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Evaluating Intel Virtualization Technology
FlexMigration with Multi-generation Intel®
Multi-core and Intel® Dual-core Xeon®
Processors.

Executive Summary:

In today’s data centers, live migration is a required technology for building an agile, dynamic data center based on
server virtualization. It has not been possible, however, to perform successful live migration between servers
based on different generations of processors, each with different instruction sets. This limited our ability to
implement large resource pools, creating islands of servers and hindering the implementation of advanced data
center capabilities.

Intel Virtualization Technology FlexMigration (Intel VT FlexMigration) assist and VMware’s* Enhanced VMotion*
are designed to overcome this limitation by enabling all servers to expose the same instruction set to applications,
even if they are based on different processor generations from a single CPU supplier. In this case study we will
showcase how these technologies allows enterprises to re-use and scale their existing resource pools by adding
higher performing power efficient servers into the pool.

In this PoC, we created an enterprise reporting application workload representative of IT workloads. We then
tested a variety of manual live migrations between host servers based on 3 generations of Intel® Core™ micro
architecture with different instruction sets [Intel® microarchitecture, formerly codenamed Merom:SSE3, Intel®
microarchitecture, formerly codenamed Penryn:SSE4.1, Intel® microarchitecture, formerly codenamed
Nehalem:SSE4.2]. All migrations completed successfully without any failures in the workload.
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1 Proof of Concept [PoC] Overview

This PoC was conceived to showcase how Intel VT FlexMigration supports customers’ hardware investment and
helps future proof resource pools in a virtualized environment.

In this PoC, we created an enterprise reporting application workload representative of IT workloads. We then
tested a variety of manual live migrations between host servers based on 3 generations of Intel® Core™ micro
architecture with different instruction sets:

= A two-socket server based on Intel® Xeon® processor 5148 series with SSE3

= A two-socket server based on Intel® Xeon® processor X5365 series with SSE3

= A four-socket server based on Intel® Xeon® processor X7350 series with SSE3

= A two-socket server based on Intel® Xeon® processor X5450 series with SSE4.1
= A four-socket server based on Intel® Xeon® processor X7460 series with SSE4.1

= A two-socket server based on Intel® Xeon® processor X5570 series with SSE4.2

1.1 IT Business Reporting Overview

IT Business Reporting Application is a representative of a highly utilized set of enterprise reports served to a large
number of users: financial reports, customer data, and so on. This workload has multiple aspects to not only
provide compute workload, but also network workload. All web servers in this configuration are load balanced via
Microsoft* network load balancing (NLB) with all requests generated and results recorded by an external physical
test client. The workload also requires users to be authenticated and validated against a standard domain
controller. This combination of Web traffic, computational workload, authentication and network load balancing
provide an example of an Intel IT business reporting application based on Intel standard server builds and
configurations.

Workload scalability is achieved via a variable number of concurrent users, which is configurable option in the
Microsoft Application Test center tool that generates the load on the system. The primary metric of interest for
this workload is requests/second and this is recorded for each individual test run undertaken. The workload that is
generated is synthetic with no time delays between each request generated and sent to the workload.

The architecture and configuration of each component of the workload is described below. All the below VMs
used the Virtual Machine 7 format that is supported starting with VMware vSphere* 4. Please refer to the
appendix for details on the supported virtual machine formats.

Server VCPUs Memory (GB) (0} Application

flexmigDC 1 1 Win 2K3, 64 bit Domain Controller

flexsqll 4 4 Win 2K3, 64 bit SQL Server 2005, Reporting Server
flexweb1 2 2 Win 2K3, 32 bit NLB and SSRS controller

flexweb2 2 2 Win 2K3, 32 bit Web Server

flexweb3 2 2 Win 2K3, 32 bit Web Server

flexweb4 2 2 Win 2K3, 32 bit Web Server
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1.2 vConsolidate Workload Overview

The vConsolidate benchmark is a virtualization performance benchmark that simulates real server performance in
a typical environment. vConsolidate is a consolidation benchmark comprised of four separate benchmarks that
run simultaneously. There are benchmark components for database, web, Java* and mail. As this is targeted for a
virtual environment, each component runs in its own separate Virtual Machine (VM), each with its own operating
system. In addition to the four benchmark components there is a fifth VM not running any benchmark, which
simulates an idle VM. These five virtual machines comprise a consolidation stack unit (CSU). To determine the full
capabilities of a given system, more than one CSU may need to be added. The Figure below provides a high level
architecture of the workload and the specific configurations of each of the virtual machines. Go to the
vConsolidate link for detailed information.

All the below VMs in the vConsolidate workload used the Virtual Machine 4 format. Even though starting with
VMware vSphere* 4, there is a support for the new Virtual Machine 7 format, the new version still supports the
older version. Please refer to the appendix for further details.

Server vCPUs Memory (GB) OS Application
Web Server 2 1.5 Win 2K3, 32 bit IIS

Mail Server 1 1.5 Win 2K3, 32 bit Exchange
Database Server 2 1.5 Win 2K3, 64 bit MS SQL
Java Application Server 2 2 Win 2K3, 64 bit BEA JVM
Idle Server 1 0.4 Win 2K3, 32 bit Web Server
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1.3 POC Hardware

Below is the list of hardware that was used for testing the Intel VT FlexMigration feature.

