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PERFORMANCE TROUBLESHOOTING INTRODUCTION

INTRODUCTION

Welcome to the VMworld 2006 Performance Lab. Performance is a far reaching topic of discussion. It is the
goal of this lab to lead you through some exercises that will help you become familiar with performance
research so that you may use this knowledge in your own environment. This lab is not comprehensive of
everything you will need to successfully diagnose a performance related issue in your environment.
Instead this lab tries to highlight the most common performance misconceptions or trouble spots in a
Virtual Infrastructure 3 environment. We hope that you find useful pieces of information throughout this
lab that you can use to better understand performance related issues in your own environment.

A majority of the support requests opened with VMware are performance related. Out of the performance
support requests a vast majority of those are dealing with perceived performance. Often the root cause
of these perceived performance issues are mis-tuning of the environment or simply a mis-understanding
of how Virtual Infrastructure works. It is the aim of this lab to help you distinguish between a perceived
performance issue and a real one.

Formatting

The exercises in this lab are designed to prove a point. These points are highlighted by messages in
rectangles.

Point:
e This is an example of a point being made.

Please pay close attention to the points. Points are the key take-away from the lab.

As you progress through the lab you will also see symbols such as »>. The - symbol represents a series of
navigations. For example if you need to open the “Edit Settings” GUI and then open the Resources tab
inside of the Edit Settings GUI you would see instructions like this: Go to Edit Settings - Resource tab.
You may see a longer series of navigations such as: Go to Edit Settings > Resource > CPU - Check
unlimited. After each - symbol look for the key word to navigate to the next instruction.

Point:
e The - symbol is used for navigation steps.

Throughout the lab you will be using the Performance Graphs in the Virtual Infrastructure Client. These
graphs can be found by clicking on the name of a virtual machine and then navigating to the performance
tab.

Student1-Adminl

S Performance vents - Alamg | Console Maps

CPU/Real-time, 10742006 Z:44:55 PM - 10,/24,/2006 3:44:55 PM  Change Chart Options, ., @, H |
Graph refreshes every 20 seconds !

Permizszions

For usability you may want to use the popup chart icon in the graph in order to have the performance
graph appear in a separate window.
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PERFORMANCE TROUBLESHOOTING INTRODUCTION

|J_j Performance Charts for Studentl-Adminl

CPU/Real-time, 10/24,/2006 2:58:00 PM - 10/24,/2006 3:58:00 PM  Change Chart Options... @ H
Graph refreshes every 20 seconds :
oo 00

50

ualiag

i T i i T
3:00 PM 3:10PM J:20PM 3:30 PM 340 PM

Time

Performance Chart Legend

Key ‘ Object | Measurernent Uniks Latest Maximunm Minirmurm Average

150
56.5:
43.97
112,97

] Studentl-Adminl  CPU Usage (Average/Rate) Percent 1 8.56
] a CPL Usage in MHz {AveragefRate) MHz 6 292
O 1 CPU Usage in MHz {Average/Rate) MHz 23 327
= Studenti-Adminl  CPU Usage in MHz (AveragefRate) MHz 72 616

oo oo

4 | ¥

= .
Use this to get this...

Point:

e Use the popup chart icon for better usability.

In different parts of this lab you will be asked to change the chart options for the performance graphs.
This option is hidden in the top part of the performance graph itself. Below is a picture of where this
option is located.

Student1-Adminl

=LY Performance , flarmz - Co Fe e | Maps

EPU,-’REEI time, 10/24,/2006 2:50:35 PM - 10,-“24,-’2!]!]5 3:50:35 PM (Change Chart Options...) @, H 9

Graph refreshes every 20 zeconds

Each virtual machine that you will use has a unique name. Each student using this lab also has a unique
name such as studentl. Throughout this lab the name of a virtual machine will be referred to as
Student#-virtualmachinename. For example, the "Admin1” virtual machine for student 1 will be displayed
as Studentl-Admin1l in the Virtual Infrastructure Client but referred to as Student#-Adminl in the
manual. Just remember to replace your student number for the # sign.

Point:
e Each student has a number such as Studentl, Student2, etc.
e Virtual Machines will be referred to as Student#-Admin1, Student#-Admin2, etc.
e Replace your student number with the # sign. For example student 1 would use Studentl1-Adminl
and Studentl1-Admin2, etc.

Lab Sections

There are four (4) sections to this lab. The sections do not need to be completed in order, however it is
recommended that you start and the first section and work your way through to the end. The four sections
are broken down as follows.

Timing Issue in Virtual Machines

This section covers one of the most frequent reports of performance problems - benchmarking results.
Often customers or analysts will run an industry benchmark inside of a virtual machine and report horrible
performance. In fact the results show perceived performance because virtual machines do not track time
when they are not scheduled on physical CPUs.
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PERFORMANCE TROUBLESHOOTING INTRODUCTION

Resource Pool Conflicts

Resource Pools are a new feature in Virtual Infrastructure 3. They take the concept of Shares, Limits and
Reservations that existed in Virtual Infrastructure 2 at the virtual machine level and bring those concepts
to collections of virtual machines and hosts. This section explores the various performance impacts that
improper tuning of Resource settings can have on virtual machines and hosts.

CPU Performance

CPU scheduling is one of the more common performance bottlenecks on a Virtual Infrastructure 3 host. In
Virtual Infrastructure 3, Virtual SMP was expanded to support 4 CPU Guest Operating Systems. This
expansion has only compounded the need for proper planning and use of Virtual SMP with virtual
machines. This section will demonstrate how to tell when Virtual SMP is being used properly or improperly.

Storage Performance

The last section centers its attention on storage performance. While the lab setup is very limited and by
no means should reflect on the storage being used we do push the storage architecture to it limits. The
limited equipment of the lab actually demonstrates why having good storage architecture is the best thing
you can do to improve storage performance.

Lab Architecture

The diagram below shows the layout of the lab and its equipment. There will be a total of 40 people per
lab session and therefore the layout below will be repeated 3 more times for a total of 4 quadrants or
PODs.

Unfortunately we do not have an unlimited equipment supply. If you take this lab and repeat the sections
in your own environment you may obtain different results. The concepts will remain the same.
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PERFORMANCE TROUBLESHOOTING INTRODUCTION

This is representative of 1 quadrant. The entire lab setup will consist of 4 identical quadrants. Each station will house two users and one
workstation. Each workstation will control one physical server. Each physical server will be connected to the fibre channel SAN.

Fibre Channel SAN

Student1 Student2 Student3 Student4 Student5

&Y/
/s
a8

Login Information

All virtual machines are set for automatic login as administrator. If you are prompted for a password at
any time while logging into the virtual machines use “vmworld”.

Your student login information for the Virtual Infrastructure Client is the label student and your student
number. For example: Studentl, Student2, etc. The password for all students is “vmware”.

Point:
e Login to the Virtual Infrastructure Client with an ID of Student# and a password of “vmware”. For
example, Studentl with a password of “vmware”.
e Virtual machines are set for autologon.
e If prompted for a password for the virtual machine use “vmworld”.

Pre-Lab Exercises

To become familiar with the lab components, please follow through this brief exercise. Let your lab
instructors or proctors know if you have any issues with any of these steps by raising your hand.
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PERFORMANCE TROUBLESHOOTING INTRODUCTION
1. Login to the Virtual Infrastructure Client (VC) by double-clicking the icon on your desktop.

2. You will be connecting to vmworl/d4-vc as the Virtual Infrastructure Server. Login with the
username administrator and the password vmworl/d.

ET,J ¥irtual Infrastructure Client

Virtual Infrastructure Client

Server: I winworldd-ve "I
Usernane: Iadministratnr
Password: I*******

Close Help

3. When you log on you’ll notice you have limited permissions. We have set up particular roles in the
environment to ensure the smooth running of the labs. Granular permission and roles are a new
feature in Virtual Infrastructure 3.

Fioles %
Roles Usage: Students

Mame | E--ﬂ Hosts & Clusters
Mo Access El Mew Datacenter
Read-Only =-F 109421

Administrator
Wirtual Machine Adminiskrator
Datacenter Adminiskrabor
Wirtual Machine Power User
Wirtual Machine User
Resource Pool Administrator
| Students |

Power on virtual machines Student#-UPVM1 and Student#-UPVM2.
Open a remote console to Student#-UPVM1 and Student#-UPVM2.

vk
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PERFORMANCE TROUBLESHOOTING INTRODUCTION

Commands

Power off
00 suspend

@ Feset

(3 Edit Settings
[ Open Console

E:ﬂ Migrate to Mew Host

OR

gl . 7 = ol &o

[Fvemtary Scheduled Tazks Events Adrmin bl aps

« o mi>» e‘ & B@E)
OR

Student1-Adminl

Performance Blamz  C

6. Start Windows Task Manager on both Student#-UPVM1 and Student#-UPVM2.

o

=
Task Manager

7. On each of the above virtual machines (Student#-UPVM1 and Student#-UPVM2), Start CPUBusy.
You do this by double-clicking on the CPUBusy shortcut on the desktop. This is a script which
calculates the sine of a given function repeatedly which uses all of the CPU resources of a single
VCPU. This script is run by a process called cscript. To learn how to build this script, see Appendix
F.

e
&

ZPLBuUSy

8. Another shortcut on the desktop is to IOMeter which is a disk I/O benchmark which we'll use later.

lo

Lorneker

9. Watch for the appropriate instructions to power down your virtual machines throughout the lab.
This needs to happen in the correct manner in order to get the correct results.

Now take one last stretch. This is a two hour lab. You're in for the long haul.

At any time during the lab if you have questions please raise your hand and a lab instructor or proctor will
be more than happy to help you out. Have fun!!

Stop herel!!! Wait for the group.
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PERFORMANCE TROUBLESHOOTING SECTION 1: TIMING ISSUES IN VIRTUAL MACHINES

SECTION 1: TIMING ISSUES IN VIRTUAL MACHINES

Background Information

The VMware De-scheduled Time Accounting driver (vmdesched) is a new component to VMware Tools. It
improves the accuracy of the percentage of CPU resources used in the guest operating system when
physical CPU resources are over committed. The vmdesched thread represents explicitly the time that a
virtual machine is not scheduled and allows performance monitoring tools and workload management
software to account for de-scheduled time accurately. The driver also helps a virtual machine to catch up
to real time quickly after it resumes execution.

When a virtual machine is waiting to be scheduled on a physical CPU then the guest operating system will
not account for this lost time. Time inside the virtual machine is frozen until it is scheduled on a physical
CPU again. The ESX Server scheduler ensures that time is given to all virtual machines regularly and that
the time that a virtual machine has to wait to be scheduled on a physical CPU is small. Nevertheless,
virtual machines to spend some amount of time “de-scheduled”. Normally this does not affect any
application inside the Guest OS. However, benchmarking applications rely heavily on timer interrupts to
calculate performance over a given period of time. Current benchmarking applications are not
virtualization aware and so they do not account correctly for the time a virtual machine is de-scheduled.
Furthermore, performance monitoring applications from 3r parties sometimes use timer interrupts and
also do not account for the true amount of time a virtual machine is spending on a CPU.

As you will see throughout this section, the vmdesched driver was designed to allow the guest operating
system to account for the time it is de-scheduled. At its most basic form the vmdesched driver simply
uses CPU cycles in accordance with the time not spent on the physical CPU. For example a virtual machine
may report that it is running at 100% CPU usage but it may only be getting 80% of the physical CPU time.
The vmdesched driver will actually consume 20% of the resources inside of a Guest OS so that the
performance inside of a VM shows 80% utilization.

This section will walk you through a demonstration of the effectiveness of the vmdesched driver and how
to install it. This is important when troubleshooting performance since you may actually have false
performance ceilings being reported by your Guest OS. It is now possible to see the real performance of a
virtual machine in relation to how much CPU time it receives.

