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If you are an SAP project leader or an IT manager involved with SAP
systems, then you know that testing is actually much more than a
footnote to your urgent day-to-day tasks. Itisavital aspect of your job,
with urgent priorities of itsown. One underappreciated aspect of SAP
performance testing is that, whileit is obviously atechnical exercise, it
is ultimately motivated by the need to answer specific business questions
and guide decision-making at many levels.

Long after the dry run and go-live, performance testing must
continue through production to answer awide range of business and
technical “what-ifs.” What if we merge the operations of subsidiaries
that do not use SAPinto our company’s SAPinstance? Doesthe system
have enough capacity? What if our rapidly growing business doubles
in size? Can order processing keep up? What if we add faster disk
subsystems with faster disk cache? How much faster would the system
run? Would the increased performance justify the investment?

With crucial business decisions depending on your tests and,
ultimately, the profitability of your enterprise at stake, knowing how to
conduct accurate and meaningful SAPtestsis clearly avery important
skill. In thistwo-part article series, | draw on my experience in working
at diverse SAPinstallations to provide you with aframework of what
works and what doesn’t in every aspect of performance testing.

Herein thefirst installment, | share best practices for test
preparation. | help you make sense of the myriad testing and
performance tools currently available, and | provide pros and consto
guide you in selecting what may be appropriate for your enterprise.
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You' Il get guidance on how to form your idea testing
team and how to set up the test itself, from defining
your test scenarios to defining and setting up the test
bed and various hardware configurations. You'll learn
how to obtain meaningful test data, which can make
or break the value of your test results. And finally, |
discuss the options available for involving resources
outside your company and how to evaluate the pros
and cons for your situation.

In the second installment, | will cover test execu-
tion. You'll learn what to do when things go wrong
(because they will, despite your careful preparations),
how to minimize problems during tests, and how to
prepare for various contingencies. 1'll also give you
some tips on evaluating results and preparing data for
the al-important management review.

By the end of this article series, you will know
what to test and how to test it. Most important, by
learning the answers to the most critical questions
regarding business processes and technical operations,
you will be able to ensure that your test results support
your company’s business objectives.

Setting Up Your Performance-
Testing Project for Success

Aswith any project, successful performance testing of
your SAP system will depend on solid project man-
agement and contingency planning. Based on my
experiences in leading performance-testing projects at
avariety of organizations, | have learned that there are
several things you can do at this early stage to set up
your project for success while avoiding the kinds of
problemsthat can derail it:

1. Understand your objectives. Although you will
be conducting a performance test, as opposed to a
functional test or an integration test, be sure that
you and your team are clear on the business objec-
tives of the systems and applications you are test-
ing. There are two kinds of performance testing:

- Business process testing answers questions
related to changesin business processes and
how these changes might improve overall
business efficiencies. For example, you might
test whether a change in how your system
processes orders can save system resources.

- Technical and operational testing answers
guestions related to changes in hardware
configurations, weighing hardware costs
against system speed and capacity. For exam-
ple, how much faster would your system run
if you added more CPUs and more RAM?
Would the investment be worthwhile in terms
of performance?

Both types of testing ultimately come down to
answering guestions of capacity, scalability,
performance, and stability in order to support
whatever business scenarios your company is
contemplating. Being able to identify the ques-
tions your testing can answer in terms of your
company’s business objectives will put youin a
good position to ask for the necessary budget to
conduct these tests.

Achieve buy-in from all stakeholders. Whilea
core technical team will conduct the actual execu-
tion of tests, all of the relevant people in your
company must understand and support the goals
of the test and be willing to participate as needed.

One challenging but absolutely necessary element
of a performance test is getting stakeholder sup-
port for the large expense involved in setting up a
test environment that adequately mirrors your pro-
duction environment. The right test environment
iscritical to getting reliable results. | discuss how
to meet the challenge of obtaining the approval
and support of all stakeholdersin the sidebar
“Achieving Management Buy-In” on pages 34-35.

Define the testing budget and time frame.
With the input of both your technical experts
and senior managers, you will need to agree
upon a budget and time frame. Obviously, these
two groups will rarely agree on what costs and
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schedules are redlistic. The ideasin the sidebar
on pages 34-35 should help you pull everyone
together, however.

The testing budget should account for internal
costs (people and equipment) plus the cost of
hiring additional facilities or outside expertise.
Make sure the budget is complete and that there
are no surprises. Later, | will discuss how to
evaluate whether or not to test offsite or to use
external experts, aswell as how to define a

test environment that will yield accurate and
meaningful results.

v' Investing in Performance Testing

The more closely your test system mirrors your
production system, the more meaningful and
valuable your resultswill be. If you need to
upgrade your test environment so that it isa
realistic approximation of your production
environment, the investment in testing can be
significant. The ability to answer “ what-if”
questions without putting your production system
at risk and without investing fully in a new, untried
direction isinvaluable, however. Demonstrating
the business value of the test system may help

you obtain funding for a system that mirrors

your production system. For a discussion of the
business benefits of such a system, see the sidebar
“ The Business Benefits of a Test Environment
That Mirrors Your Production Environment”

on page 48.

Define test scenariosthat yield realistic and
meaningful results. If you're testing business
scenarios, you' re interested in how changes to
processes such as order entry, inventory updates,
financial data consolidation, or the payroll run
will affect your systems. If you're testing techni-
cal scenarios, you're interested generaly in how
changesto your IT infrastructure will affect your
system — the effects of abigger database server,
more CPU and RAM in your application servers,

faster internetworking, or faster and better cached
storage subsystems, for example.

To define your test scenarios, you will first need

to define your company’s “Business Day Profile.”
The Business Day Profile consists of SAP business
transactions that are run in atypical business day.

v" Notel

The Business Day Profile is one of the most
important keys to successful performance testing.
You should plan to make it one of your first orders
of business and to invest whatever effort is
necessary to build the most accurate profile
possible. The section “ Test Scenarios’ later in
this article provides concrete guidelines for
defining your Business Day Profile.

Define acceptable results. All stakeholders must
agree on what constitutes acceptable results. In
terms of SAPtesting, this meansthey need to
agree on the following:

- Baseline performance — Create a baseline so
that you can tell whether a scenario you tested
improved or worsened system performance.
After defining the various test scenarios, you
will need to choose tools appropriate to the
test scenario for capturing the current per-
formance data from your production system.
Then you will need to get everyone on the
team as well as senior management to agree
that thisis avalid baseline performance for
your systems.

