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Foreword to the Series of Books

At SAP, our first priority is to ensure that the SAP software solutions in
your enterprise run successfully and at a minimal cost. This “Lowest Cost
of Ownership” is achieved with fast and efficient implementation,
together with optimal and dependable operation. SAP Active Global
Support is actively and consistently there to help you, with the new SAP
Solution Management strategy. Throughout the entire lifecycle of a
solution, SAP offers customers all necessary services, first-class support, a
suitable infrastructure, and the relevant know-how. The new strategy is
backed up by three powerful support programs: Safeguarding, or, in other
words, risk management; Solution Management Optimization, which aims
to optimize the customer's IT solution; and Empowering, which ensures a
targeted, effective transfer of knowledge from SAP to the customer. 

The imparting of knowledge is also one of the key aims of this book—part
of the line of SAP Technical Support Guides. This series gives you a detailed
overview of technical aspects and concepts for managing SAP software
solutions. The topics dealt with in these books range from a technical
implementation project to running a software system and the relevant
database system.

Whether you are new to SAP system management or wish to gain further
qualifications, you will benefit from the wealth of practical experience
and first-hand information contained in these books. With this line of
books, SAP also endeavors to help prepare you for qualification as a
“Certified Technical Consultant”. Please note, however: These books
cannot replace, nor do they attempt to replace, personal experience
gained from working with the various SAP solutions! Rather, the authors
offer suggestions to help in your day-to-day work with the software.
Innovation in SAP solutions always brings with it new challenges and
solutions for system management. The demands made on the customer's
own or external support organizations also increase. The expertise and
knowledge of these organizations can be a great help in avoiding
problems when using the software. Therefore, one of the core tasks of
this series of books is to teach problem-solving skills. 

Even in this Internet age, books prove to be an ideal medium for
imparting knowledge in a compact form. Furthermore, their content
complements the new service and support platform, the SAP Solution
Manager, and other new services offered by SAP. The series provides
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background knowledge on the operation and functioning of new SAP
solutions and contributes to customer satisfaction.

Gerhard Oswald
Member of the Executive Board of SAP

Dr. Uwe Hommel
Senior Vice President of SAP
SAP Active Global Support 

Walldorf, November 2005
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Introduction

PerformanceWhy is the performance of your e-business application important? Users
will only be motivated and work efficiently with an application if
response times are good. A slow system leads to downtime and
frustration. Should the situation deteriorate further, in the worst case,
you no longer have the throughput necessary for running business
processes. The results are overtime, delays in production and financial
loss. In contrast, the systematic, proactive optimization of performance
considerably increases the value of your e-business application.

The performance of a data processing system is defined as the system's
ability to fulfill given requirements concerning response time and data
throughput. The system may, for example, be required to achieve a
throughput of 10,000 printed invoices in one hour or a response time of
under one second for the creation of a sales order. Good performance is,
however, not an absolute characteristic of an e-business application.
Rather, it should always be viewed as relative to the demands made on
the application.

Proactive Performance Management
Performance 
Optimization

By Performance optimization in this book we refer to a process that always
includes five phases: The first two phases are understanding the business
processes and setting and quantifying performance goals. These steps
involve all participating parties, that is to say, technicians and application
experts. Optimization can only be successful on the basis of these
prerequisites. Phases three to five involve the systematic monitoring,
identifying and analysis of problems, the implementation of optimization
measures and further analysis to verify the success of the measures
introduced (Figure 1). We warn against randomly tinkering with
configuration parameters and similar impulsive tuning measures! Rather,
the objective of this book is to enable you to identify and analyze
performance problems in order to deal with them purposefully.
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Technical
Optimization

From a technical point of view, an e-business application is made up of
many different components. On the one hand there are the logical
components: processes and services, threads or work processes and
memory areas such as buffers and user contexts. On the other there are
the physical components such as processors (CPU), main memory (RAM),
hard disks and network segments. Each of these components allows for a
maximum throughput and optimal response time. If the interplay
between the components is not appropriately balanced or if an individual
component has reached its performance limit, wait situations can occur
which have a negative effect on throughput and response time. In this
book, Technical Optimization refers to the identification, analysis and
solution of such problems by tuning the components and distributing the
workload that occurs within the system. 

Application
Optimization

The second important task of performance optimization is to avoid
unnecessary workload. Performance can be weakened by inefficient
programs or the inefficient use of programs. The optimization of
individual programs is referred to as application optimization.

The goal of optimization is, first of all, to improve the system settings and
the applications to achieve the desired performance on the basis of the
existing hardware resources. If the existing resources are not sufficient,
they must be extended according to the knowledge gained in the
analysis.

How much tuning
is necessary?

How much effort is involved in the performance analysis and tuning of a
mySAP solution? The answer to this question depends largely on the size
of the system. For a small or medium sized installation without
modifications to the SAP standard and without customer developments,

Figure 1 Performance optimization in five phases

Understanding the Business Processes

Definition of Performance Goals

Monitoring and Analysis

Optimization

Verification and Reporting of Performance Indicators
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it is normally sufficient to do performance optimization just before and
shortly after the start of production and after large-scale changes, for
example, after upgrades, large data transfers or client transports, or when
new mySAP solutions or additional users are introduced in the system. Of
course, it is also necessary to intervene when there are acute performance
problems. The tuning potential and, with it, the effort involved in analysis
and optimization increase in proportion to the size of the system.
Experience shows that many performance bottlenecks are caused by
customer developments and modifications to the standard SAP software.
The most common reason for this is insufficient testing, but problems
may also arise as a result of time constraints or a lack of experience on the
part of the developer. The extreme case would be a large, constantly
developing installation with several hundred users, complicated process
chains, a dozen or more developers (often from different consulting
firms, working on the system at different times and in different places)
and outsourced system management. In such a system environment it is
absolutely necessary that a small group of administrators and developers
has an overview of the entire system and keeps an eye on performance.

SAP's remote services offer help with performance analysis and tuning.
These are, namely, the GoingLive™ Check, which enables your system
to make a smooth transition to production operation and the
EarlyWatch® Service, which monitors your system and suggests
additional optimizations.

Proactive 
performance
management

How does proactive performance management help you attain your
objective of successfully running of an e-business application? Two
influencing factors should be borne in mind if this objective is to be
achieved: the satisfaction of users and the costs of running the e-business
application. Operating costs come, on one hand, from the cost of
hardware (infrastructure, CPU, main memory, hard disks and networks)
and personnel (administration, maintenance, fault analysis). However,
the costs that arise if an application is not available or does not achieve
the required performance should not be overlooked. In these cases losses
incurred in a few hours or days can exceed the average amount invested
in proactive performance optimization in one year. The cost of these risks
must be compared to the cost of proactive performance management.
The following table demonstrates the value of proactive performance
management using two concrete examples.
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From SAP R/3 to mySAP Business Suite

With the development of the Internet there has been a shift of paradigm
in the world of business software: software is no longer aimed at highly
specialized employees; rather, it is aimed at Internet or intranet users.

With SAP R/3, the classical strategy of process automatation was based
on highly-specialized users accessing their ERP (Enterprise Resource
Planning) system from fixed work centers via installed SAP GUIs. The role
of these specialized agents, who had to be trained to use the software, is
becoming unnecessary in many cases. Instead, the end user can get direct
access to the enterprise's ERP systems via Internet or an Intranet. Today,
for example, in many enterprises the employees can enter their work and
absence times, travel expenses etc. into the system themselves via the
Internet, where previously this would have been done by central users.
Increasingly, customers are ordering their products directly on the

Proactive 
measure

Effect on the 
system

Immediate 
value thanks 
to increased 
user 
satisfaction

Immediate 
value thanks 
to lower 
operating 
costs

Diminished 
risk of 
deterioration

SQL statement 
optimization

Reduction of 
the database 
load

Faster response 
times for 
certain 
transactions

Hardware 
investments 
(database 
server, memory 
system) can be 
stretched

Overloading of 
the database 
system can be 
avoided

Proactive data 
management 
(Data avoid-
ance, archiving, 
reorganization)

Database 
growth 
reduced

Shorter 
times for 
maintenance 
work on the 
database 
(backup/
recovery, 
upgrade, 
migration, 
system copy)

Faster response 
times for 
certain 
transactions

Shorter 
downtime 
during 
maintenance 
work

Hardware 
investments 
can be 
stretched

Lower 
personnel 
requirements 
for 
maintenance 
work

Database size 
remains 
“manageable”

Table 1  Examples of the value of proactive performance management
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Internet and no longer by means of a letter, fax or telephone call to a
sales center. Experts also speak of the “popularization” or even
“democratization” of ERP software. The following statement from an
analyst sums up the issue in a nutshell: “ERP software is made for clerks,
but we aren't talking about clerks anymore.” With the changeover from
R/3 to the e-business platform mySAP Business Suite, SAP has completed
the change of paradigm in the development of their software, with the
consistent expansion of their Web technology on the one hand and more
emphasis on solutions, on the other. 

SAP describes the significance of the mySAP Business Suite e-business
platform for their customers as follows: “In order to be able to survive
profitably and competitively in the Internet influenced business world of
today, successful companies must be put in a position that enables them
to collaborate beyond traditional corporate boundaries and cooperate
within virtual global networks. In mySAP Business Suite, SAP combines
sound business and industry-specific know-how with a comprehensive e-
business platform for solutions, services and technologies. By linking their
business strategies with mySAP Business Suite, enterprises achieve a
long-term competitive advantage, assessable added value and the best
possible return on investment.”