Server

Operating System

Configuration

Intel Xeon 5148 VMware vSphere* 4 2S, Dual-core 2.33GHz, 16GB RAM,
[wdcl.lab.epi-ind.com] 1.33GHz FSB, 4MB L2 cache [65nm, Intel®
microarchitecture, formerly codenamed Merom]
Intel Xeon X5365 VMware vSphere* 4 2S, Quad-core 3.0 GHz, 16GB RAM,
[cltnl.lab.epi-ind.com] 1.33GHz FSB, 8MB L2 cache [65nm, Intel®
microarchitecture, formerly codenamed Merom]
Intel Xeon X7350 VMware vSphere* 4 4S, Quad-core, 2.93 GHz, 32GB RAM,
[tgtnl.lab.epi-ind.com] 1.06GHz FSB, 8MB L2 cache [65nm, Intel®
microarchitecture, formerly codenamed Merom]
Intel Xeon X5450 VMware vSphere* 4 2S, Quad-core, 3.0GHz, 32GB RAM,
[hptni.lab.epi-ind.com] 1.33GHz FSB, 12MB L2 cache [45nm, Intel®
microarchitecture, formerly codenamed Penryn]
Intel Xeon X7460 VMware vSphere* 4 4S, Hex-core, 2.67GHz, 32GB RAM,
[dntn1.lab.epi-ind.com] 1.06GHz FSB, 16MB L2 cache [45nm, Intel®
microarchitecture, formerly codenamed Penryn]
Intel Xeon X5570 VMware vSphere* 4 2S, Quad-core, 2.93GHz, 32GB RAM,

[nhm1.lab.epi-ind.com]

1.33GHz FSB, 12MB L2 cache [45nm, Intel®
microarchitecture, formerly codenamed Nehalem]

Intel Xeon X5365

Windows 2003 R2, SP2
vCenter Build: 140742
vSphere Build: 140742

2S, Quad-core 3.0 GHz, 16GB RAM,

1.33GHz FSB, 8MB L2 cache [65nm, Intel®
microarchitecture, formerly codenamed Merom]

Intel Xeon E5345

Windows 2003 R2, SP2
Microsoft Application
Center Test* 1.0.536.0

2S, Quad-core 2.4GHz, 8GB RAM,

1.33GHz FSB, 8MB L2 cache [65nm, Intel®
microarchitecture, formerly codenamed Merom]

Intel Core™2 Extreme
QX6800

Windows 2003 R2, SP2
vConsolidate Client

1S, Quad-core, 2.93Ghz, 4GB RAM,

1.06GHz FSB, 8MB L2 cache [65nm, Intel®
microarchitecture, formerly codenamed Merom]
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2 POC Setup and Configuration

In this section we will go through the steps of creating a cluster and enabling the same to support Enhanced

VMotion. Below are the pre-requisites that needs to be completed before proceeding further

= At least 2 hosts built with VMware vSphere* 4. With a single host we will not be able to test out the Intel

VT FlexMigration functionality.

= VirtualCenter Server 4.0 installed on a system that meets the minimum requirements specified by

VMware.

= Both hosts have “Execute Disable” and “Intel Virtualization Technology” bits in BIOS enabled. Note that

enabling Intel Virtualization Technology bit requires an AC power cycle of the system.

2.1 Cluster creation and enabling Enhanced VMotion
Below are the steps for the creation and configuration of the cluster:

After logging into the vSphere* client, first we need to create the high level Datacenter Node

icenter2.lab.epi-ind.com - ¥Sphere Client [_ It

Edit View Inventory Administration Plug-ins Help

i Ej |Q Home b gf Inventory b @ Hosts and Clusters ]W Search Inventory
B

fj .I‘:lew Eolder Clrl+F epi-ind.com YMware vCenter Server, 4.0.0, 140742

1 MewDatacenter CtHD |

| Datacenters | Virtual Machines .| Hosts | Tasks & Events | Alarms | Permissions | Maps

Add Permission...  Ctrl+P

datacenter Add & host o & virtual machine mplete set-uy
Alarm »
Remoge to vCenter Server
Rename
TouTe TEAdy to set up vCenter Server. The first step is
creating a datacenter
A datacenter contains all inventory objects such as hosts and it
virtual machines. You might need only one datacenter. Large
companies might use multiple datacenters to represent
organizational units in their enterprise
To get started, click Create a datacenter.
< | i
2nt Tasks
© | Target | Status | Details | Initiated by | wCenter Server | = Requested Start Time |
[ |
Tasks @ Alams | [Evaluation Mode: B0 days remaining  [Administrate

After the creation of the Datacenter, the Cluster has to be created.

