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1. Introduction

Business managers need trustworthy answers to questions such as, �My business is go-
ing to double.  Can my current system handle the load?� and �Will the proposed
technical architecture handle our production load?�  Answering these types of capacity
planning questions, with any respectable degree of confidence, is hard.  However, the
questions still must be answered and that�s what this paper is all about.

Capacity planning questions ultimately center around deciding where to best concen-
trate one�s effort to ensure a new or existing system will meet performance
requirements.  While quit surprising at first, capacity planning questions can be thought
of in economic terms.  It is extremely rare that an exact match of a proposed system can
be prototyped.  But does the prototyped system have to be an exact replica?  And if not,
how close does it need to be? (Figure 1)  The economic question then becomes one of
directing limited resources in areas that require attention to ensure performance will
meet the requirements.

It�s much easier to talk about models and mathematics than it is to address the underlin-
ing business problems.  Our aim in constructing this paper is to help folks begin to
tackle complex capacity studies by not only addressing the overall project and technical
issues, but by helping folks translate the technical information into meaningful business
information.

To achieve our objectives, we first present an overall project plan followed by three
proven types of capacity plans.  We then drill down into how one approaches the proj-
ect from a data gathering and modeling perspective.  And finally, we end with how one
addresses conflicting constraints.

1.1 Capacity and Throughput

The words capacity and throughput are important concepts used throughout this paper.
They are closely related and many times incorrectly used interchangeably.

The concept of capacity is the measurement of physical space.  Metrics like mega-bytes,
giga-bytes, number of CPUs, and amount of physical memory are all measurements of
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physical space.  Using this definition, capacity can be used to measure both space capac-
ity and processing capacity.  For example, the statement, �The forecasted transaction
volume will require 10 GB of disk space� relates to space capacity.  Whereas the state-
ment, �The forecasted transaction volume will require twenty disks to maintain
acceptable i/o response times� relates to processing capacity.

The concept of throughput is the measurement of some action occurring within a time
interval.  For example, transactions per second or invoices entered per hour are exam-
ples of throughput.
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Figure 1.  This graphs shows why establishing the minimum level of required precision is
so important.  Simply throwing more money into a capacity plan will not always increase
the prediction precision.

1.2 Case Study Introduction

Throughout this paper the following case study will be referenced.  Direct Connect De-
vices is implementing an 1,200 user Oracle Manufacturing system with users located in
both Portland, Oregon and Dallas, Texas.  The IT Director knows there is virtually an
infinite number of areas where performance could fall short of user expectations.  His
job is to minimize and direct the possible risk that this could occur to reduce the busi-
ness impact.  The Director has a problem.  Only two people in his entire organization
are qualified to undertake this study, yet guaranteeing acceptable performance will re-
quire a team of ten people over a six month period.  The resources and the time are
simple not available.  He must therefore, find a way to reduce the chance of unaccept-
able performance by concentrating the teams efforts in specific areas that pose the
highest degree of uncertainty and negative business impact.
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2. Project Plan

A capacity planning study is no different than other projects in that a solid project plan
and approach must be established.  The project plan outlined below is structured to di-
rectly address and meet the three types of capacity plans discussed the paper.

Figure 2.  Just as with any significant project, a capacity plan needs a solid and proven
project plan.  This figure shows a project plan shell we have successfully used.

2.1 The Strategy Phase

The theme of the strategy stage is to build a  foundation upon which the rest of the proj-
ect rests.  The strategy phase consists of three main tasks.  They are:  determine project
goal and scope, determine which method or methods to use, and determine which
modeling technique or techniques to use.  The various methods and modeling tech-
niques will be discussed in a later section.  As you will see, once the methods and the
modeling environments have been chosen, it becomes obvious which of the three capac-
ity plans presented in this paper to use.

A capacity planning expert should review your strategy before any building begins.  If
the strategy is not realistic or does not map the required data inputs with what data is
actually available, the strategy stage will have to be repeated.

2.1.1 Determine Goal and Scope

The project goal and scope determine exactly what the deliverables will include and what
the deliverables will not include.  For example, �The goal of this Limited Performance
Assurance Test is to determine if the current computing system in its current configura-
tion will support the projected workload requirements.  The results will not include
expected response times but rather approximately where the system will fail to support
the required workload.�

Establishing what the study will and will not state is paramount.  People tend to push
predictions to a degree of precision that the study was not structured to provide.  The
key parties that will be judging the project�s success must agree on exactly what you
will be telling them and to what degree of precision.  If this is not established during the
strategy phase, the worthiness of the entire study will be questioned.

