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WENSFIEHNESEIEEEELLICATMERAE - L3ZIPESERE -
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{EE AR, - BGPMPLS VPN(Virtual Private Network) #8125, » LAFMPLS
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AT RER P8BSR & E (Quality of Service , QoS)# K 38 4%
B FEELALAMBEREBT S EEROFAH  RTAE
FHERFNS LERBEEAREERNNE  AHBATEENE
B9Bp X B A E RS REAE) 0 H AWM A YRR BHT - FHE R R
ABRE2F09HI4BENE09A27B £ WX -HAERAER
YA Spirent 2 8] 2 Adtec AX/4000 KIRRIRE B A X > 1A KA KA
REE - T+ £E135 23 B ATA#HA X HAE§ £ (Frame Relay) 49
2% ~ TCP/IP 483% ~ JE ] 3 1% 3% 4 X (Asynchronous Transfer Mode ,ATM)
49 3% ~ MPLS(Multiprotocol Label Switching) % & 3% & & X B & B it
1763541 6, loss ~ 31 € delay & throughput ... % $ 38R > ARLHE
B4 B 69B3IA B 45 L2 2 ATM TSR ~ L3 2 IP L3RR -
BGP(Border Gateway Protocol )i# 12 #} % ] 3%, ~ OSPF(Open Short Path
First)i# 12 #} % B3 » BGP/MPLS VPN(Virtual Private Network):®| 2 »
% MPLS RSVP-TE(Resource Reservation Protocol-Traffic Engineering)
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F—F WE

BN EEHEKNES R internet AU BRERK EERENNSRRT
RIAEY  REAFZPFELT - BHRAPBGREXSCLHMRYE  HEL
BMH EHERA B EDER  SECEBELFATRS  LEER
4 — 18 8% % BR 7% &= & (Quality of Service * QoS)#y #B BB R FRE
P Bbs ek A KA AR AR B 6 A 0 BAEIE B AE
T W T KA (reliability) & T A & (availability) #8348 € £ & -
BHEEHRPERETRARR A LA RRE LT BRF H a5 -
FENL AMBATEEREZWEY  RRXREATELLHASE
B ) AR A AT 0 384K .45 JE B & 1§ % 4 X (Asynchronous Transfer
Mode, ATM)~ TCP/IP & MPLS( Multiprotocol Label Switching)’ #8325 -
LA B 48 25 P A 4% A #4935 W 1815 # & > %@ OSPF(Open Short Path First) ~
BGP(Border Gateway Protocol) - X =R# 8 & 4 £ B B & £ X Spirent 2>
8 HELAN—BZIR > ERZRERZALNNMEABHEE Adtec
28 B &K EAE N E) A REAER Z TARBRIK B AX/4000 0 sL & 5
Hdik > —F#ZLE 4Slots T F A (Portable) » F—F#&RL A 16Slets
# % F &@F 2 Mainframe ¥ - FRAET LS —# - AX/4000 FH#% A
RAK ATM > RAR BRASEBBEMAELE > TRARRAM P~ ATM
Ethernet & Frame Relay ¥ w4 i X HAERRB BT » EAET
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REaAEREREe  HASRTREILeRE  REARE
Bz RERK BAWRMZRAREE S 2483Gbps 2 IP fr@
AX/4000 Bx 2Rl FRAZBERBAMN XK EERAERS
S 48R 0 B84 T Windows » UNIX ~ C &% TCL #4 » £ERNT
LA £ 3% 8 — 18 # AX/4000 % & ©
ALBREBRLEKREEATNEE—BERE  F—FAN T >
P-_TATEREEINERE - =525 AX/4000 A1RALHNH ~ #
mE s ATM KRR - B2 EA P RHAIR - %5 BGP AR -
¥ -t A OSPF 33X~ ¥ A\ ¥ A BGP/MPLS VPN #3X~ % L& & MPLS

RSVP-TER®R - B+ EFAT H o/ HEER -
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5% TERATENERE
20 BE:RE 924098 14BE 924094278 £33t 14K
22K ENZRE
(—)92409 A 148 FR(EILSLBEIRRK)

(=)91 %09 B 158209 A258 : (vhB4h=8" ¥ B#HE
BHEAD) ARAEBHESZRENELT -

RB| - RERS B #
1 |AX4000 L2 BROADBAND TESTING 9/15 ~9/17
2 |AX4000 L3 BROADBAND TESTING 9/18 ~ 9/19
3 |AX4000 HOW TO TEST BGP 9/22
4 |AX4000 HOW TO TEST OSPF 9/23
5 |AX4000 HOW TO TEST MPLS 9/24
6 [BGP/MPLS VPN TESTING 9/25

()92 09 A 26~27 B: BR(ERERROE3L)
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% =7 AX/4000 TARRIHK A 4 E N

— ~ AX/4000 = 45 %

AX/74000 & — £ HARRRE - © T A R F Z H (homogeneous)
B £ % M (heterogeneous) XIA4E% L2 & L3 2 QoS 2 4L » FHE R
B M@ ds ey ATM £ ATM R - FR 22 FR A =k Ethernet 2 Ethernet
Wk > mATE R E Eesdaey L ATM 82 FR B ~ ATM 2 Ethernet R
S ATM g2 IP RIS FR 2 IP Rl > M HArse 45 2 QoS 2 # A L4544 3¢
¥ (latency) ~ loss ~ VEA P (ordering) & bit errors—-% & #44
H45gdhoF:

1 TR % BT R 2 R A

2. TER L2 ~ L3 234

3. T B % & A & % Streams

4. TEHEBIR S AT HRATE L MBLE

5. 5T Bp 8 547 5 —18 cell/frame

6. T &R AT A & QoS 5%

7.7 i Full Line Rate RE4TER| » HEPR K R R eh R4
F1 A AX/4000 TAR R 8 TR AT RIKIE B > €45 T QoS A3 -BER(Bit

Error Rate)#®|3X & Conformance 3 > £ P B4R GBEWH T H
Conformance 5 3E & Routing test » #]4» : MPLS (RSVP-TE and

CR-LDP/LDP) -~ OSPF - BGP-4 (EBGP and IBGP) ~ IS-IS -~ BGP/MPLS
VPNs(RFC2547) ~ IPv6 Emulation - Flapping ~ Protocol debugging

(capture and decoding):-- e

=~ AX/4000 % s %A%
AX/74000 RIRRR B A LR ZRBFE > X THEARE > kA
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Lz 5B €F 4-Slot THF A R 16-slot Mainframe H#E KT > o
fe b x2—4% 0 &9 16-slot mainframe sr 848 3.1 Fim > A8 %
2 BRF @A a(Slot 1-16), M Slot 0 Rl Adrsisia - 1@
chassis @ & @b @ T LA F] 6% X % 8 18 sessions(FRRP T LA % 8 18
USER F) a4 A ATERIRE H) » AX/4000 = 8 BHE X 424 > 2] 4%

Window 2000/NT/XP & Solaris -

B 3.1 AX/4000 AR AR B oM

MRARBBREA —REEFTUAELSHABF UL EL S
(Generator » G) R B BF4E A5 &9 547 8 (Analyzer » A)x G/A
¥R ABmEF—RNEFR > RTRBATRAEEERR > BATZ G/A
+ R & mAX(multiAX) & mAX/IP sk X mAX -+ h T#R4 L2 & L3 Al
¥ 2%k % A 4EH =4 Protocols » i mAX/IP R & L3(R %45 1L2) -

27 AR iRt B4 815 1 R (845 IPv6) » ZRfr@F h RI% FE -
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GE ~ ATM & POS ¥k X » THAIRFIRBATHE > FEN @ E4EH

KR4 3.2 A% o

* Normal « Diagnostic Loopback
(for self-test)
AX/4000 ™
A
K—’ system Axi4000
under test ™
RX
ANALYZER
ey
* Line Meonitor (of live traffic) R
AX14000
I ANALYZER
RX | —7x

B 3.2 RN @ EFH K

= - B RS e A £ B
3.1 AX/4000 E3A R B z Generator(H 3. 3)

HHATERYAARBFHERELSY  AFARRBELEAIH
&,k R s R R 0 AX/4000 Mz Setup B ERBHE AT IR
T SR AR 36IE I K F B4R #k 69 3F Strean © Hldo AINAB AL B 3
447k ¢y traffic shapers > 4% PCR ~ SCR & MBS R4% %1 4m €1, &9 BEAL
f [P Z 38 & £ B R 635 & 2 & B % Packet Length Distribution °
AEBTHESHBABELR S E QS &— Source iEEL AR AR

