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A Multi-Middleware Bridge for Dynamic Extensibility and
Load Balancing in Home Network Environments

Younwoo Kim' - Hyunsu Jang™ - Changhwan Song™ - Young Ik Eom™"

ABSTRACT

For implementing the ubiquitous computing environments with smart home infrastructures, various research on the home network have
been performed by several research institutes and companies. Due to the various home network middleware that are developed recently,
the standardization of the home network middleware is being delayed and it calls for the middleware bridge which solves the
interoperability problem among the heterogeneous middlewares. Now the research on the scheme for interoperability and the development
of the various bridges are in progress, such as one-to-one bridge supporting interoperability between two middlewares and one-to-many
bridge supporting interoperability among the multi-middlewares. However, existing systems and schemes does not consider the dynamic
extensibility and performance that is particularly needed in the smart home environments. The middleware bridge should provide bridge
extensihility with zero—configuration for non-expert users. It should also provide the load balancing scheme for efficient and proper traffic
distribution. In this paper, we propose a Multi-Middleware Bridge(MMB) for dynamic extensibility and load balancing in home network
environments. MMB provides bridge scalability and load balancing through the distributed system structure. We also verify the features
such as interoperability, bridge extensibility, and the performance of the load balancing algorithm.

Keywords : HomeNetwork, Middleware, Interoperablility, Middleware Bridge, UPnP, Jini
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Algorithm proxy_device_manager.recalculate
{
a load of local bridge = a load of local bridge / 2
if a load of local bridge < notified valuex0.5 or a load of local bridge < notified valuex1.5 then
notify a load of local bridge
notified value = a load of local bridge
end if

(O 4) 55 AL ¥u2|E

Algorithm proxy_device_manager.select_bridge
Input @ target_middleware, target_device
Output : target_bridge
{
for bridge = every information of bridge in repository_manager
if bridge can support target middleware and target _device then
possibility of selection of bridge = 1/(a load of bridge?)
the sum of possibility += possibility of selection of bridge
else if
possihility of selection of bridge = 0
end if
end for
rv = random( 0~ 1.0)
for bridge = every information of bridge in repository_manager
rv —= possibility of selection of bridge / the sum of possibility
if rv < 0 then return bridge
end for
return null
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BO3aTazt—fesa-$1b7-010a—Oeldla0along

ame (name=JiniClock

. JiniClock_Stub

atatic Jave lang.Class 3jini.JiniClock_Stub.clasa$(java.lang.3tring)
iave-depg: SELANGRSS IaYa JAangL Slaae

ce:“c

ewrtasedang rSering

Public int 3Jini.JiniCleck_Stub.getHous () throws lava.imi.RemcreEXCemTion

public int 3ini.JiniClock_Stub.getMinute() throws iava,rmi RemoteExcepcion
GET /descripticon.xml HITE/1.1
:::%:fznﬂ public int 3ini.JiniClock_Stub.getSecond() throws iava,rmi.RemoteException IAccept: text/xml, application/xml
remainTime public int 3imi.JiniClock_Stub.remainTime(int) throws lava.zmi.BemotcExceotion) User-Agent: Mozilla/4.0 (compavible; UPnP/1.0: Windows NI/S.1)

intretiing

lgetTime public Java.lang.String 3ini.JiniCleck_Stub.getTime () throws iava,rmi,RemoreFxcepcion
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accept ...
BCCEPT ..
accept ...

Java/ProteRBCIML 41 mps o ___________

sock = /10.22.11.192:17001
httpServThread ...

Host: 10.22,11.78:4004
Connection: Keep-Alive

| i [ Jini Clock La Cache-Control: no-cache
2 \lezagna;_no-cache.
(e)i CyberGarage message : httpGetRequestRecieved = fdescription.xml
| JCyberGarage measage : acoept ...
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