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Abstract

Software services distributed in open wireless environments are implemented using
different middleware types and advertised using different discovery protocols. Client
application needs to adopt a flexible approach to discover and bind these services. Compared
with other related work, this paper presents a new reflective coordination middleware based
on mobile agent. It dynamically adapts both its binding and discovery protocol to allow
interoperation with heterogeneous services by uploading different functional components. By
dynamically creating subagents at run time, it can interoperate with multiple services in
parallel. As a result, the client burden is released, and the efficiency of the coordination
process is enhanced.

1. Introduction

Today, the continuous development and improvement of wireless networks and mobile
computing devices, together with their challenging limitations, provide an open and dynamic
environment for software services running in it becoming more autonomous and
heterogeneous [1]. To interact with these services, application platforms must have the
capability of both deployment-time configuring and runtime reconfiguring. Also for the
services developed upon a range of middleware types and advertised using different service
protocols unknown to the developer, some efficient service coordination mechanisms are
needed to discover these services, bind and interact with them.

At present there are four important service discovery protocols in the commercial realm:
Jini [2], Service Location Protocol [3], Universal Plug and Play [4], and Salutation [5], these
protocols are used to publish application services, and provide service discovery and
coordination mechanisms. Object-oriented middleware such as CORBA [6], DCOM [7] and
Java/RMI [8] also provide similar service discovery and coordination function. However, all
these systems can’t support interaction between heterogeneous services developed upon
different types of protocols. As an example, a service is published using Jini protocol. The
applications calling it must also be developed upon Jini discovery protocol. Though the aim
of CORBA is to support interaction between applications developed in different program
languages, the client and server have to communicate with each other by ORB. As a result, in
open dynamic environments, an client application using just one single discovery or band
protocol can’t interact with the services developed upon other protocols.

To support the interoperation with heterogeneous services, client platform must have the
capability of dynamically reconfiguring its structure and behavior so as to find the required
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services irrespective of their service discovery protocol and to interact with these services.
Until now, two kinds of reflective middleware have been proposed to cope with this.

The design of Universally Interoperable Core ( UIC ) [9] is based upon the reflective
middleware DynamicTAO [14]. Its goal is to support interactions with multiple service
platforms in ubiquitous environments. UIC provides the capability to interact with a service
implemented by CORBA, and also with the same service type implemented by Java RMI or
SOAP. However, this platform provides a skeleton structure to only object-oriented request
brokers; it offers only one single service discovery mechanism and provides no solution to the
different heterogeneous service discovery.

ReMMoC [10] provides functions that support the adaptation of the service discovery
protocol used by middleware, based on the service discovery infrastructure available in its
current environment. It can interoperate with a range of middleware platforms and can
discover services advertised using different service discovery protocol. It depends on a set of
OpenORB components including service discovery components and service banding
components. However, it can’t contain multiple service banding components operating in
parallel, thus, it can’t support interactions with multiple heterogeneous services in parallel.
During service discovery process, it uploads different discovery components by turns to
monitor the environment continuously. As a result, this “Cycle and See” approach consumes
too much resource of client application.

In this paper, we present a new reflective service coordination middleware based on mobile
agents [11][13] to solve heterogeneous services coordination. This middleware uses mobile
agents to discover and band the services distributed in open environments, thus, the client
application avoids reconfiguring its structure and behavior frequently. By dynamically
creating multiple subagents at run time, the middleware can support client applications
interacting with multiple heterogeneous services in parallel. As a result the client burden is
released and the efficiency of the coordination process is enhanced.

The paper is organized as following. Section 2 overviews the system framework.
Section3 discusses the reconfiguration mechanism of mobile agents. Performance study
is given in section 4. Finally, in section 5, we compare this middleware with other
related works and present the conclusion.

