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ABSTRACT

With the rapid growth of triple play (voice, video, and data) services, constructing a service
network architecture with stable transmission quality is an urgent research topic. This paper proposes
a triple play service network architecture with dynamic bandwidth management and high network
availability over Carrier Ethernet. The proposed architecture consists of access networks and the
IP/MPLS core network. In the access network, the traffic of triple play services in the same truck are
virtually isolated using virtual LAN (VLAN) technology. To utilize the network bandwidth, a
monitoring and control mechanism via a policy decision router (PDR) to dynamically adjust the
bandwidth allocation for each service is adopted. To improve network availability, a Multi-Chassis
Link Aggregation (MC-LAG) mechanism is introduced in the uplink route of PDR to prevent
disconnection due to a single node failure. Establishing multiple VPLSs (virtual private LAN
services) in the IP/MPLS core network and equipping a bidirectional forwarding detection (BFD)
mechanism enables prompt discovery of the network disconnection. Through the application of both
node-level and pw-level (pseudowire-level) protection schemes, a rapid network recovery can be
facilitated. To verify the applicability of the proposed architecture, several experiments were
conducted. Various routing mechanisms were tested since the discovery of route disconnection in the
IP/MPLS core network is a complex and time-consuming task; for example, RIP requires 180 seconds
while OSPF only requires 30 seconds to discover a network disconnection. A detection mechanism is
developed by combining a static routing protocol and BFD mechanism. Using this mechanism, a
disconnection in the IP/MPLS core network can be located in one second. Moreover, using the
MC-LAG mechanism, the traffic can be redirected from an inactive node to the standby node in two
seconds. The simulation results demonstrate that the architecture proposed in this study is suitable for
triple play services.

Key Words: triple play, Carrier Ethernet, VPLS, BFD
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RTR i Fﬁ‘wﬂ“ ERISHE S IP TN 1 (R - A
- Triple play %j”]‘ ‘j*%ij FilfY RTR 225 f IR I»*;JVF,TNJ
e EANSE Y TRAP FHEL © RTR AR (g ()=
BRI YIYNIH 8 W F LT o g ALl 5 IF'? RP 478 RTR
(= B (SRR ES ICMP - timeout [T P"J%« Tassavtel
55 H[J%&t% 150 ms ~ 55~ 100 ms > (fRf#FiEfLE 5 F (T
W= % fuag 3 kP (RTRA-B~C) ﬁ‘}’?‘}'ﬁi (RTRD)
FIIFELT TRAP FHEL » ¥ =4 78 RTR (fR= gl
ﬁ%gu%hﬁ?ﬂ I¥% VolP » (%S VolP ﬁﬁi‘%ﬂ’?fﬁlﬂjﬁﬁﬁ’gﬁ N

Rate-Limit

VLAN - Rate-Limit &5

RTR A Fr

uli
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BRI~ SIRUE - (SPh ¢ S IR AR R P BT IR Triple play 457

WLAN 100

\ RIR 10D
- )
=
'+ PDR
RTR 200 —_— "
IPMPLS

RTR 300 network

WLAN 300
' 8. RTR 3 ]
% 1. RTR [fRg=8r#
- R R ) TRAP
RTR #i%] ok e Timeout | vy
RTRA . ,
(ifilll VoIP LAD) 5F) ICMP | 150ms | “kf¢
RTRB ‘ -
(IF73) HSI GW) 5% | ICMP 5s SXig
RTRC ] -
(e IPTV STB jggs) | 577 | 'OMP | 100ms | K
RTRD ' ] —
({fnE] IPTV STB Bi4%) 5% ICMP | 100ms | W59

Pl > = VoIP ARSI LA™ ] - P £ SR VOIP Y
WL RTR B (U fIRFHTIER H3 HIS » AL~ Jefioss |l
S UABRYEI BE ] B P ST CR
Eﬁ%ﬁi‘ﬁﬁfﬁlg' - RTR C - DF"T[%%FIJ%;?,”%“,{IPTV [

5 IPTV 35 oRL 24 ) 0 (0 2] PRI IPTV 3554
B ’ﬁ@g;{ﬁﬁ%ﬂ”ﬁmé HSARSTH0H 5 = 0 IS IPTV
ISTHIBSID ™ I ORI IPTV AR ] > Puih
& RTR D ] IPTV BB~ - 39t TRAP 5]

RLE IEH%HI RTR U il TRAP LW (7 5Pl 7y

=5

F

i NViEs va %7;? RTR ¢ z;gmj TRAP L, ,qﬂ”
H—‘é—&i ’ IA‘% \VolIP Fqul;/77j l“:l[ﬁr W[W’Tiﬂﬁl Casel

(Casel U3 VoIP JR355t 1% > VOIP JRFSTIHFIPIT I [ RLET 1
AR o F R USEEFEL > A VoIP L - bt
VoIP ARFESHFRC T by o Al FRe T S TR [N Casel

F'/H}ikﬁtr%u b Trues HSI 287 fLAI#HRL 1 52 HSI sy

RTR F8HHefo TRAP SV EURIEF » #0755 EL >

0. PR

F HSUIRRTE-Hf « IR R 3 HSI RV -
wﬁm@@m Case2 - Case2 {tF HSI 5| 18> A=
PS1IIRED > (ERL VoIP % IPTV ﬁ?ﬁ‘?}ﬁ}ﬂﬂm% » Firl'] Case2
ﬂﬁ’}‘{{%?ﬁ True -

IPTV 2{|&=tT) ﬂ*l{’ﬁu IPTV RTR {84 oY TRAP

PELIERF « 2 F R R IPTV RSl -

PP EULR T IPTV R AL STB RS - ¥
Casel F[! Case2 [T i En‘]‘tz True » F7- [f Ejﬁqurfug FERS
RTR JHE4Hepy TRAP ZHEL ’F}ﬁ[*%ﬁfﬁﬁg SEF g [F‘fﬁﬂji
R SRR AR < ¥ Casel A1 Case2 [ S AL
[ 5 True » B FUE]IPTV [l P IPTV [OSTPCE ]
s THIE DTS > el PRI I e e R SIS = ] -
LR HSI a8 TG - g AL e
IPTV RTR 2455 iy TRAP FAEL » [ I%] = TRAP FAEL
IR IPTV [ STB © RSV fff s a7 [N R DR
IS g TR Rt o -
(Z) BEp ag

