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ABSTRACT

A Study on Multicast Protocols for Achieving High
Performance in MPLS Based IPTV Transmission

Hwang, Seong-Kyu
Advisor : Prof. Han, Seung-Jo Ph.D
Department of Info. & Comm. Engineering,

Graduate School of Chosun University

Unlike the Broadcast Method, IP multicasting is a very useful technology for
the processing of large amounts of data on the network; such as the image
data used for a particular group, because it reduces the load of the entire traffic
and minimizes the influences on other networks and data transmissions when
the network i1s formed by transmitting to a specific group using the same
application.

The existing research on multicasting mainly consists of studies of:
bandwidth efficiency and the guarantee of real time video quality by improving
the transmission method, the multicast algorism supplement and adding
functions to supplement the shortcomings of each multicast protocol, improving
the shortcomings such as the tree formation of the flooding and prune method,

and channel diversion routing technology for solving the problems of the

- viii -
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channel diversion time when the channel is diverted for guaranteeing the
maximum service quality.

The multicast protocol is largely divided into the transmitter based tree
method and the group share based tree method, and they are used differently
according to each situation, thus different multicast protocols have diverse
advantages and disadvantages and usages at the L3 section. However, when
real-time data is transmitted to the LAN environment of the L2 formation,
problems occur where all the unwanted devices with VLAN information at the
given bandwidth receive the real-time data. In the case of this occurring at the
STP loop at the given VLAN, problems which have fatal influences on the
entire network will occur.

To solve the problems facing diverse multicast protocols, the PIM-SM
method was the optimal protocol, which is the very RP selection method.

This method consists of setting the RP at the core router of the router and
the IGMP snooping function at the L2 section of the router. By setting it in
this way, it is able to prevent the problem of all devices receiving the real-time
data unnecessarily.

With the selective operation of the multicast protocol at the L3-L2 section,
the real-time server can transmit the wanted real-time data to the wanted
terminal or group address through the LAN of the existing L2 section and
reduce the load when transmitting to the router. The network load is reduced
with maximum efficiency, because only the related group can be managed and
transmitted and the whole network load can be minimized. Also, the investment
cost reduction was achieved by using fewer circuits due to the reduction of

bandwidth use.
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1. MPLS Architecture
7b FAREAL8 A

(1) LER (label edge router)
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WS g whol gtjo] F7}F sto] WlE Y gt LER H & customer UE$
e AZAE o] Ut [6].

(2) LSR (label switch router)
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(4) LSP (label switched path)

LSP= dolg7F AEE 7] Aol A MPLS Z=HQlez 4% MPLSHH|
So] mHloA 54 FECEZ AA¥ w7l LSPE 7Fzlth LSP+= dlolg 7t 2
= 7] Ao AALATt, MPLSE hop-by-hop #@+$8 3 explicit 2+¢% F7}# LSP
ARFAE AT MPLSE 1P 97l 2595 MPLS HEYA ol n2] A
A ARE wet ddsts 98-S @dste o] A2E LSpet vt [91

ofy

)
N
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(1) Hop-by-hop 54
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WS AT BUlE P 9z A5 BAo|d.
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A2 - AE 1453 QoS

1. QoS " 7

7}. QoS W7

U g el A& Mulas dEsty] f17 QoS dasth. EE v Yo,
TP A A wE HFARE AN A A FAS A Fojok

A SAGe A WEEAY] Az wEp AAE Aol Bd &
4, 9% Edge] ¥Es] mWiel QoS v WA s saste. Eukd 24
3h2 AAEA wFg o Aleldo]l A HAY e el mutd B EE
tel ol EF Al diEe 54 oY EfT {FIE& sl AH&ee E
Hulgo] Mujavy Az A2lE 2a% sk Y dEEA EfFo] Lol
thoolel mupdoluy HEm|Ho] Efg S & Aot B2 YgFs dew 3
o AN e dolHE dEYSA AdS A E Qo EE o

gt e WA o® A2 Hojordnt [21, 22

QoSE HAsH] 913 WHor HEYA X =43 QoS7l+s HEste o
Az d= & Aok HEYZ g Fs £ QoSE B8] #3 AL 1%
of Ay vl go=m |4 & 5 AR 54 A WHES ol QoS7ES At
st RS ddE =4 wRjolgl st o] 7le2 vdd QoS7lES AHEshe
AeH o gdEs AFste Ay ERYS 245t yests 7]Eolth T
A Ao 2 DiffServ, IntServ, MPLS¢} 22 thd3t QoS 78 7|&S AFEdoF 3t
o} [23].
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AAZEE] HOlH ]l HMAE Fro] Mulas A dolut A E 7 QoSell
AN Ao Al HAEL ] glojof k. AL AlE Mujis

g AHel 2A FSEnz AN uAA ke Auzd] oheh QoS E
S

2. QoS ¥3 84

7. 9 Z (bandwidth)

WG ZE i ofEeleld 25 wAYE R S5 Agfsris ov
ol w@9:= bps (bit per second)eltt. Y Z2 QoS dehH E|= SDR (subtained
data rate), PDR (peak data rate), Min/MaxDR (minimum/maximum data rate)©°]
ATEH THEWNAEL bpsEIE BAIHW EFQ Fa HR9F AR, AFEHE
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Y. A4 (delay)

A AL VoIP (voice over internet protocol) HE|H|T]o] FAlo] A F Q3T

olth. QoS Aol AAL FEIF oltf. AEAAL T wA e HAE T3
o

MES dFsttd Ae¥E Ao oui: wAe] S 9
Fda Adolel mew PEF ok Ade] wlg W ITU-

o= ©keE XA 150ms ©] R A S 9

At

A AEAA, dEAA, FIAD, EALAA, AojgA A, EAA A
i

ol 3t &% VoIP A3tz QI3 AeAAS 54 ARE Agste FA =
A8h= codec A Aolth. AEHEAA2 s Al M AeLd3} sh=d de

= Alzbelth HfiFS g HAA dEERE Bled Zels Aot dEAde
54 WAz A8 d3E T8 3 REE dessd dee ARteR dEYA

oA Bl Ei= Hute] HIo] ofs) dAIY dLEAAe] 5EHLS LT =
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kM
A}
—
DY
e
=)
ry
i
)
@
o

[aN
()

(@]

kM
N

MOS
(mean A A
Codec @& FYEY otx= g B
option (ms)
(%)
score)
G.711 PCM 64K 4.1 1 0.125
G.726 ADPCM 32K 4.0 10 0.125
G.728 LD-CELP 16K 4.0 50 0.625
GSM RPE-LTP 13K 3.7 5 20
G.729 CS-ACELP 8K 3.92 30 10
G.723 ACELP 6.3K 3.9 25 30

Atz ow Y E A e] AgAAe vl AA T wjiEel & A7t
HA Gerh FAAALE ARl AEH ] A SE e Ftel sl sk ARt
oty = fACl wWet 5ol ek Wie 72 FEEHAY sos TelA
A= A2 =8 A7) Wil ks R gy 2999 A A2 o] 2
THUY S9A 2 E08 = AEHol AR FolokA TPt A9 Z =AM 9
3l dE7F 24| F, Whs /gl Yk qtel FolrIZkA A= ARt
o mEbA 2" 2913 ZRA L] wel 2ozt glem ARt o= 29
Hubs A9 99 Ade] A 24 3o [25]
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-
T

B o= 5
HEAZ dFl

T

H

=

Az

el
P 5 oqlrh

RS

2

dgnA ¢

f

J

=

o

=

=

ez A

-

T

G

A&7
o AF-E=

-

T

ol

HEE e

ok A H (jitter)

A1E

oo oo W TOT A T T Mo
w MOE RO R T T A
RO C I w®E Wy
,ﬁIA ~ . ®OOR ~ = ~5 =0 ,ﬂl ~ < E.U
N T = = N X <0 B® X B G4
o s 2 A O
JJJ N o S ° I A
belnuts enTEE T
M N o o T w- ) HA]A o = MM Mll X
B o O B o g %Mo N o
> < Y AR W X oo N
M oor o = 9 o T T
R N B o oo X
™ K ‘__ﬂ oF oF A iy o= B Mt TR
oo oMo % 2%%%%@&
~ ! —_ = — ol 3
A o TN B
Mo X o o E 2 WP E
of X X = T A oy
o8 0 B om W
" qFF o M T X T W - &
TN 2 : o 9 ~a =) KX
G L I I
T KR o K ooy .
—_ ﬂ_AvO ~o ‘WL ,ﬂl 0 EO ! ;01_ \;Imw
oy o T <° — — RS o] P op w
By e PR ® A Foo A w © A
ﬂ%ﬂ%%gtﬁ 2 %%ﬁmﬂmﬁw
X = ~ oF X op B
T o Mo W - 5 o i3 3 Gr
M T%A @%Wﬂ v/ %M@m%ﬂ% o
%%ﬂﬁgﬂﬁxﬂ 0 ﬁ@frﬂwm%%
o o ow s M ) g O M = o 0
Jl o Rl T N = T Ok L
=% w0 w5 H o e
LN e T e ® e X ﬂ,mea.mﬂwg
o ol — "o ) .
= B oo TR M wM o . 9 mﬁ ol y
bR ook AR AR T L N T oA o o) o
ﬂ%Pﬁoii&_/ 5 oo T o4 O
X 3 O . KK 4 ® « B
Ta ST o ENa ®oxToy
3 WO T T R = S
T oo OE W RN R o T % T ow
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3 2-2. U E QoS 7IEs

3 = U 9 Hl a1
3 = :
T AAA BF 95% o]
. AEE
B ) 71%(PSTN)
x PDD told ¢85 T3 dAS
Al (4.5%1),
2 | (post dialing #] ) TR 7FA 9] A ZE
A1) (7.0%4W)
B PSTNel 4 MOS
324 S 1~58 A3
MOS 4.00]7
1(peer) ~5(excellent)
71 3.69]%4
= End to End 77t &5H 715 150mseo] W
voice A1 N
3} AN TE B A9S =4 | End to End 715
%}_“
2l S0l tAl Eolet 30mse°] st,
| oﬂi
B2l A gl A% 95% o] s}

2
fol
b
>

= 10dBe] s}
25 A7) 0] Aol

i A7 EA IPol Aol szl Ed& 1950] s}
i . 4 jm

IPrgoll o] w2 = (E/5)
2 A €] 30mse] st

A JIEYl QoSeot HE S AA Y A4-(2009)° W& F7t

o= AFEA AHY AT S UEMWE QoE (quality of experience)t <13 ¥w
W EFA A ] EAL IPHol AL HF Ao 1%0l TS RAAs T
of o1l A 3}le] QoSE HA 3k} [27].

N
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3. QoS B Aot

7}. IntServ

IntServ &2 A24e] #9eHe AdE v oFgor Tk QoS

o

S FHE= 7)E0] E‘r. IntServ Rl EFE= 18 2-83 o] A ZF AH]

LY

A Mulaz E7ste] QoSE Alwstal AAZE Mujze] tiaiM s EEe W

=2 o] BEE QoSE A=l AYS I
o oF 2 EZQ RSVPE Abgate] A %
TR ISPy 7Ibel A= 719 ARgshAl &
HEEH oz ARE st [28].