• Execute Phase
• simulate workloads
• apply math. model
• validate everything

• Interpretation Phase
• analyze results
• consolidate results
• present results

• Strategy Phase
• determine goal and scope
• determine method(s)
• determine model(s)

• Build Phase
• characterize workloads
• model environment
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2.1.2 Determine The Method

After the project goal and scope have been agreed upon, a method (sometimes called the

approach) must be chosen to ensure that the project goal will be reached, and to deter-
mine how and what statistics need to be gathered.  Later in the paper, five different
methods will be discussed.  The capacity planning committee must approve of your ap-
proach.  If they do not agree on your approach, your results will be in question and the
study deemed of no value.

2.1.3 Determine The Model

All of our capacity planning studies use models.  They may be simple arithmetic mod-
els, queuing models, or simulations.  Determining which model or models to use is
dependent upon which method you have chosen and what data inputs are available.
For example, the summation method requires real production data to be captured which

feeds nicely into a regression model.

2.2 The Build Phase

The theme of the build phase is to construct the framework to execute upon.  A key com-
ponent of all capacity planning studies is characterizing the workload and constructing
a mechanism to create a production environment (if production data is not available) .

2.2.1 Characterizing the Workload

Characterizing the workload is simply understanding what work will be performed and
when.  For example, do we want to characterize month-end or quarter-end?  Do we
want characterize typical day-time usage, night-time usage, or if the mirrored disk sub-
system is resyncing during any of the above situations?  Oracle Applications programs
can be classified as either OLTP or batch.  And each process consumes disk i/o, memory,
CPU, and possibly network resources.  Combine this with a variety of workload scenar-
ios and it becomes very difficult to construct an environment to model the �real�
environment.  Skilled capacity planners are experts in determining the minimum num-
ber of required workloads that will provide real value and minimize project investment.

One of the most misunderstood concepts of planning capacity is the answer to the
question, �At what load should we plan for capacity?�  A careful analysis of this ques-
tion leads us to some very profound yet simple conclusions.

Let�s take a step back and ask ourselves what our objective is when planning capacity.
What do our customers want from their computing system?  The answer is really quite
simple.  They want a computing system that will allow them to meet their business
needs.

When architecting a system to meet business needs, we need to ensure the needs will
always be met.  This leads us to ask the question, �What are the needs we must accom-
modate?�  An example need may be �Ninety-five percent of the time, this query must
complete within five seconds.�  Designing a system that meets documented require-
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ments seventy-five percent of the time is simply not acceptable.  With these thoughts in
mind, we can answer some fundamental capacity planning questions.
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Figure 3.  To ensure the computing system can always meet business throughput require-
ments, computing system capacity should be planned for peak or worst case scenarios, not
average or �typical� usage.

Should we simulate and model typical performance?  No.  There is no such thing as
typical in the capacity planning  realm.  We could ask the question, �What is the typical
system load at 4:30 PM on the first Monday of each month?�  But so what!  If the system
is more heavily loaded at 3:00 PM on the first Monday of each month, we should then
plan our capacity to meet the 3:00 PM requirements.  Ruminating a bit, it is clear we
need to plan capacity for peak usage.  Planning capacity during peak usage ensures
business can continue at an acceptable throughput regardless of the day or time.

How many times have you had to bite your tongue when a user said, �The system is so
slow today.  I can barely get any work done.� and you quickly responded with, �Well
it�s month end.�  Systems are designed to empower people to do their work and to em-
power a business.  Just because the system is operating at peak load is no excuse for
unacceptable performance.

Properly and honestly characterizing the workload can be very difficult, especially
during pre-production implementation.  While it may be difficult, the capacity planning
committee must agree on the workload characterizations.  When the final study is pre-
sented, one of the first place folks look to invalidate the study will be related to the
workload characterization.

2.2.2 Building the Models

Modeling is an integral part of planning capacity.  So integral that we use multiple
models in our engagements for validation purposes.  Models can be broadly classified
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into either simulation models or mathematical models.  Mathematical models require
input from either a production system or a simulated production system.  If mathemati-
cal models are being used, unless you are observing a production system, some form of
workload simulation must occur to �feed� the mathematical models.