Lab Practice

You will find two Windows 2003 Enterprise Edition virtual machines underneath your ESX Server host.
These are called Student#-UPVM1 and Student#-UPVM2. For this test we will pin both virtual machines to
the same physical processor in order to show what happens with contention and time accounting in a
virtual machine. We will use the second CPU in our 2 CPU server to avoid conflicts with the Service
Console process. Let's start the lab by checking the settings of our virtual machines. They should be as
follows:

G Student1-UPyMI G Studentl-Upymz

Processor Affinity Processor 2 Processor 2
CPU Shares Normal Normal

Using the Virtual Infrastructure Client, select Student#-UPVM1 - Edit Settings - Resources - Advanced
CPU. You can adjust the processor affinity while a virtual machine is running.

> am . -
Page 10 of 58 . él ._ﬁl
g é 2> v DIE



PERFORMANCE TROUBLESHOOTING
Hardware ] Optinns@sou_rcef—_D

SECTION 1: TIMING ISSUES IN VIRTUAL MACHINES

ES 3. virtual machine

Settings

ZPU

Memary

Disk.

Advanced CPU

Surmmary

0 MHz

0 MB

Normal

HT Sharing: Any

Hyperthreading Sharing
Mode: anvy -

Allaw sharing of physical CPU cares when the hast supports
hyperthreading.

Scheduling Affinity

Select physical processor affinity For this virkual machine:
" Mo affinity

¥ Run on processoris):

Mo Wi

Hyperthreading: Inactive

Timing in a VM without Accounting for De-scheduled Time

Each virtual machine has a script installed called CPUBusy. This script calculates the sine of a given
function repeatedly which uses all of the CPU resources of a single VCPU. This script is run by a process
called cscript. There is a shortcut to run this script located on the desktop of each virtual machine. To
learn how to build this script, see Appendix F. This script has already been built for these lab machines.

Do the following in both Student#-UPVM1 and Student#-UPVM2:
1) Start Task Manager, select the processes tab and double click on the CPU column header to sort
the processes in order of activity.
2) Double-Click on the CPUBusy shortcut on the desktop. There may be other processes that take a
few percent, but cscript running CPUBuUsy will take all the CPU capacity of the virtual machine.
3) Monitor the performance of the individual virtual machines for two minutes by viewing the

Performance Tab for each in Virtual Center as well as the task manager output in each virtual
machine.

Performance Chart Legend

ke Ohject Measurement Units Latest Mazirnurm Minirnurn Average
1] Studentl-UPYM1  CPU Usage {Average/Rate) Percent 50,1 83.53 n 22,54
Performance Chart Legend

key Object Measurement IJnits Latest Maximum Minimurm Average
1] Studentl-UPYM2  CPU Usage (Average/Rate) Percent 50,05 g1.26 a 25,67

As you can see the VMs are each using 50% of the physical CPU. This is because they are currently both
pinned to the same physical CPU and are competing for resources. Since neither VM is bound by implicit
resource limits so they will split the CPU time. However, as you can see in the task manager screen shots
below, the Guest OS still believes that it is getting 100% of the CPU time. The virtual machines are not be

“de-scheduled” at this point since there is no upper bound on them. This is simply time slicing of
resources.

Page 11 of 58
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PERFORMANCE TROUBLESHOOTING SECTION 1: TIMING ISSUES IN VIRTUAL MACHINES

—ipix -l

File ©Options View Help File Options Wiew Help
Applications  Processes |Performance I Metworking I Users I Applications I Processes | Metwiorking I Users I
rCPUUsage — [ CPU Usage Hiskory
taskmar.exe Adrministrator 0s 1,384 K
svchost.exe LOCAL SERVICE oo 1,245 K
sychost, exe SYSTEM an 1,985 K
msdte, exe METWOREK SERVICE oo 3,788 K
spoolsy, exe SYSTEM 0o 4,264 K i~ Page File Usage History
YMwarelser, exe Administrataor oo 3,316 K
WMwareTray, exe Adrministrator uli} 3,208 K
wlaucl exe Administrataor oo 4,865 K
explorer.exe Adrministrator ] 11,345 K
cmd exe Administrataor oo 1,484 K
WHNipEYse exe SYSTEM uli} 4,908 K
sychostexe SYSTEM 0o 16,304 K ~ Totals - Physical Memary (K
swchost exe LOCAL SERVICE Juli] 4,808 K T Handles 4402 Total 523720
sychost exe SYSTEM oo 3,760 K Threads 794 Available 417530
sychost, exe METWORE SERVICE [ula] 4,164 K Processes 26 System Cache Se220
sychost, exe METWOREK SERYICE oo 2,996 K
sychost, exe SYSTEM ] 2,464 K Commit Charge (K)——— [ Kernel Memory (K)
lsass. exe SYSTEM oo 6,516 K LI Takal 85112 Takal 16308
Lirnit 1287684 Paged 7276
™ Show processes From all users End Process | Peak 04212 Nonpaged o032

|Processes: 26 [cPU Usage: 100% [Commit Charge: 87M 1 1257M | |Processes: 26 [cPU Usage: 100% |commit Chargs: 83M f 1257

Now let’s limit each Virtual Machine to use only 20% of a CPU. Using the Virtual Infrastructure Client, click

on the Summary tab for the ESX Server you are using (ex. B 1932.1y and look for the processor speed.
For example, the processors in the IBM x336 server are 3.6 GHz processors. Twenty percent (20%) of a
single processor for this server is therefore 720 MHz (3600 x 0.20).

10.94.2.1 ¥Mware ESX Server, 3.0.1, 32039

= irtual Machines | Besource Allocation ! Performance

General
Manufacturer: IBM
Maodel: eserver xseries 336 -[88374AU]-
Processars: ZCPU = 3.6 GHz
Processar Type: Intel(R)} Xeon{TM) EP
Hyperthreading: Inactive
Mumber of Mics: 2
Skake: connected
YWirtual Machines: 10
YWMotion Enabled: no
Active Tasks:

Using Virtual Infrastructure Client, select Student#-UPVM1 and click on the “Edit Settings” link. Then click
on the Resources tab. Uncheck the Unlimited check box and enter 720 to the Limit box. Repeat these
steps for Student#-UPVM2.
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PERFORMANCE TROUBLESHOOTING SECTION 1: TIMING ISSUES IN VIRTUAL MACHINES

(% Student1-UPYM1 - Virtual Machine Properties

Hardware ] Options Resources ES¥ 3. wirtual machine
p— Summary Resource Allacation
CFU 0 MHz | =

Shares: Marmnal - Il
[emory 0 ME | J |
Disk. Mormal
Advanced CPU HT sharing: &y Reservation: J UE': MHz

iy

Lirmit: _J— 720 = MMz

&5 Limit based on parent resource pool or current bost

Now the virtual machine is still trying to use 100% of the CPU but is explicitly limited to only 20% of the
CPU. The VM is still de-scheduled to only allow it to use 20% of the physical CPU resources. Look at the
Task Manager and Processes tab. The cscript process will still be taking over 95% CPU. The Performance
tab of the Virtual Infrastructure Client for this virtual machine will show that it is only getting 20% or 720
MHz of a CPU resource. This sever difference in performance reporting is what the vmdesched driver will
solve. Now we will show you how great the vmdesched drive is at accounting for this de-scheduled time.

Timing in a VM - Accounting for De-scheduled Time with the vmdesched Driver

We are now going to repeat the same procedure as the previous section except we will be using the
vmdesched driver as well. This will show how the vmdesched driver more accurately shows how much CPU
resource the Virtual Machine is using.

The vmdesched driver is part of the VMware Tools. The standard install of VMware Tools does not include
vmdesched. For these labs, vmdesched has been installed in each virtual machine. For detailed
instructions on a manual install of the vmdesched driver refer to the whitepaper at
http://www.vmware.com/vmtn/resources/526. Note that the vmdesched driver is only included with
version 3.x of VMTools.

Since vmdesched is already installed you can start vmdesched manually by issuing the following command
from the Windows command prompt:

net start vmdesched

Alternatively you can start vmdesched by selecting Windows Start menu, choose Settings > Control Panel
- Administrative Tools - Services. Right-click the VMware De-scheduled Time Accounting service entry
and click on Start Service.

Please start the vmdesched driver in each of your virtual machines now. Also check that each virtual

machine has unlimited CPU again. Using the Virtual Infrastructure Client, click on the Summary tab > Edit
Settings - Resources. Check the Unlimited check box in the CPU section.
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PERFORMANCE TROUBLESHOOTING SECTION 1: TIMING ISSUES IN VIRTUAL MACHINES

(% Student1-UPVM1 - Virtual Machine Properties E][E|E|
Hardware ] Options Resources ES¥ 3. wirtual machine
m—— S Resource Allacation
CPU 0 MHz =
Shares: Marmnal - Il
[emory 0 ME | J |
Disk. Mormal
Advanced CPU HT sharing: &y Reservation: J UE': MHz

Lirmit: | J— E|: MHz

&5 Limit based on parent resource pool or current bost

Select the Windows Task Manager of the Student#-UPVM1 and record the amount of CPU resource that
the cscript.exe and vmdesched.exe processes are using. You will see that the amount being used by the
cscript process is 95% or lower. You will also see that the amount of CPU being used by vmdesched.exe
makes the difference of 100% (minus a little for task manager). For example, when cscript.exe is using
95% CPU vmdesched.exe is using approximately 5%.

Wait about two minutes. Look at the virtual machine CPU performance in the Virtual Infrastructure Client
Performance Tab and you will see that as you expected, the virtual machine is using half of a CPU just as
before. There are two virtual machines both using as much CPU resource as they can.

Limit each Virtual Machine to use only 20% of a CPU just like before. Using the Virtual Infrastructure

Client, click on the Summary tab for the physical ESX Server you are using (ex. B 18:3%.2.1) to calculate
the appropriate value for the interface. For example, the processors in the IBM x336 server are 3.6 GHz
processors. Twenty percent (20%) of a single processor for this server is therefore 720 MHz (3600 x
0.20).

You will see in the Processes tab in Windows Task Manager of the virtual machine the amount of CPU
being used by cscript is close to 40%. The amount used by vmdesched.exe is close to 60%. Looking at the
Performance tab of the virtual machine you will see that the virtual machine is using only the 20% of a
CPU. Why doesn’t the guest display the same result as the Virtual Infrastructure Client performance
graph? Let’s take a look at the ESX server performance graph to get the answer.
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SECTION 1: TIMING ISSUES IN VIRTUAL MACHINES

@ Performance Charts for 10.94.2.1 M=l B3
CPU/Real-time, 10,/22/2006 12:21:37 PM - 10,/22/2006 1:21:37 PM  Change Chark Options. .. @ H

Graph refreshes every 20 seconds !

— 100 5000
|
|

1 |

5 50 ! : 3

2 ' "

I |"
i fl - i
—— \ et A “—-:=:-—;_-'-‘{-."3*;:—_-“ M A A LA :-——’ﬂ__--—lr_lt -
i — — = I 0
12:25 PM 12:35 PM 12:45 PM 12155 PM 1:05 PM
Time

Performance Chart Legend

Key | Object | Measurement Lniiks | Latest | Maxdmum minirurn AvErage
q 1 CPU Usage (Average/Rate) ) Percent 40,05 £5.49 0.15 8.2

10.94.2.1 CPU Usage in MHz {Average/Rate) MHz 6o 1 4552 5 526.0:

O u} CPU Usage (Average/Rate) Percent 6,91 64,99 1.62 6.4

| 10.94.2.1 CPU Usage {Average/Rate) Percent 23.49 64,561 1.33 7.3
dl |

As you can see the ESX Server performance graph reports 40% CPU utilization on CPU1. That means
there’s 60% de-scheduled time which is being accounted for by the vmdesched driver. The vmdesched
driver is still being tuned and at this time and cannot differentiate between the de-scheduled time of the
two virtual machines separately.