[>

3l7] 98] IntServE g A= X
A% A2 AYS Rt RSVPE

(ST
o

(RO}

s

/\01-

-

3l AR access UE Ao Aqt

YIE{Yl MH|~ Best Effort

a9 2-8. IntServ A ¥~ EF
(1) B4 A~

RAY Aplas dHUAA AN AE Tl QoS
o w3 AJH] o)

)
U
0% ©
(v
>
o,
22
oX
ofr
ol
N
[0}
'~
ki
Ju
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(2) Fsb Ao Anjx=

B3l Ao]d Au| A= QE Ul AAZE AH| 2o YEYA A3l overflow
glo] ofd w9 best effort A H] 29t §A3F Hqu] 2ol WA I} pest effort & 2
0 gde @+ Aok

Y. DiffServ

DiffServ. ®&2 IntServ 229 dAA dAE &7l 9] st o
IntServe 55 AT R sto] B4 QoSE Al F&A v DiffServe T&5 9]
s i = sto] Aulx FEE s gty e IntServEoh HAEHA
A & F Qo] YR Hg stsstth 29 2-9% DiffServ A HAE UE
U 83k QoS FEEE 8% Ut ARl IS vy Aoste] &
HE AHu ARE A8 davt gle 2ol 54t} [28].

ot L %,

M@y WO e

19 2-9. DiffServ A H] 2=
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# 2-3. IntServ 223} DiffServ =] vl

T+ B
IntServ DiffServ
H| ol & &
ZEF AY 99 End to End QoS Hop by Hop QoS
QoS ©¢ 25 w9 Class
QoS 7]wt o kA g 7]k A9 7HE
QoS 7] RSVP PQ, LLQ, WFQ
s s =5
QoS A& vEY=A 2R 7P A R 71

o7 ZEAH Fol= IntServ

ro
=

¥ 2-3% IntServ =& 3} DiffServ X 9S vl

o ©HS BWeksE A o] DiffServel™ IntServe AFEWo] AL35H DiffServe

RS

o
o
(o]
©
i
=
N
L
ins
D)

it ge] gtk 22y o] A 7IWHe mE A &8s
o= IntServ 71HS A &3t opdo| A= DiffServE 2831 edged& 7F)
A sotrE AAAAFI] 8 FAEEM QoS A&str] #18 IntServet

DiffServ 7|'H& =& H&3to] A& ot [28].
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4. QoS ERZ7=

7}. &84 9 (call admission control)

A58 7o) Feo o AnE ATy Fa49 Fuel o
g ARE FRS FE oNE ARV ERSE 5830 shol
QoSell W7k oA ¢

71 E25-9

ARA Ao NEe BAY
gelA el A&old. &

Au| 2ol AEE waoln QoSE WAEE

=
ZRSo} A 22$E X8ty EE AES 1A A
Abstel AR A FeAlols Aegith M2E Eggo] 4§

= O] o EO] 1;}—0].;5_]3].

oelg A%E BRSEA BAA FeAol
g St Jleolth A% bs@ Anze olgEn
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. AARF

(packet classification)

= 7ol Yl o7 e class®E wR{okE

T ©

o] At QoS FHE wshA s
classifier®] MF (multi field)=

Adolm FAsAL FA

HA o8] =2 QoS AlH| 2~
sti=dl AF83l™ BA (behavior aggregate)
1A sto] 7 ghet [29].

(¢}

El
QoS AMHl& Fweo] ®AH

th. Ef® ZA (traffic policing) & 4)1°1% (shaping)

Egg LA HdeolB& EY F5A09 EY £ 5 4ot v7USE
olty, E¥Y 3ES TESY ZE29E 4old 7eE s, WA AFE o Fof
wel Egy Ze Ay Ho]Es ek [29].

(1) Leaky-Bucket H-42]

Ef o] s5o] dAsHA Fs W It FFEoE FA gt HES A AF
A7l 719 el™ OSI 7 layer®] 3 layerol A Ab&¥th. leaky-bucket W22 Ut
3 2y 22 AAsFs 1A

Fe Py Bohe ok AR 44E =R

4= o < 7FA A 9
(2) Token-Bucket 2]
token-bucket #2l2 EH IS A o5tr] 93 Ao EZLS A uw ALE3H
o} EFo] 9% A9 EfIo] Exdct B2 EIHY A e U Yol A
7}& 8kt
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(3) Hybrid ®-2]
hybrid #21-& leaky-bucket "2 3} token-bucket W21 9] #HS s w2 o]
™  token-bucket WAooz EFH BAEE HolEolHA ZFH 3 ¢S,
o

leaky-bucket W4 0.2 54 A% wF dPIA 2ARe AFsE P ol

2. F93 2AZ=9 (queueing & scheduling)
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A 3 & MPLS 7]8F IPTV A4 1A S3IE Y3t
JENAE T2 EF

A14d MPLS A% A3 AA

MPLSE IPv4e} IPv6 ZiZl ot L2 Zede) gtdls B35t &0z ~94
st dFete= 7lwolth. MPLS7F & 4bst= eh¢-Hu 291X & LSRel#tal gt
ZF LSRES MPLS 3719 &S Ry g HfAS =93 gt MPLSe &4
< MPLS uii-oF oF Effu S 9bds] fgste] ks 4s 74 + 4
MPLS TE (traffic engineering) & AF&3t¥ IGPE AF&-3HA eF+=tt [30].

H

1. MPLS 39 %

B

i ETTL(BbIE)]

MPLS
9 IELS™ 1 3Head DATA

19 3-1. MPLS &t &

MPLS s8] 29 B= £ue a9 3-1% 2ok L2 stis L3 sid Aoldf
4Byte Zeo]°] MPLS 3dltl& F7tgich e H=9 ghe 0~1,048,757 Akele] ghs
A 5 oglem oF 0~15 Aold] ghe 5EE FER AHSHIL A4 AgHE
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e 16014 ot} 7R AH o2 16~100,000 Aol 9] S AFE3HT}. EXP H E+E QoS
ws FAIE o ARS8 0~7 Alol #hS ZFHTE BoS (bottom of stack)bit #k
o] 1ol vz gl S yelTE 0ol dAA el 2 thgol T tE g o
DS 9w s} [31]

2. MPLS A AFA 39 7%

MPLS7F A4HW 7 LSRES Ao #98 HolZo i vEsl=e] b
Fulgre Holg g AY LSRECA d5EH AT Z47 449 WEg
AME eage Foad 9

MPLS Diff-Serv

Domain

-
IPv4 Packet e - MPLS Hd IPv4 Packet

Pre/DSCP

Copiedto EXP field Pre/DSCP

20 Bits 3Bits 1Bit 3Bits

% 3-2. MPLS 37l A$A] dy +%

a9 3-2% MPLS #17l A$A 3y F2E yepdth MPLSWolA 7l A%
Al g gEste] 27] 7FdAEEHE ZEQdd LER @97 e A a3
S Fo% tE LERAA dEdtt. Ag ods Fofsts A4S push e
imposition®] gtz o}, 2l F=Alek LERS b 7S @9lsta dF LSRES t}

o LSRAA 273 epil glow wAs o5 Ao dgs wAstes 545
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swapel2ta @t} 917 LSRe 7da ehel7h a49 Axd ghae AA% o
& AEsta #Bas AAS = #ES POP & disposition ©] 23tk MPLS 9} 7}
AAE 94T #HF LSRE o= fheRs s i oheR Holes st
7F3AE delH & Heget [311.

3. MPLS QoS

7}, 71E 22 IP QoS¢ MPLS EXPY #A

IP #7lo] MPLS 2b#S& push & u] IP dtj2] QoS Z=(IP Pre/DSCP)2] A
3bitE MPLS #p#e] EXP == ZHAlshd Aj=g ghdllo] Fr7ida 7]& g
EXP zte] A& F71e ghde] a2 EAlfc vE g E swapd WxE 7| E
ghal o] EXPgtol A2 We @hwle] at2 Halbev MPLS 2h#le] EXP gk W
A W] IP duEE d9EA et webd A P dFl Fe] A
QoS #HEL WElel daddrt. Aol wel MPLS EXP g3 IP dltl¢] QoS #
S WAAA 5 (311
3-12 EXP 3bit g2 PHB definitions 9v& 3394 o2 sj4 5w EFg
A/ gre A B/ £AS ousta AR @S =4S oujsy BEE
Wbz Bl A el A8 Yl QoSel best effortE 2w gt} [32].

flo td

e

fx
ol
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3% 3-1. EXP 3bit Value

PHB EXP Value
DSCP Value(6Bits)

definitions (3bits)
Expedited

EF 101110 101
Forwarding

class 1 AF1 001010 001100 001110 001

Assured class 2 AF?2 010010 010100 010110 010
Forwarding

class 3 AF3 011010 011100 011110 011

class 4 AF4 100010 100100 100110 100

Best Effort 000000 000

Y. 9A £F 2 EXP marking

AR QoS AL dH7fIs] AnAd A= EXP @& 52 A3 100Mbps
o] YIZS ddte] A queueingS 2 &3t Bago el E EXP #S 0

2 A7t 100Mbps® theZS @ddste] APsfr™ 7hda AHleh 4"
PE 2}-¢H ¢ I #ol~= HEete= #7l 5 MPLS kol 581 ©le]H <= 100Mbps
d FAdS s (priority: 100,000 kbps) EXP gke] 021 #11S 100Mbps
o gEs IS & F AUvk QoS HANA match ip precedenceo| wHekA
weighted random early detections % 83Fo] Z%bo] W AE ™M P precedence #k

o] vt s|ARE WA 7] s} [32].
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4. MPLS A% A3 AA

MPLS EXP bit =% real-time, Critical dl°]E], B t] 29} 7]E} best-efforts
o 71dA A S 73] MPLS EXP bit A& A& 4+

Ente.rprllse PE Classes
Application
Routing C56
Voice EF = | EF  Real-Time
35%
Interactive-Video AFA1->C55 S W
Missicn-Critical Data DECP 25-> AF31
Call-Signaling AF31/C53->C55 = —| (5
= | AF31 Critical
Transactional Data AF21-=C53 Data
A0%
Metwork- :
Management LadalEs | - 658
Scavenger C51 — Best-Fffort
J 4 25%
Best-Effort 0 :

9 3-3. 3-F 2 Re-marking t}ho]o] 13

a¥ 3-3dAM= 7hdA &8 RS 3HAR FE5te] PE classesg WOl &
Aolt} Qe HEH H|t] 2 E EF PE classes® Z&3lo] $4E9E Fom vy
A A= AFY BE EXP bite] A& S AAste] dEs 3k 447 S 2=
g @ g A3t bl 2EgW By I3l dES7]98 PE classesE 1
GA= real-timeS 35% critical H°]EHE 25% H|T 2& 15% best-effortE 25% <]
class® &F3ste] AAS A4 = ok oyl WAL tdst HFEo] e Hel

M &t 2y IPTVEelA thF2o sizle2 JHAEE vyez
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Aef ek 1 9 A=
SAR el AL A9 B
AW 5] Zeaw AL HEe B =R

e 23}

ali

N
QL
e

%9 "elHZ FAEel 9l

AL A AA]

ol A=
Zro] wrAstm R 1% 3-4¢] I
oA o IPTV W A5S

Ente.rprllse PE Classes
Application
Routing €56 . EF  Real-Time
| 35%
Voice EF | = (0S5
Interactive-\id AFAL-=C55
nteractive-Video > -
Mission-Critical Data DSCP 25-= AF31
AF31  Critical
Call-Signaling AF31/C53->CS5 Data
40%
Transacticnal Data AF21->C53 CS3
Metwork- AF21  Video
Ianagement STl oo
AF11 Bulk Data
Scavenger C51 ca1
Best-Effort
Best-Effort 1] .
1% 3-4. 7 MPLS 5-class 4% t}o]o] 19
20 Bits 3 Bt 1 Btz 1 Eitz
-+ Ll rt—p+4 4

aL%d 5 8tst7]

MPLS A&+

{®ICollection @ chosun

gt

TTL

19 3-5. MPLS &t £l
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Openflow ZH--EH & v F29 HolEs 7Hd F doy B =FdAs
Heol F2¢ Holes 7t

E2F "Heole2 1§ 3-63 o] E2F dEZ (flow entry)® 7AHY E=
T AEg+= 27 (match fields)® &4 (counters)et A& (action)®] FR=

].

ol

Flow entry #£ 7 (match fields) = Al (counters) A 2] (action)
| Ao d R Efger Az Hh
i1 2 %
«— >« == = = 3 P —

Ere D=t

switch | mac | mac | Ether | wian | vian O S ) I

1% 3-6. OpenFlow v.1.12] 229 Ho]& W&y 3 AR

H3 9 A= 49 TCP/UDP L E ¥H3z & T4

At [32]. dg Aol A AAE wos AA Do S FAFoR How

Al E W39 MPLS EXP bite &7 XA F o}t A= EgT
]_
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Al

