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Executive Summary 

Virtualization is a time-tested, proven way to add value to existing hardware, software, and 

infrastructure investments by utilizing spare capacity; consolidating servers to save space, 

utility costs, and administrative effort; controlling increasingly dense workloads to ensure 

business continuity and rapid recovery from disasters; and more. 

A primary use of virtualization in today’s information technology (IT) environments is to 

consolidate existing resources onto fewer physical machines, helping to address demands to 

reduce costs and ease management burdens while retaining and enhancing a business’s 

competitive advantages—namely flexibility, reliability, scalability, and security. 

Although virtualization in one form or another has been available on a variety of platforms for 

over 30 years, the technique is now becoming mainstream, given recent advances in bringing 

cost-effective virtualization to enterprise servers using Intel and AMD technologies. These 

enhancements and new technologies mean that virtualization is no longer relegated to the 

mainframe platform, and businesses with heavy investments in Intel-based and AMD–based 

enterprise servers can now reap the benefits of virtualization at a much lower total cost of 

ownership. 

These benefits are readily apparent when paired with server consolidation. Consolidation onto 

enterprise servers using Intel and AMD technologies, with virtual machines as a primary tool, 

helps to: 

 Optimize infrastructure. 

 Reduce utility costs. 

 Lower administrative overhead. 

 Ensure robust disaster recovery features. 

 Enable higher levels of system availability. 

 Allow for flexible and agile IT responses to new business conditions and initiatives. 

The Windows Server® system of products and technologies also presents administrators with 

powerful tools to deploy, manage, and optimize new virtualized infrastructures. These tools 

are familiar, robust, and in some cases included within the initial licensing programs of 

Windows Server 2008, minimizing the associated costs of consolidating to virtual machines. 

Overall, the capabilities, scalability, and management features available to businesses with 

Windows Server–based infrastructure investments are comparable to those available on the 

mainframe platform, while being available at a much lower cost, both initially and on an 

ongoing basis. 
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Introduction 

Companies of all sizes worldwide are looking to virtualization as a potentially game-changing 

scenario. Server consolidation, energy efficiency, simpler management and deployment, and 

increased capacity are all tangible benefits to be gained from a move to virtual servers and 

virtually hosted services.  

There is no doubt that virtualization solutions, no matter the form, will have a significant effect 

on the technology industry in 2008 and for some time to come. Consider the following data 

points: 

 According to the prominent research firm Gartner, the number of virtualized PCs is 

forecasted to increase from fewer than 5 million in 2007 to 660 million by the year 

2011.
i
  

 Gartner also indicates that by 2009, up to 4 million discrete virtual machines will be 

installed on commodity x86-based computers.
ii
  

 An analyst with IDC, Chris Ingles, suggested in 2007 that the number of physical 

servers that become virtualized will jump to 50 percent by 2011.
iii
  

In this white paper, we’ll explore mainframe-based virtualization and Windows Server–based 

virtualization solutions, focusing on the implications of each style when used primarily to 

consolidate sprawling hardware devices in a data center. Specifically, the paper includes: 

 A brief history of virtualization on the mainframe through the years leading up to the 

Windows Server 2008 Hyper-V™ technology. 

 Background information on virtualization, consolidation, and scaling of infrastructures, 

including how virtualization itself can help achieve consolidation goals in a less costly 

manner. 

 An introduction to commodity hardware–based virtualization, including the new 

virtualization extensions that are now incorporated by major x86 and x64 processor 

and chipset manufacturers. 

 A discussion of the benefits to an organization as it moves its legacy applications 

from mainframe computers to Windows Server and Hyper-V solutions. 

 A primer on consolidation versus virtualization.  

 A discussion of management of a virtualized infrastructure, including the free and 

separately licensed tools to manage virtual machines on the Windows Server 

operating system. 

                                                           
i
 ―Gartner Says Virtualization Will Be the Highest-Impact Trend in Infrastructure and Operations Market Through 2012,‖ 
www.gartner.com/it/page.jsp?id=638207 

ii
 Ibid. 

iii
 ―Virtualisation now key for critical systems,‖ www.itpro.co.uk/news/119526/virtualisation-now-key-for-critical-systems.html 

http://www.gartner.com/it/page.jsp?id=638207
http://www.itpro.co.uk/news/119526/virtualisation-now-key-for-critical-systems.html
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Mainframes and Virtualization: A Brief History 

More than 30 years ago, the IBM mainframe platform implemented virtualization support, 

allowing IBM mainframes to run multiple applications and processes in an isolated fashion 

simultaneously. IBM hardware and operating systems have had support for virtual memory, 

storage, and archiving longer than any other platform, mainly because mainframes are 

expensive resources and partitioning provided a way to make full use of the hardware 

investment made. 

The 1970s and Early 1980s 

The period between 1970 and the early 1980s saw many new technologies and changes 

introduced to the computing world. IBM’s mainframe operating systems were the primary 

drivers of enterprise computing innovation. 

IBM VM Operating Systems: Introducing Hypervisor Technology 

The IBM VM family introduced the concept of a hypervisor in 1972. Specifically, the core of 

the IBM VM family architecture was a control program (which effectively is what we now refer 

to as a hypervisor) called VM-CP. VM-CP ran on the physical hardware and created the 

virtual machine environment. This arrangement made VM-CP become classified as a type 1 

hypervisor. Type 1 hypervisors are essentially software that runs directly on the hardware 

platform and thus below the operating system in the overall system stack.  

VM-CP provided complete virtualization of the physical machine, not just a subset as for 

previous solutions, and it really was the first implementation of both the hypervisor and the 

overall concept of virtualized machines. 

MVS Operating Systems: Introducing Virtualization 

Not to be confused with VM, MVS (short for Multiple Virtual Storage) was the most commonly 

used operating system on System/370 and System/390 machines. MVS was first introduced 

in 1974. The core of MVS has stayed the same throughout many revisions to this operating 

system.  

The roots of virtualization on the mainframe begin in MVS, specifically with its virtual memory 

support. MVS allowed an unlimited number of applications to run in separate address spaces. 