Z WM FHH X > 6,4 Ethernet ~ MPLS ~ IP & Test Block Pattern -
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Manual

Traffic Trigger
Traffic Prioritizer Controls Generator
Wizards Statistics

Error
Injector
Definition

|
ARP & NDP ™
Emulation

B33 MBAELBRE
Traffic Distribution Model Bl4% % & & A 5 ¢RI MF -
generator 035 $ Ex PR B RE—FHEFHCEMRZ
Markov Modulated Poisson Process % » to o hAE & R &4 A &
TE > T Ak o 4 generator P IR T A& REA (B

3.4) > Hlio TR B I & 2 LA 4 CBR > @ VBR RIX A8 EBE L -

7 Priority Groups 1 Priority Group 2 Priority Groups 3 Priority Groups

Highest nghgst g

priority priority O
Equal ; - E_qufl o
priority bl priority s
(Round- | #s within
Robin) [{ | groups

Lowest 1 Lowest

priority Ll prionty

B34EALSB
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AL BN shape RSB A £ ZMF - MR ERRRBHBZ
policing & error handling #9457/ » Shaping N T ¥ BIA X A %%
%> errors TiEA errors randomly 2% manually R B|:X3% 4 2 14

4% & error handling 44 -

3.2 AX/4000 B 4A R 8 2 MABK B Analyzer(B 3.5)

Aggregate
Statistics

Policer

Capturc &

List Box Controls Decodes

B 3.0 AHKBEMBERE

AX/4000 2 3% & £ B Analyzer f 3 F) 855 # K & &) Streams(& % F)
B 4095 %) ET A SHMA B RMEH QS AN ER > ERZ
traffic filter TR B Criteria(4 packet cell # identifier
REARE) > A B 4095 4% substreams » IR T 445 & P EAE filter

LA E: R 4% & Z tagged substream & test blocksranalyzer % Capture

3-5



HAE > R TRBEK L4 AR full rate capture MFHFE— %
a# Z4E protocol decoding ® ENRTHRBZHFHRMEBR > LA H
& F # trigger capture #9344 > B3 & full rate > Analyzer # 4k
2|2 4§ — packet & cell 89— ¥ — byte - ZNHE K EF]| 2 243t
BEHTrAEL disk UEE—F o4 > FTH i@ Histograms A

Charts > AR H X > WEFEAE»#H (B 3.6) -

[&l 3.6 Analyzer Chart

i
8 810111213 14151B171819 2021 223 M25 827 20
seconds .
RRE

r9 ~ AX/4000 B3R & 4 e BB
A& prifi4e Windows B3 T4 AX/4000 64 7 5% » S THA N4

BEFHRE > (BESFXARTBERFELRARA) -

1. %48 AX/4000 = 44 48(Slot 0)_E = Ethernet port #58—1& IP 4x
bk > B RJ-45 Cable #%st port B ZF—WHERZ— 45 THMK
PC> Mm% PC L e &Fh&# T AX4000 Controller Software ¢

2. BAEL AX4000 % @ HARZ BRI M -

3.4 & Window 2 @z #Z X% —»Spirent Communication— AX4000
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Controller Software B #) Network Access GUI(E 3.7) -
4. 28 3.8 2F & TF > Click Admin #4 % B Assign systems TF assign
globally for client/server > 3] 2L % AX/4000 = IP fiak -

b #RAGZIRB T €RTEZARAL LA TAZ port(E
3.9 E¥ &kt &7 port & ready » 4 & & T 441E (lock) -
6. BEER T2 port # port ¥ RBEME AT reserved(E

3.10) -
7. 4% AX/4000 tab - Bp<T Ex$h AX/4000 = GUI €& (@ 3.11) -

NEH
WEDY tFwx

& 3.7 Window Network Access GUI
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& B Etheinet Cortrober->irtemel Timestamo Sowce
® 01 Port 01: GEN100OV3 ANATOOOV3 IP_OC3wm
® 01 Port 02 GEN1000 ANAT00D IP_OC3sn
® 01 Port 03 GEN 00D ANA 000 1P_Ethamat 101007

I Taoon

Ax/4000 Rekesh I’ 3 l ]

Ready

E3.8 2t | 3.9 /~&@F A ready

" &R Ehewet Conirober sirtemal Tenestare Souce

- Wl 01 Port D1- GENTODOVI ANATOOOV ¥, DCIem:
@ ) Por T2 GEN1000 ARAIOO0 1P_DC3em

-

agao0m Sokwh 2 ]]

BM3.10 @ F KB &&# reserved

B 3.11 Reserve port # 4 initialize
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FmE ATM RARR R

— ~ATM A KB

ATM(Asynchronous Transfer Mode, 9k B) # 1# 154 X ) L
#7 & — #3% 4 % & (connection-oriented) # 45 & 4 R Fl &% 40 & M
Ak L E B ik E AR R BBl & 6y 4m €, (CELL) > ém Ly H XA @12
s k4% > m ek A S3Bytes » £ P AT 5 48 Bytes A & @m iLth
2 38 (Header) » H 44 48 18 Bytes & &4 8 8 (Payload) » R ##4&4E
H84a €37 @ 5 18 Bytes 6942z VPI & VCI R#ATR#K -
E# %42 (Virtual Path , VP) R — a6y S #3838 > o Tl — £ @
HEBBERBLEBNETERBENES AT s iR & P EHB A
B2y (Virtual Path Identifier, VPI)» 3 8 BITS-
E#i#iE (Virtual Channel ,VC) & ATM 4835 P 318 3% 25 ] 45 2
Bl HilifTA—ELE - PHBBRAELEG AN =89
A R AEMAE # EE KRS (Virtual Channel
Identifier ,VCI)> 3 16 BITS - ATM tm L X iditin @ 4.1 -
ATM ZieeEH LRz X — W/ aa LR EH—

VPI/VCI tytm & -
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CELL:53 BYTES HEADER: 5 BYTES

! GFC | VPI
2 vel | vcl
3 VCl
4 Vvc1 [ priferp) | Reasembled
: 5 HEC .
video video
= ==e: I
voice -'E — voice
== | wall ) ! =
[=—e 1) I
a3 o Pl | C» Cx
data — data
et
O 0 ) ——— () i [
e CE OB R m— [ ] ()

B 4.1 ATM %m &, R 4 e {8 i%
AIMERFREBRARAES L - SBRAFRA NGB TS & HBRR
CELL SWITCH > # P A EXMBFRALRBIERE ' SREAEAFH
E#ER FEMmerE A CELL Rek#8 % RIBR AT EMFH
W CELL HRAREEBD  ERFARLAIBRAB A -CHIMH -

# i VTOA(Voice Telephony Over ATM)e&s3k 4k - ATM 2 s sEA§ R 4 )
EE s A ATM CELL > AR e T 244w PSIN 1148 » £ 72 £ BB IRER
(4o xDSL)T A2 ] — @A 483 t REEEL - BHERAREHN -
ATM @A A 3t 5= WREASARSRETENERE > LA A
Ak QoS MR RMAEHE—THRE > BARARMEBESHHER
B E e QoS B KRR AT A LA B B % R AT R ARl 4 QoS & K-
B AT& IP BR7 & UNRELIABLE - CONNECTIONLESS, & 7% % 4% sA#E &)

QoS > M R348 TH A (best effort) - ATM #83%-R) BAHUAS 32 4 95

42



TE—F P RAES (4o CBR) #9303 28 (4o PCR) R QoS £#t (40
Cell Delay,Cell Loss) » AAsa ATM B8 TH 2 BEB Y% - RS
& BAESIEF L H REWQ0S) 2 @ -

ATM RRFSFRAI T o A AT 2488 4.2):

1.CBR(Constant Bit Rate Bl ATk £): & FE FE/LLEMT
B TRMARER RERMRIUARE e EFRE > B
Bl R RA - BALEE - TR GO er M RF -
2.1t-VBR (Real-Time Variable Bit Rate Bref# @pfx ik % ): 1%
FREARPEERFR  BERLEEXTH  RAFAHEL
HRETUARY - RREGHBEFTHEFFAMN  RANEARERA
Bpaf it F Keg B MR L - o RMEH -

3. nrt-VBR(Non-Real-Time Variable Bit Rate JkBp o5 % &40 suik % ):
B LFRZEREFAEH  RARBMAEREEFRN (LE)
i BANBEARBHAERHHEEROTHBREL  wiEE
%% -

4. UBR(Unspecified Bit Rate ki35 & Mmtik F): X 3% — b gz g
RERDARAERey 4 > #ML Internet » AL EFH R L
WEARF > TEOBFLEBER AP TELREER @&