TR B 5% 19 2 I RLAR g i P 1
LAG 15 ~ VPLS-PW 857 « BFD f&i57 & PATH-SELET £
AL o ) E'J‘I‘?ﬂ%l’ﬁiﬁ’é#ﬂﬁ% IR o~ R
Féip‘ F'1 node level redundancy * pseudowire level redundancy
BRI
LTI R 435 i SR PEIRRLIFIR B 2 ¢l
%ﬁﬁzﬁ j hot-standby [I9 74 A1 i o (L= 2
AR - R [.#lfflﬂﬁ‘y%mf 1% WIF‘dﬁ”}“—%@ pseudowire
SHEH fé, RIS

T

I

=7
S

" H-

HE TP 1% - node level redundancy fi9 | 1

level redundancy £ i MR

uli



R|9PEE A IR

57~ %

3-H

Np- 00F

AL F TR A
LAG 5" Efl‘%ﬁ node level redundancy » =5 {FFR " | 24571
%’f%‘.;?{f, ( multi-chassis link aggregation, MC-LAG ) %ﬁ'?%'[’ﬁl
R R R AR - LAG RL IEEE 802.3ad
AUETE [11] > LAG W*JEL_}I%'F‘J’F i%ﬁf?ﬁﬁ;{/ 1Y % (SRR
A Y [ R AR ﬁ@%ﬂ’%%ﬁ%ﬁ]ﬂﬁé (link
aggregation control protocol, LACP )> E*J%iﬂ?‘rﬁ%‘i‘—é‘,ﬂfﬁ’gﬁ%ﬁé
AL e (ERLYHN P - R LAG ’Hfj’ﬁfliikﬁj?éi%ﬁ%#ﬁﬁf’m
IR~ PRIFSS 2R T [ R f@?ﬁjﬁ@ﬁ'* % LAG » ‘Zifl
LACP i LAG FE 55— [ 21 LAG i 10 77 -
2l U (= R e e R AR
Active-LAG =~ Standby-LAG - [~ [} ] | {f == %
LAG - P [l LAG [ TR & "] - [S" Active-LAG [ I#ifH
?‘»{ g Standby-LAG #= > I = fol LAG BRI+ £ kL
VPLS-PW #8153 F,‘TIEFG pseudowire level redundancy - =% i
(At 2 pusg ot R oA AR T 4 5 VPLS PW %4
RS > DN 11 T o T PR [IRERETECE - 5 Active
PW {755 - 308 o 5 R [ [ LI = Standby PW -
PRI 205 PW R HRIAEEE i 2 17 < I 12 5657 Fir, BR2
L T8 > I VPLS C~ Doyl 1> (61 79%) VPLS
A~ B L IS © 812 b (PR VPLS
D [[1#ifH§ » BF) VPLS A ~ B ~ C i spi= s -
BFD f5i [is"] ¢ -5ffs OAM %%ﬁjﬂﬂﬁ BFD 57= "ghiif]
‘I%?EU.%‘%%U » TR ,'r%fﬁ[h’?"f =L 3 B o
BFD %ﬁu*“ﬂj Liveness Detection Interval qéébui{u_’;ﬂﬁfj{?‘%‘, LF\, fli

ACTIVE-LAG

=

o
I-

Core netwark

STANDBY.LAG T B

W 10. MC-LAG % W

# 2. VPLS PATH g5+ HH[[#

node-level protection pw-level protection
(ATRfet ) (R e )
VPLS PATHA Active Active(CH i7)
VPLS PATH B GHi7) Standby (f#i}%)
VPLS PATH C Standby Active(H i)
VPLS PATH D (fiF2) Standby(ff1%)
- VPLE A - = .
. ) N N wisg - - /x%\ .
DR =. o] g ey - f
- = ~ ==
g ice —_— o
wwork ok network FE
- ~ . ﬁj\: - K
o - h 21
FDR VPLEE oo _|_ - ) = VELS D \ -
B = . il .

VPLEA MAEH,
- = 2~
WPLEE e
~ N g
~ / > N
~ = ~ N -3
VRSB o ) - T T |
. - ’ “
. - e
IPRAPLS core PIMPLS care
netwark natworc

]ﬁ' 12. MC-LAG ¥ VPLS %ﬁ‘fﬁiﬁ[ﬂ'@?ﬁ%

% 3. BFD {2y

Router (&[T 147) A B
Configured Transmission Interval (ms)
cp e s . 100 100
(g el n f)
Configured Receiving Interval (ms) 100 .
(R 1 n )
Negotiated Transmission Interval (ms)
= e . 100 100
(I e el fiyan fi)
Detection Multiplier 3 3
(HESD)
Liveness Detection Interval (ms) 300 300
(7 355 TR 1)

%o 7t 3 f[1 > Liveness Detection Interval £L 300 ms > — [!
ROUTERA-B fET?E[JEJJ‘?F'EﬂJ\E? 300 ms> [N A~B V]| %o
I Gl ROUTER A - B 8 e p i ik e - I
% 3 £ > ROUTER A~ B ﬁﬁﬁ%{gfﬁl Transmit = Receive
Interval iﬁ[i £ 100 ms » ﬁ@z%—ﬂy &% % Negotiated Inter

uli
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AEE TR e 2 1 RS PR Triple play %5

£1.100 ms - ¥ BFD il > P4 RIS RORPSS - firp
gl Detection Multiplier » }H Negotiated Interval == Detection
Multiplier £15% & # £]] Liveness Detection Interval -

PATH-SELECT i (Ui LAEUEC BFD 5 fiilHI4H
UURE- - s lﬁﬁg ST = Pl el S

EJJ“FH ﬂ; < VPLS PW bﬂFﬁ Uplink fi e o
PATH-SELECT ﬁiﬁ\”r 177‘ VPLS A B C D pro"ir- 28kl 5 ’{ﬁ,[,
fﬂc7\,ﬁ@ , ﬁ"%* VPLS 7% 1 BFD %ﬁruyauﬁwﬁj » B
ErR F‘%\:ﬂ I VPLS A e 5 2 ?[)p U VPLS =
i HURT A9 3 - PO B
I Fﬁ%ﬁé’ﬂ/ pseudo code J[1fi 13 ¥ -
P SRS A