The MVS core redirected requests from two separate applications for the same virtual 

memory address to different areas of physical memory. Additionally, for mainframes that had 

multiple processors configured in what was called ―loosely-coupled‖ fashion, each processor 

had its own memory space and operating system to itself but shared peripherals connected to 

the physical box. A component of MVS called JES3 allowed this sharing and separation to be 

managed from a single console.  

While MVS is no longer supported by IBM, the roots of virtualization can be traced to its 

support of these two key capabilities. MVS transformed into OS/390 in 1995, which over time 

introduced support for 64-bit mainframe machines; finally, in 2000, OS/390 turned into z/OS, 

which is the current production IBM mainframe operating system. 

The Late 1980s Through 2000  

The IBM ESA/390 Operating System: Introducing Logical Partitions 

In 1990, IBM introduced a logical partition, also called an LPAR, for its ESA/390 mainframe 

architecture The LPAR is the core of mainframe virtualization.  
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An LPAR is a division of a machine’s entire set of hardware resources that is dedicated and 

addressed like a separate machine. It acts as a slice of a larger computer and is dedicated to 

performing as if it were a completely independent, discrete machine that is running its own 

operating system and applications.  

LPARs are essentially hardware-based in that the partitions themselves are defined on the 

hardware level and software manages the partitions. This software interacts with the LPAR to 

slice up memory, the central processing unit (CPU), and even storage between partitions. The 

partitions are almost completely independent and provide a discrete environment in which 

software can run, although some cross-partition operations are permitted in unusual cases.  

When the ESA/390 was introduced, LPARs depended on the Processor Resource/System 

Manager (PR/SM), which was a set of circuits, chips, and code built into the hardware that 

supported the capabilities of LPARs. The code behind the PR/SM hardware—in effect, one of 

the first hypervisors—was derived from the IBM VM operating system family of the 1970s.  

The IBM z/VM System: Developing Virtualization 

Along with the z/OS system, which was introduced in 2000, the VM system developed into 

z/VM (also released in 2000). The z/VM system is the base of virtualization on IBM mainframe 

products. Arguably, z/VM’s most crucial feature is Virtual Machine Resource Manager 

(VMRM), which dynamically provisions parts of the total resources of the system among 

virtual machines. VMRM also supports criteria such as resource limits, prioritization and 

quality of service, and service-level agreement (SLA) terms.  

In general terms, z/OS and z/VM can support multiple virtual machines that run any 

compatible operating system and are hosted on a single mainframe host. The maximum 

number of virtual machines that can be supported will depend on the workloads and 

performance of each virtual machine under both peak and aggregate usage.  

The Windows Operating System: x86 Enterprise Servers 

The motivation for virtualization waned in the 1980s and 1990s as significantly less-expensive 

x86 desktop computers and servers became widely available and the model of distributed 

computing took hold. Few companies needed to invest in an expensive centralized system 

and determine efficient technical ways to share it because low-cost machines with the ability 

to run their own operating systems and applications independently had become widely 

available. The release and adoption of the Windows® operating system in the 1990s 

cemented the dominance of x86-based systems as productivity workhorses. 

However, along with the massive increase in x86 system adoption, there came related 

obstacles, particularly in the area of asset management and optimization. Specifically, these 

obstacles—still in place—are: 

 Non-optimized usage. Organizations tend to run only one or two applications on 

each individual server to ensure availability and to avoid risk, which means that any 

given business has many servers deployed. Because of this, a typical x86 server 

installation achieves an average system utilization of 15 percent of its capacity, 

according to many common reports and administrator stories. It is important to note 

that low utilization is not a specific property of the technology. It is the result of the 

decision to either acquire and run a new server as an existing server or to get 

permission to run a new application on an existing server.  

 Growing infrastructure expenses. A group of individual servers requires cooling 

and power regardless of how stringent or lenient their workloads are, an expense that 

continues to increase in today’s environment as data center space and services come 

at more and more of a premium. 



Virtualization and Consolidation  4 

 

 Increased management complexity. As machines are added to the network to 

perform different roles, staffing and credentials must be expanded to administer the 

growing infrastructure. In addition, creating one unified policy and applying it across 

all systems becomes challenging, as multiple solutions are added to the network. 

These solutions sometimes run on different platforms and may even be sourced from 

different vendors. 

To respond to these challenges, virtualization techniques were introduced in the late 1990s. 

Most of these products used type 2 hypervisors. Type 2 hypervisors are software packages 

that run within an operating system environment and generally emulate a type 1 hypervisor to 

a ―guest‖ operating system that runs on a ―host‖ operating system. This type of virtualization 

aimed to remove, or at least ameliorate, the obstacles previously mentioned. Virtualization 

essentially uses the commodity hardware that has become so widespread in computing 

environments today and turns it into an ―infrastructure‖ running on a type 2 hypervisor that can 

support isolation, consolidation, and simpler management. 
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Consolidation via Virtualization 

Virtualizing workloads on any platform brings with it distinct benefits, including better 

performance, lower overall cost of ownership, and the ability to consolidate.  

Reducing the total number of servers required by an organization is termed consolidation. 

Consolidation leads to significant savings on space, power, and other consumables. 

Virtualization is the process of creating a simulated computer environment on a physical 

computer, so that the simulations can better utilize the full capacity of the physical machine. 

Consolidation holds much promise for larger organizations today, for several reasons: 

 Many powerful machines of today’s generation sit underutilized. Components and 

machines are ordered to satisfy peak demand requirements, yet often trundle in the 

background with little to do most of the time, wasting energy, space, and money. 

 Data center space is at a premium, as newer service requirements dictate the 

addition of many machines to a space designed for many fewer. In addition, costs to 

construct new data centers can be prohibitive, and the available locations in which 

suitable new data centers can be built may be unsatisfactory. 

 Server sprawl continues to increase an organization’s total cost of ownership of IT 

assets and consumes staff time, power for running and cooling the hardware, and 

bandwidth.  

In this section, we consider how the different layers, models of scale, and scenarios of 

virtualization can serve to benefit a consolidation effort. 

Scaling Out and Scaling Up 

Servers are added to an infrastructure mainly to accomplish scaling—to add a service, to 

increase the capacity of the server, or to make accessing a workload more reliable or 

consistent. For example, you may implement a new application and install a set of servers to 

support the various pieces and components of that application. You have created, in effect, a 

complete ―data center‖ for this application, with test and development servers, backup 

servers, database servers, and of course, an application server. It is in this scenario that 

sprawl and low utilization are best illustrated. 