2. System Overview

In this middleware ( in Fig.1.), client application uses mobile agents to coordinate
heterogeneous services in environments, so that to deduce its burden. By uploading different
function components, mobile agents can discover and band the heterogeneous services in
environments. When the mobile agent gets the results, it sends them back to client
application. We call this type of mobile agents as coordination agents, as its main use is to
interact with the services in distributed environments for client application. Function
components are a set of well encapsulation entities, and each entity is a certain discovery
protocol or banding protocol with only its interfaces exposed. Coordination agent
reconfigures its behavior and structures by uploading different function components. The
structure of coordination agent is not static at runtime. It can split itself into several
subagents. On one side, with each subagent uploading a certain type of service discovery
component, these agents can run in parallel to monitor the environments so as to search for
the different types of heterogeneous service required by application as quick as possible to
save the time and resource; On the other side, with each subagent uploading a certain type of
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service banding component, the coordination agent can interact with multiple heterogeneous
services in parallel.

function
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Figure 1. The framework of middleware based on mobile

A coordination agent consists of a function components list (FCL), a subagents list (AL),
service management (SM) and the interfaces to interact with client application and subagents
created by itself. The function components stored in coordination agent identify the agent’s
capability of discovering and interacting with the types of services in environments.
Coordination agent can dynamically create several subagents at run time and record them in
SL. The record item includes identifier of the subagent instance, the function components that
the subagent carries, and its current physical location. The role of SM is to manage the
instances of subagents, such as sending, receiving, and canceling. And these functions are
fulfilled with the help of the Agent Server at local physical nodes. Other functions of SM
include selecting the best result from the subagents, interacting with the client terminal and
transmitting function components to the subagents.

public class CoordinationAgent implements Serializable, Agentlnterface
{ private Vector Result; // store the results from the subagents
private Vector Assignment; // the tasks it will fulfill
private String ldentity;
private String canMelt; // This token shows if coordination agent wants to be
melted
private String canSplit; // This token shows if this agent can dynamically
create subagents
private Hashtable FCL; // The list of function coordination components
//stored
private Vector SL; // The list of subagents that coordination agent
// has dynamically created.
private Vector NodeAddress; // the physical node xhichthe agent will //migrate

to
private AgentServer AS // the name of the agent server
private int splitNum // the number of subagents it will create;

Figure 2. The structure of coordination
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In open environments, there may be multiple services providing the similar service
methods needed by client. Coordination agent can call these services to select the result which
fits client’s requirements best. Here, coordination agent has two running schemes. One
scheme is to call these services sequentially one by one. In this scheme, coordination agent
migrates from one physical node to another for calling the services distributed on these nodes,
and then selects the best result. The average cost of this scheme is as follows,

Z(TM (Li 4 Li+1 ) + TRC (COII’]piH ) + TS (Si+l )) + TSEL (SR) ( 1 )

i=0

Here, the cost of coordination agent migrating from node L;; to node L; is denoted as
Twm(Li, Ly); the cost of interacting with a service is denoted as TS(S;); Tre(Compy) is the cost
of coordination agent reconfiguring its internal structure by uploading a function component
naming Comp;; Tser(SR) is the cost of agent selecting the best one from a set of results.

The other scheme is to create several subagents at runtime, thus, each subagent discovers
and interacts with a certain type of service by uploading the type of service discovery
protocol component and service banding protocol components. When the subagents come
back, coordination agent selects from the results they carry back. The average of this scheme
is as follows,

T () +Max, (TML,, L, )+ TS(S) +TML,, L, ) +T; (SR) - (2)

Here, the cost of dynamically creating n subagents is denoted as Tc(n).
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Figure. 3. Interacting with multiple
heterogeneous services in parallel

3. Reconfiguration mechanism based on mobile Agents

Computational reflection is the activity performed by a computational system when doing
computation about its own computation [12]. A reflective system is a computing entity which
reasons about itself in a causally connected way. The concept of causally connected is defined
as, a system is said to be causally connected to its domain if the internal structures and the
domain they represent are linked in such a way that if one of them changes, this leads to a
corresponding effect upon the other. Reflective architecture gives the system the ability to
dynamically reconfigure its structure and behavior at run time. Coordination agent fetches a
function component from the component repository and dynamically uploads it into internal
structure, it creates a component adapter for the component. This component adapter interacts
with other ones substituting for the directly connection among function components, forming
a connection graph of the function components.
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Figure 4. Connection between components

Each component adapter has output interfaces to which other adapters can be attached. The
output interfaces indicate the component methods this function component can provide.
Service adapter translates the data produced by the function service into standard formats that
can be used by other services. The component adapter also has input interface being attached
to other adapters. The input interfaces indicate the service methods this component requires
from other components. Component adapters are also responsible for transferring events
across the inter-dependent components. Such common events are the failure of a component,
internal reconfiguration or replacement of a function component.

