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José Paulo Pires
Hewlett-Packard (HP) Brasil

Porto Alegre, Rio Grande do Sul, Brasil

Abstract—Capacity planning tools aim at monitoring and
evaluating computational infrastructures resources in terms of
workloads. The Capacity Advisor is a capacity planning tool inside
the HP Virtual Server Environment - VSE. This paper describes the
development and use of a synthetic workload generator named
WGCap (Workload Generator for Capacity Advisor), a flexible
synthetic workload generator that generates traces to be imported
into the Capacity Advisor for simulating the consumption of
resources like CPU demand, memory size, disk data rate and
network data rate. The workload generation is reliable and
flexible, allowing the generation of workloads based on actual
traces or on a significant set of probability distributions and
statistical summaries.

Index Terms—Synthetic workload generation, capacity plan-
ning, random variates.

I. INTRODUCTION

Information systems are increasingly present in all activities
of our daily lives and in the most diverse areas of knowledge,
from health, education and communication to finance, security
and entertainment. Given the widespread use of information
systems, performance of services provided have been object
of attention of service providers, infrastructure managers,
application designers and the scientific community.

Capacity planning consists on the definition of the necessary
resources in a way that the services provided (accomplished)
by the systems, meet the appropriate quality levels (response
time, level of availability etc.) to the processes that use these
services or resources, considering future demands. In fact,
for the successful accomplishment of such an activity, the
resources should be designed and tuned to minimize the
associated costs and to meet the established service level
agreement.

Capacity planning tools aims at monitoring and evaluating
computational infrastructure in terms of workloads (values
removed from the tracking of real systems or produced syn-
thetically) allowing the analysis of resource utilization and
planning of system’s infrastructure.

The performance evaluation of systems considering work-
loads generated from real traces is an important feature, but a
workload generator should also generate workloads based on
statistics figures, since the real traces might not be available to
the analyst. The reasons why an organization may not make
the traces available for analysis encompass confidentiality of

content and the non-availability of trustful set of significant
traces.

Many works related to synthetic workload generation have
been conducted over the years in several areas of knowl-
edge. [10, 12] have proposed approaches for validating syn-
thetic disk request generators. [6] shows the design and use
of a synthetic workload generation tool for simulation of web
proxy caches, called ProWGen. [14] shows another tool called
WebTraff. The tool is an evolution of ProWGen that has an
interactive graphical user interface (GUI) that can be used for
modeling and analysis of Web proxy workloads. [5] intro-
duces SWORD (Scalable WORkloaD generator), a workload
generator for testing and benchmarking of high-volume data
processing systems.

This work concerns the development of a flexible mecha-
nism for workload generation applied to a capacity planning
tool for virtual environments, the HP Capacity Advisor. The
synthetic workload simulates the consumption of main compu-
tational resources (CPU demand, memory size, disk data rate
and network data rate) and it is generated in a trace format
compatible with the Capacity Advisor, so the traces generated
can be imported into the tool easily and quickly.

This research has two main objectives: development of
methodology and computational prototype for supporting
workload generation based on actual traces; development of
methodology and computational prototype to support the gen-
eration of workload based on a significant set of probability
distributions and statistics summary.

The paper is organized as follows. Section II details the
Capacity Advisor (capacity planning tool of the HP Virtual

Server Environment - VSE), providing an overview of its
operations, architecture and trace format. Section III shows
the WGCap workload generation approach proposed, the main
scenarios and mechanisms adopted. The section also presents
the creation and validation of the synthetic traces. Case studies
are shown in Section IV, where the synthetic traces generated
by the WGCap are imoported into Capacity Advisor. Finally
Section V concludes the paper and presents ongoing and future
works.

II. CAPACITY ADVISOR

This section introduces the environment where the workload
generator is applied, where the VSE and the main features of
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Capacity Advisor and its architecture are depicted.

A. VSE - Virtual Server Environment

The HP Virtual Server Environment (VSE) [4] is a virtu-
alization solution developed by HP (Hewlett Packard) that
provides an administration and monitoring environment of
virtual servers and their applications. The VSE works as an
integrated set of multiplatform products and technologies to
help maximizing the use of server resources. The HP VSE

Management Software provides visualization, configuration,
workload policy, application management, and capacity plan-
ning tools to optimize system resources. The software provides
an integrated graphical environment, through HP SIM1, for
managing physical servers, logical servers, virtual machines,
server blades, nPartitions, virtual partitions, applications and
workloads. [3, 2].