RpIEEP R ~ REMAMGEA > 4o E-MAIL -

43



5.ABR(Available Bit Rate TRtk £): xH FL 57k F > X4
EREMTOES CEAIREARILREBEE  2E2R5LE - &
Bk @Y% AE A A LAN-WAN = R84 BR#5 ° 4o Router 89 &4} » ABR

# Flow Control #9zhsE » TRHHLEE -

TRHARE
' wm
B 4.2 ATM ARA5 %)
=~ ATM SRR EH(E 4.3)
o A | R

o
i

AX4000

I TX R RX{Eloopback,operation modei& & normal

B4.3  ATMESBERREH
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SRR ER T ERME LI — 6 & adnins # R 3 K A AX/4000
control ler # %% % Controller unit (PC s Laptop) - — & AX/4000
chassis (mainframe or portable) - B ethernet controller
module z AX/4000 ~ —18 mAX G/A B:X#i4a - —@ ATM 0C-3 =
0C-12 1 &4 48 () B 44 85 <4 FIBER) - —18 Ethernet 10/100 /&
(L2) ~ —4#& %% - —4% RI-45 & - —@ & bridge IEEE 3#x DUT
=~ ATM TSRS B B T 3R

1. 3% & AX/4000 ATM A3X R @ (4 0C-3) 2 4 f&

Tifal] B

£ o«i’ —anoi’

i el
{

i
é..g...

o
8

§$f;§§

2. & A& ATM B3R (8 & BIRREE)
Generator ¥ # % t#& foreground & sources’ = % %] % it + 18 COS>
2 ZE 4 2 ATM Cell =T 20 iE4% Test cell ~ AALS cell ~ AALS cell &

IP(L3)Test cell -
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Traffic Sequence Traffic Manual

Wizards Definitions ~ Prioritizer Trigger Generator
Controls Statistics
uu.... 7 %M e aton [LIA
e iwved Tine: B0/
- -~ - Error
/ Injector
Definition

* Background

/’ T / J\ Source
Distribution 7€ Global Optional

Models Shapers  Traffic Emulation
Shaper Features

A traffic wizard & 4 PVC ¥

Traffic Wizard - CBR 1

2 LRE 1 Oe

P E% GENERATOR 1 , TRAFFIC SOURCE 1 % TRAFFIC WIZARD::g
CBR1(:%#& CDVT), TEST 32 CELLS(# A PRBS =T # QoS)

B £ GENERATOR 2 , TRAFFIC SOURCE 1 # z TRAFFIC WIZARD::g



CBRZ(# CDVT), TESTAALS CELLS(#I M PRBS <7 # QoS, 3t T ¥ & DATA)
FA &% GENERATOR 3 , TRAFFIC SOURCE 1 % % TRAFFIC WIZARD: i& VBR(#
SLA), USER DEFINED CELLS(:&# QoS, 3t =T # 1% DATA), £

ENCAPSULATION PROTOCOL # FTP/TCP/IP/FR DLCI/AALS

Generator - Distribution Model

3. o IMF

3% & ANALYZER

4-7



Analyzer £ % T #47 2040 channel = ATM & AAL-5 QoS RJ3X > 77T

4k Bp o ATM/AAL 2 %3t & traffic policing »

¢ Substream

A Charts &

ggregate - 0 . i - apture &
Sratistics N List Box’ Histograms Capture &
Statistics T Decodes

s}

o C €t Bt

R . oo Conirols

ATM QoS #4 8 & =T &.45 CTD~CDV~CER~CLR~CMR & SECB(Severely Error

Cell Block)

Analyzer List Box

B
Col
Cl
Col
Celt M
Col Rate
Cot
Col
Col

Cet
CLP=1 Count
oL
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Analyzer - VPI/VCI Histogram

CPCS PDU CAC Enars
CPCS PDU Good Count
CPCS PDU Langth Emors
CPCS POU Oversize Eors
CPCS PDU Toldl

Erored Cels

LIk

\Mb Analyser VPIAVEL Histogiam

Port 7 1

10822 1058 oo
VpifVei Decimal)

[ E3 K

P Elapend Tene, 046
OAAL Type Crged £ HEC Ewar

Coll Trorte Capuotc.
Col Rt




#E% IP HHARK

—~IPAKREHE

&7 B 4% & @ 4 1SO (International Standard Organization)#] & Z 49
w8 B2 #A% £ 48 A OSI(Open Systems Interconnection )$-# 4 & » & #¢
TRAGKNEZZLRABER dEMSL AL CERR  RRFLE
RERBEBBAE ZHEAH AR LEEFTHER - @ Internet 1B 12
WERFHA TCP/IP BRHT > CERARBTRABERR  —&H
TCP/IP @15 X5 AW R 35 R ¥R (Process Layer), T # ¥ X KB
(Host-to-host Layer) . 48[ 4835 & (Internet Layer) . 4% /78 E
(Network Access Layer) > IP(Internet Protocol)i& 1% i & 43 7> 48 X 49 3%

B X458 5% 2 % b (Routing)h 4E(B 5.1) -

B5.1 Internet @1z %

Data Link




% — & K 2 & (Physical Layer,L1) & & & # 2|3 S 8 49 T &~ MMAN
@ (electro-mechanical interface)45 1 R i 48 F X, ° K #4 & 18 88 (physical
layer entities)# &5 & % 4% 2 (physical medium)Z & » % B, 3% o 3%
T ERE - FHWR - £ =R T MK R (Data Link Layer,L2)# 5
B 3% R 69 FHHE A AR — 18 BHHAE(frame) - S 4388 X R 69 Bl
AR CLTHE  URE MK F &R H 0 £ HEE
£# (network-entities)Z f &4 & 4% ¥ 1% # (data-link-connections) & #% 32
I RERBRE FRABRALIRAEEGE - HEZ -F=REBE
(Network Layer,L3 ){# i 1% 1% ## (transport-entities) & network connection
HRIREET » &A/Erouting Rrelay 9 £ 8 - A H2X - 43 -
HERRNETHZNBE  BEEHNSRHR RERTFAEANERNTE
% topology $& i - TCP/IP W B4t £ 2 F4w B 5.2

B5.2 TCP/IPEHHERA
o

(a5

Application y
Upper Laer Data

Transport

i Upper Layer Data
ne
Internet <c¥ o
- TCP+ Upper Layer Data
el ;
E 5
IP + TCP + Upper Layer Data |
Data Link
- LLC Hdr + IP + TCP + Upper Layer Data ]

\1
& S

Physical
I 0101110101001000010
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HERBAMRE G LT [P b4 > @ LHE— IR
BHYRA — @ —ey IPast > [Pt R— 2 AT » AL
a4 BT RETZ B EERTRABAFTEE -
[PanREizE—@ e —#H asRENRYE 0 £ — 1B
i W% R AR EB P — 4 4 0 [P42SR

#AXwB 5.3

B 5.3 IP Header

*Header Length in TOS
32 bit words \ / -DiffServ «Total Length of IP
Header and Data

-IP Version (4) ~[ver

]IHL Type of Length olDagagmlh

[ Service
*Fragment
Identifier _|Fiags £ c(,ﬁ.-,o[
Time to -
«Number of ™ Live | Protocol| Header Checksum - *IP Header
Hops Left i - protection
Source Address
*Protocol Being DusﬁniatlonﬂAddms’s ’ -Absolute
Carried by IP Addressing
-Ex.: TCP, UDP,
ICMP l Options l

ECMM by Software
Created by Hardware

TCP (Transmission Control Protocol) &k ¥ B K E
AW REZ—(H—MEZUDP) TCP thohhc L35 Rt 4 B & &
(Connection-Oriented) & 7T 12 38 & 3% ¥ 3% & % 85 AR A5

(Sequencing, Checksum) ° & & % X (Sliding Window):#& &4
FlEEHEE( retransmnission) X BEBEWE - FHFELEE
Bt TCP B AAAZEH B RH TR IBH CHABRATE
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1 % (handshake)$)4F » 246 BHEFH - B EH 4 LR R
1% - TCP 3% = % X 32 ¥ (three-way handshake)®# rig s » &
o dEEPMEGFE R E SYNIE » 7B REY TCP &4 >
EEIEIRBEREL - B SYIN/ACK 3. » A4 FH
B ACK 318 » 24 B9 T B 6 (35 FH -

=~ IP RAARAE#H(E 5. 4)

