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m
AEBRSEaNBoomrEzmd BENBLLEER
WA B A R R B 0 ERIE MR BHAT 0 RRBE S REBR
H2AF BENBMOVAZ NS LB RBELAER A

NAFMEARBERZEAMNFET REBAGRBEER -



o}

=
=

=Y

EEHGEFHER AMHERATREE MM BRELLHE

B

3 & o 1% Internet A £ § 2AF A 49 B 3AL LR REHF G A0 M -
BEEANERHARHMEHECEZEREBRESHER - ALK
0THz HERBAALS & RABBERAXFBERNEH KK
FRHHN - ABEEKASHS (DM EL R ABER A AT T
e 10Gbit/s » BR B A %R ER T A £ Hirfo 2 F L R o A
LBRBEHAES TARTH A ABAIEHE 0THZ AT —ETAT
B TUTHEBELARALERARSY  ARBZABEEN—HEA
BT o ERABENAGREORFZLFRT —EAHYHRM- £
HOHRAHYEB T WREBRFHEANUEETRRETRGREE
TR e B Al T B (10Gbps)sy FR] - 8 T6AF 4T AL
AMmAM BERERMFROEHELBER P RO/ EHE/AH
WERMIEE - A THRE-FA  AMRE T 2%48 AON(AI

Optical Network) 89 # & °



2.1 RgEBEA X BERAES

BN ER R Bl 0 WRIRF AR RN A 0 SRR
HAREHE R EFHEABRARORECROER  EMEELETEY
ERaEnaed  ALEfEBUEHMEALBEARNHE EXXE28
RELHATXARRG TR AFRERBIEMY R K - ¥ SDH
ATM -~ Frame Relay - Ethernet & IP % & & 4954 $h R ilr ey MRk 5 B i
FREZGRR > MABHR - REEABAEZRHHROALBAR TR
AENFHERANEEARTERNERGEZARIY - AROYER
WA CRBY R A ESE )RR o8 3-1 7557 5 IP~ ATM -

SONET/SDH - Ethernet ~ Resilient Packet Ring(RPR) ~ WDM/ DWDM -

3 ¢4 48 3% o JB 454 T LA % Internet Protocol (IP) &) & #4327, 8. 1% 1% 3]

Jo i@k & T K5 IP over WDM(Fiber) » 7T sA 4 F 7] &4 ¥ &,

1. & & ATM 4 -

IP- ATM— WDM or
[P- ATM~ SONET/SDH-~ WDM

2. #&d SDH s 4t -
IP- (PPP/HDLC)- SONET/SDH- WDM

3. f§4tey SDH & ek 4t :
[P (PPP/HDLC)~ Thin SONET/SDH~> WDM or



IP- (SDL)*- Thin SONET/SDH-~ WDM

4. # & Ethernet B4t -

IP- Ethernet MAC— WDM or
IP— Ethernet MAC— SONET/SDH-- WDM or
IP- Ethernet MAC— Digital Wrapper(G.709)- WDM

5. #& &5 RPR (Resilient Packet Ring)af &+ -

IP- RPR—> WDM or
[P- RPR—> SONET/SDH- WDM

6. HiEBA 2 A4
IP- (SDL)*-> WDM or

IP- ? - Glass

* SDL : Simple Data Link

B A b & A8 uk 4 3812 T LA 57 49 i #AE 45 0 IP over ATM - IP over
SONET/SDH -~ IP over Ethernet over WDM A& IP over RPR over WDM/

DWDM -

HERGERRFEERL  RENFARE - SHRBHAR
PR S BARE IR K (QoS)ey & K - i&#% IP over ATM ¢y HiiF B A 8 K
#EE 1B IPover ATM £ R A £ XA & IP F %4 B A b ATM
M BRBRAENERBAFFTARNERENE RS LA ZOERT
R Ak RARE K E TP RA B4k A oA SDH & A s ey {84 > Bp IP
over SDH - IP #4451 2532 SDH A8 & 4> TTH# IP B oy X4 2

#1251 2 (Point-to-Point Protocol ; PPP)a 4 £ SDH &9 #854E48- X, F » 7T



LU & P B &y ATM Layer > sb 32T A b4k eh 4k RS MEHR F -
M5 4B B8 3 4 AR AR

B 3T WDM % % ¢ * 2:% & #] A SONET/ SDH #y 33t 46 X RF £
BH o kR 4838 4% AF R RIS SONET/SDH g9 F K » 2%
SONET/SDH £ A R B £ N AT CHAEHS KT ? REEB BT
BT KA £ 1998 = SONET/SDH %2y TinAEE 63184
7.0 f Fa4E & 2003 423k SONET/SDH #7735 2 44438 %] 15 AT
BT b KB E AR 2 &2 B AR AY B @k (ntelligent
Network) & 489 % B % kAP BRECRFEEEL THRERNE
¥ 5 4 48 % B8 #18 7 &3 SONET/SDH % 4tk % 4835 (R eh £ 83%
% BAHTEA H—ERRN BREHLAERTOHEEEE TR
2 A % #%3% % ¢ PDH 3R #) 5 A& - SONET/SDH W% T fe 2t &4
Bk REBEIFHLERENGRGS  EEBATEAYE
WA OBPEY PAHEM - LENERELEHRBEAZHRY K
BBERTRBEAABHRZAR  EARORZTEBNTHELR - &
BRI HEERBEEEL  EARGBEN  HHRFRA

SONET/SDH % °

B AR S BASSE @ T » WDM/ DWDM H 4 & & £ &6
1R85 HaF 2 — o s WDM/DWDM £ SDH Fl k48 &4 8 e 32 &

4



(Physical Layer) » 2 & DWDM 4§ 7T sA B #: A KRR &84T 5 /M 5
T M SDH R EMEMRR BITEHN S /M5 1> Hit DWDM
BB TEEE $ARSER  BEAMRHOMREL > TuRMH
5 e mE LB AL 0 45 4 WDM/DWDM By A £ 89 # 2
WAL EB Y ERE R EAAHRTAE RRAGES REHRE
TALE A5 R T WDM/DWDM 1% 8 % #0147 4§ & K R M5 8 364
oS BT o
22 G AE A KB

