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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
extensibility 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
{

notify a load of local bridge

end if

a load of local bridge = a load of local bridge / 2
if a load of local bridge < notified value*0.5 or a load of local bridge < notified valuexl.5 then

notified value = a load of local bridge

(3% 4

Fot AL eelE

Algorithm proxy_device_manager.select_bridge
Input : target_middleware, target_device

QOutput : target_bridge

(

else if

end if
end for
rv = random( 0~ 1.0)

if rv < 0 then return bridge
end for
return null

for bridge = every information of bridge in repository_manager
if bridge can support target_middleware and target_device then
possibility of selection of bridge =
the sum of possibility += possibility of selection of bridge

possibility of selection of bridge = 0

for bridge = every information of bridge in repository_manager
-= possibility of selection of bridge / the sum of possibility

1/(a load of bridge’)

(38 5) =21 Mef ¥m2|F

A (2™ 9= MMBS #3 AA% dnzFeld (2
5 MMBe| BjA {9 dunFg Bl

FohEdt duEFe Helx HY danzFa R 47
4 ARASTS FH olFoAn. HeA MY dmeFe
el dxn g 72 B9 2 oy Bz A
e ﬂl’ﬂ'i‘ral Z BeAe] ¢dedE 7@ 2a 7
BeAg $HefE F3 4 BeAe] AYES Add.
3 llilﬂ”& %‘I'_Ei%‘\‘-’: Hejzx ded] glo] A2 doHE
TANGEE AT e Azyse, A AdF @
ool ezl Al AHelde ztolst 50% ol4d AL
MEE @& o ok £ R daeFd o3
HelA] dA9EL ok 4 (DF (209 F4& F3) HEL
AxksiA gt

1
v SR (D[R = BelAig A7 5 32
rrex@)|v- 2ei pucn
P, = Beas deg
P —i 2
TR

T4 (D2 Z BAY S4EHE Adsl: 340l
dA AT BejAly Abd RaFe d@ olu ez
S Alzte] e} Alzko] X d4E vFe Atog WolxA
o olgA AN &P Helxe] RaF o] AFHE

o o] P HelAef $4 -’é.“— 7b =HA A #4 (Dol
et 2 BEAE 37 Bod BEFE $HEH7 Hol
Ell= 3

F4 @ 234 Add 2EXE $HEAE nigog
& M2 29 BER] gL Adsie F4old I A
HA 28 g 53 AN wet AN g F Qe
He)A FEEo] fgach 7t Hujx & Aulx %—%
WE 1A FHES $HEY v Fol qi B
&F AN F Mul2 Zo] ByA a2 HWYE Q
BA ad $4eAE A M@ RE HIYAY &
He #o2 v gol ok 4 @0 wat g $
$i7h & BeA7} *1ﬂli: ¢ dewg HEo| xolA
Aok ol¥KX £ dneF S FEo| g F7] g, o
T oHA71e g 4ol e REXE MolA %L AL
53 HAo] F=3A AR Fo] WeH o gL $aE
AN E EA7F 2AE 52 Aok

.x;a.

£ of

4

r" Mo e 2:..

rh
Hr M

rlo

33 FH| 2lefHolA

Y] AEFo) A FYE AMul29 F WEYA vEY
o9 FulE AF@ch. MMBY EREF Mu|2E | Qg
Hol2g F3 F vlEQA FuloA Mu|x 2 A,

i AEHolAE ZZte E YEYD vEdolE T
@ Alel71z A" o] Alolre 27/ 71' & BEA7L o
€ 7 A F UEHA vEdY FFHE AFEL. Ao



268 TEXMEIST=FA A HIG-AT M4z=120098)

71E o & HEHZ dupo|2E Ferh a3 A7)
£ Adle ARE vEez 4 P PRE P43 F4
tutol 2 vfUA el A df@ch 4 tiutelx A= o
A A 74 B ARE AR, o] ARE AR
o Mul& & £Y8Y. 282 P AEHol2E F4
tuo] 2wl AAse] 34 Fu] ARE P4 de
& A A7 7@ Hy, o] 99 A2 Yo

34 78

MMBY 43&84 A4 71%5E Ho|7] 98, UPnP ¥
JiniE A& £ 9le F o7& 7 MMBE Jini2 T+
#He AA9 JiniClock#¥H]¢t UPnPE FdE 229l
AudioMediaRenderers F&3t¢h (28 62 788 F
Ao)7]E ®lch

