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BIH #1H

R 515%:.C09204019
N B H E ® & R E
HE: 31 s &

wEAE:
INTRANET - VPN FrhR%srER

F IR

FEEFELEETRERFSAHT
BtAEN /B

EBB#E,04-23442108
HEAE:

PR FEEEEETEEESAT FTHE B IEA
HEXER: BE
HEHE: X
HEHR: RERNREVA2IH-EEREWHE
HEHH: REINEI12ZHE4H
SESYE: HoEfE
BR#EsE:  Intranet, VPN

NARE: BEREREREeme)RED TR - EEEntranctiEls L EAL TR
FERTRRICERR - BEEZELVBWEL—RER - HEERH—RH
ARSI SRR AERE O ISR - RIRMEL—#ZS R - BEAM TR
SRR — 2\ Z YRR  ARBR R T - DUREE BintranetZ 8% - b3
EHMSNEIIRS - EFCERZRME LRAHS - RiERntranet »
Extranet REATTEZ 2 M » [P-based VPNE R BB IRUMER T3 » T H R
VPNEJR T3 R e LR - MEREAEREERE S T BUR - B E R
¥ o RESEEhranetlIFR - FEAZXSEBEMRE  DOEM
BRIFESEERA - RENTRFNE o VOIPRNEERTERIIREE
F - T AR R R R S R R I SR U R B B AN B B S
ARXRERGHRE T RCERRIPRSRE S ARSI RRIIER K
5% - IRINBIS SRS > RS - B ERR AN AR RS
1E3RE Flntranet ¥ S IR < A8 HRERHERNAS -

FAXETHRC LA EHREETR
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HE

2@ (Internet) B R S X2 F Intranet @B R EANS
AL R E Rk Ak EEEFHL ARk BBEERN—K
ERAEB AR KB AELEREL - HRRL—BERHT FEAMT—
REFEEB—XHRADAEBE 248 MEs > REM4ZE Intranet 254 -

LEBYTHORABESF > TFEALRLRLRGEE > BHELR
Intranet Extranet & i %44 > [P-based VPN s AR 2 PIYARAR T £
EAM VPN EBHERERER LR -

ERERERNES TEE - ETAVGRRE  0¥%FFREE Intranet
BRI FEALSXLEBEONRBRE U FTEBETRFELTERK RS
N A - VolP B ERAF RORBERR > MARABRFHEEEL R
BREREFRRIBEIRQXNGBREH -

AREBEABETTALERE IP RERNREARBENERARALA
ARME  RREASER  BERS  PHEARALI X TREARRE
AL ¥EF Intranet EAMBZRE| LAEFE S -
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1 By
2 742

Intranet ~ VPN #45 & #7 R #%5 /& A
1

Intranet LEFH @R HE
2.

—-%
1.
1.

=%
2.

[y

L1 mER A E#(A11-Optical Metro Networking)
.2 BHRHX2 @B (Automatically Switched
Al1-Optical Network) w4 B4k s
.3 GMPLS (Generalized MPLS) Protocol
.4 4%# (Protection) 48 & (Restoration)
.5 4%%# (Protection)# %)
.6 # & (Restoration)# %!
T RAY™ 38 o R 451
8 WEHBERLK
RS XS TR PSS o)
A0 ke A2 ER
2.2 VPN ¥ 458 &

2.2.1 VPN & 458 &

2.2.2 MPLS VPN # 4y (Network-based)

2.2.3 IPSec VPN 45 (CPE-based)

2.2.4 SSL VPN H 45

2.2.5 IPSec $2 SSL VPN #5tb i

2.3 AR

2.3.1 QoS &4

2.3.2 VoIP &y R R % &
F=F SFAEHR

Do
pum—y

DO DO DO BN DO DN DN
o T e S R T o S



F—F A

anf

1.1 B#

BNRANRESERE Intranet B3R EAN % TR 895 KR
FROARBNETEAN T —REAELE— K2 A @B 2 48 B
MR ~ VPN ar ey R A Y - AR ¥ Intranet 2 BA RS » RKELF
Rzesh FERRMOBEER  FARIRXIRLEFF Intranet
Z5# -

1.2 4742
AEGETETERNA ML 02.9. 172 A=F % 9243501611 3%

& ARAEREZHEREET Tintranet - VPN R¥BRAEERA 5 HRE

At=FAA=F+—BEEL ALAZ+BEB £+% -

R Tk :
8 #7 #2389 B . Es
98 21 8 B 2
98 22~29 B 1. 25 488 B s - £ABATHBR
2. Intranet ~ VPN &R #7A&| Movaz 2 3]
BRRA -

3.on site training

7 A 29~30 B & 72




% =% Intranet - VPN Busig R ¥ 8R% & A

2.1 Intranet LR FH AL 2B

Intranet A% L& Internet sh B MM AL E NI > BEIFZE -
BHBRYERAZRRIFRE S RS BBRRGFERTRER K M
FAHHEY - WBEN WA > L AMEd 10~ 100M - 1000M 32 5
ZI10Gey 2% WANKEF LB EL -FR-FDDI - ATM RETR AR %R -
BATEE EECTTRES LS DIDM Xa9% SR A 0¥ NER
XEEEF(LRRESI - 2L~ 2HALZAMA%)2 Intranet £
PRBHLAZRERERAY  BAhvrnaESeaR AR EH#
(Infrastructure) b - #8355 B &6t Movaz 2 S &9 RAY" 2 e B £ -

2.1.1 #reA 2 h@BEMH(AL1-Optical Metro Networking)

DWDM % 47 2 $ T #3k $#1 E 12 49% long-haul #{% 3£ 48 71> % — X DWDM
BRRARERF R THEAHSCRRABREETHTIAN ) R i
5 R RE et k(Wavelength) 2 E & - BB BHRALE
EHHKEHF BeES  4£4F DIDM-based #9478 & & (Metro) & B A
(Regional )¥8& A A F K M long-haul LR TE R °

FERBRABRTHE B RIS ARRRERER (R
ILECs ~ CLECs ~ Cable ~ ISPs ~ ASPs & SSPs #)#4 AR mA L £ EMH » =
2HEBAHRERER TR > %X —4& [LEC ¥:#(Incumbent Local
Exchange Carriers) iRt h & ¢ N @R LR AF KA TH)

e @ A& X (Hierarchical )44 © £ 4B B & % (Access
node) ~ 4 % # %5 (Aggregation node) & #% - B (Core office) ¥ =@/
B -LXERRT THRIBEZCAHABLIRHB R —BERERTEY
hub » 384 5 & 45 SEAE long-haul & f -

