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Realizing an End-to-End IP Multicast Monitoring Framework for
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ABSTRACT

Despite its graceful bandwidth saving nature, IP multicast has not been successful in widely spreading and using. Challenging includes
policy and technological issues such as inter-domain routing, multicast availability and reachability. Properly detecting and isolating the
faults would be the first step to stabilize TP multicast. In this paper, we introduce a scalable multicast monitoring framework. To
efficiently cope with multicast network and networking problems, it enlarges its monitoring scopes from collecting delivery statistics to
verifving end-to-end multicast availability, reachability and interactivity. We carry out various networking experiments to verify the
scalability and feasibility of the proposed framework.
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EUEH dielz £ AMEA7E #e] el 8o Gdal
YRE ndd + e PoE AFIdh MDMS CMTP
s Zle] H&stEo] AFHY eXtension HEZ} 12 HASE
ol gled CMTP #i7lo] MDM& ¥§sti glch. MDM&
<E 1>3} 2ol digja, Nzt ¢ A3} Py F& 7|23}
A3} (r=<peer, results>)= ZHd| H71a Ad gz xte)F
Aol &3 ANEL Fe.

3.2.2 7|AvN A AEFHBMTP)

HEFH2E 7|4 HAPM gx 2 T4 F£IL s
BMTP(baseband messasge transport protocol) Zj7le] ]
gtk BMTP: 7]& RTP/RTCP(RTP control protocol) 7F
g B FEXAAZ At Bk AasA o
RTCP SR(sender report) ¥ RR(receiver report) 712 o]
&3] FEAAALE FHE 5= AR, RTCP AR £41
Aol A7) wEol FAHE Ao A £ i)
BMTPE $8741% ZE2EZ2 IP/UDP/RTPA #4315 o
AHEsle2 si7l g S5 RTPSH BMTP 302 59
gugch (29 3)& BMTP #4719 & e HolFEo)

BMTP 3t Heje a5 d4A30d Sgdoz 745
o @ MY 9 BUEY A5 Atolo|A] w©x4 e
AAE A 454 & 9 Alggc BMTP g
normalProbes, onewayPing, twowayPing, onewayBurst %

8 16 24 3
v j C I Task Sequence number
IF address of a multicast packet originator
Timestamp (1% half)
Timestamp (2™ half)
IP address of a multicast packet replier

Elapsed time since a replier receives this packet

(12 3) BMTP(baseband message transport protocol) T2l 3icd
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9 #zE 28 g7z g digzel] Ag Azke
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o EfYg AF AES 99 AL 7 rted B2 9 9
AES $5aFe2A 2BSEHY 24X DEMN2E 4
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Asted €% frh dutH o Wy A Fzle] HEF
o df H45e aA el

33 WEMAE 7184 o Py
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oA HElA2ZE MulAel 7}8A(availability)S ZAAAE
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& £ 7hEEA e oS et

Alotel ZslAdME IGMP 39 HAT GEHNAE
NY AR 4 AYE lFoR 2UHY delAd 4
WEALE FFEAS ol REPIAE AY HAe 4
A dre #g Azt F71dez e AY #2E o
g9tk AlY #AE normalProbes BHE 2= BMTP #
obg #4arh 84 AY AR AR T A% AL 52
2 AAsel goh HEAAE eMe AAT we A
o 54 2UEe telat 2+el A2(path) Aol LFI E4)
g Ao nels) 2§ W RS gAEe AY ANL
z7Moz MAXNG 2UHD delze] A AR B
77 30 ojtt

2UHY deate 7184 802 98 Ad AR 4
oi¥st A% A7el PAUAY AR 44 BUHIY
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beatAlive NN E S8 F71Ho2 wBel AudlA Agd
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= beatAlive 71 & 53 AHol A= deAEel 44 B
AQ & gomz Aol Huel el manageability)e]
olich, RYHY dAse AY #Ae F7¥o2 wA
NRozH 1% e RE dUAE ol £24 2 us
He 27}doz HAY 4 ok HENAE sHeAe &
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of Bead. 5= AW AR 2764 welE)elH s =
QEAAE 2§ Ayl B, i = BeMH AAsE
ANg AR 4 F71GR)0H i =t BAANE
Y ARY $4 BAGDIP. RALE, A%E =

d993dA 2EA2E 2F 3717 11,0000 o Wt
= AEe 98l 2 102415 Kbpse] WESHZ " Zo] g
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Agd ZHAYPAE G ko] dEFAE 784S
Es Y 77 dFA FE #A @ Y 89
g8 glo] IP F24 WM& 7|(network address translator)®]
AHE& HENAE AZA FolE Zeste g dojct

