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1 Executive Summary

This document contains the results of the VAccelerate Servers capacity planning service performed for
ABC Ltd.. It provides an in-depth of analysis of the current server environment, identifies server
virtualization candidates and presents virtual infrastructure solution options.

1.1 Key Benefits

Based on the results detailed in this report, ABC Ltd. should be able to achieve the following benefits:

Consolidation Power Server Space

Ratio SaviM Reduction Savings

39:1 $114,207 75% 75%

1.2 Key Findings

152 servers were analyzed for virtualization suitability. Here is a summary of the results:

. Virtualization Candidates: 117

- Exclusion Candidates: 35

Please refer to Section 9 for definitions of selection criteria.

1.2.1 Virtualization Candidate Summary

The results indicate that the majority of analyzed servers are candidates for virtualization.

CONFIDENTIAL Page 6 of 52 Redapt Systems



Chart 1.2.1: Virtualization Candidate Summary

M Virtualization

Candidates (117)

M Exclusion

Candidates (35)

The results indicate that ABC Ltd. will be able to virtualize a significant number of servers analyzed. The

results of what-if scenario modelling are presented in the table below:

1.2,.2 What-if Modelling Results

Solution
IBM System x3550 .
IBM System x3550 Sun Fire X4170 48 M2 96 GB Sun F|re.X‘?170 48
. M2 96 GB o - GB (optimize) on
Scenario . . GB (optimize) on (optimize) on
(optimize) on Citrix - VMware ESX
Citrix XenServer VMware ESX
XenServer vSphere 4
vSphere 4
Virtualization Platform Citrix XenServer Citrix XenServer VMware ESX VMware ESX
vSphere 4 vSphere 4
Target Servers
Count 3 6 3 6
Consolidation Ratio 39:1 19:1 39:1 19:1
Total Rack Units 3 6 3 6
Total Cost
Per Virtual Machine - 3 years $987.28 $1,216.12 $1,133.54 $1,468.71
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TCO - 3 years $115,512.17 $142,285.56 $132,623.72 $171,838.71
Total Cost Savings

Power Savings - 3 years $114,207.88 $107,000.48 $114,207.88 $107,000.48
Total Savings

Server Reduction (%) 75 74 75 74
Space Savings (%) 75 74 75 74
Total Energy

Power Consumption (kW) 2.46 5.04 2.46 5.04
Power Savings (kW) 84.23 81.65 84.23 81.65
Power Consumption Per VM (W) 21 43 21 43

1.3 Next Steps

All virtualization projects rely upon appropriate planning to ensure success.
project consists of the following phases:

A typical virtual infrastructure

* Information Gathering
* Workload Profiling

* Solution Analysis

* Analysis Review

* Physical and Logical Design
* Security
* High Availability

* Server and Desktop Hardware

* Storage

* Networking

* Software Distribution & Patch Management

* Server Provisioning

* Implementation

* Migrations

* Knowledge Transfer and Training

* Monitoring

* Backup and Disaster Recovery
* Maintenance

* SLAs and Chargeback

* Change Control and Asset Management
* Release Management
* Problem and Performance Management

Figure 1.1.1: Virtualization Project Methodology
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Upon completion of the capacity planning service and assuming pre-requisites for analysis phase sign-off
have been met, the project moves into the design phase. For more information about planning and
design services, please contact Redapt Systems using contact details below:

Redapt Systems
inquiry@redapt.com
425.882.0400

1.4 Methodology

Data collection, analysis and solution modelling were performed using advanced IT infrastructure analysis
and design software called Lanamark Suite to accomplish the following objectives:

e Collect hardware, software and performance data

¢ Identify servers most suitable for virtualization

¢ Right-size virtual infrastructure to avoid under- or over-provisioning

e  Optimize resource allocation to virtualized servers to maximize utilization and minimize TCO

e Maximize performance and availability of virtualized servers by optimally placing them across target
virtual machine hosts

Data Collection
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2 Project Overview

2.1 Purpose

The purpose of this project is to assist ABC Ltd. in making informed IT infrastructure design and
purchasing decisions.

This VAccelerate Servers Report is designed to:

e Provide a detailed analysis of hardware, software, workloads and utilization
e Support and validate the business case for server virtualization

¢ Identify server virtualization and redeployment candidates

¢ Lay the foundation for a successful design phase

¢ De-risk subsequent virtualization project phases

¢ Demonstrate due diligence to key stakeholders

e Serve as a reference point throughout design, implementation and migration

Review of the VAccelerate Servers Report acts as a demarcation point for the completion of the Analysis
phase.

2.2 Project Outline

The following key activities were completed in support of the project objectives.

Phase Key Activities

Discuss servers to be monitored, network topology and authentication
Communicate data collection and target system requirements
Remotely install the data collector

Assist with the discovery of servers

Track data collection progress

Data Collection

Analyse hardware, software, workloads and utilisation
Analysis e  Determine compute, storage and network requirements
e  Identify server virtualization and re-deployment candidates

e  What-if modelling across leading hardware and virtualization platforms based on

M Ilin
Bl customer preferences.

Report e  Delivery of VAccelerate Servers Report Package
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2.3

Deliverables

The key deliverables of this project were:

2.4

Comprehensive reporting and analysis of existing servers
Identification of servers most suitable for virtualization

What-if modelling of hardware and leading virtualization platforms
Detailed comparison of multiple virtual infrastructure configurations

Assumptions & Constraints

It is possible that there are additional unknown constraints or issues that were not considered during this
project. ABC Ltd. should carefully review all analyses and recommendations, as the overall subject matter
experts of their own environment.