B5.4 [P Bl EH

Transmit: 11110000
POS OC-3H

e
Wik i filss bit changed

Receive: 11110000

LR ER T AT B3k 45— & B adnins # R £ A AX/4000

controller ##2 % Controller unit (PC & Laptop) ~ —4 AX/4000
chassis (mainframe or portable) - £ ethernet controller module
Z AX/4000 ~ =18 mAX G/A R[:X#i4a - —18 Ethernet 10/100 /@
(L3) ~ =#& RJ-45 & ~ — 4% &8 - — 18 & ROUTE IP 3% DUT (ERX

700) -
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=~ IP BRI RS BB o~ A

1.3% =& IP over PPP 0C3 R &

s % IP over PPP 0C3 /@&

Sowm B B Spp Swe  Widew Hek

of ooaoooooi

2. 2% % GENERATIOR( & & B3 :#%)
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3. 4% % & IP FLOWS

STEP SOURCE ADDRESS

4. % & ANALYZERC =T # % & — FLOW = SUBSTREAM

STATISTICS)
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MULTIPLE FLOW ANALYZER

5. A mAX Tag 4% #7(Aggregate of flows)

Aggregate of flows

o

e > 32 “ )

,}‘..
i

di

= R |
Sratue
ELLL LT

Tistal vesmbune of secpsmets: 100

2

3

4 001

5 00-

8

7 00-

2 0o

X} a0 5

10 00 0586

1 00 00-058:

2z 00-05-8i

13 00-08-8t 22214
14 00-05- 22215
15 00- 00 22218
1. 0o 00 22217
17 22218
18 22219

ox]c--n[ Help
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#E BGP 33

— “BGP £ R B 3%

BGP(Border Gateway Protocol )34 R F] & 74 & (Autonomous System,
AS)RT T 108 %36 s IR K (loop) X 48X P e 25 o B3R » — 18 AS & 42—
BHEEENAAHEBE RS0 — B 8% AS NEEEAL
RIP - SPF - IS-IS % IGP(Interior Gateway Protocol) » AS 7 B] 4% F 4o
BGP 4 % EGP(Exterior Gateway Protocol) » Bp4# AS Py 7T 4t [ B4
REEE2 IGP > E#ihmE  AS R—EE—w/ER > Brhtd —
BBl % 6935 5] #6(8 6.1) - BGP R by @iz x> ©AL R
TAMBAEBAMRBEAR ARAFLBEAAEYREL BGP

Peer(#,#% % BGP neighbor)# * + 4 Z A8 X4 & TR -

B6.1 IGPs vs. EGPs

IGP used here

& W18 E BGP #4936 & B4 M E) A BGP Peers 85 » 42 P @i 3 —

18l BGP Session R xx #3& & & M » F735 &9 BGP session # % 3% 8 BGP
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WIEWERRKE NG —18 TCP 24 > TCP 2L TURBRTER
TR EIEH 6 & B £ - IBGP (Internal BGP)R 248 F) AS A »
EBGP(External BGP)R| & 77 % & E] 2 AS 4 » IBGP #v EBGP # #
AAHEEHEARVE  EXAEERABEAARE » IBGP 698 & B 1]
56 R R &) A % 28 & (Fully meshed) ' 75 Bp AS P& — 4ty peer ¥ F 4
— 18 BGP session * EBGP RI R EE e it 4 » 2 FF T ek -

BGP i# 15 £ €43 & ° & BGP session PIFfF X #e) BGP A H T

B4R (R 6.2)

B 6.2 BGP-4 Packet Flow

BGP Link

Open

Open
Keepalive - o
Update
L]
. < Update
L]
Keepalive
K live

Update >

Notification

1.0pen BGP 3.8 — % TCP Z 3L 2 £ — AR S -
2.Update 318 — & BGP N R EZ ML, ARELETURE RIHBRZ
route to prefix °

3Keep alive & — £ #t & TCP R &R FF4£ -
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4 Notification .8 — A R & ¥ % BGPsession & k9 R A -
5.Route refresh 3 & — F R &3 #} 7 15 2 18 S #7 &49 policy -

—18 BGP % & & & — 18 prefix & — #2.&) path attribute FF# R © R 75
4 RIB(Routing Information Base) > prefix X, & 1% F 38 & oT LA 2|32 &
—# IP fisk > path attribute B3R — LR &AM E M > Hldo
AS-path ~ Next-hop -~ originator ID... % % -

= ~BGP B AR E#(H 6.3)

Bl 6.3 BGP B & #

AS 1 AS 2

10.0.0.0/8 20.0.0.0/8 A

AX4000 AXdooo

@ = Core

KEIIFERX ROUTER ZBGP #HE(ZHETHERNETA @)

e bR M T A7 %M L35 — & B adnins # R 3t % A AX/4000
controller $:#8 % Controller unit (PC 2 Laptop) ~ — 4 AX/4000
chassis (mainframe or portable) - B ethernet controller
module z AX/4000 -~ —1& mAX /IP G/A Rl3X# 4 - —18 Ethernet
10/100 A~ & (L3) ~ =4% RJ-45 & - —18 & BGP-4 2 =18 Ethernet

4@ DUT(ERX 700 router)
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= ~ BGP RAR S BB =R A

1. #3r AX/4000 #= DUT R BGP peers(z . IP fisk)

xmmvt-mvnp-mu-

~ #Z 3 AX/40004vDUT Fs} 2 BGP peers

Couita Mok |- B Deoode | Decode | Devaghor | maw |
Ewsion | £AROP] RSvRrE | 9GP | OsPF Lis me | A |

2. 33 BGP nodes A& peers(#% & BGP Protocol)

# 3 7% & R MEBGP nodes & eers

CrosaNodes | AT Dacide | Gevods | Debuoies | . s |

Emdaton ] ORHDP] RSVPIE BGP " JosPr s | e ] Fing -]

B B e o e

H mmz Enn-n

~Flow
1722810253 3 i
=) 2 20002 _Ensiet

MMW’

Is.-u-_jzmw ]onli 2

| Pt | Woitylog]

e e

3. f#:% BGP ROUTE TABLES % DUT
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A ABGP NODEz ROUTE TABLE

L

s

Rosese: [t 3

Poutes | Flagong | 1P Flows | BGP Ambutes | DSPF Awbures | 1SIS Atsbutes | RIP Ammtcass |

Proix {24

Foafis sop ncremeet: {1

e

e, | Pwn | FuoNow |
o |

E]
Total wnges: ;21‘%
BGP4 Roues Erwble | Ft Routes ting Hotwork Proter | €9 o B
‘- 1725; 7537 0 7 1000 1000 13210 ‘——“‘J
10253 3 ° B 0O 2] 1.000 100000 100.3231.0 Fesine ]
Node 20002 0
Sove._ ]
et |
¥ Showwes
_Seed |

#DUT+T & 2|BGP 3% &
(Show ip route)

4. & & REAHBCE L RRWNE)

« Router Capacity Test:How many route table entries can router

handle?Send traffic to all advertised prefixes and check for

loss, sequence, and mis-inserted packets



* Forwarding Performance:Use BGP4 to set up large route tables
- Stress router with traffic “to” routes
- Measure QoS( Throughput, Loss , Sequence , Latency)

5. % #7 ROUTER %

Analysis each streanm

o SREEIR

automatic flapping
S 5’5o o] a5l a

Cwie s | AT Docade | Deoods | Debmglog | - ‘st
Emdaion ] EXHDP| REVRTE “BGP |50 | 1315 I-;- 1w

Kom, LSV 405 LBVIN [ SPL:
b ol k] ot { v ot | . Iadver

kL 1
=  ngbled — — — - — = = — —
Sl 34 Epa— ] 1 . o N 9
| ~Nods 4 100 Enabled 100 108 E-} 1% s 1 1 0 0 o I3 0 a I
| —~Poat 1 10007  Estabishad o 2 1 ”m 1 1 o 0 1o 0 0 o o
-Nade s 10008 Enabled 20 w 5 mn m 1 7 ') 2 2 o 0 o Q
| —Poer 1 10007  Establiehed 1w » 1 ”m 3 7 2 2om ') o 0 o
~Node 6 10006 Ensbled 1.00t 123 E] 164 163 1 5 13 0 1om o o o 0
s 1 10007 Estabished - 12 % 154 1683 1 5 o 0 100 o 0 ] 0
17228105, - - Enubled [] — — — — - - — - - - - - -
-Node 2 20202 Enabled 1 an 1 k] 6 1 2 o 1 1 0 ° 1] 0
- Powr 1 20001  Establshed - an 1 3 - 1 2 o 1] 1 '] 13 ] [
-Node u 0024 Enabled 1 12 1 Ak REd 1 1 a a 1 13 a [ o
e 1 20001 - 124 1 m 3 1 1 0 a 1 0 o [] o
-Node k-] 20025 Enabled 1 122 1 12 12 1 2 0 o ¥ o o 9 o
—Pow 1 aos - 22 1 12 1= 1 2 o 0 1 0 o a 0
| ~Node E-3 2006 Enabied Al hr:l 1 1me ne 1 1 [ o 1 0 o ] 0
| —Por 1 20001 Establuhed " 1 e ne 1 1 o o 1 0 o o o
4 ] K
i L4 - N > P DUT sm Aoss Tabin. H Slai
Sao | S || secy | 1] metptag]; [Foper] Pwon | _Fwen | s | Reu | omw |

