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SCALABLE ENTERPRISE

T
he next generation of enterprise computing infra-

structure is envisioned as a collection of standard,

inexpensive, even disposable computing and storage com-

ponents bound by specialized software into a distributed

system. Often referred to as a virtual data center, these

components in aggregate potentially offer unprecedented

flexibility, enhanced reliability, and reduced total cost of 

ownership and systems management overhead.

Technical advancements since the virtual data center

was described in Dell Power Solutions four years ago1

have brought this goal within reach. Key to virtual data

centers is the concept of a unifying fabric, also known as

a converged network. Today, various classes of data center

traffic use their own specialized interconnect fabrics, as

shown on the left side of Figure 1: storage typically uses

Fibre Channel for SCSI block-level access to storage area

network (SAN) devices, high-performance computing

cluster nodes use a high-performance interconnect such

as InfiniBand to communicate with each other, and tradi-

tional networks typically use TCP/IP over Ethernet.

A unifying fabric, in contrast, enables all data center

communications—including SAN, intra-cluster, and tradi-

tional network traffic—to use the same networking infra-

structure and protocol set, as shown on the right side of 

Figure 1. All communication could take place through

a single cable between each device and a concentrator

or switch. In practical terms, various traffic classes are

segregated for performance or security reasons, but they

can still use the same networking technology and com-

ponents. This simplification potentially leads to reduced 

equipment costs and a reduced number of support groups

within an IT organization.

But what networking technology could serve as a 

foundation for building a unifying fabric? The require-

ments for this technology have been clearly understood for 

some time, and several candidates have been considered
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and rejected. Most notable among these is InfiniBand, which has

been and likely will continue to be successful in the high-performance

computing inter-node fabric domain. Although it was specifically

designed to be a unifying fabric,2 it failed to gain acceptance as such

because it was an unfamiliar, complex, expensive new technology,

appearing well before its time with respect to the unifying fabric

vision. And at that time, two key developments had yet to appear:

virtualization and Internet SCSI (iSCSI).

Enabling convergence

Until recently, one of the primary inhibitors of unifying fabrics has

been the tight coupling of software to hardware. In particular, an

OS installed on a server contains drivers specific to that server’s

hardware components. Booting the OS depends on a series of events

occurring in the BIOS and the OS bootstrap code that are config-

ured during installation, after which the OS is bound to that server

hardware; moving the OS to different hardware (for example, by

removing the hard disk from one system and inserting it in another)

may not work, even if the other system is identical to the original.

Even after a successful OS boot, accessing disk volumes—especially

those stored as RAID sets—depends on a mutually dependent soft-

ware and hardware configuration.

This tight coupling largely nullifies the promise of 

unifying fabrics, which derive much of their value from 

putting compute and storage resources in different places

on the fabric and connecting them dynamically as needed.

Complementary technologies that break the dependency of 

software on hardware (notably operating systems and their 

hosted applications) are, therefore, a critical requirement

for a successful unifying fabric.

Virtualization is an overloaded term in the current 

technical lexicon. However, when defined as a means by 

which software is dissociated from hardware, it becomes 

a key enabler for a unifying fabric. Server virtualization, 

such as that implemented by VMware® ESX Server and 

Microsoft® Virtual Server, clearly separates the software stack 

from the server hardware by creating a virtual machine

(VM) environment in which the guest operating systems 

execute. It effectively makes every physical server appear 

to be identical to the VM guest operating systems, and therefore 

enables VMs to move freely to any server platform running the 

virtualization software.

Although server virtualization severs the ties between an OS and 

the underlying physical hardware, it does not provide the complete 

means for actually moving VMs between servers. Accomplishing this 

requires a type of storage virtualization in which VM state infor-

mation resides on a remote storage device that can be connected

to any physical hosting server participating in the fabric. The VM 

state information is contained in a virtual disk file—a large, flat

file that mimics the functionality of a physical hard disk. To enable 

mobility, this file is kept on a remote storage device and accessed

through the hosting virtualization software’s file system facility. 

The VM can then be hosted by any physical server with access to 

the remote storage.

Enter iSCSI
In the early releases of ESX Server, mutual access to virtual disk 

files was accomplished by connecting all ESX Server systems to the 

same Fibre Channel SAN and multiple Ethernet networks, as shown

on the left side of Figure 2. However, replacing the Fibre Channel

SAN with an iSCSI SAN—the method of choice for implementing 

IP SANs—clears the way for a unifying fabric, as shown on the 

right side of Figure 2.

In addition to having a physical server host VMs that reside

on an iSCSI SAN, a diskless server can boot from an iSCSI target

logical unit (LUN). This method helps simplify boot-time logistics

for servers because they only have to support one standard—iSCSI

boot—instead of several potentially proprietary hard disk controllers 

(especially RAID controllers). Multiple diskless servers can iSCSI 

Figure 1. Traffic classes and the unifying fabric transition

2 For more information, see “The Promise of Unified I/O Fabrics,” by J. Craig Lowery, Ph.D., and David Schmidt, in Dell Power Solutions, February 2005, www.dell.com/downloads/global/power/ps1q05-20040191-Lowery.pdf.