Other considerations include:

Design, migration and deployment are not within the scope of this report

Solution modelling results are based upon specific criteria and are not meant to identify all
components in a virtual infrastructure solution or to serve as a design blueprint, a bill of materials
or a budgetary estimate

Application migration, dependency resolution and/or coding is the responsibility of ABC Ltd. and
are not addressed in this project

ABC Ltd. is responsible for complying with all operating system and application vendor license
agreements on all physical and virtual machines

Virtualization candidate selection is based on the most recent performance data collected and is
subject to change with time and seasonal variations

Demands on resources can vary and as such all recommendations should formally be vetted with a
final detailed design per solution best practices and tested in a pre-production environment prior to
production deployment
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3 Virtual Infrastructure Overview

Virtual infrastructure is comprised of multiple components. This section outlines these components and
their functions.

3.1 Hypervisor

A hypervisor is software that allows multiple workloads (operating system + applications), with
heterogeneous operating systems, to run on a single physical server. The physical server running the
hypervisor is known as the host and each virtual server on top of the hypervisor is referred to as a virtual
machine or a guest. The hypervisor manages compute resources of the physical hardware and distributes
them across all the virtual machines.

e
NICs 5

Figure 3-1: Hypervisor Compute Resources

There are two hypervisor types:

Type 1 — Type 1 hypervisor, often also referred to as a ‘bare-metal hypervisor’, runs on the
server, taking direct control of the physical hardware. Examples of Type 1 hypervisors are
Microsoft Hyper-V, VMware ESX and Xen.

Type 2 — Type 2 hypervisor, sometimes referred to as ‘hosted hypervisor’, is installed on top of
an operating system. It provides no operating system of its own. Examples of Type 2 hypervisors
are Microsoft Virtual Server and VMware Workstation.

Parallels Virtuozzo Containers is an additional variation. Unlike competing products, Parallels Virtuozzo
Containers virtualizes the host operating system and therefore provides high consolidation density for
homogenous environments.
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3.2 CPU Virtualization

Virtualized CPU (vCPU) resources are managed by the hypervisor. Physical CPU cores on the host are
shared among virtual machines running on that host. Each virtual machine can have one or more vCPUs
assigned to it, just as each physical server can have one or more physical processors. The hypervisor
ensures that virtual machines are unaware that they may be sharing a physical processor with other
virtual machines.

3.3 Memory Virtualization

The hypervisor manages the allocation of memory to each virtual machine. Physical memory installed in
the host server is divided among virtual machines managed by the hypervisor. Some virtualization
platforms support sharing and oversubscription of memory, thereby allowing total memory allocated to
virtual machines to exceed memory installed on a physical server.

Calculations in this report determine how many servers can be virtualized on each host using workload
memory usage and physical memory installed on the host.

3.4 Storage

Virtual machines are typically run from shared storage in order to leverage key virtualization features
such as live migration, dynamic load balancing and high availability. Storage should be designed to take
into consideration disk space, I/O rates and projected growth requirements. Depending on workload
profiles and the number of virtual machines, multiple storage technologies and topologies may be
considered.

The following storage technologies are most common in virtualization solutions:

e Fibre Channel
e iSCSI
e Local SAS/SCSI

CPU q
=f

RAM

i
NICs 5

Figure 3-2: Virtualization Storage

4, Storage
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Several logical storage technologies from hardware and virtualization vendors exist to assist with rapid
provisioning of virtual machines and to reduce storage requirements. These storage technologies include:

¢ Linked Clones
¢ De-duplication
e Thin Provisioning

Data gathered during this project is crucial during the design phase to ensure that the underlying storage
infrastructure meets disk I/O and space requirements of all workloads. It is also used to right-side
storage allocation to ensure that allocated capacity closely bounds actual storage requirements.

3.5 Networking

The virtual networking layer consists of virtual network devices through which virtual machines and the
hypervisor interface with the rest of the network. Virtual infrastructure relies on the virtual networking
layer to support communication between virtual machines, other systems and users. In addition, virtual
networks can also be used to communicate with iSCSI SANs, NAS storage and other central storage
devices. The virtual networking layer includes virtual network adapters and virtual switches.

Profiling network usage is an important consideration when designing the virtual networking layer.
Network usage data is used to ensure that aggregate network loads will not exceed network capacity of
virtual infrastructure at peak times.

CPU m
e

RAM

ofa
NICs h

Figure 3-3: Virtualization Networking

Networking

4, Storage
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3.6 Virtual Machines

Each virtual machine acts as a container for a workload and is comprised of CPU, memory, network and
storage components. Virtual machine specifications should be derived from the results of this analysis.

Detailed workload profiles are used to optimize virtual machine sizing and placement across target
servers so that hardware capacity closely matches workload demand. This approach helps minimize
resource contention, maximize workload performance and justify to application owners why virtual
machine specifications do not necessarily need to match (under-utilized) source hardware specifications.

Virtual Machines

CPU
Networking
RAM
A, Storage
NICs M\

Figure 3-4: Virtual Machines

3.7 Benefits of Virtualization
Here are the primary benefits of virtualization:

¢ Minimize space, power and cooling expenses

e Reduce administrative, maintenance and support costs

e Maximize hardware utilization through server consolidation

e Provision new virtual machines in minutes, rather than days

e Run multiple workloads with different operating systems on the same hardware

e Leverage advanced functionality such as live migration, dynamic load balancing and fault-tolerance
to increase performance and availability of workloads
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Figure 3-5: Virtualization provides multiple benefits in the data centre
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4 Report Overview

4.1 Hardware Analysis

This section conducts a top-down examination of physical servers, highlighting attributes that are useful
for total cost of ownership analysis and hardware re-use candidate selection.