UPnP #|©}7]= CyberLink for java®t Apache Xerces&
AHg-ste] F#E 3L UPnP Alol7]E= UPnPe AEE ¥4
EZ E3gt, UPnP #|o7]= SSDP(Simple Service
Discovery Protocol) MAlAZ Cyberlink for Java®] 2|24
A& F3 FA&s, UPnP 54 #v) 44 #3 L +

g} ol & F3 WA UPnP Ao} Hu)2o) 33 XML 3
BE ¥& UPnP ] AA7]= UPnP9 Service, Action,
Parameter, StateVariable2 34 #u], F4 AMu]z, 34
setal g2 F4Een. UPnP 3yl 4471e #4339 3
BE ZHEo shte] 4 FuE AT F, 34 A E
F4 dutol 2 wjyAe] FEIT F4 tiulo] A wjyR =
29 34 62 UPnP A4 & Aog 4+ ok

Jini Ae17]E SunAtel Jini 2lelHe|E ALgs FES
Ak Jini Aol7lE Jini £ Mul2e H2E T Jin#
vlo] #F HHE 7}A 2ok o|F Jini Discovery Listener
olMlEE %38 Service Template& 7132 ¥ Service
Template] AE]Ho]~E Aul2] Reflect 715 & o] &3 £
Mate] Jinidulel Mu|AE EAstn, d4s 0z He]
g ElQl, A3} zke dHlolg ElY] F& ol 4 v E
g A48 F4 Fue 4 dulolx wjvAe F
¥}

(28 DL JiniA*7]7} JiniZH] ] JavaClocks 553y
Z2g 209 o|lE HaZ UPnPAlo]7]ol 28] £Z 5o
F2H87] A28 AudioMediaRendererg B.91t}.

=X mUH
] =4 HI0IA MUK |
A
1 T
| sasuae
UPNP MHIA [ mi Jini HHIA
|7 uPnP HOIJI Jini HOIJI
________________ L S, HI Jini 24| S8 ]
H - ST, T
UPNP Service | | UPNP Service | UPRP Service i 3 ¥ . S | A
| Jini Device Jinl Device | Jini Device
acton )| |{" Acton ) [[ Acton ) : s ‘ \
n || mennns - 0 A ] - JiniMethod |
= ‘ l‘s‘—"'—v—'f—"::—' || || _Parameter Parameter | Parameter
Sule\mnf:: Fatavninbly | | Ry | |_Parameter Parameter | [ Parameter
)} ——— | [_parameter ) Farameter | [_Parameter |
A | = hi==—
l“ UPnP Device Facl;ry o ] I Discovery Listener _]
1 A
i SCPDURL | SCPDURL i SCPOURL I T LSermes Termpae I
(UPnP CILIOIA || UPAP CIBIOIA |sesess (upnp t0)A | | Jini CI8H0IA | [ Jini CIHIOIA | ==== [ Jini OROIA |

(2% 6) UPnP 3¢ Jini H|0{7]

poblis imt jini.fimiCleck Stk getSecond() throws lays. sl lenctelassciias

antresiint

:l Tims public jave,lang, Surisg Jini.JtiniClock Stub.gesTisme() wshrows lava.rni. Besgselxceniion ':

i
[
FuBiic LTt Jimi.JLAiCieck_STub,gWiINARULE() TRITMS IAYA.IRA.RSEcCelsSeSiion y
I

i
public iae 3i8i.Jimifiock_Stub,cemaisTise(int) Threws lave.omo.Remciafacemzics |
1

ICybercarege message : accept ...
CyperGazage message © accept ...
[CyberGarage message : AcceEpt ...
audic Player Start

sfilesiEriBe Ja m
ege message : sock = /10.22.11.192:1700%1
rGarsge message : hrrpServihread ...
/descriptica.xml HITP/1.1

: text/xml, applicaticn/xal

1 jover-ngent: Morillas4.0 (compatible; UPnP/1.0; Windows NI/S.1)
1 10.22,11.78:4004

icn: Eeep-Alive

Prame- dang s Brrrog
L End

(a) Jini Service ID
(b) wAg %3
(c) BAg A9 Au]x

| Jini Clock Log

entrol: no-cache

(&)}

{ UPnP Audio Media Render Log

(d) UPnP gtolBgje| z7]5
(e) UPnP #u] g4 Az

(2 7) 48 2
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4. MMB HJt & HS

41 22|x| 2t = 4|

B AoMe B =FdA Adsts MMBe & WEHR
uEde] 7 AEELAE Adste dE BEA A2dE
< vagch og (29 8 H7t dided MMBe & B
HAEL Fxo dfg vao|rt,

