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Middleware Supporting Development of Application Layer Multicast
Applications and its Evaluation on PlanetLab

Kazushi Ikeda Thilmee M. Baduge Takaski Umedu
Hirozumi Yamaguchi Teruo Higashino

Graduate School of Information Science and Technology, Osaka University

In this paper, we present a middleware to support the development, evaluation and maintenance of application layer
multicast (ALM) applications. The middleware facilitates the development of ALM applications by introducing topology
administration, communication supporting and multimedia supporting facilities which are necessary for the development
of most ALM applications. Furthermore, the middleware is equipped with performance monitoring and experiment-
supporting functions on PlanetLab, which make it easy to examine and maintain the system. We have implemented an
existing decentralized ALM protocol using the middleware and confirmed its usability. Also some experiments have been
carried out on PlanetLab to show that the developed middleware could achieve reasonable performance to execute the

protocol.
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myNode. sendMultimediaObject (targetNodeIDs, almobj);
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System.err.println(“Protocol : Received new stream from "
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stream.setVisible(true); // BlEk

}
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public class CustomNodeID extends ALMMultimediaNodeID {

/1 BEEHEEBNTES

public String name;

public int degree;

public long joinTime;

public CustomNodeID(String IPAddress,int port) {
super (IPAddress,port) ;

}

}
class ChatMessage extends ALMControlMessage{
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public String comment;
public ChatMessage(ALNNodeID myNodeID) {
super (myNodeID) ;
}

}

public void onRaeceiveControlMessage
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age control



if (controlMessage ins f ChatM ){
/f MELIETFRICF v A b
ChatMessag ge = (ChatM e) controlMessage;
CustomNodeID spaaker = (CustomNodeID)message.myNodeID;
System.out.println
{speaker.name + "

> "+ message.comment);

}

4  TEHEFHE

I RNV 7 OEBARRETMT S, ATV —LEE
BEE® ALM 7 PV — 3 yORETBICHT 3 EBF
PlanetLab F G771z,

4.1 KEREUH
ERBABOFAZLITICRY.
o {ERMRAKE : Linux 49 , Windows 1
e Windows iz : Pentium M 1.5GHz, 512MB memory,
Windows XP
e Linux ¥ : Pentium 3 1.2GHz ~ Pentium 4
3.4GHz, 512MB ~ 3.6GB memory, version 2.6.12-
1.1398_FC4.5.planetlab (support@planet-lab.org)
e Java : Windows, Linux $£ic JDK1.5
¢ JMF : Windows, Linux $£{c JMF2.1.1e
%7z, PlanetLab £® Linux $#KICIEXT 1+ A7 LA hVix
W, R b Y —LSEOEROENT Windows WK% H
W3, PlanetLab i X RS SRR RHEI ATV
A, ESOMEICHE L TS, SREES N TV 2 iR
RIECTH—GRAR. (A LRERDFTET 2 sz % 2
lRY
% 2: {#f L7z PlanetLab SR O Rt & &8

HERR, e
HARA 7
FTYT7 (BEZRL) | 6
F—oy R 18
TAVA 18
24k 49

4.2 ALM 77— a v RiTisE

ZORBTEIFAILTNRAIM 7 PV r—a VET
TS EiERRUTERINENNS. I Y7 ORE
HEKIEL, ROESEFRTI v 208y FoAick
DAY —LEBRMET T SAREMEN D S.

o /—FHTAM)—LOEGEAERIELITI D, &

J—FWERTEI v HRry bR ANERT 5.
o REOBEINCHEY, /— ROEE R/ 4y FAHE
LEUTDTNNRET S,

ISRy FI—IBRBUCKEKET RN, +
REHEHSIHZICEEDET, FOLIEEKNEE TV
WHERRBZET, I RLY 7 ONERTMETS

T, AMU—LEEREEGRALEE BEC Win-
dows WK CHEES 5. mXERUEEMXY, HERELSE
ER-okEFRATEZ LROEBAERDZ LT, ¥
T 7O M) —LEESHBELITMET 5. EETTREREEIIE
HicHEb3 /— FHE— LAN ADH, EADHR, #WINCE
S RBEISITITofe. AP —LEHEEST 2 Windows
AR ELE— LANAD/—FE LT, HLOWFEEH Plan-
etLab ICIREL TV AEREEFAL, 2 /— FRATHDIEL
GEEEfTo /. BRLENO ./ — FEFIFTSERTIE, N
BEXETIBE, SYELICN /—RERY, ¥055
D1 /—FPSAR)—LOBMEEHHBL, N/ —FHETS
VA LIS N-1 BiREE{To . K4/ —F2H/L
e A b U —LSEBAETERRO F Ro IERT. RO
BREE5ICRT

