Suitable for SAP and non-SAP environments

THE BEST-RUN BUSINESSES RUN SAP”
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Learning Objectives

Which tools can be installed for MaxDB
Short introduction of the mainly used tools
Hard disk footprint of a MaxDB instance

Most important log files of a MaxDB instance
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What Comes With MaxDB?

DBA Tools Developer Tools Interfaces

Database Studio (7.7)

Installation Manager | SQL Studio (windows) | SQLDBC

SQIECLI ODBC 3.5
Database Manager JDBC 3.0
DBMGUI (Windows) Loader ’
DBMCLI Sync Manager Perl
Python
DBAnalyzer WebDAV PHP

MaxDB Kernel
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The Database Manager is a tool for managing MaxDB databases. You can use it to create, control, monitor, backup,
and if necessary restore database instances on the local host or on remote hosts. The Database Manager consists of
a server part and a client part. The following clients, providing similar functions, are available, depending on your
operating system and your requirements:

Database Manager GUI for Microsoft Windows operating systems

The command line oriented Database Manager CLI

The server is called DBM Server.

The MaxDB query tools enable easy access to application data and the database catalog of a MaxDB database
instance. You can use the query tools to create, execute and manage any number of SQL statements.

SQL Studio provides a user friendly graphical interface for Microsoft Windows operating systems.

The SQLCLI is a command line oriented tool which can be used on UNIX/Linux and Windows systems.

The Database Analyzer is a database tool for analyzing the performance of MaxDB database instances. If problems
occur with the database instance, you can use this tool to simplify your search for the cause of the problems.

You can use the Database Analyzer regardless of the MaxDB version. This tool can also access a database instance
on a remote host.

The Loader is a database tool for unloading and loading data and for formatting (transforming) data between different
data sources and data targets. The Loader can execute commands and SQL statements for these purposes.

The Loader consists of a Loader Server and a client part. A possible client is the command line-oriented Loader CLI.
A script interface (such as for Perl, Python, or Java) is available. If you want to react to Loader return codes, you
must use one of the script interfaces.

As of MaxDB version 7.7, Database Studio replaces the Database Manager GUI, SQL Studio and Synchronization
Manager tools. It also provides new functions, such as a graphical user interface for the Loader tool. With Database
Studio, you can create and configure databases, define database objects (data model), monitor databases, backup
and restore databases, import and export data, and much more. Database Studio is platform independent — it can
run on UNIX/Linux as well as on Windows.
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Presented above is the main screen of the Database Manager GUI.

To administer a database instance with the Database Manager GUI you have to register
the server and the database instance in the Database Manager GUI.

On the upper left side you see all servers registered in the Database Manager GUI.

On the upper right side you see all registered database instances installed on the
selected server.

On the left side you see all possible actions. They are grouped by command types.

On the right side you see the information selected: in this example the filling level of
data and log volumes and the cache hitrates.




Database Manager CLI

Connecting to a database instance:

domcli -d <db_name> -n <db_server> -u <dbm_user>,<password>

-d: specifies the database instance name

-n: specifies the hostname

-u: specifies the database manager user and password

dbmcli —h shows all possible options

In a dbmcli session type help for a list of all possible commands.
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The database system distinguishes between the following user classes:

Database Manager operator (DBM operator)

mDBM operators can work with the Database Manager to administer database instances.
mThey cannot log on to the query toals.

mThey can log on to the Database Manager more than once. E.g. they can query operating parameters while functions
that take a long time are still running.

mYou define the first DBM operator when you install a database instance. This operator can then create more DBM
operators, which may have some or all of the authorizations of the first operator.

mThe Database Manager stores the name and password of the DBM operators in uppercase characters.They can have
a maximum length of 18 characters (nine characters in UNICODE). Special characters are not permitted.

Database user
mDatabase users can work with the query tools, for example to send SQL statements to the database.
mThey cannot log on to the Database Manager.

mThe database system uses several different database user classes. The most important are:
Database system administrator (SYSDBA user)

Database administrator (DBA user)

Database System Administrator (SYSDBA user)

The SYSDBA user is the initial database user. You create this user when you install the database instance. The
SYSDBA user can then use the query tools to define other database users. This user can define database objects and
grant other database users privilec];es for these database objects.

The SYSDBA user also has the following properties:

The SYSDBA user is the owner of system tables. When system tables are uploaded, the upload tool logs on to the
database instance as SYSDBA.

The SYSDBA user is the only database user who also has the authorizations of a Database Manager operator.
Database Administrator (DBA user)

A DBA user must be created by the SYSDBA user. DBA users themselves can create database users of the classes
RESOURCE and STANDARD. The DBA user can also define database objects and grant other database users all or
some privileges for these database objects.
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SQLCLI

Connecting to a database instance:

sqlcli -d <db_name> -n <db_server> -u <sgl_user>,<password>
-d: specifies the database instance name

-n: specifies the hostname

-u: specifies the sql user and password
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Essential SQLCLI Commands

connecting to a database:

\c[onnect] -n <database_server>[:<port>]
-d <database name>
-u <user_name,password>

print out currently used
host, database, user etc.: \s[tatus]

list columns: \dc [PATTERN]
list procedures: \dp [PATTERN]
list tables: \dt [PATTERN]
list users: \du [NAME]

list views: \dv [PATTERN]

PATTERN = [OWNER.JJOBJECT NAME]
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Database Studio
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Presented above is the Database Studio.

To administer a database instance with the Database Studio you have to register the
server and the database instance in the Database Studio.

You can order your systems in different landscapes.

On the lower left side you see all servers registered in the Database Studio.

The opened applications are displayed in the upper right part — e.g. an administration
window, the SQL editor, a log file, ...

The context menu (right mouse click on an item) is essential for the usage of Database

Studio.
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Hard Disk Footprint
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The term volume means a whole physical disk or one part of a physical disk.
A database instance uses three disk areas:

Data volumes
Log volumes and
Database software and configuration data.

The data volumes contain the user data (tables, indexes), the SQL catalog and the converter pages.
Because of the database internal striping the data of each table is distributed on all data volumes evenly.

In the log volumes all changes of data are stored in the form of redo log entries, which are used in case of
restoring to redo all changes not being part of a full database backup.
To assure savety the disks of the log volumes should be mirrored physically or by the operating system.

If it is not possible to mirror the log volumes physically or by the operating system, they can be mirrored
by the database instance.

Redo log entries only contain the changes of the transactions, i.e. the after images. The undo log entries
are stored separately in the data area.

With the database software executables, sources und utilities are delivered which allow the creation of
database processes and working with the database instance. The software is installed in a fixed directory
with some subdirectories. During database work additional log and status files are created which are
stored in the data directory.
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The Independent Directories 1/2

SAPd

The independent data directory contains the configuration data and rundirectories of
MaxDB database instances and MaxDB applications.

The independent programs directory contains the programs and libraries shared by
the MaxDB database instances and MaxDB applications. These programs are
downwards compatible.

The default location of the independent data directory is
/sapdb/data/ on UNIX/Linux
C:\sapdb\data on Windows

The default location of the independent programs directory is
/sapdb/programs/ on UNIX/Linux
C:\sapdb\programs on Windows
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The Independent Directories 2/2
SAPd

The location of these directories is specified during the first installation of MaxDB
software

If you don’t know the locations of these directories you can determine them with:
dbmcli dom_getpath indepprogpath
dbmcli dom_getpath indepdatapath
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The Dependent Directory

SADd

Contains the server software that depends on the database version (e.g. kernel)
Several dependent directories can exist alongside each other

Every database instance should be assigned to its own dependent directory — that is
two database instances should not share one dependent directory

The location of this directory is specified during the installation of MaxDB software,
the default is:

/sapdb/<db_name>/db (on UNIX/Linux)
C:\sapdb\<db_name>\db (on WINDOWS)

If you don’t know the location of this directory you can determine it with:
dbmcli inst_enum
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The Rundirectory

By default most log and status files are stored in the rundirectory
Every database instance has its own rundirectory

The default location of the rundirectory is
/sapdb/data/wrk/<db_name>/ on UNIX/Linux
C:\sapdb\data\wrk\<db_name> on Windows

The rundirectory location is specified by the database parameter RUNDIRECTORY

If you don’t know the location of the rundirectory you can determine it with:
dbmcli —d <db_name> -u <dbm_user>,<pwd> param_directget RUNDIRECTORY
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The Data/Log Volumes

The location of the data volumes is specified by the database parameters
DATA_VOLUME_NAME_<#>

The location of the log volumes is specified by the database parameters
LOG_VOLUME_NAME_<#>

The default locations for SAP installations are:
C:\sapdb\<db_name>\data\DISKD0001
C:\sapdb\<db_name>\log\DISKL0001

The data/log volumes contain binary data
The data/log volumes are exclusively managed by the database kernel
Client programs don’t access the data/log volumes directly

The client programs establish a connection to the database kernel and then send
requests as SQL queries
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Status and Log Files

By default all status and log files are located in the rundirectory

Files that are written by the database kernel:
Version 7.6: knldiag, knldiag.err, dom.utl, dom.knl
Version 7.7: KnIMsg, KnlMsg.old, KnIMsgArchive, dbm.knl

Files that are written by the Database Manager:
dbm.prt, dbm.ebp, dbm.ebl

All'log files of version 7.6 are files which can be read with any text editor.

As of version 7.7 the files written by the database kernel are written in pseudo XML.
The dbmserver converts them into readable files.
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Database Message Log - Version 7.6

Most important status file:
Contains status and error messages

Has a fixed size (database parameter KERNELDIAGSIZE) and is written cyclically
A header with the startup messages is persistent

Is always created during startup
The previous knldiag content is copied to knldiag.old
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Database Message Log - Version 7.7

Most important status file:
Replaces file knldiag, contains status and error messages

Consists of three parts:
startup messages
runtime information
shutdown/crash messages

The biggest part (runtime information) is written cyclically and has a fixed size
(database parameter KERNELDIAGSIZE)

Is always created during startup

The previous KnlMsg content is copied to KnlMsg.old

In directory DIAGHISTORY\History_KnIMsg up to KNLMSG_HISTORY_NUM copies of file
KniMsg
(called KnIMsg_<date>_<time>) are kept
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File KnIMsg can be displayed with dbmcli:

dbmcli -d <dbname> -u <dbmusr>,<pwd> -nohold file_getfirst KNLMSG

To view the files in directory History KnIMsg use:

dbmcli -d <dbname> -u <dbmusr>,<pwd> -nohold file_getfirst
DIAGDIR#History _KnIMsg/KnlMsg_<date>_<time>
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The Error Log - Version 7.6

All error messages occuring during operation are also written to the error log

As the entries in this file are not overwritten, this file is important for extended error
analysis

When the database state changes from OFFLINE to ADMIN the message 'Starting’ is
written to this file
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The Kernel Administration Log - Version 7.6

SAPd

Contains administrative commands sent to the database kernel (e.g. SHUTDOWN,
BACKUP, CHECK DATA) including their return code(s)

Has a fixed size and is written cyclically
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The Error Log - Version 7.7

Replaces files knldiag.err and dbm.utl

Contains
all error messages written into file KnIMsg

and messages concerning
all configuration changes (add and drop volume)
all initializations and restore operations
all consistency checks

Is not overwritten cyclically, but can be truncated by dbmserver (contains maximal
the data of one year)
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File KnIMsgArchive can be displayed with dbmcli:

dbmcli -d <dbname> -u <dbmusr>,<pwd> -nohold file_getfirst KNLMSGARC
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The Database Manager Log File

SAPdS

Contains all commands that are sent to the dbmserver (administrative commands)
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The Backup Log Files

Backup history:

Contains information about all backups with label, date, time, size, returncode

External backup log:

dbm.ebp contains information about backups created using external backup tools
(like Networker, ADSM, Backint,...)

dbm.ebp is overwritten when a new request is sent to an external backup tool (using
a new dbmserver)

dbm.ebl contains a history of dbm.ebp files — the size depends on the dbmserver
parameter
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The X-Server Log File

X-Server log file:
Contains error messages concenring remote communication.
If network problems occur, error messages are logged in this file.

The first part contains information about operating system settings and the user
envronment in which the x_server was started (e.g. limits concerning heap usage or
number of open files).

This file is stored in directory <indep_data_path>\wrk.
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The Kernel Dump

Kernel Dump File:

Contains the global memory, e.g. :
lock list, Data Cache, Catalog Cache, ...

This file is created:
during a database crash
using the tool x_diagnose: by a DBA user
using dbmcli: db_stop —dump

This file can get very large. It is written in binary format and can only be evaluated
using x_diagnose.

This file is mainly needed in case of database crashes. The developer will request
access to this file if necessary.
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UNIX: If the database crashes because of UNIX signal, no knldump file is written.

File knldump is created in the rundirectory. If necessary the location and filename can be
changed using database parameter  KERNELDUMPFILE — e.g. if more space is needed
to store this file.

27




The RTE Dump

RTE Dump File:

Contains the status of the runtime environment in case of a crash
X_cons <SID> show all
helps to identify active tasks
contains detail information of the tasks
contains information about regions, suspend reasons, counter statistics

Used in addition to the KnlMsg file to analyze a database crash

This file is created in the rundirectory
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Other Dump Files

Dump Files:

Dump of corrupted pages
check sum error: *.bad
problem with page content: *.cor

These files are created in the rundirectory.
They have to be evaluated using x_diagnose.

The developer will request access to these files if necessary.
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DIAG_HISTORY
SAD4

To save relevant log files in case of a database crash, these logfiles are saved to
directory DIAGHISTORY - a sub-directory of the rundirectory.

The location of this directory can be changed using database parameter
DIAG_HISTORY_PATH.

The number of stored histories is specified by database parameter
DIAG_HISTORY_NUM.
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Learning Objectives

Know how to use SDBSETUP to
install the MaxDB software and the database instance
upgrade the MaxDB software and the database instance
drop the database instance and uninstall the MaxDB software

Know how to use SDBINST to
install the MaxDB software

Know how to use SDBUPD to
upgrade the MaxDB software and the database instance

Know how to use SDBUNINST to
uninstall the MaxDB software
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Installation Tools

SADd

When you install an SAP system, the MaxDB Software is installed automatically
during the SAP installation with SAPINST.

However, when you would like to set up a standby instance or create a system copy,
you might want to install just the database software — without an SAP system.

In this case you can use either SDBSETUP or SDBINST.

For updating an existing database instance to a newer Build of the same major
database version, use SDBUPD.

For upgrading the database instance to a new major release, please follow the
instructions in the upgrade guide.

If you want to remove all MaxDB software from your server, then use SDBUNINST.
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Installation Manager

SAPdS

SDBSETUP (= Installation Manager) can be used to install, upgrade and uninstall the
database software.

The Installation Manager allows also to install (and drop) a database instance and to
load demo data into this database instance.

The Installation Manager is a graphical user interface which is available for Windows,
Linux and UNIX systems.
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Installation Manager: Start Screen

I MaxDB Installation Manager [7.7.01.07] '_ = |EI|Z,£|

Installation Manager MaxDB"

Start installation/ Show MaxDB
Install MaxDB software upgrade camponents

and optionally create
or upgrade a database
instance

Remove MaxDE ' Yigit MaxDB
components 3 wahsite

I'I'I
=
=
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To install MaxDB software choose Start installation/upgrade.
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Installation Manager: What Should be Installed

9 MaxDB Installation Manager [7.7.01.07] .

Installation Manager

Select component group to be installed

i~ Component Groups

1% Server + Client

" Client

" Custom

Details.. |

~Descript

Irnstalls
Inclhude
S0L st
Hiirnu
cieate

[ s B [nstallation
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=10l |

MaxDB

Installation Manager

Choose installation type

W MaxDB Installation Manager [7.7.01.07] i |

=1olx|

[ arBB [rstallation

+ Install software and create database instance

" Install software and uparade existing database instance

£ Installiupdate software only

~Installation Type Description

Installs the software and creates a database instance.

<Back Next>
b\;

Cancel

In the first step you have to specify which part of the database software you‘d like to

install. Server+Client is the complete software package which you need on the
database sever.

The Client package needs to get installed on other application servers. This software is

required to connect from the application server to the remote database instance.

In the next step you can decide if you would like to install just the database software or

if also a database instance should be created. You can also upgrade an existing

database instance to the new software version.
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Installation Manager: Template Selection

SAPd

. MaxDB Installation Manager [7.7.01.07] = |EI|5|

Installation Manager
Select database configuration M BXD B
=10l
" Desktop PC / Laptop - Descriptian- ]
£ Custom saws INStallation Manager MaxDB"

Database configuration [SAP SBS]

" BAP Daveloper Warkplace Specify installation prefix and provide database authorization data
W Instalation Prefis [Erede =
¥ SAP GBS

Database Name ISBS

™ Load Tutorisl Data

Database Users

Description User Hame | User Password | Confirm Password
Database Managet Operator— |DBM P et
Database System Administrator |dba [ ses

I 5wDE [nstallation

[=xDE [ rstallat ion

<Back Next: I\l Cancel
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If you choose to install a database instance, SDBSETUP provides different
configuration templates. Using one of these templates, most parameters are predefined.

However, you still have to specify the installation directory, the database name and
users and passwords for the database users.
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Installation Manager: Database Configuration

SAPd

' MaxDB Installation Manager [7.7.01.07] a = |EI|5|

Installation Manager
Database configuration [SAP 5BS] M BXD B
1=
Specify locations of database volumes
i~ Data Volumes I t I I t_ M
nstallation Manager
Namc DitEeto I, Tybe ) 5izein MO Database configuration [SAPgSBS] M axD B

DISKDO00T | C:hedbbSBShdata (Fil= 500

2
Specify database size and assign system resources
Database Size [ME] [500
- Log Volumes Memory [ME] 80 7 ——} 400
Name Directory Type | Size in MB CPUs |1

DISKLOOOT | C:vedbbSBSMog |Fle 200

EESEL

Parallel Database Sessions |E[I

I 5+DE [nstallation

[4=xDE [nstalation

<Back I Next>|: | Cancel
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Adjust or confirm the values for the data and log volumes.

Adjust or confirm the amount of memory and the number of CPUs the database should
use as well as the max. number of parallel database sessions.
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Installation Manager: Advanced Database

Settings

' MaxDB Installation Manager [7.7.01.07] L = E||5|

Installation Manager
Database configuration [SAP SBS]

Specify global database settings
¥ Automatic Start On System Reboot

¥ Automatic Extension of Data Areas

¥ Automatic Statistics Update

MaxDB

Installation Manager

Summary of installation setiings

MaxDB"

SADd

=101

r Log Settings

 Automatic log backup

Initial data backup IC edbhdatatSBSbackuptdata

Log backup [E et datatSB 5 backuptiog
£ Manual lng backup
@ Naolog backup

I 5xDE [ nstallation
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HMaxDB Installation
- Database [SBS]
i General Properties
Global Settings
H System Resources
[l Software
Components
= Locations
Independent Pragram Path: C:\sdbbprograms
Dependent Path: C:\sdbYSBS\db
Independent Data Path: C:ssdbtdata

[aBB | nstallation

<Back I Install [\I

Cancel

In the next step you can activate some automatic features for your database instance.

If the summary is correct, start the installation.
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Installation with SDBINST 1/3

Prerequisites on Windows
You have administration rights for your host.
Download the MaxDB software from the Service Marketplace.
Use SAPCAR to unpack the software package to a local directory of your choice.
In this local directory, the system creates a subdirectory
maxdb-server-<0S>-<32/64-Bit>-<PA>-<Build>
and stores the MaxDB software there.
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Prerequisites on UNIX/Linux:

1. You are in a root shell

2. Download the MaxDB software from the Service Marketplace.

3. Use SAPCAR to unpack the software package to a local directory of your choice.

In this local directory, the system creates a subdirectory
maxdb-server-<0S>-<32/64-Bit>-<PA>-<Build>
and stores the MaxDB software there.

Preparations on UNIX/Linux:

The installation program enters the required services sql6 and sapdbni72 in the file /etc/services if they do not already exist there. If these
services are managed centrally for your system on the network (NIS), you must enter them there as follows.
sqlé 7210/tcp
sapdbni72 7269/tcp
Create the needed operating system user/group:
recommended user: sdb
recommended user group: sdba
The primary group of sdb has to be sdba.
The user account has to be locked.

If you manage user groups and owners locally on your server, then we recommend that you register the names of the user groups and the
owner on the operating system before you start the installation. However, you can also specify them during the installation.