Lessons Learned

The vmdesched driver allows a guest operating system to account for time when the virtual machine is not
scheduled. This allows applications such as benchmark tools to report more accurately. You also learned
that the vmdesched driver is still a work in progress. It's up to you on how you would like to use the
vmdesched driver. We mention it in this lab only so you can see the relationship between scheduled and
de-scheduled virtual machine time and the impact it has on performance reporting.

Reproducing This Lab at Home
See Appendix A for instructions on how to reproduce this section of the lab in your own environment.
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SECTION 2: RESOURCE PooL CONFLICTS

Background Information

Most of the support requests opened with VMware are concerning performance. Sometimes this is a
perceived performance issue and sometimes it is real. VMware has found that a majority of the
performance problems are self-inflicted as you've seen throughout this lab. One of the great features in
Virtual Infrastructure 3 is the ability to split business functions into Resource Pools. Resource Pools are
silos of guaranteed performance. This extends the concepts of Shares, Limits and Reservations from an
individual virtual machine to a group of virtual machines. This section will demonstrate effects of Shares,
Limits and Reservations as applied to Resource Pools and to individual virtual machines. We hope to
explain how these tools can be useful and take some of the myth out troubleshooting a perceived shortage
of resources.

Resource Pools, Shares, Reservations, and Limits

Resource Pools group VMs together. Shares, Reservations, or Limits for CPU or Memory accessed by a
Resource Pool can be set for all its VMs collectively. Shares, Reservations and Limits can also be set on
individual VMs. In this lab we will limit ourselves to discussing CPU access. Similar principles hold true for
memory access.

Shares determine priority of VMs for access to resources only when there are not enough resources to
meet demand. To guarantee or limit resources for a VM or group of VMs when there is no resource
contention you must use Reservations and Limits.

Reservations are amounts of a resource guaranteed to a VM.
Limits specify the most that a VM can use, regardless of what is available.

Performance Charts

Performance metrics are available on individual VMs or hosts, or Resource Pools. Select the item and click
its Performance tab.

In this lab, it will be convenient to make the Performance chart open in its own window by clicking the

popup chart icon at the top right of the display. The icon looks like this:

Initial Setup

In the Virtual Infrastructure client, find the resource pools "Admin” and “Finance”. Find the VMs inside
them. There should be Student#-Adminl and Student#-Admin2 inside the Admin Resource Pool and
Student#-Financel, Student#-Finance2, and Student#-Finance3 inside the Finance Resource Pool. The
concept is that there are separate groups in your organization that have VMs, and you as a virtual
infrastructure administrator bear responsibility for making sure that their VMs run properly.

= 10.94.2.1
= & Admin
G Studenti-Admind
G Studenti-Adminz
= & Finance
g Studenti-Financel
1 Studenti-Financez
1 Studenti-Finances
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PERFORMANCE TROUBLESHOOTING

Initial Configuration

The initial configuration is listed below. All VMs will be powered off. This configuration has already been
setup for this lab so you may skip to the Lab Practice section if desired. You may also feel free to check

the settings if you desire.

SECTION 2: RESOURCE PooL CONFLICTS

Admin Resource Pool: CPU Reservation: 750 MHz, “"Expandable Reservation” not checked.
Finance Resource Pool: CPU Reservation: 3000 MHz, “"Expandable Reservation” checked.

(% Edit Settings

[X] = Edit Settings

Mame:

CPU Resources

Shares: |N0rmal j | :I

Reservation; — Ji ?5'33: MHz
Expandable

Reservation

Limnit: -] J E|: MHz

v Unlimited

Memory Resources
Shares: |Nurmal j | :I
v Expandable

J— DE|C ME
Reservation

Limit: N J L

v Unlimited

Help

Reservation:

o]

Cancel |

Narne:

CPU Resaurces

Shares: |N|:|rma| j | ::l

Reseryation: /J| SDDDEl: MHz
Expandable 'y

4 Reservation

Limit: —J ~ Mz

v Unlirnited

Memory Resources

Shares: |N|:|rma| j | ::l

Reservation: J— UEI: ME
Expandable

4 Reservation

Limit: —J - me

[v Unlimited

£ Remaining resources available

el o ]

Cancel |

Virtual Machines

Student#-Adminl: CPU: Reservation 1500 MHz, Shares: Normal (2,000).
Student#-Admin2: CPU: Reservation 2000 MHz, Shares: Normal (2,000).
Student#-Financel: CPU: Reservation 0 MHz, Shares: Custom (80,000).
Student#-Finance2: CPU: Reservation 0 MHz, Shares: High (2,000).
Student#-Finance3: CPU: Reservation 0 MHz, Shares: Normal (1,000).

Lab Practice

Step 1

Try to Power On VM Student#-Adminl.
What happens? Why?

Look at Student#-Adminl and find the host running it. Look at CPU usage on the host (hostname >

Performance). Are there resources lacking? Why do you think the VM will not start?

VMWORLD 2006
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS

Look at Admin Resource Pool - Resource Allocation tab.

S = SRR S EETEES Resource Allocation S [EE == asks & Alarmz - Permizsions
CPU Reservation: Memary Reservation: 0 MB

CPU Reservation Used: 0 MHz Memory Reservation Used: 0 MB

ZPU Unreserved: 750 MHz Memory Unreserved: 3372 MB

ZPU Reservation Tvpe: Memory Reservation Type:  Expandable

¥iew: |CPU  Memony

Mame [ Reservation - MHz | Lirmit: - MHz | Shares | Shares Value | % Shares | Tvpe
@& Student1-Admind 1500 ) Urlirited Morral 2000 50 Hj,
H studentl-adming 2000 nlimited Marmal 2000 50 T

The Admin resource pool has a fixed reservation of 750 MHz. This means it can only get 750 MHz of CPU
time. The Student#-Adminl VM requires 1500 MHz of time but the resource pool it is in doesn’t have that
much to give to the VM.

Points:
e Reservations that can't be met prevent a VM starting.
¢ Non-expandable reservations on a Resource Pool limit VMs' Reservations from being met even
when resources abound.

Step 2

Now let’s change the resource settings of the Admin Resource Pool to let our VMs power on.
1. Admin Resource Pool - Edit Settings - CPU Resources - check “Expandable Reservation”.

Mame: |F'.|:Imin

_PU Resources

Shares: |I"-.I|:|rma| j | ::l
Feservation: — J— a0 El: MHz
Fi

v Expandable
Reservation

Lirvik: J E|: MHz

[v Unlimited

2. Start Student#-Adminl.
3. Check Admin Resource Pool - Resource Allocation.
4. Check Finance Resource Pool = Resource Allocation.
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS

Admin
Surnrnary ! ac| N Resource Allocation N EE I ER =
CPU Reservation: T50 MHz Merory Reservation: o MB
_PU Reservation Used: 1500 MHz Memory Reservation Used: 88.21 MB
ZPU Unreserved: 1620 MHz Memory Unreserved: 3280.79 MB
_PU Reservation Tvpe:  Expandable Memory Reservation Tvpe:  Expandable
Yiew: |CPU Memomy
Marmne | Reservation - MHz | Limit - MHz | Shares | Shares Value | % shares | Tvpe
B Studenkl-Admind 1500 Unlimited Mormal 2000 50 IE=S
G student1-Adminz 2000 Inlimited Marmal 2000 50 I
Finance
Rezource Allocation 4 FENEE = ventz - Alarmz
_PU Reservation: 3000 MHz Memory Reservation: 0 MB
{ CPUReservation Used: 0 MHz )] Memory Reservation Used: 0o ™MB
ZPU Unreserved: 4620 MHz Memory Unreseryved: 3281.79 MB
CPU Reservation Type:  Expandable Memory Reservation Type:  Expandable
¥Yiew: |CPU Memary
Mame | Reservation - MHz | Limit - MHz | Shares | Shares value | % Shares | Type
51 student1-Financel 0 nlimited Zuskom 0000 6 MY
51 student1-Financez 0 nlimited High 2000 z MY
1 student1-Finances3 1] Inlirnited Marmal 1000 1 M

Notice that Student#-Admin1l is not doing anything significant (nothing has been started running inside
it), but it still has a reservation. This means that the VM is reserving all of its 1500 MHz as reflected in the
Admin resource pool. So far the VM can get these resources because no other resource pools have
reserved them.

Points:
e If and only if the resource pool has an Expandable Reservation, the sum of its running VMs’
reservations can be more than the reservation defined for the Resource Pool itself.
A running VM can have a Reservation even if it is not actively using the resources.
There is a difference between reserving a resource and using it. You can reserve resources even if
you are not using them. This will prevent other virtual machines from using those resources.

Step 3
Now that we have an expandable resource pool we can start all of the VMs in that resource pool.

1. Start Student#-Admin2.
Why are there "Insufficient CPU resources" to start it?
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS
2. Check the ESX host = Resource Allocation.

10.94.2.1 ¥Mware ESX Server, 3.0.1, 32039

Yirual M achines sy =R LR Peiformance s Configuration its [ Alams [ Permissi

Pl Reservation: 6120 MHz Memory Reservation: 3369 MB

CPU Reservation Used: 4500 MHz Memory Reservation Used: 154.98 MB

CPU Unreserved: 1620 MHz Memory Unreserved: 3214.02 MB
Yiew: |CPU  temory
Marne Reservation - MHz | Lirmit - MHz | Shares | Shares Value | % Shares | Type
& Finance 3000 Unlimited Marmal 4000 jox] Expandable
5 storagel i} Unlimited Marmal 1000 g Ty ay
G student1-UPYM3 i} Unlimited Marmal 1000 g Ty ay
& Admin 750 Unlimited Marmal 4000 33 Expandable
@ Student 1-UPYMIL u] 720 Marmal 1000 g Ty ay
ﬁj Student1-UPYMZ u] 720 Marmal 1000 g Ty ay

The CPU Reservation for the host is the total MHz it has to offer. In our example this is 6,120 MHz.

3. Check Admin Resource Pool - Resource Allocation. Why is the Admin Resource Pool CPU
Unreserved only 1,620 MHz? Why is it not the host’s power (6,120 MHz) - Reservation Used by
Admin (1,500 MHz) = 4,620 MHz?

4. Check Finance Resource Pool - Resource Allocation. Notice that it is set to 3,000 MHz.

Finance
Rezource Allocation 4 FENEE = ventz - Alamz

_PLl Reservation: 3000 MHz Mermoty Feservation: 0o ™MB

ZPU Reservation Used: 0 MHz Memory Reservation Used: 0o ™MB

ZPU Unreserved; 4620 MHz Memory Unreseryved: 3213.02 MB

ZPU Reservation Tvpe:  Expandable Memory Reservation Type:  Expandable
¥Yiew: |CPU Memary
Mame | Reservation - MHz | Lirnit: - MHz | Shares | Shares Yalue | % Shares | Tvpe
51 student1-Financel 0 nlimited Zuskom 0000 6 MY
1 student1-Financez 1] Inlirnited High 2000 z M)
51 student1-Finance3 0 nlimited Marmal 1000 1 MY

Notice that (Host Power) - (Admin Reservation Used) - (Finance Reservation) = 6,120 - 1,500 - 3,000 =
1,620 MHz = Admin CPU Unreserved.

Even though the Finance resource pool has no VMs running, the Finance pool’s reservation has reduced
the reservation available to the Admin resource pool.

Points:
e There’s a difference between reserving a resource and using it.
e Reservations granted to a Resource Pool are reserved even if the pool has no running VMs.
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Step 4

Now that we see where the resources are, let’s adjust the virtual machine resources to allow our virtual
machine to start.

1. Student#-Admin2 - Edit Settings > Resources - CPU. Change CPU Reservation to be 0 MHz
(zero).
2. Start Student#-Admin2. Does it nhow start?