4 MPLS A%

A A 43

B3 AA

nY T AE

ERTES X

g o] A

IPTV A% 124%3 74 93 MPLS A% A3 A4S 45 817 9a &
=] [e) =] = [e) = =

Ao FASAE RS AA gelAs FEsH7]l oleEgel ol THEst &9
GNS32 7@ stgovl Eeld, w=edel Aol olo] 2 Folgol firk 4 &
o] #4< EXP-0% 52 vhro] $A4se] 45 Hrbac

FeNS3 - ans =T ]

file Edt View Control Anotate Help B

[Sarud SES AP ITES Za@O
Nodes Types - +| Topology Summary 8x
@ Router ¢1700 » @1
outer . b @

— oo sw w2 Lou

& Router 3600 5 = > @R

@ Router ¢3700 » O R

& Router c7200 ) @ Re

@ P firewall Ml @es

@D A3A firewall b @ R6

& Juniper router (o e » @ R7

@ tthemet switch » @ R8

& ATM bridge = » @Ry

B Frame Relay swich > @ sw2

B etherswitch router

BYos ns

- ge;:: host > Captures ax

|| |Hostname _Interace
[« [ I Eiv

Console ax

Dynagen management console for Dynamips (adapted for GNS3)
Copyright (c) 2008-2010 GNS3 Project

I

GAFEDT L m o) oznaM

T

19 3-7. GNS3&

&% MPLS®| =94

a9 3-7o4¢] GNS3Z &g MPLSY Cl& HE[H| o] FAla 7hiAbwho]H
9

C3e HHm Yo $Al=mem A= 2003 AH= wHo] Mrj2s 4L Ui
bl =H%¥ 6, 7, 8, 9= MPLSW #h¢-ElQl CE HvHa=2 A4t C34 1A
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Hergel WE 2EPOR AT B

./J\__ 7 =
to] A=A FAlsks Fx22 FATH. MPLSOIA QoSE #3d sk EXP bit

NN

[o
o
fo
o
o
fru
il
o
o
2
>
-
il
5
£
=
fl
fl
oX,
olr
=
oy
Lo
BN
Y
o
fru
4
o
o
ui

THERD BRI 1)

Windows Server2003
Client ZE|D|C0 M

ZEOC o 4

2% 3-8 WEvTo] d%HA

29 3-82 WEue] WEHelgE F

g 2E9 dHolEE =5 2003 AH
Hjgto] MPLS®S $3to] dFshd o

2E AQAgel A e vl g

uj
)

2
AN
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7. MPLS A% A AA 1A 53 +8 (EXP 5)

(4]

R9¥show policy—map int {070,593
FastEthernet0 0,59
Service—policy output: Egress—CloS
Class-map: class—default (match-any)

132 packets, 26737 bytes

5 minute offered rate 0 bps. drop rate 0 bps

Match: any
QoS Set
precedence b
FiS#sh policy-map int 0/0 Backetomarkod, 127
FastEthernetds0
=HEF
QoS Set

mpls experimmental imposition 5

Packets marked 237

=HEF

M atch: mpls experimental toprmost &

Priority: 20000 kbps. burst bytes 500000, b A exceed drops:
o

29 3-9. R9, 5 A% #§z MPLS EXP#t 58¢<l

MPLS H& A2 274 FolA EXP bit 57} 2 SsE 78 & F d=A 44
shzl Sl WA "HEE Y] $Als 2heH 95 AlZo R AwclA "HEwYe W
o]

£S5 AE3E RIOHI R5, 3, 1, 65 & HE|nujto] =215 7FiAtol Al HE vt
olE Z%E3stH MPLSS QoS EXP #te] 595 show policy-map HHE F3|
golgttl, 19 3-9% MPLS EXP #to] 598 elsteE S yerdinh
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F3#chow policy-map int 1070
AHEF
Match: mpls experimentaltoprost 5

Priority: 20000 kbps, burst bytes 500000, b fw exceed drops: 0
AHZEF

RE#show policy-map
FastEthernetDA0, 16
Service-policy input:

Ril#show policy-map int f0/0,13
FastEthernetls0.13

Service-policy input: check-exp
Class—map: expb {(match—all)

B3 packets. 11920 bytes

5 minute offered rate 0O bps

M atch: rmpls experirnental toprnost 5
Class—map: class—default imatch—any)
556 packets. 47463 bytes

Match: ip precedence b

99 packets, BE73 butes

Class—map: precedenceb {ratch—all}
71 packets. 12226 bytes
5 rminute offered rate 0 bps

Class—-map: class—default {match-anw}

19 3-10. R3, 1, 6% =471 MPLS EXP#t 5%¢<]

a9 3-102 R3, 1, 6= ©35led MPLSE QoS¢ EXP hit7} 59
el R391A policy mape 283 Qe Ho|~e FHE H7] 93]

Fol® EXP7F 595 1tk

{“/Collection @ chosun
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U. MPLS A& A3 44 1453 73 (EXP 0)

c3

(5]

R3%show policy-map int 00,59
FastEthernetls0 59
Service-policy output: Egress-QoS
Class—-map: class-default {match-any)

117 packets, P8356 bytes

& minute offered rate O bps, drop rate O bps

Match: any
RS#=show policy—-map int {070 Erc:asc:j?:ncen
FastEthernetl/0 prot 113

AHEE
2=

QoS Set

mpls experirnental inposition 0

Packets marked 191

LHEF

Class-map: customerZ-r3-out {match-all)
5 packets, 410 bytes

5 minute offered rate 0 bps. drop rate 0 bps
Match: mpls experirnentaltoprmost 0
Queueing

queue limit 64 packets

19 3-11. RY, 5 ©<& 7 MPLS EXP# 0 &4l

MPLS A% A dA ZFo|A EXP bit 00] 2ATIE +d & <
2l5}7] 918l MPLS EXP bitE 5014 002 wWAste] EXPite]l 090S 1
23 ettt "Eutjo] AES C3 AnloA o]FojAH R9, 5 3, 1,

g HFste FAS & & F dow show policy-map int HHEAE F

_35_
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R3#show policy-map int f00
AHEF

Class—-map: customer2 (match-all)

Match: mpls experimental topmost 0

Queueing

queue limit 64 packets

{queue depthtotal drops/no-buffer drops) 07070
Rl#show policy-rmap int 100,13 | ‘Pkts output/bytes output) 070
FastEthernet0,/0,13 bandwidth 20000 kbps

Class—map: expl (match—all} il
55 packets, 14684 bytes

5 minute offered rate 0 bps
Match: mpls experimental topmost 0
RE#show policy-map int f0/0 16

Service—policy input: check-precedence

Class—map: precedencel {ratch—all)

164 packets. 24378 bytes

5 minute offered rate 0 bps

Match: ip precedence 0

Class—map: class—default {match-any)

238 packets, 24309 bytes

5 minute offered rate 0 bps. drop rate 0 bps

19 3-12. R3, 1, 6 ©<& 7 MPLS EXP#: 0 &<l

E35lo] dEst= dEn ol 7 EXP bit 008
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2. A% AY A4 nA4F3 AlEHNA £4

7}. OPNET 374 A3

OPNET EEHINA AFst= Alvgles T3l MPLS7|HHe] o8 AU s
AAstA o™ MPLS configuration®] edit attributes€ &3 EXP7F 0~5 & uff<]
ddE ARG

EXP¢ PHB definitionss A4 < Jdom PHB #t¢ AF (assured
forwarding)= 2 E£42 978t EF (expedited forwarding)= SH2 A A/5H2
A E/ge &S ougity, OPNETA A+ Al&stk# &A%k PHBS BE (best

effort) = QoSS B3 %= AdE Al &y PHB= 3

4. HgE (BEYY AS 29

B Ohject: site =
CEngineer 1 ¥ File Transfer)

average (in Client Fip . Traffic Sent (bytesisech)

I, 500

000

2,500

2,000

1,500

1,000

SO0

19 3-13. EXP=0, 5¢] Egi¥ AL 23 (H8$E)

a9 313 Ed® A4 AnE e A8ed AHge] HAER 6 =
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= Zefzoltt EXP 0% 59 A9 ARt 22 =7]9 dHelHE

RS
ofy il
o

)

oy

p‘lr‘

Ir

ro
=

o AQ, AT (87 AER)

| ~nnotation: Engineer 1 7 File Transfer
average cin Slient Ftp Uplosd Response Time gseci)

23.88
23.87 -

25 .56

23 .55
23 .84
23 .83
23 .52
23.81 o

255
2379
23.78 o
2377
25 .76
25375
23 .74
2373
2372
23.71 o

23.7 o
23 .69
23 65

23 67

23 66
Ok Om Ok 10m Oh 20m Oh S0m Oh 40m Oh S0m 1h Om

9 3-14. EXP=52] $9 AItA 3 (A4, AF)

B &nnctstion: Endginser 1 £ File Transter
average tin Client Ftp Uplosd Response Time (seci

40.S07206

40507206 -

40 S07 206

40507206 -

40 S07F 206

40507206 -

40 .S07206 -

40507 Z06 -

40 S07206 -

40 507206

40507206 -

40 507206

40 .S07 206 -

40.S07206

40507206 -

40 .S07 206 = = = = = =
Oh Om Ok 1 O Qb 20m Ok Z0m O 40m Ok S0m Ak Om

19 3-15. EXP=09] &% AtE¥ (A4, %)
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a9 3-148F 28 3-15% Z2ko]dE FTPY upload 3% A1 23 el x4
W s YERda dth %ﬂﬂﬂlEM FATe] FEo]AdEqA Falde] AW
FTP d2= 3 SHAHS EXP=0 9 u] 40507206(sec)@ 19 3-149} #Zom,
EXP=5 ¢ uf 20.85(sec)® 19 3-15¢} Zr}. 1#fxze} 25 F3) EXP=5 4 W
S@AIZEo] 19.65(sec) WETHE FS & F Ao, T3 FiE QoS #HH
Abere e 4 gl
3-149F 19 3-15914 A A7He 60%oln EXP=5 ¢ w gz %
Hol meeiv 7o deoly WMHT SHALS 47 Qe Fra de5s A
Hog FAe HEstn g v EXP=0 ¥ wiE 98 A4S FHsET
3020l gt s e Al7to]l A2 HAomw 308 o] FHE 4050(sec)S A3t ).
gz Ay dEEY F 5 ASAYS 7 o <t Ao RE EXP=5 o
LFE R QoSe Aol AeES ¢ F U FUAHoRE EXP=0 ¥ # 45
o] Wolx|aL gl

Agdoz AT EXPY Ao W 4%5S H9F £ UL BAY 5

[o5

i) mlo

a1

O

A
Z}. WFQ (weighted fair queuing)
WFQE 4096709 ZFej~7F EA8t=d 2+ F8 2~ vttt IP precedence® 7} X
S Fo] AA 97 A7E EFo FAEHAE =o] AHYste WAoot WFQ+ PQ
(priority queuing)®] A=917F =2 Ed o 9] AT 2 EY A

27 B7Fsd) At 4@l 3 CQ (custom queue)o] F#l~ @2 253tE Hu] s
& 9A Eoves glS sEsy] He e A
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21t ul

CHOSUN UNIVERSITY

13 3-16. WFQ Queuing A1 H A 7F

a9 3-16& WFQ9 queuing A HAAIFS oujsly <lE o] 2o F g
2 A HAANE =2 YEpga k. ol mEAe EXP=5 4 #¢] WFQ
queuing A7 A A HiA7FIE EXP=0 ¢ w Bt} queuing 2l = <13k X Ao =

(e} e) =
=5 ¢ T Uk

19 3-17. WFQ Buffer A} &89 H3k
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® 3-17¢ WFQ buffers A-g3t] dlo|el & lelsol 2ol mur)hAsl B
AH3&E thehileh obd) el sheba) el EXP-5 9w WFQ] buffer AH8-&
sholEwrgl 2 behla gtk EXP-0 9 Wuth buffer g0l H31 QoS Ael=
heEle] A9de E8EE etk 2nE vt
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A 34 dEYMN2E X7 A7

il

HANEEE 7]E0] F2 AMESHE fFUNEEY BRERAE A dE
LT SEAMHIEE AHEte 54 aFdd daiA Rt AEEHA oA, HEANA
T4 Al AA E o] RatE AAaA7IA vE UES Y dHoly HdEol
Hast & F7] W 58 155 8 AHEstE dolHE UEY]AAA
= ofF &3 7]=olt} [33, 34