FUBRRR TR S 1 2 P RS
R SRR - PR 1?& i Cisco Catalyst
3550 * 2?1 Juniper ERX1440 FU,%’%F\,M,[, S A E B ﬁf}
B o T PR > Cisco Catalyst 3550 #5(= RG [l < » fi
Pt F‘j 48 port Fast Ethernet = 2 port Gigabit Ethernet » £l s
FERLA -~ i trunk ( p;lf‘ﬁ%ﬁﬁﬁﬁﬁﬁ%@ﬁ% TR IR
U fe) = PDR /1§ > Triple play Ejﬁi‘ﬁi?pu# trunk %7
RG » FIi VLAN ) 7l S S o S L %5 - 7
bi- %E'l » Z5{FF[H] Juniper ERX1440 Ui iEEg phgs uﬁjﬂ
?ﬁ?!%ﬁy A J?Z [V ERX1440 iy asee bt 1 i
PDR & 2 {f ﬁ?fﬁ%ﬁ”f‘,yla‘g ff'f [ ERX1440 iy /i 2155 2 3= 2 port
GE {7 2 9= 8port FE > =l SR o Wi ke IP A 'f;l'
N il[lﬁ?ﬁ' 14 H1Z 4 B o

Module VLAN Meodule LAG

Input = packet_incoming /f check incoming packet Set LAG=link group(nodel,node2}
IF TPID = 8100 Jf check TPID is 802.1Q END

THEN get VID // get VLAN ID

ELZE drop packet Module VPLE-PW

END Set VPLSA = node atcive + path active
Set VPLEE = node.active + path. standby
Module rate-limit Set VPLSC = node.standby + path. active
IF rate-limit = yes Set VPLED = node.standby + path standby
THEN END
set vlan voip = 128Kbps // voip 128Ebps
set vlan IPTV = 30hdbps /f IPTV 30Mbps
set vlan HST = 20Mbps # HST 20Mbps

Module BED
IF BFD session state = up

ELSE THEN PATH-select module
set vlan voip = 128Kbps // voip 128Ebps ELSE next BFD session state
END END

Module RTR. Module PATH-select

IF RTR.trap = true /f RTR test fail

THEN trap to trap module # send trap to trap module THEN forward wia BFD session

ELSE return module RTR ELSEIF compare all BFD's cost

END THEN forward via lowest cost BFD
ENDIF

IF BFD session state is up = 1

Module Trap
IF Trap. WOIP & Trap IPTV & Trap.HSI=1
THEN notice MOC line disconnect

ELZEIF Trap IPTV=1

THEN set rate-limit = no

ENDIF

qi# 13. éﬁ%&%ﬁ'ﬁlﬁi pseudo code #- ﬁa,l

PC1

¥

18 Q
server2
19

serverd

PC2

Cisca Juniper

ERX1440

Juniper
3550 ERX 1440

i 14, PR

PRI > 1 [ESE |EEE 802.1p 19 A/l
R (CoS) SEAIP IEGATIRE = - Pl R IEGH £
S Triple play ' 4 25 (1S i oL pgmes
S R R PR YR A - 91 2 L
S ARSI RS MAC-LAG JLL 2! e
S e o R S A TR s P sl
AR~ PREREEF e LRSS PIEELRY BFD A5l ¥
R Pt g = e PR e (R Iﬁw\\ A e
S TR S TR B R T R
o TS IR OB = SRS R -

(=) BRI OpE e EGRAps

i (B RS {1 Cisco Catalyst C3550
t 802.1p iU ESE I [ UL 42 2 R AR fﬁ'mgqé‘fﬁr
B H},:P\'LP“%WFEJ?%Z?EL R SR - ELREE VoIP
5 > 251 trunk SRS 50 Mbps - (11 serverd =
PCL = fflffiix 128 Kbps Vifkl ¢ SRAUEN] 1 F) 2 fldf HD
VAPTV 35 » 25 MR 11 server2 = PC2 {12 30 Mbps
UDP jfil 5 LRt Al > =5 M1 server3 =2 PC3 = AFE:

12 20 Mbps 1 UDP ififil = 5 [ g i - k-

IPTV 572 VoIP ety Bt > s At o)
R [ VOIP R IR IPTV e

R F{ngﬁ o (B ﬁ;{ég/, SIS MR MR

R FS T iperf [17] SRS - HIE

bandwidth 7 jitter o [l 15 £ (& A pIRS U ERAVRE I o (11
qﬁ 15(a)(b) p FE ZFIHESR voice [ video EJW ir::%t ﬁf’iﬂ"g

o Iﬂiﬁ‘:ﬁ 4 FT ﬁlﬁ{zjgﬁ » BTl jitter 4‘:5@7*7 T AR o
FIIA 15(c)(d) T gE2H > F)F] video @b 1 F{’"EWE% » B e
WS- voice =IFEEEARE - (IR video SBLRLE T AREY
IR -

FEPGRTGPEFOE AR - 7 P PDRL 2 Ugpe

uli
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R e A

57~ %

3-H

Np- 00F

#. 4. YER IP -

AR £ MLl “d 1P TSR akiclls VLAN s

1 PC1 192.168.101.1/24 RG-F0/1 101
2 PC2 192.168.102.1/24 RG-F0/17 102
3 PC3 192.168.101.1/24 RG-F0/33 103
4 RG-G0/1 PDR1-G1/0 =50 50Mbps