For a component adaptor A ( in fig.5 ), if it can use the service interfaces provided by
another component adaptor B, then the two adaptors must be interface compatibility and
behavior compatibility.

Public interface ComponentAdaptor{

public void destroyComponentAdaptor();

// specify that another component depends on this component
public void addComponent( String componentName,
ComponentAdaptor ca);

/I break the dependence

public void deleteComponent(String componentName);
// specify this component depends on other components.
public void addToComponent(String componentName,

ComponentAdaptor ca);

// break the dependence.

public void deleteToComponent(String componentName);
// specify another component has sent an event here
public void eventFromComponent(ComponentAdaptor ca,

ComponentEvent e);

// return a string containing the identifier of the component
public String name();

// returns a string containing a description of the component
public String selfInfo();

// return a list of the componentS that depend on this component
public Vector listComponentAdaptors();

}

Figure 5.The interface of component adaptor

After giving a formal definition of the adaptor, we discuss interface compatibility and
behavior compatibility in details.
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Definition 1 A component with expansion of behavioral protocol can be defined as C=
<1&,18,Ac, L, P.>, where :

® |7 is aset of interface provided by C. For any Iteje 1T, Itej is a service interface
of C;

® |7 is a set of request interface required by C. For any Iteje 1$, Itej is a request
interface of C ;

® A is a finite set of actions operated by C, including the request, providing and
internal actions sets, A7, AL and Al , respectively. And they are disjoint.

® | is a set of C’s object reference links, which express the connections between C
and other components in the system. For any |; € L , lj= < Rlte, Plte, Ins, PL >, where
Rltee 1§ is a request interface required by C linked to the others, Plte is a service interface
provided by C to the component linked. PL is the location of C’s reference instance.

® P is the behavioral protocol of C, which is formal defined by process algebra.
Here, P, = (S;,T.), where S. is a finite set of states of components interaction. And s, ,
sena are the initial and final states of P., respectively. T is a finite set of state transitions
and T, CS; X A. XS;.

Definition 2. For interface compatibility, B provides at least the service interfaces
methods required by A. And V ipal: input parameter of request interface of A, ipa2: the
corresponding parameter of service interface of B, then ipal has the same type of ipa2, or
ipal is a subtype of ipa2. The results of A, B are interface compatibility if the result type in A
is the same type of the result type in B, or a supertype of that in B.

Definition 3. For behavior compatibility, suppose two assembled components C, =

<G, 1G5 A Legs P> ©p =<I1E 18, Ay, Ly, P, > interact with each other through an
interface Ite, then C; and C; are behavioral compatibility on the interface Ite if and only if,

for the interaction P, | P, , the initial states (sj,.sy,) can reach the finial states (Sgnq, Sk )

through a set of actions o, such as (s}nn,s,"nn); (Skina-Stna ), Where o e (A UA;)" and

oTltex<>,

4. Performance Study

We use IBM NetVistas to run Client Application, and use a set of Dell PowerEdge
1400SC servers to run as agent Servers. The heterogeneous services are also distributed on
these servers with the connection of 100MB/S Ethernet network.

Figure 6 shows the cost of dynamically creating subagents. The creation includes
dynamically creating an instance of subagent, setting the correlated parameters and sending
them out. Figure 7 shows the cost of dynamically uploading function components. The
process includes translating the byte codes into class file, creating the instances of the
component and the corresponding component adaptor, setting the entry method and initialized
parameters, and reconfiguring the internal structure of the coordination agent.
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Figure 6. Number of subcomponents created dynamically

Figure 8 compares the service coordination in sequence style with the parallel style. As
seen from the figure, when the number of service interacted with is below 3, parallel style has
no advantage. That is because in this style, when the number of services coordinated is not
large, the main cost is consumed to create the subagents and send them out, on the contrary
the cost of interacting with services occupies only a little part of the overall. However, with
the number of services coordinated increasing, the parallel scheme shows its high efficiency.
While under the sequential scheme, the agent has to move from one node to another to visit
the services one by one, and this migration process consumes much.
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5. Conclusion

Recently, several reflective middleware have been proposed with the ability to
reconfigure itself structure and behavior to support heterogeneous coordination in open
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dynamic environments. We compare them with our mechanism based on mobile agents
below:

Granularity | Entity of Supporting | Heterogeneous
of reconfiguration | multiple service
reflection Services discovery
coordination
in parallel
ReMMoC component | Client No “cycle and
application see”
UIC component | Client No Not support
application
Coordination | component | Coordination Based on Based on
Based on agents multiple multiple
mobile subagents subagents
agents running running
concurrently | concurrently

Table 1 Comparing with the related works

Seen from the table, heterogeneous services coordination based on mobile agents help
client application avoid reconfiguring the structure and behavior of itself frequently, and as a
result release the burden of client application. Also it has the ability of discovering and
banding multiple heterogeneous services distributed in environments in parallel by
dynamically creating subagents and uploading different types of function components, thus,
adapts to the open environments well and shows its efficiency.

References

[1] Yang Fu-Qing, Mei Hong, Lv Jian, Jin Zhi. Some discussion on the development of software technology. ACTA
ELECTRONICA SINICA, 2002, 30(12A): 1901~1906

[2] Arnold K., Scheifler R. W., Waldo J. , Wollrath A. . The Jini Specification. Massachusetts: Addison wesley,
1999

[3]IETF SVRLOC Working Group, “Service Location Protocol”. http://www.srvloc.org
[4] Salutation Consortium, *“ Salutation Architecture Specification Version 2.0”.1999. http://www.salutation.org.

[5] Microsoft corporation. Universal plug and play device architecture version 1.0. Microsoft corporation,USA,
2000

[6] Ron B. N. . CORBA: A guide to the common object request broker architecture. New York: McGraw-
Hill, 1995

[7] Randy Abernethy. COM/DCOM unleashed. Hampshire: Macmillan Publisher, 1999
[8] Couch J. . Java 2 Enterprise Edition Bible. New York: John Wiley & Sons, 2002

[9] M. Roman, F. Kon and R. Campbell, “Reflective Middleware: From Your Desk to Your Hand”, IEEE
Distributed Systems Online, 2(5), August 2001.

[10]Paul Grace, Gordon S. Blair and Sam Samuel. “ReMMoC: A Reflective Middleware to Support Mobile

Client Interoperability”. In Proceedings of International Symposium on Distributed Objects and applications
(DOA), Catania, Sicily, Italy, November 2003

[11]Lv Jian, Zhang Ming, Liao Yu, Tao Xian-Ping. Research on componentware framework based on mobile
agent technology. Journal of Software, 2000, 11(8):1018~1023 ( in Chinese)

[12]BC Smith. Reflection and Semantics in a Procedural Language. Technical Report 272, MIT Laboratory
Of Computer Science,1982

18



International Journal of Software Engineering and Its Applications
Vol. 2, No. 4, October, 2008

[13]Hu Hai-Yang, Yang Mei, Tao Xian-Ping, Lv Jian. Research and implementation of late assembly technology
in Cogent. ACTA ELECTRONICA SINICA, 2002, 30(12):

[14]Kon F., Roman M. . Monitoring, security, and dynamic configuration with the dynamicTAO reflective
ORB.In: Processing of IFIP International Conference on Distributed Systems Platforms and Open
Distributed, NewYork, USA, 2000, 121~143

Authors

Haiyang Hu born in October, 1977, male, Ph.D, senior
membership of China Computer Federation. He received BS, MS
and Ph.D. in computer science and technology from Nanjing
University in 2000, 2003 and 2006 respectively. His current
research interests include mobile agents, software middleware,
mobile computing..

Hua Hu born in November, 1964, male, Ph.D, Professor. His current
research interests include autonomous computing, and pervasive
computing.

Yi Zhuang is a recipient of IBM Ph.D Fellowship 2007-2008. He is
currently an associate professor at the College of Computer &
Information Engineering in Zhejiang Gongshang University. He
obtained his PhD degree in computer science from Zhejiang University
in Mar. 2008. Dr. Zhuang is currently a member of ACM, a member of
ACM SIGMOD, a member of IEEE and member of CCF. He has
served as PC chair and PC members in several international workshops,
also served as external reviewers for some top technical journals and

leading international conferences. His research interests include database systems, index
techniques, parallel computing and multimedia retrieval and indexing, etc.

Lianghuai Yang, PhD., associate professor at Zhejiang University of
Technology, his research interests include database system, data
integration and data mining.

19



International Journal of Software Engineering and Its Applications
Vol. 2, No. 4, October, 2008

20