SAP's built-in CCM S (Computing Center
Management System) provides arelatively
simple method for capturing baseline data.
You can use some of the SAP performance
transactions to capture SAP performance and
execution data without incurring any addi-
tional cost. Some of the key transactions for
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Achieving Management Buy-In

Since your testing results will ultimately affect the course of your enterprise, it makes sense that the
testing project should involve a broad cross-section of staff at your company. In addition, a significant
portion of the expertise heeded to create the test scenarios and scripts must come from the business and
functional folks. How can you obtain the wholehearted support of everyone involved so that the will exists
to fully fund the project and carry it through to completion?

To gain full support for testing, you must involve every potential participant early in the planning process,
making your goals and their roles completely clear and communicating the benefits of the test to all other
stakeholders. Once members of senior management are convinced of the value of the performance-
testing project, they can impress upon the people in departments throughout your company why it is
important to support the project.

In the early planning stages...

V] Clearly outline the goals of the test. Be both realistic and specific in quantifying the benefits of the
test to each of the involved parties. Remember which benefits are most important to which parties.
Senior management wants to hear about how you’ll save money in the long run. Your technical staff
wants to know how much faster your network will run.

V] Ask for the support of each team member. Be sure people are aware of (and agree to) what is
expected of them, whether it's sharing their expertise and time, allocating budgets, providing access
to hardware, allowing use of network bandwidth, or just agreeing to respond immediately if a
problem or question arises during testing. For example, a database administrator might not need
to participate directly in testing, but if a problem with the database occurs, he or she needs to be

this purpose are ST03, ST04, SM50, SVI51, -
DB02, and ALO8. Later, inthe section

“Evaluating and Selecting Testing Tools,” I'll

describe how you can use these transactions

and other tools to measure the test.

The amount of tuning that will be done as part
of the test — It is highly unlikely that you will
run just onetest. Every performance test proj-
ect that | have ever been a part of has required
significant tuning of everything from the
hardware to the operating system, including

A formula for measuring cost vs. perfor-
mance — Clarify your testing goals by
quantifying how your testing will answer the
guestions that have been raised. For example,
if you are seeking better performance and are
willing to invest abit to get it, what perform-
ance level are you seeking? How muchisthe
additional performance worth to you in terms
of dollar savings or increased business?

SAP profile parameters and database parame-
ters. Unlessyou define in advance what will
be tuned, and more important what will not
be tuned, your project will easily exceed its
allotted time frame and budget. The second
installment of this article serieswill include
adetailed discussion on what should be
tweaked and tuned and who should do the
tuning and tweaking.
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immediately available to address the problem. On-call specialists need to know about the project
and agree to their role well in advance of when you desperately need their services!

Develop a formal organizational chart. Identify the person who will be reporting test results to
senior management (the test director or the overall project manager), the person who will handle
daily decision-making (the test manager), the technical leads who will be preparing and performing
various aspects of the test, and the pool of on-call specialists within your company whose expertise
may be tapped if needed. Add cell phone numbers and email addresses to the chart and distribute
it to everyone involved, including the assistants of your more senior team members. | have seen
many companies put up an intranet just for this sort of project. The intranet web server can house
the project’s organizational chart, the project goals and objectives, test-related job descriptions

for each team member, project milestones and updates, project reporting, and even a discussion
group for team members.

Make sure that upper management has a good picture of the magnitude of the cost involved
in testing. As a first step toward gaining financial support, make sure that the budget is complete.
The budget should include internal costs of people and equipment as well as costs to hire additional
facilities or outside expertise. If upgrading the test bed is necessary (and it probably is), it should
not come as a surprise later. Senior management needs to understand what is required and why.

Demonstrate the value of the investment in testing. This is where your understanding of how
testing supports business objectives comes into play. Because the cost of upgrading your test bed
could be quite significant, you might also need to underline the value of the test environment that
will be created by demonstrating its usefulness in disaster recovery or business continuance. For

a discussion of this point, see the sidebar “The Business Benefits of a Test Environment That Mirrors
Your Production Environment” on page 48.

Getting Ready to Test «  Defining test scenarios

In my experience, the logistical efforts of getting e Setting up the environment for capturing
everything and everyone ready for testing are far test data

greater than the efforts of testing itself. Preparing

your environment and your team to run SAP tests Defining hardware configurations

involves the following tasks:

e Setting up your test bed

Selecting and preparing your internal testing team

e Obtaining meaningful datato use for testing

Creating or updating the architectural map of your
SAP environment

» Planning for efficient execution of multiple
test runs

Deciding where to test — onsite or offsite?

»  Weighing the pros and cons of involving

Evaluating and selecting testing tools external resources
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Figure 1

Performance Test Project Tasks

Begin the Understand Achieve buy- Agree on the Define
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or offsite < architectural [« Astz‘zmzféhe management budget and
testing maps support time frame
Choose the R Prepare the Create the > dgfat zlzjspttz?e > Eng&%%zny
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9 the test data test bed test data

Note: Black boxes denote critical steps

In the sections that follow, | discuss best practices
and provide recommendations for each of these tasks.
Figure 1 provides a graphical overview of the steps
involved in preparing your test environment and the
order in which they should occur, highlighting the
critical points along the way. (Note that the shaded
stepsin the lower portion of the diagram cover the
test execution, which will be discussed in the second
installment of this two-part article series.)

Selecting and Preparing the
Internal Testing Team

Testing teams can vary widely in size, composition,
and combined experience. |I've worked with teams

that had as many as four test script developers and
twelve databases, along with SAP and/or hardware
experts on standby. At smaller companies, members
of the testing staff typically handle multiple roles.
No matter what size your project is, however, the
following people should be on the testing team:

e Overall project manager (required): This per-
son isresponsible for all aspects of the project,
from justifying its business value to defining the
test scenarios, as well as gathering and analyzing
the test results, interpreting the final results, and
presenting the findings and recommendations to
management.

» Test script creation team leader (required):
Thisteam leader is also the person who will bein
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charge of starting the test load once the project
manager gives the go-ahead. On smaller teams,
this person will create the test scripts.

Test run manager (required): Thisisthe go-to
person for anything that can and will go wrong
during thetest run. In many of the projects | have
been involved in, this role was assumed by the
project manager. If you are considering having
thisrolefilled by your project manager, weigh the
decision very carefully. The test run manager
needs to devote his or her full attention to the test
runsin order to monitor testsin real time and
make decisions on whether or not to abort atest
should a problem arise. If the test run manager is
amember of senior management (as project man-
agers often are) and there are time and priority
conflicts with other responsibilities, he or she
might not be available when needed.