EAHF & BELBEKE 2R S i gk &R BT &
B3 2K B WA o A 1L55um B o — B RIELR
$AHGOTHZ) » TUEME E 5% % T(DWDM)#) 415 SRR B £ — 4%
i EEE  BHMSBEHAKRTUERY  8FSHE - 1.55um
B MR BEDFAE AR B AR RBEREH L TR KS TH
R EHBERIES  RABBELBBEREL T ORI ME -
gt 2k DWDM #v EDFA th & 4 BB B R L BE » 214
GARETELOEHER  RAAEBWMLETHH BT ETASASY
FEGHBEEN  c AMBRAEHEREROXCO) A4+ o#Hsk L4&
P fod i BN F SR A RN ERTE  RIERA

AEFEBRIEBEHEBETEIMASRMEERE - PRAERS

5



EENHBBEAN L BPAERS TH(OADM)Fo £ X ##(0XC) »
FRROBLARRKBEBERBAGHENZT ERENA  FRRABELS
THFEAROERTR LT o R & -

BATEAB R AKRLTFHOADM EL&H A BH %875 & 4 OADM
HEPEHA 0 M OXC H RN i%—?ﬁ%i%*ﬁ&iﬁé@f%
BedF~ BRETHE - BETHEALRBER SR LHM - BATE

R MMELAMEMS)RA AR EHREHFEEREH
2.3 ke

2HE 0 TR RS G AR EB MR E S TR S o A A
EABETRETAGGRERE > BHEERRRGIR B HEH I
HEEEHBRETHRERRER SN BRAKRE B/l -
2 WRE PSR AE TR AP R M6 RBE KR
EBR 0 PREEHDAL > FRAAATHRZ P 8k BN
HIERG RO RAFALETR KGR FRAEBARETOAHET L
HRETZRZFHURSHAE - 2 LERMRAABERABRY LE
Hir o R2 e AEMSRA%  BAT AT AN EEALELR
TREMBEFERRBAMEN T2k, AFRRER -

2 B AE 4988 o &5 4 o B AR AS & (Service layer)fu 1§ 12 &



(Transport layer) » 48%51% %% % % SDH & ~ ATM B Ho £ 1R35 R - &
328 & R E IR % T # OADM(Opitical Add-Drop Multiplexer)fu 7
#:#% OXC (Optical Cross-connect)48r%, - £ 6448 » HBT @K G
£ (Rerouting wavelength) » £ @88 P H R AAEH EMoEe - ALK
BB B 0 e {32 B 5548 49 28 Pk 18 (Restoration) 89 4E A -
SAEAREEERENBR STREAMELTR - B EREAD
KAREE PABHILABERALT  ERAFREMAA/ENE/
Seehiih o RIEBRAHTE TS ASAAE o B AR R AEIOR
RIE MRS RS - FoEREALENSAE  AXALER PR
rREARREEE ARV OERRE B  RBURSRST/RS
I RE/EEESNEFEGATRTTA - TAMEHOALER - X
¥R EE 4 ERSAEFROGE MK ¥ LE -
Bk FRELMAERE RTAMEMERN - B THAER LOA
#4846 (K AR HEE T RA S » £ 1380nm f A —18 OH &
TR - R EAR T ZRIEFROBFBIHILBE AN ZLESA
B 240 7 0.5dB/km R EH A G H T2k TALLWAVE, &
o KRR TR —I8480E 1 0 EEESET B v FiE 0 AMAFIA AR
A s T1310~1550nm B —Ha o ) FRABKKR
o EEARAE I OHABALRYE BRATTHAGAEAERER - AT

7



FRKEHABET LT HREMARREE FR2OADM- A THEEALL
BAK AL G EE  @BKMEE FEEA 0XC > OADM #» OXC B
AHBEREOAMMALELR ATREZRE AEBRTEME -
FHBEABRBZOEH R EQEBEN R RBRBRRAR
WHEST - FEAEHTERRRE - ELEGETRA T 2AES Y
A -

24 kBB

@32 % OEO X #% & ¢4 R4
OEUEBETUNE K15 5 BIRAS o B G I 00 0 B A -

O LA B BN IR ER BRI TR ER S T - ik

TR



3.4 5k 18 E B A R
(—)&EETKS T EDWDM)

DWDM (Dense Wavelength Division Multiplexer) 2 % & » £ 4% — %
F TR 5~8Tops(HAEN AT EE—BEEZLHHELE - i
FBG (Fiber Bragg Grating) & 4 Jo 4 2 #4F » & 3% /1 800MW % ¥ i #
48 (Multi-pump Module)Z % & ° {£4F Raman & K2 & » T C(1530
~1560 nm) » S(1460~1690 nm) » L(1565 ~1595nm) 2 =18 3% -
FA9AE 95 18 N$L B 3 u - 3B 5T 3 K 15 8 2 48 & #E & (Ultra Long Haul)-
54 128\ £-3% & 40Gbps 2 DWDM A 4] > 5.2 Tops TH=ZB~E - 8
A& % Az Cband » T4£ %] 80N> \ 48 /& S0GHz » ju Lband > 7T
# 2] 160\ » \ P48 50GHzZ - Sband fuAtg > THEZ| 240N sbsF X
HARERL A TFEAEEBRPLORMZ B B ATHZLE
BE K MEA R EAEIEMRES T DWDM FHE KiaFEAE - @ 84T
ALtk -

(=) £, % T % (Optical Add-Drop Multiplexer ; OADM) *

& 7 T #8 &' 4t (Tunable Laser)Z % & - DWDM % T TH A% %
Lo ETAARRELRE  FARERERS TZA - BLAK

Ex R SATHE TEH5HE > HERSFRAERME-



(=)5% % #: #(Optical Cross-Connect ; OXC) »

& 7 MEMS(Micro Electro-Mechanicul System)#t# 8 4 42 %
B ' ARBBRHBTHAEREIIR - BATKIEIER T 403] 512x512 -

1024x1024 % 4096x4096 = A K # OXC -
(m) # & % X (Raman Amplification) :