(—) ~ Access fiber network PR :
%3 % B (nultiple service) & ~ AT4E E RN R AMK S 8

4



REEEUNHEZRR  BEARIng FXEE > REBRAR R IT
BN ARBEEM1(2)B 20 EXLEFTRBEAGHE > BREBHE
K EBER @R A P2P 2 4k -

(=) ~ Aggregation site @ :

— & 4E grooming point B4 A & ; EERRGEBRBE T - THEE
MRA & transit point & &i84% F Metro hub; B X 5 ERFK -
(=) ~ Core network P/ :

fihubs Zi¢ ' BME—EBREMAHERE - BA FHIRHFEL
R 8 RE S BT F 9 BB RIRHS 09 A5 88> 7T 2422 & A% ring &k mesh
MR IBETAE -

Metro Hub

Key Features:
* Scalability, Flexibility, Den5|ty
+ DCS Feature Set . - i .
+ Service Switch/Processinig Point Backbone

Transport Fabric
.\N

Access/Collector

Transport Fabric
; Metro Network '
X Access/Collector
Transport Fabric
|

Aggéegatlon Site
Key Features:

«Grooming: point
« Density .
«-Multl-service

Regional Network

Customer POP

Gomecion Managemert Offie . iienyg':::‘s::smer
re Switching/Routing

* Multi-service I/F
Connection Management Offica « Small footpnnt

Edge Switching/Routing

Access/Coliector

Tranlpon Fabric
Aggregation Office
Local Aggregation/Grooming ‘ nsport Fal b"c
Co-Lo or TSB -
XLEC or IXC Co-location Point g
PoOP
Customer Aggregation Point ®

* Low: Cost

Tall Shiny Bidg; Co-Lo
Multiple customers.

Key Features:
= Multi-service I/F
* Small: footprint

2.1.2 aH %A 2ix¥@%(Automatically Switched All-Optical
Network) &) Bl §& B 45
AT B & e 405k 0y R TR RS B R ¢
(—) OEO # 3z su#(Optical-Electronic-Optical conversion)#) & 448
ERR OAZ-ARDIMNELH L EERF » E22EE%HBNTRE
T &Fr ik OE0 89 7 ik » R A A4 k4% Domain #9 &4 4+ F & OE0 &

5



BAHGTEH)  RKBLERTREERK -

Distributed wavelength routers

> . Island of
§ transparency

ZRAMEHEEE > AR HF T (node) AR AT @ERA -
(1) #hEssBse %35 4 & 5 18 access ring &2 4 & 5 EHEHF L
#— fiber connection #/REVERE 80 Kk BEATHE
By Hub site L RARE ARV BT BEE KA -
(2) E—NWMAABRNE—FRTUARHKIE—SHBELEL LR
F A% BEFAX#E(electrical cross-connect) °
(3) 2ARTEKRAL » FREPT LU R B 5 ¥ % 434 @ (control
plane) T & Xk 4 -
(4) LAEAHERRE - HAEERAER - TRETEHE > UFRE
T2 B2 T M (Path Integrity) °
(=) DWDM Cross-Connect (WXC)
HERBEL 4% Scalability ¢ fiseHsz — W TEAT > &
# % T (Demux) ~ X #(Cross-connect) & % = (Multiplex) = fEFs & ; #
—FE B BB R ASA Denux L (terminated) @ Demux A A8
M5 T RER e #E@iE (data channel > AFEPER RESE K% > F
AF B AETHESE (0XC)EATH1E 3R ey X#%(no-blocking) » F =F&
Bty Multiplex A EHOBBRES TR — S AREGEE L B2EEAH



AR RAAGR B E L OB R LB TR OXC A& B RET
ERALBIRF NG ©

Demux Multiplex

connect

termination

FRSZBEMTRAERAEEZME OXC THLEL BATALMHHEFRE
MEMS(free space Micro-Electro-Mechanical System) @ e #F 7] & 25 g —
%4k (optical mirror)Fisk » R EHBRAKWT

WA — & R(optical beam)ZF F & BBy ASE R L A BIEHISEA
#h1a4t A E(tilt angle) > R R 44 free space F|#E4ER L BR
SEEdEE -

F#a4% OXC Bes /e A 42 DWDM X 4 B oy X & =18 stage o H > &
stage Fl{E A 8R4 - 4 F —f% OXC g944 4 1000%1000 > Br &=k %
SR E I 2000 MREH S it B— stage WA ZRMRATRE L
R MMM (Scalability) XMRAAADFHRE - BATER S K
ERX#EL (WXC -wavelength cross—connect) 7t » & 4§ F ik =18 stage
% 4-m.—18 highly compact, free-space geometry ° & stage fdl &% 3%
BEXFERBEBERMIEAS A E— ASIC> 2 MENS Hégh a4
f—# o AE TSGR R AR b o WXC a9 2 &K 451 OXC AR AR AR
#oBRLEWXCTUHERBZHEAMK - FFE - BMARARTEACHARET



# e
(=) #Z=4#®(Control Plane)

B —RFE 256 DD & & 2 493845 LUK 3064 M S8 B0 R 4] B e 4%
HrEie > EHEAEEEBKILARZ Y end-to-end connection # &
EEELAEBG Domain B K - EH BLRAEFHAKEERLBESR W
# &4 Constraints > &4 :

(1) Routing-based constraints (v diversity) °

(2) resources-based constraints (%= wavelength
contention) °

(3) transmission impairments (4w loss and dispersion) °

b 2hERNES BT EE nesh s ER LTSRS
end-to-end connection @ ¥R E#H AT TE (traffic engineering)#y
WEE 0 BFE

(1) resource discovery °

(2) state information dissemination °
(3) path selection °

(4) path management -

MEFEAEERATBYIEH @ - LHAE X% GMPLS = -

() H4pisdx DWDM /4% T4 > %o Amplifiers & Transceivers % & #f

THKER -

2.1.3 GMPLS (Generalized MPLS) Protocol
EREBAHERREELER T > B3] R 4442 (routing) BAER
(signaling) ¥ & > AR A# & TDM & optical layer #945M - #¢ 1999
% MPAS(Multi-protocol lambda switching) draft proposal % %%
J& % GMPLS notion » #&4& IETF 578 P sk a8k &2 4% » 3% 3L #1749 Sub-IP area
Fo 3 3L 3F % ¥4y working group (4w CCAMP ~ GSMP ~ IPO ~ IPORPR ~ TEWG -