RG-G0/1.101 PDR1-G1/0.101 192.168.101.254/24

RG-G0/1.102 PDR1-G1/0.102 192.168.102.254/24

RG-G0/1.103 PDR1-G1/0.103 192.168.103.254/24
5 PDR1-F12/0.20 192.168.20.1/30 BR1-F12/4.20 20 VPLSA
6 PDR1-F12/1.30 192.168.30.1/30 BR1-F12/5.30 30 VPLSB
7 PDR1-F12/2.40 192.168.40.1/30 BR2-F12/6.40 40 VPLSC
8 PDR1-F12/3.50 192.168.50.1/30 BR2-F12/7.50 50 VPLSD
9 BR1-G2/0 BR3-G2/0 MPLS core
10 BR1-G4/0 BR4-G2/1 MPLS core
1 BR2-G2/1 BR3-G4/0 MPLS core
12 BR2-G4/1 BR4-G4/1 MPLS core
13 BR3-F12/4.20 PDR2-F12/0.20 192.168.20.2/30 20 VPLSA
14 BR3-F12/5.40 PDR2-F12/1.40 192.168.40.2/30 30 VPLSB
15 BR4-F12/6.30 PDR2-F12/2.30 192.168.30.2/30 40 VPLSC
16 BR4-F12/7.50 PDR2-F12/3.50 192.168.50.2/30 50 VPLSD
17 PDR2-F1/0 172.16.30.254/24 serverl 172.16.30.1/24 THIF voice
18 PDR2-F1/1 172.16.31.254/24 server2 172.16.31.1/24 H[Z¢ video
19 PDR2-F1/2 172.16.32.254/24 server3 172.16.32.1/24 = data

5. BUTTAPEUR B

bandwidth(Mbps)
=

Priority ik g
. Voice (PC1) .
High Video (PC2) Voice (PC1)
Video (PC2)
Normal Data (PC3) Data(PC3)

B f1 1 GL/0.101 g 128 Kbps f-VoIP AR s :

% /11 G1/0.102 [Ef 30 Mbps 444 [Tl 5 2 fff HD o
IPTV 355 3 4 /7 21 G1/0.108 [ 7 20 Mbps ity - 0

At < Jitter ALEAFILIREFHHITIOE BRI D —  F

5 ’j:%ﬁﬂ’ul;@.} Ejﬁéﬁ;fvfﬁiiﬁﬁ% ('service level agreement,

bandwidth (Mbps)

SLA) ﬁ:‘fﬁﬂjitter ﬁ*jﬂifﬁzﬁ’} 10 ms [21] > P15 6 Hr- o fli 5
Eﬂ' 16 pugf@Rs N i€ 7 PDR &7 Bﬂi@iﬁﬁ'ﬁﬁ\ﬂtj ) ﬁfﬁﬁﬁ

FST {12 AR SRR T AR

jitter 357 3ms '] ™™

(=) PRSP L H

o [SG P PERR 1 B

PR T 12 AR

CoS Tflii—

CoS#fk&—

AAAAAAAAAAA

5 10 15 20 25 30

time (sec)

(@) dik&%—  bandwidth

CoS Filis —

AAAAAAAAAAA

5 10 15 20 25 30

time (sec)

(c) #k& =  bandwidth

jitter (ms)

jitter (ms)

30
25
20
15
10

5 10 15 20 25 30

time sec)

(b) diE&— 1 jitter

CoS k&=

A

—r

5 10 15 20 25 30
time (sec)

(d) #E&= I jitter

' 15. B-IEE RS

——
—8—  video
+

voice

data

—&— voice
—&— video
—A— data

uli
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AT FI ELEH e 2 1 BIESFIPURREERY Triple play 3573

* 6. f‘, TR A RS R jitter B # 7. RTR (fnf= g
I IR EE (SLA) jitter (il RTR (fRf] RTR 1 RTR 2 RTR 3 RTR 4
west 2ms [ERH% ] ICMP ICMP ICMP ICMP
{
Viterla 1ms Timeout 150ms 5s 5s 200ms
Axiowave 1ms LiES 5s/round 5s/round 5s/round 5s/round
Verio 10ms(0.5ms average) Trap e e S I
Internap 0.5ms Triple play \oIP HSI IPTV IPTV
35
- - - - - - Request 1D |62
2 30 ——a—8—8—8—=8
& Error Indext [0
S 25 Commnunity |public
;:: 20 N N N —&— voice Error Statos [0
2 —&— video
2 s Ip Addwess [6666
§ 10 A— data Trap Tope [SHMPv2s
5 Variable
oID [ Twpe | Value ~
0 ——0—1—0—1—0—"'—0o'¢ %g g} g;i_‘;g 0 Tincaﬁgck 1] dfx)ésﬁﬂ%laﬁﬁg'a%tt;?s
5 10 15 20 25 30 136121801213399.108.1053575..  Integer U
. 136121801214390108.1053575. String Q7070707
Time (SBC) 1.36121801.21.1.399.108.105.257 5., Integer 1
. . i 136121801212399108.1053575 Inhe_ger 1
(@) [ IR bandwidih linil il g
4
Close Show Raw <2 prey next ==
Triple-play with rate-limit 4 4 4
2.5

TACA

215 —&— voice
5 —&— video
= 1 —&— data
0.5 * >—¢ =
0 L L L L L
5 10 15 20 25 30

Time (sec)

(b) fflr ISR jitter

[ 16. G HER

PTPORREE I 0 7 R TR ™ 1 TR H e
S T SRR 5 P A
REPOFSRE AL - T PSRN o 75 PRARET: PDR )
il RTR RIS - (RRPISERL 1y s T - 2T
FSTHITEI » IR OB st e R Pl =]
EIPRIEIA IR RSl P I @ B RTR (RS IRy
AJE PR R

RTR f{rfl =R » 41 7 7 < 2577 PDRL Eop i
{35 RTR [l : PCL~ PC2 % PC3 » 53 i | iperf fiifi
RO D - RufSUREvideo RERFTSI -
WU PC2 ARG 3% > 5 Fp i RTR 32! Trap L » 1=
5 PC3 pfﬂfﬁ’sﬁ%ﬁ iﬁ”{lfﬁ 50 Mbps o Vi[5! PC2 fuaffizast
I A4 video FHES » MR PC3 UfTfiiisyp! 20 M - 41
[f 17 . - RTR mﬁufu video [ i1t Trap 7KL PDR >

¥ server ¥ ,F.J

! 17. Trap receiver Y=V trap
UG JCAIETIISLE AR (I 18 i 5T 20
FJIE data g > % 27 40 FI PDR [HAHIE] video il
PP ATV R - ARER R 16 AT
F;' FREH E‘ﬁﬁfﬁﬂgﬁ H] Hiﬁ‘?ﬁgmﬁg’gﬁﬂ? | PR
575 o
(=) Node-level Fﬁl%*ﬁ?ﬁ’[]

ELHIE MAC-LAG i* ! fff R - H‘TF%’#LM e

79> 2517 PDR1 % PDR2 ?[JE'JFTQF@L?,E lﬁﬂ%@jﬁh%tpu[

f
% T flfv VPLS » 2% PC ¥ .jEI?E[J PC %= server [Iv ICMP

T 60 [T o 5 PeREE - 2SR BR2 P AL ATR

[t 5 VPLS C ~ VPLS D}[ﬁj’ﬁ“ TP R AR R
[uFl ) Hkﬁﬂj‘f_ JH[EH PC ‘F%}%’ server [ ,ECF\, H\@[plrgg}

Triple-play with PDR

- 60

_8- 50 N A N

=

::: 40 /l .\ —&— voice
S = = = = .