-

@

H i FTE 7



% £ % OSPF A

— ~ OSPF A AR 22
LIPEBRLBREBAREHNIELRBLLRER > A AREFR
MEMe—RERELH T BILERMARE - Z83H
S & ) 18 2B (gateway) .34ty B (router) ’ 35 &9 3B AT 4 49 & E 4938 7T 4B
RAFNEAGENT T EER @R EZ5 @A s HRER
BEGNHAEANMURAREN  ERERRATBRRBDAETRA &
KMEMGIPRIA THCLEIGEHA FERRRGENR -
BaBATHRENEHOHEZI B EMIMENTREIBRIRES
ME BAFRELCRGERENITARL TR LEH &
—tRUEBEARTCHR BB EL A CHELE ARG THAT
BENEL  BHBEHEHBwE 7.1 -

B7.1%bEEHE0HE

DISTANCE VECTOR LINK STATE
1GPs RIP(TCP/IP) OSPF(TCP/1P)
HELLOCNSF) IS-1S(0SD)
GGP EIGRP(CISCO)
IGRP(CISCO)
EIGRP(CISCO)
EGPs EGP 1DPR
BGP

IGP: Interior Gateway Protocol
EGP:Exterior Gateway Protocol
RIP:Routing Information Protocol
OSPF:0pen Shortest Path First
BGP:Border Gateway Protocol
IDPR: Inter-Domain Policy Routing

GGP:Gateway to Gateway Protocol
IGRP: Inter-Gateway Routing Protocol
EIGRP:Enhanced IGRP(DUAL)

1S-1S:Intermediate System to Intermediate System
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OSPF(Open Short Path First)Bp & $) 8 3 ¢ 64 — 4§ > gigﬁg&;&,
OSPF ¢ R FWB i EM I ER G FeR AN s @B R EK
WS IR EHUR T FEI R EEE  REIHBH B
MRS OEH ARG AR SAES KRG A S 1EE
F R 84 7TH%IE KA ROUTER #93+ E &R » 518 router 324
BREgeyBRnR FmA$E > BILTE N840 EHEE - OSPF
router % 43 topology & 3R » &4 %& A hop count &y FR#| » WA £ X
Reh48 % EBAE XA N - OSPF B L E 72> —18 AS 1 —
{814 b AREA Fréa sk ° 5 — AREA # B & #) TOPOLOGY
DATABASE » —18 area # 7T 40 ~ 50 & router * AS B
ROUTING T 4 % INTRA-AREA & INTER-AREA ROUTING" # area

5k H 3% % backbone #4EZ 31 Virtual Link & ] ABR -

B 7.2 OSPF Area

ASBR(A S B Router)

Y
F 7 X ) ¢grouter protocol

(ROUTER+HOST) g
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OSPF R4z Tl 2F

1. Establish Router Adjacencies: % — router i% — 18 €4~ router
ID,DR/BDR IP address #) Hello Packet # neighbor router * 5] B, €%
#| neighbor router 1% & Hello Packet -

2. Discovery Routes: # — router £ X & — =R & % Rk #) database
description packets 2 LSA (Link state advertisement )44 , € & 3% — 18 €L
4~ sequence number #) link-state acknowledgement(LSACK) Packet
# neighbor router’ A7 router ZF G E i K E T4 &, % Area Hid

SRR T B EEBPEA T full state ©
3.choose routes/maintaining routing information :DR( Designated Router )

X, % multi access Network * 418 router ZF#F3E DR » OSPF router €
iE ¥ priority ¥ % # &,iE highest IP address of active interface % DR -
4& & router &4 3% 1K & f& 3% (Link State Advertisements, LSA) 3/ §E » 1&
# Router M #-d3 B & 49 link % :

1. Router Link : 44X &) router send a link to neighbor

2. Network Link : &7 DR ( Designated Router )% 5§ & B router

connected network segment

3. Summary Link : &8 ABR # ¥ % B 493% /9 49 routing Data

s. External Link : & ASBR # £ A B P 2R 4924 &9 Data

7-3



I

~ OSPF AR K E#(R 7.3)

B 7.3 OSPF X224

Area 0 Area 0 Area 1
Traffic
Gm 10.0.0.0/8 . 20.0.0.0/8 Analyzer

SeHETTHFERX ROUTER 2 OSPF IP #888(—fEETHERNET /)

SRR T A B3R €45 : — 4 £ admins # R 3 £ # AX/4000

controller ## % Controller unit (PC % Laptop) - — 4 AX/4000

chassis (mainframe or portable) -~ A ethernet controller

module Z AX/4000 ~ =18 mAX / G/A #|3X4% 4 - =18 Ethernet 10/100

fr&@(L3) ~ =# RJ-45 % - — 48 & OSPF = =18 Ethernet port

DUT(ERX700)

= ~ OSPF HARRI X5 B B = oA

1. # 3 AX/4000 #= DUT R]x OSPF adjacency(z i IP 4rstk)

% #Z 3 port]l & port2 = IP & GW
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Croue toces | - PTOvonce | . Doowie | Deglog | - s |
Eminkon | DR ) ASVRTE| dae | 0S| e I Pvg |

W Gratle - Verkn & DSPFy2- 1P € OSPRVI I
{638 Timess | 134 | 10 Mekics |

Intrtace moce: [Detwd =]
NodelP: [oeaz o]

foaed: 222
AmmaiD: [foco
; es gouc [Emema canabie =]
H ot E—

3. 2 3 OSPF ROUTE
e portl 1000 18 routes i sw A portl % 1000 48 routes (no

flapping)
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s Aportl %10004@r0utes (no flapping)

.m’ t.f! Nm’

B
Floutes | Flagong | 1P Fiows | BGP Amibute: | OSPF Aibaes |
P 3
Numbeolower
Stating rework prefic [1000 0 0

Rowe e, Fve m——l
Roules  Flapoing { 1P Flowe | 9GE Arrioutes | OSPF Arbutes | 1515 Atubutez.] FIP Aroutes |
T Erbia g

Fru)

DUT(ERX)=Z.0SPF routi ng

- i i
L AsadbecREN EF OSEE nedghbors
o v e 3 Boad View  Bddrn Intrriace

2.2 PULL/DROTHE R L e DO N ]

ChUhernent o
1.4.4.4 n FULL/DROTHER s Ban.2
ot Fhewnets o6
PRE RO 2S5 adtec Bl i onpl dacahase

GRPE Dt abase

Houter Link Staees Crea W00 0>
ADU Hanter Ao Lot Ched ke
RN PeROMAG R (15

1,144 R TI e R PRTRIE

RICRTR ! MeHHBMMAAY  Aehid Lt

Link State: (Avea .00 6
e -an Cloerk

[Py HoHUMIANIAG  AmE N
) MaHRIIMBR ) e aua

ran

- KM
PR
KA
PRRnEeey
e RUAANG
RECERTn
PR
YR
HRRAAL e s
Aehana
Gt fo
Headyl
1 [LCTN
BoRAONE BB
PRI R PURTRA
A AL -

4, F & RIR AL & AR M)
PACKET TEMPLATE #; A ERX PORT 2 MAC
DEST IP 4& M &y .22 = ROUTE TABLE

CREATE router traffic
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Mode: |Tost - [P lest blocks:

Packel Sequence | Test Detagram Longth | Diibuion | Tratc Shaper |

Chaisie manbec O 3

-

Eonene VLAY
e M Er wPFCE]
| Ethornet N Unicast MPLS

| Ethermed § Mukicast MPLS
Bl

| Etharnat § VLAN Unicast MPLS
B M AN Errpe P SIPTF 3|
| Exhornet § VLAN Mubicest MPLS

so2nLCrenAP
pezafucanarllrcs)

| w2 nLCNAP AN

o2 sMANLen]iLErsmAFTIFTFCE]
102 3LLC/SNAP Muticast MPLS
o2 3lcranspjmp sPlFCs]

