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Bandwidth drivers in the Data Center

« Servers moving to dense rack
chassis

- Rapid Adoption of multi-core

» Post 2008 Intel will ship exclusively
4+ cores servers

« Growth of virtualization exceeds
growth of physical servers

* Power, cooling and cabling cost
* 10GbE, 8GbFC — Unified fabric
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Virtualization Attach Rate to Physical Servers

Multi-Core CPUs and Server
Virtualization driving

the demand for higher bandwidth
network connections

18.6% —
ofall
servers




Current Data Center Structure




Pragmatic Consolidated Data Center Structure
Storage

- devices

R
-

)

3
3
1
,




e
/0O Consolidation — in the Host

= Fewer CNAs (Converged Network Adapters)
instead of NICs, HBAs and HCAs

= Less power consumption, less cables, better cooling

FC Traffic

FC Traffic Al traffic
: goes over

Enet Traffic 10GE

— Enet Traffic

IPC Traffic

L T

IPC Traffic



/0 Consolidation — In the network

Today

Parallel LAN/SAN Infrastructure

Inefficient use of Network
Infrastructure

5+ connections per server —
higher adapter and cabling costs

Adds downstream port costs;
cap-ex and op-ex

Each connection adds additional
points of failure in the fabric

Longer lead time for server
provisioning

Management complexity

Ethernet — FC



/0O Consolidation - Phase 1

Reduction of server adapters I/O Consolidation with FCoE

Simplification of access layer &
cabling

Gateway free implementation

L2 Multipathing Access —
Distribution

Lower TCO

Investment Protection (LANs and
SANSs)

Consistent Operational Model

mmmmmmm Ethernet and FCoE Ethernet — FC



I/O Consolidation Requirements

= Fthernet based

Lot of investment in data centers

= More bandwidth

PCI Express 8x and 16x solves the bandwidth bottleneck in server
buses to support 10G interfaces

= 10GE is the best candidate for I/O consolidation
High bandwidth, Full duplex links
Competitive cost
Optical interface cost dramatically reduced by SFP+ modules

Twinax cable in alternative to Catbe/6/6a cables as low cost
electric interface

10GE SFP+




Lossless Ethernet

= Ethernet may be extended to become lossless:
Collisions do not exist in full duplex links
The only ones deployed in data centers
Link errors are rare in data centers
They are present also in native Fibre Channel
Congestion can be dealt with extensions

Pause-based Flow Control Priority-based Flow Control

= Lossless Ethernet allows a direct mapping of Fibre Channel over
Ethernet (FCoE)
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Priority-based Flow Control (PFC)

= Also called Per-Priority Pause (PPP)

= PAUSE functionality per Ethernet priority
IEEE 802.1Q defines 8 priorities
Traffic classes are mapped to different priorities:

Storage traffic may be paused while IP traffic is being forwarded or,
vice versa

Requires independent resources per priority (buffers)

= High level of industry support
Standard Track in IEEE 802.1Qbb

16 3 1 12 bits

Ethertype = IEEE 802.1Q CFI VLAN ID
IEEE 802.1Q tag




Priority-based Flow Control

Transmit Queues Receive Queues

Full Duplex Link
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FC over Ethernet (FCoE)
FCOE B ENETILS;

Fewer Cables

Both block I/O & Ethernet
traffic co-exist on same cable

Fewer adapters needed

Overall less power

Interoperates with existing
<+ Ethernet SAN’s

Management SAN’s remains
Fibre constant

Channel
Traffic No Gateway



FCoE Benefits — cable, adapter reduction
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/0 Consolidation - Phase 2

Multi hop DCE might be possible by
keeping FCoE encapsulation

Direct attached FCoE Storage
Unified FCoE network environment

Maintains architecture of SAN
separation for high availability

FCoE Storage

Enhanced
Ethernet Fabric

Enhanced Ethernet and FCoE
\—




FCoE is Fibre Channel

FCoE is Fibre Channel at the host and switch level

on the FC model

Same host-to-switch and
} switch-to-switch behavior
of FC

} , In order delivery or
FSPF load balancing

WWNSs, FC-IDs, hard/soft
> zoning, DNS, RSCN

> Completely based




Gateway-less FCoE

iISCSI session stateful

- —_—

iSCSI T ==

Initiator \
Ethernet

FCoE |~ T~ FCoE

Initiator mapper /
- stateless Pid
=~ ~ _ FCP session encaps/decaps _

= Stateful gateway issues:

Single point of failure
Limited scalability




FCoE frame size

Ethernet
Header

12 bytes (MAC addresses) +

4 bytes (802.1Q tag)

FCoE
Header

16 bytes

Header

24 bytes

Up to 2112 bytes

4 bytes

1 byte (EOF) + 3 bytes (padding)

CRC
EOF
FCS

4 bytes
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View from Operating System

= Standard drivers

= Same management

= Operating System sees:

Dual port 10 Gigabit
Ethernet adapter

Dual Port 4 Gbps Fibre
Channel HBAs
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»@ Disk, drives

@ Display adapters

-k DVDJCD-ROM drives

l’@ Floppw disk conkrollers

-8 Human Interface Devices
=) IDE ATA/ATAPI contrallers
[+]-Z» Keyboards

7™ Mice and other poinking devices
i Maonitars

-8 Network adapters

----- B8 Broadcom BCMST0SC Metktreme IT Gige (MDIS YBD Client)

i Eroadcom BCMSTOSC Metxtreme II Gige (MDIS VBD Client) #2
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L] 10GhE-5F. AF Dual Port Server Adapker #2