A2ZEYo] dAAL TE BTUHY dErEel 54§
Ao AZEOS #23E AL 9udr) AL &
Aske AL ¥ EF(proprietary) 41 g o|fdE =L
dd92e 2 el glo] T2 4ol o E E9,
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o] F71d gz AZEAE XY of d= 7F B
Aol gled ©X oRE wAAE F o Z TUEHY
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gl A9} Fagd. #e] MulE beatAlive HAol E{d
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#4L AAgch
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e M beatAlive AR E T8 BUHH diz]at
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E oA AAMAY o P 49 TEARE ¥Fsin Yok
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needUpdate> H#EL &9 di2AedAl $4stH dgae
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HESZ EF §22 A% A7 A4, Ad ¥He] ¢ o
2 &48 dEHOOo e A FAL 3N F2F 9
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EQ7 4% AH Hehs dd wug AF AF
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AE & 878 B4 32 Y3 IAF AES UEY
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RELAY ¥ 4% ORDERZ W#3 ¥ wuUee ez
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< 2UHE dglx= BMTP twowayBurst 171& w44
7= Aol T8 diE Az e g7 £212 9§ o7
Feoll Eeoiztrh Algel] #HejstA e muUEHIY ezt
& £3% BMTP #izle Aelshz e, 43 dg
TAE FHEE BUHZY digxs 9 £3H9 CMTP
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(28 5) s ME Al =it

<RELAY, twowayBurst> B#-& &3 #z] AvjolA A}
& dgd @] AMe £3 $AE WY DBl AYsn
CMTP <RETURN, twowayBurst> B#& Fa] Al&xz}el
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<# 3> 2t}

Algol Fojd RZUHEY dezs H¥ 4 F3x
(optimal first-order estimator)® o3& x| #Wo|& F2=
ok d& (e,e,) T $BRT AEE F382 e,
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g A 9 FA Agre] ¢ .. &m 7HAEE HA i}
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| Y EREEE e
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g 4E NY 94
3 Agent ' Agent lBM‘[']’l twoway Burst

e R e o
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35 A9 A3 ww gyde] dy a3
Server | Web | CMTP | <RETURN, twowayBurst>
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F717F 3022 4R Jonmz JIgA Aee AA F
717 dojzich Eg JEYA 43 ste 93 2rlHel
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S, Aete ZHdYAac ST Lslckste dizlat
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H7le @AA7Ick, BMTP st 553 58 ez
48 WA $HRTFE AN dEa Fi, $HLT
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FA ANHEH $9 #39 £4 AR7AA ALY AL,)
59 AEE TFF) SHATE LAANZ dFA= §9
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M1, )& AAtsicl

i

dEF2E B9 AR FHE ddy == guwe
Fold 29T disid e glsted ZdFoln Ha8E
g e ABe A2 282 Y8l miraces Z#| Y920l
#83t} mtracets AHgAtlAl 2495e] A WEYD F
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4 958 948 2 5 Aok WEND $PAEL VAR
ulql 7+ HEFRAE ‘E] ﬂi(reverse routing path) 2 £4
< gjo}slz] $l8 mtraceE 4%
o}, dEALE 29" EQI- Ze HES 275 59
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& (per-hop loss rate) &

#A4olt}, olE o), BEAQ A¥lN RS Ygoz
Ged 2371 EAY $U BYO2 F2 FHo| o)F
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Aord =ZwHddae F4E A ted FE=E,
onewayTrace %= twowayTrace CMTP 5 B2 o] &)
gusr £ gutd A2 3L o oy F= 39
A% 28 4 2UEH d@A £ 21§ A% A2EE