3. Check Admin = Resource Allocation. Notice that the reservation used and unreserved are still the
same.

1 LT Resource Allocation S gl i e
CPU Reservation: 750 MHz Mermory Reservation: 0o MB
CPU Reservation Used: 1500 MHz Mernary Reservation Used: 176.43 MB
ZPU Unreserved: 1620 MHz Memory Unreserved: 3123.531 MB
ZPU Reservation Tvpe:  Expandable Memory Reservation Tvpe:  Expandable
Yiew: |CPU M
Mame | Reservation - MHz | Limit: - MHz | Shares | Shares Yalue | % Shares | Type
I3 Studenti-Admin 1500 Unlimnited Marmal 2000 50 A
ﬁ Student1-Adminz 1] Inlirnited Marmal 2000 50 QIS
Points:

e Used virtual machine resources are not reflected in Reservations in the Resource Pool.

Step 5

Now that we understand a little about resource reservations when there is no load let’s start to get some
work done. In this step we’ll run a load generation utility to simulate load inside of a virtual machine.

1. Connect to the console on Student#-Adminl.

2. Start 2 instances of CPUBUSY (click the CPUBUSY icon on the desktop once, see a new window
open, then repeat and see a second window open).
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You should now have two windows with text saying they are performing mathematical computations.

+ CPUBusy

C:xDownloads >cscript cpubusy.vhs
Microsoft <(R> Windows Script Host Version 5.6
Copyright (C> Microsoft Corporation 1996-2881. All rights reserved.

I did three million si seconds?
I did three million

I did three million

I did three million

% did three million si i secon

I

I

I

did three million si i seconds
did three million secon
did three million si i secon
did three million si i seconds?

3. Check the Performance tab on Student#-Adminl and look at CPU Usage and CPU Usage in MHz.
What do you notice?

|J-_T,J Performance Charts for Student1-Adminl =] E3
CPU/Real-time, 10/23,/2006 5:53:51 AM - 10,/23/2006 6:53:51 AM  Change Chart COptions. .. @ H
Graph refreshes ewery 20 seconds !
— 100 7000 -
Ny

T

& 50 3500 %

m [

2

i

I I I | I D -
5:55 AM £:05 AM &:15 AM £:25 AM £:35 AM £:45 AM
Time

Performance Chart Legend
Kevy | Ohject | Measurement Linits Latest Mazximum Minirmurm Average
1] Student1-Admint  CPU Usage (Average/Rate) Percent 94,79 25,57 ] 4.8¢
= 0 CPU Usage in MHz (Average/Rate) MHz 3326 3425 u} 171.7%
O 1 CPL sane in MHz {Average/Ratel MHz 3440 3486 ] 163.1i
Studentl-Adminl  CPU Usage in MHz (Average/Rate) MHz 6@ 6E51 u} 345,18
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS

Observe that the CPU MHz used by Student#-Admin1l is greater than Student#-Adminl’s reservation
(1,500 MHz). In fact it's so big that it's using CPU cycles that are reserved by the Finance resource pool. It
can do so because Finance has reserved those cycles, but it has no VMs that are actively using those
cycles.

Points:
e There’s a difference between reserving a resource and using it.
e Reservations granted but not used are not wasted. If a reservation holder does not want to use its
reserved resource, that resource can be used (though not reserved) by another VM.

Step 6
Now that we understand reservations between Resource Pools, let’s look at the impact that limits impose.

1. Student#-Adminl > Edit Settings > Resources > CPU, uncheck “Unlimited” and set a Limit of
2500 MHz.

@ Student1-Adminl - ¥irtual Machine Properties

Hardware | Options {Fesairces | ESX 3. virtual machine
S | SUmmary | —Resource Allocation
CPU 1500 MHz =

Shares: Mormal - EUUUj
Memory 0 MB I J I
Diisk, Maormal
fdvanced CPU HT Sharing: &y Ressrvation: J I 15':":'3: MHz

)

(:i;nit: J | 2500 5: MHz=

\E Unlimited

\

&4 Limit based on parent resource pool or current bost

Look at Student#-Adminl > Performance. What's happened? Look at the host's Performance tab. Are
there CPU resources going unused?

Performance Chart Legend
Kevy | Ohiject | Measurement Linits Latest Mazximum Minimum Average
] Studentl-Adminl  CPU Usage (Average/Rate) Percent 34,79 a7.14 0,79 15.0¢
O ] ZPU Usage in MHz {Average/Rate) MHz 1z3a 3497 25 534,94«
O 1 CPU Usage in MHz {Average/Rate) MHz 1244 3500 16 535.0:
@ Studenkl-Adminl - CPU Usage in MHz (Average/Rate) MHz 2505 ) 6994 56 1083.6&
Points:

e A limit will limit what a VM can do, even if resources abound.
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS

Step 7
Now that you understand the concept of limits, let’'s go and see what happens when there’s resource
contention.

1. Student#-Adminl - Edit Settings > Resources - CPU, check “Unlimited”.

—Resource Allocation

Shares: INDrmaI j I 2000
| 1500 3: MHz

Reservakion:

f

Limnit: J | 51203: MHz

¥ Urlimited
e

Y

2. Start Student#-Admin2.
3. Login to Student#-Admin2.
4. Start two (2) instances of CPUBUSY.

Current state:
e Student#-Adminl: Running 2xCPUBUSY. CPU Reservation: 1500 MHz; CPU Shares: Normal

(2,000); CPU Limit: none.
e Student#-Admin2: Running 2xCPUBUSY. CPU Reservation: 0 MHz; CPU Shares: Normal (2,000);

CPU Limit: none.

Look at Performance tabs for Student#-Adminl and Student#-Admin2. What do you notice?

Performance Chart Legend

Kevy | Object | Measurement Units Latest | Maxirum Minirmurn Average
¢l studentl-Adminl  CPU Usage (Average(Rate) Percent 49,14 97.14 0.79 3.9
E n CPU Usage in MHz {Average/Rate) IMHz 1735 3497 28 48,0
O 1 CPU Usage in MHz {Average/Rate) MHz 1784 3500 16 853,57
(@ Studenti-adminl  CPU Usage in MHz (Average/Rate) MHz 3538 ) £994 56 1722 .6
Performance Chart Legend
key [ Ohject [ Measurement Linits Latest | Maxirmum Minirum Average
Studentl-Adming  CPU Usage (Average/Fake) Percent 48.@ 43,94 0 4.6)
| a0 CPU Usage in MHz (Average/Rate) IMHz 1766 2043 ] 1753
O 1 CPU Usage in MHz (Average/Rate) [MHz 1741 1741 ] JEEN=
Q_ Student1-Admin?  CPU Usage in MHz (Average/Rate) MHz 355;‘_) 3523 0 336.00

Student#-Adminl and Student#-Admin2 are each trying to use 2 PCPUs at 100%, i.e. 4 PCPUs of
demand. The host has only 2 PCPUs (hyper-threading is disabled). Even though Student#-Adminl has a
CPU reservation and Student#-Adminl does not, the two VMs have equal Shares of CPU. Student#-
Adminl and Student#-Admin2 use equal amounts of CPU because their shares are equal, and because
Student#-Adminl’s reservation is small enough that the host can treat Student#-Adminl and
Student#-Admin2 equally. Student#-Adminl is still meeting its reservation however there is contention
for resources and so shares start to take effect.
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS

Point:
e Equal shares means equal overall access to the resource - if that's possible after reservations are
met.
Step 8

Now that you understand that shares only kick in when resources are in competition, let’s look at the
impact of adjusting shares.

1. Student#-Adminl > Edit Settings > Resources - CPU, change its CPU Reservation to 0 MHz (zero

MHz).
2. Student#-Admin2 > Edit Settings > Resources - CPU, change its CPU Shares to High (4,000).

Resource Allocation Resource Allocation

Shares: |Nu:urma| j | :I 6res: |High j | ::D
Reseryvation: J | DEl: MHz Reservation:

) S
g
=
T
[

iy iy
Limiit: J | = Mhz Limit: J - MHz
v Unlimited Iv Linlimited
& Limit based on parent resource pool or current host & Limik based on parent resource poal or current host
Student#-Adminl Student#-Admin2

Current state:
e Student#-Adminl: Running 2xCPUBUSY. CPU Reservation: 0 MHz; CPU Shares: Normal (2,000);
CPU Limit: none.
e Student#-Admin2: Running 2xCPUBUSY. CPU Reservation: 0 MHz; CPU Shares: High (4,000); CPU
Limit: none.

Look at the Performance charts for Student#-Adminl and Student#-Admin2.

Performance Chart Legend

ey | Obiject | Measurement | Units | Latesk | Mazxinnurm Minirmurm Average
1] Student1l-Adminl  CPU Usage (Average/Rate) Percent 32,7 ar.14 0,91 39,7
O 0 P Usage in MHz (Average/Fate) MHz 1137 3497 3 1410.2
O 1 CPU Usage in MHz {Average/Rate) MHz 1202 3500 21 1434, 3
(@ Studentl-Adminl  CPU Usage in MHz (Average/Rate) MHz 2354 ) 6994 &5 PE63.T;
Performance Chart Legend
=Y | Object | Meazurement Units Latest | Mazinnurm Minirmurm Average
] Studentl-AdminZ  CPU Usage (Average/Rate) Percent 65,49 65,49 1] 20.17
O ] CPU Usage in MHz (Average/Rate) MHz 2356 7356 i 7290
O 1 CPU zage in MHz (Average/Pate] IMHz 234z 234z n 706,30
Studentl-Admin2  CPIU Usage in MHz (Average/Rate) MHz 4715 4715 0 1452.0

Notice that Student#-Admin2 is now using about twice as many CPU MHz as Student#-Adminl. This is
because there are not enough MHz for both VMs. And Student#-Admin2 has twice the CPU Shares as
Student#-Adminl. When there are conflicts for CPU, Student#-Admin2 wins about twice as often as
Student#-Adminl.

Points:
e Twice the shares, means twice the access to the resource--when the resource is scarce
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS

Step 9
Now let’s look at what happens to CPU shares between Resource Pools.

Student#-Admin2 > Shut Down Guest.

Admin Resource Pool - Edit Settings > CPU Resources; change Reservation to 0 MHz (zero MHz).
Finance Resource Pool > Edit Settings > CPU Resources; change Reservation to 0 MHz (zero MHz).
Start Student#-Financel.

Login to Student#-Financel and start running two instances of CPUBUSY (2 x CPUBUSY).

W=

Current state:

e Admin Resource Pool: no CPU Reservation. CPU Shares Normal (4,000).
Finance Resource Pool: no CPU Reservation. CPU Shares Normal (4,000).
Student#-Adminl: 2 VCPU, 2xCPUBUSY. Reservation 0 MHz, CPU Shares normal (2,000).
Student#-Admin2: shut down.
Student#-Financel: 2 VCPU, 2xCPUBUSY. Reservation 0 MHz, CPU Shares custom (80,000).

Look at Performance charts for Student#-Adminl and Student#-Financel. There is CPU contention
because there is 4 PCPU-worth of demand but only 2 PCPUs in the host. Why are they using CPU equally
when Student#-Financel has 40x the CPU Shares?

Performance Chart Legend

Key | Chijeck | Measurerent Lnits Latest Maxirmurm Minirmurn Average

1] Student1l-Adminl  CPU Usage (Average/Rate) Percent 46,62 a7 .44 1 47.6:

O 1] CPU Usage in MHz {Average/Fate) MHz 1665 3497 33 16589.5

O 1 CPU Usage in MHz {Average/Fate) MHz 1674 3524 23 1719.3
@ Studentl-Adminl  CPU Usage in MHz (Average/Rate) MHz 3357 ) 7016 7z 3428,
Performance Chart Legend

Key | Cbject | Measurement Units | Latesk | [ EE Minirmum Sl

1] Student1-Financel CPU Usage {Average/Rake) Percent 49,09 49,13 1]

[ 0 CPI Usage in MHz {Average/Rate) MHz 1754 2183 ] 15

O 1 CPU Usage in MHz [Average/Rake) MHz 1763 1790 i 14
Q_ Studentl-Financel CPU Usage in MHz [Average/Rake) MHz 3534 ) 3541 n 3
Point:

e VM Shares do NOT matter across Resource Pools, only within Resource Pools.