'z 30 —&— video
§ 20 ;\ * / X * —A— data

@

*
*

=}
L 2

=
w
e d

0 15 20 25 30 40 50 60

Time (sec)

W 16, FERHREAR
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RISFE= PR SHAT|

572

UJ\

3-H

Np- 00F

Fﬁ'a [l 19 [ 20 53 [l # BR2 ﬁyﬁjf F RS F R -
e P e i BR2 1% 5T - PDR @555
= BR2 I 18 [ T BRI 0K — RS VPLS
C ¥ VPLS D iU pliF2fi -
FIo BR2 RLEERS PDRL /i » 5 "6 Ml

- TR R o HLE port @ (N AT @ down » 3
AURREE YR @ (B A 2% P 20 S5 PTRT) E
575 7 BR2 AL R+ 31 T F MRS FIRE
Lofll o R EREER] MC-LAG L3 2] node-level fiY{jGt

N

[

[ 172.30.25.248 - SecureCRT
File Edit ¥iew Options Trensfer Scopt Tools Window Help

HSHIHE mBq E o
pd Redirect the output to a file. appending to previous contents ~
| Filter output using the CLI Filtering feature
<ory

TC-BKO1;PIR1#sh ip route static
Pratocol /Routs tupe codest
I1- ISIS level 1. I2- ISIS level2.
I- route type intra. IA- route type inter. E- route type external.
i- metric tupe internal. e- netric tuype external.
P- periodic download. O- OSPF. El- external type 1. E2- external type2.
M1- MSSA external typel. M2- MSSA external type2
L- MPLS label. V- VRF, #=- via indirect next-hop
Dst./Mat. Interface

Prafix/Length Tups et Hop

0,0,0,0/0 Static 192,168,202 1/0
192,168.30.,2 140
192,163.40,2 140

192.163.50.2 140

A 19. BR2 e fER

FastEthernst12/0,20
FastEthernet12/1,30
FastEthernset12/2,40
FastEthernet12/3.50

EEX

fi5 172-30.25 248 - SecureCRT

File Edit ¥iew Options Trsnsfer Soript Tools Window Help
HUEE A B2
5>  Redirect the output to a file. appending to previous contents ~
| Filter output using the CLI Filtering featurs 3
e
TC-BKOL:FDR1#sh ip route static
Protocol /Route tupe codes:
T1- ISIS levsl 1, IZ- ISIS lewel2,
I- route tupe intra. IA- routs tupe inter, E— route tupe external.
i- metric tupe internal. &— metric tupe external.
P- periodic download, O- DSPF, El- external tupe 1. E2- external tupe2.
Mi- NSSA external typel, N2- NSSA external tupe2
L- MPLS label. W- ¥RF. *- via indirect next-hop
Prefix/Length Tupe Mext Hop Dst/Met Interface
0.0.0.0/0 Static 192,168,202 1/0 FastEthernst12¢0,20
192,168.30.2  1/0 FastEthernet12/1.30
TC-BKOL:PIRL# ~
Ready Telnet 34, 14 |34 Rows, 84 Cols [WTIOO NTM

[ 20. BR2 it s R

(e ]
g 4 +— linicout
E 3 —8— static
= 2 ——a—a—3= *-—=a

1

1 3 4 5 1] 7 8

time(sec)

' 21. #42 BR2 F‘,srllﬁ%:% AR

(p9) HEiEREs i (Pseudowire-level ) Fbl%]ﬁ?ﬁ’[]
AT F5 P53 IR I RERR e IF?F‘IJ FIRERE
o EARES PR BFD B3] > R lg**f
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172.30.25.248 - SecureCRT
Fle Edit ¥iew Options Transfer Script Tools Window Help

SV IR 2B Q b
55 Redirect the outeut to = fils, sppending to previcus oontents 8
|”  Filter output using the CLI Filtering feature 3
<er>

TC-BKO1:FOR1#sh ip route static
Protocol /Route tupe codes:
T1- ISIS levsl 1. I2- ISIS lewel2,
I- routs typs intra, IA- route tupe inter, E- route tups extsrnal.
i- metric tupe internal. e- metric tupe external,
P- periocdic download. O- OSPF. El- external type 1. E2- external typel.
M1- MSSA external typel. M2- MSSA external type2
L= MPLS label. ¥- WRF. #- via indirect next—hop

Prafix/Lenzgth Tupe Hext. Hop Dst./Met. Interface
0.0,0,0/0 Static  192,168,20,2 140 FastEthernst12/0,20
192,168,30,2  1/0 FastEthernet12/1,30

192.166.40.2 140 FastEthernet12/2.40

192.168.50.2  1/0 FastEthernet12/3.50

TC-BKO1:PDR1#sh

[ 22. VPLS A fl gz PDRL V& [

[ 172.30.25 248 - SecureCRT
File Edit View Options Iransfer Sccipt Tooks Window Help

dWUR| e F%1 9

Pas=zuword OK -~

TC-BKQZ2:PDR2#sh ip ro
TC-BKOZ:PDR2#sh ip route st
TC-BROZ:PIRZ2#sh ip route static
Protocol /Route tups codes:
I1- ISIS level 1. I2- ISIS level2.
I- route btype intra, IA- route type inter, E- route type external .
i- metric type internal, e- metric type external,
P- periodic download. O- OSPF. El- external tupe 1. E2- external tupe2.
M1- MSSA external typel. M2- NSSA external typel
L- MPLS label. V- VRF. =- via indirect next-hop
Dst./Met Interface