4.2 Utilization Analysis

This section examines physical server utilization. This information is key to understanding data centre
efficiency and identifying under- and over-utilized physical servers.

e CPU utilization
e Memory utilization

4.3 Workload Analysis

This section examines workloads running on physical machines. The information below is key to
measuring workloads and identifying most suitable candidates for virtualization. It is also used for sizing
virtual machines and the underlying virtual infrastructure.

e Operating systems

e CPU usage

e Memory usage

e Storage allocation and usage
e Disk I/O usage

e Network I/O usage

4.4 Virtualization Recommendations

This section outlines criteria for virtualization candidate selection and exclusion. It also lists exclusion
candidates.

4.5 What-if Modelling

What-if modelling criteria and key analysis findings are covered in this section.

4.6 Environmental Analysis
The environmental impact of modelled scenarios is analyzed across the following metrics:

e Power consumption
e Power consumption per virtual machine
¢ Carbon footprint reduction

4.7 Space Analysis

This section provides an overview of space requirements and space reduction for modelled scenarios.

4.8 Financial Analysis

This section provides a financial analysis of modelled scenarios, including hardware, software and power
costs as well as the resulting total cost of ownership.
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5 Hardware Analysis

5.1 Processors

5.1.1 Physical Machines vs. CPU Core Count

Reports server CPU data, grouped by the number of CPU cores. Machines with four or more CPU cores
may also be candidates for re-deployment as virtual machine hosts. It is not uncommon for a host to run
three or more virtual machines per CPU core.

Example: machines in the 2’ category are equipped with 2 CPU cores. This includes machines
with a single dual-core processor or two single core processors.

Phyzsical Machines va. CPU Core Count

a0
70
50
50
40
0
20
10
0 1
1 2 4 ]

Core Count

Chart 5.1.1: Physical Machine Count vs. CPU Core Count
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5.2 Memory

5.2.1 Physical Machine vs. Memory Installed (GB)

Reports physical memory installed in analysed servers.

Example: machines in the 2’ category have between 1 GB and 2GB of memory installed.

Phugical baching Count we. Memony Installed [GB]
an

73
70
B0
- 5
40
30
20 16
3 4
0
1 2 4 z 16

b emary Installed [GE]

Chart 5.2.1: Physical Machine Count vs. Memory Installed (GB)

5.3 Age and Warranty

5.3.1 Server Age
Breakdown of servers by age.

Example: machines in the 2 category are 1-2 years old
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Phyzical Maching Caunt ve. Adge [vears)
G0 qa

50

40
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24

20

10
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Age [vears)

Chart 5.3.1: Physical Machine Count vs. Age

5.3.2 Estimated Server Warranties

Breakdown of physical machines by warranty remaining, including servers with expired warranty.
Machine Count v, “Waranty Femaining [vears)

4

. Ewpired
. < 1 year
D 1-2 pearz

. 2 -3 pears
52

Chart 5.3.2: Machine Count vs. Warranty Remaining

To minimize the cost of maintenance contract extensions for out-of-warranty machines, these machines
should be given priority consideration for virtualization.
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Note: Whenever possible, age and warranty remaining is obtained from major server vendors. If this
information is not available, warranty remaining is estimated based on hardware lifecycle using a three-
year warranty period.

54 Hardware Reuse Candidates for Virtualization Hosts

This section reports the total number of analyzed servers that may be suitable for redeployment as virtual
machine hosts. Actual selection may be performed during the design phase based on more specific
requirements from ABC Ltd. and validation that server hardware is supported by the target hypervisor.

Machines meeting the following criteria have been considered as possible candidates for redeployment:

e Minimum 12 months warranty remaining

e Support for at least 32GB of physical memory

e 64-bit CPU with Intel VT or AMD-V virtualization extensions
e At least four cores across all CPUs

Note: Physical machines with different CPU makes or processor architectures may prevent features such
as live migration from being used.

Hardware Reuse Candidates for Virtualization Hosts

[ Reuseable (21)
B Not Reuseable (131)

Chart 5.4.1: Hardware Reuse Candidates for Virtualization Hosts
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5.4.1 Redeployment Candidates

The following physical servers meet the criteria specified above and should be considered for

redeployment as virtual machine hosts:

Machine

Name Model

Host009 HP ProLiant DL385 G2
Host144 HP ProLiant DL365 G1
Host022 HP ProLiant DL385 G2
Host127 HP ProLiant DL385 G5
Host080 HP ProLiant DL385 G5
Host044 HP ProLiant DL365 G1
Host041 HP ProLiant DL365 G1
Host049 HP ProLiant DL385 G2
Host002 HP ProLiant DL385 G2
Host024 HP ProLiant DL385 G5
Host129 HP ProLiant DL385 G2
Host082 HP ProLiant DL385 G2
Host035 HP ProLiant DL365 G1
Host140 HP ProLiant DL385 G5
Host093 HP ProLiant DL385 G5
Host032 HP ProLiant DL380 G5
Host007 HP ProLiant DL360 G5
Host098 Dell PowerEdge 1950
Host004 Dell PowerEdge 1950
Host142 Dell PowerEdge 1950
Host001 Dell PowerEdge 1950
CONFIDENTIAL

Processor
Warranty
Remaining Count
(months)
14 2
15 2
14 2
23 2
23 2
15 2
15 2
15 2
15 2
23 2
15 2
15 2
15 2
23 2
23 2
24 2
21 1
45 2
40 2
17 2
37 2
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Total Cores

Memory
Allocated Max
(GB) Supported
(GB)
4 32
2 32
4 32
4 64
4 64
2 32
2 32
10 32
12 32
4 64
4 32
12 32
2 32
4 64
4 64
3 64
2 64
4 32
4 32
4 32
2 32
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6 Utilization Analysis

6.1 CPU

6.1.1 Physical Machines vs. Peak CPU Utilization

Machines grouped by peak processor utilization measured as a percentage of total CPU capacity available
in a physical machine.