HE N 2Ex gtrfe] HAalx| o shpe] HA Ao 55 7FAA 3 WY HAE
2 O W EFAA dFske waolm 224.0.0.000 4 239.255.255.255¢] TP WY
Abggtth 5 Ul AAe] & Wl HF Ao g LN e HFo] 7Hsshe
FRAL 0T 9 HEYA B E HAissle TR EZo|T}

HENEES FUNEES HustH FUANEEE Zh2be] FAIAE R st e
H 7l dlolEE thre] HFleR AFeH e S2EY A 379 toHE A
shal HES A ol e FAlA e dAEdit & S 2E+= 3’ ke

A2 R dE Thestth olol M| HHALEE thgo Azt sl shite]
AEsty T2EE R HeolHE dAFstal FAA7F EAsks A=
W ASHY SAEE FAO v FAARE HdE 7hedtt [35]

d e
a

25

o

rulo

O{

1. 2 E Z2EE B F

e

BENAES v sAlAbel s shubel HeolErtks o
do a&3E M WAl e Holet Enlde] St "HEHEES] Y

AT IPTV 5 A &A= F7bsta 9l
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(1) HElAN=ES]

i)

3

8

ol o
Pl Multicast router -
ﬂ %, 224.0.0.2

a9 3-18. HEEE T

User 3

a9 3-18°A4 ¢ HEN2E FFHAHAA IGMP (internet group management
protoco)= HEIFN~ETZ-EHO WES A Ad4dH T2EY #9EH 2% A
of tigt ARE Algsts w4l query, report, leave report WA ES ©]-& 3¢
O E gt HEaY g Z2EZS YENAE 548 HEHEE N
M7E EFE el EFAlel AEsol str= N/ HdA=E Frefop gt
[36].

e 2ES] doAe 543 HolHE v AR A AES o o] &3t
W E AbE o] A (RRENZE AREl Bl&))st S 2E/T--F processing
A

= A9 a8s B AR Fa Ao Sdastt
(2) IP HEAAE AMu)jx 2d

P HEAAE Aujx 2de 9 Jx2 Us

IGMP+= HEAZE A

o
xo
e
i}
N
&3
2
Ht
O
=
)
©
*

e}
= T
JqELAclAS Fd AHEAEY FAA 5% A st FoAAw
=:) 3|
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A2E P Fat 24749 $448 ARse 2ol o 242 1§ A4

AGRT 2F WHAe AHURNA FAAEe] WAHe] A BatEe] 9e
W) AR FAREL a}%a-‘;— Aol A 1F W4 welE gl AHgEE

J{m

o
i)
iuf

AzE AR 7}01 SAL gHE & Ak $4
HAAE 2gd H9E Best stk QesE
xE7 #4sE G9HE 1 PEARE =Y 9e
2849 A5 A8 A8HE G9d ZREZoY HEHAAE 9EL ﬁﬂ?l

Ba S A4et] Tl $aAe /] REAAE dolHE Gedon 4%

Fmﬁi

HEALE 24 Eds SAAAARE AR o Edg dER2 A
gk FUMEE AE2 HA4A F25 S8 A% 25 ZAsk=dd vs 2E
E =

Tas T AEFEE 24T EEHALE Ede= HEA

o] &= DVMRP (distance vector multicast routing protocol),
MOSPF (multicast open shortest path first), PIM-DM (protocol independent
multicast —dense mode)o] HFHW THFTF+ FAEZ = CBT (core-based
tree)7} oo &FdE . 53 PIM-SM(protocol independent multicast sparse
mode)> 1w &fr TAED] WA ALE ThestRR HEY WAow R 4

vk 29 3-19%= HEA2AE 29y ZREF Eg RS vehdt [39]
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Multicasting Protocols
L
| |
DVMRP  MOSPF

a9 3-19. HEMAE #g$H ZEESE Eg

=
T

A

A7 7N EYE 54 WEALE TFOR PEALE dolHaL A%

by s WEASE 1§ vhd A2

rr
[N
[>
h=)
e
[N
g

o
o,
fru
[m
i)
il

be oo 3 of a ARE FA@t 28 3-20004 &2 13 &2 26
7 azol Y@ Mre Hu 4z B¢ pw glow o)z ods) maHel Eol
o vre Aqo] wAsel Wy WA WEALE slo] Atk Eelel A

e Hd A2 EgY s 22 vEgE o2 AT FRAAZEYH BE F
AR HA ARE AL F 7] "o AE AAXNS HAs A2 = ot
212 719 E2)= push model& AH&3stH Z7]o] HEIFIAE HolHE A

m
lEgador AFE FAAL EARA HE ARE LES FUsy w9l

SAIAE 71ake] A gtshtt [40].

=
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- Source-based tree 2
Source-based tree 1

(2) 21&

of

=

I% v Ede stue HEARE a5l e s fwwr 94
B2 e R Hih vge] ARE FAHE st EYE AAEH
EA~E dolg 13l A5 AAE HA HE A2 EYE T3

h4

e
I
o

I
eI

£
el

S
ol
ol
s
10 oy m= a2

A ZAEE HWEANAE HoHIHSE FUMNZE doelgadoz &

4o RP et¢HelAl dgd¥t RP E}TE%‘:— el dAdE HEAE FREd

A2z Y HEYARE HelHads AFEdn 19 3214 Z 252 ERE &
Q1 S13t S27F RP9F & Ho] e of EfWAes BE A2E /I
Egle] Ao o Aaglol 24 aF2 shubel #h%-F RPolA AdeEldn F44 7]
Hb Egol] Hlal] A2 wmeE ARESAIRE FARREE BE FARe ded 4
25 A7) midd dE Ad Azte] BAL = Jdn. AF v B WA
pull model& AH&atH H2E &F *8} | A7A = A2 F4E 2H sk A7)
glokar ZhA gt Skl e FaldE RPE J&Edth aFT R EY WAe
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U Sl A gteit [41].

Rendezvous point
for the group

a9 3-21. I1w¥

Ho
)
r]I.
|m
AL

a9 3-218 % A 71 Eds SR #AAE 98 A28 RP7E

om FAAReE AIARS RPell &8k o2 <la] Hof dFHde] SNt

g Bu A [42]
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2. 28 HENAE TZEZ BA

(1)

DVMRPx= 97%% =AY  (RPF-reverse path forwarding) 7]W¥¥ ZF
(pruning) 7I19Hel 7|%E& T3 HEHIMNAE Holg1HS A XEE A3 &
2 AdEy o= Ha ¥E ARE Fd dEd HEIMNAE dHeoly 1
> 19

3-2201 4 SR FEA A HEPIIAE 5

[t

N
N
Q,
iin)
i)
N
§2
rlo
k)
o
i)
ro
jin)
=,
I,
N
N

EAGA 2 WFoRE HWENXE fo
14 7IM o2 RPFeIA 94 &= HENEE
dolgade] AeS At HENAE 59 dAur a4 &= g$Et

HEAAE dHelH IS Ak g delHads dEdt S HoA =
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2x e BSE7L S9el LE PSEZYEH ZFE WAAE

T MAAE B HEPIAE HelHad dd FAE 790 2EHALE
1

OPE "AA (graft message)E F9 BFHE BUYHA HEANEE #A A 521

AN 7 skt

DVMRPE AgHE  7]Hke] HEN2E 98] ZzEIZoln FA2

aHE AA UEYARE flooding 3t T ABUEYA Adxo U=

RIP
(routing information protocol)¥} AetAl &2k st} [41]. FUMNE 2" ol A

AbgEtE AR ey dagFe] g ZREZoin Frixog FAdith 3 ol

=
I

HEZE e & AR S FAAR Fef gUFor dAFshs LavN Hd

A2 EYE FAs [43]

DVMRP+= HES A 44 SHAA ZAHdS Wxsta o RIPSY &4
A &2ste] slow convergenceZ} AL - E|7F A LA i 32 5
Yuks AYEn =3 flood & L& 529 54 9 34 75 59 #A=

(2) MOSPF

Source 1

Designated
i Router
e e

Group XYZ Group XYZ Group XYZ
19 3-23. MOSPF &% 74
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MOSPF+=  distribution E#& 4357l 984 OSPF LSA (link state
advertisement)ol] HE|NAE HAKHE X3ste] dEsty HA Aejo WHE 7 A7)
o HF29 29-E7F LSAE flooding stal W3E ®Fdsto] distribution E
= QAL " 29 3-23d 44" dEHE SHoAE= 24 DRute] IGMP &
2~E A4 queryE B F At DRSS OSPF areatid] & #9golA 1
LSAs (membership link-state advertisements)Z flooding3tt}. OSPFE H E] H
E g%y ZrEEz 343 zaEFo|n LSP (link state packet) W43t o=w
HEN2E 05 EE=A AEE &7t ZHFE = Dijkstra ¢S AHE
sto] HENAEDFS W7l Ad4dd EE g9 HEY HA vE FREE
Argktt. 250 i Bobd w #eHe e aF EERA BERE FA S
Zb gl dE HA HE R EE Aitste FEe] i "HHIMAE Holy
o] =T o HA HE FR EE AT AL A3E A wE e

Asto 2 BEFost

_4

H
=
oo
o,
fru
[m
)
il
N
>

19 3-239F #o] ~2¥] #o= H§ HWEY
2o} widFe S WYy ARE xFsta 9l
HEREH 2e AHE 7utoz i &
A st Hd 4= Eg & AAlste Dijkstra &g & A&} [45, 46].
MOSPF: OSPF §U7|~E #9948 wwgezo 34 wdotl, OSPFe] o9
52 UHEHYILY] EE AE 7hed HJaE Fetstr] Sa Ha AdH
advertisementE Al&3i= "vbd MOSPFE HEA2E B2 B AAS 96
OSPF ® = ® advertisementel HE/NA® BHRE E3gth E£3 15 W4
LSAE°] OSPF 58 Zvels &3 A== MOSPF 2-H 7} outgoing <!
Huool~ 2ESS AT + vk HGE= EY S 9138 Dijkstra &g
o AbEStal At (AR, 1) Aol diEl EElE dibe] Hasitt [47].
MOSPF+= LSA

lu
oz
Ru)
ol
2
il
oy 2
=
o

sl Aasel A
= 540 gk E@ OSPF 71we]l MEAAGT 87bss 22he dels

2B (347, 2F) 4 B2 Dikstra 232 % 490 Bedd 4 =98 A4
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of

3tA 7] Wzl ggAde] HFav

AR 27 B EAAE S0 = A}
&3kl Ak

pud

= dalol stk [481.

(3) PIM-DM

S1

Source —

src: 51
dest: G

R )

src: 51

i
R2 )
Vi

src: 51 :
i1 i3 src: S1

dest: G dest: G
prune (H1, G)
R3 é

R4

src. 51
dest: G

& &

H3

joined
19 3-24. PIM-DM & %3} 4

PIM-DM& 3t QIEj#lo] 2g FE W2 HEIJHAE Ex)

& 1 AdEFH | 2E A
ot nE o2z Adgct PIM-DM Z$EES IGMPE AHg3to] DE 7
2E O§S sttt A9 BEAAE e A9we Bavt gl avEs 6
T "MAAE =3

L T L
AH PIM 2F-Elol 7l Ko

|

[¢]

oft
[

4 HEAfsE e Age
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2SS At [49]

PIM-DM¢] 1% 3-24 s1& HEANAE A£29¢ FAxoly 18 G =412 H2
O W2 A du BARRAELE A2 S12 [P HoHIHNS OF G &
E 29Ed S8z 3tk R4Er$EHE R2EFSEO AAHA e A2 R29
2}-%-E] RPF ¢ EjFo]xo] ZE vAXE Bt} ol WEANAE F4 G ZF

222 S F4AE R2A AEstH oAy & AHEld ﬂEiﬁiloléOH HE N ~E 3
2 AgstA vt MEA|te] FREW Holy 1HE thA] Bt BE SHE
FUMAE 98" TR EF static, RIP, IGRP, EIGRP, IS-1IS, BGP, OSPF %

=)
o o

A Qstar ol ZREF| F#eA 5 Aet) reverse path dE-E& ARE-shal
H4S 7IiteZ flood & ZES T3t PIM-DM2 A&fR9
HEHEE HEA e A HESAAdA AESH7] o] &5t TrmEZo|th
PIM-DM®| 542 A2 o sdx dEYAe HFsta eh9r 7jd= 44
o] il flood & ZEolgt= @edt MIAUSFS o837 Wi &2 Fx7F &
&3t DVMRPS} 4% 75al A% flood & T8 54 n &l Z2e 3
wotth vbg ¥ 7] wfiEel floodingel RWIWsHA dojuof strp= A%l dom &
Ef x5 ALHEA g [50, 511

a9 3-249] FARAELe BE S EHE 27 HENAERZ BE OFCd EYY
HuUla A8 e FoldE: geHAA ZE WAAE aF gt ZF

e 3R R wEse] o] FojAt).