MPLS B PPVPN %) » SAB AT ¥ @ eh42 B 14l & - IETF #kiey R &
reuse A & [P #EH @K (3o MPLS) 2B 1 B4 2 A @B o iE £ 1
& 0 EAbdo OIF 82 ITU % 4 & &4 AT 8810 AR 3 (OTN ~ ASON ~ ASTN) 89 %+
71 - B AT » GMPLS /£ 448 #1443 % & &) 721t (extensions) Py g iti ko T
(—) ~ % (signaling)
(1) &A% RSVP-TE & CR-LDP 4%+ A %k #% &M s (L L X b4
¥ )z connection management e
(2) *T %4% bi-directional LSPs(MPLS R % & ¥ % & LSP) -
(3) capability for upstream nodes to suggest a label -
(4) Tgeneralized label request ; .6 P A3 gz LSP % B
& %78 4~ 3t (encoding parameters) » LSP &4 445 L4345 & LSP
& packet-based ~ Sonet-based s Lambda-based °
(5) Tgeneralized label request ; 3.8 P9 &4 6,4 LSP A7k it
payload #4948 B & 4o ATM ~ POS ~ Sonet & Lambda -
(6) ¥ A bandwidth encoding #9¥34& » T 35 LSP #4935 % -
(7) Link protection flags and capabilities (for particular
LSP) -
(8) Hierarchical Connection setup : & {&F% LSP & trigger &%
LSP &9 sk » LSPs &9 B & FE & £ R A4 i 2589 link $ L4877 S
%o F B A7% > @18 Domain &9 :¢ K& 2 0 & TR RALME LSP £
PR % M LSP &6 F -



Time slot (TOM) LSP

< Packet LSP1 Y
- »

Figure 1: LSP, is setup from Ry 10 R, for S00Mbps of bandwidth. LSP, is nested in the subordinate LSPs 2, 3 and 4 respectively
as depicted at the top of the figure. If an existing LSP has capacity the subordinate LSP is added to it, otherwise the setup of a
wLSPofﬁw-pmopﬁztetypeish‘iuﬂdThemdpeimsuﬂsP, classify packet data and source it into LSP,. R, & R are
packet LSRs; S, & $; are SONET path level switches. The devices O, & O, arc optical or lambda switches providing
SONET/SDH section level signals (¢.g. OC-192 including all overheads); they also have WDM capabilities between the photonic
switches P, to Pg. The link between Ry and R, is Gigabit Ethemet, between R, and S, is an OC-48, between S, and O; is an OC-
192, between O, and P, is a WDM multiplex of 16 OC-192 signals which remains intact through to O, (P, through P are pure
photonic switches). The link between O, and S is an OC-192, between S, and R, is an OC-48 and between R, and R, is Gigabit

Ethemet.
Timeline RO R1 S2 o3 P4 P5 P6 o7 ) Rg R10
Patht~.__ ; ; :
R
Pathz- .. _
.
Path3-..
.
Path4
Resv4
LSP4 completes
o Resv3
LSP3 gompletes 4
R Resv2
LSP2 completes -
; ] Resv1
LSP1 completes AR un——EEE bt
PR—— i

Figure 2: A Path request (PATHI) is generated at R0 that is sent to Rl. At node Rl (a boundary node) this arrival
triggers a requirement for a new LSP (LSP2) from Rl to R9. This dynamic LSP creation requests are triggered until
Path4 is generated at 03. On the successful completion of LSP4, the Path3 message is tunneled through the LSP4 so
formed. This process of LSP formation and a lower level LSP creation requests being tunneled through the higher-level

LSP so formed, continues until the initial LSP (LSP1) is created thus forming a hierarchy.

10



(=) ~ 42 (Routing)

(1) 2&4% OSPF & IS-IS #h & 2 shht » 3 hn— ks 2K 8 T3 (1ink
state information)sk % #% 4838 4 B 2 ZA 50 B M 6 1545
(dissemination) -

(2) # A traffic engineering link #4984 - HEM B2 M AFAE TE
483 ¥ R — & & routing adjacency °

(3) % ¥ dynamic wavelength management °

(4) ¥ A constraint-based routing #9#.4 » WEFHEA traffic
engineering #v fast re-route ##r » A B R & diversity
routing M -

2.1.4 %% (Protection)$2 & (Restoration)
FBBE ~ BN ARLEBR S22 (LMP > link management protocol)
MEEHEERESREER - & connection level # M aE 2 Q3F W ¢
(1) fault detection : 48 331 %k sE 4 (failure) & layer %
PR - meEB R MATHGORE  ARGRAAZHRA
LOL(loss of light) ~ OSNR ~ BER ~ dispersion ~ crosstalk ~ 4
BAn L3R F &) attenuation °
(2) fault localization @ ¥FEsg# A% > M T BE BB
R E ka3 Es > 4o SONET AIS 4% A R #83% span R &y R4t o LMP
M4 Edk localization R EHZ > TRARERSA
(transparent) 4% v - F (opaque) 49 %5 6 FE 4R 55 ©
(3) fault notification -
(4) fault mitigation(BriR ¥ fo L B IHAE) -
— B AR R AR T Mg s 12 AL E) PR AR M H
CABRAR 3 B H A o TAREMA Ao THRMA AN ERRE
A SRR EFEZ R R REAHE TR AR 100%2

11



B3 0 ARIA R B FESREE T Uk (rapidly » <200ms) #9473 B /& »
%2 SONET #4 APS < sA4£<50ms 8% Fd] P9 #3854 £ £ 69 (primary) 3648
¥ PR £ 6 (secondary) 48 > B sbie E ¥ EER  MEFRBFE
AR AE R (B 4] AR HMH]) > A aBIORHBERL —awE
FHERAS ) B ReREFE & RS 12 (1245 8B quickly)
B AR MH AA LA KRS E(pools of shared resources)#)
FR o HEEAR TN F 412 (connection rerouting)#k
ﬁﬁ' °
BRFIERBEA RERERAGF KX
(1) %42 7% (path switching) @ Mgt dish & B (BB TR ) &
FRE 2 ARBRRE(RAREREBE)BEEER(AKAY
BRALHEI X BTHELEERE RFERAREF L) -
(2) 4284732 (link switching) : Matd PRHIHR(XBEF LG F
R > 4% span FECRB LB B K2 P71 R LEHE
48 ) v 18 8 35 ) Fo 3842 4R CRRF5 tr 44 2] 4 ) 8 8 Bk 2 B AR
B THREBFIIGTHBE)F K -