If you manage user groups and owners for your system at a central location in the network, then you must create them here before you start
the installation.

If the path <independent_program_path>/bin is not yet entered in your environment variable PATH, enter it now for all users who want to use
MaxDB.
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Installation with SDBINST 2/3

SADd

Installation Procedure on Windows

Open the Command Prompt or the Windows Explorer and navigate to the local directory that
contains the installation files:

maxdb-server-<0S>-<32/64-Bit>-<PA>-<Build>

Enter SDBINST or double-click this program to start the installation program.
Confirm the installation profile all.
If MaxDB software installations already exist on your server, a list of these installations is
displayed.
m If you want to install new database software in parallel with an existing installation, enter

none. Specify an installation path that is different from the existing installations. Define an
installation path in parallel with the existing installation paths.
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Installation Procedure on UNIX/Linux

Go to the directory
maxdb-server-<0S>-<32/64-Bit>-<PA>-<Bui ld>,

into which you unpacked the installation package.

Enter ./SDBINST to start the installation program.

Confirm the installation profile all.

Enter the user/group information:
Special operating system user sdb (owner of the MaxDB database software)
Administrator group sdba

If the group and the owner have not yet been created, the system asks whether you want to create them.
Then the group and the owner are created locally on your server.

If MaxDB software installations already exist on your server, a list of these installations is displayed.

If you want to install new database software in parallel with an existing installation, enter none. Specify an
installation path that is different from the existing installations. Define an installation path in parallel with
the existing installation paths.
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Installation with SDBINST 3/3

SAPdS

Installation Procedure on Windows - continued
If there are no MaxDB installations on your host, enter the following paths:

m Path for storing the data, configuration, and run directories of MaxDB database instances
and MaxDB applications (change the system default C:\Program Files\sdb\data to a path
without blanks)

m Path for storing the programs and libraries shared by the MaxDB database instances and
MaxDB applications (change the system default C:\Program Files\sdb\programs to a path
without blanks)

m Path for storing the server software that depends on the database version(change the
system default C:\Program Files\sdb\<version> to a path without blanks)

You see a success message about the installation.

If there was no MaxDB installation on your host until now, shutdown and restart your host to
make the independent program path known to the system.
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Installation Procedure on UNIX/Linux — continued
If there are no MaxDB installations on your host, enter the following paths:

Path for storing the data, configuration, and run directories of MaxDB database instances and MaxDB
applications (the system default value is /var/opt/sdb/data — for SAP installations we recommend
/sapdb/data)

Path for storing the programs and libraries shared by the MaxDB database instances and MaxDB
applications (the system default value is /opt/sdb/programs — for SAP installations we recommend
/sapdb/programs)

Path for storing the server software that depends on the database version.
This path must be unique. Multiple directories with different versions can exist alongside each other (the
system default value is /opt/sdb/7500 — for SAP installations we recommend /sapdb/<db_name>/db)

You see a success message about the installation.

Installation of Database Manager GUI and SQL Studio on Windows

The MaxDB tools Database Manager GUI and SQL Studio have to be installed separately using the self-
extracting files.
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Upgrade Prerequisites

SAPd

Prerequisites for Using SDBUPD or SDBSETUP
Program SDBINST or SDBSETUP (or SAPINST) was used to install the existing software.
Download the MaxDB software from the Service Marketplace.

Unpack the software package to a local directory of your choice. In this local directory, the
system creates a subdirectory

maxdb-server-<0S>-<32/64-Bit>-<PA>-<Build>

and stores the MaxDB software there.
On Windows: Stop all database instances.

The database parameters of the database instance you want to upgrade must not have been
changed since the last restart.

The database instance that you want to upgrade is the only instance that refers to the
installation path of the software you want to update.
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Each time you upgrade database instances, we recommend that you watch out for any
errors. Make sure that you have made complete backups of all data of the relevant
database instances, and that the database software of the source version is at hand.
Only then can you return to the source version straight away, if necessary, and avoid
long periods of system downtime.

On Windows no remote communication is possible between the database instances
and applications during the upgrade, since the X Server software may have to be
substituted, depending on the source and target version of the upgrade. Therefore, stop
all database instances, so that SDBUPD can stop the X Server program that is still
running. Alternatively, you can stop the X Server program yourself before the upgrade.

On UNIX/Linux systems the X Server can be substituted online, i.e. without stopping the
X Server and other database instances.
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Upgrade Procedure with SDBSETUP

If you use SDBSETUP for a database upgrade, choose
“Start Installation/upgrade”
“Server + Client”
“Install software and upgrade existing database instance”

Select the database instance to be updated and enter the Database System
Administrator (dba).

SDBSETUP performs the upgrade and displays a success message if the upgrade is
completed successfully. It then flags the installation as complete.
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Upgrade Procedure with SDBUPD

To use SDBSETUP for a database upgrade, go to the directory
maxdb-all-<os>-32|64bit-<arch>-<version>_<build>,

into which you unpacked the installation package.

Start the SDBUPD program with the following command:

UNIX/Linux:

/SDBUPD —d <db_name> -u <dbm_user>,<password>

Microsoft Windows:

sdbupd —d <db_name> -u <dbm_user>,<password>

SDBUPD performs the upgrade and displays a success message if the upgrade is completed
successfully. It then flags the installation

as complete.
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Uninstall Procedure

If you use SDBSETUP to uninstall the MaxDB software, choose
“Remove MaxDB components”

Select the components to be uninstalled
“Base” to uninstall the database instance and all MaxDB software

“Database Kernel <db_name>" to drop the database instance <db_name> and to uninstall the
database kernel software (dependent directory)

Confirm the drop database dialog and enter the Database System Administrator
(dba).

SDBSETUP performs the uninstall and displays a success message if it is completed
successfully.

The uninstall procedure with SDBUNINST is described in note #599129.
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Installation Log Files

All installation tools writes their log files into directory <indep_data_path>\wrk

The name of the log file depends on the kind of installation and contains the

timestamp:

I
—

MaxDBInstanceCreation_install-08.09, 2006-15.08.log
MaxDBInstanceCreation_install-25.09, 2006-10.46.log
MaxDBInstanceCreation_install-25.09,2006-11.03.log
MaxDBRuntimeForSAPAS_install-17.08, 2006-10,35.log
MaxDEServer_install-17.08.2006-10.36.lag
MaxDBSoftware_install-03.07.2006-11.36.log

=| MaxDBESoftware_install-06.06,2006-17.48.log

=| MaxDBSoftware_install-10.07.2006-16.57 .log

=| MaxDBSoftware_install-10.07.2006-17.01 .log

=| MaxDBESoftware_install-15.08,2006-11.54.log

=| MaxDESoftware_install-19.07.2006-11.17.log

=| MaxDESoftware_install-25.09,2006-10,52.log

=| MaxDESoftware_install-25.09,2006-10.56.l0g

=| MaxDESoftware_install-26.07.2006-08.39.log

=| MaxDBSoftware_install-26.07.2006-13.44.log

=| MaxDBUninstall_install-10.07.2006-16.57.log
MaxDBURinstall_install-10.07.2006-16.58.log

=| MaxDBUninstall_install-25.09, 2006-11.00.log

il

i
—F

o N A T
L L L L

i
—

RO R A A e X e A
Rk LA L 4 L ) Rl LT L L

il
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Know how to install a database instance using DBMGUI.
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Instance Installation

Selecting an installation template
Specifying a database name and server
Selecting the software version

Specifying the Database Manager Operator
Choosing parameter initialization mode
Specifying the instance type

Adjusting parameter settings

Specifying the data and log volumes
Specifying backup media

Specifying the Database System Operator
Double-checking the information and starting the installation
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Instance Installation 1/12
Starting the Installation Wizard

1 | Database Manager

File Edit Wiew Instance Actions Tools Help

@05 s [\ %%z

-7 My Falders | | Name [ State [ Data
-5 Servers 15 M&=DE1 Online I 5
<Localy

10.17.76.191

10,18.18.243
1015.24.65
10201259
1030.184142
192168974
isN41 L I K

|7 MAXDB1

Informatian

= ‘Database Instance:
ackup b

Recovery

Turing
Check.

&2 Backup Medium =

£22 Parameters 3

(2 Volumes

8 Database User..
82 DEM Operator
[ Log Settings...
7 Hot Gtandby..
@ Mapchar Sets

4 instance wou want to install, and prezents you with zeversl

b To continue, click next.

= EEE|
;s _J_I! =] ll
YWelcome to the Installation Wizard.

Thig Installation Wizard helps you to install or initislize database
instances. The wizard asks you ahout what type of database

inztallation options. With thiz wizard you can:
Specify the type of the database instance
Change the default parameters

.
.
+  Specify volumes for data and logs
*  Install the databasze instance

¥ Do not show this Welcome page again.

< Back Cancel

3 Tiermehar Sets
@ Upagrade Spstem Tables

|13 Maxpe o
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The Database Manager (as of version 7.5) is designed to support the most important
processes by special wizards. These are the installation, backup and recovery wizards.

The Add... feature serves to bind database instances to this Database Manager.

To install a database instance enter the installation wizard by choosing Create....

The initial welcome popup can be suppressed for further use.
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Instance Installation 2/12

Selecting Installation Template, DB Name and Server w
|57 Create Database Instance < e
]

Select Template
Select the template that you want to uze.

azl:reate Database Instance

Database Instance Name
Enter a name for the database instance and the name of the databaze

D SEIVET.

- HOTELDE Inztall Databaze Instance
Databaze Server:. |<Localr Fort:
stance
[ Database Instance: DEMD Databisse Name: ||[BERN
& Parameters: M&=BACKIPDEYS =1
MealloERTLR D Login Infarmation for Server
B Valumes: DaTa, FILE, 3072, DAT_0001 = e ;
LOG, FILE, 1024, LOG_0DO Login Name: I
E& Backup Medium: DAT1, FILE, DEMO_COR1
Fagaword: I
P=7 | I~ Un:
< Back I i Hext >
< Back II Cancel
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First you have to select an installation template. According to the selcted template the
database paramters are initialized with reasonable values for a demo database or a
database for the tutorial data. With template Blank the parameters are initialized with
the default values. However, the parameter values can be changed later during the
installation.

Enter the name of your new database instance.

If you install a local instance, server and related fields have to be left free. Otherwise
the server name and the adminstration user together with his/her password have to be
specified.
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Instance Installation 3/12
Selecting the Software Version

& Create Database Instance . — P [ om] |
Installations
Select the version of the installation that you want to use.

Wersian Inztallation Path

L] g
8 760003 c\program fileshsdbimandhl
8 750016 chprogram fileshzdbmypdbtdb
8710600 o Tl s

<Eacl I Hext > I IEanceI |
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A list of all installed MaxDB and SAP DB software versions is presented.

Select the database version for your instance.
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Instance Installation 4/12
Specifying the Database Manager Operator

& Create Database Instance ~ P [ om] |

Authonization
Enter the user name and passward for the D atabase Manager
aperatar.

E D atabaze Manager O peratar

User Mame:

Password:

LConfirm Passworn

o The default user name and password for the ['atabaze Manager Dperator iz DBM.
For a higher level of security, we recommend that you choose a different user name
and password,

< Back II Hext > I I Cancel

|

© SAP 2007 / MaxDB AdminClass-All / Page 54

The Database Manager user ‘dbm* with password ‘dbm’ is presented for quick set-up

but of course user and password can be changed.

54




Instance Installation 5/12

Choosing Parameter Initialization and Instance Type w
& Create Database Instance — J ] <

Parameter Initialization & Create Database Instance

Choose a mode far the parameter initialization.
Instance Type

Choose the instance type.
slize parameters with default values
Lopy parameters from existing database & ' OLTF — Description
' Best e el di o MySOL MaxDE is a relational data!:ase s_l,lsteml
TR AR e e BB TIEL B g that was developed for OLTP [Online Transaction

€ Use current parameters Pracessing). Thiz database instance type iz
optimized ta process individual tranzactions Fast in
environments with a high number of uzers and
large databases.

o Choose an instance type for
database system version
7.6.00.03.

Cancel
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There are 4 possibilities to initialize the parameters:
You can use ‘Initialize parameters with default values’ for a new installation.
You can copy the parameters from another (existing) database
You can restore the values from a backup medium.

You can use the current values if you reinstall an existing database

It is possible to install different types of database instances:

An OLTP database which is the ‘normal* instance type,

A liveCache instance which is used for APO (SAP only)
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Instance Installation 6/12
Adjusting Parameter Settings SAD

azl:reate Database Instance

Adjust Parameters
I required, adjust the parameters now.

Parameter Properties - CACHE_SIZE - 5[
@ General 3 Ertended General |
@ Mame: CACHE_SIZE
& KERMELYERSION KERMEL 7.6.00 BUILD 003 Value: 10000
& LOG_MIRRORED NO
© Mox<BACKUPDEVS 2 Mew Values: ISDDD
B MaxCPU 1
© MADATAVOLUMES 1 The value specifies the ifo capable memaory uzed by the data cache and the -
& MoxLOCKS 2500 canverter. |t iz weny impartant for the parformance of the databaze.
£ hAAS) NN IRES o
1 I The converter transforms a logical page number into a physical block
address on the data volumes. Cauzed by the importance the conwverter
resides completely in the memony. The remaining memory is uzed by the
data cache.
i3 DEMD < Back _I

Cancel
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On this screen you can change the initial parameter values. A short explanation for
every parameter can be found in the column ‘description’.

The ,General* view shows only the standard and thus most significant parameters. The
,Extended' view offers many more parameters that normally do not have to be changed
except for support cases.

To change a parameter value, double-click on the parameter name. The maintenance
window with additional information will appear.
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Parenthesis:

Changing Database Parameters

1 | Database Manager

File Edt Yiew Instance

Actions ook Hel

E85 3 |8

4 Configuration Wiz

=

il
[ Log Setings
"7 Hot Standby
7 Users

@ Mapchar Sets

@ MAXCPU
© MaXDATAWOLUMES
@ MaXLOCKS

0
© RESTART_SHUTDOWN MANUAL

@ RUNDIRECTORY

C:\Pragram Files\sapubtindep_databwrkiMYDE

(1 MyFolders | [Name [ Daa Log
=5 Servers (BMvDB | D General |
i g <Local 3 DB75 Not connected
H 101778 | {73 wypp2 Net connected
: BIBTET % e Not comnected
g }g;?;szc Foe7t Not connected
sl | F o873 Not connacted
= Trsesu] i e Tericw) Nt connscted
il w |
3 MYDB {2 Configuration - P:
Information [ ® Geneal ‘
Backup ae [ Value [ NewValue
Fecovery ® CACHE_SIZE 3000
Tonivg G INSTANCE_TYPE oLt
ek € KERNELVERSION KERNEL 750 BUILD 006123055634
@ LOG_MIRRORED HO
Configuration © LOG_SEGMENT_SIZE 333
@ MAXBACKUPDEYS 2

=T

Parameter Properties - MAXUSERTAS!

©

MaxISERTASKS

I Mew Value: I'I 0 I

I

M aximumn number of simultaneously active users
[databaze seszions).

Overconfiguration exceeding the actual requirement
results in an

enceszive demand for address space (especially
zhared memory).

[2 bytes integer]

I

Cancel

B Temchan Sets
B Upgrade System

M=

|2 MroB

© SAP 2007 / MaxDB AdminClass-All / Page 57

If you have to change a database parameter after you have finished the installation,

select the menu ,Configuration - Parameters'.

Select the parameter by double-clicking the parameter name.

Specify the new value and press ,OK".

The change will become visible in the ,New Value‘’ Column of the DBMGUI display.

The new parameter value will become valid only after a database restart.

After you have changed parameters, you have to stop the database to mode ,ADMIN‘ or
,OFFLINE' and then restart the database to ,ONLINE' mode.
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Instance Installation 7/12

Specifying the Data Volumes

azl:reate Database Instance _

Yolumes
Specify the volumes.

I_f% DataVolumes | r'_ﬁ Log Yalumes |
MHame I Sizel Typel Device/File
|%DATADDD1 24576 KB File  DAT_0O01

r;l%l

3 DEMO

Data ¥olume Properties - DATADDD1 - 5[
General |
@ Mame: DATADON
Size: 24,576 KB
L 24,00 MB
Device/File: [DAT_0001 002 GB
Tupe: IFiIe 3072 Pages
)8 | Cancel I
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The next installation step is to specify the database volumes for Data and Log.

Select the tab strip (Data or Log).

Click on the create asterisk to enter the size, device type and location or on the
Properties button to change the proposed values.

Location specifies the path (complete path is recommended) to the volume. If only the

file name is specified, the file is created in the rundirectory.

Type specifies if the volume is a file or a raw device.
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Instance Installation 8/12
Specifying the Log Volumes SADg

- ™ |
& Create Database Instance a'{l:reate Database Instance | - i |E||5|
Yolumes

i - VYolumes
pecity the volumes. Specify the volumes.

I_a oo Volumesl| a Lemhaliins I % Data Yolumes | IE Log Volumes

DATADDM 24576KE File C

General |

-
@ Mame: LOGOO1

Size: 6192
Device File: ILD G_0m
Type: IFiIe

x50

S |
3 DEMD

3 DEMO <Back |[ New> |1 concel |

K | Cancel I
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The values for the log volume(s) are specified in the same way as for the data volumes.
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Instance Installation 9/12
Specifying Backup Media SADg

& Create Database Instance — P [ om] |

Backup Medium
Specify backup media.

| Mame | Device/File | Device T_l,lpel =130 Medium Properties - DAT1 L} |
= :

DAT1 DEMO_COMT  FILE Caomplete [
General |Extended I Label I

E Mame: IDAT1

Backup Type: IEompIete Data - l

Device Type: IFiIe - l
_I Tool Tupe: INDNE vl
4

o Device File:
ms|@foam E
| | |

{3 DEMD

ak I Cancel
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Now you are requested to set up your first backup medium. A backup medium is
assigned to every backup you carry out. Backup media include files, tapes, and pipes.
The media for all types of backup and recovery operations can be reused under this
logical name. You can define a single backup medium or a group of several backup
media.

You can choose any name for the medium name.

Besides the medium name you have to specify a location. You have to enter the
complete path of the medium. If you specify only a file name this file will be created in
the rundirectory of the database.

Each backup medium is bound to a type of backup.
Complete Backup
Incremental Backup (Changed pages since last complete backup)
Log Backup

Furthermore an external backup tool can be assigned to this medium.

For template DEMO a single backup medium is already defined.
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Instance Installation 10/12
Specifying DB System Admin / Starting the Installation

azl:reate Database Instance 2 ;Iglll
. —
Creation Mode & Create Database Instance

Choosge the mode of the creation.
Start Creation

Finizh collecting the data needed to create the database instance.
+ Create and start instance

2 [ atabaze Systern Administrator: : .
Create database instance <Local: :DEMO Yersion 7.6.00.03.

User Mame: Idba
The RUNDIRECTORY iz c:\program filesh\sdbhidata‘\wik\DEMO.

Pagzword: I"’“‘

1 Data “Yolurme(z) with a total of 3072 Pages.

Confirm Password: | 1 Log Yolumefs] with a total of 1024 Pages.

" Create instance for recovery The total space requirement for volumes iz 4096 Pages.

o If yoLs want to restore the databaze instance, the [nstallation ‘wizard w

Recovery Wizard after creating the database instance. The Databaze . . .
Administrator will be restared from the backup. Choose Start' to create the database instance.

; IJ] 5ave Template as ...
3 DEMO =

{3 DEMD

Cancel
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At this point, all data that is required to run the installation has been collected, except
for the database user name and password, which has to be entered now.

For quick processing the user ,dbadmin‘ with password ,secret’ is preset but of course
this can be modified.

Before the installation starts, the installation summary is shown. Select the ,Start’ button
to start the installation.
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Instance Installation 11/12
Waiting for Completion

& Create Database Instance i . o ]

Creation
Creating the database instance.

azl:reate Database Instance

- EEE
Creating databaze instance <Local> -DEMO. Finish s
Creation finizhed successhully
Starting the database instance ... OK! DEMO  Data [_ 8% |
Activating the database instance ... OK! Total: 24,560 KE Ferm: 1.764 KB Temp: 50 K& Used: 1,564 KB Free: 22 696 KB
Enadingopstanibabless: a Log: [— 40
Total: 7.632 KB Used: 3.072 KB Free: 4560 KB
ONLINE  Gessions:  |[e— 0% |
Used: 1 Free: 4
0 Creation of database instance finished successfully.
3 DEMO
Save Template as ...
3 DEMO
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During installation a progress bar and the steps of the installation are displayed.

