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Datacenters with multiple SAN implementations today will find two
advances in SAN technology important and useful. These will enable
next-generation datacenter SANs to further consolidate storage and
improve manageability. 

IDC believes that consolidation can take can take place in the stor-
age network fabric as well as in storage arrays. For example, multi-
level multi-protocol switches with higher port counts can consolidate
the switching function within the SAN, as well as offer end users an
alternative to separate, purpose built bridging devices. Consolidation
may also occur through the use of larger switches, i.e., switches with
increase port density. Using larger building blocks within the SAN
will result in fewer switches and also reduce the number of ports
needed for inter-switch communications.

Manageability will improve due to advances in storage and network
virtualization, the technique of mapping physical characteristics of
devices to logical attributes that are simpler for operators to man-
age. IDC believes that standards play an important role in advancing
such virtualization within the multi-vendor world of enterprise SANs.
Co-operative development efforts at the Storage Network Industry
Association (SNIA) are expected to ultimately generate an industry
standard vocabulary that becomes the basis for cross-vendor virtual-
ization efforts. 

Longer-term IDC believes that the concept of utility computing — the
idea that information systems can be provisioned like electrical and
telecommunication utilities — will mature within the data center, and
evolve to include more applications that aren't necessarily consid-
ered datacenter applications today. Increased consolidation and
improved manageability of storage systems are essential steps in
the direction of increasing the reach of utility computing. Along with
other steps (e.g., the development of blade servers designed for
consolidated processing that can be provisioned), the IT industry in
general is heading in the direction of the utility model — albeit at a
conservative pace. 
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Important changes are afoot in datacenter storage technologies.
Today's storage area networks (SANs) have succeeded in whetting
the appetite of IT consumers who want to consolidate storage to
improve utilization and provision shared storage resources. Tomor-
row's datacenter storage networks will provide greater consolidation,
will be easier to manage, and will expand to include more applica-
tions that are not traditionally found within the datacenter. Technolo-
gy improvements underlie these trends.

Today's Datacenter SAN
Today's datacenter SAN consolidates and allocates storage
resources to a collection of servers that are typically running
demanding applications. SANs are also deployed as shared infra-
structure in organizational units such as divisions, departments or
campuses. Within the datacenter, SAN adopters are taking the first
steps toward a new model of storage — a utility model where stor-
age, like electrical power, network services and cooling, is provi-
sioned. IDC notes, however, that many large data-centers often
have several SANs, each dedicated to supporting different applica-
tion or organizational needs. Within these environments, SANs are
not integrated with one another or with workgroup and mid-size sys-
tems in the enterprise.

Today's Datacenter SAN: Benefits & Challenges
SAN technology provides a viable approach to gaining control over
large amounts of storage previously attached directly to servers.
Because storage managers can reallocate shared resources,
greater utilization becomes a significant benefit. The pool of shared
storage can be a heterogeneous mix of tape and disk arrays, which
can be provisioned as required for different enterprise applications
attached to the SAN. Backup and recovery routines can be woven
into the SAN.

In many large data-centers, IDC believes that multiple SANs are
maintained separately for different reasons (see call out section enti-
tled When SAN Integration Adds Value). Today's switches and direc-
tors allow SANs to scale to serve hundreds of servers and storage
devices. Though SANs can theoretically scale to thousands of
nodes, few ever do. Though data-centers with a very large number
of nodes certainly exist, they often contain multiple, separate SANs.

Ease of use is a considerable challenge for SAN managers today. In
fact, IDC research indicates that ease of use is the most prevalent
concern for owners of SANs, and that this concern grows as the
size, scale and complexity of the SAN increases. This is due, in part,
to the fact that today's SANs use fairly new technologies that often
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do not leverage industry standards. Further, today's SANs require
retraining of IT staff that typically have little experience with network
storage protocols. Also, a detailed understanding of the SAN ele-
ments — the switches, host-bus adapters, and various storage
devices — is needed in order to maintain the SAN.

Tomorrow's Datacenter SANs 
Next-generation SAN technologies will provide data-centers with
greater scalability to enable further consolidation of storage
resources and improved ease of use. 

Further Consolidation
Large data centers containing multiple SANs will continue to consoli-
date storage by improving the inter-SAN communication within the
datacenter. This opens the possibility of greater storage consolida-
tion and optimization than can be achieved in individual, small-scale

A storage area network (SAN) consists of a dedicated network that
interconnects servers and their applications to storage resources
with the use of a switch or hub. Today, market preference for hubs
has largely gone away, as many switch prices have declined to a
price per port that was once reached only by low-cost hubs with
limited functionality.