(a) OSGi : OSGie & 7lclES|c]2 A} 7]4ke] AMu]A
ZgFolt}. OSGie o ¥ME ZTRIPE FHANE &
ok £F ZE I 5 @AY &L AFHoE Y
oz, T AXJE ndg AFFcH8] A% 0SGi
= 9y Ayl FEIEE FHANE F dE EYEFT A4
o 2, o BAe @AY Fgol Y 5T My~
g AFEA gt ol MEAdA AL4E AT
FAO T8 Aul2 AA Ra B 5 45 &84 AT
£ AT B FEES MEAA gAEG

(b) UMB(Universal Middleware Bridge) : UMBX E.g
o] F4E o5+ UMB Corest Ztzt9 & JE{Z 9|
flole} dZAE e UMB Adaptore] d2& 53 & WEHA
g4 7 A3 EEAE AP oI} F2E B
UMBE #49% B4 §F4& AFd A2 & vE
432 vzt Yedd, A vjEdol& Aojst: UMB
AdaptorE F7}8 vz & F UESNZ vE4H9
& 59 F odch kA% UMBolE #3 4t dig x
27t ¢loh

(c) HOMI(HOmenetwork Middleware for Interoperability)
: HOMI= Z & JE9Q)2 v|Edols} AAEHE oo]HEE

SEM I ROIEME 2T CIE 01880 22l 269

F11, o] dlo]HEE HOMI A9 clo]HE wjUA =R e
gch z22lm HOMI AwE Fu]l e ] A, 43
AR 5 o YUE § Ro|N BIAFLRH o] 4 FRE
ol &% & eEdold Held ¥& &S Btk AW
2E AR} ste] AGid e ez AREE BF,
MEA F7Hd & MEYZ vlEdolg Fxe] whel, HOMI
Au o] Aaa FE7F Ao s @A gl ol Hi
A Al F4 @t

(d) MMB(Multi-Middleware Bridge) : MMB: ©4 7}
Zte] & YEHZ v|Edolg A= | AEHo| A8
B3 AHHY HA 75E £k 12 EYE A

28 53 HENZ W9 o2 B¢ PAgozm £
& #Ahn gAA4L AFgch MMBE A2 A7 7}
A A BAE Qe Frkd A EHAE FF A
A 7tEd vEdole F7E =9 Td AMulx E AY
of ¥ Fat B4e 58 AeS dA

MBSl st gde n}e BeE $4 A2
Se 9% Az Fo@ FoE X W2 AdE 23
sl B o) FHoln £ of HYolN Wt
49 e 429 owdsE A48k siolo} Bel

_l
o
|m

4.2.1 971 873 7%

4zt 7139 vEdAE Agste M Ful g Auiz 7
ok =8 o 7MY FuELS AY & A 7MY
HAE TR 7HEe] e} viEslolE B
A FozA A vIEdeE AHUS b vEdoist |

0sG UMB
[(woes |[ onts || wwdces | { PO J
) ) ? L
. 3
 — v = v
Kt [ ums Adaptor M UMB Adaptor UMB Adaptor
= ¥ v ,,‘f,"";_ _“‘°’ﬁ “’““""1"
4 I % l l ] J “’#ﬁ"“] Voo ) | ) | e )
uPnP LnCP LnCP ’
w0 || %0 21 e
(a) OSGi (b) UMB
- HOMI MMB MMB
Yo obre L v| Y e Ty T
4 e - S |
e = [ - B ‘—I——
] WSy ) | 3K oHmoIA SN SENO2
‘ i ‘|wnx J'u:r;mif'? \un-“:n I| I mm
\ uprp IOIFE | { Jini UWSE D] O A | A—— ! j
I UaP%P EF;!P #ri.' Jm IHQAE‘ |UPnP uanp |—£:‘I|—‘ I—y ]