Oneor moretest run analysts (at least one
required): Test run analysts work with and sup-
port the test run manager to monitor the runsin
real time and report any problem or abnormality.
In some cases, there might be only one analyst,
and it could be the test manager. In some very
large tests that | have been involved in, there were
so many things to watch that as many as half a
dozen test analysts were needed, with each one of
them responsible for watching as many as ten dif-
ferent specific test result areas.

Hardware and OS specialist (required part of
the time): This person takes care of all the hard-
ware requirements and OS setup for the myriad
servers and workstations needed for the test. Your
current test bed most likely is not ready for this
type of test, therefore you need this person’s time
and expertise, even if only part-time. The hard-
ware and OS specialist may also be called upon
to fine-tune the performance of the hardware and
the OS as aresult of aborted or unsatisfactory
test runs. Of course, this person needs to be on
standby in case of a hardware or OS failure while
the tests run.

Database administrator (required part of the
time): The DBA iscrucial to the test because the

database always requires some fine-tuning
between test runs. The challenge you face is that
you must secure this person’s prompt response to
any issue or problem, or else you will incur signif-
icant delays — but there is usually not enough
work to keep this person around full-time.

SAP Basisadministrator (required part of
thetime): Everything about the DBA in the
previous bullet item applies to the SAP Basis
administrator as well, ailmost word for word —
except that this person is called upon somewhat
more frequently, since he or she has to make
changes to the SAP instance and other profiles as
the results of each test run are evaluated.

L AN/WAN network specialist (optional): To
deal with network problems that arise while the
tests run — such as domain name system (DNS)
issues, network congestion due to an imbalanced
Ethernet switching configuration, and of course
the dreaded network hardware failure — you need
an on-call network specialist. The LAN/WAN
network specialist may also need to work with the
hardware expert to configure the initial SAP test
bed network, but that should not be a major effort.

Data backup and restore specialist (required
initially, then optional): This person may
double as the hardware specialist. Refreshing
the test datais acrucial operation, and the data
backup and restore specialist sets up all the
processes and procedures for the data refresh.
Later, he or she will need to be available on a
standby basisin case amajor problem arises
with the data refresh.

Sorage specialist (required if applicable): If
your company uses specialized storage (such

as EMC Symmetrix, CLARIiiON, Network
Appliance, or IBM Shark), and you plan on

using such specialized storage as part of your test
bed, then you need to have the appropriate storage
specialists available during both the initial config-
uration of the test bed (which can be quite costly)
and during the test runs (in case there are any
problems with the specialized storage systems).
These experts usually also possess the skills
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Figure 2

Sample Architectural Map — Networked Servers
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required to deal with the complicated SAN
(Storage Area Network) switching fabric that their
hardware uses. If you do not enlist storage spe-
cialists, you will need to secure the expertise of an
SAN expert.

e Test script creation analysts or consultants
(optional): For test script analysis, you might
recruit the power users who helped create the test
scripts or the hired consultants who fine-tuned
your SAP CATT (Computer Aided Test Tool) or
Mercury LoadRunner and WinRunner scripts, for
example. Consider having both the power users
and the hired consultants watch as tests are run.
For the power users, watching tests can be a use-
ful learning experience, asthey may get a better
picture of why and how excessive loads are put on
the SAP system. For the hired consultants, being
able to observe how test scripts are executed with
real load on alarge set of rea data allowsthem to
produce more effective and relevant scripts — an
especially important consideration if, going for-

ward, your strategy isto have ongoing testing to
support production.

Creating or Updating the
Architectural Map of Your
SAP Environment

With the initial planning accomplished, the first step
in actually setting up your test environment is to cre-
ate or update a detailed map of your current SAP pro-
duction system architecture. Documenting your
system architecture is essential in order to configure a
test environment that properly represents your produc-
tion system, but it aso offers many benefits that
extend beyond the tests.

If you don’t know for sure how much RAM each
of your application servers currently has or what eso-
teric parameters are contained in your SAP instance
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Figure 3

Sample Architectural Map — Ethernet Switching Layout
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profile, thisis an excellent opportunity to obtain that
critical information and make it readily available on
your intranet. Further, examining a map of your envi-
ronment provides an opportunity to identify and ana-
lyze weak points in your network architecture and/or
your SAN switching fabric.

Evenif you aready have system architecture doc-
umentation, carefully review and updateit. System
documentation becomes outdated rapidly, and it's easy
to let mapping dlide. Take the time now to thoroughly
update all maps — otherwise, your test results may
not correlate to results that would occur on your pro-
duction system.

Figure 2 isasample architectural map that gives
ahigh-level view of networked SAP serversin one
hypothetical company. Note that this map indicates
an alternative configuration to be used in one of the
performance tests planned by this company. To see
the effects of having an SAP central instance (CI) on
the same machine as an application server, one of
the application servers (Waltham) will serve asthe
central instancein Test 22. For that test only, server
Lexington will not be the Cl server, even though itis
labeled as such on the map.

In Figure 3, you see amore technically detailed
map for the same company, one that will be necessary
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for planning and executing tests. It showsthe
Ethernet switching layout. When creating your own
architectural maps, you should plan on getting to this
level of detail for both your Ethernet switching layout
and your RAID group disk layout. These arejust two
simplified examples, and they are by no means the
only maps that you will need.

In-House or Offsite?

Your next major decision is to determine whether to
conduct the tests at your own facility or at an offsite
location. I've participated in both types of tests, and
there are pros and cons to each approach.

Conducting tests in-house is easier than offsite
testing and, if you already own the space and the
equipment, is cheaper aswell. Duplicating your pro-
duction system can be easier in-house, but | strongly
recommend that you find away to segregate the test
network’s LAN traffic from the production network.

Obtaining data backups with which to populate
your test serversis simpler in-house; it's also easier to
summon people with the expertise required to solve
the problems that arise. If you suddenly need the
services of your DBA, for example, he or sheis prob-
ably right down the hall. Also, downtimeisn’'t wasted,
since team members who are not immediately needed
can simply go back to their desks.

But testing in-houseisn’t aways best. For one
thing, it has the potential to adversely affect users.
Having the test system completely removed from your
production system can help ensure that no one suffers
any ill effects from testing. Offsite, your team can
also devoteits full attention to testing, without the dis-
tractions of the daily work environment. If you're
testing new hardware or a significantly different con-
figuration, starting fresh in an outside test environ-
ment can be easier than making major changes to an
existing in-house test or development system.