Host-bus adapters installed in servers look to the SAN for blocks of
data as if it were directly attached. Bridges are used to provide
gateway functionality, extending SANs over disparate protocols
outside the dedicated network. Storage devices are ordinarily a mix
of disk and tape resources with different performance characteris-
tics. The switch routes the data between servers and storage
devices. Often these switches are relied upon to ensure the avail-
ability of the fabric within a SAN. 

Early adopters of SANs were large data centers with commensu-
rately large storage management needs and budgets. As such,
risks at this level were often quite high. SANs are also employed by
mid-size data centers or workgroups with modest storage needs
and budgets. These SANs have tended to be less complex, often
supporting less critical applications. 

Storage system managers who oversee SANs are among the most
skilled in the IT industry, and they need to be. SANs are complex
and a deeper understanding of both network and storage technolo-
gies is needed to operate them. For managers who come from the
mainframe world, SANs are a return to the good old days of cen-
tralized control. For managers who come from the distributed sys-
tems world, consolidation in general, and SANs in particular, are
approached with caution. In fact those with a background in distrib-
uted environments often limit the exposure of a SAN by deploying
SANs on a per project or per application basis.

SSAANN TTEECCHHNNOOLLOOGGYY IINN AA NNUUTTSSHHEELLLL
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storage networks. In addition, large datacenter SANs will become
more accessible to mid-size applications that today are running on
smaller servers with attached storage in departments and work-
groups.

Ease of Use
In the networked storage industry, efforts to make SANs easier to
use fall under the virtualization umbrella. Virtualization is the use of
software to mask low-level system details so that SANs are easier to
manage. Moreover, virtualization provides a platform for additional
software that automates typical SAN activities so that SANs increas-
ingly manage themselves.

SSAANN TTEECCHHNNOOLLOOGGYY TTRREENNDDSS

Consolidation and manageability improvements are two major trends
that IDC expects to have a significant impact on datacenter SANs.
These installations, with terabytes of storage under management,
are the early adopters of the consolidated network storage model.
As such, the needs that this community has encountered while
deploying, scaling, and managing SANs are harbingers of trends to
come throughout the storage industry.

Continued consolidation
From the onset, SANs have provided an architecture for consolidat-
ing storage devices. Disk arrays with different performance and
capacity characteristics can be integrated with tape libraries to pro-
vide a single pool. Ultimately SANs have resulted in simplifying man-
agement by provisioning from a one pool of storage resources.

Though one major driver of SAN deployment within a datacenter has
been consolidation, the need to prevent the SAN from becoming
unmanageably complex, as well as the desire to avoid inefficient use
of ports as inter-switch links has limited the degree to which many
datacenter SANs have consolidated. IDC believes that such data-
center SAN deployments will eventually consolidate further by lever-
aging switches and directors with larger port counts. These larger
SANs will be assembled with fewer switches and each switch will
manage a larger number of ports. Ultimately these types of SANs
will have fewer components to manage. 

High-performance switches are another catalyst for consolidation.
Be it at 2-Gb/s wire speeds or by trunking multiple physical ports to
create a single, high-speed, logical connection, faster Fibre Channel
ports can be used to join SANs in a datacenter-wide fabric. This
allows operators to gain views of the entire data-center's operations
from a single console.

The Coming of Multi-Protocol Switches
Ample opportunity exists to reduce the number of devices needed to
support multiple protocols within a single SAN.

Next Generation Datacenter SANs
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Today, the use of multiple protocols within datacenter SANs is not
uncommon. Frequently, these SANs encapsulate the Fibre Channel
protocol into IP packets, then send the packets long distances over
secure, high-speed networks. Such functionality is provided by a pur-
pose built device often not built by a switch supplier. IDC believes
that incorporating or migrating encapsulation function to the SAN
switch and making it a portion of a single supplier solution would not
only reduce the number of devices being managed, but also reduce
the complexity associated with having to rely on disparate suppliers
for switching and encapsulation functions.

IDC notes that switches with incorporated encapsulation functionality
will compete with traditional purpose built devices. For those that
choose to leverage purpose built devices, benefits of further consoli-
dation are by no means out of reach. In fact for these environments,
users can utilize a central switch as an efficient way of locating gate-
ways between protocols, since one gateway can be used as the cen-
tral point rather than locating gateways at multiple smaller switches
or at even higher numbers of servers.

The need for encapsulating one protocol over another, such as Fibre
Channel encapsulated in IP, may subside over time as the introduc-
tion of competing SAN protocols (e.g., iSCSI) allow for long distance
data transmission natively. That said, this will happen over time, after
such protocols mature and software is rewritten to accommodate
them.

