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DWDM Key Benefits

Time division multiplexing(ADM)
Multiple channels on Single wavelength per fiber Fiber (One
DS1~0C12 channels on OC438 Wavelength)
*** Sum of Channel < Trunk
Wavelength division multiplexing(WDM)
Multiple channels Multiple wavelengths per fiber
DS1~0C12, OC48 channels on a wavelength
*** Sum of Channel >> Trunk

Channel 1 o Single

= Single Fiber
- Multiple
- |

I Wavelengths)

Fast, Dynamic Broadband provisioning
Simplifying High Speed Networking connectivity
Simplified architecture

Transparency (Protocol Independence)

Scalability SONET/SDH

Reducing unnecessary layers of equipment

Lowers equipment/operational cost OPTICAL
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Metro vs. Long Distance

Metro

Long Distance(Haul)

Local area access, mesh and
centrally-homed configurations

Inter-city connectivity

< 50km between COs

>> 50km between COs

Cost driven, low cost SONET/DWDM

Capacity driven, employs expensive

Equipment DWDM technology
Fiber typically leased and readily Severely fiber constrained (expensive
available route-of-ways)
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Network Modeling Objectives

Economics
Topology : Mesh, Ring, P2P
Cost saving of Fiber infrastructure

Network Architecture

Designing Core/Pop/Access

Interconnection/Migration
Availability
Simulate network traffic

Identify choke points & potential bottlenecks
Network stability

Protection : Fiber/Client
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Network Modeling Objectives

Scalability
Optimize network expansion
Equipment requirements
Link budget provisioning
Multi-service Integration
Data, Voice, Video...
Bandwidth Control of Service
Full bandwidth

Partial bandwidth per customer request
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Budget Design

Site A
4 Shelf Foint b= Multipoint Based Topalagy
HERI + DEMI + ESM + NEMI + DEMI Optical Budget Calculation

Site & 208 Tor B5M + Site B 208 for S5k

Wi o Total Internal Loss = 4d8
;: o Fihar Budgst = 2R48 - 488 = 2248

= OC4E Fiker Budget = 21dE - 4d8 = 1TdE [ E
= I Site B a
o 2 Shelf S
-

NEMI + DEMI + BSM  beol_
a0

\f

Use Attenuator or )
Amplifier/Regenerator e

Sihdiis
b
ITH wy

L
3 2P
T Fli f

- -'_j: ) e ——
- El-ll— = ﬁzu-ﬂ:-h_l' - .._- .:.'_
a Lok o T —
- 2 | iE, o = - | |
* = o = =
= % 3 “-a__ﬁ Sy o
::I:J_ ‘= ".__.-""ﬂ -
=]
-
‘ i 3F
(2] = —L
= —a "'h_
o T
= =" i
=
= 2
3 3
Site D
1 Shelf
HNEMI

Storage+Optic ~ ©2001,9 Cisco Systems, Inc. www.cisco.com 9



Integration into Core Network

Architecture

KXl < Access Ring

\\\\\ :/ ,’/.Qo‘ =<
GSR IPIMPLS 17 s 7 -

DWDM Core Network

S

“"/" | GBE
TDM & |

-
- - |

) : - GBE Wil - Router
- So/00 £ = - 10/100 E Vs
-DS1~0C 48 -DS1~0C 48 ‘
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Service POP Inter-connection

Service PoP Inter-connection

..50‘0.‘.‘.“

ADM/DWDM
MAN RING-3

ct<E : GSR or 7600 OSR
ADM : ONS15454
DPT RING : MPLS/VPN
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Cisco Prduct Mapping

ONS 15201 + 15252 A

* Metro Optic Network

- lowest first cost A to E
building solution "'_

* OC-N, GE, bit-rate 1—
independent

ONS 15216 + 15454/15327

ONS 15540 ESP

* Metro/SAN
* Dense ESCON, FC, GE
- EMC, IBM certified

* Multi Serwce PIatform . Transparent Elt-afate Z

! *f’ﬁf - 500+ customers independent interfa
. - #1 Ethernet over s
“2 SONET(CIR) =
\ 2, + #10C48 (RHK) S 3
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Cisco Metro 1500

DEMI
WCM(WDM Channel Module) (Device Element Management Interface)

8 Channels(WCM)/Shelf
(Max 20Gbps; 2.5Gbps*8channels)

32 Channel system/4 Shelves
(Max 80Gbps; 20Gbps*4 shelves)
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" doirmrdn SiEje ° Y
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Up to 2.5Gbps/channel, bit rate and
protocol independent

iils

_________ = Power Supplies / Point-to-Point, Point-to-Multipoint,
s Key Switch and Hubbed Ring Topology.

L 1:1 line protection

—— > 4 Shelves

SNMP manageable
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Storage+Optic

Cisco Metro 1500 DWDM Operation

| MUX | e MUX [DMUX
S clm | Ee » R W
o} EEEN | | EEEE| jicn
“M EREN EREN :54
13 EREN EREN u
N ..T NT.. B 4
| —— . !