B2 HAAAF A KRS E 4 H HA 2 Pump Module) 18 % 8 5t 4
AFEEABRKNER - ZEAGHHIHRRAR - ¥ H2 T 4t Laser) 4t >
LARASEHZ MR - ETH AR EL SRGKAB R
AARRARZARAEAL  BERARIATHRERESRARZIALT
b B Agte BAGNEEZIEEREL - B EEA
% (Erbium-Doped Fiber Amp ; EDFA) » # 2 M A B X HF A X R ¢ B K
REEHET - BAAHERTER - REFE > 482 DWDM
WAt BERIERE{EH Terabits AL » R EEHEZ— - BATH

# ¥ B 2 K %(In Line Amp; ILA)» $ 21818 8 4 # 8 AT IE1&IR 5 -
(£)ADM-64/ADM-256 Z. % & °

SDH/SONET £ 8 % T #(Add Drop Mux ; ADM)Z & ik 3% i & i#f
# % Z 10Gbps & 40Gbps - & K& 48 04 TDM(5 8% % )7 XA 1E &

ADM  E#H B ERLA LUK % T H K2 DWDM $rig o {2 £

10



i it 2 oo Hi 25 F(Core Node) » It E > shie H i - BAAS
RERZ AN

4% ADM-64 £ SDH & SONET 7% i AU3 & TU3 2 s 3
BB E R EBRBREES - ADM-64 78 % 3% VC4-64C Concatenated
payload: 4 SDH 7T #1 IP Terabit Router i# i& » BF 73§ 2 POS (Packet Over
SDH) - % 4 » ADM-16/ADM-64 % T Ao £ ATM & IP + » £ 4
Through-put 2.5G & 10G % Edge Switch -
RIP BABEXBENOREZ E 4

— b & ¥ 5 2 o ODSI(Optical Domain Service Interconnect) » & &
- IP BABERFEHNNEOREZHR > Lo Ese
IETF(Internet Engineering Task Force) ~ OIF(Optical Interworking
Forum) - BB ER#AITU)¥ 2 T ¥R B H vl > B @2 % -
ODSI & i #; #5 GMPLS(Generalized Multi-protocol Label Switching)

1 IP e EH A @B LA - &3¢ Router ~ ATM Switct &

SDH/SONETADM » &Mk FEALEB L2IEE -

HE A B 1Z € 0 40 MPLS(Multi-protocol Lambda Switching) » 754£ 5% 48

¥ k2 lambda T4 B ERHE

MPLS H B &9 & % i% 2|k 5% & (Wavelength on Demand ;

11



WOD) - £ # Router 1t OXC &4 2 @R+ > FAFE N EHME%
BWE - NZHE T hEP EK - Router 23 % &(Fill rate) ~ 44
B R F R
()48 % (Network Management System)Z % & :

BAT SDH 2 e X AZ PR AR EI B E R X WE & SR BEK
b RHEEEHm X TRAE o BATABITU-T Z Qnn MK & &/
& (Qnn/OSI) - & TMF # B % 4% # CORBA(Common Object Request
Broker Architecture) /™ & * T Fi R AL AR B &k K 2 F] 3 #4311 & (SDH)
WEARS - WELR%HLEBASDHERZEEZNA ZLET

FEEBS L EBRR 0 BIEEE -

12



4R B B
B & OA > KM K B(OAVE L B & 2% KA &4 A 3% fo AR

R ERARFAALEE TR ENE B ARG RRM LR -

Fiber
Fiber
Optical Amplifier l
-
Photonic regime Photonic regime

0-E=Optical to electronic
E-O=Electronic to optical
Amp = Amplifier

B — ~ AHKKE(OA)

ABRBHEEENE T 7848 -
054 M K B (EDFA)R A A B4 8 F > 850 FEBHE TR
RSB BREAET  FAANKOHKK
© F B A M K B (SOA R A A HRGRE B4 AN TEILE Nt 1%
BATHK o
O ¥ kM A % (Raman): 4] il RHCLRF LB E FHM R LR A
B4z JE4 1 Stoke Line M i B A h 4L o

HBARBRETHAAERETEERKR > FFBELE HH 5

TR ARRE - BRBHADSARARE AN —RAEABBIEAKLT
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RETERD S M43 0 5 BN ABM R ERA T RAHLEREHR
ROEMGRE  FEZNRTCHAT 1550nm A6 55488 » #
MABEAR SR BARE - BEREHENYEEA(WDM)  F£5%#
FI(DWDM) ~» 2 A BB ERART  RAGSBEHR L Ly — @265
R EAEE - LFEAMTALCHABEAAREFEZ A BHEALHKRE
(EDFA) ~ ¥ 4k e R B (SOAF e didr F R R B(FRA)E » £ ¥ #:45
AGHAKRBAEFROHERCRLZEANRIESR - KEE - &%
W RMRIRAE A 4 el CATV 35~ B A (T 5% BURARE - #

BEG HEDEEB AN ERRE  FPHBABFHITERKSE -

ABHERE KA BHEBENE - REAMAG L BESEHER - B
AAEBEABREZABELEBHERE - FERERKXSIoALER ER
REZH BEAEASERTHRER  ABHRABEIEZA=HLE
AR EBEHRAAFESERRSURSHEHS RO E | BB YU
ZATEABRRBS AR GABUMAOTLE  EABEHRB T

WHABUBE RS EEEE LR EHERE -
4.1 B4 REBH KB
OEDFA X A%

EDFA * 2 & 48 £ 4K (EDF) ~ & & % = 8(WDM) ~ % & 980nm

2% 1480nm #4 & 8 & 4+ (Pump) & [i& & % (Isolator) % £ 48 A%, °

14



OEDFA # I R e

980nm A Z R M ELH BAEGFHROABEINTRELE  HMA
43T 0 e EE P AT UK A  AE B 8R4 Multi-channel

(DWDM % #) #93K °

BEABHEASAAABEEBE—FHENE  ERFARAZ
EDF $85 > 3t TR0 R AR E e B3+ E BB E L RN
A6 B3 ULk B IE S M B B BAR b dn B+ B 14
FHEEEEA I0ms AR EHASREERE XM THR
#oobE o BRATHRBBEAS  EXHUBHAEFATALERE
HAESTEBANAT  EERETFRRENES > SHARHBAT R
FFEE BT KRG HAEIR - 8 80 FARKRE 90 FRAnH K Aib4s A8