Step 10
What about shares for resource pools? How does that affect a virtual machine?

1. Admin Resource Pool - Edit Settings > CPU Resources, change CPU Shares to High (8,000).

Compare Student#-Adminl and Student#-Financel performance graphs. Why is Student#-Adminl now
using twice the MHz as Student#-Financel is using?
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PERFORMANCE TROUBLESHOOTING SECTION 2: RESOURCE PooL CONFLICTS

Performance Chart Legend

Key | Ohject | Measurement | Linits | Latest | Maxirurm | Minirmurm | Average

[} Studentl-Adminl  CPU Usage (Average/Rate) Percent 65.4 a7 44 30,99 51.1¢

| n CPU Usage in MHz (Average/Rate) MHz Z3z20 3497 1107 1815.5

O 1 CPU Usage in MHz (Average/Rate) MHz Z370 3524 1101 15848.5:
(:__T Studentl-Adminl  CPU Usage in MHz (Average/Rate) MHz 4709 ) 7016 2231 3683.5
Performance Chart Legend

ke | COhject | Measurement Linits | Latesk | Maximurm Tinirmurm B

1] Studentl-Financel CPU Usage {Average/Rate) Percent 3z.81 49,21 n

O 0 CPU Usage in MHz {Average/Rate) MHz 1165 188 1] 15

O 1 CPU Usage in MHz (Average/Fate) MHz 1151 1796 1] 15

Student1-Financel CPU Usage in MHz {Average/Rate) MHz 2362 ) 3543 ] 31

Point:

e Resource Pool shares matter across Resource Pools.

Step 11
This last step will confirm the fact that shares only kick in when resources are scarce.

1. Shut down Student#-Adminl and Student#-Financel.

2. Start Student#-Finance2 and Student#-Finance3.

3. On Student#-Finance2 and Student#-Finance3, start 1xCPUBUSY in each VM. These two VMs are
single processor VMs so 1 CPUBusy script will run them to 100% utilization.

Current state:
e Student#-Adminl, Student#-Admin2, and Student#-Financel: shut down.
e Student#-Finance2: 1 VCPU, running 1xCPUBUSY. CPU Shares 2,000.
e Student#-Finance3: 1 VCPU, running 1xCPUBUSY. CPU Shares 1,000.

Look at the performance charts for Student#-Finance2 and Student#-Finance3. Student#-Finance2 has
twice as many shares as Student#-Finance3; is Student#-Finance2 running twice as much?

Performance Chart Legend

4= [ Object [ Measurement [ Uniks Latesk | Maximurm Minirnum el
Student1-Financez CPU Usage {Average/Rate) Percent 98.:_2:) 99,95 1] 3
O 0 CPU Usage in MHz {Average/Rate) MHz 3528 3582 1] 28
O 1 CPU Usage in MHz {Average/Rake) MHz
(@  Studenti-Finance2  CPU Usage in MHz (Average/Rate) MHz 3543 ) 3596 ] 28
Performance Chart Legend
Key | Object | Measurement | Units | Latest | Tazirmur Mirirnurn Byver
Student1-Finance3 CPU Usage {Average/Fake) Percent 94.@ 94,53 0 7l
] 0 CPU Usage in MHz (Average/Rate) MHz 3351 3400 0 25
[ 1 CPI Usage in MHz (Average/Rate) MHz
@  Studenti-Finance3  CPU Usage in MHz (Average/Rate) MHz 3396 ) 3413 0 253
Points:

e Shares matter only when resources are scarce. When the host has enough resources to meet all
demand, shares are irrelevant.
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Step 12
You are done with this section. Please shut down your virtual machines.

1. Shut down Student#-Finance2 and Student#-Finance3.

Lessons Learned

In this section you learned how to apply Limits, Reservations, and Shares. You learned that shares defined
for virtual machines are only valid inside of a Resource Pool. Shares defined for Resource Pools are valid
across Resource Pools. You also learned that applying reservations in your environment may impact the
ability to start virtual machines in other areas of your environment.

Over tuning a virtual environment can create a performance issue. There are still resources left to fix
those performance issues but the tuning you have done is actually preventing you from using those other
resources.

When tuning your environment use broad strokes. Leverage the power of DRS to move resources around

inside of a cluster. DRS and ESX do a great job of managing access to physical resources in a fair manner.
Shares, Reservations, and Limits should be used carefully as they restrict options for managing resources
by ESX and the global scheduler of the DRS cluster.

Reproducing This Lab at Home
See Appendix B for instructions on how to reproduce this section of the lab in your own environment.
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SECTION 3: CPU PERFORMANCE

CPU tuning is perhaps the most obscure concept to grasp firmly and yet the easiest to tune and receive
worse performance. This section will concentrate on the various CPU metrics that can be tuned and their
consequences on VM performance.

Starting with version 2.1 of ESX Server VMware introduced VSMP or Virtual SMP. In version 3 of ESX
Server SMP support was extended to allow 4 CPU implementations within a virtual machine. VSMP was
designed to broaden the reach of the VM to include more production applications. Some applications such
as SQL, Oracle, and Exchange really like multiple processors more from a threading perspective then
actual Raw throughput. However, in the physical world most applications do not scale linearly across
multiple processors. In fact most applications are not even multi threaded and will not gain any
performance from adding additional processors.

Background

VSMP was designed to allow multiple threads (one per virtual CPU) to be scheduled across one or more
physical CPUs. VSMP requires that two VM worlds get scheduled onto two separate physical CPUs (PCPUs)
or in the case of hyper-threading on the server, logical CPUs (LCPUs). Since both processors have to be
scheduled at the same time and kept in state with each other having one processor run idle because it's
not being used wastes valuable time in the OS and in the underlying vmkernel. Processors that are
scheduled but run idled are accounted for in CPU Wait%.

Lab Practice

During this lab you will be using the following virtual machines: Student#-UPVM3 and Student#-SMPVM1.
All other virtual machines should be powered off. If they are not powered-down already, then please
power off all virtual machines.

First, we will look at CPU usage in our SMP virtual machine. For this lab we will only look at 2-way SMP
because we only have 2 physical processors available to us and hyper-threading is currently turned off.
The same principals learned in this lab can be applied to 4-way SMP as well.

Start by powering on Student#-SMPVM1. The virtual machine will automatically login as administrator.

With the virtual machine powered on open the performance graph = for Student#-SMPVM1. Change the
chart type to show the %READY and %WAIT time for the virtual machine. You will have to deselect CPU
Usage and CPU Usage in MHz since the graph can only handle two CPU metrics at a time.
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(2 Customize Performance Chart
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Monitor the performance graph. After the virtual machine has powered on and settled down you will notice
a low %READY time and a high %WAIT time.

(%) Performance Charts for, Student1-SMPYM1 |'._ 'E [‘5__<|
CPU/Real-time, 10/23/2006 7:35:32 AM - 10,/23/2006 8:35:32 AM  Change Chart Options, .. @ H
Graph refreshes ewery 20 seconds '
~ 20000 —
e
|l
z TJ
?
& L o000 |
]
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) |
o 1 I I I I 1
740 A 7:50 AM G:00 AM G:10 AM §:20 AM G130 &AM
Time
Performance Chart Legend
Key Cbject Measurement Units Laktest Maimum Minirnurn Average
] 0 CPU Ready Millisecond 1z 336 1] 248, 3
] 1 CPU Ready Millisecond 209 1000 1] 354,44
] u] CPL Wéait Millisecond 19710 19749 1] 18112,
] 1 CPU Wait Millsecond 19705 19749 0 157458.3
< | =

%READY is the amount of time a virtual machine is ready to run but can’t get scheduled due to other
virtual machines using the physical resources. Does one CPU have more %READY time then another one
or are the about the same? There are always helper processes and the Service Console running on one of
the physical CPUs so even with just one virtual machine running there could be some %READY time.
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%WAIT is the amount of time a virtual machine did get scheduled but the processors have nothing to
process and so the CPU simply waits while the scheduled time for the virtual machine clicks by. With just
one virtual machine running and no activity in the virtual machine we can see both processors are just

sitting idle.

Now that the VM is started let’s launch one instance of the CPUBusy script located on the desktop. Also
open Task Manager and change to the Performance tab. What do you see in the virtual machine? You
should see two virtual CPUs in the performance graph and the total performance of the system at 50%
utilization. The CPUBusy script is a single-threaded application so it will only keep one CPUBusy at a time.

E windows Task Manager - 10| x|

Eile oOptions ‘ew Help

Applications I Processes : PEFFDFITIEII'IEE |Netwu:urk1ng| Users I

—CPU sage — [ CPU Usage Hiskory

|II'I ! | H'l"lh
l' vH n' U

ik

TIAAnEE
A At L

i 'r‘,l

—PF Usage —Pane File Usage History

— Tokals — Phwsical Mematy (K
Handles 4410 Tokal SZ3720
Threads 283 Bvailable 416340
Processes 26 System Cache 25145
—Commit Charge (K)———— [ Eernel Memory (K
Tokal aad04 Total 16736
Lirvit 12676054 Paged F3re
Peak, Q1572 Monpaged 9364
|F‘ru:u:esses: 26 |CF‘LI Usage: S0% |Cnmmit Charge: 84M [ 1257M o
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Now change back to the Virtual Infrastructure Client performance graph. What do you notice in this
graph? Has the %READY or %WAIT time changed at all? Are the percentages balanced across all CPUs?

(%! Performance Charts for Student1-SMPVM1 E][E|E|
CPU/Real-time, 10,/23/2006 T:44:31 AM - 10/23/2006 8:44:31 AM  Change Chart Options., .. @ H
Graph refreshes ewery 20 seconds !
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|
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W
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El | |
o |
!
a |P5'.*‘*é\-h-___-r._..—
o I I I I I
Fid5 AM 7155 AM 5:05 AM 15 AM 5:25 AM 535 AM
Time
Performance Chart Legend
Key Ohject Measurement Linits Lakest Maximum Minirmum Average
1] a CPU Ready Millisecond 191 336 a0 180.4:
= 1 CPI Ready Millisecond a5 1000 1] 23318
O o CPLU W ait Millizecond 13666 195635 o 17625 7.
= 1 CPL W ait Millizecond Sa03 1958535 1] 163509.5:
< >

As you'll see the %READY time really didn’t change that much. This is because the virtual machine really
doesn’t have any competition for the CPUs. The %WAIT time has gone down considerably but only on one
of the CPUs. This is because the application inside the virtual machine is only a single threaded application
and it does not use the extra CPU.

If you see unbalanced %WAIT times in your normal application workloads then you should adjust your
virtual machine so that it only uses a single virtual CPU.

Next, let's go back to Student#-SMPVM1 and start a second CPUBusy script. What happens to the
performance displayed in task manager? Now the virtual machine is running at 100% utilization because
there are two single threaded applications. The operating system is spreading each thread across a
different virtual CPU. Go back to the performance graph for Student#-SMPVM1. Has anything changed?
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The %READY time is still low because there are still no resource contentions. The %WAIT time for both
CPUs is also low now since both virtual CPUs are busy. The two virtual CPUs get scheduled on separate
physical CPUs.

If you see balanced %WAIT times and they are low then you have used VSMP appropriately in your
environment.

Currently we have one virtual machine running on our server with no resource contention. Now let’s power
on Student#-UPVM3. This will start to introduce contention for the physical CPUs. While Student#-UPVM3
powers on watch what happens to the performance of Student#-SMPVM1. You should see the %READY
time continue to climb for Student#-SMPVM1. You may also see a very high %READY time for Student#-
UPVM3. Starting an operating system is a very resource intensive task.