&) vicenter2.lab.epi-ind.com - ¥Sphere Client

Ble Edt view Inventory Adminstration Plugins Help

=

B |EB Home b gf] Inwentary b [l Hosts and Clusters |ﬂ-. Search Inventory Q
+

(o

= () vicenkerz lab.epiind.com

es ' Hosts ' IP Pools

0 New Folder e Parformance | Tasks Parmissions
[0 New Cluster... oL
B AddHoet. . CtriH niter Add a host Al @ virtual machin Complete set-up
i pew virtual Machine. ., Chri+h

5 New vNetwork Distributed Switch. .

fuld Datastore. . Lter that uses virtualization software, such as Wirtual
run virtual machines, Adding a nost to the

Rescan for Datastores. . it under vCenter Server management
#udd Permission. . Crlep

plarm

puter running ESX or ESXI software. If you
or ESXi software, visit the ViMware Web site

Remaye about this product
Rename ou need to know the location of the host on k

the network and the administrative account (typically

4| | 3
Recent Tasks x
Name | Target | Status | Details | Tnifited by | vCenter Server | = Requested Start Time | g
%" Rename datacenter E\ﬂ New Datacenter &  Completed Admiristrator  [5) vicenkerz lab.e... Af4/2009 7:59:25 PM af4f2009 7
¥4 Createdatacenter 3 vicenterzlabe.. @ Completed Administrator (5] vicenker2 lab.e.., 3/4/2009 7:59:17 PM 3/4/2009 7
* | |
F Tasks @ Alams | |Evalution Mode: B0 days remaining  |[Administrator 7
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Depending on the requirement, appropriate flags need to be enabled for HA and DRS. This setting can be
changed at any point of time later by editing the settings of the Cluster. For this POC we will enable the DRS
feature.

i
i
:

@ MNew Cluster Wizard

Cluster Features

[_ (O]

What Features do you want to enable For this cluster?

Cluster Features

WMware DR

Power Management

2| YMvware EWC
“|¥M Swwapfile Location

Feeady ta Complate

— Mame

FlesxMigration Cluster

— Cluster Features

Select the Features you would like to use with this cluster,

™ Turn on YMware Ha

‘WMware HA detects Failures and provides rapid recowvery for the virtual machines
running within a cluster, Core Functionality incudes host monitoring and wvirtual
machine monikoring ta minimize downtime when heartbeats are losk,

T G iware DRE!

WMware DRS enables wCenter Server to manage hosts as an aggregate pool of
resources. Cluster resources can be divided into smaller resource pools for users, groups,
and virkual machines.

YWMware DRS also enables wCenter to manage the assignment of virkual machines to hosts
automatically, suggesting placement when wirtual machines are powsred on, and
migrating running virtual machines to balance load and enforce resource allocation
palicies.

Help

= Back I Mexk > I Cancel

Since the DRS feature was enabled, additional settings for the DRS need to be provided. Note that the number
of live migrations depends on this setting. For example, if the mode is set to ‘Fully Automated” and
‘Aggressive”, then depending on the workload, if there is lot of variation, you would see lot of migrations
happening to balance the cluster.

| [ New Cluster Wizard

¥Mware DRS

IH[=1 E3

What level of automation da you want this cluster to use?

Cluster Features
YMware DRS

Powet Management
WTware EVC
WM Swapfile Location
Ready to Complete

— Automation level

~

vCenter will suggest migration recommendations For virbual machines,

" partially automated

Wirkwal machines will be automatically placed onta hosts at power an and viCenter will
suggesk migration recommendations for virkual machines,

" Fully automated

Wirkwal machines will be automatically placed onto hosts when powered on, and will be
automatically migrated to attain best use of resources,

Migration threshold:  Conservative —J_ Aggressive
o

Apply priarity 3 ot higher recommendations
wCentet will apply recommendations that promise at least good improvement ta the
cluster's load balance,

Help |

= Back. I Mext = I Cancel
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Dynamic Power Management [DPM] is a new feature in VMware vSphere* 4. This was introduced earlier in
ESX 3.5 as a test feature. Depending on the requirement, enable or disable this option. Note that there is
additional hardware required to enable this option, which is specified in the screen shot below.

ET,J New Cluster Wizard JH[=]

Power Management
D wou want o enable power management For this cluster?

Cluster Features [ Power Management
WMware DRS
Power Management

DPM uses Wake-on-LAR, IPMI, or iLO to pawer on hosts. When using IPMI ar iLO, configure
IPMI or iLO separately far each participating host prior ko enabling DPM. For all pawer on

Yhware BV methods, test exit skandby For each participating host prior to enabling DPH,
WM Swapfile Location
Ready ko Complete Specify the default power management for this cluster,

= {off

vCenter will nat provide pawer management recommendations,
Individual host overrides may be set, but will not become active until
the cluster default is sither Manual or Automatic,
£ Manual
wCenter will recommend evacuating a host's wirtual machines and powering

off the host when the cluster's resource usage is low, and powering the
host back on when necessary.,

" Automatic
vCenter will automatically execute power management related
recommendations.