The loading of the sytem tables is the final step.

When the installation is finished the wizard window shows the database overview.

You can save the details you entered when you install or initialize a database instance
in a template. The Installation Wizard proposes a path and name for the template. You

can use this template to install and initialize other database instances.
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Instance Installation 12/12
Database Manager GUI Overview

| | Database Manager [

File Edit Wew Instance Actions Tools Help

B (i~

|ZBgo na (% uece (o |
: ] My Falders | | Name | State | [ata | Log | Sessions Data Cache Hit... | Auto Lag
- Servers [ MAxDB Orline I 5% | tuto Overwite [l 20% 100 % off
<Local> [ZADEMD Orline I B | G Il 20 100 % off
10.17.76.191
10.18.18.243
10.19.24.85
10.2012.59
10.30184.142
192.168.97.4
L snnd =l | 2|
7 DEMD State %
Information DEMO Datax [— 6% |
Backup Total: 24.550 KB Ferm: 1.754 KB Temp: 80 KB Used: 1.664 KB Free: 22.505 KB
Fecovery a Log: [_ 40 % |
Total: 7.632 KB Used: 2.072 KB Free: 4.560 KB
i CMLIKE
Mot Sessions: [EG—— % ]
Check Used: 1 Free: 4
Configuration
General
=] Backup Medium
i Mame DEMC Ao Log Off
I=: Parameters
% Gl “ersion 780003 Command Monitor Off
8 Databasaliser Operating System Windows 2000 QANI2) Resource Monitor Off
¥ DEM Dperaion Auldrecton L — tohese Troce or
) Log Settings Stert On 121212004 3:22:54 PN Bptabese Shelyer] ko
%7 Hol Standby.
'a Mapchar Sets I o
a Temchar Sets Total 23440KB
@ Uparade System Tables Hit Rate 100 %
3 DEMO y
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Now the instance has been registered and can be administered with the database

manager. You can easily assign your whole landscape of MaxDB database instances to

the Database Manager by simply registering them with the menu option Instance -

Add.

Presented above is th

On the left side you see all possible actions. They are grouped by command types.

e main screen of the Database Manager

On the right side you see the information selected: in this example the filling level of
data and log devspaces and the cache hit rates.
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Learning Objectives

Knowing the internal task structure of MaxDB

Knowing the most important memory areas used by MaxDB
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Application

MaxDB Instance

MaxDB
Kernel
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Clients/applications can run on a local or a remote computer

Separate computers can have different operating systems

| MaxDB kernel process |

TCP/IPT Fhared

Memory

Client Client
process process
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Processes/Threads

The database kernel runs as one process which is divided in threads.

The following slides show the process/thread structure and the function of the
different threads.
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Database instance
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Process structure

Special Threads
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The database kernel runs as one process which is divided into threads.

On UNIX there are two processes — the database kernel forks itself after initialization to
be able to clean up after termination (watchdog process).

Inside the operating system several threads can be active in parallel. Different threads
perform different functions.

User Kernel Threads (UKT) contain several tasks, which perform different functions.
This tasking allows a more effective coordination of the functions as the operating
system would do with several threads.

The Runtime Environment (RTE) defines the process and user kernel thread structure.
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Threads |

DBMCLI

User Kernel Thread (UKT)

Tasks
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During startup of the RTE, i.e. during start of the database instance into admin state,
the Coordinator Thread is created first. It has a special meaning.

= The Coordinator Thread uses database parameters during the start to get to know
the memory and process configuration of the database instance. For this reason
changed database parameters mostly become active only after the following start of
the database instance (restart).

= The Coordinator Thread coordinates the starting of the other threads and controls
them during the runtime of the database instance.

= In case of errors, the Coordinator Thread is able to stop other database threads.

The Requestor Thread receives connect requests from client tasks to the database. The
connect request is attached to a task in a User Kernel Thread.

The Console Thread allows to monitor database kernel internal states while it is
connected to the x_cons program.




Threads Il
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Several Dev Threads (Dev is short form of devspace, formerly used where now the word volume is used)
are responsible for handling the read and write calls (sent by the corresponding tasks) to and from data
and log volumes. MaxDB supports asynchronous 1/O calls. With Windows NT/2000 the asynchronous 1/0
of the operating system is used.

The number of Dev Threads mainly depends on the number of volumes in the database installation.
Usually for every log and data volume there are two and for writing the database trace there is one Dev
Thread activated. If the asynchronous I/O of the operating system is used, only one Dev Thread per
volume is started.

Thread dev0 has a special function:

devO0 is responsible for coordinating and controlling the Dev Threads. If, for example, a mirrored log
volume fails during working (bad volume), dev0 will stop the corresponding Dev Threads. If a new data
volume is added to the database instance during database activities, devO is responsible for creating new
Dev Threads.

If the asynchronous 1/O calls of the operating system are used, the User Kernel Threads directly send
their calls to the OS. The answer of the OS is put into a queue which is read by the 1/0 Worker Threads.

For creating backups temporary threads are activated for reading and writing the data. These threads are
called asdev<i>. Their number depends on the number of data volumes and backup devices.
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User Kernel Threads und Tasks

execute

SELECT * FROM tab Parameter: MAXUSERTASKS
WHERE coll = 5
Parameter: MAXCPU
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Each user respectively each application process/thread is assigned to exactly one User Task when
handling the connect request. The maximum number of User Tasks available depends on the database
parameter MAXUSERTASKS. This parameter therefore sets the upper limit for the number of parallel
sessions for the database.

The parameter _MAXTASK_STACK defines the stack usage of the User Tasks.

The database parameter MAXCPU defines, how many User Kernel Threads are created for the User
Tasks. The other tasks as well as the global threads do not need much CPU time. So the parameter
MAXCPU defines how many processors the database may permanently use in parallel.

With version 7.5 each user task can be combined with one thread (database parameter
USE_COROUTINES = NO). Several threads are bundled in one UKT. Therefore the possibility to restrict
the number of CPUs used in parallel (parameter MAXCPU) remains.

Furthermore there is the chance for user tasks to switch to another UKT if the UKT used so far is
overloaded with work.
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Server Tasks mainly are used for backups. Some Server Tasks read from the data
volumes, others write onto the backup devices.

During CREATE INDEX commands multiple Server Tasks read the data of the table
from disk concurrently.

With DROP TABLE commands Server Tasks delete the data of the table
asynchronously. The user does not have to wait for all data being deleted.

The database system calculates the number of Server Tasks automatically during
configuration of the database instance, taking the number of data volumes and planned
backup media into account.
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Data Writer and Timer Tasks

session
timeout
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Data Writer Tasks are responsible for writing data from the 1/0 buffer cache onto data
volumes. They become active when a SAVEPOINT has to be done.

The number of Data Writer Tasks is calculated automatically by the database system. It
depends mainly on the size of the I/O buffer cache and the number of data volumes.

The Timer Task is used for the handling of timeout situations (for example: Session
Timeout, Lock Request Timeout).
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Log Writer and Event Tasks

Event Dispatcher
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The Log Writer Task is responsible for writing after images onto the log volumes.

Event Tasks allow to wait for events in the database (filling of database above xy
percent and so on). For example the Event Dispatcher connects to the Event Task to be
informed if an event occurs. The Event Dispatches starts so called Event Handler if an
event occurs. This allows f.i. to add a data volume automatically if necessary.

The messages are written to the file knldiag.evt as well.

The Garbage Collectors are only used if MaxDB runs in special SAP applications.




Utility and Trace WriterTask

"knltrace db_activate ...
L o ADD VOLUME ...
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MaxDB allows to write a database trace. If this writing is enabled, the Trace Writer Task
becomes active.

Active tasks write trace into a buffer. The Trace Writer Task then writes these buffers
into the file knltrace if requested.

The Utility Task is the only one for managing the database instance.

As there is only one Utility Task per database instance, managing duties can not be
done in parallel. Conflicts are therefore prevented.

The automatic log backup can be done in parallel to some other managing duties
because it does not need the Utility Task any more once started.

As of version 7.5 administrative tasks can also be performed by User Tasks. The
database kernel prohibits the concurrent execution of conflicting activities. The
Database Manager still uses the Utility Task.




Remote SQL Server
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When you start the X Server on UNIX to enable remote database accesses, an
additional process is created. It is named vserver. For every application process with a
remote connection a new vserver process is created. The ‘old’ process works for the
new application, the ‘new’ vserver process waits for the next remote connection.

On Windows platforms an additional thread is started for the application connection.
On Windows platforms the X Server is a service.

For local communication shared memory is used.
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Processes with ps

When the database instance is started there are always two processes in UNIX.

The process with process ID 1 as its father is the listener who starts the second
process.

The second process is the actual worker process

$ ps -afe | grep kernel
sdb 445002 1 0.0 Oct 28 ?? 0:01.47 /sapdb/<db_name>/db/pgm/kernel <db_name>

sdb 446847 445002 0.0 Oct 28 ?? 0:01.37 /sapdb/<db_name>/db/pgm/kernel <db_name>
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In Linux there is one clone process per thread.
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Processes on Windows

SAPd

When the database instance is started there is always one process on Windows

named kernel.exe

The database kernel runs as a service

EJ windows Task Manager ] |
File Cptions  Wiew Help
%, Sarvices 0] x|
Applicatic |~ = :
File Action Wiew Help
o | EHHB @ > e 0w
Imagt -
Syste| % Services {Local) %, Services (Local)
g;sﬁtSE‘ MAXDB: SBS wame /S Description Stakus Startup Type Lag On As -
1 Started Automatic O
WINL: %%fhﬁffrﬂf;m | ERsTTSes (slow) Manual Local System LI
Sl % Extende Standard /
SERVI
| 5aas) |
|I<Erne|.exe 364 00 0:00:04 =Priced 4
| SO ERE 412 00 0:00:01 4,132 K
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Memory Footprint

Database kernel

' Thread level areas: l Client m
| n* MAXTASKSTACK |
Thread 2 Client p+1
Thread 1 Client p
i Common / shared memory areas: Client 2
CACHE_SIZE Client 1

CAT_CACHE_SUPPLY
| LOG_10_QUEUE

______________________________________________

SHAREDSQL_COMMANDCACHESIZE i
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____________________

+ Communication
' Buffer:

i m *

' PACKET_SIZE

m <=
MAXUSERTASKS

The following parameters specify also some memory requirements:
TRACE_PAGES_TI

Size (in pages) of memory used for kernel trace for each task of type Timer.
TRACE_PAGES_GC

Size (in pages) of memory used for kernel trace for each task of type garbage collector.
TRACE_PAGES_BUP

Size (in pages) of memory used for kernel trace for each task of type backup.
TRACE_PAGES_LW

Size (in pages) of memory used for kernel trace for each task of type log writer.
TRACE_PAGES_PG

Size (in pages) of memory used for kernel trace for each task of type data writer.
TRACE_PAGES_US

Size (in pages) of memory used for kernel trace for each task of type user.
TRACE_PAGES_UT

Size (in pages) of memory used for kernel trace for each task of type utility.
TRACE_PAGES_SV

Size (in pages) of memory used for kernel trace for each task of type server.
TRACE_PAGES_EV

Size (in pages) of memory used for kernel trace for each task of type event.
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I/0 Buffer Cache

DATA 2
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To avoid time-critical disk I/O read and write accesses to volume buffers are used. The corresponding
main memory structures are named caches. Their sizes are defined by the database administrator.

The 1/0 Buffer Cache (Data Cache) contains those pages of the data volumes, which where read or
written recently (that includes data and index pages). All active tasks use it concurrently.

I/O buffer cache is static memory; it is allocated in full size when the MaxDB is started. The size is
configured by MaxDB configuration parameter CACHE_SIZE, in page units (1 page = 8 KB).

The hit rate, i.e. the number of successful accesses compared to the number of all accesses in the 1/0
Buffer Cache is decisive for the performance of the database instance. It should exceed 98%. An access
is called successful if the wanted data is found in the cache without need for I/O.

As well as data pages the I/O Buffer Cache contains Converter pages. Converter pages are stored on
data volumes like data pages. In these pages the link between the logical page numbers and their
physical position in the data volumes is stored.

The number of converter pages is calculated automatically. This number may increase when increasing
the amount of data stored in the database. During deletes converter pages are freed.

All converter pages remain in cache. The size of the converter depends on the size of the database. Each
converter page contains 1861 entries for data pages.
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Catalog Cache, Log Queue

SADd
. [ [ [ | |

Catalog entries for table knal

Bl Shared SQL Cache |Himm—

Table knal: ID 3421; Node p15714

Column Type Length

mandt NUMCHAR 3

kunnr NUMCHAR 8

namel CHAR 20

tell CHAR 20

e
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The Catalog Cache contains user specific and global catalog objects. Data displaced from the catalog cache is put
into the I/O Buffer Cache. The hit rate of the Catalog Cache should exceed 85%.
The size of the Catalog Cache is specified using the kernel parameter CAT_CACHE_SUPPLY.

All DML statements and their execution plans are stored in the Shared SQL Cache. The data of all users is stored
in the same Shared SQL Cache — each executed statement is inserted just once. If Shared SQL is switched off
(parameter SHAREDSQL), the statements are stored for each user in the Catalog Cache.

The Shared SQL Cache contains also the text of the executed statements — so you can determine at any time the
currently running statements. Furthermore runtime information of these statements (like accessed pages, runtime,
qualified rows, ...) are stored in the Shared SQL Cache which can be used for performance analysis.

The Log Queue is used as a buffer to store data changed by the application (after images of records) that needs to
be transferred to log volume before the application can successfully perform a commit.

The log queue is organized in pages. Several applications can write their changed data (log entries) to the same
log page. Whenever a log page is full, it will be written to the log volume by the Log Writer task.

While the Log Writer task writes a log page to disk, other pages in the log queue can be filled. If several pages are
used, the Log Writer will write up to eight pages using just one physical I/O.
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File Directory, Sequence Cache

Filé Dir

INSERT INTO T100 (coll) VALUES (seq.nextval)

Table ID| root

Table ID| root
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The File Directory is for internal management of the database instance. In it at least the
page numbers of the root pages for all data trees are managed.

The Sequence Cache contains current values for sequences.

84



Cache Access

Critical sections in memory are protected by
synchronization mechanisms (Regions)
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Accesses to caches can be synchronized over one or more regions. Depending on its size, the data cache is
comprised of 8 to 64 segments of the same size, each of which is protected by exactly one region.

If a task or thread accesses a critical section, the region locks this session for all other tasks or processes.
Other main memory structures are also managed via synchronization mechanisms provided by the database.
Reader-writer locks are used to synchronize the shared SQL cache. Reader-writer locks are used in version 7.5

and up. In contrast to regions, reader-writer locks make it possible to distinguish between shared and exclusive
locks.

85



© SAP 2007 / MaxDB AdminClass-All / Page 86

86



Learning Objectives

Know how to
start and stop the database instance using DBMGUI and DBMCLI
create backups
perform a recovery with/without initialization
check the database structure
add volumes
alter the log settings
create and use shapshots
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Startup and Shutdown 1/2

SAPd
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The database always shuts down (offline) when it is switched from online to admin
mode, you can either switch to offline and then to admin or switch directly to admin.
There is no difference!
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Startup and Shutdown 2/2

Shutdown:

domcli —d <db_name> -u <dbm_user>,<password> db_offline

Restart:

domcli —d <db_name> -u <dbm_user>,<password> db_online
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If you want to perform some administrative tasks and no user should be connected to
the database instance, you can put the database into state ADMIN:

shell> dbmcli —d <db_name> -u <dbm_user>,<password> db_admin
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Backup Basics 1/2

SAPdS

Backups are performed by the database process.

Online backups of the volumes made with operating system tools (e.g. dd, copy) can
not be used.

There are three backup types :
Complete Data Backup: All data pages, configuration and parameter information.

Incremental Data Backup: Backs up all data pages changed since the last complete data
backup.

Log Backup: All pages of log (in units of log segments) that have not already been backed up.

Additionally ,Set AutoLog On' automatically backs up the log as soon as a log segment is
completed.
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Backup Basics 2/2

SAPd

You should keep several generations of backups. For example tapes containing data
or log backups should not be directly overwritten with the next backup.

When the log writing is not disabled:
The automatic log backup (autosave log mechanism) should always be active.

If automatic log backup is not active, you must regularly check whether there is enough
storage space available in the log area.

You should regularly archive the version files written during a log backup to a medium of your
choice.

Due to the database converter concept, MaxDB does not support backup / restore of
single tables/schemas. However, single tables/schemas can be extracted/loaded
using the MaxDB loader.
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If you retain, say, the last four backup generations, it may be possible to use an older backup if a media
failure occurs.

Note that in case of a restore a more up-to-date data backup means that fewer log entries need to be
redone. Therefore, perform data backups as often as possible.

Perform a complete data backup on each day of production.

If you cannot or do not want to perform a data backup every day, you should at least perform an
incremental data backup on each day of production.

While a complete data backup is active, incremental data and log backups cannot be started.
You can perform data backups in parallel to reduce the time required for the backups.

Complete and incremental data backups are also possible while the automatic log backup is active.

If new log entries cannot be written to the log area because there is not enough storage space, the
database stops. If necessary, back up the log area immediately by starting an interactive log backup.
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External Backup Tools

MaxDB supports three kinds of external backup tools:
Tivoli Storage Manager
Networker

Tools which support the Interface Backlnt for Oracle or
Backint for MaxDB
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To use one these tools you have to choose the device type Pipe for your backup
medium. Furthermore you have to specify, which backup tool should be used: ADSM,
NSR or BACK.

For Windows NT media location must be specified as "\\.\<PipeName>* where
<Pipename> stands for any name. On a UNIX/Linux platform the location can be any
file name of a non existing file.

For details about using external backup tools please see the online documentation.
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Complete Backup 1/3
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A complete backup saves all occupied pages of the data volume. In addition, the
MaxDB parameter file is written to the backup.

The complete backup as well as the incremental backups are always consistent on the
level of transactions since the before images of running transactions are stored in the
data area; i.e. they are included in the backup.

Each backup gets a label reflecting the sequence of the backups. This label is used by
the administrative tools to distinguish the backups. A mapping from the logical backup
medium name to the backup label can be found in the file dom.mdf in the Rundirectory
of the database instance.

Each backup is logged in the file dom.knl in the Rundirectory.
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Complete Backup 2/3

E Backup Wizard

Backup Medium
Create/select a mediurm for Complete D ata backup.

E Backup Wizard

Start backup
Confirm your selection and start Complete Data backup.

‘fou have completed the steps required to perform a Complete Data backup.

Database: MYDE

Yersion: 7508

Rundirectory: C:\Program Files\sapdbhindep_datawik\MYDE
Backup Type: Complete Data

Backup Device: CompleteBLI

4 Device Type: FILE
e Location #1:  MYDE_COM_O1
(a & | a B Location #2°  MYDE_COM_02

< Back Ii Hext >

Choose 'Start' to start backup.

< Back Cancel |

© SAP 2007 / MaxDB AdminClass-All / Page 94

For a complete or incremental backup you can choose one of the three device types ‘file’, ‘tape’ or ‘pipe’.

After you have selected a backup medium the backup process has all the information needed for the backup. The wizard responds
with a summary and the ,start' request to crosscheck the backup action before starting.

medium_put syntax for dbmcli:

medium_put <media_name> <location> <FILE/TAPE/PIPE> <backup_type> [<size> <blocksize> <owerwrite> <autoloader>
<os_command>]

Defining a File as Overwritable Medium for a Complete Data Backup (named completeF)

dbmcli -d <db_name> -u <dbm_user>,<password> medium_put completeF /usr/maxdb/complete FILE DATA 0 8 YES
Defining a Tape Device as Medium for a Complete Data Backup (hnamed completeT)

dbmcli -d <db_name> -u <dbm_user>,<password> medium_put completeT /dev/rft0 TAPE DATA 64000 8 NO

Media Change

If the capacity of the medium is insufficient for the entire backup, you must carry out a media change. In other words, the backup is
written to the first medium until this is full, and then a succeeding medium is used. If you foresee this occurring, call up the
Database Manager CLI in session mode, because you must not interrupt the session during the backup operation.