If you have several virtual machines running then you should not perform a lot of power operations on
your virtual machines since this will drastically degrade performance.

After Student#-UPVM3 has settled down you will notice that the %READY time comes back down. You will
also notice a higher %WAIT time for Student#-UPVM3. Since there is nothing going on inside Student#-
UPVM3 there will be a high %WAIT time and low %READY times.

Next, let’s start a CPUBusy script in Student#-UPVM3. Also open the Performance tab in Task Manager so
you can see what happens to the resources inside the virtual machine.
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As you can see the single threaded application is taking up 100% of a single virtual CPU as expected. Now
look at the performance graphs for Student#-UPVM3 and Student#-SMPVM1. What happened to the

%READY time? What about the %WAIT time?
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As you can see there is now contention for resources. All of the virtual CPUs for all of the VMs have a high
%READY time. Since all of the virtual machines has the same number of shares and are not limited by
CPU settings they should split the time on the CPU equally and as such all of the %READY times should be
approximately equal. The %WAIT time is still low because the virtual CPUs are being used every time they
are scheduled on the physical CPUs.

For additional workload analysis and to see the affect of VSMP on normal workloads repeat these lab
concepts with SMP workloads in your environment. SQL and Exchange are simple and good tests for SMP
workloads in Windows. File Servers are simple tests for apps that scale poorly in Windows SMP
environments (SMP should be avoided). Kernel compiles or any product builds are examples of single-
threaded applications in a Linux environment (SMP should be avoided).

Lessons Learned

In this section we learned that SMP is not the answer to every performance issue and could very well be
the cause of some of your performance issues. At the same time if you have a SMP aware application like
databases then VSMP could help your performance. Tests should definitely be performed with different
apps in a lab configuration to select the best number of processors for that given application.

We also learned the impact that poor VSMP selection can have on a virtual machine. We learned how to
monitor %READY and %WAIT to determine if we have resource contention or extra resources when using
VSMP.

Reproducing This Lab at Home
See Appendix C for instructions on how to reproduce this section of the lab in your own environment.
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SECTION 4: STORAGE PERFORMANCE

Background information

Disk related performance issues usually surface when using disk intensive applications. Disk activities are
the most time consuming part of virtualization processor-wise. The running virtual machine must be
swapped with the virtualization layer to process the I/0O interrupt. The I/0 is serviced and placed into
primary memory (RAM or cache). The memory access also takes CPU cycles away from the virtual
machine. Finally, the virtual machine is scheduled on the physical processor again and allowed to run. For
I/0 intensive applications this can become a potential bottleneck.

VMware has two different disk access mechanisms - VMFS and RAW Disk Maps (RDMs). For more
information about the differences please consult the Virtual Infrastructure 3 Server Configuration Guide
(http://www.vmware.com/pdf/vi3 server config.pdf). In some cases Raw disk access may yield better
performance. Depending on the workload and your architecture you may want to consider the use of RAW
disks sparingly. For a good look at the pros and cons of RAW disk usage see Appendix E.

The aim of this section is to show how the performance of different storage access methods differs. We
will also look at the limitations of storage configurations and lend guidance on where a particular
architecture would yield better performance. In this section you will run an industry standard disk
benchmarking tool to evaluate the performance of fibre channel attached disks in both VMFS and RDM
access modes. You will also discover where bottlenecks may reside in our lab architecture and how to
improve upon this architecture in your own environment. Additionally, you will look at different storage
mediums such as iSCSI and NAS. For the interest of time the lab instructors have already run the tests for
iSCSI and NAS datastores.

Please note that this test is not intended to be a competition between vendors or protocols. This section
was designed to help you understand the different trade-offs when selecting and architecting storage.
Performance can be a complicated function of many factors. Unfortunately we do not have an unlimited
amount of equipment for the VMworld 2006 Performance Lab. At times you will experience mixed results
and new performance bottlenecks. These situations will be highlighted as areas where a different
architecture could yield better results. Performance bottlenecks are not always a limitation of the ESX
Server architecture or the type of array you are using. We encourage you to take this knowledge back to
your own environment to find the limits of your current setup so you can plan your storage and virtual
machine layout accordingly.

Lab Practice

During the following tests you may notice out of disk space warnings. These are normal during an IOMeter
test since IOMeter fills the disk with test data. It is safe to ignore these errors.

Step 1

You will be working with a virtual machine called Student#-Storage.
1. Power on Student#-Storage virtual machine.
2. Open a remote console to the virtual machine. The virtual machine should automatically logon.

3. Select the Performance tab for Student#-Storage and then select the popup chart icon = to
display the performance chart in its own window.
4. In the performance chart window, click on Change Chart Options - Disk > Real Time.

> am . -
Page 36 of 58 . él ._ﬁl
g é 2> v DIE


http://www.vmware.com/pdf/vi3_server_config.pdf

PERFORMANCE TROUBLESHOOTING SECTION 4: STORAGE PERFORMANCE

5. Select the ONLY following checkboxes in the Objects area:
a. Vmhbal:0:2
b. Vmhbal:0:5
Cc. Student#-Storage

—Objects

Descriptian |
wmhbal:0:2

wmhbal: 5

Studentl-Storage

Lo L Do

all | Mone |
6. Select ONLY the following checkboxes in the Counters area:

a. Disk Read Rate (in KBps)

b. Disk Write Rate (in KBps)

c. Disk Usage Rate (in KBps)

—Counkers
Descripkion | Lnits |
O commands Mumber
O isk write Requests Murnber
Obuskesets Mumber
Ouisk Read Requests Mumber
Disk Read Rate KEBps
Disk Write Rate KBps
Disk Usage (Average/Rate) KEps
O cormmandsaborted Murnber
7. Your final setup should look similar to the picture below.
|J-j_J Customize Performance Chart [}
—(Chart Options —Chart Type
{* Line graph {~ Stacked graph
—Objects
Description |

wrhbal:0:2
winhbal:ois
Student1-Storace

\_I;I_IL

Al Mone

@ System

—Counters
Description | Uniks |
O commands Murnber
[ cisk. wite Requesks Mumber
Obuskesets Mumber
sk Read Requests Mumber
Disk Read Rate KEps
Disk Wite: Rake KEBps
Disk Usage {Average/Rate) KEps
O commandsabarted Mumber

Al Mone |

% Last |1 = IHour(s) j

€ From: [10{25/2006 6:49 AR |

—Counter Description

Rollup: Stats Type:

To: |1U.|’25,|’2006 6149 AM j Select a counter to see its description

Help | Ok I Cancel Apply

Points:
e These settings will be used to measure disk performance at the ESX Server level.
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Step 2

In this step we will run the first of our storage tests and record the results next to our pre-run tests for
later comparison. We are going to use a disk benchmarking tool called IOMeter to create I/0 load within
the virtual machine. This utility is freely available on the Internet and has many different settings. The tool
has already been setup for the tests that we will run. For more information about setup for this lab see

Appendix D.

The virtual disk for this test is already setup and connected to the Student#-Storage virtual machine and
appears as drive letter E inside the Guest OS. For this test we will be testing a standard 10 GB virtual disk
(vmdk) placed on a single VMFS partition. The VMFS partition is on an array shared by 5 other ESX
Servers. The VMFS volume is only viewable by your ESX Server.

The conditions that IOMeter uses for this test are saved in My Documents. (VMworld-FC-VMFS.icf)

1. Launch IOMeter by double-clicking on the icon on the desktop.

lo

Tormeter

2. Open the test settings for the VMFS test.
a. Use the open icon to browse for the test settings (VMworld-FC-VMFS.icf).

lo Iometer Open Test Configuration File ed |

Loak ir: I“D' by Documents j - £ Eg-

|ﬁ| Wit d-FC-Paw . icf
. Wi d-FC-YMPES, i

| Ten 2

b. Open the test settings.
3. Once the test settings are open highlight the only manager in the list called Student#-Storage.

A == R

Topalogy Diizk Targets | Metwork T argets | At

T argets
i I

) &3 E:FCVMFS

O 3 F.FC-RawS
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4. Confirm the disk is set to the FC-VMFS disk with the little red X in the checkbox next to drive E.

3 o] L —
= 9o e g
Topology Disk Targets I Metwork Targetsl Ao
Elgﬂ'\ All Managers Targets
ez LR ST IIDENT1-STOR oL
(| @3 E:FCAMFS
O FFCRAW

5. Change to the Results Display Tab to monitor the results.

0]
= || =DiE= 4e|& o]

Topology Digk Targets I Metwork, Targets I Access Specificatio Results Display ' est Setup I

= ﬂ\ Al M anagers Results Since

= [l N Drag managers and workers
STUDENTI-STOR from the Topology windaw ] . , , , : , \ :

to the progress bar of your choice. " Last Update 1 2

pdate Frequency [secondsz]
1

3 4 5 10 15 30 45 BO oo

Dizplay
’7 Al Managers Q.00 10
Total 1/0z per Second | | b |

6. Start the test by clicking the start flag in IOMeter.

|o Iometer - o] x|
~u — s
Za BOE=|(A)e|&] > | 9H 8] ¢
—
Tapalogy Digk Targetsl M etwiark Targetsl Aceess Specifications  Hesults Display | Test Setupl
= A ol bd oo ~ Results Since— — Update Frequency [seconds] ] I

7. The test will prompt to save the results as a csv file. We will not need these results so you can use
any name you want for the file and click save.

TR 20
" Savein IE'M"" Diocuments j - £ B9~
CE] 1w @ kriple-test, csyv

=| Z.osy EI wmfs_new, caw

=| 3.csv Iij sermor]d-Fo-ram, csy

The test will run for a 30 second warm up period where no results will be displayed followed by a 5
minute run to test I/0.

9. Once the test is completed the red stop sign @ will disappear and the green flag ﬂ will
return.
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10. Record the results of this test in the chart in Step 4. Note that not all results will be used. Only
record the circled results.

— Dizplay

Al M anagers 3309.28 10000
(Total 140 per Second )
Al M anagers 206.83 1000
Total MBz per Second ﬁ

L

L

. —
All M anagers 1.2065 10
(;.:erage |0 Responze Time [m?ui j
Al Managers 138.0540 1000

L

b axiniurn | /0 Responze Time [mz] | -

Al W anagers 346 % 100 %
Geop Uteatontoa) |

&l M anagers 1] 10

L

L

Total Emor Count

Did your results match up to the pre-run fibre channel VMFS test? Why or why not?

More analysis will be done as part of Step 4.

Step 3

One of the features of Virtual Infrastructure 3 is the ability to connect directly to a storage volume using
something called Raw Device Mappings. Raw Device Mappings were created to allow direct SCSI command
access to the underlying storage. This is important when using SAN management tools for managing SAN
snapshots for example.

Customers often ask if going directly to the disk is faster than going through the VMFS file system. The
answer is it depends on the workload. In this step you will run the same performance tests as Step 2 only
you will use a Raw Device Mapping this time.

For more information about the pros and cons of using Raw Disk Mappings see Appendix E.

The Raw Device Mapping for this test is already setup and connected to the Student#-Storage virtual
machine and appears as drive letter F inside the Guest OS. We will be testing a standard 10 GB SAN
volume connected as a Raw Device Mapping. The SAN volume is on an array shared by 5 other ESX
Servers. The SAN volume is only viewable by your ESX Server.

The conditions that IOMeter uses for this test are saved in My Documents. (VMworld-FC-RDM.icf)

The steps for this test are nearly identical to the previous step. Refer to the screen shots in Step 2 for
assistance.

1. Launch IOMeter by double-clicking on the icon on the desktop.
2. Open the test settings for the VMFS test.

a. Use the open icon to browse for the test settings (VMworld-FC-RDM.icf).

b. Open the test settings.
Once the test settings are open highlight the only manager in the list called Student#-Storage.
Confirm the disk is set to the FC-RDM disk with the little red X in the checkbox next to drive F.
Change to the Results Display Tab to monitor the results.
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6. Start the test by clicking the start flag in IOMeter.