T DZRM S ping JEERMEIAZVERO / — RAD
BRI Y, BETERSS DN ENSH S, chid/—

Lransmit

lorigina) stroam) PL : PlanatLab

forward

PLnode@Prance  Plinode® Chinn  Pl.node & USA
forwerd

forward forward

Windows nodo @ OsakuJupen PL node ® Germen  PL node & Tokyo,Japen

R 4: ¥5/ — FEFIA L 7 mX EEETHRERD kK

o f (ExEEI 4 E])

9 =e w
8 s g
g 7 00 &
g g << 250 §
2 4 200 s
*ﬁﬂ 3 150 @
} 2 - 100 &
e —— 50 g

° - - - o

& & dWN

R

€

X 5: IREAHERE L / — R DY ping ISE KR
FRADEEHAREWVIZE, BIEORFP T/ v FOROEE
BRETZIDLEEZONS.

o, /—RORKRBEZHATS. RETIHHEICKE
# 700kbps ® MPEG Bi@E A bV —LEMAV, BERZF V¥
LICBARHREED ./ — ¥ & Windows BERTITV, #E
J—RHEALEINCH BB TEHBIL:E. ek
KRBGFHHEZERD b RO UFlRRT. FERERER 3 ICRT.

CORENOBRAREI 10U ETHB T LTh T
%, TMbps DHENESNTED, I Y2794
HHERBHTETVREVZ B, £, BAKKIIRE/ —
FEZE/— ROFEMZBEELEVWEEIONS.

4.3 ZFWIIT7EFRBLIEALM 7 SVr—3
DRE

SRV LTEFHLTALIM 7 S U r—ya ks,
SR TOEMAME APL FIRIC X BEETBOMRE
T,

ALM 77V —varye LT, BEOTO N
MODE[7] AW EFdF vy "7 FY r— 3 vERE
L. 2 R o 7 ORET ZHE R v b— I OREPER
/— FEUSHERE, A MU —LDRERE, mABEXIIET S
TET, BRICESETBENTER. i, MODE ZHW
EEEOF vy NPTV r—varyadShicI Ry
THREET B X b — LORESEBIER BT BHTLEE
{Tol. COBREFIMDI6RELTIBETHR, Tl
BRHCEETECENTER, THEICELHRIEN 285
i, #0150 T2 IS LSBINT 553 Thot. DX
3T, TRV TEHMATECLT, HicTurars
RETIHEEL, BFEOTT M VESICR MY —LEER
BERRRERIEAICYL, S RAYLTRERATHE LS
3.

KELEETAF vy b7 TYU r—va v OMERRLE
BEFH% PlanetLab EOIFKEFH L T{To%. MODE @
NRIA—ZL LTREAENEZASNS, KB E LR
ZEHAL, AR—LOREMETTS. REMIETNE,
ERXESOEMC X 3 A b — LOSRBEIETPIEESCH DS

% 3: /— FORTEHIR & SR
[T | BAKK |
HE 12
TV 10
J—my | 11
FAYH 12




PLnode # France

o/o/ \'o\o

PLnode®Chioa  Pl.node & USA  Plnode ® German  Windows node & Osaka Japan
B 6: BAXEEERERD b RO B (RE4)

BENKEL KD, CCTR, KRETOWHERRZTS C
ET, BiliE/INSA—2REERDDERETS

REE 4,812 KEL, FhFhsm/ — K& 50 TEE
Ei{Tolk. KOBRLEVEREHFNEA T —LEZRIET S
cehTENL, RAEHRTAMV—LEHETEZLEXD
h3. ERAEEDTICRY. PlanetLab LD 49 /— K%
S, B#%IC Windows SREBINE ST, ARHHT
%. Windows ik & PlanetLab L0323 /— REOFRAH
BLEL B2 TWAZ LEEREL, #0 PlanetLab Fd./—
RSR MY—LRERTS. A M) —LHRSHKICIEEY
N, Windows MK CHREETZ 2H 589 5. MODE #F|f
LA Y —LEEORZR 7 IRY

oot nmlﬂ

ik
-7 J

sender node

& 7: MODEIZ &3 X bV —LEREDH (K3 &
m/— F#(15)

HBORR, £TOBPEIC Windows K TAFY—L%
BT BT LNTERY, RULGENBRBD DI RIL8 D
BaTHolc. R R2OLEBN—F/—FDXy FU—
JERPREM T L, R4 DL EZIGERED 7 EE
ZL o EHAGFHEOBETFICOEN-EEXILNS.

COEICTOFaANRT TV r—a R L TER
BTTFAMEITHIC LT, Bl A—2BERIT/0,
TREERHRA LIV TR ENTES. BETEIRIY
PETOPaANRT ) r—a v0EELE, PlanetLab
ETOEEBRTE, A Y —ADOGEISHREVS ML U221t
TBHIET, 7O baR7FIr—ya Y ORRICERY
BIENTES.