Example: machines in the ‘20’ category have a peak hour CPU utilization of 10% - 20% over the
monitoring period

Note: CPU utilization is relative to the age and specification of the CPU. For example a 10 year old server
may show higher utilization compared to current processors.

Phyzical Machine Count we.Peak CPU Utilization
103

10
100
1]
an
70
60
50
40
a0
20
10

22
- ]
] -
1— _ | I
1] 20 an 40 A0 R0 70
Peak CPU Utiization [%]

1

Chart 6.1.1: Physical Machine Count vs. Peak CPU Utilization

The results indicate that the majority of servers are underutilized. This provides additional support for
consolidating physical machines into virtual machines to increase data centre utilization and reduce
energy costs.
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6.1.2 Physical Machines vs. Average CPU Utilization

The chart illustrates processor utilization for all physical machines, averaged across all weeks during the
data collection period.

Ayverage CPL Utilization acrogzs all phozical machines ve. 24 = 7 Profile
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Average CPU Utilization
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=
=3

[ Faly] Tue fied Thu Fri Sat Sun

Chart 6.1.2: Physical Machiness vs. Average CPU Utilization (24x7)

This information is valuable for identifying daily and hourly compute resource fluctuations in the data
centre. It is also useful for justifying virtualization of existing underutilized servers which consume far
more energy compared to virtual machines running workloads on shared physical processors.
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6.1.3 Top 20 Physical Machines vs. CPU Utilization

The top 20 physical machines based on average and peak hour CPU utilization are presented below. This

data highlights current bottlenecks that may need to be addressed regardless of whether or not the
physical machines are virtualized.

Workloads running on physical machines with medium-to-high CPU utilization are not necessary poor
candidates for virtualization. Each workload must be normalized to the CPU architecture on target
servers. This is performed as part of what-if modelling in Section 9.

Top 20 Phyzical Machines v Average CPU Utilization
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Chart 6.1.3: Top 20 Physical Machines vs. Average CPU Utilization
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6.1.4 Bottom 20 Physical Machines vs. CPU Utilization

The bottom 20 physical machines based on average and peak hour CPU utilization are presented below.
This data highlights physical machines with the lowest utilization in the data centre. Workloads running

on these machines are often good candidates for virtualization but need to be examined across other
critical dimensions: memory, disk and network.

Bottorn 20 Physical Machines vs. Average CPU Utilization
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Chart 6.1.5: Bottom 20 Physical Machines vs. Average CPU Utilization
Top 20 Phuzical bMachines vs. Peak CPU Utilization
10.65%
10.0%
- 80%
2
m
o
o ) 1=
o
i
(il
w5  40%
[i]
o
2.0%
1057 0% 0% 0300571057057 071057051, JiEAl
, waorncssac: I N TN ENTEEEEREEN
oz D0%0.0%00%00200
(W] =t ] =t o (] [dn] (W] (] ] —_ [dm] [ap)] =T - - [Ty [ — ] = =
= (W] =t =t [np)] = — [nm] — (] (] — (] L (] [t (] [np)] (Y] Iy m m
oS 2 - 2 2 2 - 2 2 2 2 2 - 2 - - - 2 - 2 437 8%
“ “ “ [ “ [d [l “ “ “ “ “ [d [l “ “ [ “ “ [d [i) E
=] =] [} [} [} [} (=] =] =] [} [} [} [} (=] =] [} [} [} [} [} =
T T T X T T T £ £ T £ T T T I T I I T =T

Chart 6.1.6: Bottom 20 Physical Machines vs. Peak CPU Utilization
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6.2 Memory

6.2.1 Physical Machines vs. Average Memory Utilization

The following chart illustrates physical machines grouped by average memory utilization.

Example: machines in the ‘30’ category have 20-30% average memory utilization

Phyzical Maching Count v, .ﬁ.veragﬁ temary Utilization
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Chart 6.2.1: Physical Machine Count vs. Memory Utilization

6.2.2 Average Memory Utilization Across All Physical Machines (24x7)

Average memory utilization across all physical machines is shown below.

Average Memory Ublization Across All Physical Machines vz 24 = 7 Profile
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Chart 6.2.2: Average Memory Utilization Across All Physical Machines
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6.2.3 Top 20 Physical Machines vs. Memory Utilization

The following charts list the top 20 most utilized physical machines based on average and peak memory

utilization. These charts can also highlight current bottlenecks that may need to be addressed regardless
of whether or not these physical machines are virtualized.
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Chart 6.2.3: Top 20 Physical Machines vs. Average Memory Utilization
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Chart 6.2.4: Top 20 Physical Machines vs. Peak Memory Utilization
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6.2.4 Bottom 20 Physical Machines vs. Memory Utilization

The chart below lists 20 hosts with the lowest average and peak memory utilization. These hosts are
either running small server workloads which may be good candidates for virtualization or have ample
physical memory to possibly serve as virtual machine hosts.
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Chart 6.2.5: Bottom 20 Physical Machines vs. Average Memory Utilization
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7 Workload Analysis

7.1 Operating Systems

7.1.1 Breakdown of Workloads vs. Operating System Type

The following chart shows a breakdown of workloads by operating system type. This information should
be cross-referenced with supported guest operating systems on target virtualization platforms.

Wiorkload Count we. Operating Svstem

Red Hat Enterprize Linus: &
bicrozoft Windows Server 2008 1

i ilihdicmsnft Windowes 2000 13

Mizrozaft Windows Server 2003 133

Chart 7.1.1: Workload Count vs. Operating System

7.1.2 OS Licensing Implications

Software vendors such as Microsoft have different licensing models for multiple workloads running on the
same physical hardware. These implications can dramatically increase or decrease the cost of a server
virtualization solution and should be considered during the design phase of the project.