Figure 2. Virtual hosting infrastructure and the unifying fabric transition
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boot a common virtualization software image, such as 

ESX Server, and then run multiple VMs—all across the 

same unifying fabric.

Creating a 10 Gigabit Ethernet unifying fabric

Figure 3 shows the conceptual building blocks of the 

Dell scalable enterprise based on a 10 Gigabit Ethernet

unifying fabric. The Dell scalable enterprise seeks to

standardize core data center elements to help simplify 

operations, improve resource utilization, and enable 

cost-effective scaling as needed. Virtualization is 

key to that vision, including VMs supported by 

server and storage virtualization technologies built 

on iSCSI and iSCSI booting, which in turn require 

TCP/IP. With its attendant optimization and offload technologies, 

10 Gigabit Ethernet can serve as a unifying fabric foundation to 

help realize the scalable enterprise vision.

Given that a unifying fabric must support storage, clustering,

and traditional network traffic, and that server and storage virtu-

alization technologies depend on iSCSI and TCP/IP protocols, a 

unifying fabric must meet the following requirements:

 • Uses technology based on industry standards
 • Becomes familiar to and trusted by the market
 • Supports TCP/IP
 •  Coexists and interoperates transparently with existing

interconnect technologies
 •  Provides sufficient performance (low latency and high

throughput) to support iSCSI SANs and high-performance

computing cluster interconnects
 • Provides fault tolerance
 • Offers cost-effectiveness

10 Gigabit Ethernet has emerged as the leading candidate to fulfill 

these requirements. As the next iteration of the established IEEE 802.3 

Ethernet standards, 10 Gigabit Ethernet has a well-understood founda-

tion on which to build; it also includes TCP/IP support and is designed 

to interoperate with previous generations of 10/100/1,000 Mbps 

Ethernet. SAN hardware from companies such as EMC provide both 

Fibre Channel and iSCSI capabilities, and legacy Fibre Channel enclo-

sures can have a server front end that presents the Fibre Channel 

storage as iSCSI targets on the unifying fabric. Regardless, Ethernet 

gateways for Fibre Channel and InfiniBand already exist and can be 

further optimized for use with 10 Gigabit Ethernet.

Although Ethernet itself is not optimized for use as a unify-

ing fabric, offloading technologies such as TCP/IP Offload Engine 

(TOE) and iSCSI offload help 10 Gigabit Ethernet provide sufficient 

performance for many application environments. Network interface 

card teaming, failover, and the robustness of the TCP/IP and iSCSI 

protocols can provide fault tolerance. As with previous 

generations of Ethernet, cost is likely to decrease as the 

technology is deployed in commodity volumes, eventually

making it a ubiquitous and cost-effective technology.

Moving from vision to reality 

As a unifying fabric candidate, 10 Gigabit Ethernet has 

received widespread positive support from the IT indus-

try, and has been deployed since 2004 as a foundational 

networking technology with optical and heavy-duty 

copper-based interconnects for high-performance 

computing, where it has proven to be sufficient 

for a majority of inter-node communication tasks. 

PCI Express, protocol offloads, and multi-core pro-

cessors can all contribute to removing bottlenecks that have previously 

prevented efficient use of 10 Gigabit Ethernet. A transition to 10 Gigabit 

Ethernet BaseT is on the horizon, at which time familiar CAT6 and 

CAT7 twisted-pair cable plants will likely be the cabling method of 

choice. 10 Gigabit Ethernet could become the true workhorse of enter-

prise computing, even supporting traffic types such as voice-over-IP 

telephony, videoconferencing, and remote computing.

Although it holds great promise, 10 Gigabit Ethernet as a unify-

ing fabric requires much more than simply network adapters, 

switches, and cables. Management tools, methods, and best prac-

tices for iSCSI SANs and iSCSI boot (including boot image manage-

ment) are needed. Refinement of protocol offloads, including 

integration into OS stacks and matching appropriate offloads to 

workloads, is still in the early stages of development. But even so, 

the consensus across the IT industry seems to be that a unifying 

fabric is a foregone conclusion, and that—with 10 Gigabit Ethernet 

identified as the key foundational technology—it is coming quickly. 

The transition may take several years, but 10 Gigabit Ethernet can 

take the industry one major step closer to realizing the virtual data 

center and the scalable enterprise.

J. Craig Lowery, Ph.D., is an advanced solutions technology strategist in 

the office of the CTO in the Dell Product Group. He currently focuses on 

strategic planning for enterprise solutions, particularly those that realize 

the Dell vision of the scalable enterprise. Craig has a B.S. in Computing 

Science and Mathematics from Mississippi College and an M.S. and Ph.D. 

in Computer Science from Vanderbilt University.
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tion for the Dell scalable enterprise

FOR MORE INFORMATION

Internet Engineering Task Force IP Storage Working Group:

www.ietf.org/html.charters/ips-charter.html

IEEE 802.3 Working Group:

grouper.ieee.org/groups/802/3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