Creating a Complete Data Backup
dbmcli -d <db_name> -u <dbm_user>,<password> -uUTL —c backup_start completeT
Commands for Exchanging Media During Backups
(Example of a complete data backup with media exchange)
dbmcli -d <db_name> -u <dbm_user>,<password> -uUTL
backup_start completeT
backup_replace completeT

(The backup_replace command has to be executed AFTER the tape has been exchanged, so that the first part of the backup is
not overwritten by the next part.)
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Complete Backup 3/3

E Backup Wizard

State of Backup

Complete Data backup is running.

2.048 KB | 256 Pages transferred.

D atabase:
Wersion:
Rundirectory:
Backup Type:
Backup Device:
Device Type:
Location #1:
Location #2:

MYDE

7508

C:%Program Filesheapdbhindep_datawrk \MyDE
Complete Data

CompletsBL

FILE

MYDE_COM_0

MYDE_COM_02

Stark
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During backup, a progress bar is d

isplayed.

Finally the result and environment information is displayed.
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Incremental Backup

SAPdS

An incremental backup is also performed using the backup wizard
Instead of ,Complete Data Backup’ ,Incremental Data Backup' has to be selected

A backup medium bound to this backup type has to be used — if it does not exist, it
has to be created

All data pages changed since the last complete data backup are backed up

Prerequisite: a complete backup has been created successfully after the installation
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For a complete or incremental backup you can choose one of the three device types
‘file’, ‘tape’ or ‘pipe’.

Defining a File as Medium for an Incremental Data Backup (named incrF)

dbmcli -d <db_name> -u <dbm_user>,<password> medium_put incrF /usr/maxdb/incr
FILE PAGES

Creating an Incremental Data Backup

dbmcli -d <db_name> -u <dbm_user>,<password> -uUTL -c backup_start incrF
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Log Backup
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Prerequisite: a complete backup has been created successfully

SAVE LOG saves all occupied log pages from the archive log which have not been

saved before.

We recommend to save the log into version files. One version file will be created for
each log segment. Version files automatically get a number as extension (e.g.
SAVE.LOG.0001, SAVE.LOG.0002, ...)

If the log option ‘auto overwrite’ is enabled, no log backups have to be performed.
Trying to create an log backup would result in error -128,Log backup is not possible

because the log overwrite mode has been enabled.
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Log Backup 2/2

il
;
Backup Medium
Create/select a medium for Log backup. Backup Action Completed
Log backup successhully completed.

MYDE_EO RN backup
Confirm your selection and start Log backup.

8.000 KB | 1.000 Pages transfemed.

. Label: LOG_00003
‘f'ou have completed the steps reguired to perform a | Date: 11.17.2002 120766
Medium: Log
Size: 8000 KB | 1000 Pages
D ala_hase: H'*DE Log Range: 0-1607
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First Commit: 11.11.2003 09:57:30

Rundirectory: C:\Program Fileshsapdbhindep_ T 11.11.2003 130753

Backup Type: Log
Backup Device: Log
Device Type: FILE

| .ﬂ Location: MYDB_LOG
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Chonse 'Start' to start backup.

< Back | Cancel |
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A backup medium bound to the backup type ‘Log Backup’ has to be used — if it does not
exist, it has to be created

For a log backup you can choose ‘file’ or ‘pipe’. It is not possible to save log segments
directly to tape.

Defining a File as Medium for an Interactive Log Backup (named logsave)

dbmcli -d <db_name> -u <dbm_user>,<password> medium_put logsave /usr/maxdb/log
FILE LOG

Creating an Interactive Log Backup

dbmcli -d <db_name> -u <dbm_user>,<password> -uUTL -c backup_start logsave
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Automatic Log Backup 1/2

| | Database Manager I = x|

Fle Edit Yew Instance Actisns Tools Hsip

FETEERRNI-1E |
1 MyFoiders 2] [[Hame —— — T = T
<Local> Hoe7s
10.17.76. 3 MvDB2 Backup Type
e B Select which ype of back tto pet
LENEDE - i elect which type of backup you want ta perform,
192.168.%
<0041 (3 oe72
wnmoe ) |GELCT422
| r\ » < ‘what type of backup vou want to perfarm? || ast Complete Data Backup: Al
3 MYDB (7 Database Label: DAT_00001
T — . = Complete Data Backup a:ﬁ;m: 1CLF]11D|92tDIBDB?L|1 1:53:08
. . ol ; 2
T8 Backup Wi a 39 £ Aliciemens Dhta Beckup Sig:mes 264 Pages
ONLINE Sessions: " Log Backup Log Page: 1024
) Backup Medium
(o ctivate/deactivate automatic Last Incremental Data Backup:
General | Mewer
Maime
G Last Log Backup:
T Label: LOG_00002
Date: 11.11.2003 13:07:58
Rundirectary M edium: Log
Sizer 296 Pages —
Sleet On LogRangs: 1327 - 1607
Data Cache LI
Recovery Total P—
Turing Hit Rate < Back Cancel |
Check. —_—
Configuration =
|3 MvDB o
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When the Autosave Log mechanism is activated, log segments are automatically
backed up as soon as they are completed.
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Automatic Log Backup 2/2

CIRIE|
i B ]

Create/select a mediurn for automatic log backup.
Automatic Log Backup
Automatic log backup iz activated.

Il;,5 Backup Wizard

Automatic Log Backup
Confirm your selection and activate automatic log b.

‘fou have completed the steps required to activate

D atabase: MYDE
Yersion: 7508
Rundirectory: C:\Program Files\sapdbinde

Backup Type: Auto Log On/OF
Backup Device: Log

A I Device Type: FILE
Location: MYDB_LOG

Choose Cloze' to close the B ackup ‘Wizard,

Choose 'On' to activate automatic log backup.

< Back “ Cancel |
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A backup medium bound to the backup type ‘Log Backup’ has to be used — if it does not
exist, it has to be created

Defining a File as Medium for an Automatic Log Backup (named autosave)

dbmcli -d <db_name> -u <dbm_user>,<password> medium_put autosave
/usr/maxdb/auto FILE LOG

Activating the Automatic Log Backup with Medium autosave

dbmcli -d <db_name> -u <dbm_user>,<password> autolog_on autosave
Deactivating the Automatic Log Backup

dbmcli -d <db_name> -u <dbm_user>,<password> autolog_off
Checking the Status of the Automatic Log Backup

dbmcli -d <db_name> -u <dbm_user>,<password> autolog_show
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o 2
< = MYDE3 Mot connected
L E 2053 P MvDB2 Mot connected
ERE B MvDE Nat comnected
-3 mas2e 3 MaxDE3 Nat connected
8 117 8 7500_2 Not conrscted

X

Label Wedium Size (Pages) vmumes ‘N;mofsvaga FromPsge  ToPage

PAG_000000002 RESTORE 25.09.2006 14,4549 mel. IES1 _inc
DAT_000000001 RESTORE 25.09.2008 14:45:30 mel_test

PA(G_000000002 RESTORE 25.09.2008 14:38.33
DAT_000000001 RESTORE 251092006 14:38:30

Rows 21 /21
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To check wether the backup actions were succesful, have a look to the backup history
(file dbm.knl).

A red entry shows an erroneous backup action.

To figure out what went wrong with this backup action, check the files dom.prt, dom.ebp
and knldiag.
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Recovery

SAPdS

In order to restore the tables to the state before a crash you need a complete backup
and the corresponding log or incremental backups

From the complete backup file you can restore the tables to the state they were at the time of
the backup.

From log backup all actions are redone, which were performed between the backup and the
crash.
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Before you recover the database instance after a database error, you have to decide which earlier version
of the database instance you want to recover. To recover the current database status after a database
error (in other words, the status immediately prior to the error), you must reload all the log backups to the
system that were carried out after the start of the data backup involved. An older database status can be
recovered by using a data backup and only some of the log backups.

You must import the existing backups in the following sequence:
A complete data backup
An incremental data backup if one exists
Then the existing log backups

Files from log backups that were saved by means of the operating system to other locations - for
example, tape devices - must be made available again in file form prior to the start of the recovery
operation. If the log information is still available on the log volume, the database will use the information
available on the log volume to redo the actions. This is faster then reading the needed information from
the backup.

When you recover data with the Database Manager CLI, you must use this tool in session mode, since
recovery operations do not permit you to interrupt the session.

You can only recover the database instance in the ADMIN operational mode of the database.
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Recovery With Initialization

SADd

If you perform a recovery with Initialization, the log volumes are initialized — all data is
deleted from the log volumes.

In this case you can only restore the database to the state of the complete or
incremental backup.

You have to choose this option
if you perform a system copy

if the log information on the log volume does not fit to the complete or incremental backup to
be restored

if the log information on the log volume does fit to the complete or incremental backup but you
do not want to restore the database to the latest state but to the state of the complete or
incremental backup
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Recovery Considerations

SAPdS

Recovering individual tables is not possible.

It is possible to restore a complete backup to a different database instance.
Afterwards you can extract the required table from the new database and load it into
the original database.

This can cause data inconsistencies as there might be dependencies between
several tables. You have to know the application logic very well if you want to restore
individual tables!
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Recovery 1/4

| | Database Manager -]

_iolxl
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10.30184.142
192.168.97.4
L E sna =l | i
(4 DEMD State x
Information DEMO Data [ ]
Backup
Recoverny Eﬂ} Log: [ ]
. ADIN
— Sessiuns.[ ]
ry with |nitislization. .
(24 Revert to Snapshot
Indey General
8 L~ Mame: DEMO
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Operating System Windowes 2000 MAIMN32)
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To recover the database it has to be in state ADMIN.
The Recovery Wizard supports the recovery.

If you choose ,Recovery with Initialization’, the database instance is initialized. That
means that the volumes are reformatted and all data on the data and the log volumes is

lost! Normally this is only necessary if the log volume is corrupted or if you perform a
system copy.

However, the steps to be performed in the Recovery wizard are the same with and
without initialization.
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Recovery 2/4

“Z Recovery Wizard

Type of Recovery
Select the type of recovery that pou want to perform.

" Bestore last backup.

{+ Pestore a specified backup From histon

" Pestors a medium,

€ Contifte restoritg pagesog,

[™ Restore database until a specific time.

< Back

Select a Complete Data Backup

Select a complete data backup that pou want to recover from the
backup histary.

Label | E eginning

| tdedia Namel Log Hequiledl Size [F'ages]l Wiolu

[ DaT_Doon4
AT_00001

12.11.200318:06:08 Data MO
11.11.200211:59:06 ComplzteB WO

Kl |

4448 1

|

< Back I Mest > I

Cancel
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You can recover using the following options:

restoring the last backup,

restoring a specified backup, e.g. from an older backup generation,

or by directly assigning a medium which contains the complete data backup.

If you want to recover to a certain point in time instead of the point of failure you can
mark the corresponding box. The wizard will ask for the point in time later during the
recovery process (this option is only usable if log backups are restored).
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Recovery 3/4

"= Recovery Wizard } =/l x|

Recovery Wizard
Select Items for Recovery =

Select items to specify the use of incremental backups. Start Hecovery
Check your selection and start the recavery.

Select the incremental backup items you want ta uze for recovery. The us
backups iz much fazter than the recover of loge. 'We recommend that yo

L ‘r'ou have completed the steps required to perform a recovery. our recovery iz defined below:
incremental backups.

— - - Label | Medium | Location | ExternaIBackuplDl State |A
izl s | Medianame | Log Requied | ¢ = DAT_00001 CompleteBUl  MYDE_COM_O1
TR0 00 e e i = DAT_0000T CompleteBll  MYDE_COM_02
LOG_00002 Leg MvDB_LOG.002
LOG_00003 Leg MyDB_LOG.003
LOG_00004 Leg MYDB_LOG.004
LOG_00005 Leg MvDE_LOG.005 i
LOG_00006 Log MvDE_LOG. 006
LOG_00007 Leg MvDB_LOG.00F ﬂ
o M ake the specified medium available for recoveny. Chooge 'Start’ to begin the recoveny, If
: S sl e R

& Are you sure vou wank to createfrecreate database instance through the recovery of a complete data backup.

Start I Cancel |

wo |
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A popup window asks to confirm the initialization of the volumes if this menu item has
been choosen.
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Recovery 4/4

“Z Recovery Wizard || x|
Continue Recovery of Pages/Log o

Recovery of data is complete. Continue with recovery of pages/log. ngECUVEW Wizard 5

Recovery Ready
Fecovery has completed successhully.

Item 1 of 10: 2112 K
Label [ S‘E'H‘e ofFiccovery HEEEERREERRENERENENENNENENNNNNNEEEEEEER
W DAT_00001 ECONElY. B TUNING tern 10 of 10: 2.816 KB | 352 Pages transferred.
: E;g—gggg; E Label | Mediurn | Location | EHternaIBackﬂ:IDl State |~]
e 1 [TTTIT T I ITITIT] o LOG_00003 Log MYDB_LOG. 003 Restored
LOG_0ogos - Ly ¥ LOG_00004 Log MYDB_LOG, 004 Restored
LOG_D00o4 L Item 2 of 10: 896 KB | 112 Pages transfern W LOG 00005 Log MYDE LOG.005 Restared
The database cz Label | Medium | Lacation o LOG_0000E Log MYDE_LOG. 006 Restorad
:ggt;?g%\:s?ésn;a o DAT_00001 CompleteBl MYDE_COM_01 v LOG_00007  Leg MYDB_LOG.007 Restared
specily the date W DAT_00001 CompleteBU  MYDE_COM_02  LOG_00008 Log MYDE_LOG,008 Flestored
Cile W LOG_00002 Log MvDE_LOG.002 o LOG_00009 Log My DE_LOG.009 Restored
W LOG_00003 Log M¥DE_LOG.003 v LOG_00010 Leg MyDE_LOG.010 Restored -
' LOG_00004 Log MvDE_LOG.004 oAfter a log recovery the database instance has successfully restarted. Choose 'Cloze' to
+ LOG_00005 Log MYDE_LOG.005 end the Recovery Wizard.
() LOG_0000E Log WYDE_LOG.0O0E
LOG_00007  Lag MYDB_LOG.O07
LOG_00008 Log MYDB_LOG.008

Start
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After the complete backup has been restored the Recovery Wizard stops. You have the chance to change the tape if
necessary. Confirm to continue the restore when you are ready.

All log backups are restored automatically (if available). Afterwards the database instance is restarted.

Restoring a complete backup called DemoDataCompl and an incremental backup called DemoDatalnc using domcli:
dbmcli -d <db_name> -u <dbm_user>,<password> -uUTL

recover_start DemoDataCompl

recover_start DemoDatalnc

db_online

During startup of the database the log information on the log volume is redone.

Restoring a complete backup (called DemoDataCompl) with initialization and an incremental backup (called
DemoDatalnc) using dbmcli:

dbmcli -d <db_name> -u <dbm_user>,<password> -uUTL
db_activate RECOVER DemoDataCompl

recover_start DemoDatalnc

db_online

After startup the database contains the data of the complete and the incremental backup — no log information is
redone as the log volumes are initialized.
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Checking the Database Structure

i
Check Database Structure
D B M G U | '> C h eC k -> D atabase Stru CtU re Select the type of check database structure you want to perfarm. ﬂ

¥ Check database stucturs in operational state OMLUIME §
C H E C K DATA C h e CkS th e Stru Ctu re Of It the: OMLIME operational state. the stuctural consistency of all tables. indexes. LONG
. . caolumns etc. is checked
the complete database: tables, indexes _
" Check database stucture and clear converter in operational state ADMIN.
an d B LO BS In the ADMIN operational state, first the same checks as in the OMLIME operational state

are executed. Using the results of these checks, the converter is updated: all the pages that
the database system did not read during the checks [which means that they no longer
contain any valid data) are delsted.

Th e tab I e Wh I C h IS C U rre ntly C h eC ked IS " Check database structure for a selected table in operational state ONLINE

It the OMLIME operational state, you can also choose to check only one table, For this
IOCked . table, the system executes the same checks as when checking all data

_
The performance of your system is — [ET—
decreased while the database structure ~ _#* "™
|S be | n g C h eC ke d I \Er:clhz EEEIiﬁgduperahomal state. the structural consistency of all tables, indexes, LONG columns
[ Extended

If C H E C K DATA re p orts e rro rs y yo u Additional checks. for example the ascending order of keys
h ave tO C h eC k th e h ardWare an d tO a %:;::;sln::xnot checked. This option nomally accelerates the checks.
restore a backup.

i3 85 CCBack Y stan k| Cancel
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dbmcli —d <db_name> -u <dbm_user>,<password> -uUTL -c db_execute
CHECK DATA [EXTENDED] WITH UPDATE (state ADMIN only)

CHECK DATA [EXTENDED] [WITHOUT INDEXES] (state ONLINE
only)

If an unqualified delete or a drop table is executed for a table which contains corrupt
pages it might be that some pages of this B* tree remain in the database. These pages
are deleted during a ,check data with update‘ which can only be executed in database
state ADMIN.

EXTENDED: checks if the separators are in the correct order.

WITHOUT INDEXES: the B* trees of Indexes are not checked.

When errors are reported, you need to check the hardware. If only indexes are
corrupted, these can be recreated using DBMGUI. Otherwise you have to restore a
backup.
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Checking the Structure of a Single Table

DBMGUI -> Check -> Database Structure

dbmcli —d <db_name> -u <dbm_user>,
<password> -uSQL —c sql_execute

CHECK TABLE <tablename>

[EXTENDED] [WITH SHARE LOCK]

EXTENDED: CHECK TABLE checks
if the separators are in the correct order

WITH SHARE LOCK: a check is made
to see whether a BLOB actually exists
for each BLOB surrogate in the table

BLOBs formerly were called LONG

© SAP 2007 / MaxDB AdminClass-All / Page 110

& “Check Database Structure } P ] |

Check Database Structure
Select the type of check database structure pyou want to perform.

{~ Check database structure in operational state OMLINE.

{~ Check database structure and clear converter in operational state ADMIN

+ Check database structure for & selzcted table in operational state OMLINE §

@

Irv the ONLINE operational state, the structural consistency of all tables, indexes, LONG
columns ete. is checked

If the ADMIMN operational state, first the same checks as in the OMLINE operational state
are executed, Using the results of these checks, the converter iz updated: all the pages that
the database system did not read during the checks [which means that they no longer
caontain any valid data) are deleted

If the ONLIME operational state, you can also choose to check only one table, For this
table, the system executes the same checks as when checking all data.

ﬁ’itheck Database Structure -

Check datab for a selected table
Specify table and make settings.

In the ONLIMNE operational state, pou can alzo chooze to check only one table. For this table, the:
system executes the zame checks as when checking all data

Schema Name: [SBODEMOUS

Table Mame: |CCPD
Iv Extended
Additional checks, for example the ascending order of keps,

[ with Lang Check

If the base table that iz to be checked containg LOMG columnsz, then the spetem checks
whether all the LONG values defined in the base table stil exist. |n order to ensure
transaction consisgtency, an SAL read lock is set during the check.

I Catalog
Checks the consistency of the database catalog

I3 5BS < Back I Start £ I Cancel
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Check Backup

DBMGUI -> Check -> Backup Type of Backup Check

Select the type of backup check that you want to perform.

dbmcli —d <db_name> ' Checklast backup

-u <dbm_user>,<password> © ek aspectiad backup fom Pk
- € Check a medium

'
service connect 5 Check Backup

Select a Complete Data Backup
Select a complete data backup that you want to check from the

reCOVer_CheCk <med|um> <Savetype> backup history.

service_release

25092006 135703 mel_test

.
Uses the SerV|Ce database. 3 58S Start Backup Check

Therefore the productive instance e ——
is not influenced “You have compleled the steps requied to perform a backup check. You backup s defined

bl

NO 320

Label Medium | Device/File | External Backup ID | State
R DA T_000000003 LR SBS_COM

';

2 5ES

o Make the specified medium available to check the backup. Choose 'Start' to begin the
check

Ia SBS < Back Start Cancel
L\;I
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Tape devices might not work correctly, tapes might be damaged -> Check the integrity
of your backups regularly.
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Adding Data Space 1/2

B0 x
File Edit View Instance Actions Tools Help
12850 | RurmgltEn |
CI MyFolders & | Mame | State | Data Log | Sessions | Data Cache Hit... | Ao Log
=8 Servers DB Oriine I s: |EEBx | ¢ |0z o
<Local> | F oe Mot connected
10.17.76 [ MvDE2 Mot connected
}g;g:‘lg : {ELCT43 Mot connected
e G oen Mo Eaeeted Data Yolume Properties - DATADDDZ x|
isUU‘éﬂ = F DE73 Mat cornected :
sl ) P T 7 Mot cornected General |
< T Ll
a MYDB % Configuration - Yolumes @ DATADDD?
Infarmation I':& Data | fi Log |
Backup Name | Size | Type [ Location [
Recoveny 3 DATAODDD 24.000KEB  File  DAT_0001 Size: 24000 KB -
B L@ DATADDOZ X
glann [ DATAO00 Location: D4 24.000 KB
Check. '.bDATAUDM Tope = 2344 MB
Canfiguration .'3 DATANNOS - 0.02 GB
4 Canfiguration Wiz... ;_'@DATADDUB 3.000 Pages
B Backup Medium m DATADDO?
{22 Parameters “?DATADDUS
T — m DATADOOT
@ L @ DaTa00N0
7] LogSettings @ DATADT
7 Hot Standby
ﬁ Users
" tapchar Sets
B Termchar Sets oK I Cancel
@ Upgrade Spstem ...

|2 Mvoe 7
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To add a data volume select the menu path ‘Configuration -> Volumes‘, tab ,Data
Volumes* and select the next free data volume.