N
[
|m
4
ol
=

.

Jo

o
o

(o3

B

¢

(4) PIM-SM

PIM-SM $41# 81 &4 Egg EF AYdt. 53] s A7 S8

2387 A7A = BENEE EYI S FAlEHA] Fethe 7HE Stol AAE AL
RPE AME3HTE SAI#keE ]X}” RPe A A= vy Mo S5 AdAeA o
A FAAE AAY A A F S EHE o:GH RPol s=¥u. FAx= 244l

2 DR (designated router)2 E3&| RPol| ¥ & F1 dEe FF Ego 73t

e

g A4S FAA TF] WA YA Basl Qi iF YEY L
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l Designated
ordl Router

Initial
Path
Rendezvous

Optimized

Path

719 3-25. PIM-SM %7

Ago] Goletal HEYA FEY 5 W4 D= Fagle] 7+ =
HA o HYMNEE g¢" ZrEZo|H [52].

% 3-259] PIM-SM &#3d 2 zhzhe]l e AE 29 &0 RP 53t
W e dENAE RS FENAE 29E-RP-HEN2E g$HE dAey=
b olZlo] HEF/AAE 2}t RPIlol]l HA o A=E& %7] 4= (initial path)=
AR "ok HENEE gh9E gt x7] FEREG HAH o ARV AS T 3
=d o] A5+ RPE Afrste 425 A4 & HHANEE 399 to]
2] i 9tk °o]& RP
3= FHEg v st SPT (short path tree)z} dkt} [53].

PIM-DM T8 Zold& 54 LgelA HEALE HAAS 74 & BE
2HE RPel %9 vIAAE Btk &227F B4 250 wWAAE 2d w DR
HAIAE Aeststa FUMNEE WAAZ 259 RPE XY™ RPE DRl PIM
7h) WAIAE Bl gn 19 3-259] RE Xt 2 EHE AR (b %) %

of tjst Al HEMNAE A gHolEd Al d&5S F7Fsth PIM-SM2 ¥ E

rr

i&

i
ot
frt
i
e
by
ot
fru
>
3
g
3
N
¢)
[oR
)
8
=
fru
X,
2,
i,
r

=,
Y
Y
i
m|N
tlo
Ni

i
ot
o
[e]
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9% a4 WEY TR F EY T2
PIM-SMt REAZE $Aa5e] Basie] QAL Basel 9y daglel

EEHOR F4 bssta, WEALE aF W FAA EAGE JREW
Edgo] AEHE 540 Utk Ed 2§32 Aa SR e F49
e

5
P ERRY 3 Hd3V)so] AFHIL FUMNRE g8 Z2EZY YA
o7 <9HEdW<A HEHM2E " J/Hko =z MBGP (multiprotocol boarder

gateway protocol) 2 MSDP (multicast source discovery protocol)®} &7 &2}

Al Al =l [56].
(5) CBT
CBT= “HAAE Iu fdedd dad vd o+ A% Ed8 A4 &4

Apell gAglo]l Td B oA EFFol F-aldnh gheE ol AFE=
% =

o]
HEHASE A AR AVlE 24 ¢ dew v EYE
=
=
[e)

¢

95E7} ol gt ghEE xu
ZAWAAES ABAh g SFoEE
AAs}T FAAE ;bR dolEE FUALY shx, 1§ IDE ol &3

¥ 3t} [56].

>,
N

2
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Source 1 Core

Source 2

MessageT

a7 3-26. CBT #4944

19 3-262 FAIAH, 20 Adgle] sl distribution EEE A dhte]
ol g¢E S zkit) distribution Eglel] xQdtel = 29¢EE Fof gh¢Ho %
A WA E B FHof 2-H7F ackEs REulo] EZ] branchE A% =9
WA X7} FZol #$Eol| o]27] Mo Fol #Ee AW FLHE vy
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R3lconfiadint o0

R3{config—ify#in address 1,1,3,3 255,265,265, 255
R3(config—if idint fO/0.13

F3(config—subif)#enc dot 13

E3{config—subifiip address 1.1,13,13 2565,255,255.0
R3{config—subifi#exit

R3(confiadint fO/0,23

F3(config—subifi#enc dot 23

Ralconfio—subififtin address 1.1.23.53 255 255 25850
E3{config—subifi#exit

RE3(configMtint f0/0,35

F3(config—subifi#enc dot 35

Ea{config—subifi#ip address 1,1,35,5 265,265,265, 0

Rd{configMtint lo0

R4{config—if)ftin address 1.1.4.4 255 265 2R 255K
Rl config—ififtint f0/0 48

R4{config—subifi#enc dot 48

Rdlconfio—subififtin address 1.1.48 4 255 255 2550
Rd(confio—subifittexit

R4 configdtint fO/0, 43

Rdiconfig—subifi#en: dot 45

E4i{config—subifi#in address 1,1,34,4 255 265 26580

RE(confiadint o0

E&{config—ify#in address 1,1,5.5 255,265,265, 255
RE{config—if int fO/0 35

FEE{config—subif)#enc dot 35

RE(config—subifi#in address 1.1.35.5 255,255 255 0
RE{config—subif)#exit

RE(confiaint fO/0,59

RE({config—subifi#enc dot 59

RE(confio—subififtic address 1.1.59.5 255 255 2550

7o olEHo]~E HAT

gttt

% F5-30g9E6, 7, 8, 9 E Aol HA

Oy BE-3 oAM= A @A 342l loopback QE|H ol H A& QlE H o] o
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Rolconfigkdint 100

F&lconflo-ifi#ip address 1.1.6,6 255 255 255 2EF
Es(config—ifi#int f0/0,16

EB{config—subifidenc dot 16

Fé&lconfio—subif i address 1,1,16,8 255 255 265 0

R configkdint 100

E7{confio—if{ip address 1,1.7.7 255,255 255 255
R7(config—ifi#int f0/0,27

R config—subifidenc dot 27

ETiconflo—subifdip address 1,127, 7 255 255 2550

Falconfigdint 100

Falconfig—ifi#ip address 1,1,8,8 255, 285 255, 265
Ea(conflo-ifi#int f0/0,45

FE3lconfig—subifidenc dot 48

R&lconfig—subif)#in address 1,1 48,8 265,255, 265.0

FaCconfigdding oo

R9%config-ifi#tip address 1,1,9,9 265 255 28K 255
Ealconfig=ifi#int f0/0,59

Ea(conflo—subifienc dot 59

R9config—subif}ip address 1,1.69.9 255 255 265 0

IP 493 Fa& Fosta AT 2b¢Hel dHA A AHS da g9-H
o] 2}¢+-¥ HolES &9l next & IP7HA 41 pingl & #9213t} loopback

ip address= LDP, IGP % BGP9 #-$%H IDE A&3tth. LDP 29§ D+ Hi=
Al "ol LA Ak dy 2F-9E 9 loopback IP 45 AAsoF k. MPLS
I WES IP F4E EF 1.1.00 HEHZE AEs AP 255.255.255.0 24
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1 OSPFE 2733%7] 335 router command= 273

2 router ospf B2 process ID= 23 stz 1= 23

3 || network number 23

4 OSPF wild card bits 23

5 || OSPF area ID 24 0= 23

Ri(configl#router ospf 1
Rl{config-router)#network 1.1.1.1 0.0.0.0 area 0
Ri(config-router)#network 1.1.13.1 0.0.0.0 area 0

R2(configi#router ospf 1
R2(config-router) #network 1.1.2.2 0.0.0.0 area 0
R2(config-router)#network 1.1.23.2 0.0.0.0 area 0

R3lconfigl#router ospf 1

R3{config-router) #network 1.1.3.3 0.0.0.0 area 0

R3lconfig-router)#network 1.1.13.3 0.0.0.0 area 0
R3{config-router) #network 1.1.23.3 0.00.0 area 0
R3(config—router)#network 1.1.34.3 0.0.0.0 area 0
R3{config-router) #network 1.1.35.3 0.00.0 area 0

Rdiconfig)drouter ospf 1
Rd(config—router)#network 1.1.4.4 0.0.0.0 area 0
Rdiconfig—router)#network 1.1.34.4 0.0.0.0 area 0

a9 F5-4. OSPF A4

a9 HE-4o= MPLSH A OSPF A4S Ueld Ao 2 OSPF process 1D
5 F93t3l OSPF area IDE A7Agste Aotk AFA o2 MPLS 2-9-E 1ol =
IGP 2 LDPE S5#A7ltt. MPLS TEelX+ IGPE OSPF %+ IS-ISE AF&-3)
th. LDP+= MPLS ¥ ¥iold ARE AFdth. PE g-v-Hitd =
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LDP #-¢H ID+= 299 Heol&o EAsioF st LDP 298 IDE A2 2zt
258 9] Joopback QI #Ho|2E RE=A] OSPFO| *3HA| Aok gty MPLS VPN
oz AbES g9-H 123450014 OSPF area 002 A3t 244 F 7+ @t
AA 58 tables &Qlstal Zb g9-H It pingS® FAS gl

OSPF 74 % 7z} &$HolA show ip route® 58 HolES <133l ping
s gt

o EA

pi

rob

o. LDP A%

1 Label properties 57] 951 mpls label commands 273

2 || Range M9 = 16 — 1048575 <k=i|4 273

3 || LDPE 273%~7] 1] mpls label protocol 943

4 LDPE 22T address=] 2183 <)= A router—id lo0

5 || Tunnel interface 237 52 mpls forwarding® IP 2

a1

o

R=Z-5 LDP 1/2 AA

Rdiconfig)#mpls label range 400 499
Rdiconfigd#mpls label protocol Idp
Bdconfiod#mpls  Idp router-id o0
Rdiconfigi#int fo/0.34

B4l config—subif) #mpls ip

Rolconfigl#mpls label range 00 599
Eelconfigd#mpls label protocaol Idp
Rolcorfigl#mpls  Idp router—id o0
Eelconfigl#int fo/0.35
Eolconfig—subif)#mpls ip
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Eltconfig)&mpls label range 100 199
Rillconfigl#mpls label protocaol Idp
Ellconfigd&mpls  |dp router-id o0
RFllconfigi#int fos0.13
Ellconfig—subifi#mpls ip

FEzlconfiad#mpls label range 200 299
R2lconfigl#mpls label protocaol ldp
Bzlconfiad#&mpls  |1dp router-id o0
R2lconfigl#int fo/0.23
Ezlconfig—subifi#mpls ip

E3lconfig)#mpls label range 300 399
Ralconfigl#mpls label protocaol ldp
Eilconfigd&mpls  |1dp router-id o0
E3lconfigl#int fo/0.13
Ralconfig—subif#mpls ip
Ralconfig—suhifi#int f0/0.23
E3lconfig—subifi#mpls ip
Ralconfig—subifi#int f0/0.34
E3lconfig—subifi#mpls ip
Ralconfig—suhifi#int f0/0.35
Ralconfig—subif#mpls ip

Oy B E=-6. LDP 2/2 A F

a9 FE-59F B5-62 #9E 1RFH 5¥W7tA] 5 LERFRH MPLS #HE&
7198l LDP AAsts 4oty MPLS @ Z2® 2 LDPE AH&3td
LDP 2+-%E ¢ <¢lg#Ho]~Z loopback Q1B H o]~ 0o& AAst= 344 ot}