2.1.5 4%# (Protection)##]

% i GMPLS &) RSVP-TE s Tud5 4 LSP R X By R KR BHHRE -

&5 2435 & LSP R ) #94% % % #& (dedicated ~ shared & unprotected) °
(—) Span 123

Ao BB AR AR B RE R BESUE A B U0 IR B R IR R E RAR IS M

4 span level » 43877 24 protected( L3248 1+1> &8 1:1° &4
¥ X M:N) ~ unprotected /F & #4255 - GMPLS &9 4/ M 5l AR
LPT(link protection type)i&#% & (route) » — BB B E » EHFHE
7 RSVP-TE 43 » M4 protection bit vector =T ;45 # LPT #% -

(1)%B 1+1 span {7

12



B e B k4 8 (data replicated) 2| 18R F i@ iE
EoAaE GRS ERAESG R TEFRRATH—ERE -
BERBRRRAFERS EEEHEFRMTEAEHERAT >
BAAAUBHBRBEREQBEEANRES -

Q5 EXMNN 43

N ERBEHAESEER M AHEEE BARBEERZAAR
BEZRHGHBEL > BHbmkz AT LAL S NP RITHEGREE
A& upstrean # 25 (4k RSVP Path message 1%:% 7 &) & &) % BT RSVP
Path refresh message, AEx %) span 1% " RSVP Path refresh
message , €3 —18 label set object R4 M #k#i% 3124 label ~
T e 2 #4238 1D PHOP > fv st o X X4 8 40 & A A s ¢ modified ERO
objects: 7R IMP X EX R BB HITRL » §RITHREY
BT LU B AL 6y label #5 B 4%/ ME o E downstream & BEUC Bl R A
new object # Path messages & » & 48 verify 2 £ # > update
RSVP Path state » & &M —18 RSVP Resv refresh message(with a
new label )3 & % —18 PathError message -

(=) ~ %42 1% 3% (Path protection)

Bafn R g i B (BP RIRA B e93 i B6) A BRI & KRG
BFARBLERIEREE - # 1+] BRFHEMT > FREAFEERE
F 48 Mg 2 #%48 (disjoint path) » B i3 o B BB AFRIF9ME 3% H M:N
BiEgEn T NERRGER S NEFRaMEaRgds R
B MERBMEZBEBELNSFEEREZ S FHERR

() 14] BEFEESES X REFEHERCBRRR  K¥EA

HAEFREFBNLZRE(ERHFREQ N X B ERKES

18 4 — 4235241 & unprotected » AR E F X T AR E — 45 K

HEZ kAERERE 0 AN AT AR BRI MEZBE - A1

FARLERE B2 B P H %A R 141 span FH# > B4

13



BT X TRARAE 482 KRS 2R IR B B R s FEgRay

U DA
LTREELERET X > AEETHTH -
[
/ N\
A-~-B-—~ C-—-D
N/
N

Figure 3: Path protection example. Only links A-B and C-D support 1+1 protection. Node
A wants to establish a 141 protected path to D. In this case, A computes the primary
path {A, B, M,C, D} where the segment {B, M, C} has links that do not support 141 protection.
Therefore, A computes a link-disjoint segment {B,N,C} and uses it to construct a second
path {A,B,N,C,D}. A initiates a setup of two connections indicating the desire for SE
reservations; the first path is routed along {A B, M, ‘C, D} and the second path is routed
along {A,B,N,C,D}. Since the two connections branch out at node B, B sends the data it
receives from A to both M and N. At node C, the two connections merge and C selects the
data received over one of these connections (based on the integrity of the signal), and

forwards this data to D.

(2M:N 1517 3%
RENEBELBTAWMEXIEIZRLRAARINBEREHEZMH

BHE B NBEEREZGSFAMRE > GMPLS 4R EHFRL
HEES A AEI X RRE Y £ X ERBHE RERERE Rk
BREINRBOYBR/ L AT EHEBR BT RRALERESY 2E
FEEF —EREREERORHFNTRER S HLEERBE
A KRS B PERER FORBELERGRBINBRE SR
FEIAAERH -

2.1.6 #£ % (Restoration)##|
BRBHAGBE A FREEGRARERIRATEA %R HbiE

FESRHBRRIAILAL G E e §)1F BBk FREEAMER

R L RERMNG T AN R — LA FHHBCRRP IR TR )

¥ 2| notify message 8 AL By LR sh s R AE SR e BRMAME A Notify

procedure A& % RSVP Path Error messages 7 &, °

14



(1) 4234 & (Line restoration)

EREESREA N AR A E KRB RBE 4
PR A BE R EE M O BAE  MBA TR GBM N ety PR R 3
# span multiple hops S KIE&E#EHEM T - B MR A LB A
BFR 0 BAREREROBRATRALETREBEENRD > @
BRASHRECERE(HAALELEGBRE) - K> £
strict-hop route T &9 8 - 44 8AZ R TR F 4 & TE 89 &4+ 5 3bsh -
4128 ey constraints AR AFE Y X A RBTRBERY
RIS E L # A R B (A B spannulti-areas £
/4% TE requirement 9 Fitg) °
(2) #4845 & (Path restoration)

ERERSEARN ¢ERELEARENBRIEAB G &
RRGEEENGBRL TREARRBEHGHHR(R) LG —%H
¥ ot P R &5 85 o ¥ strict-hop routing k3R » TE requirements
THHEEM B G E > B THR CE KRR 052 K% XK
o Bio kAERESEE A & loose-route hop » RIRH T A RHy
T T BARNER -

GMPLS =3 ZEF FT—REBFE R AEB R TV ML > CRET
IP $2 photonic layer f& 278 B4 &% @442 > 4& 1P & photonic H &
AR BT > FIAF interoperable & scalable #9454tk -

2.1.7 RAY™ 2545 U4k R H 4514

Movaz A3 g4 & BB AKEH T R ¥ A LasS - & RAYstar-
RAYexpress ~ RAYextender ~ RAYedge ~ RAYo/s B RAY tracer 6% » &
EAHG M0 TH -

