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Capacity Planning Basics

racle customers frequently ask us questions like:

“How many users can I get on my machine X?”

Of course, we have to respond with the favorite
answer of performance analysts everywhere: “I don't
know.” There are always answers for questions like this;
however, you must acquire vast amounts of information
to make accurate estimates. You not only need to know
the exact hardware configuration, but must also have a
good idea of what users are doing on the computer and
how often they are doing it.

Many RDBMS users perform On-Line Transaction
Processing (OLTP), interacting directly with a computer
to get responses in real time. This article will discuss a
simple technique for modeling OLTP performance.

What Is a Transaction?

Everyone talks about “transactions” very casually, yet
different people and different software environments
use different definitions for the word. You must have a
clear idea of what their transactions are before you can
model or evaluate the performance of an OLTP system.

In a block-mode OLTP environment such as the MVS
Customer Information Control System (CICS), a transac-
tion typically begins when the user presses the ENTER
key (or a Program Function key) on the terminal, and the
transaction ends when the screen is updated and the
keyboard unlocked.

In other environments, such as a desktop worksta-
tion, transactions must be carefully defined in terms of
a user task. For instance, you may want to define a
transaction as “successfully entering all of the fields in a
SQL*Forms block,” or “adding a new account to the
database.” This type of logical transaction definition is
often useful when you are interviewing users, because
your idea of a transaction maps to a real-world task that
the user can relate to and help quantify.

When planning for a client-server environment, you
generally need to define transactions in user terms, then
figure out what resources are consumed on the server to
complete each user transaction. You can then apply the
techniques in this article to model server requirements
for the application. Client systems are usually dedicated
to one user, so there are no capacity issues to speak of
(except perhaps: “does this machine run the client
application adequately?”).

for OLTP

Transaction Rate

The key to understanding OLTP capacity and perfor-
mance modeling is the concept of a “transaction rate.”
Each OLTP transaction requires a certain amount of
computer resources; for example, a quarter-second of
CPU time and five I/O operations. You can calculate the
resources needed for a specific transaction type if you
know how much computer resource each transaction
needs and how often the transactions arrive. You can
also calculate the resource requirement for an entire
OLTP application if you have these figures for each type
of transaction in the system.

It's difficult to estimate the transaction rate accurately,
since it depends on how many users are on the system,
how much time each user spends “thinking” between
transactions, and how long each transaction runs. These
last two numbers are called “think time” and “response
time,” respectively. For example, if a user “thinks” for an
average of 55 seconds between transactions, and trans-
action response time is 5 seconds, then the user will
enter one transaction per minute, or about 0.017 trans-
actions per second. If 100 users average 55-second think
time and 5-second response time, then the transaction
rate will be 100 per minute, or 1.7 per second. This
simple equation enables you to calculate the transaction
rate from the number of users, their average think time
in seconds, and the average response time in seconds:

transactions per second = users / (think time + response time)

For simple data-entry transactions, think time can be
as low as 20 seconds, although think time more com-
monly averages 100 to 600 seconds. Since the accuracy
of the results depends directly on the accuracy of think
time estimates, you should interview and/or observe the
users carefully to come up with realistic think time
estimates. If you believe users when they say they enter
five transactions per minute all day long, you will
probably overestimate the resources needed for the
application system by a factor of three or five. On the
other hand, use peak transaction rates (see Figure 1) to
plan for capacity. Using the average transaction rate for
the entire day to compute resource usage results in poor
system performance during the peak interval, where the
transaction rate may be twice the daily average.
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FIGURE 1 PLAN FOR THE PEAK TRANSACTION RATE, WHICH
OCCURS AT 1 1:00AM AND 2:00PM

Resource Per Transaction

The other half of estimating OLTP resource usage is
figuring out the resources needed for each transaction.
With a good idea of resource requirements, you can
multiply the resource usage per transaction by the
transaction rate to get total application resource usage.