However, if your SAP systems have lots of links

to other external non-SAP systems, then going offsite
to test may not be very practical. To even partialy
duplicate the links to external systems that your
production system uses might be too complicated.

In addition, if your test data contains highly confiden-
tial information or if your test scripts contain highly
sensitive business processes and procedures, conduct-
ing the tests anywhere but inside your firewall is not
even an option.

| strongly recommend discussing with your hard-
ware partners (or even with one of their competitors)
whether or not to test in-house. In many cases, your
hardware or software partners will welcome the
opportunity to let you use their SAP Competency
Center for testing. If you're considering upgrading
your hardware or software, it’s helpful to giveit atest
run using your own data before making any commit-
ments or changes to a production system that works.
Using a partner’s SAP Competency Center also gives
you direct access to their hardware and OS expertise
(or even networking expertise), which can help you
make the most of your system architecture and config-
uration. Whether or not there will be a cost associ-
ated, and what that cost will be, depends on severa
factors, such as your relationship with the partner,
whether or not they expect to be able to sell you new
products, and so on.

Another place to go for offsite testing is the data
center provided by your disaster recovery company.
Companies such as SunGard and Comdisco can set
up entire data centers where you can conduct tests,
though the costs of doing so may or may not be part of
your contract with them. It is not unusual, however,
for business continuance contracts to contain clauses
allowing the client to comein for a disaster recovery
drill once ayear — you can use that clause to have a
mirror image of your production environment pre-
pared for testing purposes.

There are no hard and fast rules for determining
when the advantages of outside testing outweigh the
costs. Each case must be judged on its own merits.
Figure 4 summarizes the conditions for which each
choice is optimized.
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Figure 4 In-House vs. Offsite Testing
I Have many links to external systems [l Need to set up lots of new hardware
I Have confidential data or business processes VI Want to evaluate new hardware
to protect v Are not concerned about what happens to
[l Have the available space your test data
VI Have most of the equipment already in place VI Want to avoid major disruption to your in-house
¥ Need constant access to your in-house systems and users
expertise
Figure 5 SAP Transactions That Are Useful for Testing

ST03 and STO3N Workload analysis

Capture key performance data of SAP application
servers.

tables and index

ST04 Database performance Get a quick snapshot of database performance.
analysis

SM50 Work process overview See if any process is incurring an unduly long wait,
a sure sign of something failing or a performance
bottleneck.

SM51 Instance overview Determine whether all application servers are present
and participating in the test run.

DB02 Database performance, Determine whether there are problems in the database,

such as missing indexes. Check to see if the database
has grown because the test runs have added
transaction data.

ALO8 Current active users
in system

Check to see if the appropriate test users are active
and if any unauthorized users are somehow logged in.

Evaluating and Selecting
Testing Tools

The testing and measurement tools available to you

are numerous, and atypical test might involve several
tools at once. Some of the most appealing tools are

those that are available at no additional cost. You
will probably want to license some other tools
because of the ease with which they allow you to
capture test data.

Tools Available at No Additional Cost

Thetools available at no additional cost include SAP
transactions, OS features, and tools you already have
that are not designed specifically for testing.

Test measurement tools:

- Severa transactions within SAPitself capture
and display SAP performance and execution
data. Theseinclude the SAP transactions
detailed in Figure 5, which are the ones that |
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use most often. These SAP-provided CCMS
tools should be familiar to most Basis admin-
istrators and consultants.

No matter what additional tools you use, data
collection for your test should in all cases
include results from SAP's own performance
monitoring transactions, which provide real-
time feedback on the system’s behavior. |If
something goes wrong, you'll know about it
right away. You won't have to wait until the
end of the run, needlessly incurring costs and
time delays.

- If you're running Windows NT or one of
its successors, you can use the Windows
PerfMon feature to capture system indicators
and performance data. PerfMon can capture a
wide range of system performance data such
as CPU utilization, swap file activities, and
network traffic load — all of which can help
you to evaluate test results.

- If you use Unix, the “sar” tools and awhole
range of system performance tools are also
available as a part of the operating system.

» Test script creation tools: You may also make
use of CATT and eCATT (extended Computer
Aided Test Tool), SAP' stest script creation tools.
Your existing test scripts (those prepared for go-
live) likely were done using CATT, so it would
be natural to use CATT to further enhance these
scriptsif they wereto bereused. eCATT isthe
successor to CATT, and it is used with the SAP
Web Application Server (Web AS) to test not only
SAP native ABAP transactions, but also the Java
transactions that can be developed in the Web AS.
Since eCATT is till quite new, | have not had
much experience with it as of thiswriting.*

' For more information on eCATT, see Jonathan Maidstone’s articles
“Extend the Range and Reduce the Costs of Your SAP Testing Activities
with eCATT” and “Ready to Start Leveraging eCATT? Take Your
Existing CATT Tests with You!” in the January/February 2003 and
September/October 2003 issues of this publication, respectively.

Other useful toals: Other toolsin the “no addi-
tional investment” category that are useful during
testing include several that are not directly related
to measuring performance. For example, you will
likely use the dataloaders that are part of your
database to load and reload test data. To facilitate
the necessary data refreshes between the test runs,
your backup software and hardware will be used
heavily. The Microsoft Office suite (specificaly
Excel, PowerPoint, Word, and Access) is useful
for organizing, documenting, and presenting test
results and methodologies. (You can use similar
or competing products for these purposesif you
do not have Microsoft Office.)

Licensed Tools Available at Additional Cost

Here are some tools that may be worth licensing:

Test measurement tools:

- VERITAS Luminate is now part of the
VERITAS I3 for SAP product suite, and itis
an excellent tool for detailed service-level
reporting. | have used it many timesto con-
duct rigorous performance testing at several
different installations. It has real-time data
capture capabilities that nicely complement
CCMS, and its Oracle-based data warehouse
gives you the capability for further analysis
of all aspects of your SAP system’s perform-
ance. If you can only afford one licensed tool,
| recommend VERITAS Luminate.

- VERITASInsight is another valuable tool for
measuring end-to-end application perform-
ance response time. What VERITAS Insight
offers over the “free” toolsisthe ability to
rapidly identify the source of performance
degradation. This capability can be aredl
time-saver. The chalengeisto justify the
expense of licensing this product; you' [l need
to weigh the cost against the time saved in the
analysis process.
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Figure 6
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While the licensing costs for such tools can be

Several toolsin the VERITAS Indepth prod-
uct suite provide more detailed data collection

and results analysis.

subsequently license its products. It isworth
exploring this option with the VERITAS sales

considerable, the tools may prove invaluable if
performance testing becomes a standard practice

to support your company’s business goals. In many
cases, VERITAS may be willing to provide you

and marketing folks.