AF-A o2 MPLS o vield AH dAFS 93 LDPE H7gstlon LDP
THo IDE AFEE IP F47F A Eo] A QIE#H] 22 dA gt MPLS7 &
Zek olE o] AARE=R WJste] MPLS IP M H oS o] &3}t LDP +4 ¢
S5W LDP s#at=A 19 F5-7 oA 1%t MPLS LDPS] <153k u|zt
P HE|7|AE hello W 7S Hd4%3}o] Neighborg Zi=th 1% 4407} helloZ)

=2
c

1S S93F9] neighbors Wth 18 H2-78 show mpls ldp discovery 8%
o] E3 LDP ID7} 1.1.1.1¢9 neighborE H] %3&}o] 470¢] LDP ID& neighbor7}
AAE ] PSS A}
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Connected to Dynamips W "R3" (D 7, type c7200) - Console port
R3renble
F3#show mpl= |dp discovery
Local LDP |dentifier:
1.1.3.30
Dizcovery Sources:
Interfaces:
FastEthernetl/0.13 dp): xmitfrecy
LDP Id: 1.1.1.1:0
FastEthernet(/0.23 dp): xmitirecy
LDF I 1.1.2.2:0
FastEthernet(/0.34 Cdp): xmitirecy
LDP It 1.1.4.4:0
FastEthernet0/0.35 (dp) =mitfrecy
LDP Id: 1.1.5.5:0

a9 F5-7.LDP $% H &<

LDP 29§ ID+= 6byteo]™ ko] 4 byter= <Al LDP A& Al A A3+ loopback
T F3tE AFEstH FH 9 2byte #kol 0olH Hujd gl HEE AFESIAL 0

o] oluw QIE o]z Bl WEE Agas AL v,

rob

2. MBGP (multiprotocol BGP) A A

MPLS2H$-E zhol&= IGP ¥ LDPE $%#4]7]22 MPLS TECAM & IGPE OSPF
= IS-ISE AREst. MPLSO bl miold AW dAFS fsiA LDPE AHE-st
i PE 2Bl 7tol = MBGPE AMg3to] AlgA AR E wshdic)

- 120 -

Collection @ chosun



1 Router bgp & AS number 27 1-65535 <19 =714 123

2 bop router ID 423

3 || Neighbor 27/ source =T}55 ZHl°|E 28]~ 7)A

4 Address—famailv 23

5 || Send Extended Community attribute 27

Rllconfigl#router bap 1

Rilconfig-router#bap router-id 1.1.1.1
Rilconfig-routeri#neighbor 1.1.3.3 remote-as 1
Ellconfig-router)#neighbor 1.1.3.3 update-source o0
Ellconfig-routery#address—family wpnwd
Rilconfig-router-afi#neighbor 1.1.3.3 activate
Rilconfig-router-afi#neighbor 1.1.3.3 send-community extended

Relconfigl#router bop 1

F2(config-router)#baop router—id 1.1.2.2
R2(config-router)#neighbor 1.1.3.3 remote-as 1
Eélconfig-router)#neighbor 1.1.3.3 update—source o0
Relconfig-routery#address—family wponwd
F2(config-router)#neighbor 1.1.3.3 activate
R2(config-routery#neighbor 1.1.3.3 send-community extended

a9 F2-8 MBGP #-9-H1, 2 44
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Ra(configl&router bgp 1

R3(config-router)&bop router-id 1.1.3.3
R3lconfig-routerl#neighbor internal peer-group
Ri(config-routerl&neighbor internal remote-as 1
R3lconfia-router)#neighbor internal update-reflector-client
Ri(config-routerl&neighbor 1.1.1.1 peer-group internal
R3(config-router&neighbor 1.1.2.2 peer-group internal
R3lconfig-router)#neighbor 1.1.4.4. peer—group internal
Ra(config-routerl&neighbor 1.1.5.5 peer-group internal
R3lconfig-routerl#address—family vprnvd
Ri(config-router-afi#neighbor internal route-reflector—client
R3lconfig-router-afi#neighbor internal send-community extended
R3(config-router-afi#neighbor 1.1.1.1 activate
R3lconfia-router-af) #neighbor 1.1.2.2 activate
R3(config-router-afi#neighbor 1.1.4.4 activate
R3lconfia-router-af) #neighbor 1.1.5.5 activate
Raiconfig-rauter—af) #euxit

R4l config#router bap 1

Rdlconfig-routerl&bap router-id 1.1.4.4

R4 config-router)#neighbor 1.1.3.3 remote-as 1
Rdlconfig-router)#neighbor 1.1.3.3 update-source o0
Rdiconfig-routeri#address—family vpnwd
Rdiconfig-routerl&neighbor 1.1.3.3 activate
Rdlconfig-routerl#neighbor 1.1.3.3 send-community extended

RE(configl#router bgp 1

RElconfig-router)#hbap router-id 1.1.56.5
RE(config-routerl&neighbor 1.1.3.3 remote-as 1
RElconfig-router)#neighbor 1.1.3.3 update-source o0
RE(config-router#address-family vpnvd
RE(config-routerl&neighbor 1.1.3.3 activate
RE(config-router)#neighbor 1.1.3.3 send—-community extended

9 §-5-9. MBGP #¢-E3, 4, 5 474

MBGP dAst7] flaf 17l F5-83 F5-9o)4 AS number®t k8 Hlo]
E QlH o] 22l loopback S1HH ] ~E X A3}al address—family A4S st A
BHo2 MBGPE PE &8 el AA3sa AS numbers 7] E3hoh E3
address—family M #H o] & o] &3o] MBGP A4 RE== 5o]7}al MPLS VPNES A

AS 98 vpnvd A4S AFE3TE 1t neighbors &4 3}sht}
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R3#=how ip bogp vpnvd all summary

BGP router identifier 1.1.3.3. local AS number 1

BGP table version is 11, main routing table version 11

10 network entries using 1560 bytes of memory

10 path entries using 630 bytes of memory

10/8 BGP path/be=stpath afttribute entries using 1420 bytes of memaory
1 BGP AS-PATH entries using 24 bytes of memory

1 BGP extended community entries using 24 bwvtes of memory

OBGFP route—map cache entries u=ing 0 bytes of memory

0 BGP filter-list cache entries using 0 byvies of memory

Bitfield cache entries: current 1 (at peak 1) using 32 bytes of memory
BGP using 3800 total bvtes of memory

BGP activity 14/0 prefixes, 14/0 paths, scan interval 15 secs

Meighbor Voo AS MsgRowd MzgSent  ThiVer InQ OutQ UpsDown
State/PfxRcd

1 4 1 104 .12, 11 0o 0014118 3
[ 4 1 104 112 11 0 001:40:47 2
1.1.4.4 4 1 105 i 1 0 001:41:17 2

1, 1255 4 1 105 111 11 0 0 01:40:39 3
Ba#

¥ FE-10= MBGP 74 s o & #18ll show ip bgp vpnvd all
summary £3+4) vpnv4 UESIAE 913t MPLS VPN #li o] 7|EA o2
45 HAH

v}, CE-PE & %8 AA
CE-PE z}¢H dA2 7[&EHez 44T VRF °|F<& customerl2 3tal RD

1:100, RTE A+ 1:1002.= st BGP AS 650005 A& gt WA VRF (VPN 2}

28 /forwarding instance)’ JF-E 3o},
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1 || VRF instance name 27 =§7]4E customerle]e} 27

2 Rd(Route Distinguisher) 27 714 = 1:1002= 24

3 || Route-target 27 import and export target—-vpn 27

4 || CE-PE 923 21€H|=]= =& 2 1P #]A

5 || Address—family 23 BGP AS 650002= 23

Ellconfigl#ip wf customerl

Ellconfig—wriidrd 1:100

Ellconfig—vrfi#route—target both 1:100
B1{config—fri#esxit

EAlconfigi#int f0/0.16

Edtconfiog—subif)#ip wi forwarding customer!
Ediconfig—subifi#ip address 1.1.16.1 285 255.265.0
RAlconfia—subif) #exit

EAlconfigi#router bap 1

FEd4lconfig—router #address—Tamily ipwd wf customerl
Ediconfig-router—af) #neighbor 1.1.16.6 remote—as 65000
Edlconfig—router—afi#neighbor 1.1.16.6 as—override
Edlconfig—router—af) #exit

a4 F=-11. VRF 258 1 24

RFEe}-+-Hol VRF #d A4S 3t7] 98 2% F=-11914 VRF names A4
s}, A2 22 P VRF customerl ©]#tE VRF AR = ZYste] RDE A A
stt). dld VRFO 2459 Y EYAS RT #S 111002 F-o 3o},
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R2lconfigl#ip wi customer]

R2(config—wrfl#rd 1:100

R2lconfig—wril#route—target both 1:100
R2(config—virl#exit

R2lconfig)#int f0/0.27

R2lconfig—subifi#ip wi forwarding customer]
F2lconfig—=subif)#ip address 1.1.27.2 285, 286,256.0
R2lconfig—=subif) #exit

R2(config)#router bap 1

E2(config-router) #address-family ipvd wif custormer]
R2lconfig-router-afl#neighbor 1.1.27.7 remote-as 65000
E2(config-router-afl#neighbor 1.1.27.7 as-override
Rz(config-router-af) #exit

R4l corfigd#in wi customer?

Fdconfig—wrfidrd 1:100

Rd4(config-wril#route-target both 1:100

R config—virl#exit

R4 corfiaddint f0/0.45

Rd4(config—subif)#ip wf forwarding customer!

R4 config-subifi#ip address 1.1.43.4 255,250, 265.0
Rdconfig—subif) #exit

Rdlconfigi#router bap 1

R4 config-router)#Faddress—family ipvd wif customer]
R4 config-router-af)#neighbor 1.1.48.8 remote-as 65000
R4 config-router—afi#neighbor 1.1.48.8 as-override
R4(config-router—af) #exit

1% B=2-12. VRF #$E2, 4 A4

a9 1 2-12+= VRF #-$H2 4 A3 o2 customerl ©|gt= VRF AR E oA
RDE H#-o&til CE-PE 79| eh9-©S BGP= & wf IPv4 oj=d 2 side] AR
=2 Soj7kA CE #9892 EBGP neighborE A 3to] neighborE &4 314 71t}
AS-overridex= PE @987} CEgt-¢-Hol 7 BGPE &3t UMESAE F1E o
Jdl AS WEet 5Yg Aol AS AR g wW EF MPLS VPN A H]A~1e]
AS sz WAA BUA st g ool
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o

& e

o
-z

ol

Re(configl#ip v customerl

Rhlconfig—wrfigrd 1:100

RE{config—wrfi#route—target hoth 1:100
RE(config—viri#exit

Be(config)#int fl/0.59

FE(config—subifi#ip wf forwarding customer?
RFe(config—subifi#ip address 1.1.59.5 266,266, 255.0
Ralconfig—subif) #exit

Re(config)#router bgp 1

Re(config—router) #address—family ipvd wf customerl
Re(config—router-af) #neighbor 1.1.59.9 remote-as 65000
Eelconfig—router—af) #neighbor 1.1.59.9 as-override
RE(config-router—af) #exit

[

.