% (EDFA) » 3t B4 /8 A7 1.55um SA R 6 R BRIB 15 R 4 Ak 38
& T RSB AL EH S @ E R 0 B 8 AT EDFA & Bt H 4 Fo i &
ek s A iz eh C ik #% EDFA &% T 4548 1530~1565nm 4%
BHREHE > BFREASFEXR A& BBIREN - RESER
&~ RS ME S & Sth 4 B fo BB AR X » BRI K S Bk KB

RE—AF N ERRABEAKTHIITRZGORA - ARR
% C-BandEDFA ¢43 %2 % E R A 35nm > £ F £ % 3 EH L BIKIE4H
Boe—3a RETAGEBAEAEANARERE  AnEERE

15



BEMGRRER  BRASBRNAANEREEZREER » B
HEHEENHRA BATEEAZARRRE (D mEBEKNE
iRk QR EEMIE Q) iBHEHTE -  HNE — Wik
Yo ik £32 2 2] 10Gbit/'s R ¥ e HMEFE > NERENHET
A4BEAEMBE ETFRE"AEEA - F kb R ZIRMHE
# 100GHz F&1& 2] 50GHz 2 25GHz #4 % 4 %% R w3 R RBFEWM)E
FEGMAMIE 0 BB KA %I KRB B o K MBI LEAK
Ko L ik e EDFA £ 38 s ey 8% 5o — 4% > &% EDFA T4F%
E C % £ 1530~1560nm 4% & %] L i B 1570~1605nm » 4% EDFA #
MARMBEBRT 12 - BF¥ L AKEDFAW) A KA E T EDF ¥ 5
SR e 4n THMAE ek sy C ik EDFA & Sfake £ © flaodh
R R EMHAREL 0 K %3 C 4% EDFA ¢yt M HMinTEA
7 L &£ EDFA %% ; L ik £ EDFA # #/) #9385 Fo B il DA R S8 4
FHRBETF 0 HHKE A RN CHRBREDFA - fripd R LA
£k ED7A ¢4 EDF 88 B % R B R LBHEHLBR > HAREHAERR °

OEDFA &9 =

DI AE 489 1% 35 B 4 % (Regenerator) » Protocol Independent: R & £
HEm o TRERANE LR KKDWDM $ R KIHK °

2)Cost down



-# B & ABH Regenerator

TR PR G HEEHR

3)3% fa % & BE BE

OEDFA #y451:

FEFIES AR S BEM AR # % upto 25dBm - BB F > &

Jet

WIS H O BB ANEROBIFIEEMN - S 2ih s EDFA TREA

# L Band s C+L Band

OEDFA # Al iz

Pk Z(In-line) - §ARFAEBER > BEMKRIEREERE 0
B IEBE -

o % K % (Booster) : BN LS A ATH 0 S Ao RS BB E S
Bz AR F TR RBRFT & GAT e
AT B K B (Pre-Amp) : BN LB UMZ AT H 0 FAF AR AT AR
AEEA URSABEKKRHERE -
42 FEAEXEBKKE
FEE KA B(SOA) R A @R AL BB T ERER

B — AT ERARE > CHRETRAMNREMMER L FE AL

17



HHARTAERARAER - IV FEHRBERAXAERA M) - &4
BAEBE SRR -EGE - HABRECAAHFERES  Bo
FAE  BRAE TEREARHMMARES M A2 YR -
AR HREG BFHERAR BEITHRALITREINER #
BlABAEEE FHMHGFEERARASSAERS » T35 RAMN
# SOA 89 B 2 A R A2 F BAR AR K B IS4 LB K SAaLL7F
FEZRER S HERD - BIRER - BASMOFRER 0 THERE
M EFeRG S AL ABEABEABHARENABRRNHEE -
XA EEEARKREEE T 1300~1600nm % £ » 8L A # 1300nm
FOMHEEAS  LTUA 1550nm % 0 ey MK K% » E4£ DWDM
SHEABBELAGY  BEHAHE  BECFETHEALBKRE
—HEEBWNEEFNE MARTUIER 1310nm % 0 DWDM 4% 4.6

-

AR

43 AR IR KE

ZHBEBHHASRS)AAG PO —HIEKMRAK > CHF— 1 3Hn
ANA AT E A IR E L BRI AT AR E S o R—EH1E 5 H—
BRERAF AL TR BEHERARENRE LG TN
BHER - FERARTRIFRHKA  SREANTEN T MM &
HAARBEBA LB BERABFERA) - HERAEIM IRRNERZ
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BiE CRAMEMBNRL CAAHSEE  (DEENETALA
B BABESAER RTFOEEN QB ARBRFARK
RE O FLECEREGORS  EHERAZRERGEAREE  RT U
KAREERRGERL Q)HES ALK - ARLREART - BE
£ TS -

ERAASBHERREREE S AER T UK KRBEELER
KEFFREER AR FE » 374 1292~1660nm ¢ 3% &6 B P9 47 K
A HGWEDFA RE S0 AT R BRYEENEALEAS - T
WA 5 LK XA X FRA A4 A ABE F R KRBT UHE RARIT
SRR B Ao AR K R S IE B > B R 7 40GDit/s ) 5k A EEE T
LI ERANERASERE A% MARARKEZLE LSS A R
AEFHER > RABALBRH LD ERERD  HAEREABAL
Rk RIABERAARY  EHNKEEDWDM 24 %+ 45 @A
#) - FRA & EDFA 93 % > AZRY @ AL ERRTRERN
100nm ¥ % P L% -

EABRERAEF —BELNBERATEFRAFHRA
MAR BAEHEMANEIEREE —AMEREARENFORE
MAE BALEAORDEFIEREABEEARIRFELA A
ARZEZERGEARRFEHABSHAELAT =B SERE
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REABHEERAFE - BERBAZ ST HR  BE—EASEE

HeRARAS  EFERETRE—MEALTHMENE  ®LET
RBBAG BB AN R RFEEEHE -
4.4 B KX ABKKE S EHE
F— o~ BRAARKE A EHE

1% 25 L7343
¥ H a8k k% | Compact Size BRI ERS

7T $2 laser A#ES R oF R E R oY

- R #£E Channel % X

Raman KK E || AAEK(CEE)R %15

M - BHEFE

# R(L or SBand 24 L)

- $#8¢ EDFA Rtk £ ey |.

