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1. OPTera Connect DX
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1.2 Equipment Overview
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2.1Services Interface
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1. OPTera Connect DX

1.1 Network Configurations

JLE MRS OPTera Connect DX Rst HHR A B (EHEE PTG TR —EE MR
HE - BEERERIBHSERBH STM-64 241 - EAEHERIRAE
{8ty ADM(Add/Drop Multiplexer)JZhgE - 1 B AT LA ERZIIRERIER
B - TE(E—{7E5% OPTera Connect DX HYE(IEL - & ] LR FRERER 2
BRpE - BRPR SO - SRR E SRR EREACHAThRE - I H B GbE /AT
ZFF - BT - BEEF LR KRAISERIRE I BRI SR

3K o

=

BILEMEEFR - OPTera Connect DX 2 HAT2 R R EZHARY
10Gbps AL - AERIREASHEA EE 6,000 [ERMAVEEE - M H
OPTera Connect DX & SR & Bl& B EEEHEE - HATdLE
HEREEY 110 R EEE P S TFE40 Verizon ~ FaRg HE - Qwest ~ H1E]
BEEMNERABHES -

OPTera Connect DX S:RZ B BEA M KR AMA =R » AILAFEIRF A
@ 2 AR 4 CBRAE —(ERFARE - HEERVHERBRENE

¥r 2x4F ADM ~ 2F/AF EL¥1EL - Linear Chain ADM 55 » R 1 -



Network Confinurations
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The OPTera Connect DX provides capital and operational savings by
allowing multiple lines from a single bay. The reduction of back-to-back

Network Configurations
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OPTera Connect DX can be provisioned in many ways to

1 : OPTera Connect DX {g&#HEE

1.2 Equipment Overview

OPTera Connect DX StAC R (s B AL EE L - FE— RN

E#EH 8 {8 STM-64 EfEZ-RIE(LA] S FF25E 8 (i STM-64 411 » 16 &
SCEEAEAIEL A SCRF SIS R LS 1XSTM-16 ~ 4xSTM-4 ~ 16xSTM-1 &
2xGbE - HIAT A IHRE RN 2 Fr B S iHIRAZT BEAERE R » RRHRY

\

HEALLERREHEZAERE 65G - 100G K 140G =& - Btz 4t
Hi FErysEo BIE4#E E IR - Shelf Controller - Message
Exchange Card - Bi#&EEaE - MRS BT M B TS o RIE

2 o



Eauipment Overview

)
P
AN
e

= Low Speed I/0O Siots
/ * 1/O Capacity
- 20Gb/s Protected
- 40Gb/s Unprotected

® 1/0 Capacity

* Circuit Packs:

- 40Gb/s Protected - 0C-48

- 80Gb/s Unprotected = Dual OC-48

xtension Shelf

® 1/0 Capacity
R0 ~ 10Gb/s Protected

® DX65
¢ DX100

- 20Gb/s Unprotected
® Circuit Packs:

- 0C-48

- Quad OC-12/0C-3

2 : OPTera Connect DX Zif4HK

EEREHVER F > OPTera Connect DX 3z iR 5= 2 A DLE
OPTera Long Haul 1600 DWDM Rifise 2% » BEEF FRLUKNERAE
OPTera Connect DX SR PRI BB RIR KAIE4E - OPTera Long
Haul 1600 DWDM R fdLBEREEHY 10G DWDM {#HE74% - HAlfERER

BB 12,000 Z65EHE -



1.3 BRI P S

OPTera Connect DX ¥ &S EE—ES A ER STM-64 ADM #Y[E]HE »
B T SERAEASBEIIAE - OPTera Connect DX S AX B THREFIS EAE
—ETIEF T LATLARIRE SZHF SDH K SONET BUARME » B Al LIERERIE
L 155 Mbps ~ 622 Mbps ~ 2.5 Gbps & 10 Gbps KIS ZE LIS Gigabit
Ethernet - REEZMHL > OPTera Connect DX ZW]LAE B8 A S {HERRK
STM-64/16/4/1 8, 0C-192/48/12/3 HIEREE - KB 2 E R 3R STM-64/16/4/1
RIS AT —2% OPTera Connect DX SEAZIEHEN - 55 —THREN BB
DT EFIFEFRENRGEE - g T A EREENCR - BE0E 3

g%l

HE o

Multiple Rings Termination
s ir 2CQ o 1 Core
Access/Tierd @& R : ; Backbone
? ¥ Network
Network : j Network