Figure 6 isaluminate view of aperformance
matrix, showing “top processes’ (transactions that
required the most processing time).

with a demonstration or loaner license to use in one
or more test runs, with the hope that you will
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Figure 7 Luminate View of Application Servers
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Figure 7 isaLuminate view of application however, not least of which isthe cost of licensing
serversthat shows, for each server, the number of con- them, which can be quite high. In addition, they
nected users, the load average, and so forth. reguire an expert to create the script, and rather

beefy hardware to generate the loads.
e Test script creation tools: Mercury LoadRunner
and WinRunner are effective tools for creating and

executing test scripts and scenarios. | have had e Other useful tools:

good results using them to streamline the test

development phase. One of the strengths of - Asmentioned earlier, you may need to sched-
LoadRunner and WinRunner is the ability to cap- ule your batch jobs to execute as part of your
ture actual screen and keystroke activities as gen- test runs. Therefore, you may also benefit
erated by an SAP user. Thisallowsyou to drive from implementing job scheduling software,
avery redlistic load through the SAP systems such as Tivoli Workload Scheduler (formerly
you'retesting. These tools have some drawbacks, Maestro) or Computer Associates AutoSys.
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- A screen capture tool such as Snaglt can aso
be very helpful throughout testing. You can
useit to collect images that will be needed
during documentation. Snaglt may already be
in use at your company, or you can license it
for areasonable fee.

Test Scenarios

Whether you are setting up a business scenario or a
technical scenario, you need to determine exactly
what transactions or processes must run with the new
configuration of the test system, and for how long,

in order to determine the impact to your overall

SAP system.

You don't have to test every single SAP transac-
tion to execute an effective test. You do, however,
need to test an authentic cross-section of transactions
and processesin order for the test to be realistic and
meaningful. One of your first steps, then, isto define
your company’s “Business Day Profile,” whichis
composed of the commonly run SAP business transac-
tionsin atypical businessday. If you'retesting a
business scenario, your Business Day Profile must
include the batch jobs that are regularly run to support
the business process you are testing.

The Business Day Profile

The easiest way to capture alist of regularly used
SAPtransactions is to use ST03 (Workload Analysis)
to choose one or more application servers, review
either today’s workload or the previous day’s work-
load, and click on the Transaction profile button to
run the Transaction Profile Report. The report will
enable you to see all transactions by code and all
batch jobs that were executed for that particular
time period.

But thisisjust a starting point, as you will need to
review these Transaction Profile Reports with your
functional team and your business usersin order to

decide which transactions should be part of your
company’s Business Day Profile. In my experience,
thisisahighly interactive and iterative process.

The result should be that your test script includes

al of the following:

*  Themost frequently executed transactions during
abusiness day

e Thetransactionsthat consumed the most system
resources during a business day

e The agreed-upon order in which these transactions
will be executed

»  The agreed-upon duration of the test run

v Tip

While it would be nice to run the test for an entire
day, it is highly impractical to do so. | have found
that results from a test run of one or two hours,
which includes all relevant transactions and batch
processes, can be extrapolated to provide a good
picture of your SAP system’s performance.

Once you know which SAP transactions are exe-
cuted in the course of each day, identify the top 15
(the ones most frequently executed). The response
time for these transactions constitutes the performance
baseline, which will be especially important in helping
you get a clear picture of how your overall system will
perform under the increased workload of the new
business or technical scenario you are testing.

Establishing your most commonly used SAP
transactionsisjust one part of defining your test sce-
nario. You should aso consider batch jobs. Which
are your longest-running and most expensive batch
jobsin terms of processing capacity? Whatever your
major batch jobs, they should be included in the test
scenario to provide an adequate picture of system
capacity and response.
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Finally, one of the more complex aspects of
defining atest scenario using a Business Day Profile
isincorporating the links your SAP system hasto
external systems. Areyou linked to TIBCO, EDI,
webM ethods, Actuate, Business Objects (formerly
Crystal Decisions), mainframe computers, SAP Java
Connector (JCo), Remote Function Calls (RFCs), or
thelike? Arethose systemsinvolved in the business
or technical scenario you aretesting? If they are, you
have to find away to either actually connect to those
external systems during the test run or, at the very
least, find away to simulate connections to them.

What Are the Effects of Varying SAP I nstance
Profile Configurations?

SAPinstance profiles define how resources are
allocated on a particular SAP application server.
Changing the values of instance profile parameters,
adding new profile parameters, or using entirely dif-
ferent instance profiles can yield impressively differ-
ent performance results. | have been involved in
projects where the right combination of the central
instance (CI) with the database server in an appropri-
ately configured system has resulted in a dramatic
increase in performance and capability. Clearly, mak-
ing changesto SAP instance profiles will require the
involvement of highly skilled SAP system tuners
and/or the SAP EarlyWatch team, but the end results
may be well worth the effort.

| would like to be clear that if you want to test
using various SAP instance profiles, you must main-
tain the same hardware platform, operating system,
and database. Otherwise, you will be introducing
too many new parameters, and the resulting improve-
ment or degradation in performance may be harder
to anayze.

While a complete discussion of the possible con-
figurations of instance profiles is outside the scope of
thisarticle, | highly recommend that you fully under-
stand the performance benefits of varying your Cl and
database configurations.

Testing for Completely New Conditions or
Environments

If you have the business requirements and the means
to do so, you can test scenarios that were not previ-
ously feasible, such as a much larger database server
with more CPUs and memory, alarger number of
application servers with various memory configura-
tions, and so on. Just keep in mind that creating
these new operating conditions and environments
can be very costly, so the business benefits must be
ableto justify the additional costs and efforts of this
type of test.

In conducting tests like these, you should look not
only at how the new configuration will affect your
current operations, but also at how it will function
under probable conditionsin the future. For example,
perhaps you are testing a technical scenario, such as
atering the configuration of your database server. |If
it'slikely that your online orders will significantly
increase in volume in the short term, then it’'s impor-
tant to include that new volume in your test, even
though your main goal istesting your hardware, not
testing a new business process.