The HP VSE provides control of virtualized environment
through an integrated software suite for planning, management
and automation, that includes: HP Virtualization Manager, HP

Global Workload Manager (gWLM), HP Capacity Advisor, HP

Integrity Virtual Machines Manager (VM Manager), HP Ap-

plication Discovery, WBEM providers and other VSE agents.

B. The Capacity Advisor: an overview

The Capacity Advisor is a component of the VSE Man-
agement Software, acting as a capacity planning tool for the
environment. It enables capacity planners to analyze historical
workload2 utilization data for planning workload migrations
or new workload undertaking. It automates the steps that are
traditionally performed manually by capacity planners, thereby
freeing the capacity planners to focus on planning for future
workload introductions, migrations, and consolidations.

The Capacity Advisor tool may collect workload utilization
data for every workload in the enterprise data center. This data
is collected on a daily basis from each system and is stored on
the HP Systems Insight Manager CMS (Central Management
Server).

C. Capacity Advisor Architecture

The Figure 1 shows the main components that work with
the Capacity Advisor and the architecture of its operation.

The access to Capacity Advisor is done through a web
browser on any machine configured to access the Central
Management Server (CMS), a system in the management
domain that executes the HP SIM. All central operations within
HP SIM are initiated from this system. The web interface is
provided by HP SIM, which also functions as an interface to
access the VSE Management Software. The Capacity Advisor

1HP Systems Insight Manager: a centralized management tool that provides
consistent multisystem management capabilities. Virtualization Manager is
tightly integrated with HP SIM; as a result, all of the features available from
HP SIM are also readily available when using the VSE management suite. [13]

2workload: In VSE a workload is a collection of processes within an OS
image running on a managed system whose performance is managed as a
single unit. Examples include the processes that belong to an application or
all processes owned by a specific user. [13]

Fig. 1. Capacity Advisor Architecture

is a component of the VSE Management Software and its oper-
ation will depend on the correct installation and configuration
of HP SIM and the VSE in the CMS.

There are two types of data gathering mechanisms for
Capacity Advisor, the recommended mechanisms and the
alternative mechanisms [1].

Recommended data gathering mechanisms: are made by
agents at the systems to collect historical data on resouce
utilization. On systems managed by the VSE (Windows and
HP-UX) is used the Utilization Provider and on ESX systems
is used the VMM (Virtual Machine Manager) Agent. Traces
of historic data are gathered for CPU utilization, memory uti-
lization, disk I/O capacity utilization and network I/O capacity
utilization. Data values are collected at 5-minute intervals and
are stored in VSE database. Then the Capacity Advisor Data
Collector gathers data from the VSE database and includes it
in the Capacity Advisor Database (Historical Data).

Alternative data gathering mechanisms: Another option is
to import the data directly to the Capacity Advisor Database.
Importing data can be made using OVPA Data (gathered from
HP OpenView Performance Agent), PMP Data (gathered from
HP Performance Management Pack) and CSV Files (files in
CSV format exported from Capacity Advisor). The Capacity
Advisor Data import Tools convert the data automatically and
import it into the Capacity Advisor database.

D. Trace Format - CSV files

The Capacity Advisor can import and export data col-
lected from workloads or systems in traces structured in CSV
(Comma-Separated Values) file format. The data is imported
and exported as a series of lines containing the following:

• profile headers, including date and metric labels and
• utilization values.
The collection period is of 5 minutes. Each data line is

called a sample. The first eight lines of the import file are
format headers that define the profile characteristics. This
information is used to normalize the utilization data when it
is saved in the Capacity Advisor database. The information
includes a profile name, hostname, CPU count and speed,

memory size, OS platform or type, model information, and

product version number. These are followed by date and metric

labels [1].
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The format header is structured as follows:

#Profile: name

#Host: hostname

#CPU: CPU count@CPU speedGHz
#Memory: MEM sizeMB
#OS: platform

#Model: model

#Version: version number

[YYYYMMDDhhmm,] UTIS, metric [, metric, ...]