In an advertising slogan SAP makes the claim that their software does not
merely execute “add to shopping basket”, but also deals with “load to
truck”—in allusion to the unsuccessful Internet connection attempts of
many enterprises with “isolated applications”, not linked with their
business processes. The e-business platform mySAP Business Suite on the
other hand, offers integrated solutions—from Customer Relationship
Management to Enterprise Resource Planning through to Supply Chain
Management.

What are the consequences of the changeover from SAP R/3 to mySAP
Business Suite for system management and for performance management
in particular? There are two specific consequences that we would like to
deal with here in the first instance: firstly, the increasing user demands
and secondly, the growing complexity of the system landscape linked
with the growing need to recognize IT as a service. 
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User expectations The expectations of a user concerning the usability and performance of
an e-business solution are disproportionately higher than the classical
employee's expectations as regards their ERP system. The employee relies
on his or her own ERP system, and if it normally helps to make his day-to-
day work easier, he accepts it and even puts up with minor errors or weak
points in performance. The Internet user is quite different: If the
applications offered on the Internet do not work easily and effectively,
users can immediately change over to the competition and, for example,
make their purchases there (“the competition is only a mouse-click
away”). In addition, the Internet does not finish work at 5 p.m.—an e-
business solution on the Internet will be required to be available and
working well 365 days a year, 24 hours a day. 

IT services The demands for an open, flexible software architecture require
specialized, independently running software components, which are
linked via interfaces. That means that a business process involves several
software components. The constantly growing number of solutions and
components presents an administrative challenge for computer centers—
the number has gone from the “manageable” SAP R/3 (with SAP
instances, database, hardware/operating system) to a constantly growing
range of technologies—including products that SAP does not produce
itself, but that it offers as a reseller.

Consistent with this, the business process operator counters this trend by
integrating more and more service partners into the running of the
business process. This outsourcing may involve only the hardware
(computer performance, hard disk memory, network resources etc.) or

Figure 2 From SAP R/3 to mySAP Business Suite: SAP R/3 is typical ERP software 
covering the areas of human resources, financials and logistics. mySAP Business Suite 
includes solutions for the enhanced linking of the enterprise with customers and 
partners, for example, via the Internet.

EnterpriseCustomers Suppliers

Employees  Revenue 
Costs

Products 
Services 

Customer    
Relationship         
Management         

Software   

Enterprise Resource 
Planning (ERP) Software

Human      Financials      Logistics
      Resources                                                

Electronic Portal and Marketplaces
Content Management, Knowledge Management, Data Warehousing

Business-to-Business Procurement

          Supply Chain 
          Management 

  Software
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also the application itself (application service providing, ASP). For
example the services of an Internet product catalog can be completely
given over to a service provider instead of operating the catalog software
in the enterprise itself. This means that it is not only necessary to monitor
hardware and software components, but monitoring must also go
beyond company and component boundaries.

Overall, completely new requirements arise for the administration and
monitoring of mySAP solutions which cannot be dealt with using past
concepts.

About This Book
Structure of 
the book

The methods for performance analysis and optimization presented in this
book reflect the methods initially used by experts in the EarlyWatch®

service and the GoingLive™ Check and they are included in the SAP Basis
training courses BC315 Workload Analysis and BC490 Optimization of
ABAP programs. This is the fourth edition of this book, and with each new
edition I take the opportunity to describe thoroughly the current trends
in product development at SAP and, wherever relevant, to consider
developments in the IT world in general.

Figure 3 The chapters in this book and how they correspond to the phases of 
performance optimization

Understanding of Business Processes

Definition of Service Level Management

Monitoring 
and Analysis

Optimization

System Application

Chapter 1: Performance Management

Chapter 1:
Central Monitoring

Chapter 2:
System Monitoring

Chapter 3:
Workload Analysis

Chapter 4:
Program Analysis

Chapter 5:
Load Distribution

Chapter 6:
Interfaces

Chapter 7:
UI and Internet

Chapter 9:
SAP Buffers

Chapter 10: Locks
and Enqueues

Chapter 11:
SQL Optimization

Chap. 8: Memory
Configuration
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Chapter 1, “Performance Management of a mySAP Solution”, is directed
at SAP administrators, SAP consultants, application developers and SAP
project leaders. It deals with the following fundamental questions about
performance analysis on a non-technical level:

� Which preventative measures must be taken to guarantee the optimal
performance of a mySAP solution?

� What performance tuning measures should be taken into
consideration?

� Who is involved in the tuning process?

The service provided to the user frequently turns out to be the
combination of a number of different services carried out by a network of
partners. Many parts are provided by different, sometimes external,
service providers. In order to master this complexity, many service
providers and customers implement Service Level Management (SLM).
The SLM concept calls for a structured, proactive method to ensure an
adequate service level to the users of an IT application, taking into
account both cost-efficiency and the business objectives of the
customers. In this book, we'll describe the tools and methods you have to
use in order to implement an SLM for a mySAP solution.

Performance analysis is presented in Chapters 2 to 4. After having read
these chapters you should be in a position to carry out a systematic
performance analysis.

In this book, we initially follow the bottom-up analysis strategy, starting
in Chapter 2, “Monitoring Hardware, Database and SAP Basis”, with an
examination of the operating system, database, SAP memory
management and SAP work processes. At the same time, solution
proposals are provided which should enable the administrator or
consultant to solve the most important performance problems. For small
and medium sized installations this level of tuning is often sufficient.

Then in Chapter 3, “Workload Analysis”, the more complex workload
analysis is discussed as an example of top-down analysis. In Chapter 4,
“Identifying Performance Problems in ABAP and Java Programs”, you will
find methods for analyzing individual programs, using the tools SQL trace
and ABAP debugger, among others. 

The remaining Chapters 5 to 11 present knowledge necessary for a more
indepth performance analysis. They are intended for SAP consultants
responsible for the efficient functioning of large systems who seek and
need to reach the full tuning potential of their system. Chapters 5 to 11
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are independent units to a large extent, and they can be read in any order
once you are familiar with the content of the first four chapters.

The topics are:

� Chapter 5, “Workload Distribution”: Optimal workload distribution of
dialog, update and background requests helps to ensure optimal use of
hardware and avoids bottlenecks brought about by nonoptimal
configuration. Server consolidation, i.e. the bundling of all services in a
few powerful machines, has without doubt become an important
trend in the IT market in recent years. Server consolidation usually
takes place when the 64-bit memory-allocation technology is
implemented. We’ll describe what you must take into account in order
to efficiently use these technologies.

� Chapter 6, “Interfaces”: The performance of interfaces between
software components contributes greatly to the performance of the
entire solution. E-business solutions that consisted solely of monolithic
R/3 systems were rarely used even in the past. It is, rather, open
solutions comprising several components connected to each other via
interfaces that represent the standard.

� Chapter 7, “SAP GUI and Internet Connection”: Analysis and
configuration recommendations demonstrate the optimization
potential of linking GUIs (classical SAP GUI or Web browser) with the
application.

With its EnjoySAP initiative born in 1997, SAP focused increasingly on
user-friendly and intuitive software and developed personalized
graphical user interfaces for SAP software. The entirely revamped
software was released for the first time when SAP R/3 version 4.6 and
other software components were brought to market. In terms of
technology, the new design was based on a completely new
interaction model for the communication between the presentation
and the application layers, the so-called controls.

Since 1997 (SAP R/3 version 3.1) it has been possible to directly access
an SAP R/3 system by means of a Web browser via SAP Internet
Transaction Server (SAP ITS) and a Web server. In SAP R/3 4.6 the
entire range of functionalities is web-enabled throughout. Other
important SAP E-business solutions also use SAP ITS, which means that
it will be a major strategic component for many customers and their
mySAP solution landscapes in the coming years.

New SAP products are based on two new SAP technologies for the
connection of Web front ends: the Business Server Pages (BSP) and the
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use of Java-based front-end technologies. The third and fourth editions
of this book contain separate sections dedicated to these technologies.

� Chapter 8, “Memory Management”: The configuration of the memory
areas allocated by the SAP component has a considerable influence on
performance.

� Chapter 9, “SAP Table Buffering”: Buffering tables on the application
servers speeds up access to frequently read data and helps ease the
load on the database.

� Chapter 10, “Locks”: Database and SAP locks ensure data consistency.
With an optimized administration of locks (for example, with the ATP
server or by buffering number ranges) throughput bottlenecks can be
avoided.

� Chapter 11, “Optimizing SQL Statements”: Ineffective SQL statements
make heavy demands on the database and thus become a problem for
the performance of the entire application. An entire chapter is
therefore devoted to optimizing SQL statements.

Target groups We have already differentiated between technical optimization and
application optimization. Chapters 2, 5, 6. 7 and 8 deal with technical
optimization and are mainly aimed at SAP system administrators and
technical consultants. Chapters 4, 9, 10 and 11 deal with the analysis and
tuning of individual programs (or applications) and as such form part of
application optimization. This part of the analysis is also of interest to
those responsible for SAP applications (employees in the department,
application consultants and developers). Chapters 1 and 3 are relevant to
both areas. 