7. The test will prompt to save the results as a .csv file. We will not need these results so you can use
any name you want for the file and click save.

8. The test will run for a 30 second warm up period where no results will be displayed followed by a 5
minute run to test I/0.

9. Once the test is completed the red stop sign J will disappear and the green flag J will
return.

10. Record the results of this test in the chart in Step 4. Note that not all results will be used. Only
record the circled results.

— Dizplay

Al Managers a309.23 10000
Gutal |0z per Second ”_

=

Al Managers 206,83 1000
(futal ME s per Second ﬁ

Al Managers 1.2065 10

L

L

Gverage |0 Responze Time [ms]

L

Al Managers 138.0540 1000
b awimum | /0 Besponse Time [ms] | -

&l Managers 33.46 % 100 =
(3% CPU Utization ftotal T‘ﬁ

_—— —

Al Managers 1] 10

L

=

Total Ermar Count

L

Did your results match up to the pre-run fibre channel RDM test? Why or why not?

Were your test results for Raw Disk Mappings better or worse than the VMFS tests? Why or why not?

More analysis will be done as part of Step 4.

Step 4

In this step we will take a look at our results and try to figure out what these performance numbers mean.
The conclusions drawn in this section are partly related to the limited equipment we have to test on and
are by no means completely conclusive as to what will happen in your environment. You should take these
notes and these tests and see where the performance bottlenecks reside in your environment.
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Fibre Channel Fibre Channel iSCSI NAS
Student Results Pre-Run Pre-Run Pre-Run
VMFS RDM VMFS RDM VMFS RDM VMDK
Total I/0s
per Second 3294 3353 1813 1865 1691
(IOPS)
Total MBs
per Second 206 209 113 116 105
(Throughput)
Average I/0
Response 1.21 1.19 2.20 2.14 2.36
Time (ms)
% CPU
Utilization 33.87% 27.26% 24.00% 19.40% 23.00%
(total)

Question 1: Now you have run two tests. One of your tests benchmarked a VMFS partition and the other
benchmarked a Raw Disk Mapping. Did you notice any difference between the two? Use the pre-run
numbers for comparisons as well.

In general there are very few workloads that take any advantage of RDMs. RDMs should be used sparingly
in your environment and not as general crutches for performance gains. More analysis of RDMs will be
done in Step 5. For more information on the benefits of RDMs see Appendix E.

Point:
¢ RDMs do not always give better performance than VMFS partitions.

Question 2: Were your numbers very different from the pre-run numbers? Why do you think that is?

The pre-run numbers were gathered in a clean environment when there was only one student using the
system. Each POD in our architecture has a single HBA going through a single fibre channel switch into a
single storage processor (SP) on the array. There is only one path for all traffic between the five ESX
Servers in the POD and the one SP in the array. Because of our poor SAN fabric architecture the storage
processor becomes the bottleneck for performance. The array actually has plenty of processing power left.
The more disk tests that are run the more the available storage processor I/0 is split between the
different requesters. Since you are not the only student using the array currently there is competition
from other students at the storage processor level.
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SECTION 4: STORAGE PERFORMANCE
Fibre Channel SAN

Bottleneck is one
path to one SP,

%J %j %j S

B T e B B

< \ | < I
Student1 Student2 Student3 Student4 Student5

Question 3: How do you think you could fix the storage processor bottleneck?
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The best way to fix the storage processor bottleneck is to add more storage processors and paths between
the SAN fabric and the storage processors.

Fibre Channel SAN

Adding more SPs and U

more paths improves
throughput. I

Student1 Student2 Student3 Student4 Student5

Point:
e Use more storage processors and paths to the storage processors to increase the available
throughput in your SAN.
e The best way to improve storage performance is to have a good architecture for your SAN fabric.

Question 4: How did the numbers compare between NAS, iSCSI, and Fibre Channel? Were you surprised
by any of the results? Keep in mind that we are still storage processor bound for these results.

In general iSCSI offers good performance for non-disk intensive apps. Some iSCSI vendors offer better
performance than other so these numbers are not indicative of everything you might experience with
iSCSI. Some vendors offer better performance while some offer worse performance. It is always a good
idea to evaluate a vendor in your own environment to test performance results.

Step 5

The last section of this lab has further analysis included. There are no lab exercises in this section however
there are some good data points. It is highly suggested that you keep reading. If you need to end your lab
now please pay close attention to the instructions at the end of this section.
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Due to the lack of equipment in our lab setting the lab instructors performed some follow-up tests before
VMworld on this same equipment. The goal of the tests was to see what else we could tune in our
environment to get the best possible storage performance.

In all of the test results below we will show the results in a chart. The following labels will be used in the

chart:

IOPS - This shows the total number of I/O operations per second. For example, total number of

reads and writes.

MB/s — This shows the total throughput per second expressed in Megabytes (MB).
Latency - This shows the average amount of time an I/O request took to process. Time is reflected

in milliseconds.

%CPU - This is the percentage of CPU time the performance test consumed. In general this does
not have an impact on our test results but we still like to track it to make sure we are not CPU

bound.

Split Data Stores

The first test we ran was from a single ESX Server to two different VMFS datastores on the same array.
Each virtual machine had a second virtual disk that appeared in the GuestOS as drive letter E.

)
E:]

FABRIC

VM2
=)

IOPS MB/s Latency %CPU
VM1 1961 123 2.04 22.27%
VM2 1983 123 2.01 22.37%
Total 3944 246

As expected, our performance bottleneck is still at the single path to the one storage processor. The I/0 is
still be divided between all requesters. However, if we add up the total IOPS and MB/s we see that we far
exceeded the results of our Pre-Run single VMFS tests. Why do you think this is?
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In Virtual Infrastructure 3 each volume gets its own disk queue to work from. It appears that with a single
VMFS we were actually flooding the disk queue on the local ESX Server. By adding datastores to our
environment we actually increased performance. Please note that at this point we could have adjusted the
queue depth in the Windows Guest, on the HBA driver, in the HBA BIOS and even on our storage array as
per best practice guidelines. The settings that would give us the best performance are different for every
configuration and this is where your storage specialist or vendors can help you find the best settings for
your environment.

Point:
e Splitting heavily accessed datastores up may lend better performance.
e This is a time when RAW Disk Mappings for each heavily hit volume may make sense in order to
increase storage performance.

Hitting the Bounds of the HBA

To make sure we were not bound by the HBA we decided to run a test from two separate ESX Servers to
the same two VMFS partitions that we used in the previous test. The two VMFS partitions are still on the
same array with the single path, single storage processor bottleneck.

FABRIC

UL

DATASTORE

IOPS MB/s Latency %CPU
VM-Host1 1980 124 2.02 20.30%
VM-Host2 1989 124 2.01 20.70%
Total 3969 248

The IOPS and MB/s really didn’t change significantly. This means that we’re still bound at the same
performance point — the single path and the single storage processor. To investigate the potential for
where our HBA bound might be we decided to run one more test.

Point:
¢ We have confirmed that multiple storage processors and multiple paths (a good SAN architecture)
are key to unlocking more storage performance.
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In this test we ran from a single ESX Server with a single HBA to two different VMFS partitions on two
different storage arrays. This test essentially gives us twice the nhumber of storage processors and paths
on the array side but still only one path on the ESX Server side.

FABRIC

DATASTORE

IOPS MB/s Latency % CPU
VM-Arrayl 2048 131 1.90 20.88%
VM-Array2 2153 134 1.86 20.08%
Total 4201 265

This test saw a good jump in IOPS and MB/s for individual virtual machines as well as for the combined
results. The increase in performance was not equal to our single VMFS, single virtual machine, and single
host tests because we still have a bottleneck. The bottleneck has now moved to the HBA in the physical
ESX Server. Increasing the queue depth may help but only if you find the right combination between the
Guest OS, the driver, the BIOS, and the array. A better way to increase performance would be to add
another HBA to the system. Please note that ESX Server 3.0.1 and prior do not load balance dynamically
across HBAs. You can however manually assign the preferred path for Arrayl to HBA1 and the preferred
path for Array2 to HBA2. This will balance the load for the two VMFS partitions between the two HBAs and
increase your performance.

If you are using an active/passive array then you MUST use the MRU failover policy in ESX Server. This
means that all ESX Servers must have the same path to a given LUN as their primary path. With an
active/active array you can have different ESX Servers use different paths and storage processors to the
same LUN at the same time. With active/active arrays you get the ability to do more granular manual load
balancing.

Points:
e Adding additional HBAs to your system will increase your performance.
e You can manually load balance LUNs down different HBAs.
e Using an active/active array with a fixed failover policy in ESX Server will enable you to balance
load even more.
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Spanned VMFS Volumes and Performance

If more LUNs help with performance then will spanning a single logical VMFS volume across two VMFS
extents increase performance? What do you think?

The next test starts by creating a single logical 20 GB VMFS partition out of two 10 GB VMFS partitions.
The smaller partitions become extents of the larger logical volume. To individuals creating virtual
machines it appears as one 20 GB volume in the interface. We ran the test with a single virtual machine
with its disk on the 20 GB logical volume. The ESX Server still has a single HBA and we are using a single
array again. You should compare these results to the pre-run Fibre Channel VMFS test in Step 4.

FABRIC

[ [TV 0

IOPS MB/s Latency %CPU

Student#-Storage 3328 208 1.20 32.74%

As you can see, the tests revealed no significant increase or decrease in performance using spanned VMFS
partitions. Contrary to popular belief, spanned VMFS volumes are simply concatenated. The volume begins
to fill from the beginning of the first extent to the end of the first extent and then from the beginning of
the second extent to the end of the second extent. There is no stripping in a spanned VMFS volume.

Points:
e Spanned VMFS volumes should only be used to increase storage space and should never be used to
try and increase performance.
e It is better to add a second, separate VMFS volume to increase disk space rather than span into
another extent.
e Spanned VMFS volumes have 1 disk queue. Separate VMFS volumes have separate disk queues.
More disk queues increase storage performance.
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Lessons Learned

In this section you learned how to tell where a storage bottleneck may exist and ways to correct the issue.
This lab section is not a complete inclusion of every type of storage performance issue that you may face.
If you encounter storage related performance issue you are encouraged to open a VMware Support
Request or contact your local storage vendor.

The tests in this lab can and should be run in your own environment to find out if you have any hidden
storage performance bottlenecks. Please make sure you read the note below before running these tests in
your environment.

NOTE: Every environment is different. If you decide to run this test in your environment your numbers
may be different for a variety of reasons. Many things will change the results of your tests such as SAN
fabric architecture, speed of disks, speed of HBAs, number of HBAs, etc. The numbers introduced in this
lab are by no means meant to be an official benchmark of the lab equipment. The tests run were simply
used to create a desired performance issue so that a point could be made. Please consult your storage
vendor contacts for official benchmarking numbers on their arrays in a number of environments

Reproducing This Lab at Home
See Appendix D for instructions on how to reproduce this section of the lab in your own environment.
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AFTER LAB CLEANUP
You are now done with your lab. Please shut down any remaining VMs so the next set of students can

start fresh. Thank you and enjoy your time at VMworld.
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APPENDIX A: TIMING IN A VM LAB SECTION REPRODUCTION

Software Required
Windows 2003 Server (Enterprise Edition was used in this lab)
CPUBusy script. Please read the notes below.

)

[ ]

e VMTools

e Virtual Infrastructure 3 or later (ESX Server 3, Virtual Infrastructure Server, etc)

Hardware Required

At least 2 physical CPUs

Hyper-threading is preferred to be disabled for this test.
At least 2 GB of memory

At least a 15 GB VMFS3 partition

To repeat the experiments in this section two virtual machines are needed. The guest operating systems
used were Windows 2003 Enterprise Edition. Each virtual machine was defined with a single vCPU, 512 MB
of RAM and a 5 GB disk.