Constructing simulation and mathematical modeling tools can be very difficult and
time consuming.  We use generic model templates which we tailor for each client.  By
doing so, we save time and money while continually improving our models.  Further
modeling detail is covered in a later section.

2.3 The Execution Phase

The theme of the execution phase is use the items built during the build phase.  The exe-
cution phase is generally shorter than folks suspect.  The build phase and the analysis
phase usually take longer then running the simulations, gathering the data, and enter
the data into the mathematical models. At this point, a rigorous quality assurance check
must be performed to validate the models. Even simple mathematical mistakes can
make a tremendous difference in what your model predicts.

2.3.1 Simulate the Workload

If the workload has been properly characterized and the build phase was executed
properly, simulating the workload should be very straightforward.  Simulating a pro-
duction environment is serious business.  Very significant organizational, budgetary,
and purchasing decisions are based, in part, on the results of the simulation.  Since the
goal of a simulation is to simulate reality, at a minimum the below items should be in-
vestigated.

• Ensure nothing but the simulation is occurring on the machine.

• Understand the affect of your monitoring tools.

• Ensure there is no unusual Oracle contention.  Usually this occurs when there is not
enough data or the simulation repeatedly uses the same data.  Latch contention, a
very high data block cache hit ratio, and low i/o activity are all signs that the simu-
lation is flawed.

• Tune slow processes.  If you discover a process will not be acceptable in production,
then to model the processes is inappropriate.  Have the processes tuned before the
simulations begin.

2.3.2 Apply the Mathematical Model

After the model has been built, the workload simulated, and the statistics gathered, you
are ready to input the statistics into the mathematical models.  This is another time to
have your progress checked by an expert.
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2.3.3 Validate Everything

Books have been written about validating predictive mathematical models and simula-
tions.  For this paper, we want to stress the importance of validation before anyone
begins making predictions.  We listed above a few simulation checks that can be per-
formed.  In addition, basic �sanity checks� should be performed and questions like, �Is
this what you expected?� should be asked and answered.  While the next phase is the
interpretation phase, at this point you should be confident your model is accurately
making predictions based upon your input.

Mathematical model validation can be as simple as plugging in the appropriate data
gathered from the simulation and checking if the model predicts what actually hap-
pened in the simulation.  But let�s suppose the mathematical model does not predict
what the simulation results where.  Does one quickly alter the mathematical model?
Don�t quickly do anything.  Take a step back and think about what could have caused
the discrepancy.  Then investigate both the mathematical model and the simulation.
The mathematical model may be predicting satisfactorily but the data gathering
mechanism may be functioning incorrectly.  It could be that the model forgot to take
into account some type of processing overhead.  There are many things that can con-
tribute to a simulation and mathematical model mismatch.

Once the mathematical model has been validated, you have a powerful predictive tool
that can be used long after the capacity planning study is completed.  As long as the in-
puts are updated and the mathematical model validated whenever possible, the model
output is a strong predictive tool.

2.4 The Interpretation Phase

The theme of the interpretation phase is to understand the simulation and model predic-
tions well enough to discuss them from a business and technical perspective.  The
interpretation phase will take a different shape depending on the study scope.  Once the
analysis is complete, all the information should be available to consolidate your
thoughts, make recommendations, and then construct the final study document and/or
presentation materials.

3. Types of Capacity Plans

When is enough, enough?  How much should I invest in a capacity planning effort?  Is it
wise to invest in a three month study when all I want to know is if there appears to be
significant risk in not meeting the performance requirements?  Probably not.  However,
it may be a wise investment to in a three month study if you need to know what type of
response time degradation will occur when 1,200 users are hard at work trying to des-
perately ship as many products out the door as possible during quarter-end close.
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Figure 4.  Different capacity plan types yield results with different precision.  This figures
shows the two week study predictions four CPUs will be required, plus or minus four
CPUs.  The six week study predicts five CPUs, plus or minus three CPUs, and the twelve
week study predicts four CPUs, plus or minus one CPU.

These types of questions relate to the allocation of limited resources towards providing
the highest return on investment.  To address different levels of required precision, our
team provides three main capacity planning study types.  They are the Initial Perform-

ance Readiness Review, the Limited Performance Assurance Test, and the Classic Performance

Assurance Test.