15



Movaz Product Portfolio

High Density Integrated
OADM and Optical Switch

Hub and Core Muiti-ring -
interconnect Multi-Service On-Ramp

8 wave Access OADM - CWDM
20 wave Access OADM - DWDM
40 wave Metro/Regional OADM

_ 640 km All Optical reach
EDFA Line Amplifier for DWDM
Metro/Regional Multi-span
E: ded Reach A
\_ GigE & Low speed service

Aggregation
— Customer Premises CWDM

0SS Gateway
IMS/EMS GMPLS Enabled
Graphical User Interface NE Software & Control Plane

2.1.8 BHBEEAK

RAY" &t 4838 64 RAY tracer % 4 4 A& F 2 H X > £ SNIP
% > T2k Auto discovery &% 48% LM A HREFUNE » BITHK
SEERREREEEANE W TEHAT

* Auto Discovery

* Commissioning

¢ Maps & Chassis Views

* Fault Management

* Service Provisioning

¢ Performance Management

* Inventory

¢ Software Download/Backup
* Security & Telnet

* Audits & Synchronization

2.1.9 k@B A LML LT
RAY™ &5t 4855 16 F 7 R UABSS ~ Bh A AP 41 B Ry AL

16



BEXEARA - TH:

Regional Networks
Access Networks 200-600 km, +40 A Metro Networks
< 60 km, few A <200 km, 20-402

/‘—"——'»».~

G
= ,__/ﬁu/?\’/’

Optical System needs to transport data with low bit error rate (< E-12)
across fiber distances

Network design requires precise estimation of impairments due to:
» Network Fiber (loss, dispersion, PMD, nonlinear effects, etc)

« DWDM Equipment (loss, noise, chirp, crosstalk, etc)
* Operation of System (adding services, nodes, aging, etc)

Hod o 2Ekeyigitig &k (impairments) F W K £ & i
(Transmitter ~ Amplifier ~ OADM & Receiver)#) &#48 % (& TH) :

Transmitter impairments ~ Amplifier impairments OADM impairments Receiver impairments

« Power * Noise (ASE) +Loss « Sensitivity

+ Noise » Gain stability « Crosstalk « Noise

* Chirp « Gain flatness (ripple) + Loss flatness (ripple) * bandwidth

+ Extinction Ratio » Transient suppression « Passband width & = Other (linearity,

« Other (linewidth shape detection threshold, etc)
SMSR, etc)

Span = distance btw 2
network nodes
o

Amplifier

Optical Link = multiple spans

Link distance is limited by transmission
impairments
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2.1.10 4@ 202 KA
RAY™ & e 485 48 8 M R4 245 (1990° s) ¥ LA & 4 40%~60%#9 CAPEX
& 60~70%% OPEX s & » M B4 GMPLS i £ F » R R MM EF & XF
BRARE BATRRARAKHIA
(1) Business Enterprise /& A & % 3% &#& data #R% > &4% GbE -
ESCON ~ FICON & s i# i& (v 1% #:69 SONET/SDH 1~-& ) -
(2) Educational Institutions & R % i% #Ar R ARFS ~ remote
learning BA Ge BEBMHE)MFY - REMSEXRA  TULE T &
W R TRRT BAT RS EEHREIRE -
(3)Enterprise Gateway 324 AR5/ %5 ¢ flexible
connectivity > &= F & -

Movaz Access Network

* RAYexpress performs all DWDM transport

« 2-fiber Ring

« Regeneration as required

+ Optical Channels can be unprotected, diverse routed, or line-side protected
» SDH ADMs are assumed to have 1310nm optics

RAYexpress RAYstar
[ (Onty One of Several Potentiat Access Rings is lilustrated) | Head-End

______

Service Interfaces:
E-1

V(| Es

STM-1
L STM4

STM-18

se4h » RAY™ 264835 73242 Optical VPNs BR% » £ GMPLS B2 T %
P Tt 88 %k (dedicated wavelength) k » B 47 % 3 optical
bandwidth & ¥ % ER% -

18



2.2 VPN e &
2.2.1 VPN £ 8 &

T & %% Network-based - CPE-based & Application-aware % = #&
VPN #2473 & @) » 4o F B Ao ©

/ /VPN Technologies - AWoﬂd of Choice

& ‘: 3 el
Sl AR f
W{cm—awnn CPE based
S5L VPN IPSec VPN ¥irtual Router Céreuit VPN i fthernet VPN
| tPsec / Mprs / Be ! ATM/ER | optical; MPLS

Partner extranst } M«!ofhlndt Quitsoun
nd |

iced Network-to-nefwork

and

d pirployee & accoss

appﬁumn access | nehwrknmu !
i

Virtual Private Applications Virtual Private Networks

N@Egrﬁwlbkns Chses6ret2063- Royal Pioes Rasost, Goid Coast, 14 dky 2065 /‘
2.2.2 MPLS VPN &4 (Network-based)

BN AR A% BT RASET T @%b 2RI RBER -
184 circuit-based z FR/VPN & ATM/VPN % BR# > €% #i4k [P-based
& MPLS VPN 84X > £ & 4% b IETF .4 T 462 &2 (PPVPN) i 47 GMPLS
VPN ¥ @ eh¥E 3t > # B AT router-based #3 MPLS VPN & layer 2 & layer 3
HRAERFE ©
(1)Layer 3 MPLS VPN mR#

P 3ty CE 25 554 & Static/RIP/OSPF # & 1 81z ¥4 & ISP ¥
He)PE B BN K% ©:8MPLSCloud ¥ 2 3 4% & X k3878 (LSP>
Label switch path) » # % F % b ERX#%2 VPN 5 —3mey PE B &
BRELEF A —ma CE B % - 3848 MPLS VPN 695 AT siaZ 4%
IP-based P2P 2 P2MP &4 &% VPN 8% - % & w £ MPLS 2 TE (traffic

19



engineering) sh & » RITE 2| S 4 VPN Bl ey iRFF 2 H - Rl > B 48
MPLS VPN #% X R #3424 [P-based ¢4 iR #s > mBRKIM DK RARR N 4 H
BHRVPN BT EZEREFRAPE RGN DULBRRHEFLS
EPRISPHZIER]AR -

Layer 3 VPNs RFC 2547bis

. . Sudc.BGP’ IUP DSPF

Static, BGP, RIP, OSPF

How it works?
MPLS label stacking optimizes LSPs in  Benefits:
e core
tand based/int abl
o Each PE router has a routing instance Standards based/interoperable