For example, Microsoft Windows Server 2008 R2 Enterprise supports one instance of the server software
in the physical operating system environment (POSE) and up to four instances of the server software in
the virtual operating system environment (VOSE). If running 4 instances in the VOSE then the instance
running in the POSE can only be used to manage the 4 instances of the OS running in the VOSE.

In contrast, Microsoft Windows Server 2008 R2 Datacenter supports one instance of the server software
in the POSE and an unlimited number of instances of the server software in the VOSE.

CONFIDENTIAL Page 30 of 52 Redapt Systems



7.2 CPU Usage

7.2.1 Workloads vs. CPU Usage

Below is an overview of workloads grouped by average processor usage measured in MHz. Workloads
within the green band are typically good virtualization candidates, within the orange band require further
investigation and within the red band, are typically not recommended for virtualization.

Example: workloads grouped under the chart bin numbered 1000’ are using between 500 MHz
and 1000 MHz on average

Wiorkload Count ws. Awverage CPU Used
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Chart 7.2.1: Workload Count vs. Average CPU Used and Virtualization Candidacy

Based on CPU usage, the majority of workloads may be suitable for virtualization. However before
drawing final conclusions, workloads need to be examined across other resource dimensions: memory,
disk and network.

Normalization of workloads, particularly in terms of CPU usage is a key consideration during what-if
modelling that is summarized in Section 9. If workloads are not properly normalized to target server CPU
architecture, then the number of required servers and required CPU hardware may be significantly
overestimated.
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7.2.2 CPU Used vs. 24 Hour Profile

The chart illustrates total CPU usage for all workloads over a 24-hour period.

Aggregate Peak CPU Used we. 24 Howr Profile [Bugsiness Days)
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Chart 7.2.2: Aggregate Peak CPU Used vs. 24 Hour Profile (Business Days)
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7.3 Memory Usage

7.3.1 Workload Count vs. Memory Used

Below is a summary of workloads based on average memory usage.

Example: workloads grouped in the 2’ category are using on average between 1 GB and 2 GB

Wiorkload Count vz Average Memone Used and Witualization Candidacy
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Chart 7.3.1: Workload Count vs. Memory Used and Virtualization Candidacy
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7.3.2 Aggregate Peak Memory Used vs. 24 Hour Profile

Average memory usage by all workloads within a 24 hour period (excludes Saturdays and Sundays) is
illustrated below. This chart provides a reference point for specification of total physical memory
requirements in virtualization hosts. However, it does not take into account headroom required for
workloads inside virtual machines and virtualization overhead.
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Chart 7.3.2: Aggregate Peak Memory Used vs. 24 Hour Profile (Business Days)

7.4 Storage Usage

Server virtualization presents an opportunity to right-size storage allocated to workloads. This is
particularly important when migrating from local to central storage to avoid storage over-provisioning.

Note: servers connected to storage systems with virtualization features, such as thin provisioning may
not report actual physical disk usage.

7.4.1 Disk Space Allocated Breakdown
The following chart shows total disk space allocated per workload across all disks.

Example: workloads in the 100’ category have 50 GB to 100 GB disk space allocated
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Chart 7.4.1: Workload Count vs. Disk Space Allocated

7.4.2 Disk Space Usage Breakdown

A breakdown of total disk space used is illustrated below. Compared to the chart above, it is clear that
storage is significantly over-allocated.

Example: workloads in the '150’ category are using 100 GB to 150 GB of disk space
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Chart 7.4.2: Workload Count vs. Disk Space Used
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7.5 Disk I/O Usage

The following charts provide guidelines for minimum storage 1/O capacity that would be needed in a
virtualized environment.

7.5.1 Aggregate Disk I/O Across All Workloads

Agagregate Digh 10 Total Data ve, 24 7 Profile
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Chart 7.5.1: Aggregate Disk I/0O Total Data vs. 24x7 Profile

7.5.2 Aggregate Disk I/0 Transfers Across All Workloads
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Chart 7.5.2: Aggregate Disk I/0 Total Transfers vs. 24x7 Profile

Peak rates are likely to be caused by maintenance tasks such as backup operations or batch processing,
which tend to be performed overnight and during weekends.
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7.6 Network I/0 Usage

Guidelines for minimum network I/O capacity that would be needed in a virtualized environment are
provided below.

7.6.1 Aggregate Network I/0 Data Across All Workloads
Aaggregate Metwork, | /0 Total Data we, 24 « 7 Profile
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Chart 7.6.1: Aggregate Network 1/0 Data vs. 24x7 Profile

7.6.2 Aggregate Network I/O Packets Across All Workloads
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Chart 7.6.2: Aggregate Network I/O Packets vs. 24x7 Profile

Peak rates are likely to be caused by maintenance tasks such as backup operations or batch processing,
which tend to be performed overnight and during weekends.
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8 Virtualization Recommendations

8.1 Virtualization Candidates

The virtualization analysis has provided detailed information on each workload. From the captured
information, workloads have been assigned into two categories: Virtualization Candidates and Exclusion
Candidates.

[ Virtualization
Candidates (117)

M Exclusion
Candidates (35)

Chart 8.1.1: Virtualization Candidate Summary

117 out of 152 were identified as candidates for virtualization. A complete list of these candidates can be
found in Virtualization Candidates.xis.

The list of virtualization candidates is a preliminary list of workloads that most likely can be virtualized.
However usual diligence should be undertaken to validate application, licensing, security and
performance requirements before migrating workloads from physical to virtual machines. This may
include staging and proof of concept exercises to provide assurance and real world experience of likely
performance.