Pumping Source & K %

BB AKRE

CERTE

C BERIBF MR % i 8 4 e ME
i

- HEHES

- IR E #

- & zh & up to 25dBm

AL BEBEAER
(ASE)

- B &0 SOA —#%
N BERAEFEFERT
-2

CRH R B

R ABRKELBLEBZ R

20




AR KB BESH
|EsrasrEn EHARMEFESL
A5 RS AN — kA
WAMMEMAXRR R IR BRAPHER X ER R 2R
T,
EAH ARSI 2 2 R S P
%IRRT B ARG BRI RA 0 T RBANHABR

4.5 WDM 385 % % F ABM K B 6938 5 T8 8 $lHk

B TH4% WDM A 4% t9 35 % & - WDM A 4 P48 A 6y LA K
BREBAHAHAOTE SWME R BRRFABEFMS > BEHH
BPEEEHEMRETEZNER ABBEABRTRANNETFER
AEAYETRAGEZATN > RAMREREGHEEAR LR
Ry sz £ o RBABA 0 &£ WDM A4 ¥38 B T BAV AR &
Al W REFHEMMELRY  LBIBRHARZG > SHEHBLEETR
MAk B 1R3E 1281556 SNR B4b > FH3E B3 E 5 R E LM
BMEMEMEEREL Bt B2ELSEE LB RBERNATFR
B RABHHBERLETE  DEABEKR BN S FIERTRE
A RAERE AR AMERN" S E R AR - "R
B RA RBRGHARKBOE R L RS BROYEHHEER
WA BO RN - SN MELNK KB 093 5 d i

ROBABUREDS  EEASHMEFE  ARAT AL BE T ¥
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B H RN E A RBRMBENFNE 5B BB BB E
{efk % % @8 (> ;80Ch) ~ & ik £(>40Gbit/s) - EIEELLIEH & %Y
BR HABBERESNEZ PR RETESNER EnE
EARESEEBTANEE TR LS  EATHEEEHEELS
BWEEE AR ERBAEUE B TRELEZHM - REFEH-LEA
W THUELBZERMN BIRGUHEHEBTHEHELS BMmf &R
AR B THELSBIE - ER" AR ANEEEL AR
B RSB AT AR > R ABM M RAA LR e ams
4 EDF a945 4 » £ M Rk 4% EDFA #4938 3% Ptk 2 B4 #8428
EDFA - # #.1t4 EDFA - # %1t 4 EDFA~ ;2 4% EDFA #v % #.< EDFA
5 B e

4.6 RBH K BHBERET G

BARHERE  AFE  REMLRAR AROEE LK
BAECARAWREM —ABBRABEANR - FAAEEFETEBR
HTHMEER Bt ARRGRBAZTHEB Y > AR KREHER
FOEER AT MBS & :

(1)EDFA #¢ C-Band iy L-Band 4§ &

QAR - RAFHABIELKRE S



(3)i5 5 31269 EDFA EEBB S MR B RITEHER » BIFLAF

P BHKE

DOBRBREHBEORBIR - BB AROEHRG T EHEARKE

A

C)yREBEA G EH S FEBTREBKRE

6)/ 1R ~ E AL REHEKRE -

RE & R AR~ 3BT 69 7 BT RA MK B 4 1292~1660nm j&
REENEAF T LA 300nm 2 LR R %2 Thit/s DWDM k483

BHR2aF— TR -
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5 2kmuRitzEE
5.1. ks v Em e A

AMENAEFEE AL THOMA
ORBIMAM — IPHREERRRFE MR FA -
ORI ALMEE — FHANE  LALEBRGRRESTEFNEF
ELE
® & 41 (chromatic dispersion) Fj# — @A EZE LRSS LE K
RABE AXFHREBBAE ERARESURERGAL -
5.2 kBRI AE

Kk e AR A BER(KE- IR B H - @Rt HaEsk
(X, B8, BIRE, ESEMAEAE...F)  DWDM &RHEHE %, 2,
By RESAAS(chirp), $3... %) A L BRI, 2,210 %)M
R EIBMA L -

Reginnal Netwarks
Access Networks 200-300 km, +40 7.
< 60 km, few 7. )

Metro Networks
<200 km, 20 - 40 7.
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Bt 3t hmBIE MR LA R THEE
- 3% & #& (Fiber Loss)
- sk tb (optical signal-to-noise ratio )
- &-%8 ¢ 4 Ik 42 M 24 FE (non-linear optical effect)
- &, % (dispersion)

18 A4 A& & 4% (Polarization-Mode Dispersion ; PMD)

b RMEB SN IR ARV ETELE

20-40 & Span = distance btw 2
network nodes

Amplifier

Optical Link = muluple spans
Link distance 1s limited by transmission
un pa { rments

= ~ Equipment Transmission Impairmenis

i
O E L2 %% (Equipment Transmission Impairments}

Transmitter :mpairments
-Power
-Noise
-Chirp
-Extinction Ratio
-Other (linewidth SMSR, etc)
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Amplifier impairments
-Noise (ASE)
-Gain stability
-Gain flatness (ripple)
-Transient suppression
OADM impairments
-Loss
-Crosstalk
-Loss flatness (ripple)
-Passband width & shape
Receiver impairments
-Sensitivity
-Noise
-bandwidth

-Other (linearity, detection threshold, etc)

® 5t 45 % % % (Fiber Impairments)

Loss
-Fiber loss
-Splices
-Connectors
Chromatic Dispersion
-Dispersion Slope
-Polarization Effects
-Polarization Mode Dispersion (PMD)
-Polarization Dependent Loss (PDL)
Nonlinear Effects

-Stimulated Raman Scattering

26



-Stimulated Brillouin Scattering
-Self Phase Modulation

-Cross Phase Modulation

-Four Wave Mixing

Some impairments can be compensated. Others can not be totally
compensated without electrical regeneration. Their impact on BER needs
to be calculated. For a given BER, this determines the limits of the optical
system :

