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M anagement Summary

The hundreds of smdl servers tha many enterprisess have deployed in the course of
implementing e-busnesses pose an ongoing problem of sorawl.  The reasons for tiered
environments and for multiple indances of servers have not gone away, but the multitude of their
direct and associated environmental cods, servicing and support requirements, and Software
licendng fees, like the traffic ramifications of suburban sprawl, are compellingly onerous. Co-
location gives servicing efficiencies, but is not as efficient as consolidating gpplications onto fewer
savers. Meanwhile, new initiatives to integrate business processes and vaue chains, and the need
for everything jus-in-time, are driving a need for improved communication between applications.
Suddenly there are many cumulatively compelling reasons for server consolidation.

Consolidation spawns issues tha may remind you of your fird weeks in a large college
dormitory. There, the key to surviva in a shared dorm room was to isolate what was not to be
shared, and to cultivate illusors of separation and isolation with scheduling and headphones, and
to pick a particular snk in the vast bathroom to cal one's own even though it wasn't.

When enterprise gpplications are consolidated into smilarly close quarters, eectronic isolation
can be achieved by mapping, masking or multiplexing & many levels In networked storage, such
isolation is done by LUN masking and mapping, so that one application does not write over
another gpplication’s data.  Within that application, a file sysem’s locking mechanisms enforce
data integrity by seridizing the writes by different gpplication users to a particular file, or part
thereof. On mainframes and high-end servers, workload isolation is accomplished by processor
patitioning, ether physca or logicd. This brings us to virtud mechines in which severd
operding systems share a physicd or logicd operating space. This is not new: IBM mainframes
have run VM (now z/VM) as a hypervisor (supervisor of operating systems) for decades. Each
virtud meachine is given a “time dicg’ (think “percentage of avaldble time’) in which to run its
goplications.

Enter VMware, which does the same for Intd processors. VMware's virtual machine
software allows multiple operating systems — each with one or multiple applications — to run
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The VMware ESX Server

VMware's products were conceived to
bring the benefits of the manframe virtud
mechine to the Intd environment. Its firg
product for worksations enabled quick
deployment of OS and applications instances
in the dynamic and potentidly treacherous
environment of an academic lab. VMware
enabled software developers to run multiple
operaing sysems and ingances on a sngle
machine, fadlitaing the  porting  of
aoplications to different  platforms. By
definition, each indance of operating system
was isolated on a separate machine.

Lagt year, VMware launched its ESX
Server software product for large enterprises,
which were eager for something that would
dlow them to use the mainframe concept of a
virtud machine on ther Intd platforms. The
adoption of VMware products by a variety of
large enterprises, and the endorsement of
VMware by IBM on its xSeries plaforms,
gonify an acceptance of the need for this
product in the enterprise.

The virtualization layer of the ESX
Server enables complete server
virtualization; that is, the ability to map
“shares’ of a CPU, memory, I/0O buses,
network interfaces, storage (adapters and
devices) to virtual machines. An enveope

isolates the workload, while a virtudization
layer dlows operations to be executed through
the virtud layer on the CPU amogt as fast as
goplications  running  ndively  (uncondrained
by the envelope). VMware's ESX Server uses
the capabilities of the underlying processor
hardware for such functions as virtud-to-
physcd mapping, and therefore incurs
donificantly less of a peformance hit than
emulation.

The mapping of the virtual machines on
the host server is done without the
“knowledge’ of the guest operating systems
and applications running on the virtual
machines. They see the resources they
expect, including sorage as a disk behind a
SCSl controller.  There is no need to ingal
drivers or other software within the virtud
machine to particularize the gpplication for the
host environment.

VMwae ESX Seaver mgps virtud
machines to the network card on the host
sarver.  Each virtud machine may have up to
four virtua network cards (and four MAC
addresses).  In addition, VMware ESX Server
can run a VMNet, a private network segment
implemented in memory but unconnected to
the extend network, dlowing secure
communication between the virtua meachines
This dlows enterprises to creste virtud

Exhibit 1: Beneficial Characteristics

Hardware independence

Once st up, aVMware virtual machine can be run on
any Intd machine regardless of the underlying
hardware.