Prefix/Length Tups Next Hop

0,0,0,0/0 FastEthernst12/0,20
FastEthernet12/2,30
FastEthernet12/1,40

FastEthernet12/3,50

Static 192,168,20,1 140
192,163,30,1 140
192.168.40.1 1/0

192.168,50.1 1/0

TC-BKOZ :PIRZ#sh

' 23. VPLS A [l 18 PDR2 VB ifgf

uli
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SHIRE 2R Q e =R

TC-BKOLPIR1#sh ip routs rip
Protocol Route tupe codes:
I1- ISIS level 1. I2- ISIS level2,
I- route tyee intra. IA- route type inter, F- route type external,.
i- WELFiC tupe internal. e— Metric tups sxternal.
P- periodic downlaad, O- OSPF, El- external tupe 1, E2- external tups2.
Ni- NS3A external tupel, M2- NSSA external tupe?
L- MPLS lahel, V- VRF, *- via indirect next—hop
Prefix/length ~Tupe Next Hop

D=t /Met Interface
172.16.30.0/24 / Rip 192.168.20.2 %  120/2 FastEthernst12/0.20
{ 192, 168,30,2 \ 12002 FastEthernet12/1,20
\ 192,168,40,2 ,\ 120/2 FastEthernet12/2,40
\ 192.168.50.2 / 120/2 FastEthernst12/3.50
TC-EKOL:PDRL# /
TC-BKO1:PDR1# S 7
TC-EKO1:PDR1# -
Ready Telnst 18, 14 |18Rows, 83Cols [¥T100

Ii5 172.30.25 248 - SecureCRT

Fl= Edit View Optons Trnsfer Script Tools Window Help

ABOIH 2eQ = ?

TC-BKOZ:PDRZ#sh 1p route rip
Protocol/Route tupe codes:

Ti- ISIS level 1. I2- ISIS levelZ,

I- route tupe intra. IA- route type inter. E— route tupe external .

i- metric type internal. = metric tupe external,

F- periodic download, O- OSPF, El- external tupe 1, E2- external tupeZ.

Mi- NSSA external tupel, M2- NSSA external typs2

L= MPLS label, V- VRF, »=via-indirect next—hop

P 3

Prefix/Length Tups Hext. Hgﬁ\ st AMet. Interfacs
192.168.101.0/24/" Rip 192.163.20.1 \ 120/2 FastEthernet12/0,20
/ 192,168,30,1  \120/2 FastEthernet12/2,30
/ 192.169.40.1 20/2 FastEthernet12/1.40
| 192.168.50.1 0/2 FastEthernet12/3.50
192,168,102,0424  Rip 192,168,20,1  1p0/2 FastEthernet15/0,20
| 192.168.30.1  1p0/2 FastEthernet12/2.30
\ 192.168.40.1  1p0/2 FastEthernet12/1.40
\ 192,163,50,1  §20/2 FastEthernet15/3,50
192.168.103.0/24  Rip 192.168.20.1  Az0/2 FastEthernet12/0.20
\ 12168501 /1202 FastEthernet12/2.30
\ 192.165.40.1 / 120/2 FastEthernet15/1.40
192,168, ao 1/ 120/2 FastEthernet12/3,50
TC-EKOZ2 :PDR2# .
TC-BKOZ :PIR2# ~— ,_,,/
Ready Telnet 25, 14 |25 Rows, 83 Cals [¥T100

NUM

Iﬁ‘ 25.VPLS A Fll%iﬁ:]j/ RIP %FH]:'F,II

B VPLSHERIPRE i3

IE 172.30.25 248 - SecureCRT
File Edit View Options TIrandfer Soript Tocls MWindow Help

ABOH 2eQ =& & ?

TC-EKO1:PIR1#sh ip ro
TC-EKO1 tPIR1#sh ip route ri
TC-BKOL:PIR 4sh ip route rip
Protocol/Route tupe codes
Ti- IS15 level 1. T2 1515 level2.
I- route tupe intra. IA- route tuype inter. E— route tupe external .
i- metric type internal. e metric tupe external,
F- periodic download, O- OSPF, El- external tupe 1, E2- external tupeZ.
Ni- NS5A external tupel, M- NSSA external tupe2
L- MPLS lahel. V- WRF. *- via irdirect next-hop

Prefix/length -~ Tupe Hext Hop ™.

Dst./Met Interface
172.16.30.0/24 Rip 192.168.30.2 20/2 FastEthernet12/1.30
| 192,163.40,2 20/2 FastEthernet15/2,40
. 192.168.50.2 /12072 FastEthernst12/3.50
TC-BROL:FORLAL - )
Ready T Tt 18, 14 [18Rows, 83 Cols VTI00

NUM

Ii5172.30.25 248 - SecureCRT

Fie Edit View Optons Irensfer Script Tools Hindow Help

SHIE 2R Q BT

V[Fassuord 0K

TC-EKO2:PDR2#sh ip ra
TC-EKOZ tPIRZ#sh ip route ri
TC-BKOZ ;PIRZ#sh 1p route rip
Pratocol/Route tupe codes:
11~ ISIS level 1. I2- ISIS levelZ,
I- route tupe intra. IA- route type inter. E- route tupe external .
i- metric type internal. s— metric tupe external,
P- periodic download. O- OSPF, E1- external tupe 1. E2- external tups2.
Ni- N55A external tupel, M2- NSSA extermal tupeZ
L- MPLS label. V- ¥RF. *- via indirect next-hop

Prefix/Length TS == Dst./Met Interfacs
e
192.168.101.0/24 “Rip 192.168.30.1%  120/2 FastEthernet12/2,30
/ 192.165.40,1  120/2 FastEthernet12/1,40
/ 192,168,50,1  \120/2 FastEthernet12/3,50
192,169,102.0/15 Rip 192,168.30.1 20/2 FastEthernet12/2,30
192,168.40,1 2072 FastEthernet12/1,40
| 192.168,50.1  [120/2 FastEthernet12/3,50
1-32,155,103.0/2&\ Rip 192.168.30.1  /120/2 FastEthernet12/2.30
192.165.40.1 / 120/2 FastEthernet12/1.40
\ 1921166,50,1," 12072 FastEthermet12/3,50
TC-BKO2:PIR2#
Ready S~ 7/1/1 25, 14 |25 Rows, 83 Cals [FT100