5 FLHESHROFA

FRTEIA M-I VIEHCVSE ALM 7 U5 —3
ymm%,&%ﬂﬁk&U@mEi&T%memmw&\
FADc7EBR L. BRI FVI2TRELODALM T
Ok OVIESED b RO I EEAEE RIS B REES API
LLTHRHKT BT, 7V r—ra vy ORBICHH B
HEHWT S, E8IC, NTF—TVAEZRY VTBES
PlanetLab F TORITHIBMERFIATAC LT, MRELE
TPV r— 3 v OWRETHili 2 RBE TOHRMICITS T L
TE5.

SHROFBEEL LT, KkEEREORE, TEXI— ROR
RICEBI RV T 7EEOME, &k 8BS API DRt
HEREZEATWVWS. KDBEL API ZRHtT 2 RDOFE
LLT, BFEOTararEs 5&:§¥L OB, BEIR
HERHMT 5. EEFFERLEI VIV TRAVT, BE
Oﬁ&&ALMTUb:»&%ﬁL,&ﬁ%ﬁ%ﬁﬁC&ﬁ
7OV ERMETS. RBICEOYHHALETO FaLOE
AT, EETTE, #iizk 7ok VORI IRTFTVL C
LETETH B LEXTVS.

Windows node

BENH

[

(2]

3]

(4

(sl

(6}

(7l

(8]

[l

{10]

(11]

(12]

(13]

[14]

(15]

B. Zhang, S. Jamin and L. Zhang, “Host Multi-
cast: A Framework for Delivering Multicast to End
Users," Proc. of IEEE INFOCOM 2002, 2002.

S. Shi, J. Turner and M. Waldvogel, “Dimension-
ing Server Access Bandwidth and Multicast Rout-
ing in Overlay Networks,” Proc. of Network and Op-
erating System Support for Digital Audio and Video
(NOSSDAV’01), pp. 83-91, 2001.

V. Roca and A. El-Sayed, “A Host-Based Multicast
(HBM) Solution for Group Communications,” Proc.
of 2001 IEEE Int. Conf. on Networking (ICN'01),
2001.

D. Pendarakis, S. Shi, D. Verma and M. Waldvo-
gel, “ALMI: An Application Level Multicast Infras-
tructure,” Proc. of 8rd USENIX Symp. on Inter-
net Technologies and Systems (USITS), pp. 49-60,
2001.

Y. H. Chu, S. G. Rao and H. Zhang, “A Case for
End System Multicast,” Proc. of ACM SIGMET-
RICS, pp. 1-12, 2000.

S. Banerjee, C. Kommareddy, K. Kar, B. Bhat-
tacharjee and S. Khuller, “Construction of an Effi-
cient Overlay Multicast Infrastructure for Real-time
Applications,” Proc. of IEEE INFOCOM 20083,
2003.

T. M. Baduge, B&#F B8(=, |LO shst, B HEx, «
HERRDL & TRERNA— LA INFEY X
FAREBRET 257 VTV XL, BFFHES
R5RYGEE (D-1), vol. J88-D-1, no. 11, pp. 16481658,
2005.

Y.H. Chu, A. Ganjam, T. S. E. Ng, S.G. Rao, K.
Sripanidkulchai, J. Zhan, and H. Zhang, “Early Ex-
perience with an Internet Broadcast System Based
on Overlay Multicast” USENIX Annual Technical
Conference, Boston, MA 2004.

T. Yamashita, H. Yamaguchi, K. Yasumoto, T.
Higashino and K. Taniguchi, “Emma Middle-
ware: An Application-level Multicast Infrastructure
for Multi-party Video Communication,” Proc. of
IASTED PDCS2003, pp. 416-421, 2003

Heit WoBA |, M EAE , 3% K, PP 7S ) —va
> DRFE L T O - b OB PIRBEORE,” 1§
MU LRASTEE, Vol.47,No. 7, pp. 2194-2201, 2006
JMF(Java Media Framework API)

http:/ /java.sun.com/products/java~-media/jmf/

K. Hashimoto and Y. Shibata, “Dynamic transcod-
ing functions by extended media stream,” Proc. of
IEEE AINA, pp. 334-339, 2004

X. Zhang, J. Liu, B. Li and Y. Yum, “CoolStream-
ing/DONet: a data-driven overlay network for peer-
to-peer live media streaming,” Proc. of IEEE IN-
FOCOM, pp. 2102-2111, 2005.

J. Wul, H. Lien, C. Huang, Y. Shiau and W. Tsai,
“An efficienct way for sharing real-time data and
the application of remote network video system,”
Proc. of IEEE CNNA, pp. 308-310, 2005.

F. Delmastro, M. Conti and E. Gregori, “P2P
Comrmon API for Structured Overlay Networks: A
Cross-Layer Extension,” Proc. of IEEE WoWMoM,
pp- 593-597, 2006.