Leveraging Your Existing Test Routines
and Scenarios

It's likely, especidly if you've been running SAP
for awhile, that your company has existing test
routines and scenarios. These may be useful for
your current testing purposes, and it's always an
advantage not to have to reinvent the wheel.
Carefully consider, though, whether these routines
are applicable to your current environment. |If the
routines were developed for use during go-live, they
may be very outdated and require serious modifica-
tions before being used. Examine whether they
make sense for your current hardware and software
configuration and whether they properly reflect how
businessis currently conducted at your company
using SAP, especially in light of your newly defined
Business Day Profile.
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Setting Up the Test Data Capture
Environment

Clearly, you will be observing atest in real time as it
isrunning, but to alow for more detailed analysis
once the test runs are completed, you will need away
to capture all theresults. | strongly recommend
investing in the necessary hardware and software to
capture the test data.

The basic data capture equipment can be
workstation-class machines running workstation-
class operating systems, although you could use a
server-class OS (such as Windows 2000 or Linux/
Unix) aswell. My workhorse data capture machines
have typically been Pentium 3 or 4 processors running
at 500 MHz and above, with 512 MB of RAM, 10 GB
or larger hard disk, and Windows 2000 Server or
Advanced Server. Thusthisdiscussion will be some-
what skewed toward Microsoft Windows.

At aminimum, you will need to deploy the fol-
lowing equipment in your data capture environment:

* A machine to capture the Windows PerfMon data
from the database server and SAP application
servers. Infact, | recommend two machinesin
order to have redundancy, since it would be
extremely costly to rerun the test should your data
capture machine fail.

»  Oneor more machines to serve as the real-time
SAPGUI-based monitoring console, where you
can quickly and easily take screenshots of key
transactions such as ST03, ST02, OS06, and so
forth, while the test is being run. Remember that
things happen very fast during atest run, so hav-
ing more than one person and more than one
machine observe the run and make screen cap-
turesin real time can be highly beneficial later
when you sit down to review the test results.

e Anappropriately configured Oracle server, if you
use athird-party tool such as VERITAS Luminate
or the VERITAS I3 for SAP product suite. Inthe
past, | have used Luminate servers with dual

Pentium processors running at 700 MHz, 2 GB of
RAM, 60 GB or more hard disk, and Windows
2000 Server (please check with VERITAS for the
latest hardware requirements). You may need
more than one server if you choose to run the
complete VERITAS |2 for SAP product suite.

The investment in hardware, software, and setup
is considerable, but the results will be well worth
the cost and effort, as you will have areal treasure
trove of information to work with.

* A machine for using sophisticated network moni-
toring tools such as HP OpenView, if you want to
monitor network traffic.

« A machineto capture runtime statistics from
your third-party batch job scheduler (if you use
one). Though you can use the PerfMon capture
machines for this purpose, they can be overloaded
with large amounts of data, and some critical
information may belost. If you decide to capture
data on the server that hosts your third-party batch
job scheduler, you will need to make clear to the
server’s owner that substantial log files will be
written to it.

Defining Hardware
Configurations

The most important consideration when defining

the various hardware configurations for SAP perform-
ance testing is whether your test environment is truly
amirror image of your production environment.
Unless your test and production systems are nearly
identical in disk capacity, size of the database server,
and number of application servers, you do not have

a suitable environment to conduct the types of tests
discussed here.

Results obtained on disparate systems cannot
be completely reliable. To obtain reliable results,
you need to have approximately the same amount
of disk space in your test environment as in your
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v' Tip

Once your test environment is as similar as possible to the production environment, you will need to address the
naming conventions of your test SAP instances. Thisis especially trueif the test instances are in-house and on the
same network. Keep in mind that you can save a great deal of time by choosing a naming convention that will
minimize the work involved in preparing the test data. For example, if your production instance is called E54,
calling your stress test instance T54 would save you time in renaming the data for testing, since the last two digits of
the instance remain the same. |If you have more than one production instance to test, a naming convention like this
one is especially helpful, asit allows you to easily change the instance name in the test data set.

production system. If your test and production
environments are not similar in terms of their
storage systems, | advise upgrading your test
environment before proceeding. You may have

to ask for a bigger budget, rent or borrow the needed
equipment, or find some other way to deal with

the extra expense of the additional storage. One
way to manage the expenseisto use lower-end
and/or slower storage subsystems for your test
environment. The results will be reliable aslong

as the two systems are of similar size, since you
know that the results achieved with the lower-end
subsystems would only be better on production-class
storage. For example, you can have lower-end disk
subsystems such as EMC CLARIiON substituting
for EMC's higher-end Symmetrix, or you can have

arun-of-the-mill RAID 5 configuration with lots
of disk cache enabled.

Creating a perfect replica of the production
system is abig problem for many companies. It
takes a considerable budget and a considerable
amount of time and effort to create such areplica,
and time and money are always in short supply.
It's especially difficult if your databaseis large
(i.e., anything over 300 GB) and your storage sub-
system is a high-end one such as EMC Symmetrix
or IBM Shark. Having a spare system around for
testing purposesis usualy viewed by the keepers
of the budget as an unnecessary luxury. (For a
discussion of how you might justify the cost, see
the sidebar below.)

Environment

The Business Benefits of a Test Environment That Mirrors Your Production

VI Disaster recovery: Organizations with well-developed test environments that mirror their production
environment are far ahead in disaster planning and recovery. If disaster strikes, the test system can
take on production processing relatively smoothly, providing invaluable business continuity benefits.
A test environment that can double as a disaster recovery system may justify to management the
high cost of duplicating the storage capacity and processing power of your production environment.

VI A safe environment for testing upgrades: Once test environments and testing software are
established, you have a comprehensive means of testing upgrades to new SAP releases and
functionalities without having to fiddle with your live system.
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If you haven't executed SAP tests since
go-live, your test environment may not only be
quite different from your production environment,
it may be completely unsuited to the types of tests
discussed in this article. Often, only a“mini” test
environment is set up to handle SAP functional
testing, and stress tests are performed on the actual
production system prior to go-live. If that was
the case at your organization, you may have alot
of work to do to get your test system caught up
with your production system.

The Need for Multiple Configurations of the
Test Hardware

Technical testing generally requires multiple hardware
configurations since, by definition, you' re testing the
differencesin performance between different configu-
rations. For example, you might be testing the effects
of adding more RAM or CPUs to your database server
configuration, having a dedicated server for process-
ing batch jobs, or having a dedicated report server. Or
perhaps you are testing different combinations of the
Cl and database. If you want to analyze different
parameter values of instance profiles, you a'so may
need multiple hardware configurations.