NUM

' 26. VPLS A [l 18V RIP B5EfH

uli
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) 172.30.25.248 - SecureCRT
Fls Edit Yisw Options Trnsfer Sorpt Tooks Window Help
HHdY | 2R | BRE|HH S
TC-BROL:PDRINsh ip route ospr =
Protocol /Route tupe codes T
T1- TSIS level 1, I2- ISIS leusl2,
I- route type intra, IA- route type inter, E- route typs external,
i- metric tupe internal, e- metric type external,
P~ periodic downlosd, 0- OSPF. El- external tupe 1. EZ- external tupe2.
Ni- NSSA external tupel, N2— NSSA external tupe2
L- MPLS label, Y- VRF, %= uiaiadirect next-hop
- =%
Prefix/Length " Tupe Next Hop ™. Dst/Met Interface
172,15,30,0/24 [ 0-1 192,168,20,2  \110/2 FastEthernet 12/0,20
[ 192.168.3002 L1042 FastEthernst12/1.30
\ 192116814002 A10/2 FastEthernet 12/2.40
\ 192.168,50.2 /11042 FastEthernet 12/3,50 =
TC-BKOL:PIRLY -]
Reaty Te 16, 14 |16 Rows, 80 Cols [¥TI00 HUM
[ 172.30.25.248 - SecureCRT =1t
Flo Edit Uisw Options Inndfer Sorpt Took Window Help
DIV | 2BQ == bul B3
TC-DKOZ:FIRZ#sh ip route ospf ~
Protacol Route tupe codes:
T1- 1SIS level 1. I2- ISIS levsl2,
I- route type intra, IA- route type inter, E- route type external,
i- metric tupe internal, e- metric tupe external,
P~ periodic dounload, O- OSPF, El- external tupe 1, E2- external tupe2.
Ni- NSSA external tupel, N2- NSSA external type2
L- MPLS label, V- VRF. #- via indirect next-hop
Prefix/Length /rg/:e Nmnbp Dst/Met Interface
192,168,101,0/24 /01 192,168,20,1\ 110/2 FastEthernet12/0,20
1520168.30.1 \ 11072 FastEthernet12/2.30
192.168140.1 \110/2 FastEthernet12/1.40
/ 152.168150.1  \i10/2 FastEthernet12/3.50
192,168,102,0/24 01 192.168.20.1  [L10/2 FastEthernet12/0.20
192.168.30.1 10/2 FastEthernet12/2.30
192,168,401 11072 FastEthernst12/1,40
\ 152.168.50.1  fL1o/2 FastEthernet12/3.50
192,168,103,0/ o-I 192.168.20.1  /110/2 FastEthernet12/0,20
1921681301 /11072 FastEthernet12/2.30
\ 13211680001 / 1102 FastEthernet12/1.40
AN 192.168.50.1/ 110/2 FastEthernet12/3,50
TC-BKOZIFIRZE.
TC-BKOZ :FIR28] N v
Ready Tebet 25, 14 [25Rows, 83Cols VTI00 HUM

W 27.VPLS A ]Ill?’rﬁ']ﬂ/ OSPF E&H Iﬁ

BE—VPLSHErOSPFES T

[@ 172.30.25.248 - SecureCRT
File Edit Yiew Options Trensfer Script Tools Wmdow Help

SBIR 2Q|REE (B[P

TE-BKO1:FIR1#sh ip route ospf -
Protocol /Route tupe codes
I1- ISIS level 1. I2- ISIS level2,
I- route tupe intra, IA- route type inter. E- route type external,
i- metric tupe internal, e- metmc tupe external,.
P- periodic dounload, O- OSFF, Ei- external tupe 1, E2- external tupe2.
Mi- NSSA external tupel, N2- NSSA external tupe2
L- MPLS label, Y- VRF, s—vis trdirect next-hop
- ~.
Prefix/Length Tupe Mext. Hop Dst/Met Interface
172.16.30,0/24 "f 0-I 192.168.30,2 EID/Z FastEthernet12/1.30
192.168,40,2 10/2 FastEthernet12/2.40
192.168.50.2  /110/2 FastEthernet12/3,50
TC-BKO1:PIR1sH ™
Ready Ti 15, 14 |15Rows, 84 Cols  VT100 NUM

) 172.30.25.248 - SecureCRT
Ele Edit Yiew Opfions Iranfer Soript Took Window Help

HADY | =2Rq | EEE 28T 2|

TC-BROZ:PIR24]
Ready | Telnet 25, 14 |35Rows, 83Cols WTI00

TE-EKUZ {PIRDch ip route ospf -~
Protocol /Route tupe codes i
I1° SIS level 1, IZ- ISIS levelZ.
I- route tupe intra. IA- route type inter. E- route tupe external .
i- metric type internal. e- metric tuype external .
P- periodic dounload, O- DSPF, El- exterral tups 1. E2- external type2,
N1- NS5A exterral typel, N2- NSSA sxternal tupe?
L= MPLS labsl, V= VRF, *- via indirect next-hop
-
Prefix/Length )g;ﬂe/ Next. Hip-. Dst/Met Interface
192,168,101,0/24  /0-T 192,168,30.1 " 110/2 FastEthernet12/2,30
192.168.40.1 1072 FastEthernet12/1.40
/ 192.168,50.1 1072 FastEtherret12/3.50
192,168,102,0/24)  0-T 192,168,30,1  110/2 FastEthernet12/2,30
| 192.168,40.1 11072 FastEthernet12/1.40
\ 192.168.50.1 11072 FastEthernet12/3.50
192,168, 103.0/24  0-T 152.168,30.1 1072 FastEthernet12/2.30
\ 192,168,40.1 /11072 FastEthernet12/1.40
\ 192.168.50.1 / 11072 FastEthernet12/3.50
TC-BKO2:PIR24 AN e
TC-BKO2 (PIR2# ~ -
R24 —
TC-BKO2:PIR24 E
v