3} neighbors &4 3} A7)

a9 H=-13. VRF #@¢H 5 474

-132 298 59 VRF A4S st 3192 VRF

fd
=
|
o
K
o
fl
il
do
:oé

vt CE 28 44

Router bgp as nubmer #&A =714 &= AS 65000 23

2 Bop router—id ip 273

3 Network € mask 273

4 || Redistribute connected 273

5 Neighbor ip 2 remote —as 23
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6
6
6
6
6
6

configi#router bgp 65000

config—router)#bap router-id 1.1.6.6
config-router)#network 1.1.6.6 mask 255,265, 255,255
config—router)#neighbor 1.1.16.1 remote-as 1
config—router)#redistribute connected
config—router) #exit

e s s e S

Rflconfigi#router bagp 65000

Rf(config-router)#bap router-id 1.1.7.7
Eflconfig-router)#network 1.1.7.7 mask 265,266, 265,255
Rflconfig-router)#neighbor 1.1.27.2 remote-as 1
R7lconfig-routeri#redistribute connected
R7(config-router) #exit

R&(configi#router bap 65000

R&(config-router)#bap router-id 1.1.8.8
Ra(config-router)#network 1.1.8.8 mask 255,265, 255,265
Ré&(config-router)#neighbor 1.1.48.4 remote-as 1
Ré&(config-router)#redistribute connected
Ré&(config-router) #exit

R(configl#router bap 65000

RY(config-router)#bap router-id 1.1.9.9
RYlconfig-routeri#network 1.1.9.9 mask 255,255, 255,255
RY(config-router)#neighbor 1.1.59.% remote-as 1
R9(config-router)#redistribute connected
R9config-router) #exit

% B%-14. CE =246, 7, 8 9 AA
a9 §5-14%= CE #-%H6, 7, 8 95 HAst= 3= CE ¢vHE AAsH7]
38l CEzZH-8<¢ BGP AS numberE 6500022 A A3sti BGP router ID IP<}

neighbor IPE AAgc +4 3 CE 2+%H<9 %8 HolE #2331 remote

CE 2874 Sals g
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RE#show ip route

izodes: C - connected, 5 - static, B - RIP, M - mobile, B - BGF
D - EIGRF, EX - EIGRF external, O - OSFF, 1A - QSFF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2
i = 1515, su - 15415 summary, L1 - 15515 level-1, L2 - 155 level-2
ig = 15-1S inter area, * - candidate default, U - per-uzer static route
0 - ODR, P - periodic downloaded static route

Gateway of [ast resort is not set

1.0.0.0/8 iz variably subnetted, 10 subnets, 2 masks
1.9.8/32 [20/0] wia 1.1.16.1, 03:12:48
J.8.68/32 [20/0] wia 1.1.16.1, 03112:48

7732 [2000] via 1.1.16.1, 0312:48

J.6.6/32 s directly connected, Loopbackd
J.16.0/24 is directly connected, FastEthemetQ/0. 16
1.27.0/24 [20/0] wia 1.1.06.1, 03:12:48

1.48.0/24 [20/0] wia 1.1.16.1, 03:12:48

1.659.0/24 [2000] wia 1.1.06.1, 03:12:48
1.100.0/24 is directly connected, FastEthemetC/1
1.200,0/24 20000 via 1.1.16.1, 0312:48

RE# ping 1.1.7.7

RE# ping 1.1.8.8

RE# ping 1.1.9.9

LR v R T e R B

1
1
1
1
1
1
1
1
1
1

Oy FE-16% 298 HolE AAES st AL =Z show ip route HAE
o] &3l FHES Hgt 229 F9H HolES E F e 54 VRFE &%
B HolES FstH™ show ip route vrf customerl$t o] VRFo|&<& ™ Alsh

o] B 4= 9lty, MPLS VPN #l 2wk} 74izpaks A4S o),

- 128 -

Collection @ chosun



2. HEIAN2E A A

7}. MPLS Backbone™ HE| 7/} 2E PIM-SM A A

MPLS VPN @B 93 dEf2e 24 PIM-SMS o &3] FAsta o
i e AEs Ak HEINAES dAo] Uit PE gh¢H e WiEYs 4
Aot BE E Aol B BGP ol olut RP F40] AH&-5 &= loopback <1E ¥

1 Enable ip multicast forwarding

2 Interface 27 %}, Loopback 0

3 pim interface commands

4 || Intereface 273

5 pim interface commands

Rliconfigi#ip multicast-routing
Rllconfigi#int o0

Bllconfig-ifi#ip pim sparse-mode
Bllconfig-if)#int fO/0.13
Ellconfig—=subif) #ip pim sparse-mode

Bllconfigl#ip multicast-routing
Rllconfigi#int o

Ellconfig-ifi#ip pim sparse-mode
Rllconfig—ifi#int f0/0.23
Ellconfig—subif)#ip pim sparse-mode

a9 F=-16. PIM-SM 251, 2 A7

WeA~ES A 98 1Y EE-163 2ol el 20

loopback 0] PIM sparse-modeZ 24 % 3k},

Collection @ chosun
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Ralconfig)#ip multicast-routing
R3(config)#int lo0

Ralconfig-ifi#in pim sparse-mode
R3(config-if)#int f0/0.13
R3(config—=ubif)#ip pim sparse-mode
R3lconfig—subifi#int f0/0.23
R3lconfig—=ubifi#ip pim sparse-mode
R3(config—subif)#int 040,34
Ralconfig-subifi#ip pim sparse-mode
Ralconfig—subifi#int f0/0.35
Ralconfig-subifi#ip pim sparse-mode
R3(config—subif) #exit

Rllconfigl#ip pim rp-candidate o0
Rllconfig)#ip pim bsr-candidate 100
Rllconfigi#exit

R4 configl#in mulicast-routing
Rdlconfigi#int o0

Rdconfig-ifi&ip pim sparse-mode
Rdlconfig-ifi#int 040,34
Rdlconfig—subifi#ip pim sparse-mode

Rolconfigd#ip multicast-routing
Ro(config)#int 1ol

FE(config-if)#ip pim sparse-mode
RE(config-ifi#int f0/0.35
Rhlconfig-subifi#ip pim sparse-mode

a9 RE2-17. PIM-SM 2-$E13, 4, 5 24

a9 FE5-179M4 % 29304 5712 PIM spare modeE 7437 93 HE]
MAEES AAst7] Y8l ip multicast-routingS A A3 loopback 1B H o] A&
P 2 ARE3t} loopback ¢€1E] ¥ o] ~¢] sparse-modeE A A& HUF 74

o Yo Al PIM neighbor7t A 9o} E2tabi=% el st}

f

=
N
b

o
N:)
=
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Connected to Dynamips WM 'R3" (D 7, tvpe c7200) - Console port
R3ren
F3#show ip pim neighbor
Fitd Meighbor Table
bMode: B - Bidir Capable, DR - Designated Bouter, W - Default DR
Pricrity,

S - State Befresh Capable
Meighbor Interface Uptime/Expires  Ver DR
Address Prio/tMode
1038 FastEthernet0/0.13 DO:29:57/700:01:19 w2 1/ 8
P
1.1.23.2 FastEthernet0/0.23 00:29:32/00:01:16 w2 1/ 53
P
1.1.34.4 FastEthernet0/0.34 00:29:53/00:01:22 w2 1/
CRSP
1.1.35.5 FastEthernet0/0.35 00:29:34/700:01:43 w2 1/
CRSF
R3#

1% F=-18. PIM neighbor &<l

T4 %o PIM neighbor® &H<lelr] 98] 1

d HEE-184A show ip pim
neighbor®] & ol & &3l neighbor7l SH¥ Z2-& &gy,

Rl1>en
R1#show ip pim rp mapping
Fltd Group—to-RP kMappings

Group(=s) 224,0.0.0/4
BP 1.1.3.3 (7), w2
Info source: 1.1.3.3 (7, wia bootstrap, priority 0, holdtime 150
Uptime: 00:31:33, expires: 00:02:05

a9 F=-19. RP &<l
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% F5-19% PIM RP mappings &<lst= ¥4 eltt. MPLS VPN HE 7~

E Ausg 9§ 9Eg Ao SrT

Y. MPLS VPN 7}[4AE 9% HENEE PIM-SM 234

1 customerle]g}t= VRF=| i3] Z2E|7slx= 2= 27

2 default MDT& 2=7l= 2 FHE =&

3 || data MDTE #% Groupr Number® g2 =7}l= ul>3 =3

1 || CE 245812} 925 8]~ PIM 24935}

s || MDT sl=®|= sl £~ PEF 22 MDTZE5 58 BGPE
°]-§5= PIM H =] 9 =ilA] F257) AR

Rllconfigl#ip multicast-routing wi customer?
Rllconfigi#ip wif customer?
Bllconfig—wfi#mdt default 239.1.1.101
Fllconfig—wfl#mdt data 232.1.1.102 0.0.0.1
R1lconfig—wrfl#exit

Fllconfig)#int f040.16

REllconfig—subifi#ip pim sparse-dense-mode
R1{caonfig—=subif) #exit

Rl{config)#router bgp 1

Rl{config—router) #address—family ipvd mdt
Rl{config—router-af) #neighbor 1.1.3.3 activate
Ellconfig—router—af)#neighbor 1.1.3.3 send-community extended
Rl(config-router—af) #exit

09 $5-20 BEALE SG9E 1 A

VRFe AF AAS s 13 HE2-200 4+ customerlo] &t VRFo| thalo]
HENAES S23A7I0E AS A3, default MDTE HEHAE I5HIE

A A3k}, default MDT &

EHAAE 1ES 2391.1.1012 A A CEaFSEH S o
AE ¢lgF o] 2o PIME @438ttt PIM neighborol Al 3 13t7] 918 MDT ©]
s YHEE ol gt AAS gH 1o Az
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R2(configl#ip multicast-routing wi customer?
R2(configl#ip i custormer?
Re(config-wril#mdt default 238.1.1.107
F2(config—wil#mdt data 239.1.1.102 0.0.0.1
R2(config—wrfl#exit

R2(configi#int f0/0.27

R2(config-subifi#ip pim sparse-dense-mode
R2(config—subif) #exit

R2(config)#router bap 1
R2(config-router)#address-family ipwd mdt
R2(config-router-af) #neighbor 1.1.3.3 activate
Re(config-router-afl#neighbor 1.1.3.3 send-community extended
R config-router—af) #exit

Rdconfid#ip multicast-routing wi customer?
RBdconfigd#ip wi customerl

R config—wfl#mdt default 238.1.1.107
Edconfig—wrfl#mdt data 239.1.1.102 0.0.0.1
RALconfig—wrf)#exit

R configi#int f040.34

R config—subifi#ip pim sparse-dense-mode
RA{config-subif) #exit

R configd#router bap 1

R config-router) #address—family ipvd mdt
RBdconfig-router-afl#neighbor 1.1.3.3 activate
R config-router-af) #neighbor 1.1.3.3 send-community extended
Fdlconfig-router—af) #exit

I 521 HEA2E Z$H2 4 2A
a9 FE-219A4% customerl®] VRFel HENAEE F2A7]7] 93] AAst
i default MDTE HENAE IE8HIE AASH data MDTE 93] group

numberZ A A 3tch 298 249 A% PIM neighborol Al 31187 918 @+-$¥ 1
9] loopback $¢lE]#H o]~ 09] 1.1.3.3¢] A A3t}
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Re(configl#ip multicast-routing wrf customer?
Folconfigl#ip wi customer]
Folconfig—wrd#mdt default 239.1.1.101
Re(config—wf)#mdt data 239.1.1.102 0.0.0.1
RE(config—wr) #exit

REe(config)#int f0/0.59

Re(config—subifi#ip pim sparse-dense-mode
RElconfig—subif) #exit

Fhiconfig)#router bap 1

Fhiconfig—router) #address—family ipwd mdt
Rolconfig—router-afi#neighbor 1.1.3.3 activate
RE(config-router-afl#neighbor 1.1.3.32 send-community extended
RElconfig-router—af) #exit

R3(config)#router bap 1

R3(config-router) #address—family ipvd mdt
B3lconfig—router-af)#neighbor internal route—reflector-client
RB3lconfig—router-af)#neighbor internal send-community extended
Ralconfig—router-af)#neighbor 1.1.1.1 activate
R3(config-router-afl#neighbor 1.1.2.2 activate
R3(config-router—-afl#neighbor 1.1.4.4 activate
F3lconfig—router-afi#neighbor 1.1.5.5 activate
R3(config—router-af) #exit

Collection @ c

Oy 22-22 HEANAE 2$H5 3 AR
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RBE#show ip pim v customerl neighbor
Pibd Meighbor Table
tode: B - Bidir Capable, DR - Designated Router, N - Default DR