(c) HOMI

(d) MMB

(8 8) 4228Y XYUE 98 Ul 22X =%
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736 729 740 739

m12
B16
=20

800
700
600
500
400 332 329 322 336
300
e =24
100
0

HgH 83
() WEHEY YTUF Bl BE MUY w2

m12
®m16
=20
n2a

695 833 1086

HgH %83
(b) ¥3HE4E Y 2HHE EAR

(38 9) Hiote Yn2EE X3 e AlE oM

9] ztoje] ojsf WY & Sl A% AolE AAUE

7Hd Aule] AHg vEdo] 43} BeA9 vEd] A
4 59 43 §& 4 AE "o 234G F AE "o}
ozt BeAs g 8742 HIA Ha, oF FaEit
g FE T3 4o 2e B A $HeAE W
BAgozA F3E AU

B7tE 93l 3, 4, 5 6709 vlEH, 12, 16, 20, 24749
vejx)s} B 50709 & MEHI |7} uialdD @
2 Zzt AAsigoh o34 F 167hA B9l s zg
10084, % 160099 A &#oldE Al=stct

4.2.2 ¢x2F A% 37t

B =8e guhyg Eaigte] EAEHAETL, FuF 2448
A% Fung Ao F& deht HAAHE F A
7EeR FaHEat dnelFE Brbss

A7) 8§42 53 2o ABeHH FAE F HEH2
$#79 rd o} Pk 3 12709 Belx9} 60071
o] )7L ole $7, 16712 Ba= ¢} 800712 7} Sl
27, 20719 B2z <} 1000702 Ful7k A= 873, 24719
B9 1200742 Aul7E e Wl 7HR 802 AL s
o}t ohg (2¥ 9t H7t A 2AE ml

HA (2Y 9) (a)e ¥ gaFol HEEH7 A
Fo veAd §aed Bk wgE BTy F AL EF
2ag = AquA 2 A9 F g8 2o AT g4a
2& 34 dA3 ¥4 Fo B3 #AE g2 FaEdl
adneFo] HEgd wel & HBA Mulz o] G
Helxe g5 we FHT TYsA EESUL,
z BEA T AHA F F27F oA F L oo e} #4F
(Variance) |7} 2o}z th

(29 9) (be ¢udF 2L 98 875 L o
# 97, & ous ETe] FEE Rt FE
H7e zt BEA7t i Age A% v A fAeHE
A7) 98 "asi g2y F o e s Pt
A $M&9 Aol AsA e ‘A A Aol
£ $4E9 Aol wiwaA dojum, webA FR A
g 97l FE7F Hojs Aok =3 F 2eAe AN o
3 97 R dEQAY dZd & 2Ad e

vl gch. $ Mulzt glo] 28lEZ2A 2 BA7 75
g 75 zZt BelAe A4 FAse BeA Y Asnd
#H7& Bujel 7] "ot A o]HF LHIHE E
Y] FRE AR} F#3] agso] $HEH Ao &
AE FeoeA, HiF 10M%E T2

5d &

F UEAZ vEd EF9 3§ s e o)A
AL wtEA A opg FEalojth, Bz Al2ge nEs
o] 3t 45 e84 XYL T3 cl@ TAE HAg o
2%, d2 nEdolE FAld tFE BEA A€ &
A4 53 343 45 dF nde o Fd

B =88 §F UEqA H3es44 A9E A8 dF
gsel BEEA(MMB)E A%t MMBE HEHA
el o3 Bzt dalx] B4E 3 dse #ATE
g e 7 BEAE & YEYSA Ave) AY FAse
Z] QlE|H o] 28} o] o] g3 tE HaA s} PYst= F
PE Mul22 et MMBE SHE AujAg F]
Hojx9 EYE T8 71E A2dE FAFHAM H2E F
HESZ S F71 & £ SlE T4 §34& AF
s, zt Mg MulA 3F 3¢S uEoz @ 4 F
8 B4 4n2Eg weoz Ay e Higd =¢
B =Re 3E3 94718 53 MMBe 43884 AL 5
g2 FAEsgen, Bt dnFe 47 ¥4 EAE
B

g5 A72 02 F yEHI vSdojd digd 4
£ 4] Qgso] 29 A4 vEd &3 & v]EH ]
o) My 7Y7A meld S4E FIE gaddF, 29
I A390A AAg oWlE A A2y §F F WEHZ
MU AE 9 &8 718 o a7 5 A Aok
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