-Link Jistance
-Span distance

-No. of wavelengths
-Data rate

-Add drop capacity

53 EHARRBEER

® &, 3 (dispersion) : SEBRMETAE LR AR EALE 0 RIEIRHOLARE - E

BT B A B E R0 > P A AR (intersymbol) T4 -

FHRBESS  MARBEYGTREETS  ERABUS &L
07 & 1T MR MEAAMME AAERSRERAHAKE

HEE -

® % 3R 4% A& &4 (Polarization-Mode Dispersion ; PMD) : 533% &35

RE o EFKAT - £RESHRRERET  REX S ERAAE

\m

R E c EASHEBBEARRLE  BR—5ERF—HEY

RERE > MELBKBEEEHAR  HARECHRRE 2048
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HAMEESR  SRABZIORE LRBRIA -

BRITEBRHAGBRRARGREEM AN ERRESHHRA B
185

MTUARRABREHOFTEERUT X AERA &K L4 (DCF) -
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6. MOVAZ # @ HBNTBRER

6.1 MOVAZ /) &} 5 1)

Movaz Networks, an optical networking solutions supplier, headquartered
in Atlanta Georgia, was founded with one goal in mind — to dramatically
lower the current metro networking and infrastructure economics.
Whether it is providing Gigabit Ethernet services to enterprise campuses,
delivering video or data to the cable hubs, or simply linking backbone
central offices across carrier’s access, metro and regional networks,
Movaz offers optical networking solutions with uniquely patented
technology and compelling economics.

Since Q1, 2002, when Movaz first began shipping generally available
products, Movaz has made significant progress in customer revenue ramp
and market acceptance. Highlights include:

e Over 700 systems shipped to date,

e 21 customers worldwide,

¢ Extensive in-service metropolitan network deployments including AOL,
Emory University, Georgia Tech, Vic Tokai as well as Syringa’s 1,100
km regional network,

e Infrastructure awards including the $14 million contract for 21 DWDM
rings for Chunghwa Telecom (CHT), the incumbent operator in
Taiwan.

Today, Movaz is emerging as a top tier metro optical equipment supplier

in full volume production with well-established customers. With new

products, strong financial support and the broad range of applications
served, Movaz is set tc further expand its global presence.

6.2 4

ORAYexpress™ - A low cost optical add/drop multiplexer (OADM) that
serves as the on-ramp for high revenue DWDM and CWDM services,
including SONET/SDH, Gigabit Ethernet, Video, SAN and transparent
interfaces.

O®RAYextender™ - An erbium-doped fiber amplifier family that extends
the all-optical reach of RAYexpress and RAYstar systems. The
RAYextender is a NEBS 3 compliant carrier class product with an
extensive feature set. It incorporates leading edge technology including
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gain equalization and extremely robustness and survivability.

O®RAYstar™ - An ultra-high density central office platform with

. integrated optical transport and switching technology in

3 modular configurations that can scale economically to serve
| a broad range of metro and regional applications.

O®RAY Management - In addition to a full-featured network management
platform that greatly simplifies and automates operations, Movaz has
embedded GMPLS intelligence into the RAY product family, a first in the
industry to offer optical control plane signaling, routing and path
computation functionality.

® ;WSS™ - A wavelength switch component that defines the next
generation of photonic switching. With a suite of
uniquely patented technologies, the iWSS dramatically
reduces the cost of wavelength switching and enables
highly dynamic network reconfiguration.

® RAYedge™ - A single, versatile TDM and IP optimized platform for
customer premises and edge central offices, offering transparent Ethernet
LAN interconnections, high-speed Internet access, private data lines for
frame replay and other legacy traffic, PBX voice trunks, ISDN or IP video,
and IP telephone.
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High Density Integrated
OADM and Optical Switch
Hub and Core Mulil-ting

interconnect Multi-Service On-Ramp

8 wave Access QADM - 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
Extended Reach Applications

- \ ~ GIgE & Low speed service

Aggregation
W= |\ omer Premises CWDM

GMPLS Enabled
== Graphlcal User Interface NE Software & Control Plane

B v ~ MOVAZ Product Portfolio
6.3 RAYexpress % £ % T#(OADM)
®RAY express
RAYexpress X B % THRREETHRAMG T E LER LR
o L INRA], CAEF BB E S 3E 20 EAAR R B R o £ L IBA

FREARESEARBBHENGE KR SRBAENRK > B FHA

(nﬁv

sk % 35644 % 7T & SONET/ SDH - Gigabit T KA 483% - B &7 ~
H4 - PERFACRGRHF N @ AtCIMEF -

RAYexpress #44E g1 5689 542588y 35 (OLDs) ~ K #1425
(XPDRs) ~ 4% B (XCVRs) ~ SIM ~ 442 /& 32 & (SPs) ~ 4v — 1848 22/

R b8 H AT BT AR
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RAYexpress 432 — 18 S 4K K % 4 B #8 2 A RAYextender -

ORAYexpress 2245 © RAYexpress &5 4% 48 40 & -

Transcelver/ Transcelver/
SIM oLb Transponder oLD Transponder Sim
1 sim 1-4 5-8 sim 4

Power utiil ty Power
1o Shelf Interface Shelf o
Processor Processor B
A A Card B

B & - RAYexpress Architecture A7 %3, &

SERIAL FILTERS

- ,——".' =~
T !'.-' ‘.F.'-"*'-':!'.l‘

Pwr iiG sp FCBA SP Pwr IO

B 7< - RAYexpress #%1E 4% 2% [§]
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O®RAYexpress 3 fE

Filter

Optical Fliter Interface

»  20/40 A Mux/Demux
+ Single A Add/Drop

« 1712 EDFA

« 3020 EDFA

Opticai Line Drivers
(OLD)
« OLD w/o EDFA

+  2020/2520 EDFA

¢ 4xSTM-1/4
* 1xSTM-16

2XGbE |
8xESCON

Service Interface Modules
3R Transparent

1xSTM-64/10GbE WAN . 2R 3R XPDK

4xSTM-16 (1Q'04) . 10 GE LANAVAN
10xGbE (1Q'04) XPDR (Nov.) Shelf Commons

XcvrsiXpdrs

+ 2.5G DML XCVR = Carrier Class Tested (NEBS, UL, etc...)
+ 2.5G EML XCVR « Protected Shelf Processors, Power /0, etc...
» 410G EML XCVR + Protected Network Timing Interface (BITS)