Prerequisites This book assumes both theoretical and practical knowledge of the
administration of SAP components. You should be familiar with the use of
Computer Center Management Systems (CCMS) in particular. “R/3 System
Administration” (see appendix G, “Information Sources”) should serve as
good preparation. Parts of this book, e.g. Chapters 4, 9, 10 and 11
assume familiarity with the programming language ABAP, with the
functioning of relational databases and with SQL.
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Limitations of 
this book

The book does not cover the following topics:

� Hardware and network tuning
Although this book helps you to identify a bottleneck in the CPU, main
memory, I/O or network, a detailed analysis requires the tools of the
hardware or network provider. In view of the enormous number of
products offered, this area (especially tuning the hard disk) cannot be
included.

� Databases
In the Computer Center Management System (CCMS), SAP offers
tools that standardize most administrative and analysis tasks for
different database systems. However, for those who wish to do more
in-depth database tuning, you need to know the different database
system architectures. It is impossible to go into the fine points of all
seven database systems that can be used in conjunction with mySAP
Business Suite in sufficient detail in this book. In any case, this is not
necessary because reference material on tuning is available for all
database systems. This book cannot replace such material, nor does it
endeavor to do so. Rather, the emphasis in this book is on the SAP-
specific context of database tuning and on explaining concepts
common to all database systems. The concrete examples used always
refer to individual database systems. In the appendix you will find an
overview of the most important monitors for analyzing all database
systems.

� Application tuning
Many problems with performance can only be solved with detailed
knowledge of the application and of the individual mySAP modules. A
change to the customizing settings often solves the problem. This book
does not provide know-how for tuning individual mySAP modules.
However, this book does provide you with analysis strategies so that
you can limit performance problems to certain applications and then
consult the appropriate developer or consultant.

Release 
dependency

One question that was heatedly discussed before this book was published
concerns the extent to which release-dependent and time-dependent
information should be included; this would affect, for example,
menu paths, recommendations for configuration parameters and guide
values for performance counters. A new version, a patch (for the SAP
component, the database or the operating system), a new generation of
computers—these and other factors could render previous information
useless overnight. In the worst case, obsolete recommendations could
even have negative effects on performance. We are aware of this risk.
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Nevertheless we have decided to include time-dependent information
and rules in the book. Only in this way can the books of this series be
used as works of reference for daily work in SAP administration. On the
other hand, it is clear that this is not a book of fixed rules and regulations,
and anyone who considers performance optimization to mean
mechanically following rules is mistaken. This book cannot replace direct
analysis of the solution, SAP online help or up-to-date SAP Notes on
SAP's Service Marketplace—it only hopes to support them.

SAP NetWeaver
’04

All details on menu paths, references to performance monitor screens
and guideline values for performance counters refer to SAP NetWeaver
’04. 

You will find important Notes and Tips in sections marked with this
symbol.

This symbol indicates an Example.

Caution, sections marked with this symbol warn of potential errors and
pitfalls!

UNIX
Windows

Sections referring to specific features of the UNIX and Windows
operating systems will be marked as such.
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3 Workload Analysis

Workload analysis gives reliable data on throughput, load and response
times for the SAP system and its components. As described in the
Introduction, an experienced performance analyst begins by using a
workload analysis to reveal areas of the SAP system that have noticeable
performance problems, and then proceeds with a more detailed top-
down analysis.

Example: Assuming that you have systematically performed the analyses
explained in the last chapter and have discovered several problems both
in the database area and in SAP memory configuration. How can you
determine which problem is the most serious and requires the most
urgent attention? The workload analysis can provide the answer.

Workload analysis examines the various response times measured by the
system. The kinds of performance problems identified by workload
analysis are those that negatively affect throughput and response time
and are known as bottlenecks. Bottlenecks can critically affect production
operation and therefore require speedy removal. Workload analysis can
also be used to prioritize performance problems.

In addition, workload analysis reveals the load distribution for each
application’s programs or transactions and indicates which of these are
placing the greatest load on the SAP system. Workload analysis should
therefore be the starting point for a detailed application analysis.

The first section of this chapter explains the basic concepts of workload
analysis. After an introduction to the Workload Monitor, there is an
explanation of which statistics are measured in units of time by the SAP
system and how you can use these measurements to identify
performance problems The second section of the chapter provides
recommendations on how to monitor your system performance
regularly.

When Should You Read this Chapter?

Read this chapter when you want to monitor, analyze, and interpret the
response time of the SAP system or of individual programs and
transactions. If you want to technically monitor and optimize the
performance of the SAP system, you can read Chapter 3, “Workload
Analysis”, either before or after Chapter 2, “Monitoring Hardware,
Database and SAP Basis”.  If you want to monitor and optimize the
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performance of programs and transactions, you should read this chapter
and then read Chapter 4, “Identifying Performance Problems in ABAP and
Java Programs”. Understanding workload analysis is a precondition for
successful performance optimization.

3.1 The Workload Monitor

This section describes the Workload Monitor. First we will deal with the
functions and availability of the Workload Monitor, then we will describe
how to work with the Monitor and, finally, we shall look at the technical
settings.

3.1.1 Functions and Availability

The Workload Monitor (transaction code ST03) has formed a part of SAP
software since the first release of SAP R/3 (in the Computer Center
Management System CCMS). With SAP Basis 4.6C the Workload Monitor
is now available with a completely reworked interface, in EnjoySAP format
(transaction code ST03N). In the latest version of the (central) Workload
Monitor it is possible to display statistical data from all SAP components in
complex system landscapes, even from “non-R/3” systems (transaction
code ST03G). The statistical data from remote components can be
accessed using RFC. The central Workload Monitor is available with SAP
Basis 6.10. The system to be monitored must be at least SAP Basis 4.0 with
corresponding support packages.

In the following section we shall refer to the mapping and menu paths in
SAP Basis 4.6C and higher. Menu paths for older versions of Basis are also
given.

3.1.2 Working With the Workload Monitor

Statistics such as response times, memory use, and database accesses are
collected and stored for all transaction steps for all SAP components. These
statistics are organized in load profiles that can be displayed in the
Workload Monitor. The Workload Monitor enables you to obtain a
comprehensive overview of load distribution within an SAP component. 

To access the initial screen of the Workload Monitor, use transaction
code ST03N. The main screen of the Workload Monitor appears, Load
Analysis in System X, as can be seen in Figure 3.1. The main screen is
divided into three windows: 
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In the window on the upper left you will first of all find a button (in the
top left-hand corner), with which you can choose a role. There are three
roles:

� Administrator
This is the standard user mode. It offers fast access to the system load
statistics of the current day and gives an overview of system load
distribution. In addition, in this mode you can also display the
functions related to the data collector. 

� Service Engineer
This mode gives you the system load statistics for the current day and
for the previous week as well as an overview of the history and
distribution of the workload and a detailed analysis of system load. By
default, the system displays all of the statistics for all application
servers.

� Expert
This mode gives users all functions available in Transaction ST03N. You
can display all available data on system load (daily, weekly and
monthly data).

Furthermore, in the window in the upper left you can choose the SAP
instance you wish to analyze or “Total”, if you want to analyze the entire
SAP system. You can also select the period of time to be included in the
analysis.

You will find administration information in the top part of the window on
the right. The Instance field displays the name of the SAP instance or
“Total”, if you are analyzing the entire SAP system. Using the data for
Period, First record and Last record you can check to see if the collection
and compression of data in the selected time period has been done
accordingly.

Further down you will see statistical data on the performance of the SAP
system and information on possible causes of performance problems. If
you select the Workload overview analysis view in the window in the
lower left, you will see a breakdown of statistics on response times and
throughput, according to different task types. For the most part, the task
types correspond to the work process types “Dialog”, “Update”,
“Update2”, “Background” and “Spool”. The “Dialog” work process type is
further subdivided into the task types “Dialog”, “RFC”, “AutoABAP” and
“Buffer Sync”.



126 Workload Analysis

Transaction step The first important values are the number of transaction steps (Number of
steps column) and the average response time (Av. Response time). In a
dialog task, a transaction step corresponds to a screen change—that is, to
a request that is executed for a user by the mySAP component. The term
“dialog step” may be somewhat misleading, as dialog steps used in the
Workload Monitor are performed not only in dialog tasks (immediate
responses to input from online users), but also in background tasks,
update tasks, and spool tasks. Processing an update request or a spool
request is counted by the Workload Monitor as one dialog step. Similarly,
a background program may involve one or more dialog steps. To avoid
ambiguity, this book will use the term transaction step for the processing
steps referred to in the Workload Monitor as dialog steps, to differentiate
them from background dialog steps. The number of transaction steps per
unit of time will be referred to as system activity or throughput. 

Response time The average response time for a transaction step in a dialog task (Av.
Response time) is seen by many SAP users as the criterion for the
acceptable performance in an SAP component. Another generally
accepted rule of thumb is that good performance in SAP R/3 is indicated
by an average response time of 1 second or less. As we will see in this
chapter, however, a broad generalization of this kind is not accurate when
you consider the variety of different SAP components and the demands
made on each. 

Figure 3.1  Main screen of the Workload Monitor
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In addition to the average response time, there are many other statistics,
such as database time, CPU time, and so on, that enable you to
understand performance problems and their possible causes. These
statistics are explained in the next section.

Using tabs in the menu interface you can select other screens with
information on database accesses etc. Using the Save view function you
can save user-specific views. The next time you call up Transaction
ST03N, the system automatically displays the view saved.