Ease of provisioning

Uses scalable BGP/MPLS in the core
Supports overlapping address space

« Routing & VPN membership

Flexible and scalable IP QOS
information distributed automatlcally Automatic full mesh or hub & spoke
via MP-BGP

. t(_I:an gubstltute IPSec & GRE tunnels Supports wide rage of access types
or s

per VPN - VRF

* Learns/distributes routes via either
BGP, OSPF, RIP or static routes
fromito CE

(2)Layer 2 VPN B

VPN EF oRadib B RE o £/ F@%(FR~PPP - ATM &
Ethernet) sA 384 Tunnel #9F XX —EE T TRHLEBGE =
J Frame E#ZMBTRB AERERT FPTRETRERBAR
ER#ESMEBE(AEEIPHE) RLEAFRATKGTEHN - KEy
HEBBETESA -

(I) 5#3: Layer 2 VPN %

2 1P 4855 L RAEAMA > 2 M FR/ATH &9 DLC/PVC i i@

MPLS &9t » 48y MPLS 22 3r 89 LSP » B 2| A 3% 2 FR/ATM &%

DLC/PVC ; #X% 3+ é.4¢ Ingress PVC i % MPLS 483%- &9 LSP 1% 3|

Engress PVC > g dsgeddagd e R - BB P TUFHEMR
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layer 2 VPN REKE4te9 FR/ATM 483% © B 374 %48 Draft 42 :
Kompella & Martini -

H F Martini #24t Transparent LAN AR# > =T S48 4 % VPN &3
HESEBERLR | RBTHBRMA draft Kompella B A TR
T &4 Martini zh4E st - B B4 Over provisioning sh4E » T Ak
E KA L2 MPLS VPN 435 ¢ P A8 -

Layer 2 VPNs

Tunnel LSP

» Consolidate multiple service networks onto a single core network
» Focus of two IETF working groups
~ Provider Provisioned VPN (PPVPN)
» Layer 2 VPNs over tunnels - Draft-kompella-ppvpn-12vpn
* Virtual Private LAN service - Draft-kompella-ppvpn-vpls
~ Pseudo Wire Emulation Edge to Edge (PWE3)

 Various IETF drafts supporting encapsulation and service emulation of pseudo
wires
e Also known as Draft-Martini

(I1) % 25 5.3% Layer 2 VPN Mm%
BEHERBFLBFESREHOE Intranet 4 E L » TREZF &
PR Sy 4 B L8 oy D T RIBAE A BT T 2B Layer 2
POS/ATM $2 Layer 2 MPLS & #& -
(a) Layer 2 POS/ATM VPN : #% layer 2 # VLAN Tag % f.£ POS
@ > T K4 VLAN Tag T8 POS fr@1%i% » 3 B4
Spanning tree ¥4zttt > R E HFHABE - HAM N EH
% VLAN ID =T ATM PVC sk 20 #1 & - 28 ATM B E %
#§ 48 ] VLAN 1D 6 48125 & 4 - R i g 4 Z K 489 % 4% A Spanning
tree ME AT E REBE > BEHABRLYERE - BirEE
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VLAN # Spanning tree 38 & & # AR K AR » 8 HEH L
EMELZURFHNEEHTHZA -

(b) Layer 2 MPLS VPN : Bpz 3z VPLS(Virtual Private LAN
Service) &y X » A7 38 VPLS 7 X &% €15 ¥4 A2 4449 MPLS VPN
% A% Switch/Hub > i 48 R B & CE > &% R T4 4 MAC 4 it Z 48
R AR WPLSRHEH > SEPER GBS ZHEEYT
fully-meshed # LDP Sessions 4£ % Signaling @ i Az i E 2
# LSP F# > Bt PE % & 4784 % Transparent Bridge 49
i RE%EH18 LSP Ai-4# B 693 MAC firak » 8 T LA %ol 3
6,2 % @18 LSP £ 3] B #h 3 0 #yd K4 MAC frakegst & A1
A flooding X %% 4518 VPLS s B - B A7% W draft &
# : Laserre & Kompella -

Virtual Private LAN Service (VPLS)

! : Metro Ethernet

BGP Signaling

Application Benefits

»  Allows for the provision of multipoint * Multi-point operation simplifies both
Ethernet networks over MPLS core provider & customers environments

How it works? « Routing over an Muti-point Ethemet is

easier and more scalable than over N

¢ Operates the same as draft-Kompella point-to-point finks

— Label stacking for traffic separation

- MP-BGP for VPN auto-discovery * Simplified management of broadcast
* Supports basic bridging operations ~  , gnables Operational convel
) rgence b
| RS ond wiC RO g S g e
. raft-
Ethernet switch/hub/wire to customer %mpella &

2.2.3 IPSec VPN ##5(CPE-based)
IPSec(Internet Security Protocol )% IETF R i e4:& F %244 > & IP
RETHIREHEYRFS U PHEFOE ZBAHA mERELE
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Ea %% Bk Fv key management o 4 A F o [PSec Rt Rir# @R g
FeHER A RARZGES -

IPSec %X 3 WA E % © H#H4 X (transport mode) & i@ EAL X,
(tunnel mode) - 1R#4# X R4+#t3t & ¥ &y payload /w > MBEH R
# IP Header AEBHBREH FhoE  BALERLBERALRE S
" IPsec £ IP & datagram 1 /8 ESP(Encapsulating Security Payload)#w
B E ESP %4 K S By X wE 4 4% 4 DES fv Triple DES ¥ »
L EEREHE S w TRAT ESPEAALR —E IPHEy NI A
$A ESP T sa 2 —#& &9 [P 4938 b fF 3£ -

TCP over ESP Tunnel Mode

Sender any node any node any node Receiver

? AP hdr * P hdr * P hdr* ?