Lol oc-a8

mmatiohs
juced # of NEs,

[& 3 : OPTera Connect DX Z{E I i%HiiEAE
7



1.4 15 5 DWDM 1)
OPTera Connect DX -7 4 AT LIRSS &1 DWDM 2.5Gbps )M E;
10Gbps DWDM i » ‘B2 DWDM #95¢d 0 T LUE 2 AL BB
#J OPTera Long Haul optical DWDM Z& 48 Gz i Hagig
(Wavelength Transponder) H7A »
1.5 3742 Gigabit Ethernet JR75/ &
FEZ Ay Ethernet JRASHVETZ » FEM EEEREIRHFEARY Ethernet
NIRRT E SDH HEELAIBkEL - OPTera Connect DX 5E3c#:
P LIR L 16 (EfE(I(ER gigabit Ethernet M EIREEA - HETE—F
gigabit Ethemet NE-RF 2 fR - HEHE—ERM TR HEE 32
gigabit Ethernet £ -
1.6 Z R STM-1 8
OPTera Connect DX S5 EaH E ATHRAER STM-1 N E RS 16 B/—F £
—{EfZHERY ETSI 28 FIREEESE 256 {F STM-1 #2AYfH - hEl@ss - H
A BESTERE N ERIER N RA R LU 2 [EERE— AR
10G EEAY4EE (20Gbps ) &ERHIT o FHAGHEIRES H - RIATLAE 4 (EHE
B —(ERAHY 10G BRAYSHE (40Gbps) ZETEIT - RRH & EHISES
& {#15 OPTera Connect DX 7z % FI A RIRFERZ 2 (& 10G 3R >
AEEEEREEEH K EMNEERE (UF— STM-1IREBEE{) -



1.7 SNCP K MS-Spring JE{HZE4E
OPTera Connect DX J¥Az R 4T 9 SNCP K MS-SPring IRBEHEEA
1B TEE - BE¥E—2% OPTera Connect DX 2tHIAFELTT -

® 128 (& STM-1 SNCP rings

® 32 {H STM-4 SNCP rings

® 12 {& STM-16 SNCP rings

® 12 {f STM-16 MS-SPring rings

® 4 2 7t STM-64 MS-SPring rings

® 2 {F 4 ;f STM-64 MS-SPring rings

2. OPTera Long-Haul 1600 DWDM SYSTEM

2.1 Services Interface

LA 7E 10G DWDM St:feifiy LAZE 57 - OPTera Long Haul 1600 -
TRE—ERRE « SRR R SR NE R R TS - &
TR A% HRA RTLUEE terabit (9758  FIRERHAEREA -



Service Interfaces

—-— ~ Preside

1

OPTera LH

1600G Amplifier (Uni-directional)

| -

L

OPTera LH

OPTera . — ,
Connect DX PP J A ad “

OPTera ’ High Capacity Backbone l
Connect HDX ] ®  Maximize Capacity via 10 Gbps Channels

®  Scalable to Terabit Transmission

®  Optical Layer Management Tools

[E 4 : OPTera Long-Haul 1600 Ri&SAA ~=E

JLEB#Ei% OPTera Long Haul 1600 Rt e+ R EIRVIEAE LIS s
SRR RS FE I TIRE B A0 T ERRA -
2.2 Wavelength Translator
e E#EgaZs(Wavelength Translator)fs 2.5G 5% 10G /it » 92L&
BT EER T[RRI 5w SONET/SDH ~ IP K ATM E& i H %

SrEIE LIEE OPTera Long Haul 1600 2 {#E -

10



Wavelenath Translators

rled @ [P [32|Fillrufizfm [m [p [pT]PY O [Fafru

Integrated -‘_._..‘ " Q o I Ledierds Ix Ix lo Wher|ie Control
D-WDM : Shelf
Muiti-Vendor SONE e ——

SONET/SDH
ATM / IP Services

S MOR+ ¢r 0G 01 2.5G

m

ATM /1P g
(OC-48c, OC-192c, | e —
10 ~EN — - OTP Main
) 106 of 25G Shelf
; 2.5G 10G
translatar  translatar b »
106 or 2.5G] Optional
<+ oTP
Extension