DPM Threshold:  Consarvative. ——— f—— Aggressive

[ ST
Apply priority 3 or higher recommendations

wCenter will apply power on recommendations produced o mest
WMware HA requirements or user-specified capacity requirements,
Power on tecommendations will also be applied if hast resource

Help | = Back I Mext = I Zancel I

Enhanced VMotion Compatibility [EVC] configuration setting depends on the different kinds of hardware the
ESX hosts have that are need to be added into the cluster. Table below summarizes the settings based on the
hardware of the ESX hosts present in the cluster. Additional details on each of the micro-architecture can be
obtained by clicking on the hyperlink.

Intel® microarchitecture EVC Setting for Cluster Example

Intel® microarchitecture, formerly codenamed Intel® Xeon® Core 2 X5365, X5450 & X5570
Merom + Intel® microarchitecture, formerly

codenamed Penryn + Intel® microarchitecture,

formerly codenamed Nehalem

Intel® microarchitecture, formerly codenamed Intel® Xeon® 45nm Core2  X5450, X7460 & X5570
Penryn + Intel® microarchitecture, formerly
codenamed Nehalem

Intel® microarchitecture, formerly codenamed Intel® Xeon® Core i7 X5570
Nehalem

Note: If all the servers in the cluster belong to the Intel® microarchitecture, formerly codenamed Nehalem
family, and the EVC setting is set to “Intel® Xeon® Core 2”, then the applications running on the server within
the virtual machines will not be able to utilize the new instructions present in the Intel® microarchitecture,
formerly codenamed Nehalem processors. Please see the FAQ section in the document to understand the
implications of changing this setting.
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Below is the high level summary of the instructions present in these families of processors.

Intel® microarchitecture Instruction Set

codenamed Merom

etc.

Intel® microarchitecture, formerly Baseline that includes x87, SSE, SSE2, SSE3, SSSE3, MMX

codenamed Penryn

Intel® microarchitecture, formerly Baseline + SSE4.1 [40+ media/video instructions]

PCMPGTQ, STTNI)

Intel® microarchitecture, formerly Baseline + SSE4.2 [7 instructions (POPCNT, CRC32,
codenamed Nehalem

[ New Cluster Wizard

¥Mware EYC

=] B

Da you wank ko enable Enhanced YMation Compatibility For this clusker?

Cluster Features
YMware DRS
¥Mware E¥C

W Swapfile Location
Ready bo Complete

Enhanced ¥Maotion Compatibility (EVC) configures a cluster and its hosts ko maximize Y¥Motion
compatibility. Once enabled, EVC will also ensure that only hosts that are compatible with those in
the cluster may be added ta the clusker,

" Disable EYC " Enahla EYC for AMD Hosts ' Enabla EYC For Inkel® Hosts

YMware EYC Mode:

Description Inkel ¥eon@ 45nm Core™z

Applies the baseline AIntel® Xeon® Core™ i7

hiosts in the cluster,

Huosts with the Following processor bypes will be permitted ko enter the cluster:
Intel® ¥eon® Core™Z (“Merom™)

Intel® ¥eon® 45nm Core™2 ("Pentyn’)

Intel® ¥eon® Core™ i7 ("Mehalem")

For mare information, see knowladge Base atticle 1003212,

Help |

= Back I Mext = I Cancel

4
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For optimal performance keep the recommended option of storing the swap file in the same directory as the
virtual machine.

[ New Cluster Wizard M= 3

¥irtual Machine Swapfile Location
‘which swapfile location policy should virtual machines use while in this cluster?

Cluster Features
Whware DR.S

Wlare EVC

¥M Swapfile Location
Ready to Complete

— Swapfile Policy for Virtual Machines

= {Store the swapfile in the same directory as the virtual maching (recommended) &

" Store the swapfile in the datastore specified by the host
If not possible, store the swapfile in the same directory as the virtual machine.

A host specified datastore may degrade ¥Motion performance for the
affected virtual machines.

Help | = Back I Mext = I Cancel |

Ensure all the settings are correct and complete the creation of the cluster.

@ MNew Cluster Wizard [_ O] =]
Ready to Complete
Review the options you have selected for this cluster and click Finish ko complete,
Cluster Festures The cluster will be created with the Following options:
1ware DS Cluster M 3 FlexMigration Clusk:
\Mware EYC USCer Mame: exiigration Cluster
MM Swarfile Location WMware DRS! Enabled
Ready to Complete WMware DRS Automation Level:  Manual
WMware DRI Migration Threshald:  Apply priority 3 or higher recommendations
WMware EVC Mode: Intel® Xeon® Core™2
Virkual Machine Swapfile Location:  Same directary as the virtual machine
Help = Back Cancel |
4
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After the cluster has been created, we can start adding hosts into the cluster. If the hosts have already been
added to the Datacenter directly, they need to be moved into the cluster. But make sure all the VMs in the
hosts are shut down and the BIOS settings mentioned at the start of the section are enabled.

[ vicenter 2 lab.epi-ind.com - wSphere Client

Fle Edt View Ipventory Administrabion Fugeins Help

a [ = _? Home b oo Irvankory [ ;*_i] Hirsks and Chusters

FlexMigration Cluster

Ahen you add a hostto a
pecame part of the cluster's
FI"’. the resources of all hosts

Add Permnisson, . ChrlP

S . figh Availability (HA) and

= scheduler (DRS) solutions
dh g Settings...