IPSec hdr

1P hdr iP hdr

“TCP hdr TCP har

TCP data TCP data

ESP # R $t B E e F ik RRH T KL > M [PSec Fo#55 —1@
& 24 & AH(Authentication Header) 8] & % P/ R EAT5EH 45> Al
g1 ESP £ @B X BBk A (R EHEA ) » Al #4% [P Header 9% & >
iy ESP Rl # & # payload & 4R & -

B BELBELBME N AEFH —F Security Association &y
Ho bLHALTARN—HEE  EFRLEABFELEANR - key» LA
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£ B R EmERBREF % » @ IKE(Internet Key Exchange) i & #24t T
PR s BE e BR3s - THEAEHEA BRI R > EiEH key 49 XK (EA
Diffie-Hellman) ¥ % - |
BAT& ¥ Intranet s Extranet % %@ Internet 8 » % %88k X
#a2 E Site to Site VPN(IPSec iw ) e &4 NS HREHEELEE T AN
2 W3 Intranet F& B) & ki%ﬁ Client to VPN Gateway » H v b
Certificate management ##](%o CA ~ LDAP ~ Radius)#y X, » £ A&
HERHWEBIZXELE L VPN BF > IPSec VPN TR AT R DM
(1) BEEAE%LELTE FHey VPN Client it -
(2) REFBBEBHLL2HBE -
(3) se/ARBAF T o @A L -
(4) LIAMBTHWERRE -
(5) ARBEALLBREBUBAAZIRE -
18/ &R 8693835 > [PSec VPN 9 B F X THE SR LB - B B
[PSec VPN 2 R 2 @B @iy » BH KPR Active #9454 -

2.92.4 SSL VPN H#F

SSL-VPN 44 # #4187 SSL i@ 315 2 > a4 A 4 3% & & — {8 SSL i i
i §a1h 3% ey SSL-VPN 4432 38 4% - & T X4+ Web-based 5 3k Web
W16 R AR A O R M H T BT B AL S A A
ARXGR2BE - fEARA SN FAREETHEE KB IH AR
Ko EFMBES CRARHREAREMRY P BA BB HE - SSL
VPN 8545t > KM% T [PSec VPN eh 232 % + wifA T £ 5 KA
BAORLEANRER  RALREEH —A&HES o B 4E% B SSL-VPN
F2WEEME ¥ Intranet My E T HM4RIRAL S AT BAE
;E‘ °

SSL-VPN 4 %% » EB TS AR TAER GRE:
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(1) *E2%% Client 5 -

(2) xBES1kEA % -

(3) PrAEAER A ER BRI E 2428 SSL-VPN FIAR % > B LT 4
SSL-VPN f1 AR B4 7 ACL B #E# %  REASKRBEABE R M
TEERAEER i EROEEES -

2.2.5 1PSec $2 SSL VPN &) tb#

THOMAEETNRRELBEABR (UL FETHELERZIELR

MBRS > LEUBRT LS BEAMBIRAE > [PSec #2 SSL VPN 34 % B 27 o
EXRGEAFTE -
%/ IPSec 92 % X > H—EEAZHAER LK ER—BEH
B MG E—HRMN Active g9k AE - Bt 0 — 124 A E ey TR
BENME > BEWRTIAZEB Active B9 BB L BN S —E 2 L
R NG PR o 45 A SSL-VPN ehid sy XA T A S MG AR 4 - B B
SSL #h & a9 38464 Xt & Client % 8 Server s AT EH 4 ef > 24 A
Stateless ##] & (P73 Stateless ##] &% — % Client/Server #9ig
RELARXHAARE > MBTRR > T—EX LR EMAGHER) > Bk
BENROBMERBHER -
ELEANNBEATEEREEF D ANEBBREALENY

Intranet FER E#5§ » 4o R4 A IPSec & VPN 224#% » R Thetbuyid s &
REMEP MGG RASES IS KBHELH R #at il
BRI - 2R EE A SSL VPN # X - Application £ & F & X &% »
# & F 8 Port 80 = 443(— A% HITP i s &7 % 8 & 18 Port %3@) > B
Sely Ktk s A B E M{E Port s HASKEEEME > #£A SSL VPN T4
RETENGEAM  BEARSSLIPN ZRABMHE » FAA EHIBREETHE
i@ Port 443 R E » 3 H B F 4= Port 443 R4 A& ACL Bp<T » R
FEAG K LS —EARAEKMEAE e Port » Mk Kigir
K% R B o %8 Proxy Server e9% By » T A3 Ahu T SSL i 45 3%
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Ai [PSec VPN 48 % % # ¥ A6 A - %222 A SSL VPN ##1
LA REHBRAEA HASEERERA R R2 2R AEHE T
sidy "Application & Mobility/Flexibility ; /B4 & R 54 SSL
$ [PSec thiB A% > 2o FH -

i

/4
SSL or IPSec - What’s the Best Fit ?

A\

ey

Mobility / Flexibility
| )y §

2.3 mBRA

Intranet ¢9RFE R A E KL > Lol MEH - WHHEL et nit -
kfeA pie¥ 5 MR > £ FHANGBERALE VOIP Hares AL
¥ Intranet #855 > AR BRACENZBRELELPE » RELE
BB #EA Q%ﬂ%&ﬁﬁ%% CEFVOIPEA R CENKABEEZLE R
W TR BRI RS AE —ms L -

27 4% VoIP A 643835 5% (<200ms #93E 38 ) > [P W35 2 A S 204 4t
QoS 4738 > 2A B ATHIRR @R 69 EH M X R Ha > 2K A Internet b4s4
end-to-end #5 QoS F L B # » Xi&{h\#l"l‘o‘l‘ Intranet 4934 4 Domain &
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BB RS L QS ETERY » LEL VoIP £ ¥ NF G R
MEEERMEHLSBRA » BAPSINR Mg ABHERBERELZA -

2.3.1 QoS # 4
B AT IP community #{& 7 %18 QoS 42 % » 4 %] % IntServ
(Integrated services) #u DiffServ (Differentiated services) - &
-3 Cl
Comparison of IntServ and DiffServ

IntServ DiffServ

* Hard guarantees per flow * Relative guarantees for
possible aggregated flows

+ Complex operations at every | « Complexity only at edge of
router in the network network, simple core routers

* Router to router signaling « No signaling required (just
needed configuration)

* Problems with scalability * Good scalability

» Connection-oriented QoS * Packet-oriented QoS

IntServ 4% A RSVP(resource feservation protocol )i & > 4+ &
18 traffic session # I — {7 @A L &y virtual circuit K% 2 QoS L&y
FR-UWEHMOFRA L CHEAZRETRHEENRE B
HSEEAFGEHALTUNEBIREZSE  FATREARA Y
routing protocols- 48 R IntServ i T & 2 L % i@ % & overhead 4} »
B 7 IntServ &4 MR 45 @& A IR 7ot (scalability) LA 48 & A2 HE
BRI -