Assign the values for size, location (complete path recommended) and type to the new
volume and confirm with ,OK".

Example with DBMCLI:

dbmcli —d <db_name> -u <dbm_user>,<password> db_addvolume DATA
c:\sapdb\volumes\DAT_0002 F 3000

c:\sapdb\volumes\DAT_0002: location of the new volume (without the path specification
the file DAT_0002 will be created in the rundirectory)

F: device type FILE
3000: Size in Pages
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Adding Data Space 2/2

|| Database Manager =0l =l
File Edit Wiew Instance Actions Tools Help

FEIEEIRY IR V) |
-] My Folders | | Name | State Session: | Data Cache Hit | Auta Log
-8 Servers (3 MYDB Oniine B L ex | On
| <Local> | [Z1DE7S Mot cornected
101 7'78'_ [ MyDB2 Mot connected
10.18.1 8‘; {FLC743 Mot connected
}g;?;ﬁzc = oent Mot connected
\300.41 ™ A DE73 Mot connected
enmor B8 {FLCr4zz Mat connected
.| 1 Ll |
a WYDE [2) Configuration - Volumes |
Information I & Data | a Log |
Backup Marme | Sizel Typal Location I
Recovery E CATADODT 24.000KE  File  DAT_DOO1
P Fil
Tuning
F— (@ DATANN03
£C (@ DATADIDS
Canfiguration %DATAUU%

[P Configuration Wiz | g DaTA000R
B Backup Medium | @ DATA0007

§22 Parameters %giiigggg
ol

(& v HmES (@DATA00

B Log Settings &DATADUH

%7 Hot Standby

ﬂ Users

Q Mapchar Sets
s Temmchar Sets
] Upgrade Spstem ...

| mvoe 4
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The new data volume is available immediately.
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Automatic Data Area Extension

Il

File Edit View QE=eW Actions Tools Help

& H |5 G ad. IEE=E |

|

(] MyFolders (3 Sreate... [ Data i I U — T 1
3 Servers 7% i 0% [i »ata Area Extension ] x|

TiEm 3 Initialize. ., ]
;:ﬂéﬂ;{_ % Disconnert ected Automatic data area extenzion iz curmently deactivated.
i ected
1361 3 State ected Specify a percentage value for the filling level of the data area. When the filling
pagtt ected level of the data area exceeds this percentage value, the system automatically adds
——————— & Information a new data volume.
3 SBS L3 Backup 3 o
Informatio % Recovery ia Valumes | Percentage: I a0 =

Backup :ﬁ' Tuning ype: | Device/File
FRecovery (@, Check ile  CiedbbSEShdata\DISKDOOOT

Tuning gi Configuration —
(AL Zommand Ling

Configurati
| ouligdau @ Sessions

=] Backup Medi i Gusoshot
0=

To achivate automatic data area extension, choose 'O’

*r r v v v

LCancel I

B=: P

SED
% S Set Auto Log OnfOfF

PRI Dats area Extension. .. Data Area Extension j x|

E DEM Operaic Automatic Statistics Updat.

- | Automatic data area extension is currently activated. To deactivate automatic data
£ Lea Seting: Show Conscle area extension, choose 'Off.
7 Hat Standby.

a Mapchar Set: @ pepte...
B TemcharSet 1l orop
H Upgrade System Tab...
H Load Tutorial

ot | Cancel |

‘ | |
|3 585 .
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dbmcli —d <db_name> -u <dbm_user>,<password>
auto_extend ON 90

dbmcli —d <db_name> -u <dbm_user>,<password>
auto_extend OFF

The name of the new data volume is choosen depending on the already existing data
volumes.

Using the Database Manager Parameter AutoExtDir you can specify in which directory
the new data volumes are created. If no directory is specified, the new volumes are
created in the same directory as the lastly added volume.

Using the Database Manager Parameter AutoExtSize you can specify the size of the
new data volumes — either in Pages or in % of the database size (at the point in time
when the new volume is added). If the parameter is not set, the new volume gets the
same size as the lastly added volume.
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Alter Log Settings 1/2

SAPd

MaxDB offers different modes to run the log:
You can mirror the log area.

You can decide to do without log backups by setting the overwrite mode for the log area
accordingly.

In very special situations, you can deactivate the redo log management temporarily.
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Alter Log Settings 2/2

| | Database Manager

File Edit W%ew Instance Actions Tools Help

& Configuration Wizard

Log Settings

Select the type of lag setting that you want to set.
e o =
|EE |56 |8 %% = lece|®
-] My Folders = | | Name State | Data | Log
3 Servers 7565 Dnline T [E " LogMode
1 > 'j MYDEZ Mot connectad “T'ou can mirror the log area. If you cannot use hardware-based mirroring for the log area, we
[ MYDE2 Mot connected recommend that pou use the software-based mironing sstting.
1d0527 l:‘i MYDE Mot connected
Dlgﬂ §4 [‘j MaxDEZ Mot connected . )
= 917 _._l 3 7500 2 —— a3z mstan_ce without log backups. To use a non-standard
log backup strategy pou can set the overwrite made for the log area.
State
" Activate or Deactivate the Bedo Log Management
Information
_— Data Area: W I wery special situations. you can temporarily deactivate redo log management.
Backup Total: 490 95 MB Perm: 2,41 MB Temp: 0.11 MB Us
Recovery E_j Log Area
Tuning Total: 189,11 MB Used: 0,01 MB Free: 199,10 MB
Check OMLINE Sessions | M. =
Corfiguration Used: 2 Free: 48 & “Configuration Wizard B il
B Backup Medium General 3 Log Settings
555 Parameters Name 2BS - Set the ovenwrite mode for the log area.
[ Volumes Yersian 770107
& Database User. Operating System Windores XP WIN3Z) Currently the overwrite mode for the log area is activated.
7 DEM Operetor . Fun Directory cisdbdatatrkiSES . .
) If you activate a noimal log backup mode, the log entries of the log area and the log backups are
e 2252005 248,04 P available f you need ta restore the database. Az long as they are complete, pou can use the
57 Hak Standby o
data backup, log backups and the log entiies in the log area to recover the database up to &
" Mapchar Sets chosen point in time.
ﬂ Termchar Sets If you activate a nomal log backup mode. you must perform a complete data backup.
H Upgrade System Tab.. Data Cache )
H Lost Tomral e 70,50 M8 To activate a normal log backup mode for the log area, choose 'Start’
Hit Rate: 99 %

35BS

H < Back | §tErt I Cancel
12
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You can make the following log settings:

You can mirror the log area. If you cannot use hardware-based mirroring for the log area (which is
recommended), you can use the software-based mirroring setting from MaxDB. When you choose
software-based mirroring, you specify that the log entries are written to two log areas in parallel
(mirrored). However, the log entries are read from one log area only.

You can decide to do without log backups by setting the overwrite mode for the log area accordingly. You
select the overwrite mode with the DBMCLI command

db_execute SET LOG AUTO OVERWRITE ON

(or using the corresponding option in DBMGUI as shown on the slide). When you set the overwrite mode,
the log area will be overwritten cyclically without the log entries having to be backed up first. The overwrite
mode remains activated even after the database instance is stopped. You have to deactivate the
overwrite mode explicitly with

db_execute SET LOG AUTO OVERWRITE OFF

(or using the corresponding option in DBMGUI). To enable log backups again, you have to restart the
backup history with a complete data backup.

In very special situations, you can deactivate redo log management temporarily using the DBMCLI
command

db_execute SET LOG WRITER OFF

in the operational state ADMIN (or using the corresponding option in DBMGUI). When you deactivate
redo log management, transactions no longer write their redo log entries to the log queue. Redo log
management remains deactivated even after the database instance is stopped. You have to reactivate
redo log management explicitly with

db_execute SET LOG WRITER ON

in state ADMIN (or using the corresponding option in DBMGUI) and starting a new backup history with a
complete data backup.

The status of the auto overwrite feature is stored in the log volume. After a recovery with initialization this

status is reset to the default (which means that the auto overwrite feature is deactivated). After a recovery
with initialization has been executed, the auto overwrite feature has to be activated again.
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Automatic Statistics Update

| | Database Manager n

File Edit Wiew

Actions  Tools  Help

Automatic Statistics Update Statistics

Automatic statistics update is currently deactivated. To activate automatic statistics
update chooze 'On'.

|E @5 5 ad. |lece|@
[ My Folder: Cigitaael | Data [ Log :
= S % -
2] erv(alisac_ E— g [ B Overvite made ... [
£ echer
a 'Wde[_ bg Disconnect ected
] 1052 0
% Dlgﬂ ] State ected
P
ted
@ Information |
a SBS % Backup (3
T " —
Backup [’ Tning * | 00,08 MB Perm: 177.56 MB Temp: 0,16 MB Used: 17
Recover, (g, Check F hwrite mode is ON
Turing Configuration (3
s 8 —

blsch Command Line
Configurati :
LR ﬁ Sessions

= Backup Medi 1y Snapshot

& Free: 45

e 585
2y Volumes Seb Auto Lo On o 770107
a Dxabeesilia Data Area Extensio Windawes XP (AIN32)
7 DBM Operatc chadbldatabirkiSES
] Log Settings Shaw Consale 9/25/2008 2:45:04 PM
%7 Hat Standhy
5’ Mapchar Set: T pebts..
s Tiemchan Set. [l Crop
H Upgrade System Tab...
B Load Tutarial Jotdl 34140

Hit Rate 100 %

0%

Ao Log Off

Command Monitar Oftf

Automatic Statistics Updake Statistics

Automatic statistics update iz curently activated. To deactivated automatic
statistics update choose 'OIf,

LCancel |

[ 3 583
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dbmcli —d <db_name> -u <dbm_user>,<password> -uUTL
auto_update_statistics ON

dbmcli —d <db_name> -u <dbm_user>,<password> -uUTL
auto_update_statistics OFF
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Snapshots

Instantaneous backup of the complete database

All subsequent changes are written to new pages

Restore snapshot

Restart

Restore of demo or training systems to a previous state

Very fast point-in-time resetting
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Creating and Deleting Snapshots

The database has to be in operational state ADMIN to create a snapshot.
DBMCLI command: db_execute CREATE SNAPSHOT

Only one snaphot can exist at the same time. If a snapshot is created, an already
existing snaphot is overwritten.

The database has to be in operational state ADMIN to delete a snapshot.
DBMCLI command: db_execute DROP SNAPSHOT

If there is no snapshot this command returns OK anyway.
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Attention: the following four database operations remove an existing snapshot:
create instance (db_activate)
restore a data backup
drop snapshot
create snapshot

The restore of an incremental backup does not remove a snapshot.
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Reverting to a Snapshot

The database has to be in operational state ADMIN to restore a snapshot.
DBMCLI command: db_execute RESTORE SNAPSHOT

After it is restored the snapshot is still valid — that means it can be restored several
times.

If there is no snaphot, the command returns ,—8051 No snapshot available®.
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Master — Slave Support w/ Snapshots

Master

Data 01.01.2006

Data 14.01.2006
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Complete

Incremental

Complete

Incremental

Slave

Data

Data 07.01.2006

Data 14.01.2006
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Snapshots: Database After Setup

1! patabase Manager

File Edit Wiew Instance Actions Tools Help

=131 ]

~ [—
128|535 (%8 x| wrHElece | |
(7 My Folders M e | State | Data | Lag | Sessions | Data Cache Hit... | Auto Log
B3 Servers 5 MexDBT Offline
w3 tlocab |3 MexDE2 Offine
3 HotStandbys | SUMERSNER  Online Auto Overwite 100% oif
g Al 3 MDMASTER et connected
B MDSLAVE Mot connected
4| | 2]
{4 MAXSNAP State P4
Infarmation MAXSMAP  Data: [. kS ] |5
Backup Total: 95.984 KB Perm: 1.816 KB Temp: 88 KB Used: 1.904 KB Free: 84080 KB
Fecovery a Log: [_ g% ]
Total: 39.400 KB Used: 3.136 KB Free: 36.264 KB
Tuni CMLIME
Sl Sessions: EG—— 0% ]
Check Usad: 2 Free: &
Configuration
General
& DEM Operator.. =
i Mame AR SMAR Auto Log off
[E] Log Settings... -
Wersion 7.6.0007 Command Manitor off
v Hot Standby...
: Operating System Windowes KP W32 Resource Monitar Off
a tapchar Setz :
cidocuments and settinosial Databaze Trace Off
g Tiemehar Sets | Run Directory uzersiapplication
Upgrade System T... ] dataiedbidatatwrkmaxsyap  Datakase Analyzer ot |
| [ Maxsnsp 4
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Taking a Snapshot

o
File Edit WYiew Instance Actions Tools Help
IE0 a0 %@ % w5000 |0 |
Mame I State I Diata I Log I Sezzions I [1ata Cache Hit... I Auto Log
[ MaxDE1 Offline
3 MaxDe2 Offline
=
A e _|
A MDMASTER Mot con
MO SLAYVE Mat
Ej o-sory Choose 0K to freeze the current data area. Subseguent data changes won't affect the
h I frozen area. If an older snapshot exists, it will be ovenwritten, _I _'I
[ MAXSNAP State
Infarmation MO MSHAP Data: i
Backup
CL Backup ‘wizard.. Eij} Log:
Backup Hiztory ADhdlR :

= Sessi

General
Mame
Recoverny Wersion
Tuning Cperating System

( Ok \I LCancel |
v/

Check

Fun Directory

Configuration

uzerziapplication
dataizdbidatalwrkiMaXSNAP

[ MassMaP y

If you would like to create a snapshot, the database has to be in ADMIN mode.
DBMGUI allows to create the snapshot with menu Backup -> Create Snapshot.
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Some Data Has Been Loaded

1! patabase Manager

=10 x|
File Edit Wiew Instance Actions Tools Help
~ [—
128|535 [ 8%|wrElece | |
[:| ty Folders M ame | State | Data | Lag | Sessions | Data Cache Hit... | Auto Log
E1-E9 Servers (3 MaxDR Offline
-3 tlocab |3 MexDE2 Offine
3 HotStandbys | SUMAXSNER  Online Auto Overwrite 100% oif
A [ MDMASTER Mot connected
B MDSLAVE Mot connected
4| | 2]
{4 MAXSNAP State P4
e MAXSHAP  Dats [ — 3% ] =
Backup Total: 95,984 KB Perm: 35.976 KB Temp: 104 KB Used: 35080 KB Free: 59.904 KB
[ Backup wizard.. a Log: 0% ]
Backup History OMLINE . Total: 38.400 KB Used: & KB Free: 38.392 KB _
B . Sessions: [_ nx ]
5 BaCkuD Medium Used: 3 Free: 7
ﬂ' [Create Snapshot
B8 [elete Snapshot (HEIEC]
Mame AR SMAR Auto Log off
Recaovery Wersion 7.6.0007 Command Manitar off o
Tuning Operating System Windowes KP W32 Resource Monitor Off
Check ciidocuments and settinosial Database Trace Off
Run Directory userstapplication
Configuration detarsdbidatatwrindaxsyap  Datakase Analyzer off |
| [ 3 MaxsNsp 4

Then you can use your database instance normally — e.g. you can load some data.
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Checking Data in SQL Studio

EEsquL Studio [TEST,maxsnap,Local Host] ] ;lglil

Session Wiew Result  Window  Help

ﬁl SQLllé'E'gl M| ez rﬁ‘ IEIE LI il I Mo Timeout

- & =10l x]
5@ masnap T * FROM "TEST"."BKPF" N =10l =i
'..r_—, 500 Studia Dbijects MAMDT | BUKRS | BELNR | GlAHR | BLARIA|=
E-ZQ Tables 1Ea00 oo 0100000000 1995 L) =
B- a DBADMIN 2| 800 1000 | 0100000000 1994 | =
g DOMAIN 3| 500 (1000 0700000007 (1994 AA
E- 3 SYSINFO 4] 800 1000 | 0100000002 1994 |
E-o TEST 5| 500 (1000 0100000003 (1994 Ad
. BEPF B 800 | 1000 | 0100000004 1994 )
- Indexes 7] 800 1000 | 0100000005 1994 |
H-1 Sequences 8| 800 1000 | 0100000006 19594 A,
F-C0 Owned Users {800 | 1000 | 0100000007 1994 )
B8 Procedures 10| 800 (1000 0100000008 1994 A4 hd
- ; 19| onn 1000 | 01A0nANaNG 1994 A ¥
- Triggers |I< T« ILI&IN =
[Rows inResult | Unknawn |
| | SELECT *FROM “TEST"."BKPF" j
| o | [V Trace Al
| Execution [ime: 245506747 - 225500100 [UUUUY sec| ﬂ
[ TEST | maxshnap | LocalHost
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Admin Mode: Revert to Snapshot

[ potabase Manager R
File Edit Wiew Instance Actions Tools Help

2|35 (8% wrElese O |
[:| ty Folders M ame | State | Data | Lag | Sessions | Data Cache Hit... | Auto Log
E1-E9 Servers [ M&XDET Oiffine

-3 tlocab |3 MexDE2 Dffine

Wl vt cosnzpsto x

[ MDMASTER Mo
- MDSLAVE Mo

Ll— Choosze '0FK to digcard changes made after the snapshat,

(3 MAXSNAP State

Infarmation MAXSHAP [

% Recovery. .. ADIM

[o4 Rewvert to Snapshot

] i General
£l volumes e
Wersion
e Operating Syst (TI\ Cancel |
Check Run Directory -

datansdidatatmr kKA KSNAP

Configuration

|
]
Backup
Recovery a L
]

B
4

[ Maxsnsp

If you would like to revert to the snapshot, choose menu Recovery
-> Revert to Snapshot. This can be done in ADMIN mode, only.
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After Reverting to Initial State

[ vatabeseMonsger -iix]

File Edit Wiew Instance Actions Tools Help

~ i ime
|28 50 % 8% wrs5/lece | O |
[:| ty Folders M e | State | Data | Log | Sessions | Data Cache Hit... | Auto Log
E1-E9 Servers Z MaxDB1 Dffline
A MaxDe2 Offfine
@ HotStandbys | (A MAXENAP  Online Auta Dvenwite 2% oif
g Al I MOMASTER ot connected
B MDSLAVE Mot connected
K| | 2
{4 MAXSNAP State P4
Infarmation MAXSMAP  Data: [. 33 ] |5
Backup Total: 95984 KB Perm: 1.936 KB Temp: 88 KB Used: 2,024 KB Free: 93960 KB
Fecovery a Log: [ 0 ]
% e OMLIME . Total: 33.400 KB Used: 8 KB Free: 38.392 KB _
S e Sessions: | 0% |
% Recovery with Initializa... Used 2 Frae. 8
B Fevert to Snapshot
i General
@ Yolumes Mame MaXSMAP Avto Log Off ||
Wersion 7.6.00.07 Comimand Manitor Off
Tuning Operating System Windowes KP WINIZ) Resource Moaonitor Off
Check cdocuments and settingsiall Databasze Trace Off
Run Directory usershapplication
Configuration datersobidatatwriinaxsnep  Database Analyzer oft |
| [ MaxENLF 4

After you restored the snapshot, all data loaded after the creation of the snapshot
is gone, data which was deleted, is available again.
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Learning Objectives

Know how to...
detect a database full or log full situation
monitor the data cache hitrate
detect lock collisions
detect and rebuild corrupted indexes
use the database analyzer
use the command and resource monitor
switch on the database and SQLDBC traces
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Memory consumption CPU consumption

T
Expensive

SQL
statements

Task
activities

Log
Files

Critical
Regions

1/O
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Monitoring: Database Filling Level

| | Database Manager

o ] o34
File Edit View Instance Actions Tools Help
IS8 50 | %@ % 5 lece|a®
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To monitor the database filling level, double-click on the database name in the top

window.