Remase

Rename

i Add a host

Specify the connection string for the host, which can either be an IP address or a FQDN. If there are any
conditions that are not met, like BIOS changes, appropriate errors/warnings would be generated.

If the host is being added to the cluster for the first time, an alert to confirm the authenticity of the server is
displayed.

%) Add Host Wizard =]

Specify Connection Settings
Tvpe in the information used ko connect ta this hast,

Connection Settings
Hosk Sumrmary

Assign License Enter the name or IF address of the host to add ta vCenter.
Choose Resource Pool

Ready ko Complete

—Connection

Host: WDCL,LAB,EPT-IND, COM|

—Authorization

Enter the administrative account infarmation Far the host. vSphere Client wil
use this infarmation ko connect ka the host and establish & permanent
account for its operations,

Username: Imot

Password: I***wm*

Help | = Back | MNext = I Cancel |
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Security Alert

The SHAL thumbprint of the certificate is:

::/ Unable to werify the authenticity of the specified host,
-

43 AE:36:33:ED:B5:50: 90 96: D0 ES26 AT P2 BE: 05 66 B0 54

Do you wish bo proceed with connecting anwway?

Choose "ves" if vou trust the host, The abowe information will
be remembered until the host is removed from the inventarsy,

Choose "Mo" o abort connecting to the host at this time.

Confirm the host creation settings and go the next screen.

@ Add Host Wizard [_ [0}
Host Information
Review the product information for the specified host,
Connection Settings ‘fou have chosen to add the Following host ko wCenter;
Host Summary =
Assign License Mame: wdcl . lab.epi-ind.com
Choose Resource Pool Vendor: Intel
Madel: S5000454
Ready to Complete Yersion; Yhware ES 4.0.0 build- 148592
Wirtual Machines:
4 I

Help |

< Back | Mext = I Cancel |

4
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Enter the license information if you have or continue with the next step for using the host under the
evaluation mode

@ Add Host Wizard [_ (O]
Assign License
Assign an existing or a new license key to this host,
Conneckion Setkings
Host Summary * assign an existing license key to this host
Assign License -
Product Auvailabl
Choose Resource Pool rosuE | valane |
Ready to Complete E Ewaluation Mode
(| {No License Key)
" assign a new license key to this host
Enter Key. .. | |
Product: Evaluation Mode
Capaciby: -
Available: -
Expires: Si&iz009
Label:
Help | < Back | Mext = I Cancel |
Y

Based on the requirements choose the Resource Pool configuration and complete the final step of the host
creation. Repeat the steps for adding additional hosts into the cluster.

=) Add Host Wizard =]

Choose the Destination Resource Pool
Chaonse where ta place this host's virtual machines in the resource poal hierarchey,

onnectian Settings — ¥irtual Maching Resources

Host Summary

Assign License What would you like to do with the virtual machines and resource pools for this
host?

Choose Resource Pool
Ready ko Complete & put all of this haost's virtual machines in the cluster's root resaurce pool,
Resource pools currently present on the host will be deleted.

" Create a new resource poal For this host's virkual machines and resource
pools, This preserves the host's current resource pool hisrarchy,

Name:  |crafed From wdcl,lab, epi-ind.com

Help | < Back | Mext = I Cancel
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=) add Host Wizard H=] E
Ready to Complete
Review the opkions you have selected and click Finish to add the hast,
Connection Setkings
Host Summary Review this summary before finishing the wizard,
Assign License
hooss Resource Pool Huost: wdcl.lab.epi-ind.com
s Wersion: Whveare ESX 40,0 build-148592
Ready to Complete Metworks: WM Metwark
clusternetwork,
Datastores: wicl
SAMNLLNL
SaMLIMN
IT_FM_LUN
SANLUNG
SAMLUINS
SAMNLUNZ
Resources Destination:  FlexMigration Cluster
Help | = Back Einish Cancel
4
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3 Results

We designed our PoC to test a wide variety of configurations and migration scenarios representative of our
production IT environment:
= Intel IT standard 64-bit and 32-bit Microsoft Windows* builds were used.
= VMs were virtualized servers based on IT-standard configurations for database servers, reporting services,
network load balancing, and Web servers.
=  We tested heavily loaded 32-bit and 64-bit VMs.
= We used manual and automated migration modes across two different platform architectures (two-
socket and four-socket) and three processor generations [Intel® microarchitecture, formerly codenamed
Merom, Intel® microarchitecture, formerly codenamed Penryn & Intel® microarchitecture, formerly
codenamed Nehalem].

3.1 Test Case # 1: Manual Migration of VMs between DP systems

In this test case, we started the IT Business reporting workload (7 VMs) on a system using an Intel Xeon processor
5148 series. Using the Microsoft Application Test center, a load of 14 concurrent users was generated.