Open Interface

[El 5: OPTera Long-Haul 1600 f2{tBRH9E N E

2.3 Combiner Optical Service

JEE A AR (Wavelength Combiner) » BB LAMESE %1 622Mbps -
2.5Gbps = Gigabit Ethernet FUSEE ELE—1{E 10Gbps HIE5% » AREEE
iE—{18 10Gbps KIEHARBAE—EIEHE b - ERRAVEERES T RMIENE
EERFIFRER > NSRS R A E Rk — s
IEties 7 R A B R Tl—umﬂﬂgﬁ’*&zﬁ
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Combiner Optical Services

[# 5 : OPTera Long-Haul 1600 Y £ & {f25(Wavelength Combiner)fE R ElE

* Maximizes wavelength usage

f + Transparent aggregation of

four 2.5G (OC48/STM16 or
0C48c¢/STM16c) channels to
10Gb/s line rate

fl * Restoration performed by

subtending equipment

|+ FEC available on 10Gbps line

* Single card 4:1 Combiner

* 8:1 Gigk Combiner
! * Hybrid Combiner

2.4 Optical Protection Rings

OPTera Long-Haul 1600 FR#fIf R AT 2R R LAREIRIEAE (Optical

Bi-dir. Tribs
Per Bay.

2.5G

8x
1GE

Flexible

| 10
s | Gbls
s ] TR

—x

e

i...:GEm

10
Gbls
R

41

2| 10
26 | Ghis
{1 TR

Y|

protection ring module)it A EHE @ CIRERERFEER ELIEEH

MRS TR R R AR (F—E B IREWERIRES - LIRS —(EE

SEEAERYRE S —E RS - WREHEREENSE (RE

6
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Optical Switch Module -~ =88 prpseatin | cErserin
- ) L SFR A

s U
[

’PF%‘P’PPS‘F

SEYCACe | CELranD
it )
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L Epemanation i = S

6 : OPTera Long-Haul 1600 Y:{7 T2 fE4H FE FH

2.5 OPTera Long Haul 1600 Ampilifier

OPTera Long Haul 1600 A A SR Sty EDFA (Erbium  Doped
Fiber Amplifier)yisefiit » BHORFR  3RETR DU RTERTABIRER LM s
DSF(Dispersion Shifted Fiber) + NDSF(Non-Dispersion Shifted Fiber)=k
NZ-DSF(Non-Zero Dispersion Fiber) - OPTera Long Haul 1600 AJ3EfEK
2R FRARA AT LATERR LR AT HR B ZEHY (optical add/drop) BHAERI AT » 5L
PRI B G B L TR A A S B BN AT AR AT N L EATEST T
TR T rRETR R RS -



OPTera Long Haul 1600 H3EfAES Dual Amplifier » 3%5 189552,
EE A LMERHIRRRBIIR 258 PR 2: - TR 2Ry DWDM FERI7E
&€ (bidirectional)FE FRIF AT LATE— 08 B K 160 {EJ¢iEE(1.6-Tbps
HISEE) - JREETE B A (unidirectional )i FE FARHE B — 3 HE oK 80 (3
SEIEIE o BEERME O -

FA PRI LS F L 28N T RIS (Optical Add/Drop Multiplexer )
£ OPTera Long Haul 1600 HEHCAER AL » 1& — (S B P RERY
TR 28 A AT LAIIABGED T ZEDEEE @ Rt Ot aErI R A
WEFE LI E L5 —E DWDM #&i63%fE - &R THEEEE S
DS SRV EERRERERR » IR AR5 - RS s Ear
DHBEAEEEHEEERIFEK > OPTera Long Haul 1600 SEHUK 4R EZE
HU 2 TS AT LU E YRR E 77K » ATy P BeEEE P REVEHEEY
TR - FIFEFEAMBOEEE R A CUE BAEE - .