The different predictive study types all revolve around the concept of precision and sta-

tistical confidence (Figure 4).  Precision is a relative term that is used to describe how

much one should trust the predictive power of a study.  Confidence levels and intervals are
terms used to statistically describe precision.  For example, a high precision study (e.g.,
Classic Performance Assurance Test) may predict an average of 12 CPUs  are required at
a confidence level of ninety-percent and a confidence interval of two CPUs (i.e., plus or
minus one CPU).  Whereas a lower precision study (e.g., Limited Performance Assur-
ance Test) may also predict an average of 12 CPUs are required at a confidence level of
ninety-percent but at a confidence interval of six CPUs (i.e., plus or minus three CPUs).

A low precision study (e.g., Initial Performance Readiness Review) is not bad or good in
itself.  Just as with purchasing a car,  when determining the required precision, the ob-
jectives are to match your requirements (e.g., access, speed, mileage, etc.) with your
constraints (e.g., financial situation, time, etc.).  If you require a very expensive car (i.e.,
BMW M3) and you are relatively unconstrained (i.e., rich and wealthy1) you will at-
tempt to purchase one.  The same is true with capacity planning studies. Your objective
is to determine the correct strategy to match the required study precision.

                                                          

1 At this particular moment (July 12, 1995 at 6:15 PM), according to United States congressman Richard Gephardt, being “rich and
wealthy” begins at an annual salary of $60,000.  The current “rich and wealthy” figure will most likely be different at the time of your
reading.
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Many times we have heard someone say, �We can�t use this technique because it makes
bogus predictions.�  What the �confidence-lingo-challenged� individual is saying is,
�The confidence interval this capacity plan produces does not meet our precision re-
quirements.�  In many cases, low precision predictions (i.e., large confidence interval),
are all that are necessary, or all that are possible.  Performing a high precision (i.e., small
confidence interval ) study can be very expensive.

Study Type Purpose Deliverables

Initial Performance Readi-
ness Review

Identifying where to best invest
people�s time to ensure perform-
ance meets requirements

• Resource allocation matrix

• Mathematical models

Limited Performance As-
surance Test

Understanding workload charac-
teristics and how this will affect
the production system.

• Workload characterization

• Key performance parameters

• Workload balance equation

• Mathematical models

• Resource allocation matrix

• Business impact

Classic Performance As-
surance Test

Understanding how workload
characteristics affect user response
times and the business

• Response time degradation

• Workload characterization

• Key performance parameters

• Workload balance equation

• Resource allocation matrix

• Business impact

• Mathematical models

Figure 5.  Types of Capacity Planning Studies.

Capacity studies are no different than other projects in that they must make good busi-
ness sense.  It is irresponsible to undertake a study without first considering the
investment versus the return in terms of business value.  The three different capacity
plans presented below require a different level of investment and returns a different
value to the business.  The trick is maximizing the value while minimizing the invest-
ment.  The information presented below should help you make a better  investment
choice.

3.1 Initial Performance Readiness Review

While unfortunate, we have seen many companies avoid a simple performance readi-
ness review only to have unidentified areas of potential risk become major issues when
the application was placed into production.  With so many different vendors involved
in today�s complex application implementations, it is a wise investment to perform a
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low cost performance readiness review.  The Initial Performance Readiness Review is
targeted towards identifying where allocating resources for future study will reap the
greatest rewards.

An Initial Performance Readiness Review (Review) can be performed relatively quickly
and is guaranteed to liven up any meeting.  With only a handful of questions answered
regarding the proposed system, experience, a reference site, and some very simple
arithmetic models, a quick review can be completed.  When presenting the results, folks
involved with the areas targeted for further investigation quickly want a more precise
study performed.  And that�s exactly what we want: to identify areas of possible signifi-
cant risk, concentrate our efforts in those areas, and then to drill down, i.e., produce a
more precise study.

The Review produces a very simple and straightforward �Resource Allocation� matrix.
The matrix simply shows how and where to concentrate the available resources to
maximize their impact in terms of ensuring performance requirements will be met.  Re-
ferring to our Direct Connect Devices case study, it was discovered the implementation
team expects twenty simultaneous batch processes will be required to run during quar-
ter-end close.  Based upon reference site information, experience, and the proposed
technical architecture, the best use of people�s time would be to further investigate
server CPU and then memory capacity.