It is IDC's belief that users will continue to use bridging devices to
interconnect SANs. That said, the market will soon have the added
choice of a multi-protocol switch with some portion of ports accom-
modating long-reaching protocols such as ethernet at Layer 2, and
IP at Layer 3.

Lastly, IDC believes that it is important to note that the end-point for
consolidation is an eventual move to a utility model for storage, net-
working and processing — that is, utility computing or "IT on
demand." We believe that the utility model is viable, but that progress
toward that model will be incremental and last over many years to
come. 

More on Multi-level Multi-protocol Support
IDC expects that enterprises will continue to utilize LANs and the
WAN backbones with different protocols at different layers, particular-
ly layers 2 and 3 in the ISO Reference Model. As SAN resources
reach out more broadly in the enterprise, SANs will need to support
these different protocols and levels as well. 

• At level 3, the protocol of choice is the Internet Protocol (IP).
Competitors to IP do exist, but are of vanishing importance. 

• At level 2, Ethernet, Asynchronous Transfer Mode (ATM) and
Frame Relay are the common protocols that co-exist in intra-
enterprise and extra-enterprise networks. 

It is therefore logical to assume that a multi-protocol SAN switch
would have the various protocols of the SAN world, of which Fibre
Channel is currently the largest, and also those of the network world,
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of which ethernet and IP are largest. A SAN switch attached to the
LAN can become a shared storage resource for the enterprise.
Extending this argument, a SAN switch that can be attached to met-
ropolitan or more broadly all wide-area networks can potentially be
used by many sites. 

Extended connectivity could be particularly attractive in MANs,
where many service providers are considering all-ethernet configu-
rations, riding over fiber. Thus SAN switches that use ethernet are
attractive both in the LAN and the MAN. More complex networks
would require use of IP as well. Broadening this further, the use of
ATM and Frame Relay would allow the use of SANs with other popu-
lar networks. Today, bridges and edge devices provide linkages to
different network protocols. In the future, multi-protocol SAN switch-
es will evolve to compete in satisfying this need.

Improving SAN manageability
IDC believes there to be three basic components that can help to
improve SAN management: virtualization, increased standardization,
and increased partitioning technologies.

Storage virtualization
IDC defines storage virtualization as the use of software to simplify
the management of complex storage configurations by using logical
representations of physical resources.

For example, virtualization allows a storage manager to request
manually that data supporting a critical enterprise application be
backed up to tape. Typically the operator executes this request from
a workstation that provides a high-level view of the SAN environ-
ment. The operator need not know the exact location of the dataset
or the availability of a tape drive and a scratch tape. Such details are
held in a repository and are called upon as needed when the opera-
tor issues a high-level command.

With the addition of a rule or policy engine, the process of backing
up application data can be automated. The operator sets into place
the conditions for backup and the storage system automatically fol-
lows those instructions, provides status reports and alerts as need-
ed.

IDC believes that, over time, virtualization will make networked stor-
age products easier to manage and provide the foundation for
automation products that require less management attention than
their manual alternatives. In a nutshell, storage managers will be
asked simpler questions and fewer of them. 

Increased standardization
The adoption of standards is a sign of maturity in an industry. The
Storage Networking Industry Association (SNIA) is one of the lead-
ing forums for cooperative development work. SNIA's Common
Information Model (CIM) and the Web Based Enterprise Manage-
ment (WBEM) technologies are emerging as the industry's defacto
standards. The CIM standard is a vocabulary for describing storage

Next Generation Datacenter SANs
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devices and the processes related to delivering storage services in a
heterogeneous network environment. WBEM provides a standard
network architecture for storage management.

More recently CIM and WBEM have been used as the basis for a
new management interface called Bluefin. With support from 17
member companies, SNIA is well positioned to assist the industry in
focusing on a single management interface. IDC believes that SAN
manageability will improve as more companies adopt uniform access
methods and protocols for managing components that make up the
SAN.

Improved network partitioning technologies
For enterprise SANs to become more widely accessible in an enter-
prise, robust technologies must be available to partition the SAN for
security and scalability purposes. With regard to security, these parti-
tioning techniques will need to stand up to formal audits when the
security of sensitive information is at stake. Authorization and
authentication technologies and policies beyond the SAN will need to
meet these same stringent tests. Users will expect parts of the SAN
to behave as if they are entirely isolated from one another, that is, as
if the data were in its own dedicated storage system. 

Partitioning is important to SAN scalability as well. Topology
changes, for example adding a switch or reconfiguring pooled stor-
age resources, trigger messages among SAN devices and, for a
time, SAN services are unavailable. Partitioning allows operators to
limit the scope of this message and discovery process and avoids
potential disruption and downtime in parts of the network that are not
directly affected by the changes. This ultimately reduces the amount
of management intervention and increases overall storage network
and system availability. 