The bar view allows a quick overview of the filling level.

In this case the database area is completely filled. A warning at the bottom of the

window also indicates this critical situation.

At this point, all database tasks are suspended until the db_full situation is sorted out.

Corresponding DBMCLI command:

dbmcli —d <db_name> -u <dbm_user>,<password> -uSQL <dba_user>,<password>

info state
ERR

-24798,ERR_DATAFULL: Data area is full
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Monitoring: DB Full

[ Poarabase Mansger i
File Edit VWiew Instance Actions Toaols Help
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In case of a database standstill, you can also check in file KnIMsg whether it is caused
by a db_full situation.
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Monitoring: DB Full
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Monitoring: DB Full

1 | Database Manager

File Edit Wew Instance Actions Tools Help
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You can also prove this via ,Check - Database Server - Active' to view the active database tasks

Corresponding DBMCLI command:

dbmcli —d <db_name> -u <dbm_user>,<password> show active

OK

SERVERDB:

1D

UKT

T6

T69

<db_name>
Win  TASK

type
OxFE4 Pager

tid

OxA28 Savepnt

Console command finished

APPL Current
pid state
DB FULL

PagerWaitWritr

Timeout Region
priority cnt try
(198) 0o0

00

(2006-09-25 17:50:35).
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Monitoring: Log Filling Level

o
File Edit Wiew Instance Actions Tools Help
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To monitor the log filling level, double-click on the database name in the top window.
The bar view allows a quick overview of the filling level.

In this case the log area is completely filled. A warning at the bottom of the window also indicates this
critical situation.

When the log is full it is not possible to execute any SQL statements such as ‘SELECT', ‘UPDATE",
‘INSERT" or ‘DELETE". It is also not possible to connect to the database with SQL users.

Corresponding DBMCLI command:

dbmcli —d <db_name> -u <dbm_user>,<password> -uSQL <dba_user>,<password> info state

Example output:

Name | value
Log (KB) = 904
Log (Pages) = 113
Log ) =6

Log Full = No
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Monitoring: Log Full
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In file knldiag you can see the message ‘Log is full’. At this point, all database tasks are
suspended until the log full situation is sorted out.
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Resolving a Log Full Situation

current Iolwrite position last unsaved log entry
S— Dev 1 —
(1) Log full Logwriter is
| still waiting

(2) Add Iog — Dals 1 I— F Dev 2 —

volume

@los [ [y

backup BACKUP

(4) I(ggntinue ﬁ Dev 1 ﬁ f Dev 2 ——
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Note: a log full situation can not be resolved by adding another log volume. MaxDB
writes the log cyclically onto the volumes as if they were only one device. This means
that even if a new log volume is added, the log writing has to be continued after the last
written entry. Therefore, a log volume cannot be used immediately after it was added
but the log has to be backed up before (SAVE LOG - interactive log backup).

Note: Prerequisite for a log backup is at least one data backup after installation.

137




Monitoring: Memory Areas

Catalog Cache

Sequence Cache

/O Buffer Cache

Log Queue

Relevant memory areas to monitor are 1/O buffer cache,
Log Queue and Catalog cache
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In the physical memory of the MaxDB server, MaxDB allocates the I/O buffer cache and
some additional other memory areas. Generally the memory consumption of MaxDB is
dominated by the I/O buffer cache.

Data is transferred from data volumes to I/O buffer cache when data is accessed the
first time.

Any of I/O buffer cache pages may be swapped to data volumes (using an LRU
mechanism) if the 1/0O buffer cache is too small to hold all the information. Exception:
Converter pages that contains mapping information (cache <-> disk) are never
swapped to data volumes.

Normally the other memory areas are small compared with the I/O buffer cache, but at
least catalog cache and log queue should be monitored carefully.

Catalog cache is dynamic and allocated when needed. It contains mainly information
about the database catalog.

Log queue is the buffer used to temporarily store log entries that need to be written to
log volumes by the Log Writer task.

138




I/0 Buffer Cache Hit Rate

1| Database Manager

File Edt Vew Instance Actions Tools Help

[EH50 [u Q= =>=a lecse®
Cl My Folders -~ [ state [Data [Log [ Sessiors [ Data Cachel
=53 Servers Orline S | Ot mode i | 4% 100%
B <Local> Nat connected
-5 wd2083 Nat cannasted
- idos27 Not conrested
B Plgﬂ? Mot connected
5 E fmm = |3 75002 ot connacted

35BS
Infoimation

‘g Activity

S Caches

[ DataAvea

[ LogArea

E] Backup History
53 Parameters
§% Sessions

Q System Tables

C

Backup

Recovery

Turing

I/O buffer cache size Check

I/O buffer cache hit rate e

State
SBS
OhLIME

General
Name

“ersion

Data Area:

Total: 54880 MB Ferm: 505,70 MB Temp: 0,11 MB Used: 505,90 MB Free: 42,00 MB

Log Ares: Overvwrite mode is ON

Sessions: |-
Used: 2 Free: 48

Operating System

Run Directory

Start

SBS

TIomor

Windows XP (MIN32)
coisdbidatatirkiSES
9/26/2008 9:23:53 AM

Data Cache

Total
Hit Rete

79,16 MB
100 %
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DBMGUI displays all information about the MaxDB memory areas.

The most important cache to monitor is the I/O buffer cache (Data Cache), where all table and index

pages are stored. If data can not be found in I/O buffer cache, it must be read from data volume which is
far more expensive than a memory access. Therefore the average I/O buffer cache hit rate should never

fall below 98%.

To monitor the 1/0 buffer cache hit rate (Data Cache hit rate), double-click on the database name in the

top window.

Corresponding DBMCLI command:

dbmcli —d <db_name> -u <dbm_user>,<password> -uSQL <dba_user>,<password> info caches

Example output:

Type | Accesses | Successful
DATA | 1849238 | 1847931
SEQUENCE | O | O
COMMANDPREPARE | 84 | 78
COMMANDEXECUTE | 84 | 84
CATALOGCACHE | 563 | 463
CATALOG | O | O

| Unsuccessful | Hit Rate (%)

| 1307 I
10 |
|1 6 I
10 I
| 100 I
10 |

100
(null)

100

(null)

This information is the average cache hitrate since the database has been started. To
see the current cache hitrate, check the DBAnalyzer log file DBAN_CACHES.csv.

139




Cache Accesses

I/O buffer cache
accesses

I/O buffer cache hit
rate should be >=98%

358

Irfomatcn

Catalog Cache
accesses

Catalog Cache hit rate
should be >= 90%

‘2 Aoty

3 Ddakea k

1 Logdies
Y Backup Histay

P
=2 Paranelers

ﬁ Sessions

Q System Tables

Caches

Cache Sizes

110 Buffer Cache
Data Cache
Converter
M.

Catalog Cache

Seguence Cache

Cache-Specific Parameter Settings

@ CACHE_SIEE

G CAT_CACHE SUPPLY
G USE_WEM_ENHANCE
G WEM_ENHANCE_LMIT

Sire
0,00M8
741848

0398
04308
% 50M8
0018

Vil
B000M8
250N

o
000me

Cache Accesses

Data Cache
301 Data
OMS Data
HistarylUndo

Catalog Cache

Seguence Cache

Aocesses
1 830484
1783485
1]

698
109417

o

Successful Unsucoessful
1848161 1307
1782178 1301

0 0
56983 6
107461 195
0 0

it Rete
B
B
fo000%
L
BA%
10000%

Note: Each “Unsuccessful” access to the I/O buffer cache (Data Cache)
results in a physical 1/0. Access to disk is at least 1000 times more
expensive than access to cache.
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A second possibility to monitor the 1/O buffer cache hit rate is to use Information ->
Caches. Here you can also see the Catalog Cache hit rate.

General recommendation: Create your 1/O buffer cache as large as possible. Don't

waste available physical memory in the MaxDB server. Accessing data in a large 1/0
buffer cache is as expensive as accessing data in a small cache and may avoid the
need of reading data from physical disks.

Catalog cache hit rate should be around 90%. The algorithm of internally increasing the
catalog cache - up to the limit defined in parameter CAT_CACHE_SUPPLY - uses 90%

as lower threshold.
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Log Queue

2 $BS

Infarmation

‘f; Activity

L Caches

8 Data drea

[ Logtrea

% Backup Histary
2% Pajameters
@ Sessiong

Q Systern T ables

Log Area

“olumes Seftings Usage

W

Log Pages Witten 2255
Wait for Log Wiiter 52

Group Commits 1]

Log O Gueue Overflow 45

The Log queue may fill up due to
» Many log entries written
» Slow log disks

* Misconfigured log queue
(parameter LOG_I0_QUEUE)
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The log queue
temporarily stores log
entries to be written to
log disk. If the log
gueue is full, all update
transactions must wait
until log pages are
written to disk and
space in the log queue
is released.

A full log queue is
counted as “Queue
overflow”

A log page must be written to disk, even if not filled, if a transaction performs a
COMMIT. A COMMIT needs to wait until all changes performed in the transaction have
been successfully stored in log volume.

If all space in the log queue is filled, no more update transactions can be performed, as
they are not able to store their changed data in the log queue. This is very performance
critical and may cause a blocking situation on application processes until the Log Writer
task is able to free pages by writing them to the log volume.

Carefully monitor if “Log queue overflows” occur. In this case, check setting of
parameter LOG_10_QUEUE and the performance of the log volume.
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Enable Detailed Time Measurement

C:\WINNT>dbmcli -d MYDB -u dbm,dbm

dobmcli on MYDB>db_cons time enable

OK

dbmcli on MYDB>

Prerequisite that MaxDB collects detailed time values like I/O
times is the enabling of detailed time measurement.
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To be able to monitor log 1/0 performance as well as other important performance
values, it is necessary to explicitly enable a detailed time measurement in MaxDB. This
time measurement should not be activated permanently.
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Log I/O Time

1. Select Check 2. Select T_CNT
-> Database Server

| \

3. Scroll down to log
writer task (LOGWRITER)

a SBS \ [Ej Check - Database Server - T_CHT

Infarmation

dispatcher cnt: 7541
exclusive ont @ 10512
Recovery Resume count -1 total 3116

dev_write pg @ 4046
state_wsusp : 3111

LOGWRI { pid = 2 e ——
conmand_cnt H
gelf susp_cnt @ 0

TSI TIE]

Tuning gelf write_io : 50 gelf write pg : 50 avy self wr tm: 0.0055
dev_write io @ 3667 rel dev wr tm : 0.0035 abs_dev_ur_tm : 0.0036

L.l
rel_susp_time : 259.4953 abs_susp_time : 25.45953

To view the average log I/0O time display details of the archive log writer task.

Average log I/O time should be well below 20ms
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If detailed time measurement in MaxDB is enabled, the log I/O time can be obtained in
DBMGUI -> Check — Database Server -> T_CNT.

Log I/0 times in fast I/0O sub systems are generally well below 5 ms. If log I/O times are
around or even above 20 milliseconds, expect performance problems especially in

applications with high update load.

(rel_dev_wr_tm * dev_write_io + avg_self_wr_tm * self_write_io) / (dev_write_io +

self_write_io) = real average

rel_dev_wr_tm = write time of /O performed by the Dev Thread (not including wait

times caused by internal tasking)

abs_dev_wr_tm = write time of I/O performed by the Dev Thread (including wait times

caused by internal tasking)

dev_write_io = number of I/O operations performed by the Dev Thread

avg_self_wr_tm = write time of I/O performed by the Log Writer task

self_write_io = number of 1/O operations performed by the Log Writer task
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SQL Locks

SAPdS

When a table record is locked exclusively by a transaction, other transactions can not
lock the same row.

Exclusive locks are requested when the content of a table record is changed
(INSERT, UPDATE, DELETE) or a SELECT ... FOR UPDATE is performed.

The lock is released implicitly when the locking transaction performs a COMMIT. If
the lock was requested by SELECT...FOR UPDATE, the transaction can release the
lock explicitly without performing a COMMIT.

All blocked lock requesting transactions need to wait for the COMMIT or ROLLBACK
of the lock holding transaction.
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Lock Collisions and Lock Escalations

SADd

Collisions on SQL locks can significantly reduce the performance of update
transactions.

The maximum number of locks on table rows can be configured by

parameter MAXLOCKS.

If the application locks a large number of rows of a table, single row locks will be
transferred to a full table lock. This is called “lock escalation”. Generally, lock
escalations should be avoided, as they prohibit concurrent row locks on this table
by other applications.

3, SBS Lock Activity
|rfarmation Available Entries 7350 FRow Locks 4.0
Maximum =et 1930 Table Locks 37
C# Caches Average Set 173
_:] Data Area Lock Owner 0 Caolizions i]
[ Log#rea Lack Requestar 0 Escalstions 66
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When data in database tables is changed, the according records will be locked. MaxDB uses a central lock list to
administer all lock information.

The number of entries in this lock list is limited and is configured by parameter MAXLOCKS. If — system wide (!) -
more than MAXLOCKS locks are required, applications may fail with error —1000 (Too many lock requests). Available
Entries represents an internal value — for each lock several entries are created in the internal lock list. Therefore the
value of Available Entries is higher than MAXLOCKS.

To avoid this situation, MaxDB tries to transform several single record locks to a full table lock if more of 10% of all
configured lock entries are used by one transaction for one table. This is called lock escalation. A severe side effect
of a lock escalation is that the table is exclusively locked by one transaction, and other transactions are not able to
change any data in this table. As a consequence, those colliding transactions need to wait until the lock holding
transaction performs a COMMIT. However, when other tasks are already holding locks on the same table, a lock
escalation is not performed.

Lock escalations should be avoided. Increase MAXLOCKS if necessary. The space required in global memory for the
lock list is approximately MAXLOCKS*200 bytes.

Corresponding DBMCLI command: dbmcli on MYDB>info locks

Example output:
OK

END
Name | Value
Max. Entries = 7350

Average Used Entries = 173

Collisions =0
Escalations = 66
Row Locks = 54022
Table Locks = 237
Request Timeout = 5000

More information about lock situations can be found in the database analyzer log files.
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Identify the Locking Process

SAPd

If a lock situation occurs, the process holding the lock can be identified.

Use the SQL statement ‘SELECT * FROM lock_waits’ to display a list of all lock
collisions.

For each collision, the lock holder and requestor is displayed.

Use H_TERMID to identify the process that holds the lock.

B e
B @ HGE R E

SELECT tablename, h_termid, h_lockmode, 1_termid, r_rowid, r_reqgmode FROM lock_waits

[ [ N5 [Ln2, Colt [Lh1-Ln2cf2Lns

| TABLENAME | H TERMID  |H_LOCKMODE| R_TERMID | R_ROWID | B_REQMODE
BERDOT4G7614 BAC tah_exclusive | BERDOD145761..17FC ¥ FFFEOO0000T264FD row_enclusive

[Rows inResul: |1 |SELE CT tablename, h_termid, h_lockmode, r_termid, r_rowid, r_reqmode FROM lock_waitz jﬁ
IAuto Cornmit: OFff jllnternal leommitted jIMDNA j | Last Statement: Statement successfully executed. Affected Rows: 1
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Several lock types exist. The most common are

row_exclusive: a single row is locked exclusively. A transaction can lock several
rows of a single table or different tables.

tab_exclusive: a whole table is locked. No other transaction may lock this table
or a row of this table.

If a transaction has locked a row in share mode, other transactions can also lock this row
in share mode, but no transaction can obtain an exclusive lock on this row.

sqlcli MYDB=>SELECT tablename, h_termid, h_lockmode, r_termid, r_rowid, r_regmode FROM

lock waits

| TABLENAME | H_TERMID | H_LOCKMODE | R_TERMID | R_ROWID

| R_REQMODE |

| - I | - | —mmmmmmm oo | -
——————— | - |

| BKPF | BERDO0145761A B4C | tab_exclusive | BERD00145761..17FC | x"FFFE0000001

264FD" | row_exclusive |

In the example, the transaction running in the process with PID 0xB4C (=2892 in the

Windows Task Manager) holds an exclusive table lock on table BKPF, while

another transaction (PID 0x17FC) tries to lock a row of the same table exclusively. This transaction
has to wait until process PID 0xB4C performs a COMMIT or ROLLBACK.

Remember that table locks can be triggered automatically by MaxDB, if a transaction
requests a high number of row locks on a table. Check for Lock escalations and if those
occur, think about increasing parameter MAXLOCKS.
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Monitoring Active Task Status 1/2

SAPd

a SBS [Eﬂ Check - Databaze Server - ACTIVE
|nfarmation In TET Win TASK LFPL Current Timeout Region Mait
Backuy tid type pid state priority oht try itet
2 T&6 7 0x11EC User 6140 Vwait oo 53 4308 (=)

Recowverny

Tuning Conzole comtand finished (2006-09-26 11:57:56).

Check
% D atabase Structure...
B Backup...

[ e

%ﬂ Diagnosis File:
=N

Check -> Database Server -> ACTIVE is the internal state of all currently
active MaxDB tasks. User tasks that are currently waiting for a command
from an application process are not displayed.
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DBMGUI -> Check -> Server -> Active displays information about the states of MaxDB tasks that are
currently working. In a running system, possible states are:

Running - task is in kernel code of MaxDB and uses CPU

Runnable, Vsleep - task is in kernel code of MaxDB and waiting for a free slot in its thread (UKT)
LoglOWait — tasks waits for completion of its log request by archive log writer

IOWait (R) or IOWait (W) - task waiting for I/O completion (read or write)

Vbegexcl or Vsuspend - task waiting to acquire an internal lock in MaxDB

Vwait - task waiting for an SQL lock held by another application process to be released (locks are
released after a COMMIT or ROLLBACK)

If the sum of tasks in states Running, Runnable and Vsleep is higher than the number of CPUs on the
database server for a long time, there may be a CPU bottleneck. Before you increase the number of
CPUs, you may need to analyze the application and its SQL statements in detail.

Ideally, user tasks should have state Running.

If user tasks often have state Vbegexcl, performance may suffer from serialized access to internal

MaxDB locks.
= In MaxDB, internal locks are assigned by regions (corresponding to latches in Oracle). Regions are used to
synchronize parallel accesses to shared resources. For instance, searching for a page in the /O buffer cache
is done by region. In each region, only one task at a time can search for a page.

If user tasks often have state Vwait, the application seems to serialize on SQL locks. Mostly the reason
for this behavior can only be found through analyzing the application.

In case of remote access to the database the APPL pid is marked with an asterisk.
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Monitoring Active Task Status 2/2

a MYDB [Efl Check - Database Server - ALL
Infammation | l==ssssssssssoo oo JE Iser [ nid = 156 e e e e e o
Backup remote node : p2e6li.bea.sap.corp remote pid 156
| HISPAtCNEL CHC: 2934 [edal (= Ve R ad ot ==
Recovery exclusive cnt @ 43077 gelf susp cnt : 54
Tuning rov_rpl count @ 2876 rov_rpl long @ 0O vy row rpl t @ 0.0008
Check rpl rowv_count @ 2875 rel rpl rewv t© @ 2.1571 shs_rpl rev t @ Z2.1571
% D atabaze Stucture
U] Database Server | T23 User { pid = ? S
Eﬁj Diagnosis Filez dizpatcher cnt: 470 conand cnt 390
& Database Trace exclusive ont @ 38064 Zelf susp_eont @ 80
rov_rpl count @ 389 rov_rpl long @ 0O vy row rpl to: 0.0018
rpl rowv_count @ 388 rel rpl rowv t @ 5.1834 shs_rpl rov t @ 5.184Z2

The PID of the application process associated to the user task and the
application server is displayed.
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In case of remote access to the database, remote_node is the server name of the
connected application and remote_pid the process ID of the connected application

process.