°| "31 FHe HF SHAE AEE & Yok HE 33

= e AMuje] A3E F *}%R}ﬂlﬂl AgHH, Mg
z}h Add ZAE 58 g9 FL 5 JEHZE e7E
gAs e £ 778 R 7 21'5}

45 83 € @4

2 oM e Actsl Ty 45E 4HB7 s
Eil"““ﬂ-“i T AES 7930 4T FFL F9
we] AMejzt 714 PHolA FjEw ZRE g0 AHe
atal, Aol HHeA o] AR 278 FAALY 7ME
s Bk

AES fsl (2" 6)3% go] shibe] #el Ave} 5749
2UHY diz|REg AgHer FAA FEIYh =
9)(administrative domain) [& =7} H&r|E@FHA
KREONET (Korea Research Environment Open NETwork)
o] el gdoly =gl 9 hztes FAF TSI
wokel KOREN(Korea Advanced Research Network)® ¢
F5o] vk 2UEHY BAAEE Windows™ E& Linux
EFoM Fateich Be] M¥e 1Gbps HE U ES A
Adsio] glen b 2Yeg dig)zE 10~100Mbps LAN
o dEso etk Yo F RUHE dEase Hd 8
F(hop) Aol glon FEAAAZHE Hof 98mso|ct.

(23 D Mg Zegdeas ¢ dedolas 284
2% A7E 2oqF0 g AgHAdEE AASAAA FA
% (debugging type), &l HA4T ZUHT o
(target), ©* W& (probing direction) §¢ A€ L Fch
Y lejdol2E dA B4 =Hol e RE ZYHI o
glatgd WE A% Fuel Z+ djejate] BEIAH2E 7HEA
2 Ad A o} F& B Frh

AEANAE 714 HH A Few A7t @] Ao A
Al Bajo] vlx)E GFE A S84 489S T
o}, ®abEgl HEw ogAs AgE Zqifae] oiE
Z3o| zte FFAULE BAF. BUHZ  d2z}
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s Agent IV
Linux 26.10 !
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Management Pentim 14Chz |
Lipviaz, 2630 1/ 100 Meps
D Weor 28 Ghe 2GB Memery
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T Agent V
‘\senl I " Linux 2400
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u;mm;w Agent Il d 258 Memory

2GEMemory  wind,
P-’nu;:‘uc.m Lo 2420
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2 GE Mernory

(32 6) EH2EHE &F

4 allgkdl meQlgl=e) ghade ok HuEE =ie ’-‘t‘!"r}’?lrf- v
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He SA0) mejdtch Ay FE Agde sxede Ui B
shpabo] #Hae] A9 o 48000 RYEH izl 2} Atolel 7HEA(100 bps/
el zh 4 *JKI’WE gol sMpsez WENY SHe Hgyk vk
alch dishd 22 a0d o8 UFE et



HESZT 7|8 A Y KIE 213 End-toEnd IP REIFHAE ZLIHE ZHURT A7 613

-me e

£

¢ et e
- -

- —

- s
X

.-

——a

(28 7) ¥ elemol~
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& o vy A7t giotd, $HE 87 ZUHY o
22 by, — A B Hdl n+170e AL Ao}
gk ne 2§ W 2UEE d2AEY F ol A¥e
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< HAAA RUEE dex Do $43=F go
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(139 8)& CPU %32 A% o|S(performance gain)e)
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F71% 42 50mselv] 3 WA On THo2REH 12 13
02 F 1027 4 HE@E CPU H352 vepde, 4
T ol5E \J/ALE At FeY dAg e o X
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Group size

2= BMTP #2& $& Aol Hesez 53 Ane)
AFAo] "ol + gtk £4 Ao JEAE A EY
A 2UHY dgdA 13 08 AF3 2EHN2E &9
8T AEE F98 (O 9% $HLT AES 59 =
Ag SEAAAZEe]  WHEE  [CMP(Internet  control
message protocol [24]) ping@} ¥]@g Anelcy FHE &
geT Agel FEAAAN o] ICMP pingol vla]l A7t
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glojo] 54 4 2] ~AF¥(task scheduling) ¥ 227
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