NIk

[i' 28. VPLS A fl 1<V OSPF 25 p [l

RIF

o b
w —4—time out
E 6 —&— RIP
h
- 4
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2

— —a
” Il 1 Il 1 Il 1 1 1 1 1 1 1
TEYBEREREFLES
time(sec)
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g I3 ——timcout
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= 4
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2
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SRS - GUEUE ~ JBBZh © TR SRR 2 1 PR RIEP Triple play 555

[ 172.30 25 248 - SecureCRT
Ele Edt Yiew Opbons Irnsfer Serpt Took Wadow Help

—SBIR L BQ T FRY 2| E
3% Redirect the oUtput to a File, appending Lo previous contents ~
1 Filter cuteut usirg the CLT Filtering Feature
<or>

It BO1:PDR1ssh 1p route static

tupe
T ISIS level 1, I2- Tiis 1everz.
I- routs tups intra, IA- route tupe inter, E- routes tupe external,
i- metric tupe intermal, s- metric type e
P periodic dounlosd. 0- DSPF. El- exuma.l tupe 1. E2- external tupe2.
rnal tupe?

1- HSSA external tupel, N2- HSSA exts
e 1S =T rext—hop
Prefix/Length pe Hext. Hop Dst/Het Interface
0.0.0.0/0 Static  192.168.20.2 1/ FastEthernet 12/0.20
192/168,30.2  1/0 FastEtherneti2/1,
192.168.402 170 FastEthernati2/2. aw
192.188.50.2 10 FastEthernet 12/3.50
~EHO1:PDR1 85k
TC-B¥01:PDR1 #show bfd
TC-EXO1iPDR1fshow bfd s
TC-BXO1:PIR1pshou bfd_session
ress Interface tTine Interval  Mc
192.168.20.2 Up FastEthernst 12/0. 0.9 0.3 3
192,168,302 Up FastEtherneti2/1, 0, 0.3 3
30
192,168,402 up FastEthernet12/2. . 0.3 3
a0
192.168.50.2 ue FastEthernet12/3] 0.9 0.3 3
50
TC-BXO1:PIR1S >

Reaiy d 34, 14|34 Rows, B4 Cobs [VT100 HUM

[ 172.30 25 248 - SecureCRT
Fle Edit View Options Irsusfer Script Took Wadow Help
=SB H 2QERS @R ¢ =

Passuord OK

TC-BKOZ:PDRZAsh 1p O
TC-BKD2IPDR2#sh ip route st
TC-BKO2:PDRZ 4sh i 1p oite st
Protocol /Route
IL 1515 levs.l 1 IE ISIS level2.
r intra. If- route tupe inter, E- route tupe external.

e tupe internal, e- metric tups external.
P- periodic dounlosd. O- OSPF, E1- externsl tupe 1. E2- external tupe2,
Hi- HSSR external tupel, qerral tupe2
L- MFLS label. V- WRE~4= via indirec t=hop
Prefix/length Tupe Hext. Hop “Dst/Met Interface
0,0.0,0/0 Static 192,168,201  1/0 FastEthernst12/0.20
92.1€8.30.1  1/0 FastEthernst12/2.
1z.te8a0.1 10 FattEtharmatizs 40
1/0 FastEthernet12/3 .50

TC-BKO2 :PDR2
TC-ERO2:PDRZpshov bfd
TC-BKO2:PORZpshou bfd =
TC-BHO2:PDRZpshou bfd session

Adkdress: Stats  Interface DetsctTine Interval Mx
192.168.40.1 Up FastEthernet12/1, 0. 0.3 3
192,168,201 up FostEthernet12/0, 0 0.3 3
192,168,50.1 up FastEtharat12/2, 4.9 0.3 3
192.162.30.1 ue Fa . 0.9 0.3 3
TC-BKOZ:FIR2S ) |
Ready Telnet 54, 14|34 Rows, 61 Cob V1100 HOM -

W 31. VPLSAFII?’rﬁrj BFD Tﬁf"jﬁ;l[ﬁl

m Edit ind Options Truncler Seript Tooks Window Help
DB BB = FRT| e
30 -~
192,168.40,2 Ue FastEthernet12/2, 0.9 0.3 3
192,168.50,2 Ue FastEthernet12/3, 0.9 0.3 3
TC-BX01:f F'lRJ.I;h LF route slaL\:
rotocol.
FIZ TS5 Tevel 1o Lo lsls level2,
tupe intra. route tupe inter, E- route tupe external.
o= metric tupe external,
OSFF,_El- external tupe 1. E2- external tupe2,
Hi- o NS5H e
L- MPLS label, V- = via indirect hop
Prefix/length Tupe Mext. Hop s t Interface
0.0,0.0/0 Static 192,168.30.2 1/0 FastEthernet12/1,30
192,168.40,2 1/0 FastEthernet.12/2 .40
192,168,.50.2 /0 FastEthernet12/3,50
TC-BX01 :PDR1!
TC-BXO1:PDR1 % bfd
TC-BKO1:PDRL bfd 5
TC-BKD1:PORL bfd_session
ress State Interface DetecqTine Interval M
192.168.20.2 Down Eastethernot 12/0. # 0.3 3
192.168.30.2 Ue EastEtherati2/L. 0.9 0.3 3
192,168,40,2 Ue FastEthernet12/2, 0. 0.3 3
192,168.50,2 \ Ue FastEthernat12/3, 8.9 0.3 3
50
TC-BXD1:PDR1# B
Ready Tel 34, 14 | 34 Rows, 84 Cols  VII00 NUM

Ele Edit Yiew Options Inacfer Joript Took Window Help
ADIN e’ EEe TSt e E

- tupe 1an‘a 18- e e mm E— route tupe external,
i- netric tupe e~ metric type e
P per)::u: dnlmluad [ DSPF = e ternal q.-.n "1, E2- external tupe2,
1 rssn externel. upe

-— ula Andir:ct e
Prefix/Length Vi Tupe Hext Hop M: Interface

0,0.0,0/0 Static  192,168,30,1  1/0 FastEthernet12/2,30
192,168,40,1 140 FastEthernet12/1,40
192,168.50,1 140 FastEthernet12/3,50
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