In case of local communication these lines are missing.
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Indexes

Indexes are used to optimize the access path to the data

Performance problems can occur if
Indexes are corrupted
Indexes are disabled
Appropriate indexes don't exist
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Corrupted Indexes 1/2

State X
TR A i s —
Total: 683 78 MB Ferm: 628,20 MB Temp: 0,23 MB Used: 528,62 MB Free: 60,26 MB
a Log Area; Cverwrite mode is ON
e Secsin —— 8%
Used: 8 Free: 41
General
Mame SBS Auto Log Otf
“ersion rromar Command Manftor off
Operating System Windowes ¥P (WINGZ) Resource Montor Otf
Run Directory cladbldatalwrkiSES Database Trace Otf
Start 92672006 9:29:53 A Database Analyzer Otf
Data Area Extension off
Automatic Statistics Update On
Data Cache Warnings
Total 79,14 MB Bad Indexes 1
Hit Rate 100 %

If corrupted indexes exist in the database, a warning is shown on
the main information screen of DBMGUI.
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Corrupted

Indexes 2/2
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File Edit Yiew Instance Actions Tools Help
ARSI 2 EEER
[:| My Faolders Mame | State | Data | Log | Sessions | 8]
: Servers @SBS Online [ ] Dvenvite mode i... . 18% 10
-8 _<|-°C‘3|> [ MyDB3 Mot connected
B iwdf2083 B MYDBZ Mot connected
B ld0527 B MYDE Mat connected
B Pl 318:: ?4 [ MaxDE3 Mot connected
g pag x| [ 75002 Mot connected
i neAd110 — v [‘ﬁl] |@@| B
3 SBS R y - Ind lu
i Data Lag | Sesziohs
Chaase Execute' o recreate all known had | 2chema Name Ix Orvervurite mode i... .ﬂ
Backup indexes. X S
Table Mame:
Recovery IF you want to recreate selected index{es), -
% Recaovery... igdicatﬁl the search criteria and choose Index Name: I
earch’.
% Flecavery with Initialization. .. Schema Mame T able Mame Index Ham
B8 Fevertto Snapshot
@ Wolumes
Schema Marie I"
Table Mame: I“
Index Mame: I“

Schema Mame | Table Name | Index Mame

To correct this problem, you have to recreate the corresponding indexes.

Select Recovery -> Index and search for corrupted indexes.

Then mark the corrupted indexes and choose Recreate.

Attention: During the index recreation the corresponding table is locked for write

transactions.
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Disabled Indexes

File Edit View Instance Actions Tools Help

| | Database Manager

|ZHI50 (%A % [rEE [Hzmee @
| | Name | State | Data | Log | Sessions | [ata Cache Hit... | A)
@SBS Onling [ ] Ovenarite mode ... . 18% 100z O
: B MYDB3 Mot cannected
B indf2083 3 MYDB2 Mot connected
B 140527 B MYDE Mot connected
g plg_ﬂ ?4 [ MaxDES Mot connected
5 F:wnm j @ 7R00_2 Mot connected
a SBS Tuning - Index Use
Infarmation x l |
e Indicate the search criteria and choose Sechema Name J ﬂﬂ | % @ ee | ﬂ | ﬂ
Saitinl Search' Table Name: l_ I Data Log | Sessions Data Cache Hit...
Recovery i e l_ 90 % Ovenarite mode i [Jl_15% 100%
Ty Index Mame:
o Optimizer Statistics Schema Mame | Table
F Index Use
ed | SchemaMName I [ Dizabled Indeses Only
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T able Name: I— ™ Unused Indexes Only

Index Mame:

FOMA

BKFF BKPF~E

Indexes can be disabled to check which strategy the optimizer would use, if the index

did not exist.

However, it might be that a disabled index decreases the database performance. To
check if an Index is disabled, choose Tuning -> Index Use and search for disabled

indexes.

To enable the index usage again, mark the index and press the button with the green

traffic light.
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Database Analyzer

Rule-based expert system to monitor MaxDB instances
Collects statistical and monitoring data

Collects system messages

Supports remote access

Detects and reports
Low cache hit rates
High 1/O load
Low hit rates of DML commands (SELECT, UPDATE, DELETE)
Log queue overflows
Lock collisions
Long running commands
Long duration and high frequency of system locks
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The Database Analyzer is a tool for MaxDB performance analysis. Database Analyzer
is a separate executable which allows the analysis of historical MaxDB data. For the
most part the collected monitoring data can only be interpreted by the MaxDB
development support.

The components of the Database Analyzer are the dbanalyzer executable and the
configuration file dbanalyzer.cfg. The executable dbanalyzer collects and logs the
monitoring data and interprets the rules provided in dbanalyzer.cfg. The executable is
release independent.

The second component of Database Analyzer, the configuration file dbanalyzer.cfg,
contains information about the monitored data. Only MaxDB system tables can be used
as data source.

For the adoption to new MaxDB releases it is only necessary to adapt the configuration
file because the accesses to system tables are defined there. Therefore the
configuration file is release dependent and is delivered automatically with MaxDB
patches, if the classification rules or monitoring parameters changed between these
MaxDB patches.
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Starting the Database Analyzer
SADd

Starting the Database Analyzer with DBMCLI:

domcli —d <db_name> -u <dbm_user>,<password> dban_start <options>

Stopping the Database Analyzer with DBMCLI:

domcli —d <db_name> -u <dbm_user>,<password> dban_stop

Getting the state of Database Analyzer with DBMCLI:

domcli —d <db_name> -u <dbm_user>,<password> dban_state
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Call in UNIX/Linux or DOS shell:
dbanalyzer [-n <server>] -d <database> -u <user,pwd> [-f <configfile>]
-t <interval>[,<number>] [-0 <outputdir>] [-c <level> ] [-i] [-nologo] [-noenv] [-stop]

Options:

-n <server>
Name of the server on which the database instance is running. If you specify the server name, you must also specify
the directory for the protocol files with -o.

-d <database>
Name of the database instance

-u <user,pwd>
User name and password

-f <configfile>
Name of the configuration file. If you do not specify a configuration file, the Database Analyzer uses the file
dbanalyzer.cfg in the SINSTROOT/env directory.

-t <interval>,<number>
Time interval (in seconds) between two evaluations and number of desired evaluations. If you specify a value for
<number>, the system terminates the Database Analyzer after the corresponding number of evaluations.

-0 <outputdir>
Directory for the protocol files. If you do not specify a directory, the Database Analyzer uses the sub directory
analyzer in the working directory of the database instance.

-Cc <outputlevel>

Specifies on a scale of 1 (low) to 4 (high) how much additional information should appear on the console. If you do
not specify -c, no output appears on the console.

-i

Deletes protocol files that already exist

-stop
Stops a running Database Analyzer
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Log Files

All data of one day is stored in one directory
Data is stored in separate files, sorted by topic

Display using Microsoft Excel

I: Information = General information, such as the number of executed commands

W1 to W3: Warning levels 1 to 3 = Bottleneck warnings with low, medium, and high
priority
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DBAN.prt: Logs messages, including analysis rules and current values that caused the message
DBAN_BACKUP.csv: Number of Pages written during backup and I/O times
DBAN_CACHES.csv: Successful and unsuccessful accesses to the caches and hit rates
DBAN_CPU_UTILIZATION.csv: CPU utilization on the database server.

DBAN_FILLING.csv: Fill level of the database instance (such as the size of the data volumes, number of
permanently and temporarily used pages)

DBAN_GC.csv: Information about the used history pages
DBAN_IO.csv: Reads and writes to cache pages and data pages
DBAN_IOTHREADS.csv: Reads and writes by io threads

DBAN_LOAD.csv: Accesses and selectivity of SELECT, FETCH, INSERT, UPDATE, and DELETE
statements

DBAN_LOGGING.csv: Number of log pages written, fill level of the log queue

DBAN_OVERVIEW.csv: Information about suspends, physical reads, region accesses

To be continued on next page
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Note continuation page

See notes below
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Logfiles Continued:

DBAN_RW _LOCKS.csv: Number of rw locks, number of collisions on rw locks
DBAN_SHARED_SQL.csv: Statsistics about Shared SQL

DBAN_SPINLOCKS.csv: Statistics about spinlock usage

DBAN_STRATEGY_INDEX.csv: Accesses and selectivity for index searches
DBAN_STRATEGY_PRIMKEY.csv: Accesses and selectivity for PRIMARY KEY searches
DBAN_STRATEGY_SCANS.csv: Accesses and selectivity for INDEX SCAN and TABLE SCAN searches

DBAN_TASK_ACTIVITIES.csv: Information on task activities (such as number of SQL statements, number or
running user tasks, number of task changes)

DBAN_TASK_10.csv: Number and duration of physical writes and reads from perspective of the log writer,
the user task, and the pager

DBAN_TASK_STATES.csv: Number and duration of processed statements. Number and wait duration of the
task states Vsuspend, Vwait, Vsleep

DBAN_TRANSACTIONS.csv: Number of SQL statements and procedure calls, PREPARE, EXECUTE,
COMMIT, and ROLLBACK statements, subtransactions, TIMEOUTS caused by locks, and conversions of row
locks to table locks (Lock List Escalations)
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Displaying Log Files

Displaying a log file in Microsoft Excel

SAPd
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Short Time Analysis

SAPd

To use Database Analyzer for a more detailed analysis of a short time period (e.g.
during the execution of an expensive application), the time interval of data collection
should be reduced to 60 or 120 seconds:

domcli -u <SYSDBA>,<password> -d <db_name> dban_start -t 120

V.V V

0

8 2 Minutes
o

o

S

o

c -

o 2 Minutes
I

1=

o

2— [ 2 Minutes

\/

===== #30 at Tue Dec 16 15:53:35 2003
* 1 SQL commands executed: 112881

* W3 Log queue overflows: 1, configured log

queue pages: 50
* W3 Lock list escalations: 10
* W3 Lock request timeouts: 23

===== #31 at Tue Dec 16 15:55:40 2003
* 1 SQL commands executed: 1172
* W3 Lock request timeouts: 1

===== #32 at Tue Dec 16 15:57:55 2003
* W2 Catalog cache hitrate (SQL Pages)
80.07%, 236 of 1184 accesses failed

* 1 Avg user cmd exec time for task 20 :

ms, 3 commands, application pid 2160

656
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Expert Analysis: Important Values

CACHES
DC_Hit: I/O buffer cache hit rate

TASK_STATES
CmdExecTimeAvg: Average execution time for an SQL statement
VwaitTimeAvg: Average waiting time for SQL locks

TASK_ 10
AvgRTime_UserPTask, AvgRTime_UserPThread: Average read I/O times on data volumes
AvgWTime_LogPTask, AvgWTime_LogPThread: Average write I/O times on log volumes

FILLING
DB_Size: Database size in 8KB pages
Perm_Used: Data volume filling in 8KB pages (permanent pages)
DB_Filling: Data volume filling in percent
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The *.csv files contain all data collected by Database Analyzer. While several values
are useful for MaxDB administrators, other values are intended to be used mainly by
MaxDB developers and development supporters.

Detailed historic data provides the opportunity to reconstruct what happened in MaxDB
during times of interest. For example the exact 1/O buffer cache hit rates, filling of I/O
buffer cache, collision rates etc. can be displayed. Remember that all cache hit rates
are individually re-calculated for the according time interval — these are not the cache hit
rates displayed in DBMGUI that show the average hit rates since MaxDB restart.
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Bottlenecks

SAPdS

With the Database Analyzer we head for identifying the bottlenecks that might be
responsible for a poor MaxDB performance.

Some of these bottlenecks may be solved easily by changing MaxDB parameter
settings or changing the MaxDB configuration.

Some bottlenecks can only be solved by a deeper analysis of the executed
application programs.

Some bottlenecks may only be a temporary effect during complex executions or
concurrent processes, especially in large multiprocessor environments.
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The interpretation of the Database Analyzer results need routine and experience. Not all
displayed bottlenecks really cause a measurable decrease of MaxDB performance.
They just show that MaxDB doesn’t run as smoothly as expected.

Database Analyzer becomes important if users complain about poor response times —
especially if the response times were fine before. Then the comparison of current
Database Analyzer results with former ones may give important hints for the analysis.

The following pages show some of the most important warnings that you may see in the
Database Analyzer logs.
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I/0O buffer cache Hitrate

SADd

Wn 1/O buffer cache hitrate <percent>% by <count> accesses, <count> failed

Access to MaxDB data causes physical I/O (failed) as the data is not present in the
according caches.

I/O buffer cache hit rate should be above 98% — at least for longer time intervals.

Examp|e|*w3 |Data cache hitrate (SGL Pages) 79.93% by 97447 gecesses, 19561 failed
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The average I/O buffer cache hit rate data should be above 98%, meaning less than 2
physical reads per 100 data accesses. If the I/O buffer cache hit rate becomes lower,
expect a significant decrease of MaxDB performance. Short periods of lower hit rate are
uncritical, as they may happen e.g. when data of a table that was not accessed for a
long time needs to be (re-)loaded into 1/O buffer cache.

If the Database Analyzer shows warnings about bad data cache hit rate during several
intervals, check I/O buffer cache usage and try to identify the underlying reason:
Too small sized 1/O buffer cache.

Unfavorable execution of SQL statements so that a large amount of data needs to be
read (e.g. full table scans)
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Expensive Select Statements

SAPdS

Wn <count> selects and fetches, selectivity <percent>% -> rows read/qual <count>/
<count>

Wn <count> <access strategy>, selectivity <percent>% -> rows read/qual <count>/
<count>

Access strategies to data in relational SQL tables is bad because a high number of
table rows has to be read internally to find a small number of rows that meets the
gualification in the WHERE clause.

Try to find the SQL statements that cause the bad access strategy
(-> Command Monitor, -> Resource Monitor)

W3 15844 selects and fetches, selectivity 0.29% -= rows readiqual 1584352 1 4522
Exam ple W3 21 primary key accesses, selectivity 0.00% -= rows readigqual 1422622112
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Accesses to relational tables should use an optimized access strategy, e.g. with help of
secondary indexes. If e.g. an index is missing or if the table statistics, used by the cost
based query optimizer, are outdated, the access strategy may not be optimal. Then the
ratio between internally read database records and the result records may be bad,
causing an unnecessary high workload on the MaxDB server.

Depending on the number of effected rows (rows read), expect more or less severe side
effects on general performance.

Check if the optimizer statistics are up to date and update statistics if necessary.

Cooperate with the application developer to solve such problems.
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Expensive Delete Statements

Wn <count> deletes, selectivity <percent>% -> rows read/qual <count>/ <count>

Access strategies to data in a delete statement is bad because a high number of
table rows has to be read internally to find the rows to be deleted that meet the
gualification in the WHERE clause.

To identify the expensive delete statements, use additional tools like Command
Monitor or Resource Monitor.

Example|*W3 |EI deletes, selectivity 0.00% -= rows readiqual 306530 1 6
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The access strategy for DELETE statements is optimized the same way as for SELECT
statements. The number of internal database accesses to identify the rows to be
deleted should be minimized.

If e.g. an index is missing or if the table statistics, used by the cost based query
optimizer, are outdated, the access strategy may not be optimal.

Depending on the number of effected rows (rows read), expect more or less severe side
effects on general performance.

Cooperate with the application developer to solve such problems.
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Critical Regions

SAPdS

Wn <region-name>: count> collisions (<percent>%) by <count> accesses on region
<region-ID>

The collision rate on internal MaxDB locks (critical regions) is high and may cause
serialization on accesses to these locks.

Potential reasons:
MaxDB server is CPU bound
MaxDB server is paging on OS level

*iy
Example [

—

FBM: collision rate 5.88%, 639 collisions, 3waits (0.03%), 11706 accesses an region 10
LOG: collision rate 10.49%, 1536 collisions, 13 wiaits (0.09%), 14638 accesses on region 18

(o]
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MaxDB uses critical regions to protect access to internal data structures (I/O buffer
cache administration, catalog access etc.) against concurrently active user tasks.
Generally critical regions are held only for a very short time ( << 1 microsecond) to
reduce the risk of collisions. If the MaxDB server becomes CPU bound, the operating
system may dispatch a MaxDB thread that currently holds a critical region. In this case
the chance will increase that other threads will collide on the held region. Therefore high
collision rates are typical for heavy workload on MaxDB server (CPU, paging).

Check the OS workload.
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Command Execution Time

Wn User cmd exec time for T<task-ID> : <duration> ms by <count> commands,
appl. pid <PID of MaxDB work process>

SAPd

The average execution time of commands, executed by a specific MaxDB user task,
is very high. Each of the commands has taken the displayed time in average.

WG

Llser cmd exec time for T394 : 341097 ms by 3 commands, appl. pid 70412

Example =3

Llser cmd exec time for T396 : 3201.52 ms by 3 commands, appl. pid 360078
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In the example above, task T394 executed three commands with an average execution

time of 3.4 seconds.

This is time critical. In typical dialog oriented environments, the average execution time
should not exceed 15 milliseconds. For complex statements, individual execution times

can be much higher.

Check which kind of application was active when the high execution time occurred.
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Logging
Wn Log queue overflows: <count>
Wn max Log queue filling: <percent> %

The log queue is full. As a result, update transactions must wait until the log writer
has successfully transferred log pages to disk and released space in log buffer.

W3 | Log queue overflowes: 362
W3 max Log gueue filling: 100 %

Example
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If the size of the log queue buffer, that holds the log entries before they are written to
the log volume by the Archive Log Writer, is not large enough for the current log
volume, concurrent update transactions may temporarily get stuck.

Check the size of the configured log queue (parameter LOG_10_QUEUE) and increase
it if possible. Maximum size is 2000 pages.

Additionally check the performance of physical disks used for log volumes. For log
volumes, the fastest available disks should be used, as log has to be written
synchronously when a transaction commits - the transaction always has to wait until its
log has successfully be written to the log volume. If the committing transaction keeps
locks on MaxDB resources, other transaction may collide on these locks and must wait.

The first time when the maximum log queue filling level reaches 100%, Database
Analyzer will show a warning.
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Further Optimization

SADd

If SQL statements are not executed using the best optimizer strategy this may lead to
general performance problems.

To analyze the execution plans of SQL statements you have to cooperate with the
application developer.

The tools Command Monitor and Resource Monitor should be used to analyze such
problems.
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Impact of Bad SQL Statements

SAPdS

One major reason for an unsatisfying database performance are SQL statements that
are executed in an insufficient way.

Reasons can be:
Missing indexes for table columns.
Bad programming: Omit known conditions in SQL statements.
Insufficient input into input fields by users.

Unfavorable executions of SQL statement result in high execution times of particular
application transactions.

As a side effect, unfavorable executed SQL statements may have a severe impact on
overall database performance, as they cause a high additional workload (CPU usage,
I/O, displacement of data page from 1/O buffer cache).
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The potential reasons for a bad database performance are various, but often SQL
statements that are not executed in an optimal way have a larger impact on transaction
and general performance than a small I/O buffer cache, slow disks etc.

If an adequate index is missing for table access, the cost of statement execution easily
can be factor 1000 or higher above the optimal costs. Such expensive executions do
not only influence the specific application that executes the SQL statement, but also
other concurrent transactions, if thousands or even millions of data pages must be read
from disk into I/O buffer cache and cause a replacement of other data from 1/O buffer
cache.

A potential reason is that the end user doesn’t use the application as designed, e.g.
does not specify values for all essential input fields.

In any case, these long running statements must be identified and the reason for their
bad performance must be eliminated, e.g. by

changing application program

creating secondary index(es)

teaching end user

168




Instruments to Monitor SQL Statements

SQL statements may cause a high workload, because they are
cheap in individual execution, but executed frequently
expensive in individual execution

MaxDB provides two different instruments to monitor SQL statements:
Resource Monitor
m Collects data of all SQL statements

m Accumulates runtime values (time, buffer accesses, rows
read internally etc.)

Command Monitor

m Uses configurable thresholds to catch particularly long
running statements

m Collects input data from the application
m Shows execution plan
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Statements can be “expensive” in two different ways:

The individual execution is expensive, as e.g. a secondary index is missing. In many cases those
statements can be optimized with database methods.

The individual execution is cheap (e.qg. trough primary key access), but the statement is executed very
often and therefore causes a high aggregated runtime and workload. Mostly those statements cannot
be optimized with database methods because they are already executed in the most efficient way.

Both kinds of expensive statements must be identified, but the method of solving the identified bottlenecks
may be totally different.

MaxDB provides two different instruments to deal with different kinds of expensive SQL statements

The Resource Monitor aggregates the resource consumption over all executions of a statement. It
helps to identify the SQL statements that cause the highest workload on the database and whose

optimization promises the highest overall effect. The data for the execution plan (EXPLAIN) is not
collected.