DiffServ Bl &M B A48 QoS & Ry traffic & —& > #F —#
O THRBE-—BEYRBF R HHENOFRE > AR HMEI e traffic
session ° B— AN EH&F —EE L&y DSCP (DiffServ codepoint)
RE% > HBREHF > 4 —18 DiffServ node & 4% 3% su#A %! &k &y DSCP »
& 4% 48 # /& &y Per-Hop Behavior 4t DiffServ domain A% o ey b

27



SRHEARAE PR QoS B B H MR E - A H» IntServ #2415
DiffServ s & Mt BIF & £ A sbf > 124047 & DiffServ 9 AL - R
# & Euy traffic session # end-to-end QoS FREER BB A E R
Bl -
DiffServ ¥ % £ 7 % # % k¢ behaviors A# % :
(1) Best Effort - T4 k4% - % 48% B £ 5% 5 drop 89 MRHH
B o
(2) Expedited Forwarding - AR EBEERERBRELE » XX
#IRE BT RAOBE -
(3) Assured Forwarding - 4 483 % E 85 7T 4k contract K< Z 4y
BRFS 5% H (4% 4 drop precedence Rk & & @B EEF > FR—EH
BRTUKE) °

2.3.2 VolP &y e R 85 &

4% IDC %3t 8557 > 2003 SR EEMHEH ERE MG SRERAR
F6943% > 2] 2006 FFE A IR HE 6,345 R s GRLTRAEART
HLERAE R BRI -

—EfES VolP FH e cmEaREF

(1) #aR:E B (Media Gateway) - & FH¥ZETRKBA IPHE -

(2) 4428 R 7 %) B (Media Gateway Controller) - A R FEAKA

$mahis o — M A Gate Keeper % Call Server »

3) BEARS - REBEL{KATEAEAFEZIIAR -

(4) ¥4 M 2 B (Signaling Gateway)  7FEp SST MRMES » £ ¥

BRI RBREBBHEHEL ACEERIAT » AR Wi

18 & A AR ©

BRI VOIP 4R R EH kA =MH X ¢

(1) Basic Trunk/Route Replacement
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AEHEAT 0 3RS 5 2 M %8 VAN 4% VoIP &
A DERGERIKS ARG PBX £ Mm% PBX SRR AFZELF A
& ER VolP eh2k o ; B 8% PBX B4 35 F 4 + 42 E 35 3] PSTN
@3 SASR A — 4R fy A 351 0 4% WAN 58 4 A 7 8 8 (Over subscription)
BrEA ©
(2) Router-Based Key System
s B AR Key System BeXfF 4ty PBX » ¥ ez
BEHERI S ERBEHIBRIBETFS > ZFEETREAYKey
System % » %18 WAN R3£ 480 S) B & 3 - S] R 93838 > 304
A PSTN 4% 3% 4h & ‘& #£ (Outbound Call) -
(3) 0ff-Premise Extension
ABEEKAT 0 S AF) e b B4R VAN 438 dy 4820 5] ) PBX
RAAHERE - ZPBX RS 2N S ARBSH Lo R ES &K By
N B RE R B F ey sk R & (Dial Plan) REBE 54
(VoiceMail) - A # p 2 al#iT B £ 98B - B EB VAN 2
2|48 3) 89 PBX » K& A sMEZE PSIN -
toig w48 VoIP B sbdo Cisco M— R IP B A& A bl LEE R
A B A 22 (Architecture for Voice Video & Intergraded Data;
AVVID) 232 H & » #£18 IP/PBX /- @ xA & Voice Gateway * REIRAKR R
BB EH BEEDEREEL AR -2 IPEBFERIIZKA IP
PBX o A< A1§4.PBX» B BT R EEREMH R ABBEAN & IP Phone
# a5l [P PBX F44 Call Manager #h#d4 » — BT 2| 0¥ 0T »
R & & jm—18 VoIP Gateway Bp T i& £ PSTN $#i£ & & - A B L 54 A%
4o F :
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fRay 0. SO

#025_05_2003_cb Ty — H

MELHERBEARALF AN AL EBEERAYELAES
WeyKe > FEERREELSS  BALESS T o kA48 M IR
R EayER  BREBARTHRBELER FREMN - EEFEUREIA
PeAeth % TACHRTS -

F=F SHAER

RARELERE Intranet EFAN S LERABRBFCRECELHH T E
Aebgmnz— o Hd IPEBAAHS  FRAREOEESET - ANMAR
BOMBEMN DRADCEEMLFE AN BRSERK > MK
BARENASCERF N Bk BEFEANN—RDAEB LA UL LTS
FEROBEE > RAERARARQARFES L REYE -

SEAHERITIRBEADESTAMN - THERELT M > VPN 24
¥ & Intranet # Extranet ofey.0 23838 - A ER - A3 & [P
Be R AERE  £R A [P @ a4t Network-based VPN &4 & &
i PEFERKGFASHIL REE VPN F XA LA R48F > Bk
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CPE-based & Application-aware # X, &) VPN In G R AT > mEE
FREEX VPN 2 IPEBYEFI MY ERARFEANTES > Bt
BRAEY R VPN RERFHREHE nBZI ¥ VPN ERad
T GRRRBEN - FIerehfk [P @B 2 Tiglb % -

BAE TR RE RAEEA S & REREN VoIP s9 45 & - VoIP
#3% 7 Dial Plan ~ Bearer Features ~ @ &% % &7 @3B ML R 4
PSIN&y K% » RAULFRIPEBR TR A ZRABERGRK RS H
MHELZBRECK FROMBETIARN MRELANEHET - R
4% Phillips Group InfoTech 2000 &9 & & > wE RN & F B8 80%
¥ TAIRA VolP  Mm#EA 500 2 A L E Ty 815818 IPEE+
GHRARI c BHORRAR  FLBREVEARADANEEEREH
AMEBEEBREERGBBEE AN FA L ARRBETIAR
AR ARTEERGALTLLRERA VolP 985 - AR RERAD
¥%F Intranet 24 MAFZAE| LA HER % -

£EERZ B G 2REHMEET > THERFHL > @ IPHRESH
REEREGBEBRAE AEANIRARREHATHELETHEY &
BTRKREAFACRAR P RARMARAREOERAALLREY
BB SR RBAITRM T MRS — BRI B R L RRT
2 BRERMAEHFE  UALIBELZEHARHELN  EMETRELR
FEY -
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