[+ Ports (COM & LPT)

+)- %% Processors

=l-€= 5C51 and RAID controllers

- fta Dell SAS Si Integrated Contraller
Fibre Channel &dapter
: = I Fibre Channel Adapter
2), dound, video and game controllers
»@ Skorage volurnes

- % System devices
- Iniversal Serial Bus controllers




Nexus Data Center switch family

= Simplified Serviceability = Simplified Cabling
Front servicing Ports in back
Reduce impact to other devices CLcJ)gth)ptimized cabling — Twinax,

= High Availability
Hot plug power supplies and fans
Fans N+1 redundant

Selection of optical interfaces

= Low Latency

3.2us gaort to port) with services
NX-OS modular Operating System turned on

= Front to Back Cooling Consistent for all packet sizes

p Cut-through architecture

UNIFIED e
DISTRIE LOSSLESS
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SERVER
AWARENESS
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Open Standards based effort for DCE

Feature / Standard Standards Status

Friority Flow Contral (PFC) o e el
IEEE 802.10hh 15t Draft Published

Expected Approval 042009

FAR Approved, Editor Craig Carlson (GQLogic)
1=t Diraft Published
Expected Approval 0722009

PAR Approved, Editar Maorman Finn & (Cisca)
Advanced Development Draft 1.2 Published
Expected Approval 042009

Bandwidth Management
IEEE B0Z.10az

Congestion Management
IEEE 802.101au

Diata Center Bridge Exchange Frotocaol

OB This iz part of Bandwidth Management (IEEE S02.10az)

In T11 FC-BEB-5
Letter Ballot
standard OBS2009

Fibre Channel over Ethernet
FCoE

TRILL is an IETF YWorking Group

L2 hultipath for Linicast & hulticast Last Call Expected 11/2008




TCO -—1GE/AGFC vs. Consolidated I/O

cisco Cisco Nexus 5000 Unified Fabric TCO Calculator

Assumptions
’7 - Cost Traditional
Number of servers: 1,000 EI Network Consolidated Difference
Traditional network server connections to LAN: 6 il Hardware $7,220,500 $7,311,500
Service support $515,600 $526,000
Traditional network server connections to SAN: 2 il Cable installation $1,690,000 $190,000
Power $559,354 $227,375
Span of analysis (years): 4 il Total Cost $9,985,454 £8,254,875 17%
Inter-rack cables 8,450 450 95%
The following information can be customized if you click Power utilized (kw-hr) 2,644,994 1,184,352 55%
through the levels by clicking on the + button.
Unconsolidated LAN =+
Unconsolidated SAN [+ TCO Comparison

Stacked Column

Consolidated Network [l
$10,000,000
[ |

Service
Cabling $8,000,000
Power

W Hardware
M Service support

Cisco Nexus 5000 Unified Fabric TCO Calculator Scope and : gga':r'”“a“atlfm
Assumptions

$6,000,000

4,000,000
Model Scope: $

The model compares a Unified Fabric implementation where
LAN and SAN I/O are combined over 10GbE to traditional,
unconsolidated I/0O technology based on separate LAN and
SAN technologies. The objective is to economically quantify
the comparative value of these approaches to constructing
data center networks. Due to the newness of Unified Fabric
technology there are many benefit areas that cannot be 50 __
Traditional

quantified as yet but are expected to show significant Consolidated
Network

$2,000,000

Detailed assumptionsl For maore info read this TCO White Paper




TCO - 10GE/AGFC vs. Consolidated I/0

c1SCo Cisco Nexus 5000 Unified Fabric TCO Calculator

Assumptions
’7 - Cost Traditional
Number of servers: 1,000 EI Network Consolidated Difference
Traditional network server connections to LAN: 4 il Hard.ware $9,901,000 $7,087,430
ervice suppo . .
s rt $582,040 $518,080
Traditional network server connections to SAN: 2 il Cable installation $1,276,800 $176,800
Power $422,603 $223,628
Span of analysis (years): 4 i’ Total Cost $12,182,443 $8,005,938 34%
Inter-rack cables 6,384 384 94 9%
The following information can be customized if you click Power utilized (kw-hr) 2,116,528 1,163,538 45%
through the levels by clicking on the + button.
Unconsolidated LAN ]
Unconsolidated SAN ] TCO Comparison
Stacked Column
Consolidated Network [l £14,000,000
Service [
$12,000,000 I
Cabling [ -
$10,000,000
Power [
M Hardware
$8,000,000 i W Service support
Cisco Nexus 5000 Unified Fabric TCO Calculator Scope and : Sgal:r'mta”at'on
Assumptions
$6,000,000
Model Scope:
The model compares a Unified Fabric implementation where
LAN and SAN I/0O are combined over 10GbE to traditional, $4,000,000
unconsolidated I/O technology based on separate LAN and
SAN technologies. The objective is to economically quantify
- X $2,000,000
the comparative value of these approaches to constructing
data center networks. Due to the newness of Unified Fabric
technology there are many benefit areas that cannot be 50 .
quantified as yet but are expected to show significant ;':t:;;':‘k"'“l Consolidated

Detailed assumptionsl For more info read this TCO White Paper
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