Initial Performance Readiness Reviews are performed everyday.  It�s amusing that folks
who denounce low confidence predictions are usually the most the dedicated practitio-
ners.  Have you ever heard someone say, �You mean to tell me you can not predict how
many users my system?� and then they will say, �Yeah, I�d say we could handle another
fifty users on this system.�  It happens all the time!  What this person did in their head
was a quick mental calculation to �ballpark� the requirements versus the capacity.  Put
another way, they quickly isolated areas that warrant attention, i.e., a higher confidence
level study.  This is exactly what an Initial Performance Readiness Review is all about:
identifying where to best invest people�s time to ensure performance will meet the
user�s requirements.

3.2 Limited Performance As surance Test

Most often the Initial Performance Readiness Review does identify areas that warrant
future review.  This is where the Limited Performance Assurance Test comes in.  This
�test� is focused upon understanding how people will be using the system
(characterizing the workload), which parameters dramatically effect performance (e.g.,
the number of simultaneous batch jobs), determining the workload balance options
(e.g., one batch job equals twelve OLTP users), and if necessary, which area(s) should be
the focus for a more detailed study (e.g., Classic Performance Assurance Test).

One way of looking at capacity planning is that it is a quest for truth.  We have found
forming a capacity planning committee is one of the key aspects of a successful capacity
planning study.  Performance assurance tests dig deep into a company�s organizational,
operational, and many times political infrastructure.  This may sprout unusual obstacles
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which a committee dedicated to pursuit of truth can help overcome.  It�s better to deal
with uncomfortable situations before a system is placed into production.

A significant difference between the Initial Performance Readiness Review and the
Limited Performance Assurance Test is that the latter requires a prototype system to
simulate a production load so actual statistics can be gathered.

Once the statistics have been gathered (know as the �method� and discussed later in
this paper) they can be directly analyzed and also applied to a variety of predictive
models. Simulating many different scenarios is usually not possible due to time con-
straints.  However, a model�s parameters can quickly altered.  Once the predictive
model has been validated against the actual statistics gathered, the model can be used to
quickly make predictions under many different workload scenarios.  Later in this paper
we will discuss various modeling techniques.

3.3 Classic Performance As surance Test

Reality is the best predictor.  The Classic Performance Assurance Test (CPAT) is aimed
at simulating reality.  As we will discuss, while a CPAT can be very costly, in terms of
predictive power it is the one of the best ways to ensure acceptable performance with-
out a real-life production system.

A substantial advantage of the CPAT over the Limited Performance Assurance Test is
the CPAT can provide response time degradation figures.  To put this into perspective,
the Initial Performance Readiness Review can roughly predict if the technical architec-
ture is a good fit, the Initial Performance Assurance Test will predict where the
technical architecture will break, and the CPAT will also provide details about what
kind of response time users can expect before the system �breaks.�

The best solution, which many large implementations now undertake, is to perform re-
petitive Initial Performance Readiness Reviews using different technical architectures
and then performing a few Limited Performance Assurance Tests.  When a suitable ar-
chitecture becomes apparent, the Classic Performance Assurance Test is performed.

Today�s implementations are complex.  Suppose we complicate our case study by intro-
ducing a client machine, fifteen users will be using the system from Hong Kong, and the
business has distinct seasonal characteristics.  Now the situation looks like;

In situations like this, having real people simulate their proposed workload may simply
be impossible.  The resources required (E.g., information, people, time) to perform a
real-life test can be massive and may not be available at any cost.

As we stated before, reality is the best predictor.  CPATs simulate real-life production
by using, for example, Remote Terminal Emulators (RTEs) to simulate (sometimes called

• multiple peak processing loads; quarterly, yearly, and seasonally,

• users are spread throughout three different physical locations and three different
time-zones, and

• 1,215 concurrent OLTP users.
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benchmarking or stress testing) the forecasted production load.  Remote Terminal
Emulators are not free and the time involved to implement a real-life workload mix can
take weeks or even months.  However, once the simulation has been setup, many dif-
ferent workload scenarios can tested that are probably not logistically possible with
people.  It boils down to risk, cost, and benefits.  And that means meetings, negotiations,
and honest dialog.  That�s hard.