Load profiles, or analysis views, enable you to perform a detailed analysis
of load distribution and response times. Apart from the Workload
overview already mentioned, in the lower left window you can select
other analysis views: Transaction profile and Time profile, which we will
discuss in greater detail in later sections.

Older versionsFor older SAP Basis versions, enter transaction code ST03. The initial
screen of the Workload Monitor appears, Workload: Analysis of SAP
System SID. From this initial screen, you can access the main screen.
First, choose the Performance database button. In the dialog boxes that
appear you can select data for a specific server or for the entire system
(“TOTAL”) and a period to be analyzed. You are then shown the main
screen of the Workload Monitor, Performance: Workload summary of
server.

If you are interested in the current statistics for the server you are
connected to, from the initial screen of the Workload Monitor choose
This application server • Last minute load. Then specify over how many
minutes the response times should be given (e.g. the last 15 minutes).
You are then brought to the main screen of the Workload Monitor,
Performance: Recent Workload for Server. 

The main screen of the Workload Monitor is divided into three sections.
The first section, Instance, contains administrative information. The fields
SAP System, Server and Instance no show the name of the SAP
component and the name of the server selected (or “Total”, if you are
analyzing the entire SAP system). Using the data for First record and Last
record you can check to see if the collection and compression of data in
the selected time period has be done accordingly. The lower section,
Task types, tells you which task type you have chosen (Current field),
and the buttons that enable you to choose other task types. The central
section of the screen (Workload) contains the statistical data.
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From the main screen of the Workload Monitor you can go to the load
profile by selecting Goto • Profiles. There, you can select profiles for the
technical analysis, such as Task Type Profile, Time Profile, Computer
Profile and Memory Profile and profiles for the application analysis, such
as Transaction Profile, User Profile, Client Profile and Accounting Profile.

3.1.3 Technical Settings for the Workload Monitor

To ensure that individual statistical records, generated and recorded for
each transaction step, are regularly collated in profiles, the RSCOLL00
program must be scheduled to run every hour as a background job
(generally under the name SAP_COLLECTOR_FOR_PERFORMANCE).
You can display and modify the parameters affecting the creation of
profiles in the Workload Monitor. In the “Expert” role, select

Collector & Perf. Database • Parameter & Reorg • Collector & Reorg

Under Standard statistics you can enter the retention periods for profiles—
that is, the time before they are automatically deleted. Under Time
comparison data you can enter the retention period for data displayed
under the Workload Monitor menu option Load history. The Cumulate
server statistics to a systemwide total statistics option determines
whether or not a systemwide statistic should be generated. This option
should always be selected. With the Delete seq. statfile after … and
Max. number of records… parameters you can specify when the
individual statistical records are deleted and also the maximum number
of records that are to be collated in each run of the RSCOLL00 program.

Protocols are set for each run of the RSCOLL00 program which you can use
for troubleshooting. You can see the protocols in the Workload Monitor
by selecting Collector & Perf. Database • Perf. Monitor Collector •

protocol or Collector & Perf. Database • Workload collector • protocol.
Explanations of the functions and settings of the data collector may be
found in SAP Online Help and in the SAP Notes listed in the appendix.

3.2 Workload Analysis

To examine Workload Analysis more closely, in this section we will
discuss the sequence of events in a transaction step and the times
measured during it, with the help of Figures 3.2 and 3.3.
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3.2.1 Course of a Transaction Step

Once an SAP user completes an entry, the presentation server sends the
request to the dispatcher on the application server. The response time
(Av. response time) is measured from the moment when the request
from the presentation server reaches the dispatcher in the application
server (step 1 in Figure 3.2). The response time ends when the request is
processed and the last data is sent back to the presentation server. 

Dispatcher wait 
time

When the dispatcher receives a processing request, it looks for a free SAP
work process of the required type (dialog, update, and so on) and then sends
the request to this work process, which begins the processing work.  If all
SAP work processes of the required type are busy when the request initially
reaches the dispatcher, the request is placed in the dispatcher queue (2).

In the dispatcher queue, the request waits until a work process of the
required type is free. As soon as a work process is free, the dispatcher
sends the request to it (3). The time the request spends in the dispatcher
queue is indicated as the Av. wait time. Note that there are many other
kinds of wait time involved in the processing — for example, waiting for
RFC calls, locks, CPU access, database access, and so on. To differentiate
the wait time discussed here from others, it should be referred to as
Dispatcher wait time. 

Figure 3.2  Course of a transaction step
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Roll-in, roll-out An SAP transaction normally extends over several transaction steps
(screen changes). During these steps, data such as variables, internal
tables, and screen lists is built up and stored in the main memory of the
application server. This data is known as User context. Different
transaction steps are normally processed by different dialog work
processes. For example, the first transaction step may be processed by
work process number 3, the second transaction step by work process
number 4, and so on. At the beginning of a transaction step, the user
context is made available to the appropriate work process. This
procedure is called Roll-in (4). The technical processes comprising a roll-
in, such as copying data into the local memory of the work process, are
described in detail in Chapter 8. The analogous process of Roll-out saves
the current user-context data to the virtual memory at the conclusion of
a transaction step (12). The duration of the roll-in is referred to as Roll-in
time and the duration of the roll-out is known as the Roll-out time. The
average roll times are indicated as Time per roll-in or Time per roll-out in
the Workload Monitor in Release 3. To obtain the average roll times in
Release 4, divide the values Roll-in time or Roll-out time by the number
of “roll-ins” or “roll-outs” respectively. Please note that the roll-out time
is not part of the response time of a transaction step. At roll-out, when
the user context is copied from the local memory of the work process to
the roll memory, the processed data has already been returned to the
presentation server.

Load time All ABAP programs and screens that are required and are not yet available
in the application server buffers must be loaded and possibly generated.
The time it takes to do this is indicated as Av. load+gen time. Loading a
program also entails accesses to database tables storing the ABAP
programs—for example, the tables D010S and D010L.

Database time When data is read or changed in the database, the time required is
known as database time and is indicated as Av. DB request time.
Database time is measured from the moment of sending the database
request to the database server and runs until the moment at which the
data is returned to the application server (6–10). Because database time is
measured by the application server, database time includes not only the
time required by the database to produce the requested data, but also
the time required for the network transfer of that data. Thus, a network
problem between the database and the application server results in a
greater database time. 
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Before accessing the database, the database interface of the work process
checks whether the required data is already in the SAP buffers. If the data
is already in the buffers, the buffers are accessed directly because using
buffers is up to 100 times faster than a database access (5, 11). Buffer
accesses do not contribute to database time.

DB procedure 
time

Since release 4.6C it is possible to gather statistics separately on DB
procedure calls. DB procedure calls are particularly relevant in APO
systems, since communication between APO instances and liveCache are
done via DB procedures (which can also be called COM routines). For
analysis purposes, a new subrecord type, the DB procedure subrecord, has
been introduced. This new subrecord type contains the name of a DB
procedure and the name of the logical DB connection as a key field, along
with the number of calls and the total execution time as the data section.
By default, such subrecords are currently not written. To activate writing
you must set the profile parameter stat/dbprocrec. This is also possible in
a running instance in the Workload Monitor in expert mode. In the
Workload Monitor the time needed to execute DB procedures is
identified as DB procedure time. The database time in the Workload
Monitor and in the single record statistics contains only times for calls to
the "actual" database.

Roll wait timeRoll wait time occurs in connection with Remote Function Calls (RFC), in
other words, when there is communication between software
components or, from SAP Basis 4.6 on, when there is communication
with the presentation level.

GUI timeUp until SAP Basis 4.5 the duration of communication between the
presentation and application servers (network transfers and the creation
of images on the presentation server) was not included in the workload
analysis data. Starting with SAP Basis 4.6, these times are included in the
response time, for the main part at least, as GUI time. Roll wait time and
GUI time are explained in Chapters 6 and 7, “Interfaces”, and “SAP GUI
and Internet Connection”.

Enqueue timeEnqueue time, indicated as Av. enqueue time, is the time during which a
work process sets an enqueue request.

Processing timeProcessing time is the total response time minus the sum of all times
mentioned above (except GUI time).

CPU timeAll the statistics discussed above concern actions that form part of an SAP
work process; that is to say, whenever the action in question runs, it is
timed. With Av. CPU time on the other hand, at the end of a transaction
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step, the SAP work process asks the operating system how much CPU
time has expired during that step. CPU time is not determined by the
operating system. CPU time is not an additive component of transaction
response time (like the times mentioned above), but is consumed during
load time, roll time, and processing time (see Figure 3.3). 

3.2.2 Interpreting Response Times

To analyze response times for dialog processing, use the guideline values
in Table 3.1.

Figure 3.3  Response time and its components: dispatcher wait time, roll-in time, roll 
wait time, load time, database time, processing time and CPU time

Time Guideline value Problem indicated See chapter
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Table 3.1  Guideline values for analyzing the average response times for task type 
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If the values you observe in the Workload Monitor are significantly
outside the guideline range indicated here, there may be a performance
problem in the relevant area (e.g. on the database). Note that these
values are based on standard situations and may differ in some SAP
components.

Time Guideline value Problem indicated See chapter

Roll-in time, 
Roll-out time
(in Release 4.0: “Roll-
in time” / “Roll-Ins”; 
in Release 3.0/3.1: 
“Time per roll-in” etc.

