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I/O Virtualisation and the emerging standards for FCoE are two new technologies being brought into 
the data center in order to optimize the operations of the data centers and increase their agility to 
quickly respond to continuously changing workloads and business requirements.  Further, FCoE is being 
positioned as providing the long sought after “unified I/O fabric” in the Data Center.  This paper delves in 
a bit more depth into the values, usage models and status of these two technologies.

Defining I/O Virtualization

The term “I/O Virtualization” has been extensively and inconsistently used by the industry.  VirtenSys 
takes a very broad view of IOV and defines it as the transparent separation of I/O resources from the 
compute resources in the data center.  This definition actually covers three distinct steps:

Disaggregation��  – the removal of physical I/O resources (HBAs, NICs) from the physical 
servers leaving the servers as pure compute engines (CPUs and memory)

Consolidation��  – the merging of disaggregated I/O resources from many servers into a single 
sharable pool in order to increase utilization and flexibility

Virtualization��  – the emulation in the servers of I/O devices such that the applications, OSs  
and drivers are unaware that their I/O resources have been disaggregated and physically moved.
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Figure 1 –  Integrating I/O virtualization into existing server systems

The value proposition for IOV is to reduce the capex and opex of server systems by improving the 
utilization, flexibility and manageability of the I/O resources, which in enterprise systems can account 
for half the cost of the servers.  IOV provides these benefits while being – by virtue of its virtualization 
component – non-disruptive to the existing server software (see Figure 1).

IOV leverages the fact that server I/O interconnect has standardized around the PCI Express® interface 
which is found in all server chipset and I/O devices.  By virtualizing the I/O at the PCI Express level, IOV is 
non-disruptive and has minimal overheads in terms of cost and performance. 
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Fibre Channel over Ethernet

FCoE is the industry’s latest effort to unify FC SAN and WAN/LAN connectivity.  The motivation for 
this unification has been the potential management simplification and cost reduction of using a common 
Ethernet infrastructure.  An earlier approach was iSCSI (SCSI over TCP/IP/Ethernet).  iSCSI replaced the 
FC stack with the standard networking TCP/IP stack in order to transport the storage traffic over standard 
low cost Ethernet.  Although successful in small scale systems, it has not been adopted in larger “enterprise” 
data centers due to issues of performance, resilience and manageability – chiefly attributed to the TCP/IP 
layers of the stack.

FCoE attempts to address these issues by using the well proven Fibre Channel Protocol (FCP) stack 
(for transporting SCSI) instead of TCP/IP (see Figure 2), but still using the Ethernet infrastructure (NICs, 
cabling, switches).  The key difficulty however, has been that the FC upper layers assume a reliable and QoS 
capable underlying transport.  These are provided by the FC lower layers in FC SAN (FC0/1), but standard 
Ethernet provides neither – it provides a single, best-effort pipe which drops packets when congested.  
FCoE requires “Data Center Ethernet” (DCE) – a new set of standards on top of Ethernet which provide 
the features needed by FC.  These standards are not expected to be completed before the end of 2008.  It 
should also be noted that FCoE is assumed to run over 10 GbE Ethernet – still an expensive interconnect 
(compared with 1 GbE Ethernet).
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Figure 2 –  Fibre Channel over Ethernet compared to TCP/IP

The value proposition of FCoE is primarily the elimination of the expensive FC infrastructure components 
in enterprise data centers which are currently used to connect servers to their networked storage systems.  
In comparison with iSCSI, FCoE provides these benefits whilst being non-disruptive to the existing data 
center storage (SAN) and network (WAN/LAN) administration.

Because FCoE will have to co-exist with the existing FC infrastructure for many years – particularly at the 
storage end of the SAN – it will necessitate the deployment and management of FCoE-to-FC gateways, 
compromising the simplification aim of the exercise.
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IOV and FCoE are Complementary

Although IOV and FCoE both have similar aims in reducing the cost base of data centers, they are 
complementary – or perhaps orthogonal – to each other.  IOV focuses on maximising the value of the 
expensive high performance I/O adaptors associated with enterprise servers (be it 10 GbE, FCoE, SAS/
SATA RAID, FC or other) while FCoE aims to eliminate the FC infrastructure by unifying the storage and 
networking interconnect into a single 10 G Ethernet fabric.  Since FCoE requires 10 G Ethernet (with the 
DCE extensions in both the NICs and the switches), it is not expected to be deployed till 2010 and is likely 
to remain an expensive “enterprise-class” interconnect for the foreseeable future.  In fact the adoption of 
IOV in server systems may lower the barrier to adoption for FCoE (and 10 GbE in general) by amortizing 
the cost of the 10 G ports over multiple servers, bring it to a much wider (higher volume) market than 
would otherwise be the case (see Figure 3).
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Figure 3 –  A Fibre Channel over Ethernet and I/O Virtualization enabled server system

Because IOV addresses the cost of all high-performance I/O, not just FC, it has usage models and benefits 
which go beyond the domain of FCoE.  For example, by virtualizing SAS/SATA RAID controllers and DAS, 
IOV enables disc-less servers while preserving the preferred DAS access model for boot and swap storage.