OPTera Long Haul 1600 HJ5EMUKES RRiftarBALNEIE 7 k8 8 Fo -
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OPTera Long Haul 1600G Amplifier

.
Building Blocks
rBrli’ p |32Fifriflim |m|P |P | P] OfFifFi
aeaé)OM|ele x [x fo|T] 7| Wiefe
] -
e e
o . o @
P& c i
B ] 2
o o)
@ 7]
> 0O
c6ooboooo
SO OPODE D
SRR
> EgEgdEa
A A
O WYO DD D
£9¢9 8 £ 0 ¢ o
H 0.6 8 8 0ga g
j,gm @ 9 ;,'“'%-, b3
: @ g8 d LT Ty
ST R
'—Cnm B L R

® Dual Amplifier (+14 dBm)

* Booster Amplifier (+18 dBm)

* Booster Plus Amplifier (+21 dBm)

* Qut-of-band Optical Service Channel
* Distributed Raman Amplifiers

® Main shelf slots available for

— OSA, ILF, Dual OSC

7 : OPTera Long-Haul 1600 Y&k 28 247



1600G Amplifier

e B [P |3FFirif13m [m|P |P | P OfFifri

Dual C-Band Jel)OMhleB’x!OTT e fie
- e Booster (+18 dBm), or

| us. (424 48 m)

“*Mid Stage

Dual L-Band Access

Mid Stage™” Amplifier
Access

8: OPTera Long-Haul 1600 SfiiA 85k = E



2.6 PSR ERDUEEEER

LR E TR SRR N S EE AR EMAEL - E— g
e T = P AR B FERc R IR RIS S B 1 F TR IR IR i S
REERIET - B —(EEFE0CHEREER - 5RO RHER
PR - 6 R E PR LTUIREE £ e EAIBRIEIRE -

Unreneatered Submarine Svstem

Fiber

300+

10 Gbps

NWA/NM Pv

10 Gbps L,
NWNRM Ty

Unrepeatered

9: fEPRREE LR

A RIEIR R ERMOREES - BT BN EROHTHEEFTERY
FEUTIHILREENEE £ - RS RS AR BT R EE R
fli > BIANTERTE PR ASER FIEE ™ DU RIS I I 25 LA B
REFEEE - ST R R TR R R A PR R e B T SRR B
R HEENMES - T ARREEBER BB RERERE HHEY
PR > BTLAE S — T ARER A R R AR IR EARSER R - RUE
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Drivers for Eliminating Und%rsea Ilél(_:‘%geater

) ) ower irements
Capacity Constraints - .
* Active repeaters require

¢ Active repeater modules limit

. ) ) specialized power feed
cable capacitv to 8 fiber pairs . 1
equipment
SEEE L * High voltage DC (up t0  _guios Y
Termin Termin
—1 —

e R ey S

Reliability Constraints
* Specialized/Customized

amplifiers and housing .
Elimination of Undersea Repeaters

* Maximum reliability

* Untouched for 25 ¢ Dramatically reduces operational costs
years
* Maintenance of * Significantly improves deployment velocity

wet-plant is extremely

¢ Enables carriers to quickly realize revenue

1 0: HHfusmE R HAIIRE

LN B A AT ELE R EEEDO B E BT - 7E[F]—{E OPTera
Long-Haul 1600 BYRMEA 5 LRI LISTHERE B R EOEIBRIFER - 722 LRy
R ERLIRA EinE PRSI ECE - fEIBEOLERIER £ - LS
BRALPEBIERORZS TR - TinERERE LEug L - HEEINE
RAFEHEER - 20FE 1 1 AR > BERE LI RE —EHEP SR
R H PR A SRR S I - TEMHERTEN > R LR S — (B 1 CiERg i - Sl
HER— (8P aH -
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Common Unrepeatered/Terrestrial

Terminat / i e

 gpr—ef |
+ 0ADM {f{-

& 'Iv(i}j:

Coastal Single Span

Both systems are monitored under
the same management platform. otk e

Sremk nacict sipromnt
i

1 1: SIS EERTEHE R LR

FERAFRTBREAT > EEFEETLHEEOEEFEETERALE DR

]

FERIRRE] > FTLINR A HA TSR E - B ERRSEEN AR ERE

W T e - BBV ik - A EEEE TR R AR - &
IRENL -



Unrepeatered System Topology

12: S A R A AT (3 P RO

JLEHIRSHI g 2y & % i B OPTera Long-Haul 1600 #J DWDM {25
TEFBE TN LIS R HA SRS R

o FIASERIS B Raman UK 283 ok SLERgH%

o fEFAtERIZ\HE{Ek(slope compensating) )t taBiies

o FrREEE TR ETIRR IR EE AR

o FADF FBRTE S RIRIERiT(Forward Error Correction Code)

o H/ MU R EAERIIRFE R A B 24 (k(Pure Silica Fiber)®y5¢t#

-Raman JRZREER EEOUBRA R CIRRE B EI=E RIS - JLEMME
FosrFEFRHE: Raman SORSTEETHESRIBIE R - RRE —HERAIERK
Raman SRR IR Bz et - B R R R i B EDERAFTA
SR - ABRBE LR AR R E LR I R e Y S Y