The virtual machines need to have VMTools installed. The vmdesched driver is included in the VMTools
installation media but is not installed by default. The Lab Practice includes a link to a white paper on the
VMware website showing how to install the driver.

Important! Both of the virtual machines need to be pinned to the same logical CPU.

The utility that puts a load onto the vCPU is a script called CPUBusy. For information on creating this
script, please refer to Appendix F.

You can create a shortcut on the virtual machine desktop to the CPUBusy script if you wish for easy
access. Ensure that both virtual machines have the script file and the batch file.

The vmdesched driver can run on other guest operating systems. The current version currently supports
uniprocessor versions of Windows 2000, Windows XP and Windows 2003. It also supports all uniprocessor
releases of 2.4x and 2.6x kernels.

The vmdesched driver is still a work in progress. Please report any inconsistencies to VMware support.
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APPENDIX B: RESOURCE POOLS LAB SECTION REPRODUCTION

Software Required

Windows 2003 Server (Enterprise Edition was used in this lab)
CPU Busy script. Please read the notes below.

VMTools

ESX Server 3.0 or later

Hardware Required

Virtual Infrastructure Server

At least 2 physical CPUs

Hyper-threading is preferred to be disabled for this test.
At least 2 GB of memory

At least a 15 GB VMFS3 partition

Creating Resource Pools and VMs

Create an “"Admin” resource pool and a “Finance” resource pool. Populate the Resource Pools with five (5)
VMs (Adminl and Admin2 in the Admin Resource Pool and Financel, Finance2, and Finance3 in the
Finance Resource Pool).

= [ 10.54.2.1
= & Admin
51 Studenti-Adminl
51 Studenti-Adminz
= & Finance
51 Studenti-Financel
51 Studenti-Financez
51 Studenti-Finances

Initially configure the resource settings for the Resource Pools and Virtual Machines as follows:

Admin Resource Pool: CPU Reservation: 750 MHz, “"Expandable Reservation” not checked.
Finance Resource Pool: CPU Reservation: 3000 MHz, “Expandable Reservation” checked.
Adminl: 2 VCPU. CPU: Reservation 1500 MHz, Shares: Normal (2,000).

Admin2: 2 VCPU. CPU: Reservation 2000 MHz, Shares: Normal (2,000).

Financel: 2 VCPU. CPU: Reservation 0 MHz, Shares: Custom (80,000).

Finance2: 1 VCPU. CPU: Reservation 0 MHz, Shares: High (4,000).

Finance3: 1 VCPU. CPU: Reservation 0 MHz, Shares: Normal (2,000).

Adjustments for Hardware
Do not worry about the numerical values of shares; just be sure the relative ratios are the same.

The lab was written assuming that there is a single ESX host that has 2 CPUs at 3.0 GHz. Adjust the
Reservations up if the CPUs have a higher speed such as 3.6 GHz. Adjust the Reservations down if the
CPUs have a lower speed such as 2.0 GHz. These CPUs are not dual-core, and hyper-threading if any has
been disabled. If a host has dual-core CPUs, count each core as a CPU. If you have 4 CPUs, double the
VCPUs in each VM. When running CPUBUSY in 4-way VSMP virtual machines, sections that say to run one
instance of CPUBUSY stay the same; in sections that say to run 2xCPUBUSY, run 4xCPUBUSY instead.

Software in the VMs
The virtual machines should ideally have VMTools installed.

The utility that puts a load onto the vCPU is a script called CPUBUSY. For information on creating this
script, please refer to Appendix F. Please install CPUBusy on each virtual machine.
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APPENDIX C: CPU PERFORMANCE LAB SECTION REPRODUCTION

Software Required

Windows 2003 Server (Enterprise Edition was used in this lab)

CPU Busy script. Please see Appendix F for instructions on building this script.
VMTools

ESX Server 3.0 or later

Hardware Required

Virtual Infrastructure Server

At least 2 physical CPUs

Hyper-threading is preferred to be disabled for this test.
At least 2 GB of memory

At least a 15 GB VMFS3 partition

Virtual Machines

e Two virtual machines
o One virtual machine with 1 virtual CPU
o One virtual machine with 2 virtual CPUs
e 512 MB RAM each
e 5 GB virtual disk for C drive
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APPENDIX D: D1SsKk PERFORMANCE LAB SECTION REPRODUCTION

Software Required

Windows 2003 Server (Enterprise Edition was used in this lab)
IOMeter (http://www.iometer.org/)

VMTools

ESX Server 3.0 or later

Hardware Required

Virtual Infrastructure Server

At least 2 physical CPUs

Hyper-threading is preferred to be disabled for this test.

At least 2 GB of memory

1 - 30 GB VMFS partition for the C drive of all virtual machines

2 - 10 GB VMFS partitions for the E drives and VMFS based tests

2 - 10 GB empty SAN volumes for the F drive and RDM based tests

Virtual Machines

2 Windows 2003 Server virtual machines
o 512 MB of RAM
o 1 -5 GB virtual disk
o IOMeter Loaded
o VMTools

APPENDIX D: DiSsKk PERFORMANCE LAB REPRODUCTION

NOTE: Every environment is different. If you decide to run this test in your environment your numbers
may be different for a variety of reasons. Many things will change the results of your tests such as SAN
fabric architecture, speed of disks, speed of HBAs, number of HBAs, etc. The numbers introduced in this
lab are by no means meant to be an official benchmark of the lab equipment. The tests run were simply
used to create a desired performance issue so that a point could be made. Please consult your storage
vendor contacts for official benchmarking numbers on their arrays in a number of environments.
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APPENDIX E: THE PROS AND CONS OF USING RDM Di1sks

A virtual machine can use either a virtual disk file that resides on a VMFS datastore or a Raw Device
Mapped (RDM) SAN LUN as a place to store system and production data. Given this basis, the question
becomes which device is the best to use in a given situation? This appendix addresses this question and
provides best practice recommendations.

When building a VMFS datastore, the underlying LUN should be geared towards the applications that will
reside there. For example, write-intensive virtual machines should have their virtual disks stored on a
VMFS datastore with a RAID 1+0 underlying LUN. Other low bandwidth virtual disks can reside on a VMFS
datastore with a RAID 5 underlying LUN. These could include system OS virtual disks, test/development
virtual disks and infrastructure virtual disks.

virtual machine 1 virtual machine 2

M M

virtualization
Y

virtualization

\.\"""-l—__
N = N - N '\\____—______,.,.-J
virtual disk file mapping file
disk data sectors location, > disk data
permissions, sectors
locking, etc.
\"'‘‘'--____‘h_______.--"""J
\\________ ___‘____,_/ mapped device
VMFS volume

Production data should take advantage of Raw Device Mapped (RDM) SAN LUNs. These LUNs map directly
to a LUN in the SAN, which can be created to provide a guaranteed number of I/Os and write requests.
VMFS datastores cannot provide a guaranteed level of performance as they are usually servicing any given
number of virtual disks. RDMs, on the other hand, map 1-tol, so the performance level is assured.

RDMs should be used with care. Several disadvantages come into play. First, you can wind up with a
large number of RDMs, making SAN administration more cumbersome. The number of LUNs can increase
further when provisioning new VMs, since you must clone the SAN storage as part of the provisioning
process. Furthermore, template capabilities cannot be used in conjunction with RDMs. A good practice is
to combine both technologies for the best output. The overall number of RDMs can be reduced by placing
low-bandwidth virtual disks into a few VMFS datastores. These could include the types mentioned in
paragraph 2. The remaining production volumes could be placed in limited VMFS datastores or mapped
directly to SAN LUNs using RDMs.
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When using RDMs in an environment, performance can be improved in some arrays by aligning the RDM
with the disk stripe. This can be done at the virtual machine level using diskpar for Windows VMs, and
fdisk for Linux VMs. However, it should be noted that in most cases the benefits from adjusting the stripe
are typically offset by the increased amount of administration necessary to make the modifications.

Another concern when using RDMs is System Heap Availability. ESX uses a system heap for certain
operations, and the use of a large number of LUNs can diminish this heap, leading to problems. The
vmkernel system heap is used to allocate memory that is used for a variety of operations. Some
configurations will pre-allocate memory from the system at boot-time, leaving an inadequate amount for
post-boot operations. The amount of memory pre-allocated depends on:

o The HBA driver installed (which depends on the HBA card installed)
o The number of HBA ports

) Number of LUNs

o Number of paths to the LUNs

Configurations that use Emulex memory require larger amounts of heap space. In any configuration,
system heap space must remain above 6MB to avoid system errors.

To ensure that adequate heap memory is still available, poll /proc/vmware/mem:

[root@admv01l0 rootl# cat /proc/vmware/mem [Press enter key]

Unreserved machine memory: 44735 Mbytes/62081 Mbytes
Unreserved swap space: 23831 Mbytes/35095 Mbytes
Reclaimable reserved memory: 11264 Mbytes

Machine memory free: 51118 Mbytes/63306 Mbytes
Shared memory (shared/common): 13844816 Kbytes/700012 Kbytes
Maximum new l-vcpu VM size: 3600 Mbytes

Maximum new 2-vcpu VM size: 3600 Mbytes

System heap size: 32768 Kbytes (33554432 bytes)
System heap free: Kbytes (5814728 bytes)

System map entries free: 1529

System code size: 4096 Kbytes

System memory usage: 528444 Kbytes

Node -Total-/MB -FreeHi/MB FreeLow/MB Reserved/MB Kernel/MB
0 8173312/31927 6354200/24821 198895/776 161867/632 21409/83
1 8033254/31379 6695145/26152 0/0 0/0 110702/432

TOTALS 13049345/50974 198895/776
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Below is a sample calculation of several LUNs connected to the same ESX Server. The effects on heap
memory can clearly be seen.

System Heap Calculations

System Heap Case A (Emulex LP10000) Case B (Qlogic)

Base Mem Availabe 21,000 21,000 KB Free < Do not modify this
Driver memory 11,000 5,500 KB Used < Do not modify this
Remaining [ 10,000 | 15,500 |Remaining before load < Do not modify this

After loading drivers but before turning on the fiber with LUNs and paths set-up

Paths 4 4 < Modify this
LUNs 24 24 < Modify this
Overhad per unit 31 15.5 < Do not modify this
Overhead used in config | 2,976 | 1,488 |kBytes Used < Calculated
Remaining system heap free after fiber connected:
Free Amount Free Amount
| 7,024 ] 14,012

For more information on the use of Raw Disk Mappings (RDMs) in your environment consult chapter 8 of
the Virtual Infrastructure 3 Server Configuration Guide
(http://www.vmware.com/pdf/vi3 server config.pdf).
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APPENDIX F: CPUBUSY SCRIPT SETUP

The CPUBuUsYy script is written in Visual Basic and very simply computes the sine of a function. There are
two parts to setup and no programming skills or software are required. Below are the instructions for the
two files that you need to create. Place both files in the same directory on your C: drive.

First you need to create the main Visual Basic script. It doesn’t matter if you understand the code or not.
Just copy and paste the information between the lines below into a standard text editor such as Notepad.
Save and name the file cpubusy.vbs.

Cpubusy.vbs

Dim goal
Dim before
Dim x

Dim y

Dim i

goal = 2181818

Do While True
before = Timer

For 1 = 0 to goal

x = 0.000001

y = sin(x)

y =y + 0.00001
Next

y =y + 0.01

WScript.Echo "I did three million sines in " & Int(Timer - before + 0.5) & "
seconds!"
Loop

The next part you need is a simple batch file to launch the visual basic script with a service name. We
used “cscript” to launch our script. Copy and paste the information between the lines below into a
standard text editor such as Notepad. Save and name the file cpubusy.bat.

Cpubusy.bat

cscript cpubusy.vbs
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