The I/O consolidation feature of IOV means that a server can be provisioned with as much or as little I/O 
– and of the right type – as its applications require, be it 1 Gb/s or 50 Gb/s; SAN, LAN, WAN, DAS or IPC.  
Although it unifies the storage and networking interconnect, FCoE on its own still only provides a fixed (at 
server built time) aggregate bandwidth pipe of typically 20 Gb/s per server irrespective of the application 
needs.  Without IOV an FCoE connection is still likely to be either over-subscribed (compromising 
application performance) or underutilized (wasting expenditure and power).
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Summary

I/O Virtualization and FCoE are two technologies being brought into the data center in order to reduce 
both acquisition and running costs while increasing the agility of the data center in the face of rapidly 
changing workloads and business requirements.  IOV over PCI Express is a generic solution to improving 
the utilization and lowering the cost of I/O in a server system while FCoE cost reduces FC usage by 
introducing a common 10 GbE DCE (Ethernet) “fat pipe” that can be used for networked storage and 
LAN/WAN traffic.

Both technologies have clear benefits in their domains, but IOV provides very non-disruptive advantages 
based on existing standards and devices, while FCoE requires new standards (despite being called 
“Ethernet”) and new infrastructure hardware.  The only current 10 GbE components compatible with DCE 
are the cables.  Everything else will have to change.

Ultimately, if FCoE succeeds in establishing itself as a preferred alternative to FC, it will not detract from 
the value proposition of IOV since the objective of IOV is to maximize the value all I/O pipes, be they FC, 
FCoE, 10 GbE, iSCSI or SAS/SATA RAID.

 

Glossary

10 GbE 10 Gb/s Ethernet – The current (2008) high performance version of Ethernet

C-NIC Converged Network Interface Card

DAS Direct Attached Storage – Non-shared, close coupled server storage physically mounted in the servers

DCE Data Center Ethernet – Proposed extensions to standard Ethernet to make it more suitable as a storage interconnect

FC Fibre Channel – The standard network technology for enterprise-class storage

FCoE Fibre Channel over Ethernet

FCP Fibre Channel Protocol – A protocol for transporting SCSI commands over Fibre Channel networks 

Gb/s 109 bits per second

HBA Host Bus Adaptor – Server adaptor for connection to a FC SAN

I/O Input / Output – Server components or subsystems for communicating with other servers, clients or storage

IOV I/O Virtualization

IPC Inter Processor Communication

iSCSI Internet SCSI – Protocol stack for transporting SCSI protocols over a standard TCP/IP LAN

LAN Local Area Network – A data center network for interconnecting servers – typically based on TCP/IP over Ethernet

NIC Network Interface Card – Server adaptor for connecting to a LAN or WAN

PCI Peripheral Component Interconnect – The standard CPU-to-I/O adaptor interconnect in servers

PCIe PCI Express® – A gigabit speed serial version of PCI

QoS Quality of Service

RAID Redundant Array of Independent Discs

SAN Storage Area Network – A block level storage network (FC, iSCSI, FCoE…)

SAS Serial Attached SCSI – Serialized version of SCSI used for high performance DAS

SATA A low cost / performance DAS interconnect protocol

SCSI Protocol stack for communicating with block storage devices (discs, tapes…)

TCP/IP Standard protocol suite for generic communications over various unreliable transports including Ethernet

WAN Wide Area Network – Network for connecting data center to remote clients or other servers
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About VirtenSys

VirtenSys has developed industry leading and 
patented I/O Virtualization (IOV) technologies for 
servers and storage platforms. VirtenSys’ solutions 
will revolutionize how I/O infrastructure is deployed 
and used in the data centers and deliver dramatic 
improvements in I/O utilization, cost, performance, 
power consumption and manageability. 

The full capabilities of the VirtenSys I/O Virtualization 
product can be utilized without disruption to existing 
servers and networks in the data center, protecting 
previous investments made by customers and suppliers.