Friority,

S - State Refresh Capable
MNeighbor Interface Uptime/Expires  Ver DR
Lddress Prio/tMode
1.1.59.9 FastEthernet0/0.59 O1:10:06/700:01:29 w2 1/
ORSP
1] TunnelD 01:07:B9/00:01:39 w2 1/5P
1.1.4.4 Tunneld O1:07:69/00:01:38 w2 1 /5P
1.1.2.2 TunnelD 01:08:27/00:01:39 w2 1 /5P

Fl#show ip pim v customerl neighbor
FIbd Meighbor Table
tMode: B — Bidir Capable, DR - Designated Router, W - Default DR

Priority,

5 - State Refresh Capable
Meighbor Interface Uptime/Expires  Ver DR
Address Prio/Mode
1.1.16.6 FastEthernet0/0.16 0111197000115 w2 1/
RSP
e Tunneld 010a14/00:01:22 w2 1 /DR S
|:>
e Tunneld 01:09:1E/00:01:23 w2 1 /SP
1.1.4.4 Tunneld 01101 1/00:01:21 w2 1 /5P

% F=-23. PIM neighbor &<l

F AN 2E SF3AEAY & 29 R Z-2394 %= PIM neighbor <1 3.
T4 92 ¥ PE %82l RS RlolA BHYE ¢lEH o] ~E %3to] ttE PE 2F$-H

9} customerls €& PIM neighbor’} 3¢ % Sl=% &-el3tc}.
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. CE ZFEdA EEALE 43

1 HejFl2== A jp multicast-routing

2 || Interface #7

3 #|AE e 5| =] 2= ip pim sparse-dense-mode A

Fd(configl#ip mulicast-routing
Ra(configl#int lo0
RYconfig-if)#ip pim sparse-dense-mode
Ra(config—if) #exit
Ra(config)#int f0/0.59
Ra(config-subifi#ip pim sparse-dense-mode

R config—subif) #exit

Rlconfig)#exit

R4(configl#ip pim send-rp-announce 1ol scope B9
RYlconfigl#ip pim =send-rp-discovery 100 scope 59

R
EY
R
Ef

config)#ip multicast-routing
configi#int f0/0.27

config-ifi#ip pim sparse-dense-mode
config-if) #exit

s R T, R

R&
RS
R&
RS

config)#ip multicast-routing
configi#int f0/0.48

config-ifi#ip pim sparse-dense-mode
config-if) #exit

e

6
6
21
6

configi#ip mulicast-routing
configi#int f0/0.16

config-if)#ip pim sparse-dense-mode
config-if) #exit

e R s

a9 §F-5-24. CE 2v-HellM 2EANEE 44 RY, 7, 8, 6
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HEAN2E 29’ E A88S WAlsta g9’ & Aol ~5 AA S 24
3l ¢lE] o] 2o PIM sparse dense modeE <2A1Z1t} 17 BFE2-24% 259,

7,8 6W BEA2E 9P AHES AB 2 5 AP

RE#=how ip pim rp mapping
FIt Group—to-RF Mappings

Group(s) 224.0,0.0/4
RP 1.1.9.9 (7], v&1
Info source: 1.1.9.9 (7)), elected via Auto-RP
Uptime: 02:03:bh, expires: 00:02: 25

Bh#show ip pim v customerl rp mapping
Pitd Group-to-RF Mappinas

Group(s) 224.0,0.0/4
FP 1.1.9.9 (7), vavl
Info source: 1.1.9.9 (7], elected via Auto-RP
Uptime: 02:08:4h, expires: 00:02:30

1% F5-25. R6, 5914 RP &<l

1Y RE2-250 4= 2H5-E6, 5ol4 RPE F& sl AL Felstil testE 93
Z2E169 loopback ¢lE]#H o] 2o A 239.1.1.1 LEo] %< 3} AAS s ¢
E169] loopback ¢lEl o] 2o 239.1.1.1 19 EHHE FAstE FH7E g8 A

A B,

Re(configl#int lod
Relconfig-ifi#ip pim sparse-dense-mode
Rélconfig—ifi#ip igmp join-group 232.1.1.1

¥ H2-26. R6°1A loopback ¢1Ej¥|o]2 239.1.1.1 L&l %<l
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2B 6 9] elE # o]~ loopback 0¢] PIM R = sparse dense mode® 239.1.1.1
o] IGMPE %3} ste & 17 F5-260014 61 2F5-Holl AA gy,

3 dEA2E B4 HEE

R9%ping 239111 ek

Type escape sequence to abort,
Sending 5, 100-byte ICMP Echos to 239.1.1.1, timeout is 2 seconds:

Reply to request 0 from 1.1.16.6, 572 ms
Reply to request O from 1.1,16.6, 572 m3
Reply t0 request 1 from 1.1,16.6, 496 ms
Reply to request 1 from 1.1.16.6, 588 ms
Reply 1o request 2 from 1.1.16.6, 964 ms

101
1.1
]
]
fi
Reply 10 request 2 from 1.1.16.6, 968 ms
1.1
e
1]
ji
10

Reply to request 3 from 1.1.16.6, 416 ms
Reply to request 3 from 1.1.16.6, 632 ms
Reply to request 3 from 1.1,16.6, 632 m3
Reply t0 request 4 from 1.1,16.6, 436 ms
Reply t0 request 4 from 1.1,16.6, 496 ms

29 F5-27. ROoIA HEPHAE B HAE

J
o
Ry
rlo
=
O
=3
o)
e
fuj
X
[>
[m
ok
oy
__YEI
[>
[m
Ll
Q‘L
rr
P

oL
o
X
o
fr
o,
!
2
N,
tlo
e

),
%2,
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vk, 239.1.1.1 2 F° g EEMNEE 3#9H EHolE

RE#show ip mroute 239.1.1.1
IP tdulticast Bouting Table
Flags: D — Dense, S - Sparse, B - Bidir Group, = — S5M Group, © -
Connected,
L - Local, P - Pruned, B - BP-bit =et, F - Register flag,
T - SPT-bit set, J - Join SPT, M - MSDP created entry,
X = Proxy Join Timer Bunning, A - Candidate for MSDP
Advertisement,
U - URD, | - Received Source Specific Host Report,
Z — Multicast Tunnel, z - MDT—data group sender,
Y — Joined MDT-data group, v - Sending to MDT-dafa aroup,
YV - BD & Vector, v - Vector
Outgoing interface flags: H - Hardware switched, A - Asserfwinner
Timers: Uptime/Expires
Interface state: Interface, Mext-Hop or VCD, State/Mode

(+, 239.1.1.1), 02:25:60/stopped, RP 1.1.9.9, flags: SJCL
Incoming interface: FastEthermetl/0.16, BPF nbr 1.1.16.1
Dutgoing interface list:

LoopbackD, Forward/Sparse-Dense, 02:25650/00:02:59

(1.1.9.9, 239.1.1.1), 00:00:17/00:02:47, flags: LIT
Incoming interface: FastEthermetl/0.16, BPF nbr 1.1.16.1
Dutgoing interface list:

Loopbackd, Forward/Sparse-Dense, 00:00:17/00:02:59

2

9 $%-28 ReIA HEALE 299 ok g

O FE5-282 LER 7HdAGe HEMNAE A S 9l 2h9-E 6¥A
2-¢-8 97} Bl "ol 2 [P Multicast Routing Tables E3 <13t} 2198
gol & afchel] 239.1.1.1 WEMN2E 1FolA LSRYe] 2he-EHel AZE QlE o
22 E3to] AdgS Foldrt. PIM sparse-dense =2 23S tableS =3l

F Q.

e
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Rl#show ip mroute wf customer! 233.1.1.1
IFP tdulticast Routing Table
Flags: D - Dense, 5 - Sparse, B - Bidir Group, = - S5M Group, C -
Connected,
L - Local, P - Pruned, R - BP-hit =et, F - Register flag,
T - SPT-bit set, J - Join SPT, b - MSDP created entry,
* = Proxry Join Timer Running, A - Candidate for MSDP
Advertizement,
U= URD, | - Received Source Specific Host Report,
Z - Multicast Tunnel, z - MDT-data group sender,
Y - Joined MDT-data group, v - Sending to MDT-data group,
YW - RD & Vector, v - Vector
Outgoing interface flags: H - Hardware switched, A - Assert winner
Timers: Uptime/Expires
Interface state: Interface, Next-Hop or WCD, State/tdode

(+, 239.1.1.1), 02:30:52/00:03:27, RP 1.1.9.9, flags: S
Incoming interface: TunnelD, BPF nbr 1.1.5.5
Dutgoing interface list:
FastEthernetl/0.16, Forward/Sparse-Dense, 0230:52/00:03 27

(1.1.9.9, 239.1.1.1), 00:00:06/00:03:26, flags: TY

ncoming interface: Tunnel0, BFF nbr 1.1.5.5,
MOT:239.1.1.102/00:02:59

Outgoing interface list:

FastEthernet(/0.16, Forward/Sparse-Dense, 00:00:06/00:03: 27

a9 BE-29 R19) HEA2E 35" gold

aE FE-29¢ RIS HEAAE 298 Hol=E tunnel 0 JAEH ]S F)
o] R5914 dlelH MDT 239.1.1.102¢ 239.1.1.103¢] Edf=& F4lsta, R67 A4
€ I o]~ FO/0.160.2 HdEgict
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Ro#=how ip mroute
IP Multicast Routing Table
Flags: D — Denze, 5 - Sparse, B — Bidir Group, & — 55M Group, C -
Connected,
L - Local. P - Pruned, R - RP-hit set, F - Reagister flag,
T = SPT-hit =set, J - Join SPT, MM - MSDP created entry,
* — Proxy Join Timer Bunning, A — Candidate for MSDP
Advertizement,
= URD, | — Received Source Specific Host Report,
Z — Multicast Tunnel, z - MDT-data garoup sender,
Y = Joined MDT-data group. v — Sending to MDT-data group,
W — BD & Yector, v — Vector
Outgoing interface flags: H — Hardware switched, A - Aszzert winner
Timerz: Uptime/Expires
Interface state: Interface, MNext-Hop or WCD, State/tdode

(+, 239.1.1.102), 0:06:25/00:00:57, BF 1.1.3.3. flags: SFF
Incoming interface: FastEthermetOs0 35, RPF nbr 1.1.35%.3
Outgoing interface list: MNull

(+, 239.1.1.101), 02:3820/stopped, BP 1.1.3.3, flags: SICFZ
Incoming interface: FastEthernetOs/0.35, RPF nbr 1.1.35.3
Outgoing interface list:

rMWEF customerl, Forward/Sparse, 02:38:20/00:00:58

(1.1.2.2, 239.1.1.101), 02:38:19/00:02:38, flags: JTZ
Incoming interface: FastEthermetO/0. 35, RPF nbr 1.1.3%.3
Outgoing interface list:

rMWEF customerl, Forward/Sparse, 02:38:19/00:00:58

(11101, 239.1.1.101), 02:38:19/00:02: 38, flags: JTZ
Incoming interface: FastEthermetO/0. 35, RPF nbr 1.1.3%.3
Outgoing interface list:

MWEF customerl, Forward/Sparse, 02:38:19/00:00:58

(1.1.4.4, 239,1.1.101), 02:38:20/00:02:45, flags: JTZ
Incoming interface: FastEthermetO/0. 35, RPF nbr 1.1.3%.3
Outgoing interface list:

MWEF customerl, Forward/Sparse, 0238 20/00:00:57

(1.1.6.6, 239.1.1.101), 02:38:21/00:03:16, flags: FT
Incoming interface: LoopbackD., RPF nbr 0.0.0.0

Outgoing interface list:

FastEthernet(/0. 35, Forward/Sparse, 02:38:21/00:03:07, A

(+, 224.0.1.40), 02:40:34/00:02:18, BP 0.0.0.0, flags: DCL
Incoming interface: MNull, BPF nbr 0.0.0.0

Outgoing interface list:

Loopbackl, Forward/Sparze, 02:40:34/00:02:18

O F5-30. R5 22 HHAZE g¢H HeolE
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a9 BE2-300 A= flags7F 2291 AE default MDT 1EF4 239.1.1.101% =3
o Y 7R 4= PE BHES #@9-HI1, 2, 49 PIM Ao EI 3} o

ol HE& A% ELE AL Aee v EH
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