When you are considering a consolidation solution, it is likely that you have scaled to an 

uncomfortable point and you are looking to rationalize your infrastructure.  

Scaling scenarios for infrastructures take three forms: physical, virtual, and hybrid. 

Virtualization can fit any of these scenarios, either as a part of the solution itself or as a 

defined outcome of a large-scale effort to consolidate.  

Physical Infrastructure 

For comparison purposes, let’s examine how scaling of physical infrastructure has worked in 

the past on hardware running Windows Server, without the introduction of virtualization. 

There are two ways to increase capacity in a purely physical infrastructure: scaling out and 

scaling up. Scaling out involves provisioning new systems with similar, or even identical, 

hardware configurations that support the same workloads whose capacity you are trying to 

expand. The term ―server sprawl‖ describes the inevitable growth in the number of discrete 

machines as a result of the physical scale-out methodology of scaling.  

Scaling up involves adding additional services to physical machines that are already running 

some workloads. For example, a computer running Microsoft® Exchange Server may also 

function as a domain controller for the Active Directory® service if administrators want to scale 
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the presence of Active Directory services across an enterprise. Sometimes, infrastructure 

services like Active Directory, Domain Name System (DNS), and Dynamic Host Configuration 

Protocol (DHCP) can coexist on the same server as a line-of-business application. This 

physical scale-up infrastructure model begins to increase the density at which physical 

servers operate, but the important distinction here is that there is no compartmentalization of 

services; there is no partitioning of operating system and physical resources so that each 

server is dedicated to specific workloads. For Windows Server–based machines, this 

increased density is usually achieved through running more individual processes on a single 

machine. An application running on Windows Server typically uses just one process, and 

Windows is architected to handle several thousand concurrent processes. 

In either type of physical infrastructure scaling model, workloads are run and services are 

provisioned within the confines of one instance of the operating system, with no hardware-

assisted division of resources. 

Figure 1 demonstrates scaling within a purely physical infrastructure. 
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Application Application

Hardware

Operating
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Figure 1. Physical infrastructure scaling model Virtual Infrastructure 

 

There are two forms of virtualization: machine virtualization and operating system 

virtualization.  

Machine Virtualization  

Additional flexibility is available when you virtualize some workloads. As with physical 

infrastructure scalability, with virtual infrastructure you can scale out and scale up. The major 

difference is that with virtual infrastructure, scale is achieved on a single host. You can stack 

workloads in individual virtual machines on one physical host machine, or include multiple 

types of services within one virtual machine (scaling up). You can also add additional virtual 

machines to increase scale (scaling out). Creating this virtual infrastructure is known as 

machine virtualization (see Figure 2). 
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If the primary goals of your efforts are server consolidation, legacy hosting and migration, 

creating a dynamic data center, and enhancing recovery from disasters, this is usually the 

best method of virtualizing infrastructure. You use tools like Hyper-V and Microsoft Virtual 

Server to create the virtual machines that host your workloads. Machine virtualization 

provides the best isolation for each workload, which is important for security and performance 

reasons, while achieving a relatively flexible ability to scale up and out. 

Operating System Virtualization  

Another way to virtualize is through operating system (OS) virtualization, which is designed 

primarily for scenarios that require running identical versions of the OS with similar, if not 

identical, workloads. In the OS virtualization model, the operating system kernel is shared 

among partitions that have separate workloads running within them (see Figure 2). You can 

then scale up, and run multiple applications within a partition, or scale out, by creating multiple 

partitions and running single (or more) applications within them. You can achieve scale with 

this method more easily, because the footprints of the individual partitions are smaller and 

more responsive than entirely virtualized machines, and each partition has its own copy of an 

operating system. However, in this scenario the isolation boundaries for each partition are 

limited because the operating system kernel is shared among all partitions. 
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Figure 2. Virtual infrastructure with the machine virtualization scaling model 
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Figure 3. Virtual infrastructure with the machine virtualization scaling model 

 

The Hybrid Infrastructure 

One additional infrastructure model can be useful, from a consolidation perspective. In a 

hybrid infrastructure (see Figure 4), the core is a high-performance physical server with 

hardware-assisted virtualization technology. The physical server allows the portioning of 

hardware resources as well as the isolation of workloads with individual virtual machines. 

Fundamentally, hybrid infrastructure deployment is accomplished through the use of hardware 

partitioning that is supported by the hardware manufacturer (OEM). With a hybrid solution, 

you can take advantage of some benefits of OS virtualization—namely the improved ability to 

scale—while still taking advantage of the isolation protections for individual workloads that are 

offered by the machine virtualization model. 
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Figure 4. Hybrid infrastructure scaling model 

 

Benefits to Consolidating by Using Virtualization Solutions 

No matter which infrastructure model best represents the current state of your information 

technology investment, there is a place for consolidation via virtualization. These benefits are 

recognized in four ways: 

 Lower total cost of ownership 

 Savings on utility costs 

 Improvements in disaster recovery abilities and overall availability 

 Increased agility 

Lower Total Cost of Ownership 

Perhaps the most significant advantage of consolidation is reducing the total cost of 

ownership for any IT solution. Using virtualization as a tool in the consolidation exercise 

simply magnifies the savings. Virtualizing workloads increases density—that is, putting 

workloads on virtual machines allows you to utilize more of the hardware you paid for. If 

several servers run applications that consume only a fraction of the available resources, 

virtual machine technology can be used to enable the applications to run side by side, albeit in 

single instances within discrete virtual machines, on a single server, even if they require 

different versions of the operating system or middleware. If multiple instances of an 

application are not able to run side by side on one instance of an operating system, then 

server virtualization can still provide a method to consolidate these applications on one 

physical server. By taking many less-intensive workloads that previously were hosted on 

separate physical machines and combining them onto one host with historically low utilization, 
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you have optimized your data center, freed up hardware, and more efficiently used the 

hardware for which your business has paid. 