1) CPE input from std SM/MM laser into channel specific line card

2) Remap from std MM/SM A to DWDM A, e.g. channel 4

3) Transfer from line card to MUX via short external jumper

4) Aggregation of all As on MUX inputs into a single output connection
5) Output from MUX over dark fiber into DMUX, (Up to 100KM)

6) Separation of As into discrete paths by precision comb filter

7) Transfer of channel specific A from DMUX to line card

8) Remap from DWDM A to std MM or SM A for connection to CPE

© 2001,9 Cisco Systems, Inc. WWW.cisco.com
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ONS 15454/15327 MSPP/ADM

Metro Edge Optical Tiransport Platform

- Multi - Service Platform

- Network Topology
Point-to-point/Multipoint
Linear Add/Drop Multiplexer
Ring

- Protection
Fiber
1+1/APS
BLSR(Fiber Bi-directional
Line Switched Ring) '
UPSR(Fiber Unidirectional ONS 15454
Path Switched Ring)

=
PPMN(Path Protected ,,@———_ = 4 =By B B =5
Meshed Network) U];’rSORpplf:;g BLSR Ring ==
Channel -1:1, 1:N ‘ 1P, TDM, ATM 53, o B
—_—— @ - % @ _4;%
Working ——»  Protect — — —p Working & Protect Bidirectionaly —p»
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ONS 15454 MSPP/ADM

Core ATM Switch Core Router

Single DWDM
]mk ATM NNI 1G Ethernet

_2x0C48_ @

X004
[

OC

Business Ringﬁsﬂ/\ |||| ||

IOF Ring

OC
|

ness OC48 Ring

>

E oc3/12y Q 0C48 Pt-to-Pt
\ES ES/

Service Interfaces

- TDM- DS1, DS3, STS1,

- Optical - OC3, STM1, OC12, OC48
- Data - 10/100/1000 BaseT, ATM
- Video - via outboard CODEC ONS15327
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ONS15516 DWDM Filter

Provide Scalability :
15454 + 15216 18 ch DWDM

at lower price =| Blue

B Filter

0OC-48 M

#1  #
#2 A2 q #2
N2
#3
e ﬁ“' BW up to 45/180Gbps 18
0oc-192 7 Long Distance : 60km ~ 0C-192
ONS 15454 ONS 15454
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Applications- Management
Through CTM

............... Network Operations
= Center

perations Suppo
............... Systems (OSS

IrGateWay

M 200-400 km M
OADM Circumference OAD

} 15216 EDFA

opm | 15216 Optical

Performance OPM
Manager
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Storage+Optic

ONS 15200 Metro DWDM

Designed for Metropolitan Networks

Flexibility in interfaces and topology
Scalability/Reliability/Upgradability

Rapid Deployment/Cost Savings.

Ease of installation and configuration
Combine with 15454 to support heritage traffic
100MBps ~ 40GBps™* on a single fiber pair

up to 100 km.(~16¢ch)

Protection : Fiber Ring, Channel

ONS15252

ONS 15252 : hub / gateway
Terminates up to 16 channels

ONS15201 : customer prem. / PoP —

Terminates a single channel
ONS15201

© 2001,9 Cisco Systems, Inc. WWW.Ccisco.com 20



ONS 15200 Metro DWDM Topology

\gesyeoey=ans]/
Hubbed Ring

(_ A—
f_: ’ Dual Home Ring ’;\

\@m%\'ﬁ{-@%d
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ONS 15800 — Long Haul DWDWM

Field-proven, Internet-scale, carrier ; —

class Optical Transport Platform o (TIHUTHIE =R
Flexibility, Scalability, Enhanced

performance in an economical design B
32ch per rack, Up to 64channels I e e

(addition of modules and racks) T N
128 channels fit in 4 bays w/o RXTs

OC-12/STM-4, OC-48/STM-16, a2 Fa

OC-192/STM-64

TCP/IP Ethernet-based craft access
Each module contains an on-board
power converter
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ONS 15800 — Long Haul DWDWM