T B EBRAEER -
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Raman Amplification Equivalent Models

Gradual amplification of signal

Tx Gﬂm)
Dr.p ) 60 QB
Mmﬂnlnﬁbw-

Lower noise amp at receive end

(110

(Re ]
“\

60 dB

(]

NF \
b Pump
Higher power amp at transmitend

60 dB

Pumn Lwer =
+212dBm/channel

Equivalent Models

Co- and Counter- propagating
Raman source gradually amplifies
using transmission fibre as gain
medium

— Useable on any installed

transmission fiber

— Reduces effective span loss

to improve performance

— Combined with high power

& low noise EDFA to enable
wide gain flattened
bandwidth for wavelength

13: Raman K28 TAFFHE K ORSE
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o RVNRAIE T SRS RS

Wellinato

“ Christchure

16: FHPERAECPAE RIS IENERY - A& 16x2.5G
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Philipplrie Sea
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3.Preside #& AHMEAITIEFS

3.1 gt

JLEH94% Preside #8852 # TIEFEB—RFIF HP LIESE LS ITRIEFEX
B2 . Preside #8% 24t TIEF SR L ER AT HNE P —EE 17
Hes ] - TS H MR TIRE - B - MEES AR - USRS ERIRFRY
BT Bl EEREEERRGEEER - B TIEAIERERM - 2]
BEABAL AN It B IR S EE S B AT DS TR
i CORBA(Common ObjectRequest Broker Architecture)#k&/ M » B2 A

Preside 8% 2B ESE FERIERER -

3.2 HEEHEIE

Preside FEF T{FF&IEERERGEE AR T(E 7883 - 7 Preside 1YE
F i B HEHIERAL (Controller Span) » &—{EHZEHE R 54 TEMTT -
— (B eI FE P 7 2 75 Fh IR — {2 B R R HE i SR P B — BT RO B2
& T ER—{E £ B R it OPC RIUE—##H| BT - 7£ Preside f&E
e 2% AT DUZ B RSB ZEAERE T N SRR — BRI TR, - SERIE
FEBEAAFAER —ERTT - A Al AU RIS R HRF - B8 - MR
EFTR ARG T ERTT -

— B Es AT LR T
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(M—EILERBEHETEE R - FlAIFEER OPTera Connect DX,
OPTera Long-Haul 1600, TN-16X _# OPC(Operation Controller)}Zzi]
nlal

(2)—fEEH B Ak a8 (Managed Object Agent:MOA) » §il41 OPTera
Metro 51 ARy EC-1 TAFuhERE Mk a & BRI A iR
e R Preside B RM A S (BT MBRE TR - 28
PR - X R T REELEENET EEEERFEEE
Preside & %ift > A1k Preside fE RAIEATE K B iHI S0 HEL
K DIER AR G BB AR S BB -

FEHREHERE L > FFAILIEAWE Preside T{RuLEEIZFIERAY
ZHE  ERNRENLE-ELFERIE 55— EFERMERLR
IEEZE Preside TARISH (T ERF AT LARBRHETF TOE - BEAR I3 AURE
fig > 5 PN AR AR L ARG - (B8 AJ DA I EE (A e A AT A AT S R B
TR E P Al LU RS R AR AR TE B8 T R FERBE T H AR BN E T -

3.3 ME G HHRATRRE

Preside #8 R#IFR—RIIN HP LIEs ETRIERRES - W HEHA
Ethernet Ji- i@ TCP/IP RXEREE 7 8 A EsE - HE TSR E R LUZ
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3.5 Preside I FSHERETIEE
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T BRI BARTURHE (L HI5ERS - S — R EBRRIThRERR IR —
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AR SHIE - Preside {88 A#H A P HI LB MIREREER
CORBA /M #E{ H Preside PN a] i THYEEREE B (Building Blocks)
RAFE LB RN RS B R B B R PR R S & RA, -