Additionally, consolidation frees up machines to be available for other uses. As workloads are 

migrated from physical machines to virtualized instances, organizational assets can be better 

deployed with other solutions and workloads, without having to purchase additional hardware 

to satisfy needs. On top of that, the ability to mix 32-bit and 64-bit hardware and software 

using a combination of physical hosts and virtual machines extends the life of some older 

hardware that can be used to perform low-overhead duties such as infrastructure 

management and device servicing. 

Utility Savings 

As data centers support new applications and services, and become ever more spread out 

geographically, businesses are finding it increasingly difficult and expensive to fully provision 

real estate and utility support. Data centers built over seven years ago were not designed for 

the high-density equipment that many solutions require in our current generation of 

information technology. Gartner released a study, ―U.S. Data Centers: The Calm Before the 

Storm,‖ that concluded that this problem is widespread. According to the study, ―More than 70 

percent of the world's Global 1000 organizations will have to modify their data center facilities 

significantly during the next five years.‖
iv
  

Power for running and cooling hardware is also a growing cost. Some data center managers 

are finding that power costs are quickly approaching equilibrium with equipment costs, and as 

raw material costs soar and demand grows for these utility services, one can imagine a 

scenario in which providing service to hardware will become more expensive on a yearly 

basis than acquiring the hardware in the first place. To get a sense of the energy consumption 

of the typical data center, look at the following statistics provided by the United States 

Environmental Protection Agency:
v
  

 Data centers consumed 61 billion kilowatt-hours of electricity in 2006. That's roughly 

1.6 percent of total U.S. electricity consumption and is worth about $4.5 billion.  

 Assuming that current trends continue, by 2011 the national energy consumption by 

data centers is expected to nearly double.  

By consolidating machines, you begin to save on these power costs. By using virtualization as 

a method of consolidation, you also make the machines you have acquired more efficient by 

using more of their capacity without adding to the overall utility footprint of the data center. In 

addition, the flexibility of using virtual machines for a variety of workloads translates into 

significant savings in balancing services across the variety of resources you have on your 

network. 

Disaster Recovery and High Availability 

Businesses increasingly run as all-day, every-day operations. Such intensive scheduling 

means that events like hardware and software failures, natural disasters, and even planned 

maintenance will result in downtime that can bring revenue operations to a halt. Not only does 

this lead to frustrated end users and overwhelmed IT departments, it can also result in 

damaged brands and the loss of critical information and revenue. Downtime is a metric to be 

whittled as close to zero as possible. 

Virtualization can make maintaining bulletproof continuity and disaster recovery strategies 

simple. By compartmentalizing workloads into separate virtual machines, you prevent one 

                                                           
iv
 ―U.S. Data Centers: The Calm Before the Storm,‖ www.gartner.com/DisplayDocument?id=525445 

v
 ―EPA Report to Congress on Server and Data Center Efficiency,‖ 
www.energystar.gov/ia/partners/prod_development/downloads/EPA_Report_Exec_Summary_Final.pdf 

http://www.gartner.com/DisplayDocument?id=525445
http://www.energystar.gov/ia/partners/prod_development/downloads/EPA_Report_Exec_Summary_Final.pdf
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application from affecting the performance of another, or from causing a system crash. Even 

the less stable legacy applications can be operated in a secure, isolated environment, 

ensuring their ability to function despite changes and enhancements to the underlying 

hardware and networks on the host that might ordinarily affect backward compatibility. 

A holistic virtualization strategy also allows you to maintain an instant failover plan that 

provides business continuity throughout disruptive events. By enabling you to convert OS and 

application instances into data files, it can help automate and streamline backup, replication, 

and movement, providing more robust business continuity and speeding recovery in the case 

of an outage or natural disaster. Getting a set of services up and running from a library of pre-

existing virtual machines can make a recovery from a total disaster much faster. Virtualizing 

and consolidating many parts of your infrastructure gives you the ability to move services 

around the globe to unaffected areas—in some cases with nothing more than a couple of 

clicks of the mouse. 

Agility 

In recent years, businesses and organizations have begun to shift how they view their 

information technology architecture. For a long time, IT was viewed as a cost center only, a 

necessary expense of doing business whose budget was always to be minimized as much as 

possible. The long-term view of IT has shifted, however, as the Internet and Web services 

have become more popular and more important to corporate strategy. IT is now seen as a 

business enabler, a profit center, and new IT services and new machines that are brought 

online can offer capabilities and support that drives revenue and profit. 

Along with that shift of regard is the need for IT departments to become agile. As corporate 

performance demands new areas of online services, Web presence, hosted products, and 

other IT-driven products, IT becomes central to business success. If IT departments can’t get 

new hardware and software provisioned in a timely manner, it is no longer simply an 

inconvenience; it’s a direct loss of potential revenue. Virtualization allows for the type of 

flexibility and agility demanded in today’s environment.  

In what ways can virtualization and consolidation assist IT departments in becoming more 

agile? Here are a few examples: 

 Consolidating workloads onto fewer servers makes other hardware available for use 

in new scenarios. 

 Virtual machines can be prepared in advance and saved to libraries, which makes 

them deployable in a matter of minutes and hours, not days and weeks. 

 Virtualized instances can take advantage of hardware-assisted virtualization support 

in new host machines to improve performance and response time. 

 Improved management tools for virtual machines and hardware hosts allow for rapid 

provisioning, deployment, and reshuffling of virtualized workload deployments to best 

take advantage of changing market conditions and business requirements. 

With features like automated virtual machine reconfiguration, flexible resource control, and 

quick migration, you can create a dynamic IT environment that uses virtualization to not only 

respond to problems, but also to anticipate increased demands. 
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Virtualization on Enterprise Servers with Intel or AMD 

Technologies 

For all of the benefits of mainframe-based virtualization, one cannot overlook the fact that the 

cost of the hardware and software licenses to provision a base system, onto which virtualized 

workloads can be placed, can stretch into the hundreds of thousands, if not millions, of 

dollars. Virtualization with enterprise servers that use Intel or AMD technologies offers a 

chance to realize many similar performance, utilization, and cost savings benefits using 

commodity hardware that is relatively inexpensive to acquire, deploy, license, and support.  