As shown in the figure below, we started the workload on the system using an Intel Xeon processor 5148 series.
The workload was run on the system for about 3-4 minutes before migrating manually to the next server. All the
migrations completed successfully without any errors in the workload.

Intel® Xeon® 5148 Intel® Xeon® X5365
SSE3, 2 Socket, 2cores/CPU S5E3, 2 Socket, 4cores/CPU

Virtual Virtual
Machines . Machines

Intel® Xeon® X5570 Intel® Xeon® X5450
S5E4.2, 2 Socket, 4cores/CPU S5E4.1, 2 Socket, 4cores/CPU

f 7
Virtual Virtual
Machines Machines

Migration Times (Seconds)
200
150

158
121 133
100
50
0

5148 to X5365 X5365 to X5450 X5450 to X5570

& Migration Times (Seconds)
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The Microsoft Application Test center screenshot below captures the performance of the workload as we
manually move the VMs from older generation servers to the later generation ones. The tool plots
Requests/second that was processed by each of the servers.

Note: Even though there are drops in the requests that were processed during the actual migrations, there are NO
errors generated.

SocketErrors: 0

I Close I << Hide Details

Graph | Status|

400

& G5
350 Xeon® 5570

300 ‘

250

m— R equests/sec
on® 545
200 Xeon® S450

— HTTP enors/sec
A"\I/MW M —— DNS emors/sec
150 Xeon®) 5365 Socket erors/sec
W'A’Kh ( ) — CLIENT3RPS
100
Xeon® 5148 Drops in requests plocessedy, |
MMA because of migratiohs

T W VT

04 :
0 200 400 600 800 1000 1200

Output

Test Time (secs)
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3.2 Test Case #2: Migrations using DRS from Intel Xeon Processor X5550 series System

For this test, we added systems using a multi-socket Intel Xeon processor X7350 series and Intel Xeon processor
X7460 series into the cluster to showcase that Intel VT FlexMigration works across 2-socket (DP) and 4-socket
(MP) systems. Along with the IT Business Reporting workload, we added additional workload of vConsolidate
benchmark application consisting of 10 VMs.

The focus of this test is to showcase that virtual machines could be migrated from a system using an Intel Xeon
processor X5550 series to various other DP/MP systems across generations. Also this test showcases how DRS
feature of ESX handles the migrations depending on the configuration. Note: Higher DRS setting is not indicative
of a better performance. Rather it tries to create a more load balanced cluster. Optimal setting of DRS has to be

evaluated for the individual workloads.

The diagrams below indicate the VM migrations for the various different DRS settings of the cluster. As we move
to more aggressive setting, the distribution of VMs across the various DP/MP hosts is more uniform.

= Before Enhanced VMotion*

Keon® X5570 Xeon®5148  Xeon?X5365 Xeon®X5450 Xeon®X7350 Xeon® X7460
25/4C45nm 25/2C65nm  25/4C65nm  25/4C45nm  45/4C65nm  45/6C45nm
Mehalem Merom Merom Penryn Merom Penryn
/‘ \ g N N N\ [ N 3
wCon vCon vCon vCon vCon
DB1 DB 2 Java Java 2 Idle1
vCon
Idle 2
IT
Dc
\ / \, 4\ AN J N\ 7~ s
= After Enhanced VMotion*
Xeon® X5570 Xeon® 5148 Xeon®X5365 Xeon®X5450 Xeon®X7350  Xeon® X7T460
25/4C45nm 25/2C65nm  25/4C65nm  25/4C45nm  45/4C65nm  45/6C45nm
Nehalem Merom Merom Penryn Merom Penryn
- " /‘ g N N N\ N N
DR3 Settmgl. 1 vCan vCan vCon vCon vCon
(Conservative] DB 1 oe2 J\Javat1 /N Javaz ) Idie1
vCon
Idle 2
IT
0]
\ / \ 74\ 7\ s N J . s
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Xeon® X5570 Xeon®5148  Xeon®X5365 Xeon® X5450 Xeon®X7350  Xeon® X7460
25/4C45nm 252C65nm  25/4C6E5nm  25/4C45nm  45/4CE5nm 45/6C45nm
Nehalem Merom Merom Penryn Merom Penryn

r N N N\ N )
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Java DE2 DE 1 Java2

J

Xeon®X5570 Xeon®5148  Xeon®X5365 Xeon®X5450 Xeon® X7350  Xeon® X7460
25/4C45nm 25/2C65nm  25/4C65nm  25/4C45nm  45/4C65nm  45/6C45nm
Nehalem Merom Merom Penryn Merom Penryn
. ' N\ [ N ~N ~ ™~
DRS Setting: 3%
(Maoderate) @ wCon vCan
DB 1 Java1
vCon
Java 2
\ _/ \, 7 N % 7N AN J
Xeon® X5570 Xeon®5148  Xeon®X5365 Xeon®X5450 Xeon®X7350  Keon® X7460
25/4C45nm 25/2C65nm  25/4CE5nm  25/4C45nm  45/4C65nm 45/6C45nm
MNehalem Merom Merom Penryn Merom Penryn
[ "\ g N N N N ™)
vcon
Java 2
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\ / \, A\ s\ 7\ J N 7
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25/4C45nm 25/2C65nm  25/4CE5nm  25/4C45nm  45/4CE5nm 45/6C45nm
Mehalem Merom Merom Penryn Merom Penryn
\ - N [ N\ N ™ 3
DRS Setting: 5%
(Aggressive) @ wCaon vCon
DB 2 Javai1
vCon vCon
@ DB 1 Java 2
\ _/ \ J O\ 7\ J N J
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In this case we tested the DRS functionality with various different settings of the “Full Automation” level. The
graph below shows the number of migrations based on the settings of DRS. For all the cases both the IT workload
and vConsolidate workload were started on the server using an Intel Xeon processor X5570 series. The workloads
executed successfully without any error.