The last header line contains the comma-separated list of
labels for the date and gathered metrics, with or without spaces,
where the fields are defined as:

YYYYMMDDhhmm - Timestamp in local time, given in units
of YYYY (year), MM (month, as 01 to 12), DD (day, as 01 to
31), hh (hours, as 00 to 23), and mm (minutes, as 00 to 59).

UTIS - Universal Time (GMT) in seconds (standard UNIX
time in seconds since 1 January 1970).

metric - At least one of the following: CPU ALLOC,
CPU UTIL, DISK UTIL, MEM ALLOC, MEM UTIL,
NET UTIL, PHYS CPUS, PHYS MEM.

III. WORKLOAD GENERATION

As noted earlier, the main objective of this work is the
generation of workloads (synthetic traces) to be imported into
Capacity Advisor. This section introduces the main mecha-
nisms and strategies used to ensure that this generation can
occur.

The Figure 2 illustrates the Capacity Advisor architecture
shown in the previous section with the addition of the proposal
for workload generation of this work.

Fig. 2. Capacity Advisor Architecture and WGCap Proposal

The WGCap works with two types of input data for
generating the synthetic traces: real traces (colected from
actual systems) or statistical data (calculated from the selected
computational resources). The output generated by WGCap is a

CSV file format with the same structure of the files exported by
Capacity Advisor with the values of each resource synthetically
generated, so the synthetic traces generated can be imported
into the tool easily and quickly.

The generation can be performed accordingly to three sce-
narios: generating synthetic traces from real traces, generating

synthetic traces from statistical summaries and generating sta-

tistical summaries and synthetic traces from real traces. These
scenarios will be described in detail in the next subsection.

A. WGCap Scenarios

Scenario 1 - This scenario is responsible for allowing user’s
system to generate synthetic traces from actual traces. Through
real traces, the user can generate synthetic traces that follow
the behavior of the real trace provided. For example, the user
considers a trace of a week and can generate a significant trace
for a year.

Scenario 2- The tool can generate synthetic traces receiv-
ing as input the statistical summaries provided by user. The
representation of each resource in the trace (IO, disk, memory,
CPU) is based on a probability distribution implemented in the
tool. After calculating the statistical summaries, the user must
choose a probability distribution to determine the behavior of
each resource.

Scenario 3 - This scenario addresses the situation where
the customer can not provide or arrange the real traces to be
directly used for generation of synthetic traces, however the
traces can be used for the generation of statistical summaries.
In this scenario, the synthetic traces are generated from the
statistical summary calculated from the real trace, working the
same way as Scenario 2.

B. Methodology for generation of synthetic workloads

Regardless of input data, in each of the 3 scenarios, the
methodology used for synthetic workload generation, which
represent the values of each resource, are made through the
strategy of generating Random Variates [9, 11].

Random variates are used when simulating processes driven
by random influences (stochastic processes). In modern appli-
cations, such simulations would derive random variates corre-
sponding to any given probability distribution from computer
procedures designed to create random variates corresponding
to a uniform distribution, where these procedures would ac-
tually provide values chosen from a uniform distribution of
pseudorandom numbers.

Procedures to generate random variates corresponding to a
given distribution are known as procedures for random variate
generation [7]. The most popular methods of random variate
generation, used in our research, are: The inverse transform

sampling method, Composition, Convolution and The Rejection

sampling method.
In our research, initially, a tool which applies these method-

ologies was developed. The tool will be described in detail in
the next subsection.
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C. The WGCap kernel

To perform the generation and validation of synthetic work-
loads, a tool that works as the kernel of the synthetic workload
generator was initially developed. The main objective of this
kernel is to generate samples of some probability distributions
and validate the algorithms of generating random variates.
The libraries created and used in the kernel are fundamentally
important in the context of the project, taking a key role in the
generation of workloads for the Capacity Advisor.