The savings on licensing and initial acquisitions costs notwithstanding, although virtualization 

on mainframes has been around for a long time, enterprise server–based virtualization is a 

relative newcomer to the field. However, because of the inherent nature of the commodity 

hardware marketplace, companies drive innovation based on competitive factors. As progress 

marches on, hardware makers and software innovators are forced to respond to competitive 

threats and create the next bigger and better solution. Customers can enjoy the fruits of this 

technical ―arms race,‖ and, as a result, virtualization solutions for machines running Windows 

Server have reached a pinnacle point where they are suitable for enterprise use. 

Overall, organizations can take advantage of commodity hardware, with the latest chip-based 

enhancements to virtualization from mainstream x86 and x64 processor providers, utilizing 

benefits that rival the performance and management advantages of consolidating on the 

mainframe platform. With hardware-assisted virtualization and Hyper-V technology as a 

feature of Windows Server 2008, organizations can achieve the primary tenets of 

consolidation and realize the primary advantages of consolidation without spending hundreds 

of thousands, if not millions, of dollars on mainframe hardware and software licenses. 

Hardware-Assisted Virtualization 

Hardware-assisted virtualization is the creation of an environment in which the processor and 

surrounding hardware itself are aware of and control virtual environments by way of special 

extensions to the instruction set of the chip. By building in specialized controls for virtual 

machines, performance is enhanced, and manageability and security are improved. Both Intel 

and AMD, the largest manufacturers of x86 instruction set–based processors, have built 

virtualization extensions into their processors. These extensions work with other hardware 

elements to allow guest operating systems to run unmodified within virtual machines without 

incurring the performance penalties that are associated with emulation. 

The Intel Virtualization Technology (VT) is chip-based instruction that supports software on 

the host system in running multiple operating systems and applications in independent 

partitions, each getting an equally deep slice of the CPU pie. It effectively takes the whole of 

the system's processor power and divides it among all virtual machines running on a host. To 

do so, Intel VT requires support from the chipset, BIOS, and software as well as from the 

processor itself. 

Processors that have Intel VT support understand an extra instruction set called Virtual 

Machine Extensions, or VMX. VMX enables 10 new instructions to the CPU, all relating to 

virtualization: VMPTRLD, VMPTRST, VMCLEAR, VMREAD, VMWRITE, VMCALL, 

VMLAUNCH, VMRESUME, VMXOFF, and VMXON. Additionally, Intel VT supports the 

running of virtualization-related software in two modes: root and non-root operation. The 

software that manages the virtualized resources runs in root mode, while operating systems 

that run on the virtual machine—the guest operating system, in other words—runs in non-root 

mode.  
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Overall, this native hardware support for virtualization performs significantly better than pure 

emulated, software-only virtual machines. (It is essentially the same concept as the Virtual 

8086 mode from the 1980s, whereby you create MS-DOS®–based virtual machines in 

parallel.)  

Advanced Micro Devices has a similar set of instructions, called AMD-V, for its newer 

processors, which accomplishes much the same result. AMD extends this a step further with 

a technology called IO Memory Management Unit, or IOMMU, which helps establish interrupt 

delivery to individual virtual machines that are running on a physical machine, and provides a 

translation unit for memory that helps prevent a virtual machine from breaking its isolation 

boundaries through direct memory access (DMA).  

Although the Intel-based and AMD–based hardware-assisted virtualization solutions require 

cooperation and coordination from vendors of processors, chipsets, and BIOSes, the 

technologies that have resulted allow for virtual machines on enterprise servers to perform 

quickly and robustly within a secure environment at a fraction of the cost of single-vendor 

solutions. 

Hyper-V 

Hyper-V is a next-generation hypervisor-based virtualization technology that is integrated as a 

feature of the Windows Server operating system and that allows you to dynamically add 

physical and virtual resources. Some of the key features of Hyper-V include: 

 New and improved architecture. New 64-bit micro-kernelized hypervisor 

architecture enables Hyper-V to provide a broad array of device-support methods and 

improved performance and security. A true type 1 hypervisor, like Hyper-V, is superior 

to the type 2 emulators that are used by other virtualization solutions on the market. A 

type 1 hypervisor also isn’t exclusively under the domain of mainframes anymore.  

 Broad OS support. There is broad support for simultaneously running different types 

of operating systems, including 32-bit and 64-bit systems, across different server 

platforms, such as Windows, Linux, and others. In contrast, if an organization using a 

mainframe solution wants to consolidate x86-based non-Windows Server–based 

workloads onto its mainframe platform, a recompile of those workloads is required. 

With Hyper-V you can simply use the binaries you already have, achieving similar 

benefits without the associated migration costs and risks. 

 Symmetric Multiprocessing (SMP) support. The ability to support up to four 

processors in a virtual machine environment enables you to take full advantage of 

multi-threaded applications in a virtual machine.  

 Network load balancing. Hyper-V includes new virtual switch capabilities. This 

means that virtual machines can be easily configured to run with Network Load 

Balancing (NLB) in Windows Server to balance loads across virtual machines on 

different servers.  

 New hardware sharing architecture. With the new virtual service provider/virtual 

service client (VSP/VSC) architecture, Hyper-V provides improved access and 

utilization of core resources, such as disk, networking, and video, and the ability for 

guest operating systems to communicate with one another without going through an 

actual physical network or network card. 

 Quick migration. Hyper-V enables you to rapidly migrate a running virtual machine 

from one physical host system to another with minimal downtime, using the familiar 

high-availability capabilities of Windows Server and Microsoft System Center 

management tools.  
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 Virtual machine snapshot. Hyper-V provides the ability to take snapshots of a 

running virtual machine so that you can easily revert to a previous state and improve 

the overall backup and recoverability solution.  

 Scalability. With support for multiple processors and cores at the host level and 

improved memory access within virtual machines, you can now scale up your 

virtualization environment to support a large number of virtual machines within a 

given host and continue to make use of quick migration for scalability across multiple 

hosts.  

 Extensibility. Standards-based Windows Management Instrumentation (WMI) 

interfaces and APIs in Hyper-V enable independent software vendors and developers 

to quickly build custom tools, utilities, and enhancements for the virtualization 

platform. 