< 20 ms SAP roll buffer, SAP 
extended memory 
too small or CPU 
bottleneck

2, 8

Roll wait time < 200 ms Problem with 
frontend 
communication 
(together with higher 
GUI time) or with 
communication with 
external component

4, 6, 7

GUI time < 200 ms Problem with 
frontend 
communication 
(together with higher 
roll wait time)

4, 6, 7

Enqueue time
 

< 5 ms Problem with 
enqueue, 

network problem

4

Processing time
CPU time

Processing time

< 2 ×CPU time

CPU bottleneck or 
communication 
problem

5

Database time
(“DB request time”)

< 40% of (response 
time minus dispatcher 
wait time); 
Guideline value: 200–
600 ms

Database problem, 
network problem or 
CPU bottleneck

3, 4, 11

Time per DB request < 5 ms database problem 3, 4, 11

Direct reads < 2 ms database problem 3, 4, 11

Sequential reads < 10 ms database problem 3, 4, 11

Changes and commits < 25 ms database problem 3, 4, 11

Table 3.1  Guideline values for analyzing the average response times for task type 
dialog (contd.) 
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“Lost time” In addition to comparing your statistics with the guideline values, you
should perform the following analysis, which could be referred to as the
“search for time lost”. As mentioned above, there are two different
sources of time statistics. All times, apart from CPU time, are measured
from the perspective of the SAP work process, whereas CPU time is
measured from the perspective of the operating system. The lost time
analysis aims to check whether the two statistics can be brought together.
To do so, from the total average response time, subtract all times for
which the SAP work process does not require any CPU time—namely,
dispatcher wait time, database time, enqueue time and roll wait time. (As
of Release 4, to find the average roll wait time from the Workload
Monitor, divide the “Roll wait time” by the “Dialog steps”.) 

For the most part, programs are processed during processing time and as
a result, CPU capacity is normally “consumed” during this time. As a
result, processing time and CPU time should be more or less the same. As
a rule of thumb, the difference between processing time and CPU time
should not be more than 100%. Greater “lost times” indicate
performance problems. 

What are the possible causes for a significant difference between
processing time and CPU time? 

� The first possible cause is a CPU bottleneck. This would mean there is
not enough CPU capacity available for the SAP work processes, which
must therefore wait until CPU becomes available. In this case,
processing time is being measured in the work process while no CPU
time is used, and this processing time is considerably larger than CPU
time.

� Another reason for a difference between processing time and CPU time
concerns wait times in the SAP work process. Whenever the SAP work
process has a status “stopped”, processing time is measured without
CPU time being used. This type of wait situation can be identified in the
Work Process Overview.

3.2.3 Activity, Throughput and Load

Activity,
throughput

The concepts of system activity, throughput and load can best be
explained using the Workload overview analysis view (see Figure 3.1):
The number of transaction steps can be seen in the second column
(Number of steps). The number of transaction steps per unit of time can
be defined as system activity or throughput. In our example we can see
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the highest level of activity (2,614 transaction steps) corresponds to
dialog processing, that is to say that the user has performed 2,614 screen
changes in dialog processing mode during the period of time in question.

LoadIf two users have each executed 100 transaction steps in a given time
period, they have created equal activity. This does not mean, however,
that they have both produced the same load on the system. If, for
example, the first user has entered 100 financial documents and has
executed 100 transaction steps with an average response time of 500 ms,
this user has occupied the system for 50 seconds. If a second user has
created auditing reports and performs 100 transaction steps with of an
average response time of 5 seconds, this user has occupied the system for
500 seconds. Evidently the second user has created a system load that is
10 times greater, with the same amount of activity. As can be seen from
this example, the product of the number of transaction steps and the
average response time is a way of measuring the load generated. (To be
more exact, subtract dispatcher wait time and roll wait time from the
total response time, because a request does not create system load while
it waits in the dispatcher queue or while it waits for an RFC to be carried
out.) Similarly, the database load created by the different task types can
be determined using the total database time (transaction steps by average
database time). CPU load on the application server can also be measured
in this way. The distribution of times (database time, CPU time and so on)
thus reflects the distribution of load on the system better than just the
number of transaction steps.

Active usersThe simplest and most graphic measure for the size of an SAP component
is the number of users. Unfortunately, the “number of users” is also an
imprecise expression, and its meaning varies according to context. It can
mean, for example, the number of licenses or the number of user master
records, to mention just two possible meanings. For components that are
mainly characterized by background or interface load, the number of
users is no longer relevant as an indication of size. 

To avoid confusion, this book distinguishes three types of users, as
follows:

� Occasional user
On average a user of this type performs fewer than 400 transaction
steps (screen changes) per week. For a 40-hour work week this
corresponds to an average of one transaction step every 6 minutes. This
is typically a user who only uses the SAP component now and again. 
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� Transactional user
On average a user of this type performs up to 4,800 transaction steps
per week. This corresponds to less than one transaction step every
30 seconds. These are users who use the SAP component regularly and
continuously. 

� Data entry/telesales/high volume “power user”
Power users perform more than 4,800 transaction steps per week.
They use the SAP component regularly and at a high volume.

In this book, active users are users who correspond to either the
“transactional user” or the “power user” categories.

The user profile gives information about the activities of users. You can
call the user profile in the Workload Monitor under Load distribution •
Users per instance.

Older versions For older versions of SAP Basis call the user profile from the main screen
of the Workload Monitor by choosing: Goto • Profiles • User profile. The
profile provides information on the users logged on during a particular
period of time and their activities.

3.3 Performing Workload Analysis

In general, the first input for performance analysis comes in the form of
observations made by the users. The Workload Monitor helps you to verify
the subjective comments of users and narrow down the causes of
performance problems. We can distinguish between two types of problem:

� General performance problems
A general performance problem results in poor response times and
unsatisfactory throughput in all transactions. A problem of this type can
have a negative impact on business processes and lead to financial loss. 

� Specific performance problems
If the throughput or response time of individual transactions is
unsatisfactory, then we can speak of specific performance problems.
Specific performance problems can have a negative impact on business
processes if the transaction in question is one of the key transactions in
the business process (such as goods issue).

With the help of the seven questions included in the following sections,
you can further limit performance problems. Guideline values and
examples are provided to help you to answer these questions. You
should, however, bear in mind that a simple yes or no answer is not
always possible.
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3.3.1 Analyzing General Performance Problems

Is There a General Performance Problem?

The users can usually identify a general performance problem. You can
use the Workload Monitor to verify the users' observations and check
whether response times affecting all transactions are high. The following
criteria, which apply to dialog tasks, may help you to decide:

� Dispatcher wait time >> 50 ms: A significantly large dispatcher wait
time always affects all transactions. It implies that programs are too
slow and are blocking work processes for lengthy periods — or that
too few work processes have been configured.

� Database time >> 40% (response time—dispatcher wait time) and
database time > 400 ms: A high database time slows performance for all
transactions.

� Processing time > 2 × CPU time: High processing time slows
performance for all transactions. This can be caused by a CPU
bottleneck or a problem with communication between systems.

� Average response time > system-specific guideline value: Average
response time for a dialog task is seen by many SAP users as the decisive
criterion for acceptable performance in an SAP component. A guideline
value must be defined for each individual SAP component. A generally
accepted rule of thumb is that good performance is indicated by an
average response time of 1 second or less. A broad generalization of this
kind is not always valid for all the different requirements of SAP
components.

With SAP Basis 4.6 the repsonse times displayed in the workload monitor
include, for the first time, time data regarding communication between
application and presentation levels (as part of GUI time, as time for
network transfer and processing in the presentation server). This means
that time elements are created that were not included in measurements
in older versions. Due to the change in measuring techniques, as a rule of
thumb the workload monitor for an SAP R/3 4.6 displays average
response times of around 100 to 200 milliseconds higher than in the
older versions, even though performance has not changed from the
user's point of view. This should be borne in mind when negotiating
service level agreements.
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Is the Performance Problem Temporary or Permanent?

After verifying that there is a general performance problem, try to find
out how frequently the problem occurs. The following questions may
help:

� Is the problem permanent or temporary?

� Does this problem occur at regular time intervals—for example at
particular times of the day?

� Is it a non-recurring problem?

� What times (database time, CPU time or processing time) are high
when the problem occurs?

� Does the problem occur following only specific system activities—for
example, when background programs run on the system?

To examine these questions more closely, compare the workload
statistics of recent days with each other. 

In Workload Monitor expert mode, in the upper left window, select Load
history and distribution • Load history • Total. Compare the
performance values for several days to find out if the performance
problem only occurs on certain days  (see Figure 3.4).

Then generate the day or time profile by selecting the Time profile
analysis view in the window in the lower left of the Workload Monitor. In
a day or time profile the transaction steps and response times for all of
the hours in one day are presented. 

Figure 3.4  Time profile for dialog processing
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Using the time profile, you can analyze the daily loads on the system. If
you find that the average response time increases dramatically only at
particular periods of high load, you can infer that your system is
overloaded at these times. If the average response times are also
unsatisfactory at times of low system load, the performance problem is
load-independent.