You may want to estimate I/O and/or memory
resources per transaction as well as CPU. However, CPU
is usually the most expensive resource (especially on
mainframe systems), so the remainder of this article will
focus on CPU modeling. Just remember that the same
basic techniques used for CPU modeling can be used to
project I/O and virtual memory requirements for an
OLTP application as well.

CPU resources are best expressed as “path length,” or
the number of processor instructions required to com-

plete a transaction. CPU seconds are not a useful meas-
ure, since the number of CPU seconds used depends on

how fast the processors in the system are. It is easy (o
convert path length into CPU seconds and vice-versa:

path length = CPU seconds x processor speed

So a transaction that requires 0.1 CPU second on a 30
MIPS processor will have a path length of 0.1 x 30,000,000
or 3 million instructions. Note: use the speed of an
individual processor in this calculation, because each
transaction only runs on one processor at a time. You
cannot employ the MIPS rating for the entire system if it
has multiple CPUs.

“Millions of instructions per transaction” can also be
expressed as “millions of instructions per second, per
transactions per second,” or “MIPS per TPS.” The 3-
million-instruction path length computed above can
also be expressed as 3 MIPS per TPS, which is a very
convenient number.

Now simply multiply the path length number by the
number of transactions per second to figure out the CPU
resources needed for a particular transaction. In prior

MIPS per TPS
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FIGURE 2 TYPICAL PATH LENGTHS FOR ORACLE OLTP
APPLICATIONS UNDER CICS

examples, 100 users were generating 1.7 TPS, and each
transaction required 3 MIPS per TPS:

MIPS=17x3=5.1

So the simple single-transaction example might re-
quire an average of 5.1 MIPS of processing capacity.
Repeat this process for all transactions in an application,
then add the numbers together to get an estimate of the
total CPU resource the application will require.
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Estimating Resource Requirements

This planning approach is only as good as the numbers
put into it, or “garbage in, garbage out,” as the saying
goes. All of the math in this process is linear, which
means that a 10 percent error in any of the estimated
numbers will provide a 10 percent error in calculated
results. Good guessers, or those who are just plain lucky,
will have some estimates that are high and some that are
low, so that the errors cancel each other out and the end
result will be fairly useful.

Optimistic estimates can be more than 50 percent
low, causing users to buy a much smaller machine than
needed and making end users very angry as response
rimes increase to over a minute. Pessimistic estimates, on
the other hand, may result in users spending thousands
or millions of dollars too much for hardware, making
you a primary target for the layoff a company may
perform to recoup the excess hardware costs.

Figure 2 presents some representative path lengths
for both Pro*COBOL and SQL*Forms transactions under
CICS. A “simple” transaction, such as a typical data entry
application, might select a row from a single table, then
update a dozen columns in the row when the user
commits the transaction. “Medium” transactions typi-
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cally issue several SQL statements, may include a two-
way join, update a few rows in one table, and/or update
several tables. “Complex” transactions join up to four
tables, and might update dozens or hundreds of rows in
several tables. Of course, your mileage will vary, and the
path lengths in Figure 2 are meaningless for platforms
other than MVS CICS.

Note that these representative transactions do not
allow for applications that join more than four tables,
update very large numbers of rows, or issue DDL
statements such as “CREATE TABLE,” and generally do
not allow for complex SQL processing. The reason for
this limitation is simply that good OLTP application
design does not allow for this type of operation to occur.

An on-line transaction, by definition, should get good
response time. Well-designed OLTP applications should
be engineered to run efficiently and quickly. Complex
SQL statements can generally be eliminated from OLTP
applications by denormalizing the database.

The Bottom Line

There are dozens of other issues to address in any
capacity planning effort, and the information in this
article is barely enough to get you started. Fortunately,
common sense and an organized approach will help
you solve most capacity planning problems. The bot-
tom line for planning for future hardware purchases is
knowing what the system’s users are doing—so don’t
hesitate to ask them. =
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