As with the Limited Performance Assurance Test, combining actual statistics with pre-
dictive models will allow many business scenarios to be run.  Plus, when the system
goes into production the model can be validated and future growth predictions can be
modeled.

A word of warning.  A �high confidence� prediction rapidly weakens when one pushes
technology to new limits.  The models presented in this paper will not predict an algo-
rithm break down.  For example, some deep dark algorithm may not scale well when
stressed in a certain way.  These type of situations are extremely difficult, if not impos-
sible, to model.  Certainly with the modeling techniques we use, predicting algorithmic
break downs would be inappropriate.

4. Methods or Approaches

The purpose of the method or approach is to realize the project goal and scope, to deter-
mine what statistics will be gathered, and how the statistics will be gathered.  Scope
asks the question the methods and models must answer.  In addition, it states to what
precision (i.e., confidence level) the question must be answered.

Gaining method, model, and ultimately study prediction confidence from the capacity
planning committee is extremely important.  So much so, that during the strategy phase
one of the first tasks is to form a capacity planning committee consisting of manage-
ment, users, software vendors, hardware vendors, and MIS folks. A straightforward and
clearly presented method will help ensure both the technical and the non-technical per-
sonnel understand your approach.  If people do not understand your methods, then
they must have an overwhelming faith in your abilities or they will doubt your conclu-
sions.

The next few sections will detail five different methods for scoping a project, and in
general, how the data will be gathered.  As stated above, each method requires different
inputs and produces output at various confidence levels.

4.1 Estimation Method

Everyone has used the estimation method  at some point in their career.  All one must do
when using the estimation method is ask a few good questions, have applicable experi-
ence, and possess a good estimation model.  The Initial Performance Readiness Review
typically uses the estimation method.   When computing systems are sold, someone
asked questions (hopefully), shoved the numbers in a spreadsheet, and exclaimed, �This
is the box you should buy!�  While this example has been simplified, this type of situa-



Craig A. Shallahamer                                                                                                                13

tion frequently occurs and we can learn quite a bit about when the estimation method
should and should not be used.

The beauty of the estimation method is it requires a very low level of effort.  Various
predictions can be produced within a few days or even a few hours.  This is an excellent
way to �ballpark� the system capabilities to ensure performance meets the user�s expec-
tations.

Suppose your memory estimate predicts 500 MB of RAM is required and your machine
is configured with 1,500 MB of RAM.  In this case, the risk of being undersized is very
low and a more detailed memory study may not be necessary.  However, if your esti-
mate predicts 1,400 MB of memory, the risk of being undersized is substantially higher.
In this case, it may be wise to perform a higher precision investigation to assess if the
identified risk presents a significant risk to the project�s success.

Another benefit of the estimation method is it does not require your application to be in
production.  Because of its inherent low output confidence, you can use information
from your vendor, use your past experience, and use the experience from those who
have measured the resource requirements from another similar production system.

4.2 Summation Method

The summation method can be used when a question such as �How many CPU seconds
will it take to process 800 orders?�, �How many disks will be required to store five mil-
lion journal entries?�, or �My business is going to double.  Can my current system
handle the load?� must be answered and the associated production system is available
for data gathering.

Weather your gathering data regarding memory, CPU, I/O throughput, or disk space
requirements, the summation method requires high level  throughput metrics and the
computing resources required to achieve the metrics to make predictions.  For example,
a high level throughput metric may be orders processed per day, order lines processed
per day, journal entries per day, invoices entered per day, the number of Oracle data-
base blocks required per journal entry, or orders shipped per day.  Standard computing
resource data (CPU, memory, disk I/O, and network) need to be gathered.  Once you
gather the information, you can perform a regression analysis to produce a fairly high
confidence model.

As mentioned above, a production system is required.  The summation method is a ter-
rific way to reduce a very complex computing system down to a few mathematical
equations.  If production load data can not be gathered, the predictive capacity of this
method diminishes and predictive risk dramatically increases.  With all this considered,
the summation method can be a very accurate method with minimal effort required.