# Migrations
14
= 1 12
10 8
8 6
6
4 M # Migrations
2 0
0 T T T I 1
1* 2 3 4* 5* (Aggressive)

{Conservative)
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3.3 Test Case 3: Migrations using DRS to Systems using Intel Xeon processor X5550
series

The focus of this test case is to show that VMs could be migrated from older generation DP/MP systems to
systems using the latest generation Intel Xeon processor X5550 series. In this scenario, all the 7 VMs of the IT
workload were started on a server using the 2-socket Intel Xeon processor X5450 series, and the vConsolidate
benchmark workload was started on a server using the 4-socket Intel Xeon processor 7460 series.

Note: As mentioned earlier, more aggressive DRS setting is not indicative of a better performance. Rather it tries
to create a more load balanced cluster. Optimal setting of DRS has to be evaluated for the individual workloads. In

this test case the aggressive setting (5*) was used to showcase higher numbers of VM movement to all the
different hosts in the cluster.

= Before Enhanced VMotion*

Xeon®X5570 Keon®5148  Xeon® K5365 Xeon® X5450 Xeon® X7350 Xeon® X7460
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4 Key Learnings

4.1

4.2

Intel VT FlexMigration Performance

Intel VT FlexMigration assist along with VMware’s Enhanced VMotion is a robust solution and performed
flawlessly within the cluster consisting of 3 different generations of Intel’s DP/MP systems. The multi
faceted IT business reporting workload and the virtualization benchmarking vConsolidate workload
executed successfully without any errors providing scalable and consistent performance.

The above technologies allow enterprises to re-use and scale their existing resource pools by adding higher
performing, power efficient, latest generation servers into the pool. Intel VT FlexMigration helps provide
investment protection and future proofing of resource pools.

FAQs

What are the differences in instruction sets from Intel® microarchitecture, formerly codenamed Merom to
Intel® microarchitecture, formerly codenamed Penryn to Intel® microarchitecture, formerly codenamed
Nehalem?

Below table summarizes the instruction support in the above micro-architectures. For additional details
on the instructions please click on the links.

Intel® microarchitecture Instruction Set

Intel® microarchitecture, formerly Baseline that includes x87, SSE, SSE2, SSE3, SSSE3, MMX etc.
codenamed Merom

Intel® microarchitecture, formerly Baseline + SSE4.1 [40+ media/video instructions]

codenamed Penryn

Intel® microarchitecture, formerly Baseline + SSE4.2 [7 instructions (POPCNT, CRC32, PCMPGTQ,
codenamed Nehalem STTNI)

What are the requirements from the hardware perspective to enable Intel VT FlexMigration and Enhanced
VMotion?

e Hosts should have virtualization supported Intel Xeon processors.
e “Intel® Virtualization Technology FlexMigration” and “Execute Disable Bit” should be enabled in

the BIOS.

What are the requirements to have hosts having ESX 3.5 U2 or higher and VMware vSphere* 4in the same
cluster?

Hosts having the above ESX versions can co-exist in the same cluster without any issues. One thing to
keep in mind is that VMs which are built using Virtual machine version 7, which only the VMware
vSphere* 4 supports, cannot be migrated to earlier versions of ESX. This will limit the VMs ability to
migrate to any host in the cluster, which in turn might unbalance the cluster.

Note: Hosts having ESX 3.5 U1 or below does not support Intel VT FlexMigration.

Can | add a new host into a cluster that is already EVC enabled?
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Yes, an ESX host can be added into a cluster that is already enabled. The only constraint is that either the
VMs should be migrated out of the host or shutdown before it is added. You also need to ensure that the
proper BIOS settings are updated as mentioned earlier.

What happens when | retire the last box of the Intel® microarchitecture, formerly codenamed Merom
generation from the EVC pool? Do | have to reboot all of the VMs to use the Intel® microarchitecture,
formerly codenamed Penryn instruction set or do they somehow automatically know?

No reboot is required. All you need to do is update the cluster settings for it to use the Intel®
microarchitecture, formerly codenamed Penryn instruction set as the base line. Having said that it really
depends on the application as to whether it can see this change dynamically or not even though ESX
allows it.

