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How long has virtualization been around?How long has virtualization been around?

1.1. Recent development: ~5 yearsRecent development: ~5 years

2.2. A while: 10 yearsA while: 10 years

3.3. Older than Microsoft: 30 yearsOlder than Microsoft: 30 years

4.4. A lot longerA lot longer……..>40 years..>40 years

Would you believe ~45 Would you believe ~45 -- 50 years?50 years?

IBM & MIT: IBM & MIT: 
Compatible Time Compatible Time 
Sharing SystemSharing System

Strachey: Strachey: 
Time Sharing in Large Fast ComputersTime Sharing in Large Fast Computers

IBM:  M44/44X ProjectIBM:  M44/44X Project

MIT: Project MACMIT: Project MAC

Goldberg: Goldberg: 
Survey of Virtual Machines ResearchSurvey of Virtual Machines Research

ConnectixConnectix is foundedis founded

VMWareVMWare
is foundedis founded

Microsoft acquires Microsoft acquires ConnectixConnectix

Open source Xen Open source Xen 
is releasedis released

1950 1960 1970 1980 1990 2000 Today

Intel introducesIntel introduces
Intel Virtualization Intel Virtualization 

TechnologyTechnology

VirtualizationVirtualization
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TodayToday’’s Usess Uses
Virtualization addresses todayVirtualization addresses today’’s IT concernss IT concerns

10:1 in many cases10:1 in many cases Enables rapid deploymentEnables rapid deployment

Server ConsolidationServer Consolidation
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Test and DevelopmentTest and Development
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Emerging Usage ModelsEmerging Usage Models

Goal: True Goal: True ““Lights OutLights Out”” DatacenterDatacenter
Instantaneous failoverInstantaneous failover

Dynamic load balancingDynamic load balancing
AutonomicsAutonomics
Self healingSelf healing

Dynamic Load BalancingDynamic Load Balancing
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Disaster RecoveryDisaster Recovery
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Applications for EDA IndustryApplications for EDA Industry
Porting CAD tools across different Porting CAD tools across different OSesOSes

While running on the same machineWhile running on the same machine
And comparing GUIs on the same monitorAnd comparing GUIs on the same monitor

Consolidating different applications on one Consolidating different applications on one 
machine machine 

Protected from each other in different Virtual Protected from each other in different Virtual 
Machines Machines 
Give legacy tools their own OS, no need to portGive legacy tools their own OS, no need to port

Provide failover reliability for critical tasksProvide failover reliability for critical tasks

EDA can consume multiEDA can consume multi--core processing powercore processing power

Virtualization ChallengesVirtualization Challenges
ComplexityComplexity

CPU virtualization requires binary translation or CPU virtualization requires binary translation or 
paravirtualizationparavirtualization
Must emulate I/O devices in softwareMust emulate I/O devices in software

FunctionalityFunctionality
Paravirtualization may limit supported guest OSesParavirtualization may limit supported guest OSes
Guest OSes Guest OSes ““seesee”” only simulated platform and I/O devicesonly simulated platform and I/O devices

Reliability and ProtectionReliability and Protection
I/O device drivers run as part of host OS or hypervisorI/O device drivers run as part of host OS or hypervisor
No protection from errant DMA that corrupts memoryNo protection from errant DMA that corrupts memory

PerformancePerformance
Overheads of address translation in softwareOverheads of address translation in software
Extra memory required (e.g., translated code, shadow tables)Extra memory required (e.g., translated code, shadow tables)
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Enables richer software capabilitiesEnables richer software capabilities
6464--bit guest OS support in virtualized environmentbit guest OS support in virtualized environment

Support for unmodified, heterogeneous guest Support for unmodified, heterogeneous guest 
operating systems to run on new operating systems to run on new VMMVMM’’ss

Common virtualization standards from client to Common virtualization standards from client to 
serversservers

Broad availability of both client and server Broad availability of both client and server 
platforms since November 2005 for accelerated platforms since November 2005 for accelerated 
software developmentsoftware development