CORBA H{EEL

® EH TIEFE%ERT CORBA 71 - Preside %8 TIFFGHIBES
A DA EARIEILEE MRS AR MRS - I B R BB S
FE P R

® i@ CORBA & MEEIE(Building Blocks)HERE/2HZ MK

MFFRISEFRIERTE £ - IR B A MERIRIRE

35



® CORBA XFFHTFERIME BRI EERT SR EE 2R

AR #s(Managed Object Agents:MOAs)

[El 5 BE '~ Preside #8& 24ty CORBA Z2f% -

Installed software components

'

PRMBB FRIBB RMBB AMBB

CORBA

CORBA
gateway

o3
o]
O

3
v

XOR y l ' R CORBA KOA
1y Gardic)
QC-3X Titan Dy-45 P = o
DA DA DA i
4 4 3 CORBA-based
CHP D T CMIP DA
hd v 4 1
- o s 0C-12:48 and
0C-3% Tran ove45 rgreadsly NES

B 5 : Preside {& %41y CORBA 2244

=t : Preside f8& R A PR AR F EE 8T R IEEM -~ AE
Z 8% CORBA B HEE B (Building Blocks) » (HEH N EEEIE

CORBA & H A HE ARSI E BN MAEEET -

36
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RPR(Resilient Packet Ring)ayf#i SRS Ethernet S A IR K
SONET/SDH {5 =B ] SERE R R E F— B IRE & - RPR AYfiZ
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H—{E RPR B/ H-REZ— (B EAREERER layer 2 Ethernet 22 #1
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SONET/SDH ERESHE By AT #E A AR Y 5 1555 TDM RS HEARS
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AM — Amplitude Modulation

ATM - Asynchronous Transfer Mode

BLSR - Bi-directional, Line Switched Ring

BW - Bandwidth

CAP- Control Access Protocol

CAPEX - Capital Expenditure

CBR - Constant Bit Rate

CMTS - Cable Modem Termination System

CO- Central Office

CRM - Customer Relations Management

DHUB - Distribution Hub

DPT - Dynamic Packet Transport

DVC - Digital Video Compression

DVB-ASI - Digital Video Broadcast Asynchronous Serial Interface

DWDM - Dense Wavelength Division Multiplexing

ETSI — European Telecommunications Standardization Institute

FR — Frame Relay

GbE - Gigabit Ethernet

Gbps - Gigabits per second

GFP - Generic Framing Procedure

HDT - Host Digital Terminal

HE - Headend

HFC — Hybrid Fiber Coaxial

IEEE - Institute of Electrical and Electronic Engineers

INM — Integrated Network Management

ISP — Internet Service Provider

IPPV — Impulse Pay Per view

IP- Internet Protocol

JIT — Just in Time

LAN — Local Area Network

MAN - Metropolitan Area Network

Mbps ~ Mega bits per second

MPLS - Multi Protocol Label Switching

MSO — Multiple System Operator

NE - Network Element

NEBS - Network Equipment Building System

NSG — Network Services Gateway...Ethernet to QAM Converter made by

Harmonic Inc.

OAM+P - Operations, Administration, Maintenance, and Provisioning
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OC - Optical Carrier

PC - Personal Computer

PCM - Pulse Code Moduiation

POS — Packet over SONET/SDH/SDH

PPV - Pay Per View

PSTN - Public Switched Telephone Network
QAM — Quadrature Amplitude Modulation
QOS — Quality of Service

RF - Radio Frequency

RPD — Return Plant Demodulator

RPR - Resilient Packet Ring

SAN - Storage Area Network

SDH - Synchronous Digital Hierarchy

SLA — Service Level Agreement

SNMP - Simple Network Management Protocol
SOHO - Small Office, Home Office
SONET/SDH/SDH - Synchronous Optical Network
SRP - Spatial Re-use Protocol

STB - Set Top Box

STM - Synchronous Transfer Mode

STS - Synchronous Transport Signal

TD - Transparent Domain

TDI - Transparent Domain Identifier

TDM - Time Division Multiplexing

UNI — User to Network Interface

VLAN - Virtual Local Area Network

VOD - Video on Demand

VolIP — Voice Over Internet Protocol

VPN - Virtual Private Network

WAN - Wide Area Network

65