Example: You can diagnose a general performance problem using the
workload analysis. By comparing the workload data for different days you
can narrow the problem down to a particular period of time. In this
period of time there are conspicuously high database times, especially
Changes and Commits. On closer examination of the error log file in the
database it emerges that an Archiver stuck occurred over night. (An
archiver stuck occurs in an Oracle database if the directory for redo log
files is full. This means that no further redo information can be written;
the database and the SAP instances stop responding. Once the problem
has been eliminated the database and SAP instances continue working
without error.) The problem is resolved by the database administrator the
next morning. In the middle of the day the Archiver stuck leads to higher
database times for this day (especially for Changes and Commits). In an
analysis on the Workload Monitor, this would suggest a poor database
performance, although the performance is actually good, as becomes
evident once this problem has been eliminated.

Dialog load vs. 
background load

The time profiles enable you to determine whether excessive background
processing during periods of peak system load has a negative impact on
dialog processing. To create time profiles for dialog processing and
background processing, using the Task type button, select the task types
Dialog or Background. Use the Total Response time (s), Total CPU time
total (s) and Total DB time total (s) fields to determine at what time of
the day the dialog or background load occurs. These profiles enable you to
determine whether excessive use of background processing during
periods of peak system load has a negative impact on dialog processing.
You should try to ensure that the background processing load remains low
during these peak periods, particularly if there are performance problems.

You may also find it helpful to compare the time profile per day in the
Workload Monitor with the time profile per day for CPU load and for
paging (both indicated in the Operating System Monitor). This comparison
enables you to determine whether deteriorating response times correlate
with a large CPU load or a high paging rate. If so, a temporary hardware
bottleneck is indicated (see the next question below).
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Older versions For older versions of SAP Basis, in the initial screen of Workload Monitor
select the Performance database button.

Then select TOTAL, Previous Days and one of the preceding days. Repeat
this procedure for several days to find out if the performance problem
only occurs on certain days.

Then create the day or time profile, using the following menu path in the
main screen of the Workload Monitor:

Goto • Profiles • Time profile

SAP EarlyWatch
Alert

In the SAP EarlyWatch Alert report, in the section "DB Load Profile" you
can get a weekly overview of the dialog, background and RFC load for
each day. The tables in the SAP EarlyWatch Alert report are a compressed
version of the daily profile.

Is There a Hardware Bottleneck?

A CPU bottleneck or main memory bottleneck can be detected as
follows:

1. Find out if the hourly averages for the CPU load or paging rate are large.
As a rule of thumb the risk of a hardware bottleneck is regarded as high
when the hourly average of free CPU capacity (indicated as “CPU idle”)
is less than 20%, or the paging rate per hour exceeds 20% of the
physical main memory. See also the section “Analyzing a Hardware
Bottleneck (CPU and Main Memory)” on page 73 in Chapter 2.

2. In a second step, check whether the large CPU load or high paging rate
really does negatively affect SAP component response times.

� To check whether there is a hardware bottleneck on an application
server, look at the processing time. If the processing time is much
greater than double the CPU time, this indicates that the work
processes are waiting for CPU. (However, an increased processing
time may have other causes. See the section “Workload Analysis” on
page 128.) A further indication of a hardware bottleneck on the
application server is given by increased load times, roll-in times, and
dispatcher wait time.

� To check whether there is a hardware bottleneck on the database
server, establish whether the database time is too large. Compare,
for example, the average database times in the daily time profile at
times of high and low load.



Performing Workload Analysis 141

3. To check whether there is a main memory bottleneck, compare
whether the virtually allocated memory is significantly greater than the
physically available main memory. As long as the virtually allocated
memory is smaller than 1.5 times the physical main memory, there is
normally no risk of a main memory bottleneck. (See the section
“Displaying the Allocated Memory” on page 105 in Chapter 2, for
more on this subject.)

Only if all three of these checks (the first two apply to CPU and memory,
the final one only to memory) indicate a hardware bottleneck, can you be
fairly certain that there is, in fact, a hardware bottleneck.

The three possible causes of a hardware bottleneck are as follows:

� Poor load distribution
The load is not optimally distributed across the servers. There may be
servers with free CPU or main memory capacity. Alternatively, load
distribution may become nonoptimal at certain times of the day, for
example, when several background processes are run in parallel during
periods of peak system load. You should be able to reschedule these
programs to run at times of low system load.

� Individual processes causing a high CPU load:
Individual processes with a high CPU load may be running at times of
high system load. Such processes may include database processes (with
expensive SQL statements), SAP work processes (with programs running
as background jobs), or processes external to SAP. To improve
performance, you may be able to tune, reschedule, or (in the case of
external processes) cancel these processes.

� Insufficient hardware capacity
If the two previously mentioned causes of a hardware bottleneck do not
apply, the hardware capacity may be too small for your system load.

If you have correctly identified a hardware bottleneck, proceed as
described in Chapter 2 in the section “Analyzing a Hardware Bottleneck
(CPU and Main Memory)” on page 73.

Is There a General Database Performance Problem?

A general database performance problem is indicated by increased
database times. The following guideline values for dialog tasks in the
Workload Monitor indicate a general database performance problem:

� Database time >> 40% (response time minus dispatcher wait time);
and 
database time > 400 ms
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� Direct reads >> 2 ms

� Seq. Reads >> 10 ms

� Changes and Commits >> 25 ms

A database performance problem has many possible causes. Proceed as
described in Chapter 2 in the section “Monitoring the Database” on page 81.

Is Load Distribution Optimal?

A performance problem caused by nonoptimal load distribution can be
detected by comparing the CPU load and the paging rates for the various
servers (in the Operating System Monitor). You should also compare the
response times for the various application servers in the Workload
Monitor.

To display the server profile from the initial screen of the Workload
Monitor, use the following menu path:

Goto • Performance database • Analyze all servers • Compare all
servers 

You can then enter the desired period of analysis with the menu option
Edit • Choose period type and the buttons Period+ and Period-.

The server profile shows the transaction steps and related response times
for each server. If there are several SAP instances on one application
server, the statistics indicated for the server are the totals for all instances
on that server. To obtain details of the task types on individual servers,
double-click a row in the list of servers.

Dispatcher wait
time

In the server profile, check the load distribution across your servers. For
example, if the dispatcher wait time occurs only on one server or on a small
number of your servers, this implies either that too many users are working
on these servers or that too few work processes are configured on these
servers.

CPU time Total CPU time (indicated as CPU time total) on all application servers
should be roughly equal if all servers have the same CPU capacity. If you
have servers with different CPU capacities, CPU time should differ
proportionately.

One cause of a poor load distribution may be a nonoptimal configuration
of log-on groups or work processes. To optimize load distribution, see
Chapter 5, “Workload Distribution”.
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Database timeIf the average database times (indicated as DB time avg.) for the various
servers differ greatly, this may indicate a network problem. You can
assume that application servers are configured with the same work
processes and that users on the various application servers are, on
average, using the same transactions. Thus, there is no obvious reason,
apart from a network problem, as to why the database should serve one
application server more slowly than another application server. This
argument applies only to servers that are configured with the same work
processes. For background servers, update servers or servers mainly used
for reporting, the average database time will be greater than that for
dialog servers.

Older versionsFor older versions of SAP Basis, to display the server profile from the initial
screen of the Workload Monitor, use the following menu path:

Goto • Performance database • Analyze all servers • Compare all
servers

You can then enter the desired period of analysis with the menu option
Edit • Choose period type and the buttons Period+ and Period-.

Is There a Performance Problem Caused by SAP Memory 
Management?

Performance problems caused by SAP memory management (see the
section “Monitoring the Database” on page 81 in Chapter 2) may be the
result of SAP buffers or SAP extended memory being too small. These
problems would be seen in the Workload Monitor as follows:

� If the program buffer, CUA buffer or screen buffer are too small, there
is an increase in average load time (average load time >> 50 ms).

� If the extended memory or the roll buffer are full the roll-in or roll-out
times may increase (average roll-in or roll-out times >> 20 ms).

These guideline times apply to dialog tasks.

Memory profileYou should also monitor the memory profile. Up to SAP Basis 4.6, in the old
Workload Monitor (transaction code ST03) this could be found under:

Goto • Profiles • Memory profile

The memory profile shows memory usage per program. Utilization of
extended memory and heap memory (Priv. mem.) are indicated. The
monitor also shows how often work processes entered PRIV mode (in the
column Workproc. Reservations) and how often a work process was
restarted after its use of heap memory exceeded the value of the
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parameter abap/heaplimit (indicated in the column Workproc.
Restarts). If you notice higher roll or load times, proceed with the
analysis in Chapter 2 in the section “Analyzing SAP Memory
Management” on page 101.

With SAP Basis 6.10 the main memory profile is integrated in the new
Workload Monitor (transaction code ST03N).

3.3.2 Analyzing Specific Performance Problems

The Workload Monitor is an analysis tool used for both technical analysis
and application analysis.

Is There a Performance Problem With a Transaction?

The Transaction profile is of primary importance for application analysis.
To change over to the transaction profile, in the lower left window of the
Workload Monitor, under Analysis views, select Transaction profile.

The transaction profile contains a list of all transactions (or programs)
started in the selected period. The number of transaction steps for each
transaction is recorded (Number of steps), which is a measure of the
activity of a transaction. Other columns in the transaction profile show
the total response times and the average response times, as well as the
proportion of CPU time, dispatcher wait time and database time. Using
the tab pages in the menu interface you can select other screens with
information about database accesses and so on.

