisement, invocation, and event handling are left in conventional systems. We
have presented experimental results of hierarchical P2P based on our proposed system.
It shows that WMDM outperforms in terms of path length and hitting probability.
Formulating a rigorous mechanism for applying the meta-semantics is to be studied as
future work.
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