- Syateem info
i Usedisst sheams: 0
R ... Fieetesvreams 40385
»
et

~-Rouer Neffc
Packet tomplat Ethanat i WX P _.. |
Routs tablec f Urikind .. |

™ Testonly

Newe: [Onmma

o |_sem |

5. %-#F ROUTER 3%

Router performancei|i&

Streaml (%withdraw® % down F &)

Bieen Ne e S0 Yew Sader b

B e X
~iial

Beanslejtolainale siniel 2

ma0:0  Pekic: 2

T gl 1

RS o R G|

pi__ Wy 3
B | Pt [T mes - Aning Olesbind
THBT

1 HR L

——33

24000
2200
30m0
15000
12000
40,
12000

om0

g
:

) 200 200

w0




# N\ ¥ BGP/MPLS VPN 3%

— ~ BGP/MPLS # K & 12

BGP % % & ) & (MP-BGP){& BGP #t % # 4» BGP Multicast
BGP/MPLS VPN ¥ Z IP V4 f&%5 > i& ¥ BGP/MPLS VPN X #% % RFC
2547 bis VPN BGP Z % &% € &4 A 2] % #& 2 1 hk K 7% (address
families) » 4.3 & 3% multiprotocol BGP(MP-BGP)#E % #& 7 F] & &, &,
address families Z ¥ &5 B 3 * .35 unicast IPV4 ~ multicast IPV4 &

VPN-IPV4 & ) 4& % i® MPLS 424 IPV4VPN A% (8 8.1) -

B8.1 BGP MLS/VPN&g#& (RFC 2547)

Kona Coffee
(ZZ) Plantation

S

CE

Green VPN

Kona Coffee
Main Office

Green VPN Aloha T-Shirts

Factory

D * MP-IBGP + IBGP

(IPv4-VPN and IPv4 Routes) Biue VEX

<—-» IBGP (IPv4 Routes)

BGP/MPLS VPN #4838 3835 R X 2 & 4| A BGP R4 £ @BRBHE
& MPLS Labels » f MPLS Bl & A REX FH A £ SPHFH

,3% P(Provider core router)& PE(Provide Edge router) » £ ¥ PE {x &
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Wi Eg LHBREEE P BB PER Y K 642 T BGP/MPLS VPN
Fii% 2 BGP-4 > i B #9145 & MPLS thdesh R 4% PR b BRI AR
REPERAWNZIPHR O CEAAREEZXA > SLPREE
3 # MPLS LSP » % # 77 — & 4147 BGP-4 & % # VPN 8025 & &
o CELREFROHEEPRNIEMENPE EHBHEELHZ
CE(Customer Edge) * # CE & PE & routing peer * HiZZ M A— %X &
% A MPLS > &4 4 B £ 477 & A& &) encapsulation ©

—EE P mIEHRAEFE — VPN N2 H @B ER2 0@y o S5
e BN Az VPN H—F P45 E£2 PE NH R — 18
VRF(VPN routing and forwarding) > # £ A& % 2 forwarding table > — &

E#BHBANTEES 0% %18 VRF(E 8.2) -
B 8.2 Route Distinguisher

_~ Route Distinguisher (RD) - 100:}
Route Target Import Policy  100:1
Route Target Export Policy - 194:1
Interface to CE - [ithy

.. Route Distinguisher (RD) - 1011
= " Route Target Import Policy - 101:1
- Route Target Export Policy  101:1]
* Interface to CE - Ethl

Green VPN

ENEEERAE VPNIPVA it X  RRXEZHREEL - BASE
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— VPN # £ K % z private address space * B st T 56 €4 % 18 VPN 4
F48Fx IP - Bt BGP/MPLS VPN 4 B RD(route distinguisher)& fu
L IPVA fr kR A% & § — VPN-IPV4 fust - 5 —B R F —@RD >
RD R @3t & T o % P router Mm% » &% 2424 P 1 LSP %4 >

1 PE #= PE Fj R & #] § MPLS LSP #) tunnel’ % %] & % 2-level &) Label
Stack > H ¥ 18 & (Top level)# label & B # ingress #v egress PE * T &
(Bottom level)&y label & A #* egress PE([ 8.3)’ 4& &g BGP % #&zt label

B VPN #&dy -

B 8.3 Traffic Forwarding

Aloha T-Shirts
Main Office
Blue VPN

Factory
Riug VPN

BGP4 z Multiprotocol Extensions € €,4% Site of Origin * Target VPN -
VPN of Origin % /8 1% > PE MW # %18 R F] Z routing tables » — {8 & &,
423 PE 40 P 44 global B¢k » % —fE3%% VPN &M 4 VRF >

MP-BGP #5 fic. — 18 Route Target i3 2 PE > $ 5 PE ¢ %4 » €%
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Hipd ARBNAH R LB bR > BS54 2 label » RT A R 3 5] A7
% Fr 4% 3% 69 — 4@ sites - L3 MPLS VPN #) % A 4F & # 2 CPE & 4%
HHRE » AH AL PERFHMRE VPN - jbsh > £ MPLS 800 £ 7F
T ) 5§ 4% 4 public & private 75 -

= ~ BGP/MPLS VPN K38 B3 2 #(E 8.4)
&84 BGP/MPLS VPN :aj:kzets

CE PE PE
masTafic  10.0.0.0/24 20.0.0.0°24 MPLS Traflic

AXA000 port]

VPN RD :Type 0,100:1

Subnetmask 24 bits

SHENTIFERX ROUTER :ZBGP 4 —fEETHERNET/ &
ARRERTAERHEEIE: — &6 £ adnins MR E % # AX/4000
controller ## % Controller unit (PC s Laptop) ~ —4& AX/4000
chassis (mainframe or portable) - B ethernet controller
module z AX/4000 -~ =18 mAX /IP G/A 3k 4 - =18 Ethernet

107100 #~&(L3) ~ =4 RJ-45 & - —48 & BGP-4 = ERX router

8-4



= ~ BGP/MPLS VPN B 3E R 5 BB~ A

1. #23r AX/4000 #= DUT Rz BGP peers(zir IP firht)

Configure The Tester

CosieNndos | R1Deoods | Decok | Debuging | s |
Eweion { CRILDP| REVPTE | 5GP | 05PF )58 B Yeeg |
= 171?!0&] ' i 1.g I ll I I I I I
“?IIIIZM'
netmask £524 bits
In our configuration Port1 will act as the CE
and Port2 will connect as a PE
[
o 7m0 N
4 7 Wl f f£= 1]

9. 323 PE-to-PE MP-IBGP peering session(#x & MPLS VPN)

#ERPeer z[Pv4 MPLS VPN

Po: |17 BIED
P addesswpe TPV IRV
- Nodus ¥ add pees 1o-
[ Eoe [ Lo 2 NodeP] _ Powm0] - aS]
- 2002 2002
Carkg {Capuiliary
T vk r r
T 1wt maicest MR

T P MPLS NLRI T IPvE NPLS NLAY

7 1Pv MPLS VPN WA T~ 1Pvé MPLS VPN MLRI

T~ 1P MBGPRD NLAK

T~ SPVAVPN VRY N

1 1Pt MPLE VPN VR ML

L T |

3. 4%i% BGP ROUTE TABLES Z DUT
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Define Routes

Here's where you
configure VPN routes
coming from other PEs.

Make sure you select i
this route type. f e et

H Ve 123 ‘
This will control how ,-—-ﬂ[‘. 1 it |
many RDs you create ‘:‘__du__*ﬁi.._____ -
(customer VPNs ). et e
Each one needs to be Statro nomwok et 15570

a VRF in the DUT. For RsmavauniL TS

this simple test we only
have one VRF.

% &£ BGP Attribute

. ]
e | | e ]
T -

Rowes | Flasoig  GGP Aimbcer | OSPF Atvinsve | 1515 arvitaaes | RIP avbases |
£ Use atmdt ortuzas

T S5arwe. 1 Trewe Cade, 1=l
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4, E 4 REAFHCEERRAE)

We’ 11 use Port 2 (PE) to push traffic into the DUT to be forwarded to
Port 1 (CE).

Since this traffic is coming from the “backbone” it needs to carry a
label to identify the VRF. We’ 11 choose the proper MPLS encap to

accomplish this.

PORT2 Zunicast MPLS#
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5. % #7 ROUTER 3R

£ %CE #v PE Rl &43%

Note that the traffic on the PE side appears
as MPLS labeled traffic. This is the inner

label we assigned when the PE announced
the VPN-IPv4 routes.