The Mechanics of Hyper-V 

Hyper-V has three main components: Windows hypervisor, a virtualization stack, and a 

virtualized I/O model. Windows hypervisor is a thin layer of software that is located directly on 

processors that are enabled with Intel VT or AMD-V technologies. The hypervisor acts to 

create the different partitions that each virtualized instance of code will run within. The 

virtualization stack and the input/output (I/O) component provide interactivity with Windows 

Server itself and with the various partitions that are created by the hypervisor.  

All three of these components work together. Using servers with the Intel-enabled or AMD-

enabled processors, the hypervisor offers hooks into the management of both processes and 

threads on the processor. The host operating system can use these hooks to efficiently 

manage multiple virtual machines and multiple virtual operating systems, all of which can run 

on a single physical processor. Because there are no third-party software products or drivers 

to install, you get nearly guaranteed compatibility without the difficult problems that software 

bugs can introduce into your system.  

The Hypervisor Component 

The hypervisor itself is particularly important to Intel-based and AMD-based virtualization 

scenarios in that two of the fundamental responsibilities of the operating system—the 

abstraction from underlying hardware resources and communication with those resources—

are duplicated by the hypervisor. Recall that a type 1 hypervisor resides directly on the 

hardware and controls it, thus managing the hardware directly instead of through the 

operating system while adding the ability to host multiple isolated instances of operating 

systems and their respective applications. 

The hypervisor also abstracts more reliably and efficiently than operating systems because it 

can show different pictures to higher levels of the system. This capability means that virtual 

processors and virtual network cards don’t have to correspond directly with physical 

hardware, which allows for interesting performance and isolation scenarios.   

The type 1 hypervisor is key to enabling some of the most powerful virtualization benefits. And 

in effect, Hyper-V brings a parallel hypervisor role to Intel and AMD platforms that z/VM brings 

to mainframe environments. 

Other Benefits of Hyper-V 

You can ―hot-add‖ resources to the machines that are hosting your virtualized services. From 

processors to memory to network cards to additional storage media, you can add these 

devices to a machine without taking down services or interrupting user sessions. You can also 

host 64-bit guest sessions, which is a big boon to organizations that are moving toward 

adoption of 64-bit software. You can virtualize your migration, save money on deployment 
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costs, and then assess how many physical machines you'll need when you finish your 

migration.  

Part of the idea behind virtualization is to ensure that services are more available than they 

would be on unvirtualized servers. In that context, Hyper-V includes support for clustering 

across multiple guests. Additionally, you can cluster multiple physical machines that run the 

hypervisor component, so that virtualized instances can fail over to another host if something 

occurred to disrupt the primary host. Finally, you can migrate virtualized guests from one 

physical host to another with little downtime, which eases servicing, planning, and 

reorganization while significantly limiting detrimental effects on production services. You can 

also take advantage of the new disk quorum features in Windows Server 2008: You can have 

clusters in multiple locations—say, on both coasts of the United States or on different 

continents across the world—without necessarily having to have a single shared disk between 

them, something that’s required for clustering using Windows Server 2003. 

Overall, the length of time that a product has been in the marketplace does not always 

indicate technological superiority. Although the longevity of a technical solution certainly is 

one factor in decision-making, technology—like science in general—builds on what has come 

before and utilizes the lessons learned. For example, the mainframe virtualization solution 

z/VM cannot utilize dynamically added memory, whereas its newer counterpart, Hyper-V, 

can.
vi
 Advances in the technology marketplace happen often and to everyone, not just to 

those solutions with a storied history.  

Windows Server 2008 Server Core 

Server Core is a slimmed-down, appliance-like installation option of Windows Server 2008 

that functions in a couple of limited roles and does nothing else.  

Server Core has two main advantages. It’s extremely focused, resulting in better 

performance, resilience, and robustness than a full-fledged operating system. It also has 

limited dependencies on other Windows Server components, in that Server Core is designed 

to work without a lot of other software installed; it can generally work by itself. All of this 

translates into a far smaller attack surface than the standard Windows Server product, given 

all of the material that’s been stripped out. It also means a much lighter footprint for a 

functional installation, which can result in more resource availability for running applications 

and workloads on the operating system. 

One of the limited number of roles that Server Core supports is the Hyper-V role. This means 

that you can acquire hardware with hypervisor support, deploy the Server Core option for 

Windows Server 2008 on that hardware to establish a lightweight, minimalist environment, 

and then install the Hyper-V role on that hardware, enabling you to create a very lean, high-

performance virtualization stack on relatively inexpensive but high-performance hardware. 

The bottom line: Windows Server 2008 Server Core serves to further reduce the footprint of 

the host operating system, increasing the amount of physical resources available to 

virtualized workloads on a single machine. 

                                                           
vi
 ―Exploiting virtual machine technology for the development and test of z/OS system solutions,‖ www.vm.ibm.com/zos 

http://www.vm.ibm.com/zos
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The Management Conundrum 

As virtualization becomes increasingly mainstream, the server sprawl that organizations 

suffered previously becomes apparent. Because of the ease of creating new virtual machines 

and provisioning them with software, a company’s infrastructure can quickly bloom with a 

wide variety of virtual machines spread across many physical hosts. This can be difficult to 

manage. 

Industry analysts agree. ―Virtualization without good management is more dangerous than not 

using virtualization in the first place,‖ warns Thomas Bittner, with Gartner.
vii

 Neil Macehiter, 

research director with Macehiter Ward-Dutton, adds, ―As virtualization becomes a mainstream 

capability for organizations that see its potential to maximize the return from and flexibility of 

their IT infrastructure assets, management of that virtualized infrastructure will be the critical 

enabler in realizing that potential.‖
viii

  

Microsoft makes available many tools that can assist in the task of managing a virtualized 

infrastructure, including some resources that are part of Windows Server 2008 and others that 

offer enhanced capabilities and features under a separate license. 

Hyper-V Manager 

Hyper-V Manager is the in-box solution for creating, administering, managing, and monitoring 

virtual machines on any given Windows Server 2008 host. With Hyper-V Manager, local or 

remote computers that run Microsoft Hyper-V Server and their corresponding virtual machines 

can be administered. You can start, shut down, turn off, pause, reset, take snapshots of, and 

revert to snapshots of any virtual machine hosted on Hyper-V. In addition, you can edit virtual 

networks and their configurations and manage the basics of the Hyper-V host service itself, 

including stopping and starting it. 