4.3 Process Methods

The next set of methods to characterize the workload are operating system process or
transaction processing related. This is in contrast to the estimation and summation
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methods where the system was treated as a single unit.  The processing methods can be
used for both throughput and disk sizing predictions. The process methods have the
advantage of allowing one to manipulate the inherent workload characterization risk by
combining the benefit of each method to arrive at a hybrid method.  For example,  if
you know of a key business process, you can factor that process directly into your
workload along with other large processes.  Using these techniques increases prediction
confidence and allows you to simulate and model very complex systems more simply.

I will discuss three process related methods.  They are the key process, the large process,

and the all process methods.  Each method has an underlying theory or emphasis behind
it which allows it to stand on its own.  However, as mentioned above, the power of the
process related methods is they can be used together to produce higher confidence
predictions.

The key process method is based upon the assumption that if the key business processes
are modeled then business will perform within acceptable service levels.  An underlying
assumption is that other non-key business processes do not constitute a significant re-
source drain and therefore do not need to be modeled.  Practically speaking, both key
processes and large process data must be gathered.  The important point is if key busi-
ness processes are not modeled, while other application areas may perform well, if the
key business processes do not perform well, the application system may not be success-
ful.  It should be clear that while the key process method has its place, it should be used
with another method to ensure completeness.

The large process method is based upon the assumption that if the large (i.e., heavy)
computing system resource processes, modeled then business will perform within ac-
ceptable service levels.  An underlying assumption is that other processes do not
constitute a significant resource drain and therefore do not need to be modeled.  The
large process method is typically combined with the key process method to ensure
completeness.

As you might suspect, the all process method takes all operating system processes into
account during modeling.  While this technique produces very accurate results, unless
the appropriate model is applied, it is extremely time intensive and pushes models to
their own capacity limits.  In nearly all cases, unless cluster analysis (discussed later) is
the applied model, the all process method costs more to perform than buying additional
hardware.  In addition, the system must be in production to gather the information
since it is usually impractical to estimate every process and its associated resource de-
mands.

5. Modeling

Modeling computing systems has been and is the pursuit of many university professors.
Our objective is to present the modeling techniques our group has successfully used
when predicting capacity.  I have no doubt additional models will be developed and
used as they become available and are appropriate for our needs.  As mentioned earlier,
modeling can be separated into the broad categories of mathematical models and simu-
lation models.
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There a number of modeling techniques available today.  However, for our purposes we
only need to concern ourselves with six different modeling techniques.  They is simple
arithmetic, regression analysis, queuing theory analysis, cluster analysis, and simulation.
Each of these modeling techniques requires different inputs and produces outputs with
varying degrees of confidence.  A detailed discussion on each of these techniques is out
of scope for this paper.  However, a few words on each technique is worth mentioning.

5.1 Basic Arithmetic Models

Many situations do not require complex models.  This is typically because no queuing is
involved or detailed statistics are not available and/or not required (E.g., Initial Per-
formance Readiness Review).  When this is the case, simple worksheets using simple
arithmetic models can be built.  For example, modeling memory usually only requires a
simple spreadsheet.

5.2 Linear Regression Models

When queuing is not an issue, performing  mathematical regression analysis can provide
one with high confidence results.  For example, suppose the number of disk i/o�s per
day is captured along with the number of orders processed per day over a period of
sixty days (Figure 6).  Regression analysis can be performed on these data points produc-
ing an equation  which shows the relationship between disk i/o�s and the number of
orders processed.

Orders vs Disk i/o's
y
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e
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disk i/o's

Figure 6.  By gathering data points information one can perform regression analysis to
predict capacity requirements or maximum throughput.  In this example, we can predict

that y orders processed will require x disk i/o�s.

5.3 Queuing Models

Queuing (Figure 7) can become an issue when predicting CPU requirements and disk
requirements.  There are two basic modeling techniques that can be used when queuing
is involved.  There are various simulation models and queuing theory models.  We have
successfully used Monte Carlo simulation techniques implemented in BASIC and the
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M/M/m queuing theory implemented in an Excel workbook.  When the method is
properly chosen, these modeling techniques can produce output at high levels of confi-
dence with a minimum of effort.

Single Q, Single Server

Single Q, Multiple Servers
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Figure 7.  The figure on the left shows multiple requests arriving at different intervals to be
serviced by one and two servers.  This situation can be modeled by various simulation
models and queuing theory models.  The figure on the right is the classic response time
versus throughput curve.  As with all queuing systems, at some throughput queuing be-
gins to rapidly increase response time.