8.2 Exclusion Candidates

8.2.1 Exclusion Criteria

The virtualization candidate exclusion criteria are as follows:

Resource Average Peak Hour
CPU Usage > 2 GHz > 4 GHz
Memory Usage > 6 GB > 8 GB
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Disk IO

Network I0

8.2.2

Virtual Machine

Name

Host081

Host103

Host114

Host031

Host136

Host147

Host064

Host028

Host133

Host039

Host116

Host069

Host022

Host033
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Excluded Workloads

Exclusion
Reason

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Processor

Used - Avg
(MHz2)

173

1996

454

3526

6161

2697

19

607

244

3601

69

821

98

88

Memory

Used - Avg (MB)

1020

1054

1388

3417

1750

1040

705

3410

2834

1017

1176

2216

1610

1545
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> 2000 IOPS

> 300 Mbps
:Iilikcaln{:d Network I/0
Total Transfers Total - Avg
(count/s) (Mbps)
17 0.44
28 0.54
14 0.45
801 1.69
14 0.31
8 0.37
3 0.04
58 19.81
30 8.44
12 0.90
9 0.18
622 16.45
337 0.07
3 0.56
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Host138

Host091

Host030

Host146

Host110

Host046

Host151

Host104

Host115

Host068

Host043

Host054

Host112

Host065

Host018

Host123

Host076

Host029

Host134
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Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

Workload matched
exclusion criteria

175

231

2845

178

3292

49

139

55

77

225

14

46

13

177

42

10

19

Page 39 of 52

2566

5122
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1751

964

808

578

526

840

1833

355

498

223

1568

399

540

253

250

277

68

23

448

536

27

0.50

12.36

0.22

1.88

0.03

0.11

0.79

0.16

0.34

1.97

0.05

0.04

2.11

0.05

0.02

0.02

0.02
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Host037 Workload matched 92 2400 0 1.72
exclusion criteria

Host142 Workload matched 23 727 3 0.56
exclusion criteria
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9 What-If Modelling

The following scenarios have been created to illustrate possible server virtualization outcomes across

virtualization platform and hardware combinations.

9.1 Key Findings

Solution

Scenario

Virtualization Platform

Target Servers

Count
Consolidation Ratio

Total Rack Units

Total Cost

Per Virtual Machine - 3 years

TCO - 3 years

Total Cost Savings
Power Savings - 3 years
Total Savings
Server Reduction (%)
Space Savings (%)
Total Energy

Power Consumption (kW)

Power Savings (kW)

Power Consumption Per VM (W)
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IBM System x3550
M2 96 GB
(optimize) on Citrix
XenServer

Citrix XenServer

39:1

$987.28

$115,512.17

$114,207.88

75

75

2.46
84.23

21

Sun Fire X4170 48
GB (optimize) on
Citrix XenServer

Citrix XenServer

19:1

$1,216.12

$142,285.56

$107,000.48

74

74

5.04
81.65

43
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IBM System x3550

M2 96 GB
(optimize) on
VMware ESX

vSphere 4

VMware ESX
vSphere 4

39:1

$1,133.54

$132,623.72

$114,207.88

75

75

2.46
84.23

21

Sun Fire X4170 48
GB (optimize) on
VMware ESX
vSphere 4

VMware ESX
vSphere 4

19:1

$1,468.71

$171,838.71

$107,000.48

74

74

5.04
81.65

43
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9.2 Server and Virtualization Scenarios

This section analyzes chosen hardware and virtualization platform solutions and compares them across
criteria such as consolidation ratios, power consumption and TCO.

9.2.1 Summary
Solution
IBM System x3550
Scenario s
(optimize) on Citrix
XenServer

Virtualization Platform Citrix XenServer

Target Servers

Count 3
Consolidation Ratio 39:1
Total Rack Units 3

Target Server Configuration

Model IBM System x3550

Sun Fire X4170 48

GB (optimize) on
Citrix XenServer

Citrix XenServer

19:1

Sun Fire X4170

M2
Form Factor Rack Rack
Rack Units 1 1
Total Cost
TCO - 3 years $115,512.17 $142,285.56
Total Energy
Power Consumption (kW) 2.46 5.04
Power Consumption Per VM (W) 21 43
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IBM System x3550

M2 96 GB
(optimize) on
VMware ESX

vSphere 4

VMware ESX
vSphere 4

39:1

IBM System x3550

M2

Rack

$132,623.72

2.46

21

Sun Fire X4170 48

GB (optimize) on
VMware ESX
vSphere 4

VMware ESX
vSphere 4

19:1

Sun Fire X4170

Rack

$171,838.71

5.04

43

Redapt Systems



9.2.2 Details

Solution
IBM System x3550
Scenario b
(optimize) on Citrix
XenServer

Virtualization Platform Citrix XenServer

Target Servers

Count 3
Consolidated Workloads 117
Consolidation Ratio 39:1
Total Rack Units 3

Target Server Configuration

IBM System x3550

Model M2
Form Factor Rack
Rack Units 1

Quad-Core Intel

Processor Name Xeon Processor DP

X5570
Processor Count 2
Processor Speed (GHz) 2.93
Physical Memory (GB) 96
Power Consumption (W) 410
Processor
Total Processors 6
Total Cores 24
Total Speed (GHz) 70.39
Utilization - Avg (%) 57
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Sun Fire X4170 48
GB (optimize) on
Citrix XenServer

Citrix XenServer

117

19:1

Sun Fire X4170

Rack

Quad-Core Intel
Xeon Processor DP
E5540

2.53
48

420

12
48
121.44

33
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IBM System x3550
M2 96 GB
(optimize) on
VMware ESX
vSphere 4

VMware ESX
vSphere 4

117

39:1

IBM System x3550
M2

Rack

Quad-Core Intel
Xeon Processor DP
X5570

2.93
96

410

24
70.39

59

Sun Fire X4170 48
GB (optimize) on
VMware ESX
vSphere 4

VMware ESX
vSphere 4

117

19:1

Sun Fire X4170

Rack

Quad-Core Intel
Xeon Processor DP
E5540

2.53
48

420

12
48
121.44

34
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Memory

Total Installed (GB) 288 288 288 288
Total Used - Avg (GB) 149 151 145 149
Utilization - Avg (%) 52 52 50 52
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10 Environmental Analysis

10.1 Overview

This section compares the solutions against environmental criteria such as power consumption and

carbon footprint.