An optical back plane that minimizes internal
system fiber cabling
All fiber network connections are front access

Line Extender Modules (LEM) eliminate SONET
Regenerators and Extend a Route up to 6000 km

OMNS 15800 LEM Site
Terminal Sita Terminal Site

Storage+Optic ©2001,9 Cisco Systems, Inc. www.cisco.com
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Touch America

Metro DWDM + MSPP

ONS 15454 ONS 15252 ONS 15252 ONS 15454

@ﬂ -l/——\

ONS 15252 ONS 15252

-/

0. .
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Catalyst 2948

0-

' DS-3

\

Combination of ONS 15252 & ONS 15454
Point to point connections between each site Touch

Services: Current - DS-3 and GigE America
Future - Offering flexibility DS-1 to OC-48. Hight -spaed -now

Winning Point : One lambda drop, Equipment Size, Power
Consumption

Storage+Optic ©2001,9 Cisco Systems, Inc. WWW.Cisco.com 25



Cogent

Metro Access Ring Topology

HUB

BLDG #2

100BT T 100BT GIGE [
= N 15800
s e Term
BLDG #3 BLDG #1
T
,_L\(_\
100BT IGE [~ . . . /’;—
~loces Building Ring =
iad L] L] L ,L/(\
BLDG #4 Bi-Directional -
Blue . . Red |_\<\
AN
100BT IGE |~ (SIngle flber) e
721 oc4as =
1-/<-\ »5-/’(\
BLDG #5 4 x 15454
15800
Term
100BT IGE [~ 7= A 100BT GIGE [~
M S | N 0N o Note: Each Hub 15454
BLDG #6 ) N ‘ supports 2 Buildings

BLDG #8

GIGE [~
s

,:_;‘(\
BLDG #7
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Cogent
Direct GE to 15200 in the Buildin

Fiber protected : 10 customer with 100 Mbit/s each.

A total of 15 Gbit/s in the building ring.
Client Protected : 20 customer with 100 Mbit/s each.

A total of 30 Gbit/s in the building ring.

15800
Term East
10 x 100BT . 1x GE Building To Next City
To/From i
2948L3 15201
CPE 0C192c

Fiber Protectec

GE
20x100BT Building
sk Ring
To/From 294813 GE

1 G:ﬂ??

E
12016 0OC192
g 2x 15252 GSR ‘
15201 Client protected
Client Protected (Shared w/ 15 other To Next City
ent Frotecte buildings) 15800
Term West
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Cogent

Direct GE to 15454 in the Building

Client Protected
48 customer with 100 Mbit/s each.
A total of 72 Gbit/s in the building ring.

Integration Ethernet services on 15454 MSPP 15800
Combination of 15200 & 15454 Term East
To Next City

0C192¢c
20x
100BT
ELETR o
20x 2948L3 oc4
A

Tol/F 00BT o
offrom J005T> ER——

Building

0C48 1 5454 GE
Ring ’“‘

J ( u( ‘ L
gx 2948L3 15454 OC4 1 } 0C192c
5252 12016
100BT ﬂ/GE 15201 Client protected GSR
¢ ’ Client protected shared w/ 15 other .
2948L3 buildings To Next City
15800
Term West
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Sprint

The Network Concept
Core POP

65090SR Integrated

Access
*IP routing/Ethernet switching
* Gigabit & 10/100
+ 0C-3/12/48
* ATM UNI
* MPLS

6-8 markets by Aug 2001 ONS
*** 20 markets by June 2002 15454

3-7 rings per market

$1-2M per ring,

total order : $60M - $180M

_—

ONS15454/15216

NS 15252 ONS15454/15216

ONS 15252

ONS 15201

= A
— /
e e ——Sad
12- 14
Multi-service subrate drops l Tl !

Wavelength services

TDM grooming, OC-3/12/48/192 (1310nm, GbE)

L Access collector ring l
a— ) a—
OO~ pu =00~ OO

- Native multi-service capabilities ONS 15201
* Rapi rvi rovisionin
apid service provisioning Futwes:
- Scalable, non-bit rate specific .0C-192 . 0C-3/12/48
i . : “Fiber Chan,. Catalyst 3512XL GigE
Resiliency for all types of services oo ™ S 10100E service | o o

* Uplinked via GigE
_ ESCON P 9
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Metro 1500 IBM References