Fault Isolation

If one applications operating system should
unexpectedly cease to operate, the others do not, nor
does the host server.

Instant gpplication capacity on
demand, and near instant restore

Achieved by invoking dormant virtud machines. Some
applications are moving toward pricing tailored for
virtud machines.

Ease of deployment

With VMwar€ s virtua machines, pre-integrated
gpplications and operating system instances can be
trangmitted to satellite locations for ingtdlation, greetly
samplifying remote deployment.

Completeness of de-ingdlation

If something on avirtud machineis de-inddled from a
server, there is no garbage left behind. The envelope,
which has contained everything, is gone.
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networks in a single box - for indtance, a
firewdl — web server — firewdl — application
saver — datsbase saver, dl on a sngle
machine. For enterprise processes with a need
for tightly integrated, end-to-end functiondity,
thisisaussful festure.

With the recent release of ESX Server 1.5,
VMware has added resource management
features that enable qudity-of-service levels to
be enforced for each virtud machine
Adminigtrators can set separate controls for
four variables /O bandwidth, CPU
utilization, RAM, and network access. These
resources may be redlocated dynamicdly, so
that even alocated but unused resources do
not st idle Detals of the advanced memory
features, CPU dlocation dternatives, and 1/0
management are beyond the scope of this
paper. In generd, the ESX Sever has the
adlity to dynamicdly adjus virtud machine
shares according to the activity and resource
needs of the applications in the virtud
mechines a that point in time. This dlows the
server to do much more with its assets. When
one virtud machine is temporaily ide its
saver assts can be used by other virtud
machines on the same processor. The only
parameter that is not dynamicaly adjugtable is
the network configuration, which requires a
reboot.

ESX Server's console authenticates users,
implements SNMP derts and traps, and can
hogt agents from management frameworks,
such as IBM’s Director and HP/Compag's
Insight Manager.

Pricing for the new ESX Server 1.5 ranges
from $3750/server for a :2 processor serve,
up to $10,000 for an 8-way server.

The Savings

The operational savings an enterprise
will get from VMware ESX Server depends
on the workloads to be consolidated on a
particular server and how synergistic their
workloads are, in terms of resource needs
and patterns of use. In a VMwae TCO
dudy by five of ther cusomers the grestest
savings came from operations (more than 70%
in the four enterprises tha measured it).
Hardware and software savings ran from over

25% to over 50%, and downtime decreased
24%, in the ingance where those savings were
caculated.

A Reusable Methodology

An ided scenaio for fully usng 4l
VMware' s |load-baancing features would be a
data center for globa operations (forget
laency for a moment), where the virtud
machines activity would bloom and srink as
the sunsat circled the globe, evenly using the
saver cycdes 24 hours a day. Actud
operations vay from tha ided, but it
ilugrates the flexibility of virtud machines
that will be ussful in the emerging world of
grids'. The ability to provison (and to de-
indal) operating sysems and gpplicaions in
remote locations securdy is what will be
needed to outsource workloads for processng
on other servers.  As one baances virtud
machines on a sngle server by their workload
characteristics, one could balance workloads
across agrid on an ongoing basis.

Conclusion

VMwares ESX Server virtualization
capabilities can hdp in al Inte
environments where servers are under-
utilized, and where the workloads are
predictable. It is an infrastructure tool that
can wring more use out of existing IT
assets, and potentially reduce the cost of
managing a large number of
servers. As a usful tool for
saver  consolidation, it dso
shows great promise, both for
enhancing corporate agility in
times of rapid expansgon and
as a tool to enable utility-style
deployment of IT resources in
the future.

L grids, organizaions can cal on an extended
environment of servers to process workloads beyond the
capabilities of a single organization. Within organizations,
the emerging concept of grids offers the opportunity for
dynamic alocation of workloads to better use of
underutilized assets.
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