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Physical Machines 
Running VMs

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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Intel will exclusively ship 4 Core after 2008
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Multi-Core CPUs and Server 
Virtualization driving 
the demand for higher bandwidth 
network connections
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Current Data Center Structure

Hosts

Storage
devices
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Pragmatic Consolidated Data Center Structure

Storage
IPC
LAN

Hosts

Storage
devices
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I/O Consolidation – in the Host

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

Less power consumption, less cables, better cooling

All traffic 
goes over 

10GE

CNA

FC TrafficFC HBA

HCA IPC Traffic

FC TrafficFC HBA

NIC Enet Traffic

NIC Enet Traffic

HCA IPC Traffic

CNA
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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

I/O Consolidation – In the network

Ethernet FC

LAN SAN BSAN A

Today
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Reduction of server adapters

Simplification of access layer & 
cabling

Gateway free implementation 

L2 Multipathing Access –
Distribution

Lower TCO

Investment Protection (LANs and 
SANs)

Consistent Operational Model

I/O Consolidation - Phase 1

Ethernet and FCoE Ethernet FC

I/O Consolidation with FCoE

LAN SAN BSAN A
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I/O Consolidation Requirements

Ethernet 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 Cat5e/6/6a cables as low cost 
electric interface

10GE SFP+
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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

Ethertype = IEEE 802.1Q Priority CFI VLAN ID

IEEE 802.1Q tag

16 3 1 12 bits
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Priority-based Flow Control

Transmit Queues Receive Queues

Eight
Priorities

A B

Full Duplex Link
One

Two

Three

Four

Five

Seven

Eight

Six

One

Two

Three

Four

Five

Seven

Eight

SixSTOP PAUSE
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Mapping of FC Frames over 
Ethernet

Enables FC to Run 
on a Lossless 
Ethernet Network

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

Fewer adapters needed

Overall less power

Interoperates with existing 
SAN’s

Management SAN’s remains 
constant

No Gateway

FCoE Benefits

FC over Ethernet (FCoE)

Fibre 
Channel 
Traffic 

Ethernet
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4

2

LAN SAN BSAN A

FCoE Benefits – cable, adapter reduction

16 Servers Enet FC Total

Adapters 16 16 32
Switches 2 2 4
Cables 36 36 72

Mgmt Pts 2 2 4

16 Servers Enet FC Total

Adapters 16 0 16

Switches 2 0 2

Cables 36 4 40
Mgmt Pts 2 0 2

4

2

LAN SAN BSAN A

Nearly HALF 
the Cables
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Enhanced 
Ethernet Fabric

FCoE

I/O 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

Enhanced Ethernet and FCoE

FCoE Storage

SAN BSAN A
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FCoE is Fibre Channel
FCoE is Fibre Channel at the host and switch level 

Same 
Operational Model 

Same Techniques of
Traffic Management

Same Management
and Security Models

Easy to 
Understand

Completely based 
on the FC model

Same host-to-switch and 
switch-to-switch behavior 
of FC
E.g., in order delivery or 
FSPF load balancing

WWNs, FC-IDs, hard/soft 
zoning, DNS, RSCN
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Gateway-less FCoE

FC
fabric

iSCSI
Initiator iSCSI

gateway
Ethernet FC 

Target

iSCSI session
FCP sessionstateful

FCoE
Initiator

FCoE
mapper
stateless

encaps/decapsFCP session

Stateful gateway issues:
Single point of failure
Limited scalability
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FCoE frame size
Ethernet
Header

FCoE
Header

FC
Header

FC
 Payload

CRC
EOF
FCS

12 bytes (MAC addresses) + 
4 bytes (802.1Q tag)

16 bytes

24 bytes

Up to 2112 bytes

4 bytes

1 byte (EOF) + 3 bytes (padding)

4 bytes



© 2008 Cisco Systems, Inc. All rights reserved. Cisco Public 18

PCIe Bus

FC
HBA

10GE
NIC

MUX

10GE/FCOE

IP

TCP

iSCSI

FCoE

SCSI

netdev
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L2 10Gb 
Ethernet NIC

PCIe Bus

10GE/FCOE

Driver Software CNA 
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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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Nexus Data Center switch family
Simplified Serviceability

Front servicing
Reduce impact to other devices

High Availability
Hot plug power supplies and fans 
Fans N+1 redundant
NX-OS modular Operating System 

Front to Back Cooling

Simplified Cabling
Ports in back
Cost optimized cabling – Twinax, 
USR

Selection of optical interfaces
Low Latency

3.2μs (port to port) with services 
turned on

Consistent for all packet sizes 
Cut-through architecture
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Open Standards based effort for DCE
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TCO – 1GE/4GFC vs. Consolidated I/O
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TCO – 10GE/4GFC vs. Consolidated I/O
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