5.4 Cluster Analysis

The cluster analysis model is a mathematical dream come true.  Data is gathered for each
and every process and then categorized into a handful of groups.  For example, one
group may characterize processes  which consume on average 500 KB of RAM, five sec-
onds of CPU time per minute, and read/write 750 KB of data from/to the I/O
subsystem.  Once the processes are grouped into their respective categories,  simulation
or queuing theory models will produce a very high confidence result.  To perform clus-
ter analysis in an acceptable time frame, very powerful  models (E.g., queuing theory)
and data gathering processes (process clusterization) must be developed.
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Figure 8.  The cluster analysis modeling technique allows the �all process� method to be a
viable.  Data is gathered from each and every operating system process and grouped into
categories by their common characteristics.

5.5 Simulation Models

Referring to our Direct Connect Devices case study, how would one organize a real user,
full-blown performance assurance test?  While it is possible, the realities of time, money,
and logistics do not make it practical.  We can, however, create fake users and have
them perform their daily duties just like real users.

There are many simulation tools commercially available today.  However, depending on
your budget and the workload characterization complexity, you may be able to develop
your own simulation tools.  For example, the Oracle Application�s regression tester can
be used to simulate users.  The Oracle Application�s aiap program has the ability to save
and replay keystrokes.  However, there is a danger of using �home grown� simulation
tools.  The statistical gathering mechanism will have not passed the same rigorous QA
process and the impact of the simulation tool will probably place a noticeable process-
ing burden on the system.  Since there are many simulation possibilities and not every
simulated environment is the same, it is best to learn about your options and get hands-
on experience.

5.6 Modeling Disk Space Capacity

This paper has been focused on throughput capacity not space capacity.  However,
predicting space capacity is important for budgetary and immediate hardware justifica-
tion reasons.  All the models presented in this paper can be used to predict space
capacity.  The difference is in where to gather the required statistics to begin your
analysis.

While throughput related statistics can be gathered from the Oracle v$sesstat,
v$filestat, v$session fixed tables, the aud$ table, the UNIX accounting tools, the UNIX
ps command, and several vendor specific tools, space capacity information is based
around Oracle�s segment related data dictionary views.



Craig A. Shallahamer                                                                                                                18

When predicting Oracle data capacity (i.e., physical space requirements), keep in mind,
that other information management systems space requirements will not map exactly to
Oracle�s.  Variable length fields and indexes are two common examples.

Fortunately, there are number of options to help gather space requirements.  As you
might suspect, the more precise the results, the longer it takes and the more difficult it is
to retrieve the information.  The dba_segments and dba_extents data dictionary views,
vsize function, and the analyze command all provide varying levels of size granularity.
Just as when deciding about methods and models, understand your precision require-
ments and then choose the appropriate data sizing method.

6. Satisfying Conflicting Constraints

Predicting computing system capacity does not leave us with a perfect solution.  As
with most decisions in life, concessions must be made.

Suppose your disk space predictions call for twenty disks and your disk I/O throughput
predictions call for forty disks.  Which one should you use?  It�s simple if you want to
ensure all constraints are met.  By implementing forty disks, both the disk space and
disk I/O throughput requirements will be met.

A more difficult situation is when throughput can be achieved with six CPUs, response
time requirements will not be met unless their are eight CPUs, and you only have the
budget for a four CPU system.  This is when skilled negotiations and creative minds
must work together to meet user requirements.  The solution could be as simple as im-
plementing Oracle�s hot backup facility versus a cold backup (which shuts down the
Oracle system) to allow more batch processes to complete at night which were planned
to be run during peak OLTP hours.

To summarize, predictions normally do not present perfect solutions and must be
translated into a form so business decisions can be made.  To construct a system to meet
all the predicted and stated requirements, additional capacity may be required, or  busi-
ness and technical processes may have to be changed.

7. Conclusion

Thank you for taking the time to read this paper.  We trust it has been a worthwhile en-
deavor.  Our goal will have been reached if, in the future, you will better allocate and
direct scarce capacity planning resources.  By understanding how to structure the proj-
ect, the three capacity planning study types, the importance and how data can be
gathered, the variety and appropriateness of modeling techniques, and finally how to
address conflicting constraints, we hope you will be able begin your own capacity
planning studies or at least understand the importance of planning capacity.
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