B 4+ -~ RAYexpress Feature

6.4 RAY extender sE# K %

RAYextender % — 1B AT BB S MM B A A BHEKE -

Power

4

> 640k All-Optical Reach
For Cost Effective Regional Applications

10G DCM Enabled

Gain

»

B A\ -~ RAYextender Product Family
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RAYextender 3538 RAY # LBt E - CHhsE A CHAT LG
BEMB(IRK A Fo 53 E o ABRETREOSC)HHEN - B A -
Fo EHFA(BR) -

6.5 RAYedge
®R AYedge features

Flexible Transport

*Wide variety of uplinks — GbE, OC-12¢/STM4c, OC3c/STM-1, DS3, T1
*Feed RAYexpress or drive dark fiber (1310nm, 1550nm or CWDM)
*Protected or unprotected options

Carrier Class Compliance
*17"W x 20”D x 2.2"H
*NEBS Level 3 Compliance
*ANSI Specifications

*UL Certification

Services

*TDM Services
*T1/E1/J1 Voice and Data
«Ethernet Services
+10/100 to GbE

«Copper or fiber handoff

Operations

«Management via RJ-45 and/or in-band via management VLAN
+SNMP management interface

*Multiple software image and configuration management
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6.6 RAY Star

SIM Shelf
«To house service interface cards
« For traffic termination & aggregation

EXC Shelf
+To house 160x160 or 320x320 EXC
+ Frequency conversion, regeneration or A Routing

OEO Shelf
+To house XCVR for OEO Conversion
+Or XPDR for transparent service termination

OADM Shelf
+To house Mux/Demux, OSC & Amplification
»Passthrough or Add/Drop

#u ~ RAY star Layout

6.7 RAYtracers and o/s

OR AYtracer Functions TN ] o ame
*Auto Discovery

*Commissioning

*Maps & Chassis Views

*Fault Management

*Service Provisioning
*Performance Management
*Inventory

*Software Download/Backun
*Security & Telnet

*Audits & Synchronization
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®RAY o/s Functions

Intelligent Control Plane
{GMPLS Based)

B + -~ RAY o/s Features
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6.6 MOVAZ % 1% J& F

o End-to-End Architecture

Headend
Hu

Reglonal Transport
Extenred Reach

Broadband

Optimised Hub
P Data, Video, and Lel%;acy

Traffic
Distribution
(GbE, 10GbE,
CWDM)

RAVedg@ @

Business Access ~§ tg

Services
Interco:{nect
Low Speed Edge Tav:ghgr
Services ansp

Volce Service Distribution

x ¥’g~
Headdnd Multi-servi on-Ramp

To
Long-Haul

-t RAYo/s and RAYtracer l
I

B + — ~ End-to-End Architecture

® RAYexpress Network Configurations

20/40 A UPSR
Amplifier Type 2.5G/10G
EDFA (pre) >15dB
Post-amp >25dB
Up to (8) 2.5G/10G As Extended 2.5G/10G Reach with RAYextender
Amplifier Type _ 2.5G 10G/2.5G B = g =
Non 13d8 NA
EDFeA ore) s28dB 1508 Total distance up to 640km
Post-amp >25d8B
Up to (40) 2.5G/10G As Extended 2.5G/10G Reach with RAYextender
“Amplifier Type _2.56_106/2.56 Total distance up to 640km
None 7dB N/A
EDFA (pre) Upto25dB 13dB
Post-amp Up to 25 dB

B + — - RAYexpress Network Configurations
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O®RAYstar — Network Configurations

Up to 801's/Fiber Extended Reach with RAYextender
= Over25ag Iz e Total Distance up to 640km
S 25606 7

Meshed Metro/Regional Transport

Over 25d8
between spans

B + = - RAYstar — Network Configurations

® RAYstar & RAYexpress Networking

Up to 401s

Y, .
RAYextender RAYextender

RAYstar Total Distance up to 800km %'K"(express

B+ m ~ RAYstar & RAYexpress Networking
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® Metro Network Applications

RAYstar

T RAYstar Access Ring

B + # - Metro Network Applications

® Access Network Applications

AYstar

¢ RAYstar

.\n:cy.l ng

Long-Haul

Distributed 400x400 WXC for Metro Networks

B + 75 ~ Access Network Applications
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6.7 R AR HRWMB B ERAR

Future Node Architecture in USA

I Present Mode of Operation Future Mode of Operation
b i —— T Py 7 )

R p— o s &

DWD! |
Bay v | i | 2

B+t RREALEBGIHEME
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7. o4 o R RHIAE —GMPLS

Generalized Multiprotocol Label Switching (GMPLS) is the
next-generation implementation of Multiprotocol Label Switching
(MPLS). GMPLS extends the functionality of MPLS to include a wider
range of label-switched path (LSP) options for a variety of network
devices.

Traditional MPLS is designed to carry Layer 3 IP traffic using
established IP-based paths and associating these paths with arbitrarily
assigned labels. These labels can be configured explicitly by a network
administrator, or be dynamically assigned by means of a protocol such as
the Label Distribution Protocol (LDP) or the Resource Reservation
Protocol (RSVP). GMPLS generalizes MPLS in that it defines labels for
switching varying types of Layer 1, Layer 2, or Layer 3 traffic. GMPLS
nodes can have links with one or more of the following switching
capabilities:

fiber-switched capable (FSC)

lambda-switched capable (LSC)

time division multiplexing (TDM) switched-capable (TSC)
packet-switched capable (PSC)

Label-switched paths (LSPs) must start and end on links with the
same switching capability. For example, routers can establish
packet-switched LSPs with other routers. The LSPs might be carried over
a TDM-switched LSP between Synchronous Optical Network (SONET)
add/drop multiplexers (ADMs), which in turn might be carried over a
lambda-switched LSP.