Whatever the details of your test, preparing your
test environment includes carefully defining each
hardware configuration to be tested. You also need to
know how many configurations there will be so that
you can plan your budget and time frame accordingly.

v"  Important!

“ Efficiently Executing Multiple Test Runs’ for details.

If multiple hardware configurations are involved, you will need to plan for the reinstallation of SAP, the database,
and the operating system, all of which can be very time-consuming. In addition, these tasks can involve
complications, such as the need to schedule downtime so that more CPUs or RAM can be added. If you areina
Windows NT/2000 environment, you can use a tool like Norton Ghost to quickly restore a server to itsoriginal
configuration, but the key element is to be able to refresh your test database data very quickly. See the section

Setting Up Your Test Bed

Setting up your server test bed requires careful prepa-
ration. In addition to duplicating the hardware and
network configuration on your production network as
much as possible, you should plan on adding more
hardware and network capacity or reconfiguring your
existing hardware to see if these new configurations
can improve the overall performance of your produc-
tion system.

Based on my experience in avariety of perform-
ance testing projects, here are afew rules for setting
up the test bed:

1. Dual Ethernet isamust. Accordingto SAP's
configuration guidelines, all application servers
must be able to communicate with the database
server over aprivate network. Thisrule requires
application servers to have a second Ethernet card
(100BaseT or Gigahit) to communicate with the
database server. | have followed thisrule even in
a switched Ethernet environment in order to elimi-
nate any question or doubt about network latency.
(Refer back to Figure 3 for an example architec-
tural map of a switched Ethernet.)

2. Private|P addresses are a necessity. This
ruleisan extension of Rule #1. Using private
IP addresses for the private network between
application servers and the database server,
you can completely separate the private network
traffic from the general SAPGUI and other
network traffic.
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Figure 8
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3. Add several moreEthernet cardsinto the
database server. Preferably, you will add
one Ethernet card per application server into the
database server (it doesn’t matter whether the
server is dedicated or not). | have found that this
technique increases performance fairly substan-
tially under certain conditions, such as when
there is heavy database 1/0, when an application
server is dedicated to running batch jobs, or
when login groups are used to segment user
classes. If heavy database I/O is required,
having a dedicated network channel for each
application server significantly alleviates traffic
bottlenecks. The downside, of course, isthe
increased cost — in addition to the extra network
cards, you will need to support the additional
Ethernet ports with alarger switch, which could
be fairly expensive.

4. Hard-codethe P addressin Imhost.sam
and in the host filesfor traffic sesgmentation.
This technique only works if you have multiple
Ethernet cards installed in the database server and
each Ethernet card is dedicated to an application
server (Rule#3). It essentially guarantees that
network traffic between application servers and
the database server will be routed to the Ethernet
card to which the hard-coded |P addressis
assigned, since no DNS tranglation will be
required. See Figure 8 for an example of hard-
coded | P addresses for multiple Ethernet cards
installed in a database server.

L oad up on cache memory if your test storage
environment isless expensive than your pro-
duction storage. If your SAP environment uses
specialized storage subsystems, such as EMC
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Symmetrix or IBM Shark, and they cannot be
duplicated in your test environment, you will
have to make certain adjustments to your server
test bed. For example, if you haveto use EMC
CLARIION instead of Symmetrix, you should try
to obtain the largest CLARIiON system possible,
one with multiple frontend processors and large
amounts of built-in disk cache. (Thisiswherea
good relationship with your hardware and/or stor-
age partner will pay handsome dividends!)

Obtaining Meaningful Test Data

You know that your tests are only as good as your
data. Because you are conducting a performance
stress test and not a functionality test, you can assume
that the SAP software is running correctly and yield-
ing the appropriate data as aresult. But how do you
make sure you have obtained meaningful test data?

Just as atest hardware configuration that mirrors
your production system gives the most reliable results,
using the entire production database for your test data
isthe best way to get redlistic and meaningful results.
A subset of the production data cannot reflect your
Business Day Profile. There are always exceptions, of
course, but | find that there is no substitute for using
the entire production database as the basis for your
test data.

Obtaining, Preparing, and Loading Test Data

There are many ways to make a good copy of your
production system database, but by far the easiest and
surest method is the database system copy method or
the homogeneous system copy method, which copies
everything over.?

? For acomplete guide to performing a database system copy on
Windows, please refer to Giovanni Davila's article “ Database System
Copies Made Easy — A Guide for Copying an Entire R/3 Systemto a
New Windows Platform™ in the May/June 2003 issue of this publica-
tion. For details on performing a copy on the Unix platform, see Bert
Vanstechelman's article “ A Homogeneous System Copy in 60 Minutes?
It Can Be Done!” in the January/February 2002 issue.

Another approach isto export the database and
then import the data back into a newly installed
“starter” database, similar to how you installed your
first SAP system. Thetrick, however, isto be sureto
adjust the .R3S file(s) to accommodate the larger sizes
of the tablespaces on your production system.

Before you load the data obtained from your pro-
duction system into your test system, you will need to
change the SID, or instance information, so that you
do not have a duplicate SAP instance on your net-
work. You will also need to perform several other
tasks — in addition to cleaning up the database table,
you will need to adjust background jobs, operation
modes, the spool server and printer, system profiles
and parameters (if needed), and perhaps even more,
depending of course on your unique environment.®

You will also need to make a decision regarding
the SAPlicense:

» If your performance test project is aone-time
operation, you will need to check with SAPto be
sure that you are in compliance with the terms of
your license agreement. You should be able to use
the temporary 30-day license that SAP grantsto
al its customers. Again, please check with SAP
regarding this matter.

« If you plan on performing ongoing testing as
part of production support, then you will need
to apply for anew SAP license key and relicense
your test servers.

Performing a Complete Backup of Your
“Gold” Copy of the Test Data

The“gold” copy of your test datais the one that

you will useto refresh your database server after
every test run in which the database has been signifi-
cantly altered. If you do not have areliable backup
of the test database, you will need to repeat the
time-consuming task of cleaning up the datafrom

®  Seethe system copy articles mentioned in footnote 2 for details on per-
forming these tasks in Windows and Unix.
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the homogeneous system copy, and that will consider-
ably slow down your test schedule, not to mention
introduce potential errors and omissions into the
cleanup process.

In addition to having areliable backup mechanism
and procedure for the gold copy of your test data, it
also helpsimmensely if the backup systemis fast.