10.1.1 Server Hardware vs. Total Energy

Solution

Scenario

Virtualization Platform

Total Energy

Power Consumption (kW)
Power Savings (kW)

Heat Dissipation (BTU/h)

Heat Reduction (BTU/h)
Carbon Footprint Per Hour (kg)

Carbon Footprint Reduction Per
Hour (kg)

Carbon Footprint Per Year
(tonne)

Carbon Footprint Reduction Per
Year (tonne)

Power Consumption Per VM (W)

Cars Off the Road
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IBM System x3550
M2 96 GB
(optimize) on Citrix
XenServer

Citrix XenServer

2.46

84.23

8394

287388

1.488

50.948

13.0

446.3

21

Sun Fire X4170 48
GB (optimize) on
Citrix XenServer

Citrix XenServer

5.04

81.65

17197

278584

3.049

49.387

26.7

432.6

43
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IBM System x3550
M2 96 GB

(optimize) on

VMware ESX
vSphere 4

VMware ESX
vSphere 4

2.46

84.23

8394

287388

1.488

50.948

13.0

446.3

21

Sun Fire X4170 48
GB (optimize) on
VMware ESX
vSphere 4

VMware ESX
vSphere 4

5.04
81.65

17197
278584

3.049

49.387

26.7

432.6

43
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10.1.2 Power Usage before Consolidation

This chart shows the breakdown of the power consumption per physical machine.

Example: machines in the ‘350’ category consume between 250 W and 350 W of power

Phyzsical Maching Count ws. Total Power Consumphion [w]
an

75
70
50
50
40

an

21
20
13
"’ - ?
2

o | eot— [ ]

250 350 450 Ll B50 > BE0

Toatal Pawer Cansumption (W]

Chart 10.1.1: Physical Machine Count vs. Total Power Consumption

Note: Actual power usage can only be measured using specialized instrumentation. Power consumption
is estimated based on server make, model and configuration as well as the Data Centre Infrastructure
Efficiency (DCIiE) factor specified. DCIE is a percentage of power consumed by IT equipment such as
servers over total facility power consumed.
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10.1.3 Power Consumption

The chart below illustrates power consumption across all modelled scenarios, including excluded servers.

Power Conzumption ws. Modelled Scenaric

tedian

Sun Fire #4170 48 GB [optimize] on Citris =enServer

Sun Fire #4170 48 GB [optimize] on Whware ES* «Sphere 4

Bk Suztem w3550 M2 96 GB [optimize] on Citrix <enServer

Bk Swztem 23550 M2 96 GE [optimize] on Yiware ES% vSphere 4

n.o 1.0 20 a0 40 5.0
Power Conzumphion [k

Chart 10.1.2: Power Consumption vs. Modelled Scenarios

10.1.4 Power Consumption per VM

Power consumption per virtual machine across all modelled scenarios is show below.

Power Congumphion per %YM ws. Modelled

Median

Sun Fire #4170 48 GB [optimize] on Citiix #enServer

Sun Fire #4170 48 GB [optimize] on Whware ESx «Sphere 4

Bk Suztem w3550 M2 96 GB [optimize] on Citix <enSerer

Bk Swztem 23550 MZ 96 GE [optimize] on YMware ESH vSphere 4

=

10 20 a0 40
Power Cansurnphion per %W [khw

Chart 10.1.3: Carbon Footprint Reduction pr Year vs. Modelled Scenarios
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10.1.5 Carbon Footprint Reduction

The chart below illustrates carbon footprint reduction per year across all modelled scenarios.

Carbon Footprint Feduction Per Year vs. |

b edian

[BM Susztem #3550 M2 96 GB [optimize] aon YMware ES® vSphere 4

Bk Spztem w3550 M2 96 GB [optimize] on Citrix #enServer

Sun Fire #4170 43 GB [optimize) on Citnix HenServer

Sun Fire #4170 43 GB [optimize] on Yhware ESx vSphere 4

1] 100 200 300 400
~arbon Footprint Feduction Per Year [honne

Chart 10.1.4: Carbon Footprint Reduction pr Year vs. Modelled Scenarios
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11 Space Analysis

11.1.1 Space Requirements

The number of rack units that will be needed for target servers across modelled scenarios is shown
below.

Tatal Rack Unitg vz, Modelled Scenarnios

Median

Sun Fire #4170 43 GB [optimize) on Citiix HenServer

Sun Fire #4170 48 GB [optimize] on Ykware ESx vSphere 4
Bk Swztem #3550 M2 96 GB [optimize] on Citris =enServer

IBb Syztem »3550 M2 96 GE [optimize] on YMware ESH vSphere 4

[}
—_
o

2 3 4 ]
Total Rack Unitz

Chart 10.1.1: Rack Units vs. Modelled Solutions

11.1.2 Space Reduction
The chart below illustrates the reduction in the number of rack units across modelled scenarios.

Space Reduction vs Modelled Scenarios

tedian

Bk Swztem 23550 MZ 96 GE [optimize] on YMware ESH vSphere 4

IBM Syztem #3050 M2 96 GB [optimize] on Citnx HenServer

Sun Fire #4170 48 GB [optimize] on Citiix #enServer

Sun Fire #4170 48 GE [optimize] on WMware ESx «Sphere 4

=

a0 an 120 160 200
Space Reduction L]

Chart 10.1.2: Space Reduction (U) vs. Modelled Solutions
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12 Financial Analysis

12.1 Overview

This section compares scenarios across key financial dimensions such as total cost and savings for
hardware, software, services and power.