The raw ingredients for partitioning exist in different SAN compo-
nents. Zoning capabilities provide a low-level foundation for partition-
ing and performance tuning in the future. IDC expects to see
virtualization techniques applied to the partitioning challenge and the
result will be ways to subdivide a single, large physical SAN into mul-
tiple logical SANs, each provisioned to meet a particular set of appli-
cation needs. Such virtual SANs will operate independently and
provide the partitioning necessary as enterprise access increases.

Types of enterprise data are not created equal.  

Following the hierarchy of most organizations, data may be charac-
terized as enterprise level, line-of-business and departmental, and
personal. These types of data are quite different.

• Enterprise data is information that has value throughout the
organization. A good example is shared access to product sup-
port and customer care data so that engineering can design
better products, marketing can establish new needs, and man-
ufacturing can monitor quality. 

WWHHEENN SSAANN IINNTTEEGGRRAATTIIOONN AADDDDSS VVAALLUUEE
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Major market hurdles/issues
Throughout much of the IT world, SANs have a reputation for being
complex, expensive and difficult to manage. As a result, the technol-
ogy is deployed only when necessary and many times with reliance
on a third-party expert. In addition to delivering quality products that
are simpler to manage, suppliers of networked storage will need to
convince the skeptics that these systems really are easier to install
and use. Further, to be attractive to a large portion of the total avail-
able market, SANs must, over time, mature to the point that third-
party experts are relied upon for only the most complex
configurations.

IDC believes that similar challenges will arise when SANs are more
widely integrated into enterprise networks. Resource sharing, for
example, is a difficult benefit for organizations to quantify and factor
into an ROI or TCO calculation. 

Next Generation Datacenter SANs

• Throughout the enterprise, datasets are cached in support of
Web services, for example, or in print queues and replicating
email servers.

• Some departments (e.g., human resources, legal, and finance)
house data that is sensitive. Access to such data is generally
limited to "need-to-know" — even within the department.  

• New requirements highlight the importance of maintaining pri-
vacy for personal data concerning both employees and cus-
tomers 

The advantages of wide access to a SAN correlate dramatically in
accordance with data type.

• Data of widespread interest to the corporation is valuable to
share across traditional organizational lines. In addition to cus-
tomer care, there is commonly widespread interest in product
and service definitions, corporate communications to cus-
tomers as well as employees. 

• Cached and replicated data need not be widely accessible
from a common store since this data is neither unique nor long-
lived. 

• Departmental data is, by definition, primarily of interest within
each department. Provisioning departmental storage from an
enterprise SAN will meet with significant resistance since IT
systems have traditionally mirrored the organizational hierar-
chies in which they are embedded.

• Personal data and sensitive data must be protected in ways
that may be audited or required to meet legal requirements.
While secure partitioning of SANs may be technically defensi-
ble, it remains simpler in many cases to keep such data in an
isolated network.  
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Opportunities
Users of datacenter SANs have realized the value of consolidated
storage and, over time, will develop an interest in further integration
of SANs with other network services in the enterprise.  

Standardization and automation (virtualization) offer great promise
both for existing SAN customers and especially for next-generation
SAN customers who are waiting for systems that are easier to deploy
and maintain and for which standards make investments safer.

Improvements in the throughput and port capacity of the SAN switch
can and will accelerate the further proliferation of SAN technology for
large enterprises with a high demand for shared data. 

Challenges
The transition from non-standard to standard components is difficult
for any industry, and the storage industry is no exception. Traditional-
ly, first-movers are punished when they release products with plug-
compatible options. Regardless, it must occur.

The virtualization movement is clearly aimed in the right direction —
to make networked storage simpler to configure, deploy and man-
age. Setting goals and achieving them are two different events, how-
ever, and the virtualization effort will be measured by customer
response to new systems that aim to be both flexible and simple to
operate.

IDC believes that there are a considerable number of large data-cen-
ters that have multiple SAN islands. While we believe there to be
opportunity for further consolidation within many of these environ-
ments, we again note that not all data is equal and that a island
approach may sometimes be the best.

Lastly, we note that larger, faster, multi-protocol SAN switches must
succeed in simplifying the SAN environment or face slow adoption.

CCOONNCCLLUUSSIIOONN

Progress will continue unimpeded in the networked storage industry.
IDC encourages consumers, particularly those who operate multiple
SANs in their data centers, to monitor early adopter behavior as sup-
pliers offer technology that enables further consolidation of storage
resources and advancement in manageability. 
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