With the WGCap kernel is currently possible:
• To generate any quantity of random numbers based on

8 probability distributions (Exponential, Normal, Erlang,
LogNormal, Geometric, Pareto, Weibull, Poisson). To
generate the samples it is necessary to define the param-
eters values of each used distribution and set the number
of bins (classes) for the histogram;

• To generate random numbers empirically (Empirical dis-
tribution). In this case, when selecting an empirical
distribution, loading a file with a set of values that
represent any behavior is required. From there, random
numbers with the same behavior of the loaded file will
be generated;

• View the histogram of the data generated, and may expe-
rience a graphic comparison with the original probability
distribution;

• To view the statistical summary of the generated data;
• To perform the distribution fitting of the samples:

Kolmogorov-Smirnov Goodness-of-fit test;
• To save the values of the samples and statistical summary

generated, in text files for use later.
The Figure 3 illustrate the WGCap kernel GUI and its main

features. In this example 100, 000 samples based on a normal
distribution were generated.

Fig. 3. WGCap Kernel GUI - Snapshot 1

To validate the samples generated by the kernel, besides
the validation tests made in the tool, a tool of distribution
fitting was used to prove that the values of the random numbers
generated based on the probability distributions implemented,
actually correspond to the probability distribution of origin.

10, 000 samples from each distributions (continuous and
discrete) were generated and goodness of fit tests for each

sample generated were performed. The following tests were
applied: Kolmogorov-Smirnov, Anderson Darling and Chi-
Squared [8]. Figures 4, 5 and 6 shows the results achieved.

Fig. 4. Kolmogorov-Smirnov test results

Fig. 5. Anderson-Darling test results

Fig. 6. Chi - Squared test results

Note that all samples based on probability distributions
generated by the WGCap kernel were accepted by at least
one of the tests applied.

To validate the empirical distribution, 8, 928 samples of
CPU utilization collected from a real trace representing a
particular behavior were imported into the tool. Then the
same amount of samples was generated through the empirical
distribution. The result of the comparison between the two
samples (real and empirical) is shown in Figure 7. It can be
seen that the two samples are equivalent.

Fig. 7. Empirical CDF of Real Sample x Empirical Sample

2919



D. Generating a trace

After validating the values generated by the tool, we can
finally generate the traces in CSV format to be imported
into Capacity Advisor. The steps for the trace generation are
described below.

1) Define the characteristics of the environment to be simu-
lated. These information must be included in the header
of the trace:
#Profile: name
#Host: hostname
#CPU: CPU count@CPU speedGHz
#Memory: MEM sizeMB
#OS: platform
#Model: model
#Version: version number
[YYYYMMDDhhmm,] UTIS, metric [, metric, ...]

2) Define the timestamp (starting date) for the simulation of
the traces. The date should be in the following format:
YYYYMMDDhhmm. The remaining dates will be created
automatically according to the number of samples to be
generated.

3) Select the metrics of the resources that will be used. At
least one of the following:
CPU UTIL, DISK UTIL, MEM UTIL, NET UTIL.

4) Select the probability distributions that will be used to
generate the values of each metric chosen. In this step
must be defined the values of each parameter of the
distributions, these parameters may be defined by the
statistic data provided by user (Scenario 2) or generated
by the tool (Scenario 3). In empirical distribution, used
to generate synthetic traces from actual traces (Scenario
1), it is required to load a file with a set of values that
represent any behavior. From there, random numbers will
be generated with the same behavior of the loaded file.

5) Define the number of samples and bins (classes for the
histogram) to be generated.

6) Generate the trace.
After these steps, the trace can be finally imported by the

Capacity Advisor.

IV. CASE STUDIES

This session presents two case studies involving the sce-
narios shown in the previous section. Synthetic traces, based
on actual traces and statistical summaries, were generated
for simulating the consumption of all resources available at
Capacity Advisor (CPU demand, memory size, disk data rate
and network data rate). After generation, the synthetic traces
were imported into Capacity Advisor.

A. Generation of a synthetic trace based on a real trace with

the same number of samples

This case study shows the creation of a synthetic trace
with samples of the metric DISK UTIL (disk I/O capacity
utilization) based on samples from a real trace generated by
Capcity Advisor.