12.1.1 Hardware, Software, Power, Cooling and TCO

Solution

Scenario

Virtualization Platform

Total Cost

Hardware

Software

Services

Power Consumption - 3 years
Per Virtual Machine - 3 years
TCO - 3 years

Total Cost Savings

Hardware Refresh Cost
Avoidance

Power Savings - 3 years

Total Savings - 3 years
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IBM System x3550
M2 96 GB
(optimize) on Citrix
XenServer

Citrix XenServer

$57,390.00

$11,250.00
$40,000.00

$6,872.17
$987.28

$115,512.17

$710,200.00

$114,207.88

$824,407.88

Sun Fire X4170 48
GB (optimize) on
Citrix XenServer

Citrix XenServer

$68,706.00
$19,500.00
$40,000.00
$14,079.56
$1,216.12

$142,285.56

$710,200.00

$107,000.48

$817,200.48
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IBM System x3550
M2 96 GB
(optimize) on
VMware ESX
vSphere 4

VMware ESX
vSphere 4

$57,390.00
$28,361.55
$40,000.00
$6,872.17
$1,133.54

$132,623.72

$710,200.00

$114,207.88

$824,407.88

Sun Fire X4170 48
GB (optimize) on
VMware ESX
vSphere 4

VMware ESX
vSphere 4

$68,706.00

$49,053.15
$40,000.00

$14,079.56

$1,468.71

$171,838.71

$710,200.00

$107,000.48

$817,200.48

Redapt Systems



12.1.2 Power Cost

This chart compares the cost of power across modelled scenarios.

Power Cosgt [3 yearz] vz Maodelled Scenar

tedian

Sun Fire #4170 48 GB [optimize] on Citris =enServer

Sun Fire #4170 48 GB [optimize] on Whware ES* «Sphere 4

Bk Suztem w3550 M2 96 GB [optimize] on Citrix <enServer

Bk Swztem 23550 M2 96 GE [optimize] on Yiware ES% vSphere 4

=

4000 2,000 12,000
Total Power Cost - 3 pears

Chart 12.1.1: Power Cost vs. Modelled Scenarios

12.1.3 TCO
This chart compares the estimated total cost of ownership over 3 years across modelled scenarios.

TCO [3 yearz] vz Modelled Scenarnioz

Median

Sun Fire #4170 48 GB [optimize] on Yhware ESx vSphere 4

Sun Fire #4170 43 GB [optimize) on Citnix HenServer

Bk Supztem #3550 MZ 96 GB [optimize] on YMware ES% vSphere 4

Bk Swztem #3550 M2 96 GB [optimize] on Citris =enServer

=

B0,000 120,000 180,000
Tatal Cost af Dwhership - 3 vears

Chart 12.1.2: TCO (3 years) vs. Modelled Scenarios
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Legal Disclaimer
© Copyright 2009, Lanamark Inc.

This document is copyrighted. This document may not, in whole or part, be copied, duplicated,
reproduced, translated, used in services other than those delivered by the Redapt Systems Inc. using the
Lanamark Suite, electronically stored, or reduced to machine readable form nor transferred to any third
party without prior written consent from Lanamark Inc.

Lanamark Inc. and Redapt Systems Inc. do not warrant this document to be free of errors or omissions.
The information is based on collected metrics of monitored servers at time of monitoring. Solution
modelling results are based upon a specific set of criteria. The report does not purport to be a design, bill
of materials, budgetary estimate, or attempt to identify all components that constitute a virtual
infrastructure solution.

Lanamark Inc. and Redapt Systems Inc. reserve the right to make corrections, updates, revisions, or
changes to the information contained herein, but are not obligated to do so. Lanamark Inc. and Redapt
Systems Inc. do not warrant the material described herein to be free of patent or other intellectual
property infringement.

This document was created using the official VMware icon and diagram library that is protected by U.S.
and international copyright and intellectual property laws. VMware does not endorse or make any
representations about third party information included in this document, nor does the inclusion of any
VMware icon or diagram in this document imply such an endorsement.

UNLESS PROVIDED OTHERWISE IN WRITING BY LANAMARK INC. AND REDAPT SYSTEMS INC., THE
DOCUMENT AND INFORMATION AND PROGRAMS DESCRIBED HEREIN ARE PROVIDED "“AS IS”
WITHOUT WARRANTY OF ANY KIND, INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT
WILL LANAMARK INC. AND REDAPT SYSTEMS INC., OFFICERS, DIRECTORS, OR EMPLOYEES OR
AFFILIATES OF LANAMARK INC. AND REDAPT SYSTEMS INC., THEIR RESPECTIVE OFFICERS,
DIRECTORS, OR EMPLOYEES BE LIABLE TO ANY ENTITY FOR ANY SPECIAL, COLLATERAL, INCIDENTAL,
OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT ANY LIMITATION, FOR ANY LOST PROFITS OR
LOST SAVINGS, RELATED OR ARISING IN ANY WAY FROM OR OUT OF THE USE OR INABILITY TO USE
THE INFORMATION OR PROGRAMS SET FORTH HEREIN, EVEN IF IT HAS BEEN NOTIFIED OF THE
POSSIBILITY OF SUCH DAMAGE BY THE PURCHASER OR ANY THIRD PARTY AND NOTWITHSTANDING
THE FAILURE OF ESSENTIAL PURPOSE OF ANY REMEDY.
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