Figure 3.5  Transaction profile
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System activityFrom the number of transaction steps (Number of steps) you can
estimate how frequently the transaction was executed if you know how
many transaction steps (screen changes) each regular user requires on
average per procedure. For example, if a regular user requires around 5
transaction steps to create a sales order (transaction code VA01) and the
transaction profile shows 100,000 transaction steps for the selected time
period, you can calculate that around 20,000 sales orders were created. If
you wish to see which transaction had the most activity, sort by the
column Number of steps. 

LoadThe column Total response time provides a measure for the entire load
on the system. (See the section “Activity, Throughput and Load” on
page 134.) To find out which transactions produced the most load on the
system, successively sort the list by the columns Total response time,
Total CPU time and/or Total DB time. After each sort, the programs at
the top of the list are likely candidates for performance optimization.

In Figure 3.5, Transaction VA01 is executed twice as often as Transaction
VA03 (1,208 steps compared to 604); however, due to the higher
average response time, Transaction VA01 generates 10 times as much
load as Transaction VA03 (9,429 seconds compared with 968 seconds).

Average response 
time

For users, the average response time of the transactions they use is an
important index of performance. Monitor and create guideline values for
the average response times of core transactions—that is, transactions
whose performance is central to business operations. 

In general, when analyzing the transaction profile, consider the following
questions:

� Sort the transaction profile according to Total DB time. Which
transactions cause the greatest database load?

� Sort the transaction profile according to Total CPU time. Which
transactions cause the greatest CPU load?

� Are there transactions for which the proportion of database time or
CPU time is significantly higher than 60% of the total response time?
Analyze these transactions using an SQL trace or ABAP trace. The
procedure for analyzing individual programs and transactions is
described in Chapter 4, “Identifying Performance Problems in ABAP
and Java Programs”.

� Are there any customer-developed programs or transactions that
produce a large load?
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Monitor and save a copy of the transaction profile at regular intervals.
This enables you to determine whether the response times of individual
transactions grow continuously over time, or whether there is a sudden
worsening of response times following a program modification. By
recognizing such trends in the transaction profile early, you can initiate a
detailed program analysis before a program causes a bottleneck for an
entire process chain, or worse, reduces the performance of the entire SAP
system through large CPU or database loads.

Table 3.2 provides explanations and guideline response times for
common system transactions. 

Transaction/ 
Program

Description/Comment Acceptable 
response time

MainMenu Actions in the menu. “MainMenu” frequently 
appears near the top of the list if sorted according to 
“Dialog Steps”.

< 100 ms

Login_Pw/ 
Logoff

logon or logoff screen

AutoABAP The Auto ABAP runs periodically in the background 
and executes actions such as those required by Alert 
Monitor 

< 1,000 ms

Buf.Sync buffer synchronization < 1,000 ms

Rep_Edit Actions in the ABAP editor

(B)SCHDL The batch scheduler runs periodically and checks 
whether background programs are due to be 
started.

RSCOLL00 The performance collector runs periodically and 
collects data on performance. If you sort the 
transaction profile according to “Response time 
total”, this program is often near the top of the list. 
However, the columns CPU time total and DB time 
total, indicate that this program produces little CPU 
or database time. Most of the response time for this 
program occurs when this program is waiting in 
work processes to receive performance data.

RSM13000 The update program is used to summarize all update 
module statistics that cannot be ascribed to a 
transaction.

< 3,000 ms

Table 3.2  System programs in the transaction profile. In general these programs can 
be ignored during performance analysis. 
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Older versionsFor older versions of SAP Basis, transaction profiles are generated as
follows: 

1. Start the Workload Monitor (Transaction ST03), select

Performance database

and then select Total (or a server) and a period of time. 

2. You are then brought to the main screen of the Workload Monitor.
Using the buttons Total, Dialog and so on, located in the lower part of
the screen, select the task type you require.

3. Then use the Transaction profile button to create the transaction
profile.

3.4 Application Monitor

Another important instrument for workload analysis is the Application
Monitor (transaction code ST07), which you can use to create a load
profile for each SAP module. To call this monitor, select:

Tools • Administration • Monitor • Performance • Workload •

Application • Application monitor

All screens of the Application Monitor show performance-relevant data
according to SAP application module. The Monitor takes advantage of the
fact that each transaction, each program and each table can be found in the
SAP component hierarchy. For example, you can see statistics on the
transaction “Create Sales Order” (transaction code VA01) under the SAP
hierarchy branch Sales & Distribution • Sales • Create sales order. (To see
an outline of the full SAP component hierarchy structure, use Transaction
HIER.) Many screens in the Application Monitor show data that is also
displayed in other monitors, such as the Workload Monitor, the SAP
Storage Configuration Monitor (transaction code ST02), the Table Call
Statistics (transaction code ST10), and so on. The advantage of using the
Application Monitor is that the data is grouped according to the SAP
application component hierarchy; from an initial overview, you can
descend to an increasingly detailed view of the particular modules, sub-
modules and transactions that are consuming the most system resources.

3.4.1 User Profile

The initial screen of the Application Monitor shows the current number
of users for the different SAP modules. The user profile for each listed
application consists of the numbers of logged on users, active users, and
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the users currently waiting for a request to be processed. To descend to a
lower level of the SAP application component hierarchy and thus see the
user profile for a more specific area, successively double-click the
appropriate modules. 

For example, double clicking on the Sales & Distribution module
displays the distribution of users in the sub-modules “sales”, “shipping”,
“billing” and “basic functions”. A subsequent double click on Sales shows
the user profile for transactions belonging to Sales, such as “VA01”,
“VA02”.

Looking at the user profile in the Application Monitor is a convenient way
of finding out the number of logged on and active users. An “active” user is
one who has performed a transaction step in the last 30 seconds. You can
change this time period by selecting the menu option User distribution •
Change active time. To analyze the user distribution on the application
servers, select User distribution • Choose app. server. The user profile in
the Application Monitor is especially useful when you wish to check
whether logging on with logon groups is functioning correctly, so that
users are logged on to application servers independently of one another.

Figure 3.6  The user profile in the Application Monitor
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3.4.2 Load per SAP Application Module

1. From the Application Monitor initial screen choose Response time to
display the load profile for each SAP application module.

2. In the dialog boxes that appear, specify the relevant server and time
period—similar to the Workload Monitor.

The data on this screen matches that in the transaction profile and
includes transaction steps, response times per transaction step and CPU
times, wait times and database times. Use the Total?←→Avg button to
toggle between the average response times per transaction and total
response time for all transaction steps. All data on this screen is grouped
according to SAP application module. By successively double-clicking at
the appropriate module, you can descend to statistics on more specific
component areas.

You can use the Application Monitor in the same way as you used the
transaction profile in the Workload Monitor. The advantage of using the
Application Monitor is that the data is grouped according to the SAP
application component hierarchy; from an initial overview, you can
descend to an increasingly detailed view of the particular modules and
sub-modules that are consuming the most system resources.

In the Application Monitor, you can create graphs and diagrams
illustrating load distribution. Use the button Total?←→Avg to show total
response times (that is to say, “Resp. time total (s)”, “CPU time total (s)”
and so on) and then choose the Graphic button. The resulting pie charts
illustrate the distribution of transaction steps and the response times
according to SAP application module. The distribution of transaction
steps on the module corresponds to the activity distribution, the
distribution of total response time corresponds to the load distribution
among all SAP components, distribution of database time corresponds to
load distribution on the database, and distribution of CPU time
corresponds to load distribution on the application servers. 

SAP EarlyWatch 
Alert

In the SAP EarlyWatch Alert report, in the section "Workload by Application
Module", you can get a weekly overview of the workload distribution per
SAP component. The tables in the SAP EarlyWatch Alert report present the
data from the Application Monitor in a condensed version.

3.4.3 SAP Buffers

From the initial screen of the Application Monitor, use the SAP buffer
button to access an application of the SAP buffer, differentiated according
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to SAP modules (program buffer, CUA buffer, screen buffer and table
buffer for generic buffering and single record buffering). To access
statistics for more specific areas within an SAP application module
(following the SAP component hierarchy), successively double-click on
the appropriate rows in the Application column, drilling down to
individual programs and tables.

3.5 Cross-Component Workload Analysis

In a classic R/3 system, a transactional step usually consists of an action in
a system. In a more complex system environment, a single transactional
step can also involve actions in several systems. Examples of such
transactional steps are:

� ITS applications such as SAP GUI for HTML, EWTs, etc. that involve
actions on the ITS and in the ABAP runtime environment during a
single transactional step.

� Applications such as CRM Internet Sales, Portal-iViews, Web dynpro
applications, in which the front-end communication takes place via
the SAP J2EE runtime environment and the back-end functionality is
implemented via the ABAP runtime environment.

� Applications that involve two or more ABAP systems that are coupled
via RFC, for instance sales transactions in R/3 that use the ATP function
in APO for availability checks.

For all these cases, the NetWeaver technology enables you to carry out a
cross-system workload analysis that links the performance statistics of the
various components with each other. 

Availability The central workload monitor is available in SAP Basis 6.20. The ABAP-
based components to be monitored need at least a minimized version 4.0
of SAP Basis. In addition to ABAP-based components (R/3, BW Server,
APO Server etc.) you can use the workload monitor to also analyze the
SAP J2EE Engine, SAP ITS, and SAP Business Connector. Monitoring
agents must be installed and must be running on the respective
machines. 