10 7 L0011 10 Aralyrer e Bemo Setun - Sswel

E 1Py4 source § 1PV destinat  § MPLS 1518, | TotelPa . E 1; -
50.100.01 1003 1000183 28 ETHMPLIPYAMAX
010001 10040 100/0/1/63 2 ETHMPLIPoima

£ 4001 1004 100201 83 27 EVHMPLIPodmax

E. 5010001 1e04 100/0/163 % ETH-MPLIPya-mAX
5010001 10043 100/0/1/63 k4 ETHMPLAPv-mAX

E 50.100.00 1.0.044 100/011/63 % ETHMPLAPvA-mAX
5010081 10045 100183 2 ETHMPLIPv-mAX

E 01001 1.0046 100/0/1/63 % ETHMPL{Pvd-max

E 5010001 16047 100/,011/63 Z ETHMPLAPY3-mAX
5010001 1.0048 100/0/1/63 % ETHMPLAPvA-mAX .“
010001 10043 100183 »B ETHMPLIPvhmAX
5010001 1.0050 100/0/1/63 -] ETHMPLAPwi-mAX
5010001 10405 100/0/1/63 k4 ETHMPLAPvA-mAX
5010001 10052 100/0/1/63 -1 ETH-MPLAPvA-mAX.
s01ma 10053 100/01 /83 = ETHMPLAPWA-mAX

E 5010001 10055 100/0/1/63 Z ETHMPLIPvmAX =1

i ST UARITTY Y IPv4 S TOPS 7 EtReMAL 7 waTag / T

At this point one is able to

capability to perform some ;
very useful forwarding =
performance testing, =
Lol
P ouck 000D PV destinaborc 53101 -
Hode. . [Pecket Tranméer Delay v] ,’;
Ciose - | Besohaiorr {640 e 3 :
3 64,200 -
usu-jnu i " o
Qovors_ »
7 o Soak on'Sit I
200000
240000
18,0000
120008
somo
o]
W e e v.-l
waec -]
.—D‘ pnn




% fLE MPLS RSVP-TE 3|

— » MPLS RSVP-TE X% KR

MPLS(Multiprotocol Label Switching) Al R % & 48 3% /& 3% & &R 4% &
(Label)#y X3t » B2 E B X 0B 9.1 CATRHEE =B ERAKE
FR A —HRASBEH K 0 MPLS X % T £ (Traffic
Engineering ,TE)ft A SR A A SR ETE T A RO FA A QB ETR
MPLS it R & — @5 hi&15 4 & » ©H L3 49 OSPF ~ BGP ¥ @1z

AT 2L EBRYAKEETILLES o

B 9.1 MPLS 4 A % Label

0 1 2 3
0123.4L5‘67890123456789012345678901

S = Bottom of stack
TTL = Time to live
CoS = Class of Service

- Can be used over Ethernet, 802.3, or PPP links
- Require 2 new Ethertypes/PPP PIDs

- one for unicast, one for muiticast

- 4 octets per label level

MPLS #2440 B 9.2 Ingress & egress &) & %5 ° X 4#% %4 LER(Label Edge
Router) * & ingress node 2 LSR(Label Switching Router)## % = & 2= 3}
¢1,45 #iz. % — 18 FEC(Forwarding Equivalence Class) * % — LSR8 4 £

/> —48 L3 3% & 1@ 1% ¥ & LDP( Label Distribution Protocol) » LDP %t
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Fo LSR 4E 153 » A & LSP 4% 8 %X # #5842 (Label Switched Path, LSP)
fERAZE » £ MPLS #7252 LSR Bl A FEC A FZHR M EE

& 64 index ©

9.2 MPLSZE#

Routing protocols running
on all LSR/LERs

l IP Packet

MPLS & 18 £ & & 7L R AR 8 69 % B & 7 #4849 mapping A7 4 % MPLS
ATEE oL R 4 A% B X 443548 (Label Switched Path, LSP)#) — 4 %
48 > 7R Bp MPLS [%i¥ &% MPLS & £ 3&(Domain) * # & R f£ S22 3L &)
LSP 32| A EWBF - E—F M3 » MPLS £ RFRE e BE
6,35 42 § 35 & (Label Assignment), #% 4 % &¢(Label Distribution) & 3% &,
%% 1% (Packet forwarding) =B £ F 4B 93 BHILEEZXT 4 4
Topology Driven, Date Driven & Request Driven =& 7 =, t Topology
Driven %) > & &4£k L3 2 OSPF - BGP #94= #3847 > A

W% & B4 eF 0 F) B 45 Be Label - 4% 8 % &2 7 % % Explicit & Implicit
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Label Distribution ##& » IRATH A6 > CRE—JILGFREFZ RSB
# £ (LDP) » & Ingress LSR % #i Label Request * & & Egress LSR &
J& Label » 7% 5% % B T 4E (##% & Downstream Assigned on Demand) °

HOoWERAERIFLSP#% £ LSRAKHFANZLIB ¥R & ¥ —LSP
Z_Label #$147 packet forwarding> » 4% & #8231 13 i £ A LDP’CR-LDP

B RSVP-TE = 4% -

9.3 MPLSAZ & & 32

1. Existing routing protocols (e.g. OSPF, IGRP) establish
routes. 2b. Label
2a. Label Distribution Protocol (e.g., Distribution Protocol
LDP) establishes label to routes
mappings

{e.g., LDP) creates LFIB
entries on LSRs

5.Edge LSR at
egress removes
label and delivers

packet
3.Ingress edge LSR receives
packet, performs Layer 3 value- 4.LSRs forward
added services, and “label” labelled packets
packets using label swapping

2 Ti#—5 8R4 QoS MRF » MPLS 1x ER(Explicit Routing)% & 3% 3
ER-LSP - 3t # /& B # Traffic Engineering(TE) X & 12 # & #
CD-LDP(Constrain-based Routing LDP) &  RSVP-TE(Resource
Reservation Protocol-TE) &% #  RSVP-TE(E 9.4) 2 $#2 4t Downstream on

Demand & & #9142 # 5 & ° % £ 4k Label request B & 3% i Path 3 & >
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#F 4= RESV 44 Label binding * 4 8 RSVP-TE Kz
ER-LSP 8 9] % % Strict fv Loose ®#& % X (B 9.5) * ATH %A 1
LSP A& 8725 » # R RIE X4 R A (o B 74 3R #B)R AR LSP -

w2z »MPLS 2 TE B AEH EEABRBRAZT » FEEEBLNE

AEBIAER -
B 9.4 RSVP-TE Operation
Edge LSR LSR LSR Edge LSR

(Ingress) (Egress)

PATH" PATH* PATH*
(Label (Label {Label
Request) Request) Request)
-~ -— —
RESV RESV RESV
Label =40 Label =45 Label = 50
— —_— e
RESVCONF RESVCONF RESVCONF

* LSP_Tunnel_IPv4 Session Object identifies the IP address of the egress LSR

B 9.5 Explicit Route

Once the path has been determined, the ingress router will
typically signal the path using the Explicit Route Option
(ERO) or ER-TLV

R2 R3

LSP to R6
strict R4
strict RS
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= ~ MPLS RSVP-TE & 328X 4 4#(8 9.6)

9.6 MPLS RSVP-TE RI3X%E#%

SA 0:10:94:0:0:1
DA 0:90:1A:40:23:B5

TO ERX FE8 SLOT S Port3

- T W

TO ERX POS Pon3

0y
Lo
PE2(POS)

PEI(ATM)
P over ATM OC3
VC,LLC/SNAP
VCC/0.80

ERX ATM Port0 i £ Port]
TO ERX ATM Port3

LSRR BR T AT XML — & £ adnins #RE K A AX/4000
control ler # %% % Controller unit (PC % Laptop)  — & AX/4000
chassis (mainframe or portable) - & ethernet controller
module % AX/4000 -~ =18 mAX /IP G/A R:X#4 - —1&8 Ethernet
10/100 A~ @ (L3) ~ =4% RJ-45 & - A —1& Ethernet 10/100 fr&@x
DUT(Juniper ERX 700 router, #.%| % RSVP-TE & LDP)

= ~ MPLS RSVP-TE L3RRI 5 BB 7 3R A

l.Zx={f8port 9 &A IP frsk

PE1(ATM): IP over ATM 0C3 VC,LLC/SNAP  VCC/0. 80
PE2(POS): IP over PPP STM-1 FSC16 unicastPE3(FE):IP over