But if you are trying to add an ESX host that belongs to the Intel® microarchitecture, formerly codenamed
Merom generation when all the existing ESX hosts belong to the Intel® microarchitecture, formerly
codenamed Penryn family, then in order to lower the cluster settings to use Intel® microarchitecture,
formerly codenamed Merom instruction set, a reboot of all the VMs are required. See the screen shot
below that mentions this warning.

@ Change E¥C Mode
" Disabls E¥C ~ Enable E¥C For AMD Hosts ¥ Enable E¥C For Intel® Hosts
YMware EVC Made: | Inkel® Xeon® 45nm Care™2 =l

Descripkion |

Applies the baseline Feature set of Inkel® Xeon® 45nm Core™2 ("Penryn') processars bo all
hosts in the cluster,

Hosts with the Following processar bvpes will be permitted ko enter the cluster:
Intel® Xeon® 45nm Core™2 ("Penryn™
Intel® Xeon® Core™ i7 {"MNehalem™

additional CPU Features exposed include S5E4.1.

Faor more information, see Knowledge Base article 1003212,

Compatibility:

My The selected mode will raise the cluster's CPU baseling, In order o lower the CPU
baseline again in the Fukure, it wil be necessary ko power ofF any running YMs

(]9 I Cancel
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5 Summary

Intel VT FlexMigration is designed to enable seamless migrations among current and future Intel processor-based
servers, even though newer systems may include enhanced instruction sets. With this technology, hypervisors can
establish a consistent set of instructions across all servers in the migration pool, enabling seamless migration of
workloads. The result is a more flexible and unified pool of server resources that functions seamlessly across
multiple hardware generations. This provides more flexibility in dynamically allocating resources to meet business
needs and makes it easier to add new server technology without creating islands of compute resources.

Our POC experiments have showcased that live migration of VMs using Intel VT FlexMigration and VMware’s*
Enhanced VMotion works successfully and can be used to host Intel IT business applications in a virtualized
production environment.

Intel® VT FlexMigration and VMware Enhanced VMotion technologies allows enterprises to re-use and scale their
existing resource pools by adding higher performing power efficient servers into the pool and also provides
investment protection and future proofing of resource pools.

www.intel.com 23



6 Appendix

6.1 Changes in Virtual Machine format

Starting with VMware vSphere* 4.0, VMWare is supporting a new Virtual Machine version 7, which is more
optimized to take advantage of the new features of VMware vSphere* 4.0. If all the hosts in the cluster are 4.0,
then it is recommended to have the VM’s with version 7 for optimal performance.

By default all the VMs that will be created using Virtual Center 4.0 will be using Virtual Machine version 7. In order
to change it, please choose the “Custom” option as shown below during the creation of VM.

[ Create New Yirtual Machine =]

Configuration
Select the configuration For the wirtual maching

Configuration

— Configuration
Mamne and Location - )
Dakastore Typical
Wirtual Machine Yersion Create a new virtual machine with the most cammon devices and configuration options.

Guest Operating System
CPLUs

Memory

Mlekwark

S50 Controller

Select a Disk

Ready to Complete

Creake a virtual machine with additional devices or specific configuration options,

2 Create New ¥irtual Machine =]

¥irtual Machine ¥ersion

Configuration —wirtual Machine Yersion
Mame and Location

Dakaskare
¥irtual Machine ¥ersion
Guest Operating Syskem

This hiost or cluster supparts more than one YiMware virtual machine version, Specify the virtual
machine wersion to use,

CPls " Wirtual Machine ¥ersion: 4

Memory This wersion will run on ¥Mware ESx Server version 3,0 and later, and WMware Server 1.0 and
Metwork later, This version is recormmended when sharing storage or virkual machines with ES¥ Server
=251 Controller wersions up ko 3.5,

Select a Disk

Ready to Complete {* Wirtual Machine Yersion: 7

This wersion will run on YMware ESY Server version 4.0 and later, and YMware Server 2.0,
Chionse this version if vou need the lakest virtual machine Features and do not need ba migrate to
ESx 3.

Note: The VMs with virtual machine format 7 cannot be migrated to ESX 3.x hosts. If you need backward
compatibility with versions of ESX prior to VMware vSphere* 4.0, keep the VMs in virtual machine 4 version.

6.2 Hardware Status

In VMware vSphere* 4.0, all the hardware sensors for the hosts can be monitored centrally from the Virtual
Center server. Appropriate alarms are generated for any hardware issues. Screen shot shows the high level
components that could be monitored.
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Note: Even though alarms are generated because of hardware issues, the system continues to run without any
issues.

Sensor Status Details
[d Processor & Norral
Wl Memoary & Normal
% Fan & Morrnal
£ waltage & Mormal
k| Temperature & Normal
$‘ Fower & Norral
ﬂ'_ MNetwork

(] Storage # Mormal
@ Software Compaonents

&) watchdog # Mormal
& Other & Morrnal
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Acronyms

Csu Consolidated Stack Unit Network Load Balancing

HA High Availability Proof Of Concept

DRS Distributed Resource Scheduler Intel® Streaming SIMD Extensions
EVC Enhanced VMotion Compatibility Virtual Machine
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