Location Install Date Link Distance | Hyperlink? Application
(km) Hardware
London September, 1999 | 18 Yes IBM
Berlin July, 1999 12 No IBM
New Zealand | November, 1999 | 30 Yes IBM
Hong Kong May, 2000 20 Yes IBM / Hitachi
Vienna April 1999 5 No IBM / Hitachi

[ GDPS Reference sites ]

O Morgan Stanley Dean Witter
0 Deuche Bank
O Chase Manhattan Bank in (Bournmouth, England) uses the M1500

in a DR (backup data center configuration).
O Pinnacle West

0 Lehman Brothers
http://comnews.com/stories/articles/c1000pays.htm

QO Allied Irish Bank
1 HongKong Telecom

Storage+Optic © 2001,9 Cisco Systems, Inc.
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DR & 8t Ot
(EM SSaIe)

Transaction Path for write to disk with synchronous SRDF over DWDM

User1
a
e U507 1 Symmetrix
Connectrix . Connectrix EMC
FC Switch e . FC Switch Storage
: SRDF/FC . Upto BDkm e

I
’ DWDM A
S 7 SRDFIESCON  p 1500 Metro 1500 SRDF/ESCON =
EMC Syrimetrix . ’ =
Storage S
Production Standby Data Center
Fast replication. Storage system availability,
Symmetrix cache coherency. Ordered transmission of data

Storage+Optic ©2001,9 Cisco Systems, Inc. WWW.Cisco.com 31



DR Fai sl
EMC Hybrid Sync/Async SRDF

Hybrid Sync/Async data replication over extended distance

London
Storage

ESCOMIP S .
Canwve —\nﬁ " B
1
y b
{

Remote DR b

ESCONIP
© Snvartar
Symmetrix Synchronous over
EMC Connectrix metro fiber
Storage FC Switch 3 age

-
& n
o -1 —
-
r.-

SRDF/FC

“gws—j

DWDM
Metro 1500° .
Production - Standby Data Center
New York New Jersey

Overcome distance restriction on Synchronous SRDF replication.
Metro area sync replication and then async replication over WAN/IP.
The async replication is separated from the initial transaction

so no affection to Production system.

Storage+Optic © 2001,9 Cisco Systems, Inc. WWW.cisco.com
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CPC

(Central Processor Complex)

ISC

ISC

ISC

ISC

o
o
o
o
o
.

Metro 1500

Single Mode

ETR

ETR

40 ~ 80km

ESCON

ESCON

ESCON

Primary
DASD

Single Mode

Metro 1500

ISC
ISC
ISC
ISC

ETR

ETR

ESCON

CTC

PPRC : For Coulping Facility links

: For Sysplex Timers

:For CTCs

: For PPRC

PPRC

ESCON

ESCON

Secondary
DASD

Channel type Fiber Connector Bit Rate Channel Module
CF links(HiPerLink) SM SC Duplex 1.06Gbps | 1.062Gbps for IBM Coupling Link WCM
Sysplex Timers MM(62.5/50um) | ESCON Duplex | 8Mbps | Low speed transparent WCM
CTCs(ESCON) MM(62.5/50um) | ESCON Duplex | 200Mbps | TDM channel module 4*ESCON
PPRC(ESCON) MM(62.5/50um) | ESCON Duplex | 200Mbps | TDM channel module 4*ESCON

Storage+Optic

© 2001,9 Cisco Systems, Inc.

WWW.cisco.com

* ISC : InterSystem Channel

* ETR : External Time Reference

* CLO : Control Link Oscillator

* ESCON : Enterprise Systems CONnection
* PPRC : Peer to Peer Remote Copy

* CTC : Channel To Channel

* DASD : Direct Access Storage Device
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‘L’ Banking

Disaster Recovery DWDM Application

Catatyst 6000 METRO - Catalyst 6000
Gigabit Ethemet Interfaces 1500 Gigabit Ethemet Interfaces

32 Channel 0 i
DWDM  Piatformn A | IEA I
1l

S
_@ L3 Switch
8 o

[#oufers
il
3 World Financial Centre Hudson St
New York City Jersey City

LEHMAN BROTHERS Metro 1500 DWDM Application il
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‘M Company

1585 Broadway
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‘P’ Banking
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Major Insurance Firm, Austria

GDPS

Timers
IBM
Comparex R-15 Sysplex
M2000-x28

Timers
y
S5

Primary
N \ \' —

>
O\

o

IBM
R-Y66

Backup

Coupling

|

Facility %
VTS2000 i .
\l Tetragons Printers Tetragons
ATL/Tapes
ATL/Tapes
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