IntelIntel®® Virtualization Technology (VT)Virtualization Technology (VT)

Provides siliconProvides silicon--based functionality that works based functionality that works together together 
with compatible VMM software to provide new capabilitieswith compatible VMM software to provide new capabilities

IntelIntel®® Virtualization Technology Virtualization Technology 
EvolutionEvolution

VMM
Software
Evolution

Past
No Hardware

Support
VMM software evolution over 
time with hardware support

Software-only VMMs
• Binary translation
• Paravirtualization

Simpler and more 
Secure VMM through 
foundation of 
virtualizable ISAs

Vector 3:
I/O Focus

Standards for IO-device sharing:
• Multi-context I/O devices
• Endpoint device translation caching
• Under definition in the PCI-SIG* IOV 

Vector 1:
Processor Focus

Vector 2:
Platform Focus

Establish foundation 
for virtualization in the 
IA-32 and Itanium 
architectures…

VT-x

VT-i

… followed by on-going evolution of support:
• Micro-architectural (e.g., lower VM switch times)
• Architectural (e.g., extended page tables, EPT)

Hardware support for IO-device virtualization:
• Device DMA remapping
• Direct assignment of I/O devices to VMs
• Device-independent control over DMAVT-d

Increasingly better CPU and I/O virtualization 
Performance and Functionality as I/O devices 
and VMMs exploit infrastructure provided by VT-x, 
VT-i, VT-d

*Other names and brands may be claimed as the property of others

Today

PCI-SIG
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A Better Platform for VirtualizationA Better Platform for Virtualization

Performance HeadroomPerformance Headroom
IntelIntel®® XeonXeon®® processors have processors have key performance featureskey performance features for for 
virtualization: dualvirtualization: dual--core, hypercore, hyper--threading, I/O, memory, and larger threading, I/O, memory, and larger 
caches caches 

First to Market & Massive Ecosystem Support:First to Market & Massive Ecosystem Support:

Better Platform Reliability:Better Platform Reliability:
Critical for more applications on the same serverCritical for more applications on the same server
More reliability features  More reliability features  
Proven Platform Architecture Proven Platform Architecture -- almost 40X more almost 40X more 
IA based servers than AMD based since 1996IA based servers than AMD based since 199611

Whitepaper on Virtualization benefits: http://www.intel.com/business/bss/products/server/virtualization_wp.pdf

“Choose the 
right basket”

RobustRobust: First x86 hardware assisted virtualization technology (Intel V: First x86 hardware assisted virtualization technology (Intel VT)T)
InnovationInnovation: common specification = enhanced virtualization on x86 and will: common specification = enhanced virtualization on x86 and will
set the standard  set the standard  
FlexibilityFlexibility: Leverage Intel: Leverage Intel®® XeonXeon®® processorprocessor--based servers widely deployed based servers widely deployed 
infrastructure for advanced failover and dynamic load balancinginfrastructure for advanced failover and dynamic load balancing

ChoiceChoice: Broadest virtualization software support in the industry : Broadest virtualization software support in the industry 

1 – source:  Q4’05 IDC server Tracker, 1996-2005 total system shipped 

•• Providing balanced platform solutions that delivers CPU, Providing balanced platform solutions that delivers CPU, 
memory, I/O and advanced technology support for Client memory, I/O and advanced technology support for Client 
and Server Virtualizationsand Server Virtualizations

•• Supplying the most reliable, thoroughly validated & Supplying the most reliable, thoroughly validated & 
widely deployed Virtualization platforms available in the widely deployed Virtualization platforms available in the 
marketmarket

•• Working with the industry to build a vibrant ecosystem Working with the industry to build a vibrant ecosystem 
and build solutions to enhance computing efficiencyand build solutions to enhance computing efficiency

Intel: Transforming Virtualization Intel: Transforming Virtualization 
from Mainframes to Mainstreamfrom Mainframes to Mainstream