The configuration options are: 

 New Virtual Machine 

 New Virtual Hard Disk 

 Edit Virtual Hard Disk 

 Import Virtual Machine 

 Virtual Machine Settings 

 Virtual Network Manager 

Hyper-V Manager is a good basic management console for the normal administration tasks in 

a small to medium–size Hyper-V infrastructure. 

System Center Virtual Machine Manager 

Microsoft System Center Virtual Machine Manager provides administrators with an alternative, 

enhanced management solution for their fleets of virtual Windows Server–based machines. 

System Center Virtual Machine Manager is particularly adept at assisting administrators with 

consolidating multiple physical machines to fewer virtual machines, in three key areas: 

identifying ideal candidate machines for consolidation, performing physical-to-virtual machine 

conversion (moving workloads from a physical machine to a virtual machine), and intelligently 

selecting an ideal host on which the new virtual machine can reside. 

                                                           
vii

 ―Virtualization Management,‖ www.microsoft.com/virtualization/solution-tech-management.mspx 
viii

 Ibid. 

http://www.microsoft.com/virtualization/solution-tech-management.mspx
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The first step in migrating from a physical data center with workloads on discrete machines is 

to identify appropriate workloads for consolidation onto virtual machines. System Center 

Virtual Machine Manager helps administrators target the best physical servers for 

consolidation, using its own analysis of past performance data stored in the Microsoft System 

Center Operations Manager database. System Center Virtual Machine Manager can also 

create a consolidation report that summarizes, in a friendly way, an application’s long-term 

performance. This is particularly helpful when virtualizing systems that support applications 

with seasonal surges in demand and ensuring that those applications have adequate 

resources. 

When the appropriate servers are targeted for consolidation, System Center Virtual Machine 

Manager can perform these physical-to-virtual, or P2V, conversions from within the 

management console. System Center Virtual Machine Manager P2V, which consists of a 

simple wizard that is completely scriptable via the Windows PowerShell™ command line 

interface, includes the ability to create images of physical hard disks, prepare them for use in 

a virtual machine, and create the final virtual machine, which can run Microsoft Windows 2000 

Server, Windows Server 2003, and Windows Server 2003 R2. The entire process can also be 

staged and completed at different times, or all at once, depending on the administrators’ 

preferences. 

Finally, System Center Virtual Machine Manager can assist in hosting virtual machines on the 

physical servers that are best suited for those virtual machines. Whether you aim to balance 

loads across machines or to create the densest, most optimized stack of virtual machines on 

any single host, the intelligent placement technology of System Center Virtual Machine 

Manager helps. System Center Virtual Machine Manager uses a holistic approach to choosing 

well-suited host machines, based on the following four criteria: 

 The workload’s resource consumption characteristics 

 Minimum CPU, disk, random access memory (RAM), and network capacity 

requirements 

 Performance data from virtual machine hosts 

 Preselected business rules and models associated with each workload, which contain 

knowledge from the workload’s entire life cycle 

Administrators can fine-tune to maximize resource utilization or balance workloads among 

hosts. 

Additionally, System Center Virtual Machine Manager now includes the ability to manage both 

Microsoft Hyper-V–based virtual machines as well as virtual machines created with VMware 

ESX Server, making System Center Virtual Machine Manager a single solution for managing 

two platforms of enterprise server–based virtualization deployments. System Center 

Operations Manager also has cross-platform extensions, so an investment in Microsoft 

System Center products and technologies is valid for both Windows Server and other platform 

infrastructures. 
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Consolidation vs. Virtualization 

This white paper has focused primarily on server consolidation, via virtualization, to hardware 

running Windows Server. However, not all virtualization efforts stem from a desire to 

consolidate.  

Consolidation is defined as an effort to reduce the total number of servers required by an 

organization. Consolidation is a natural response to server sprawl, a situation in which many 

machines occupy more space and consume more resources than can be justified by their 

workload. Consolidation is a popular phenomenon: Of 518 respondents in a Gartner Group 

research study, 6 percent had conducted a server consolidation project, 61 percent were 

currently conducting one, and 28 percent were planning to do so in the immediate future.
ix
  

Virtualization, in its most technical sense, is defined as a way to mask the physical properties 

of computing resources from the normal methods of interacting with those resources via 

applications, machines, or end users. Virtualization in practice is more popularly known as the 

process of creating a simulated computer environment on a real, physical computer and 

allowing those simulations to better utilize the full capacity of a given physical host. 

Your organization may be considering virtualization to assist in other functions of your IT 

group. What can businesses gain from virtualizing some legacy systems outside of a 

consolidation goal? Should your business consolidate, should it virtualize, or should it 

undertake some combination of the two?  

Virtualization Benefits Outside of Consolidation 

Aside from consolidation, virtualization can benefit IT projects and solutions within an 

organization from day one. Consider the following examples. 

 Testing and development. Virtualization and the processes of testing and 

development are frequent companions. Using virtual machines, IT staff can create 

isolated, risk-free environments that can be configured to reflect the configuration and 

performance of actual physical machines that reside on the network. Developers and 

testers can quickly recreate different operating system configurations or compare 

versions of applications designed for various operating systems. In addition, a 

developer can test early development versions of an application in a virtual machine 

without fear of destabilizing the system for other users. This provides significant 

flexibility to testing and development groups that previously required a substantial 

investment in non-production–use hardware. Hyper-V, with its extensive guest OS 

support and checkpoint features, offers a superior technology for these test and 

development efforts. 

 Disaster recovery and business continuity. Business continuity is the ability to 

minimize both scheduled and unscheduled downtime. That includes time lost to 

routine functions, such as maintenance and backup, as well as unanticipated 

outages. Hyper-V includes powerful business continuity features, such as live backup 

and quick migration, which enables businesses to meet stringent uptime and 

response metrics. Taking advantage of the clustering capabilities of Windows Server 

2008, Hyper-V now provides support for disaster recovery within IT environments and 

across data centers, using geographically dispersed clustering capabilities. Rapid and 

reliable disaster and business recovery helps ensure minimal data loss and powerful 

remote management capabilities. 