I’ ve seen the restore of a 60 GB database take over
eight hours because the backup and restore was per-
formed using asingle digital linear tape (DLT) drive,
and the second tape had to be manually mounted by a
tape operator before the restore could be compl eted.
Under these conditions, my team was essentialy lim-
ited to one test run per day, and our project took three
times longer than necessary.

| recommend that, whenever possible, you use
hard disksinstead of tape subsystems to back up and
restore test data for the purpose of refreshing your
database. If your database server runs Windows 2000,
| propose one of the following alternatives, both of
which are inexpensive:

e Alternative 1: Use aFireWire-based external disk
subsystem. You can purchase a 250 GB capacity
subsystem, including the necessary controller
card, for well under $1,000 (USD). The FireWire
controller card will be installed in one of the dlots
on your database server, and the drive unit will be
attached externally to the server. The resulting
datatransfer is probably the fastest that you can
achieve for this minimal investment — | have
been able to back up and restore 80 GB in about
2.5 hours. You can substitute a USB 2.0 con-
troller card for FireWire, but | have not had direct
experience with that.

e Alternative 2: Use an inexpensive data backup
server equipped with high-capacity yet inexpen-
sive Advanced Technology Attachment (ATA)
disks. The big benefit of this approach is that
you can back up multiple serversto an ATA disk.
A simple Intel server equipped with multiple
160 GB or 250 GB ATA disks can be built for
under $2,000, excluding the Windows 2000
Server license. To avoid network traffic, you

can attach the data backup server to the private
Ethernet network that joins the SAP application
servers and the database server. With this config-
uration, you may be able to achieve a backup and
restore of 80 GB of datain roughly 3.5 hours.
(Please note that all these figures are estimates.)

Both of these solutions should work in a
Linux/Unix environment as well, though | have not
had direct experience with them under Unix.

Efficiently Executing Multiple Test Runs

A redlity of testing isthat you will spend about

20 percent of your time refreshing data between tests,
another 40 percent of your time running the tests,
and the remaining 40 percent troubleshooting and
fixing the problems that have arisen in each test run.
Therefore, consider creating multiple test bedsto
speed up your testing schedule, so that all testing
doesn't have to grind to a halt when it'stime to
refresh data.

For example, if you have an SAN environment or
an EMC Symmetrix environment, you could have one
or more application servers acting as backup database
servers, so that you can keep multiple copies of adata-
base on the Symmetrix or the SAN-based storage sub-
systems. This technique should result in data refresh
times of aslittle as one or two hours. Activating
backup database subsystemsis not atrivial task,
though you can automate this activity with scripts. If
you have high-end storage subsystems available, you
certainly should try to take advantage of them using
this technique.

Involving External Resources

Thefinal step in setting up your tests and test environ-
ment is determining which external resources, if any,
to involve during testing. In many cases, you will
need hardware or software vendors, including SAP
itself, to be present during configuration changes so
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that you don’'t void warrantees or service agreements.
Thisis particularly true if you have EMC Symmetrix
as your storage system.

It can be advantageous to involve these experts
anyway, even if their presenceis not required, given
their access to in-depth test results conducted at their
own test sites during product development. The
downsides of involving hardware and software ven-
dors are that there may be a cost involved (which can
be significant), and your project’s schedule will be
subject to the availability of the vendor’s experts, who
may be busy with other projects.

It may also be advantageous to involve your con-
sulting partners during testing. |f outside consultants
have been deeply involved in the configuration and
tuning of your system, their experience with your
company, as well astheir view of best practices with
other clients, could be invaluable in your testing
effort. Consulting partners can a so be very helpful
in the delicate task of interpreting and presenting
test results.

Here are some of the external resources that you
should consider engaging in order to have a successful
performance test project:

e Soragesystem experts: If you have EMC, these
experts are anecessity. They can also be useful in
achieving measurable improvements to your data-
base 1/0.

e Hardwaretuning experts. If you have avery
large and complicated database server, it may be
very helpful to involve that vendor’s performance-
tuning experts. They have compiled best practices
during their SAP hardware certification runs and
through their efforts to achieve high watermarks
for their servers, and they can help you achieve
performance gains that might even help pay for
the project — whether through productivity
improvements or adelay in the acquisition of a
New server.

e Test script creators. The learning curve for
Mercury LoadRunner and SAP eCATT can be

quite steep. Serious productivity improvements
can be achieved if you bring in seasoned test
script creators to create the first few scripts and
train your staff to use these script-creation prod-
ucts. You will need to weigh the cost of hiring
these experts against the potential productivity
gains and time-savings that can be achieved.

e Test run analysts: Unless you have previously
been through a performance-testing project and
witnessed one or more test runs, you may be sur-
prised at the complexity and the chaos that a test
run can create. Having an experienced hand on
board isnot abad ideaif your performancetest is
ahighly complex one. Part of the analyst’s agree-
ment with you should include the obligation to
share his or her expert knowledge with you and
your staff.

In the end, involving external resources requires a
careful and realistic analysis of what capabilities you
have in-house, what skills or specialties are necessary
to ensure meaningful and useful tests, and what
options your budget and schedule allow.

v Tip

In my experience, assistance from outside experts
may cost a lot of money, very little money, or no
money at all. It depends on how you structure the
relationship: if the hardware or software partner
can sell you something once the testing project is
complete, then they should be willing to “ invest”
in the test project.

Conclusion

By basing your test preparations on the principles,
ideas, and suggestions set forth in this article, you can
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be confident that your SAPtesting is poised to provide
results that are both accurate and meaningful. You
have the right people, the right tools, the right data
and test environment, and the right testing strategy.

All that remains is to execute the tests, analyze the
results, and present the data to management. That's
what we'll get into in the next installment of this two-
part article series, which presents best practices and
strategies for test execution, analysis, and reporting.

Tim K. Nguyen is Managing Principal of Orchid
Consulting Group, Inc., a consultancy that focuses
on SAP and e-Business systems performance and
business continuance issues and solutions. With
over 20 years of experience building successful I T
professional services practices, he oversees most
of Orchid Consulting’s projects worldwide. He
regularly conducts SAP knowledge transfer and
guides SAP market strategy for leading product
and service providers, in addition to performing
his hands-on technical work. A graduate of the
University of Texas at Austin, Tim has authored
two computer-related books published by

Smon & Schuster and QUE Corporation, as

well as numerous articles in publications such

as Computer Reseller News, PC Week, and Lotus
Magazine. Heisfluent in English and French, and
isalso comfortable working in Italian. Tim can be
reached at tim@orchidgroup.com.
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