The real trace characteristics were defined by the following
profile header:

#Profile: legacy11

#Host: legacy11
#CPU: 2 @ 2.7GHz
#Memory: 2 GB
#OS: WINNT
#Model: ProLiant DL140 G3

In this profile 8, 928 samples were collected from each re-
sources used in a system in production. The initial timestamp,
which refers to the first sample of the trace, was 200708311800
(YYYYMMDDhhmm). The subsequent samples were col-
lected in 5-minute intervals (increments of 300 seconds).

To generate the synthetic trace, initially it was created
a new profile header with the same settings of legacy11
profile (CPU, Memory, OS and Model) and the same initial
timestamp (200708311800). Then the metrics of the resources
that should be synthetically generated were selected, in this
case we selected the metric DISK UTIL. After, an empirical
distribution based on the samples of DISK UTIL, taken from
legacy11 profile, was generated. Finally the number of samples
to be generated by the tool was selected, as the objective was
to generate a synthetic trace with the same number of samples
of the real trace, we selected 8, 928 samples.

After generating the values, the synthetic trace was im-
ported to the Capacity Advisor. The Figure 8 illustrates the
achieved results, representing the disk usage in the period from
8/31/2007 to 10/3/2007.

Fig. 8. Disk I/O Capacity Utilization

B. Generation of a synthetic trace based on probability dis-

tributions and statistical summaries

This case study shows the creation of a synthetic trace with
samples of the metric MEM UTIL (memory utilization) based
on a probability distribution and statistical summary. The main
aim of this case study is to generate a synthetic trace even
when a real trace is not available, by using statistics and a
set of probability distributions to define the behavior of the
workloads to be generated.

The statistics used for generating the synthetic trace
were extracted from the legacy11 profile, and the trace
to be simulated will also follow the same definitions of
the legacy11. Thus, the synthetic trace characteristics were
defined by the following profile header:

#Profile: Synthetic legacy11
#Host: Synthetic legacy11
#CPU: 2 @ 2.7GHz
#Memory: 2 GB
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#OS: WINNT
#Model: ProLiant DL140 G3

After creating the new profile header, we defined the initial
timestamp. As this measure does not affect the generation of
values, we decided to use the same initial timestamp defined in
legacy11 - 200708311800. Then, we selected the metrics of the
resources that should be synthetically generated, in this case
the metric MEM UTIL was selected. After, we selected the
probability distribution that is used to generate the values of the
metric chosen, at this stage we chose the Normal distribution.

The legacy11 statistics were extracted by WGCap and the
parameters were inserted in the distribution as follows:

MEM UTIL
Distribution: Normal
Parameters: Average = 1, 2005 / Variance = 0, 0349

Finally, we selected the number of samples to be generated
by the tool, in this case we chose 10, 000 samples.

After generating the values, the synthetic traces were im-
ported to the Capacity Advisor. The Figure 9 illustrates the
achieved result, representing the consumption of disk in the
period from 8/31/2007 to 10/3/2007.

Fig. 9. Memory Utilization with Normal distribution

These case studies showed the results of importing the
traces generated by WGCap to the Capacity Advisor. The
use of the developed tool is extremely important for the
capacity planning and tuning of virtual servers, being able
to manipulate traces collected from an existing infrastructure
or work with statistical data, simulating the behavior of an
inexistent infrastructure. Thus, the planning of infrastructures
performed by capacity planners can be done in a more flexible
way.

V. CONCLUSIONS

This paper presented the WGCap, a flexible synthetic work-
load generator for the HP Capacity Advisor. The objective of
the tool is to generate traces to be imported into the Capacity

Advisor for simulating the consumption of resources like CPU
demand, memory size, disk data rate and network data rate.
The workload generation has been successfully validated and
shown to be reliable and flexible, allowing the generation of
workloads based on actual traces or on a significant set of
probability distributions and statistical summaries.

Two case studies were developed and the synthetically
generated traces were imported to the Capacity Advisor suc-
cessfully and the results were seen in a satisfactory manner.

In future studies, we intend to implement a new set of
probability distributions, with the aim of increasing the number
of possibilities of the tool. We also intend to build a more
complete and integrated tooling, making the workload gen-
eration more intuitive and fully automatic, since some steps
performed to generate the synthetic workloads are still carried
out manually.
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