The result of this extension of the MPLS protocol is an expansion in
the numb-r of devices that can participate in label-switch:ng. Lower layer
devices, such as optical cross-connects (OXCs) and SONET ADMs, can
now participate in GMPLS signaling and set up paths to transfer data. A
router can participate in signaling optical paths across a transport network.

Two service models determine the visibility that a client node (a
router, for example) has into the optical core or transport network. The
first is through a User to Network Interface (UNI), which is often referred
to as the overlay model. The second is known as the peer model. GMPLS
signaling requires strict paths. Also, you must disable of CSPF with the
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no-cspf statement.
To establish LSPs, GMPLS uses the following mechanisms:

An out-of-band control channel and a data channel—RSVP
messages for LSP setup are sent over an out-of-band control network.
Once the LSP setup is complete and the path is provisioned, the data
channel is up and can be used to carry traffic. The Link Management
Protocol (LMP) is used to define and manage the data channels
between a pair of nodes.

RSVP-TE extensions for GMPLS—RSVP-TE is already
designed to signal the setup of packet LSPs. This has been extended
for GMPLS to be able to request path setup for various kinds of LSPs
(non-packet) and request labels like wavelengths, time slots, and
fibers as label objects.

Bidirectional LSPs—Data can travel both ways between
GMPLS devices over a single path, so non-packet LSPs are signaled
to be bidirectional.

®(Generalized Multiprotocol Label Switching(GMPLYS)

GMPLS (& H % RAZHE X% ) AMPLSE & k@it R oy &
4 - GMPLS A #3 K R 7T IPFoWDM R R ) S 48304 RIF09% 2
TaH B eEABIEH @Y FR - /4 AGMPLS ? GMPLS X IETFi#%
HOTANER S —HER S HERKIBEBN BT KXRIPEWDM
# @S GMPLSHMPLSAZ BT THR » HFEZRETUA
BB TR BT OB TDMIE R k&~ &a - A8E
BTASFAWDMAEBHER  MEARR—LEMNEHGRE (o
VPN~ kg kEAE)  TRABBH%E B4 GMPLSE#H{z A Fo0 %

B ERTTEAIHA S B THARLER LS8R ETEMA
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GMPLS#% 3t 7T — 1B & #eh 4k £ 2 X LMP, B 7RI LHEREL 6

T 5 » GMPLS:E #f 438 oy {7 38 Fo @ AR AR ] 384T T 2038 -

AGMPLS Y 4 B ¥ > RAEETHEE  RASTHAR >
GMPLS # A& B ZHHLEET - wRUEBZBEABELRE » KI1%0E
EBRB/FpAREH AT aAR FEFR - ZHTFaAL TR - &
PG EstEFREHRFHHTELN S BEHFaRRBEBES
MXETREA P FaeES AP F@mARGEFoERR P 23R -
GMPLS #— T 4R & BeZE+F 8 > BT SERGNRBEK
BEBERRARAELSTAEHRA P F@IER -

GMPLS %% — T34 2R R FHBERZEAANEEERE
HHAR  GMPLS AR EHLEBEZHER P Fasy£E-GMPLS #
%85 FAEFED 1 PSC (Packet Switch Capable » 41 &% 42 ) ~L2SC
(Layer2 Switch Capable » % —/& % 47~ & ) ~ TDM (Time Division
Multiplexing Capable » -8 % L) - LSC (Lambda Switch Capable » &

E %4 ) ~FSC (Fiber Switch Capable » #4353 ) (k@EAFT) -
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—EERFETUETRE T — R AR R B AN
AREIEHGMPLS s B s AR E &4 (WwEAMT) " RaH
Bio @B EXHEAERIERLESEN  HAHEY  CHRTPER

P48l 6915 43 ATIEE -

GMPLS &4 % A4 A : GMPLS & MPLS & 4% /& #u £ /¢ » 8 MPLS-TE
48 F] » GMPLS 48 o 18 £ £ /L E 4 A%, © # %5 (LSR) Fuss4& (LSP) o
{2GMPLS#LSREIEFT A A & 2 TR APSC » &5 ;A X TDM -
LSC#£FSC ; LSPRIBL T mA & — & P Loy £ BH - £ 7T AR — 1%

- TDM#E & > K& — % DWDM#g k& -
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K6 o froem
izadi: Frherrel

Fibet1 49k

W%

ARG

B+ - GMPLS &4 % & 4| &

OGMPLS # 47 & %

~GMPLS #HABREH XBEAN S ERER L ET R EERLED
BREUBLFEROEBEETK -

~HEBP AFEHEB OO PR ELGHA K TEIP B E
BAELLSPHEBBBETUANFALEAETR -

--GMPLS =T LA 4§ 3,4 49 3& 2 7 Fo BRFS 4 JE 79 A8 7L - #) A 18 4069 MPLS

METAZ o --GMPLS JH R T EMHE ~ RIRAo ZIMAIEHIM €&

~

e

Moo

R X 4% B 445 UNI Fo NNIAR B 259 AT 5 R » B SbAE R B 3%

REZBAMMBE RS E R - --GMPLS 52 OIF UNI # 47 T4 M
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EERBEEERRAEHETHRBETRTEREZFCAN T 2RESR
% o

~-GMPLS § R T hi B ELB AT RZ T olic SRS H AL
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FOREHETEA -

46



8. K8 gL

2.

BATR BB R BHOH AR 2828 GMPLS ~ T A X2 5
WAL EREHERINA —RIEE LBRIE  SHLFENANAYH
HEREIN RN EEERE  BEAERXHEEERBARE  BREX
#AGiE > REBNER - AHLRBEI S 428N FHEBAE L
SDH % NGSDH & X » A HB#EFR AL RHEA S LEBRME - ¢
kHAmT » 2AEBKR BA B PP @ 6 RAR 0 AR B BB H R TR
BER > i G.655 B4R > MM R RABRABHERALHE

F Bk G655 k4 0 5% G.652 k4 -

WRATAELZBRTE WEABMAYE A% REF R

£

RENE  AEAGERH SEE2FLEERATH) ERAEAEXAFTRE
BEWMBER > AELBEBAMFILRESE SRSk s
HE S RE S ABALTOET HETLEETHE  REENLABRAE

BEEMERES °
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