ETHERNET Ethernet unicast
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B | bt

¥ Enatie

TCPAP | pep Qptons |

+~ Node Adkd

l P Addecs Net Mark Lepe 2 j

TP
i
1
i
|

g | pmwe | g | sePmesssem |

WIU: e bytes

Fv4 gatoway isu.su.su.z N 00.0.0.10 socly no galeway)

TCP R window see: 4155 bytes - Aido

o] ome |

2. % & RSVP-TE Protocol

PORT2 SETUP /Enable IPv4

FEERSVP-TE 4% &

Srwn: Fie bm Sy Yov Wadov o

Conate Nndes |- RY Dot |

Oooote | - DelngLog

s |

Emaion | (CRILOP ASYPTE [aar | nser {isis” 1A | Prg |

{ 1 State | L8P2 Cranted | £SP) Dalmied

Dmabied ] 0
Damabiact 0 0

1722 0XW)

722 mAm2
=@ 72210283

# @ 1P o Ethar 10700 M

© Gm100 o

© Ara 1000 [

Nl oA - HeloTal LkP o [ 1ee o
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#APORT 177 %} & 2 Peer address

Pot: fi77 2z 1057 1

!
i
5

Obiook conk | Links |, Tinere & Countare | LMP Satis | LMP TivmrCourt | LWP Sve Discovery | Code 4

I™ incude ReerCont 1~ Flelable deivery

™ Eneblerecordsots 1 Refresh recuction

T~ Hlo messages T Bunde mecsages
T Fnvad i

{5 Nowk aveleble lobat - Evpickrud € Ipicied

Pracacence:
€ titwrok e 6 Rosine € inkestwrk cortsol
 ‘inchude router elert option

'"L"E

4 Enable RSVP it # A router 3 port = IP 4 % PEER IP 4% - &%

#+ 3 4 PORT 47 Bl 4 /1 it Enable # — port = RSVP-TE -

3. # 3 LSP

Imedsce P - 80.80:00 3 17 Makebeloreteazk

ireorvet 100 meec Duwaor 100 --: 1 Numbe of pathe 1o create: [T I

[ Eopeea nde 1P acdvees: - [30.90 50 1
Explct Aoue
7 Sendet Descriptor i Coklamos
O o#tSews [t adtess
0 Usex Obiect LIPS . FEE

97



e 4 HLSP

© Ana 1000V

2 Q ranm2
" ®

© G 00

© Ane 1000

: i |
T ¥ @ Powthesinnoowy | | [Bmeisre ]
© Gen 1000 ']

- H ? Duguing LSP Siehm Begpesst  Totat) U0 Dower Carmecting 0

sty 1P| Epane diboes | T Extornd Tsrrl

# Connect Primary # # i#% # PATH 3 8 » 2% RESV 3 8 #¢ egress
mode i% B LABEL - # $bB¥ Tunnel status € &5 down # % connecting
REEBHBupRE -

4. & & RIRHE (R &R NEE)

Port 2FCS 16 Unicast
MPLS/GENARATOR 2

Packet Sequemce | Tesi Datngum Langsh | Dissibasion . Teafic Shepes |
bode: [Test- 1P st blocks > ey - Sytemio
e

Usadtast seerne 2 Chassia ruarber: D
20y PO i

Segamce defriion:

Packet T} Swoam ... Floves | mAXTag ide
FCS 16 Uncest MPLS mAX 1P Indidusl 12

2800 PIO Unicest MPLS
[relceFolveLsT W Trcsm)
20 PDM s MPLS

[rsfCe[FOMASTF Trcew)

iy

I Tetony




Port 1 VC,LLC/SNAP Unicast MPLS

Packet Seauance | Test Detagram Length | Disitauton | Trafic Shapes |

- Syslom info
Mode: [Test 1P tent locks i ’% Used loet sbaams: 1 Chossis rumber. 0
. Port rumbc:

rafie ] Froe\ost stroam: 4094
1 YC M Ethoenet wio FTS B2 o
Sequence defintion:

z
imrﬁ Ismi nu-lmim.

{Networt imervorting W R 2.0pte N ;:,, l
[ Notwork Insrverking WFR ¢ape bt g

T L L .’:J
Soruios itorvorking wh Frame Fetey o
[ER no ner o FCSiRfAALS] L ondond

¥ 4%, Label Code 4% * ££ Port 3 1 3% Ethernet II Unicast MPLS #; A MAC

DA/SA,LABEL & IP SA/DA -

Unicast MPLS#; AMAC DA/SA, LABEL& IP SA/DA

Ivpe: [ heenary s iFES & Eoch fow
Enormask:: [Nore =] e, ] Ned I € Abgegate of fowe

4 % i,

0-60-1A-40-23.85 0-10-94001 oty

Poutd Gt FT T ke P—




5. 47 ROUTER %%

Viewer type—decode type

[FQ s

@ [P oves ATM OCT fae
Gan 10003

-4 Ana 1000V

=@ 1manzs2
@ P ove PPPSTMY [
© G300

=@ manz
R P over Ethanat 101
Gen 1000
® Ana 1000

#2 SONET-1P>
#2 SONET-IP>
#2 SONET-IP>
#2 SONET-1P> )

#2 SONET-IP> in (1d] (This im the lest NPLS label)
#2 BONET-1P> Time To Live: 3Dh [61d] seconds

<oc00, o3ze, D1> |

00011130n (699494}

© IP PDU —-

<0000, OIEe, 02> | -
0014, 03> pucke: IP beeder -—--
0001, D3> | version 10100 ...}~ DAh (004d): IF Intecoec Pr
0oD1, 03> | neader iength 0101)= OSn (00SA): in 32 bit unic
0001, O%> 1 packet: Type of Sarvice
0001, 04> 1 precadence field }= 0On [000d): Routine
00D1, D> | minimize delmy }= OOh {000d): narmal delay

ot | maximize throughput

}= 0OR [000d}: mormal throu vl
>

06137 31 82 #8 3 B 70 A3 88 DB B1 1 EB 1B 94 70 DI
00193 3¢ DS 23 5T XD 08 €1 Ci €8 72 D OA 13 BZ 90 &7
0209 €L 33 69 CE 3D 2C 32 31 &6 36 37 33 D €8 DO DY
0226 13 37 CB 22 DD 5 P2 WD D1 SE SA AX 13 A1 3C DT

[ W

o Lil

RS

]
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F+E TR HARER
AREBREEEH—BAAERC HATEE KRR X Spirent 2 3) L3}
RN A AXA4000 EIARK B A H P 2/l SR — 4> MB AN
RAE— SHEREFOHDHRSIX > BREFX—1E Topic#k *
BEERATERAEREG BTARER EBARAGHE UWHRS
Bl4e T LA4T 4 ATM #8382 CBR - VBR 4B £ ieT ¥R > %
TCP/IP 4835 7% packet loss ,packet delay > # B A7/ 8] Fi 45 Al 2 & =,
Bh BRRHEEMEEIEW T4 RIP -~ OSPF - BGP ~ IS-IS ¥ =
conformance * XA RFBEERH > TURZEHFREILLBATRME
1 £l Z MPLS 4838 » AT T4t ¥ % P 4 A 2 BGP/MPLS VPN 2%
REB - REMBERBRBMRBEWIREARL wEALHHELFZ
RAERR > BI—MTE > HAHFBRE— TR -

B ddbRZ Y 0 BAT SR AF ELRE TR M AR
BB RBE I 0 E B RE QRL2ZATMAH A - L3ZIPHA -
AR A RMPLS A A » A A0 F AN A T M RRAS » A
HEWFARBERETH  FARBIBRAHH R IRATTHE L]
BHFXER BAREARS EXABREHIAHARKEHERIR
BBy e aNEBFH I K BEFTHALETHRRME

B RRRBAREMR 0 BATRA S RMAE % 32 A webex meeting
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server > RE B B EMBEBRBRAEBEN » R HNL B ARAERK
ATU—ERE ERWUHBE  WRATEIL—FHMUA S it
LT ORAFERMBIG AR BRARF I XBERNEE AN £
I EIR - b RR AT BT BEE ZEBAAAL > EBRAK
#E 2 3% ¥ 3% (end to end) B3R, - SLBRAR R AP 60 BB AL A LR RS
THRAR QoS » 1k A ik /& # ARF (4o Videophone) %, 2L £ A H £ P #. 5
S E > bk F R A% R E P AT E 2 SLA(Service Level
Agreement) > B —F RV EERANHRFN > MARFHIY

EAEECE- SR A L EEEC 2 Pt oF LA
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