In order to use the central workload monitor you must set up an SAP
component (with ABAP Basis 6.20 or later) as a central monitoring
system. This system should be the same as the one you use for the central
CCMS monitor. Typically, this is the Solution Manager. The components
to be monitored must be made known to the central monitoring system
in the CCMS System Component Repository (SCR) (see Section 1.2.4).
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You can find more information on the CCMS SCR and the SAP
monitoring agents and their enhancements in SAP Service Marketplace at
http://service.sap.com/systemmanagement.

Passport and 
distributed 
statistics records

The central element of this SAP technology, also referred to as distributed
statistics records (DSR), is the passport. The first component of a
transactional step generates this passport (technically speaking, this is a
GUID that is used to uniquely identify the transactional step) and
transfers it to the next component that is part of the transactional step.
This transfer is repeated for each component. For example, the first
component that generates the passport could be the J2EE Engine (on
which for instance an iView is being processed), while the component
that follows is an R/3 system that provides the back-end logic for the
iView. 

For performance reasons, only the data of the passport is transferred in
the communication flow during a transactional step. The actual statistical
data is first saved locally by the respective components, then read out
asynchronously via RFC or the monitoring agent (SAPCCMS), and then
transferred to the monitoring system. Based on their passport, the
statistical records that correspond to a transactional step can be identified
and displayed in the central monitoring system.

Central single 
records statistics 
and central 
workload monitor

The difference between the central workload monitor introduced here
and the central single records statistics approach described in the
following chapter (in the SAP Help these statistics are also referred to as
functional trace) can be found in the way the data is displayed and the
path through which the data reaches the display. While the global
workload monitor displays aggregated data, central single-record
statistics provides a more detailed view as it displays single statistics
records and can thus trace actions that belong to a transactional step or a
business process across system boundaries. In addition, single-record
statistics displays traces of ABAP systems (SQL Trace and runtime
analysis) as well as non-ABAP systems (DSR traces). The global workload
monitor (ST03G) is thus an enhancement of the workload monitor
(ST03N), while the functional trace (STATTRACE) is an enhancement of
single-record statistics (STAD). 

Working with the Central Workload Monitor

Call the initial screen of the workload monitor via Transaction ST03G:
This brings you to the main screen of the workload monitor, "Global
System Workload Analysis,” as illustrated in Figure 3.7. The design of this



152 Workload Analysis

monitor is very similar to the design of the workload monitor for a single
SAP system. The screen is divided into three window panes. 

The top left pane contains the Workload node under which you can find
the components for which load information is available. The load data is
structured in the following hierarchy: 

� Component type
Describes the type of components. For an ABAP-based component,
"SAP R/3" is displayed; for the ITS, the short name "ITS;” for the SAP
J2EE Engine, "SAPJ2Enode,” and for the database to which the J2EE
Engine is connected, "SAPJDBI..” For ABAP-based components, the
SID is also displayed.

� Component
Describes an actual component such as the instance name of an ABAP-
based component, or the instance name of an ITS.

� Period
You can view the workload data on a daily, weekly, or monthly basis.
To do this, expand the relevant time unit and select the concrete
period by double-clicking on it.

Analysis views The lower left-hand pane contains a list of analysis views. These views are
similar to the analysis views we already introduced in the context of the
local workload monitor: Workload profile, time profile, transaction
profile, and so on.

Figure 3.7  Main Screen of the Central Workload Monitor
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Analysis dataThe right-hand pane that presents the analysis data also has the same
structure as the one you already know from the local workload monitor:
The upper part of the right-hand pane contains administration
information, the instance name of the component, and the period for
which statistical data is available. 

The lower part of the right-hand pane displays the actual workload data,
depending on the analysis view selected in the lower left-hand pane.

The lower part of the right-hand pane also displays the actual statistical
records, depending on the analysis view selected in the lower left-hand
pane. The statistical records that belong to a dialog step are displayed in
a tree structure together with the most important performance
information. This information involves the following data:

� Response time

� CPU time

� Call/roll-wait time

� Wait time of step

With this information, you can quickly find out in which component
there were long wait times. A high CPU time means that the application
on this component must be further analyzed. A high wait time in the
component means that an overload situation exists in the component.
Depending on the type of component (ABAP runtime environment, J2EE
runtime environment or ITS), a component-based analysis must be
carried out. We will describe this process in further detail in the following
chapters. A high call/roll-wait time means that the performance problem
cannot be found in this component but in a component that has been
called by this one. 

Publishing 
components for 
central workload 
analysis

When you call the central workload monitor in your SAP system, you may
fine only statistical data for the component you are currently logged onto.
In order to access the statistics data for other components from a specific
system, you must make these components known centrally. To do this,
proceed as follows:

1. Expand the Setting & Log subtree in the upper left-hand pane of the
central workload monitor. 

2. Select System Selection. The screen Last saved dataset is now
displayed.

3. In order to display a list of systems, select the entry in the Systems
dropdown menu.
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4. If necessary, you can make changes to the list displayed.

5. To start the consistency analysis for a system list, click on the Apply
button. The analysis is then performed for each activated entry. Prior to
that the system carries out a consistency check of the destination to the
monitoring system. If the consistency check fails for a specific entry,
this entry is deactivated and a message for the application log is
generated. The list for which you click on the Apply button thus
contains the systems that are displayed by the global system-load
monitor.

Last minute's load The central workload monitor determines the system-load data once per
hour on the basis of the statistical data for the individual components and
aggregates them into the corresponding load profiles.

However, under the Workload node in the upper left-hand pane, you can
find the function Last Minute's Load. The workload monitor essentially
determines the workload data once per hour on the basis of the statistical
data for the individual components. This means that you cannot view any
data that is less than one hour old, as it hasn't been written to the
database yet. The function Last Minute's Load, however, enables you to
request data that refers to a specific period within the last hour, such as
for the last 15 minutes. Note, however, that this can take several
minutes, depending on the size of the system.

Technical settings
for the workload

monitor

For the global workload monitor, as for every system-monitoring tool,
you must also find an optimal solution somewhere between the
requirement for an exact monitoring of the system and the requirement
for monitoring that doesn't affect overall system performance. The
parameters that control the management of the statistics data are located
under the Control Data and Settings & Log sub-trees. You can also find
further information on this subject in the online help.

3.6 Summary

The Workload Monitor enables you to make detailed statements about
the distribution of response times not only across different system
components, such as the database, hardware, and SAP Basis components,
but also across different transactions and programs. By performing a
workload analysis, you can determine the system areas in which you
require further analysis and tuning. Always remember to compare the
results of your workload analysis with the observations of users. This
helps you avoid jumping to the wrong conclusion if a superficial analysis
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of the Workload Monitor indicates a performance problem where, in
fact, there is no real problem. It also avoids the opposite situation of not
noticing that the Workload Monitor is indicating a performance problem
that is readily apparent to users.

Figure 3.8 summarizes a workload analysis for a general performance
problem. You can find the corresponding detailed analyses for hardware,
database, and SAP memory configuration in Chapter 2 in the sections
“Monitoring Hardware”, “Monitoring the Database”, and “Analyzing SAP
Memory Management”.

Important Terms in This Chapter

After studying this chapter you should be familiar with the following
terms:

� Dispatcher wait time, load time, database time

� Roll-in time, Roll-out time

� Processing time and CPU time

� Activity, throughput and load

Questions

1. Which of the following statements are correct?

� CPU time is measured by the operating system of the application
server.

Figure 3.8  Summary of the most important steps of a workload analysis

Workload Monitor (Transaction ST03/ST03N)

High database time: Database time > 40% of (response time minus wait time)?

Analyze the database

Roll wait time > 200 milliseconds

Load time > 50 milliseconds

Analyze the program buffer - is the program buffer too small?

Roll in or Roll out time > 20 milliseconds

Analyze SAP memory management - Are there problems with
SAP extended memory or SAP roll buffer?

?

?

?

?

GUI time  > 200 milliseconds

Analyze the GUI connection, e.g. network bottlenecks

?

Analyze RFC destinations for bottlenecks
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� Database time is measured by the database system.

� High network times for data transfers between the presentation
server and the application server are reflected in an increased
response time in the Workload Monitor.

� High network times for data transfers between the application
server and the database server are reflected in an increased
response time in the Workload Monitor.

� The roll-out time is not part of the response time because the roll-
out of a user occurs only after the answer has been sent to the
presentation server. Nevertheless, it is important for the
performance of the SAP components to keep the roll-out time to a
minimum, as during the roll-outs, the SAP work process remains
occupied.

2. How is the term “load” defined in this book?

� “Load” is defined in this book as the amount of load on the CPU of
a computer, expressed as a percentage. It can be monitored in the
Operating System Monitor (CPU utilization).

� In this book “load” means the sum of response times, that is to say
that the term “total load” refers to the total response time (Response
time total), CPU load refers to the total CPU time (CPU time total)
and database load refers to total database time (DB time total).

� The term “load” in this book refers to the number of transaction
steps per unit of time.

3. The Workprocess Monitor displays increased dispatcher wait times
(“Av. wait time” >> 50 ms). What does this tell you?

� There is a communication problem between the presentation
servers and the dispatcher of the application server—for example, a
network problem.

� There is a general performance problem—for example, a database
problem, a hardware bottleneck, or insufficient SAP extended
memory; or there are too few SAP work processes.  This statement
does not provide enough information to pinpoint the exact
problem.

� An increased dispatcher wait time is normal for an SAP component.
It protects the operating system from being overloaded, and can be
ignored.
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