                                                           
ix
 ―Toolkit Best Practices: Server Consolidation Survey Results, Physical Consolidation,‖ 
www.gartner.com/DisplayDocument?ref=g_search&id=510554&subref=simplesearch 
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 Legacy application hosting. Legacy operating systems and applications can run on 

new hardware and with more recent operating systems and applications. Because of 

the virtual boundaries established by virtual machines, such operating systems and 

applications act as if they are running solely within their own environment and thus 

are safeguarded within another, modern physical host. 

 Mixing operating system platforms. Your business may have investments outside 

of the Windows ecosystem. These investments can still hold value for your business, 

even amidst a move to virtual machines. Microsoft will provide integration 

components and technical support for customers running select Linux distributions as 

guest operating systems within Hyper-V. Beta Linux integration components are now 

available for SUSE Linux Enterprise Server 10 SP1 x86 and x64 Editions. These 

integration components enable Xen-enabled Linux to take advantage of the Virtual 

Service Provider/Virtual Service Client (VSP/VSC) architecture and provide improved 

performance. A full list of other supported operating systems will be announced prior 

to the release of Hyper-V. 

 Dynamic data centers. With virtual machines and flexible physical hosts, 

organizations can use virtualization solutions to create a dynamic data center 

environment, with systems that self-manage, fail over, scale up, and re-adjust 

themselves to meet new business demands. In addition to the flexibility provided by 

having workloads reside in and run on virtual machines, using a systems 

management solution such as Microsoft System Center allows you to take advantage 

of such features as automated virtual machine reconfiguration, flexible resource 

control, and quick migration. Your data center becomes proactive instead of reactive. 

Hyper-V and Windows Server 2008, along with other Microsoft management products such as 

System Center Virtual Machine Manager, can help you realize benefits from virtualization 

regardless of your ultimate aim. Because Hyper-V is a valid part of any of the scenarios 

mentioned in this section, an investment in Windows Server 2008 and commodity hardware 

unlocks the potential savings and allows you to begin realizing the advantages of virtualization 

immediately. 

Consolidation Benefits Outside of Virtualization 

Equally, aside from virtualization, consolidation can benefit IT projects and solutions within an 

organization from day one. Recall the infrastructure models discussed earlier in the paper. In 

both types of physical infrastructure scaling, workloads are run and services are provisioned 

within the confines of one instance of the operating system, and with no hardware-assisted 

division of resources. Within the boundaries of that model, consolidation is still possible. That 

is, there are tools in the Windows ecosystem that allow consolidation of applications and 

workloads outside of placing those pieces within virtual machines. Consider: 

 IIS application pools. An application pool within Internet Information Services 6.0 

and 7.0 can contain one or more Web-based applications. The pooling concept 

introduces a measure of isolation between different Web applications, protecting 

other Web applications from an error or other fault occurring within one application. 

Because each application pool runs in its own IIS worker process, errors encountered 

in one application pool will not affect the applications running in other application 

pools. 

 Windows System Resource Manager. On the Windows Server platform, the 

Windows System Resource Manager, or WSRM, provides the tools for managing 

resource allocation, including processor and memory resources among multiple 

applications based on business priorities. With WSRM, you can implement tight 

operational processes to predictably meet your service level requirements, maximize 



Virtualization and Consolidation  20 

 

the return on your IT investments, and manage a changing mix of workloads. WSRM 

can set a baseline for utilization in any particular environment, such that 

administrators can control any given application’s processor or memory usage. This 

offers better control and management over your existing resources, regardless of 

what new application you introduce to the environment. Additionally, the monitoring 

capabilities of WSRM allow an administrator to produce reports detailing current 

processes, their resource usage and allocations, and so on, providing a way to 

inventory requirements to help make better resource division decisions. Windows 

System Resource Manager offers mainframe-like control over workloads and 

resource allocation for Windows Server platform users. 

 SQL Server 2008 Resource Governor. Within Microsoft SQL Server® 2008 data 

management software, the Resource Governor provides predictable performance 

across workloads by defining resource limits and priorities for these workloads. By 

using the Resource Governor, you can gain control of your multiple-workload 

environment by defining workload prioritization, which limits known large workloads 

from abusing resources, minimizes the possibility of runaway queries, and provides 

mission-critical workloads with the resources they need. 

While pure consolidation efforts are outside the scope of this paper, it is important to note that 

Windows offers tools to assist in consolidation projects, whether or not they involve 

virtualization as a core component. 
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Consolidation with Intel and AMD Virtualization 

Technologies: A Compelling Proposition 

In this white paper, we have discussed mainframe-based virtualization and Windows Server–

based virtualization solutions, from both a historical and a current perspective. Although there 

are many benefits overall to virtualization, we have focused specifically on the implications 

and ―wins‖ that occur when used primarily within a consolidation effort. 

 Overall, virtualization is a proven way to add value to existing hardware purchases, in 

terms of extra utilization, savings from consolidation, control over workloads and their 

resource usage, and more. 

 The fundamental use of virtualization to help consolidate many servers on a single 

system while maintaining isolation helps address demands to ease management and 

reduce costs while retaining and enhancing competitive advantages, such as 

flexibility, reliability, scalability, and security. 

 While mainframe virtualization has a long history, virtualization capabilities on 

everyday commodity enterprise servers that use Intel or AMD processors and 

compatible chipsets have developed into technologies that are robust and ready for 

the enterprise. 

 Virtualization with enterprise servers using Intel or AMD technologies can enable 

significant savings in system acquisition and total cost of ownership over a 

mainframe-based system. 

 Consolidation to enterprise servers with virtualization extensions using Windows 

Server 2008 and Hyper-V helps to optimize infrastructure, reduce utility costs, lower 

administrative overhead, and allow for agile responses to new business conditions 

from the IT department. 

 With tools such as Windows Server 2008 Server Core, Windows System Resource 

Manager, and System Center Virtual Machine Manager, administrators can control 

resources and assign priorities based on business requirements as well as assess, 

perform, and monitor consolidations directly from the Windows operating system, 

rivaling the sophisticated management capabilities available on mainframe platforms. 

 Overall, the capabilities, scalability, and management features available to 

administrators of Windows-based systems who are consolidating their servers to a 

Windows Server–based environment rival those available on the mainframe 

platform—but they can be acquired for a much lower cost, both initially and on an 

ongoing basis. 
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