The Command Monitor collects specific data about SQL statements whose resource consumption
violates configurable thresholds like runtime, page accesses or selectivity. The command monitor is
mainly used to catch statements with high individual runtime. The command monitor also collects the
exact user input data used during statement execution. This is essential to create the correct execution
plan (EXPLAIN) used for statement execution.
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Resource Monitor 1/2

Use this command to start/stop the logging of the executed commands:

sqlcli -d <db_name> -u <sql_user>,<password> diagnose analyze on | off

When a command is parsed, it is entered in the system table SYSCMD_ANALYZE
and a command ID is generated.

The logging of the resource usage has to be switched on/off separately:

sqlcli -d <db_name> -u <sql_user>,<password> diagnose analyze count on|off

The resource usage values are stored in table SYSDATA_ANALYZE — for each
session aggregated on the basis of the command ID.
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The stored data can be deleted:
sqlcli -d <db_name> -u <sap_user>,<password> diagnose analyze CLEAR
COMMAND/DATA/ALL

170




Resource Monitor 2/2

SAPd

To analyze the resource monitor data you have to select the data from table
SYSDATA ANALYZE.

The data is aggregated per session. If you want to know the totals over all sessions
you have to accumulate the values manually.

Then you have to join these totals with the data from table SYSCMD_ANALYZE.
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create table temp.my$sysdata_analyze as

select
t1.cmdid, sum(t1.call_count) call_count,
sum(tl.rows_read) rows_read, sum(tl.rows_qual) rows_qual,
sum(tl.virtual_reads) virtual_reads, sum(tl.physical_io) physical_io,
sum(tl.rows_fetched) rows_fetched, sum(tl.runtime) runtime,
min(tl.min_runtime) min_runtime, max(t1l.max_runtime) max_runtime,
sum(tl.vwaits) vwaits, sum(tl.vsuspends) vsuspends

from sysdata_analyze t1

group by t1.cmdid

select
rawtohex(t1.cmdid) cmdid, t1.call_count,
tl.rows_read, t1.rows_qual, t1.virtual_reads, t1.physical_io,
tl.rows_fetched, t1.runtime, t1.min_runtime, t1.max_runtime,
tl.vwaits, t1.vsuspends, t2.job, t2.line,
substr(t2.sql_statement,1,2000), substr(t2.sql_statement,2001,1700)
from temp.my$sysdata_analyze t1, syscmd_analyze t2
where
tl.cmdid = t2.cmdid
order by t1.runtime desc

If you want to check the data later again (that is the temporary table does already exist), you have to delete the
content of the temporary table my$sysdata_analyze and to insert the current data:

delete from temp.my$sysdata_analyze

insert into temp.my$sysdata_analyze select ...
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Checking Resource Monitor State

SAPdS

To check if the Resource Monitor is running, have a look at the Database Manager

GUI:
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State
DB Drtar: [_ i )4
Total: 120,000 KB Perm: 946.672 KB Temp: 336 KB Used: 47.002 KB Free: 72.992 KB
a Logr [_ 15 %
OMLINE Total: 15.050 KB Used: 2.205 KB Free: 12.872 KB
Siessions: EG—— 14%
Used: ¥ Free: 43
General
Matme: MY DB Ao Log on
Wersion 7.500.11 Comimand Manj Off
Operating System ‘Windowys 2000 0MIMIZ) Rezource WMonitor on
: PRt Databaze Trace on
IR TR Filestsapchiindep_datatwriihivDE Dotabacs At orf
Start On 51312004 4:01:25 M LIS IS

We are currently working on the implementation of the new resource monitor using
the information provided by Shared SQL. When this is finished, the resource monitor

will always be collecting the required information — you don‘t have to activate it

manually anymore. Then the informtaion is stored in table commandcachestatistics.

172




Command Monitor

SAPd

Use this command to start the command monitor:

sqlcli -d <db_name> -u <sgl_user>,<password> diagnose monitor selectivity <number>
| read <number>
| time <number>
| rowno <number>

| data on

Deactivate the command monitor using this command:

sqglcli —d <db_name> -u <sqgl_user>,<password> diagnose monitor [selectivity | read |
time | rowno | data] off
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read: A SQL statement is logged, if the specified number of page accesses is exceeded.
time: A SQL statement is logged, if the specified runtime (in seconds) is exceeded.

selectivity: A SQL statement is logged, if the ratio between qualified and read rows is lower than the
specified value per thousand.

data on: Always specify this option, that the command parameters are stored. This is necessary to be
able to perform an EXPLAIN command for the SQL statement.

rowno: If the specified number of rows in table SYSMONITOR is reached the entries are overwritten.

If the command monitor is activated, SQL statements which exceed the specified values are stored in the
system tables SYSMONITOR and SYSPARSEID. Statements which were already running when the
command monitor was activated are not logged. If option DATA ON was specified, the statement
parameters are stored in system table SYSMONDATA.

To delete the monitor data use this command:

sglcli —d <db_name> -u <sgl_user>,<password> diagnose monitor clear
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Checking Command Monitor State

For a performance analysis first check if the monitoring tools are active.

SAPd

SELECT parametername, value FROM activeconfiguration WHERE parametername

LIKE 'MONITOR%'

| PARAMETERNAME | VALUE |
| | - |
| MONITOR_READ | 1000 I
| MONITOR_TIME | 2147483647 |
| MONITOR_SELECTIVITY | 10 |
| MONITOR_ROWNO | 0 |

© SAP 2007 / MaxDB AdminClass-All / Page 174

monitor_read / monitor_selectivity / monitor_time: shows the values with which the

command monitor was started.
monitor_rowno: max. number of statements in table SYSMONITOR

If the command monitor is not active, these entries are set to default values:
monitor_read : 2147483647, monitor_time: 2147483647, monitor_selectivity: 0,
monitor_rowno: 0.
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Analyzing Command Monitor Data 1/2
SApd

To analyze the command monitor data you have to select the data of the system
tables: SYSPARSEID and SYSMONITOR:

SELECT /*+ordered*/ sysk, rows_read, rows_qual, strategy, runtime, physical_io,
sgl_statement

FROM sysmonitor, sysparseid
WHERE sysmonitor.parseid = sysparseid.parseid

ORDER BY runtime DESC
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Using the command monitor you can identify long running statements. As the number of
logged statements is limited you cannot use this monitor for a long time analysis. You
should enter reasonable threshold values that only really expensive SQL statements
are logged.

To identify the long running statements select the data from tables SYSMONITOR and
SYSPARSEID:

SELECT /*+ordered*/ sysk, rows read, rows _qual, strategy,
runtime, physical 10, substr(sql_statement,l1,550) FROM
sysmonitor tl1 INNER JOIN sysparseid t2 ON tl.parseid =
t2_parseid

|SYSK |ROWS_READ |ROWS_QUAL | STRATEGY
IRUNT IME | PHYSICAL_10] EXPRESSI0N1 I

] 0x0000000000000001 | 40] 40] SCAN SCAN SCAN
| o] | O] SELECT * FROM bkpf WHERE mandt = ? AND
bukrs = ? AND belnr > ? |
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Analyzing Command Monitor Data 2/2

SAPdS

If you want to execute the EXPLAIN statement for a logged statement and the
statement contains parameters, you have to select the parameter data from table
SYSMONDATA:

SELECT *

FROM sysmondata

WHERE sysk = <sysk>
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SELECT * FROM sysmondata WHERE sysk = x’0000000000000001’
| SYSK | PARAMNO | DATA_TYPE | DATA |
|l - | - | - | - |
| 0x0000000000000013 | 1 | CHAR | 811 |
| 0x0000000000000013 | 2 | CHAR | 2100 |
| 0x0000000000000013 | 3 | CHAR | 0000000016 |
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Getting the Execution Plan

SADd

After selecting the parameter data from table SYSMONDATA you can execute the
EXPLAIN statement:

EXPLAIN SELECT *
FROM bkpf

WHERE mandt = <valuel1> AND
bukrs = <value2> AND
belnr > <value3>
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EXPLAIN SELECT * FROM bkpFf WHERE mandt = "811° AND bukrs = "2100° AND belnr >
"0000000016*

ISCHEMA | TABLENAME | COLUMN_OR_INDEX | STRATEGY | PAGECOUNT
I

I------ I---- |- |- -
-1

IMONA | BKPF | BKPF-2 | RANGE CONDITION FOR INDEX | 2607

I

I I | MANDT | (USED INDEX COLUMN) I

I

I I | BUKRS | (USED INDEX COLUMN) I

I

I I I RESULT IS NOT COPIED , COSTVALUE IS | 89
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MaxDB Traces

MaxDB provides two different traces:
the database trace called knltrace
the SQLDBC trace called sqldbctrace-<pid>.prt

The database trace can be activated using DBMGUI or domcli, the SQLDBC trace
can be activated using sqgldbc_cons.

© SAP 2007 / MaxDB AdminClass-All / Page 178

178




Database Trace
SAP4

The kernel trace is used to analyze executed SQL statements and database errors.

When the kernel trace is switched on, you have to specify which kernel component
should write trace information. In general the default option is sufficient.

The trace information is written into a memory area. This memory area has to be
flushed to file knltrace before the trace can be evaluated.

When the trace is evaluated (using dbom command trace_prot) you have to specify
which parts should be evaluated — most times abkmx is sufficient (if not requested
otherwise).
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As a default the kernel trace is switched off. The influence of the default kernel trace on the
system performance is very small. Other trace options might decrease the system
performance and should only be used when needed for an analysis (requested by the
developer).

It is possible to switch on the trace for a specific user session. This is helpful if too many
concurrent users are active on the system — otherwise the important trace information could
be overwritten.

Option STOP ON ERROR allows to deactivate the trace automatically in case a specific
error occured. This also prevents that the important trace information is overwritten.
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Database Trace

When you are requested to create a kernel trace, proceed as follows:
1. Activate the kernel trace

2. Reproduce the problem (if possible when no other users are active, otherwise try
to create a session specific trace)

3. Flush the trace information to disk
4. Deactivate the kernel trace

5. Convert the trace file into ASCII
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Activating the Kernel Trace

il
Fle Edit Wew Instance Actions Tooks Help e
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-3 wdr2083 3 MyDB2 Mot conrected
- 10527 3 MvDE Mot connected
-8 iz 3 MaxDB3 Not connected =
3 E woz Dl Not connected |
13 585 (S il Drlatinse Tiace =|
Information Options |Advanced Trace File
Mark the dalabase race options and -
Backup <viteh them ONAOFF Hame | Level| Deseription | -
Recovery a Defines which level of checking for hashed resultset is switched on
= Selected options: TRACE_AK. Defines whether tracing of all arder packets is switched on [YES/NO)
TRACE DEFALLT 1@ TRACE_DEFAULT Defines whether default raing is switched on [YES/NI)
Check - 1@ TRACE_DELETE Defines whether tracing of complete message buffer of DELETE is switched on [YES/NO)
B Database Shucture.. 19 TRACE_INSERT Defines whether tracing of somplete message bufer of INSERT is switched on [YES/HO]
B Backup.. 1@ TRACE_LOCK Defines whether tracing of ealisiarss and thei elimination s switched an [YES/NG) =
B Datsbass Server 14 TRacE_LOB Defines whether tracing of acsesses ta LOB columns is switched on [YES/NO)
B Disgnoss Fies 14 TRACE_OBJECT Defines whether racing of aceesses o objects is switched on [YES/NO)
14 TRACE_OBJECT 40D Defines whether tracing of ereation of objects is switched on (YES/N)
[I® TRACE_DBJECT_ALTER Defines whether tracing of changing of obiects is switched on [YES/ND]
[T, Database Analyzer O TRACE_OBJECT_FREE Defines whether tracing of releasing of objects is switched on [YES/NOD)
I TRACE_OBJECT GET Defines whether tracing of aceesses ta objects is switched on [YES/NO)
[1® TRACE_OPTIMIZE Defines whether tracing of optimizer output is switched on [YES/ND)
CI® TRACE_ORDER Defines whether tracing of somplete order packet is switched on [YESAND)
[1® TRACE_DRDER_STANDARD Defines whether shar tracing of all parts of the arder packet is switched an [YES/NO]
LI TRACE_PAGES Defines whether tracing of /0 of pagss is switched on (YES/N0)
1@ TRACE_PRIMARY_TREE Defines whether iracing of aceesses to primay data is swiched on (YES/NO)
19 TRACE_SELECT Defines whether tracing of complete message buffer of SELECT, .. is switched on [YES/NO]
1@ TRACE_TIME Defines whether racing of elapsed tine in lower part of keme! is svitched on [YESND)
19 TRACE_UPDATE Defines whether tracing of complete message bulfer of UPDATE is swiched an [YES/ND)
LI TRACE_ALLOCATOR 0 Defines which level of tracing for allocators i switched an
19 TRACE_CATALOG 0 Defines which level of racing for catalog management is switched on
LI TRACE_CLIENTKERNELCOM 0 Defines which level of trasing for commurication between olient and server is switched on
1@ TRACE_COMMON 0 Delines which level of racing for cammaniy used code and Distabase Manager Commands is switched on
T 14 TRACE_COMMUNICATION 0 Defines which level of trasing for commurication is switched on |
[Z 585 i
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You can use DBMGUI or DBMCLI to activate, flush, deactivate and evaluate the kernel
trace. Even SQL statements in SQL Studio can be used.

The DEFAULT option is sufficient, if the developer did not request any special trace

option.

Use the buttons on top to activate, deactivate, flush or initialize the trace.

If you initialze the trace, all trace information is deleted.

dbmcli commands:

Activate:

dbmcli —d <SID> -u <dbm-user>,<password> trace_on default

Flush:

dbmcli —d <SID> -u <dbm-user>,<password> trace_flush
Deactivate:
dbmcli —d <SID> -u <dbm-user>,<password> trace_off

Evaluate:

dbmcli —d <SID> -u <dbm-user>,<password> trace_prot <Optionen>
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Advanced options

| | Database Manager =3l

Fle Edt Wew Instance Actions Iools Help

|EB5 5 (% 8] %]% e~ %
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=83 Sewvers 3585 Oriline Ovensrite mode i [l__14% 100% it
i <Locds A MYDE2 Mot connected
-3 wdr2083 3 MvDB2 Mot cannected
- 10527 — |A Mo Mot connected
% DEE}? 3 MexDES Not connected =
. o ﬁmm =] |3 8002 Mot cornected |
13 585 T E iRl Botabinsn Tiate =|
Informalion Options {ddvancad ] Trace Fie
Set the session to be haced.
B ~ Trace Session
St the enar you want to stap tracing,
ecovern Al Sessions
Tuning
 Curert Sessian
Check
TR © Session (00000000 - FFFFFFFF)
@ Backup...
791 Database Server AT
B0 Diagnosis Files @ Don't Stop Tracing on Erior,
[ Database Trace ¢ Stop on Eror (32000 - 32000)
1€}, Database Analyzer

[ 585
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TRACE SESSION
To activate the trace for a specific database session, enter the session ID.

You can use the following commands to determine the session ID:
x_cons <SID> show active and
SELECT * FROM TRANSACTIONS

STOP ON ERROR
If the database error code is known you can specify this to make sure that the trace is
stopped when the specific problem occurs.
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Evaluating the Trace

1 | Database Manager o =] o5
Fle Edt Wew Instance Actions Took Help ——
|SB[55 [%[8] %% QUllvIx)
(C My Folders 4| [ Name [ State - [ Log [ Sessions [ Data Cache Hit__| Auto Log | -~
Protocol
=83 Sewvers [FEE Orline B | Ovenviternodei. [l 14% 100% fiT
i <Locds A MYDE2 Mot connected
-3 wdr2083 3 MvDB2 Mot cannected
- 10527 3 MYDE Mot connected
g DEE}? 3 MexDES Not connected =
- ﬁmm =] |3 8002 Mot cornected |
13 585 T E iRl Botabinsn Tiate =|
Information Oplions | Advanced Trace Filel
Mark the options for generating the =
it dalsbase trace file %INLM
Drder Interface [2K]
i
:CWEW The database trace fie is generated on the 151 Recerd Inttacs (BD)
uning server. Choose Instanse > Check - Files
— 1o display the database trac file [k]  Show Message Block (KE)
ecl [m]  Message Block
Database Shucture... Alternatively, use the command line tool O [n]  net(distibution)
B DEMGETF and the key KNLTRCPRT O 5] Sveeay
) Datobase Server O 1 Time
B Disgnosi Fles [#]  Switch Dutpul [Slow Kemel)
[ Database Trace
1€}, Database Analyzer
C
[ 585 7
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On tab ,Trace File‘ the trace information can be flushed to file knltrace and the trace

information can be evaluated.

You have to specify for which modules the trace information should be evaluated,

DEFAULT: abkmx.
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Kernel Trace Protocol

1 | Database Manager

o[

Fle Edt Miew Instance Actions Took Help
EEIEEE T ¢ 0 DmE n

[0 My Folders 4| [ Name [ State [ Data [ Log [ Sessions [ Data Cache Hit__| Auto Log |

& Backup
T Database Server

= 159 == Redolog Execution Task 2 ==
Log_InvDescHap.cppiod

IGNORED ERROR iz 530

PrimFilename: length: 16, size: 16

& Database Trace k;

I, Database Andyzer offset: O

off: 00 01 0Oz 03 04 05 06 07 08 08 10 11 12 13 14 15
dec: 13 00 00 00 00 00 00 00 02 182 00 00 OO0 00 00 00
hex: OD 00O OO0 OO OO 00 00 00 02 <O 00 OO0 OO0 00 00 00

chr:
InvFileName: length: 16, size: 16
offszet: O

off: 00 01 0Oz O3 04 05 06 07 08 08 10 11 1z 13 14 15
dez: 07 01 00 00 00 00 00 00 02 183 00 00 00 00 00 oo
hex: 07 01 00 00 00 00 00 00 02 c1 00 00 00 oo D'J oo

chr:
SecKey: lenguh: 12, size: 12
Offset: O

off: 00 ©O1 02 03 04 05 06 07 08 09 10 11
dec: 32 56 48 48 32 49 48 48 48 32z 32z 32

Configuration hex: 20 38 30 30 20 31 30 30 30 20 20 20

=33 Sewvers (2585 Oriline Overnrite mode i [l__14% 100% ot
i - <loca & MYDE: Mot connected
[ = R lie 3 MvDBZ Mot cannected
J o527 3 MvDE Mot connected
% Dlgﬂ?“ 3 MaxDB2 Mot connected -
-1 imn \~| |2 8002 Mot connected
(3 sBS P Check - Diagnosis Files - Kermel Trace Log File
Infarmation
o R AT TR R A AT TR AT AN TN AN AT AT RN AR AR AT AR AT E AT AR TR
SEbUP: R EEBMPROT 7.7.01 2008-09-27 14:02:19 e
Fecavary R AT TR A TR R R AR AT TR AT AN RN AN AN AT AT RN A TR AR NAN AR AT E AT AR TR
Tuning
Check Input File: c:isdbidata)wrkl3B3\knltrace.dat
f Dachose Stucture. from entry 1.6 to 15,8197 (from page 1 ta 15) ————-—-—-mmmmmv
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Using menu ,Check -> Files -> Kernel Trace Protocol* you can view the trace protocol.

Normally the trace file has to be sent to the developer to analyze the problem.
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Session Specific Kernel Trace

I
Ao E B E

I

rollback

I

diagnoze vtrace clear

I

diagnose vtrace session =
/

diagnose virace default an
I

SELECT *FROM bkpf WHERE mandt = 811" AND bukrs = "2100° AMD belnr > ‘000000007 6"
I

diagnose vtrace default off
I

diagnoze vhrace flush]

2

diagnose virace session *

| [ fINg [Ln14.Corzz [Ln1-Ln180f15Lns
MANDT | BUKRS |  BELNR | GJAHR | BLART | BLDAT | BUDAT | MONAT | CPUDT | CPUTM |  #EDAT | uwPpDT | wii=
1] 811 2100 1000000001 (1995 WE 19950619 (19950819 06 19950619 (141059 00000000 00000000 199506) 2|
2| 811 2100 1100000001 1995 RE 19950619 (19950619 06 19950619 144536 00000000 | 00000000 199506~
3| 811 2100 1000000001 1395 wE 19950519 (19950619 05 19360619 (141059 00000000 | 000000 | 199506~ |
4] 811 2100 1100000001 (1995 FE 19950519 (19950619 06 19950519 (144536 00000000 00000000 199506(=
[ ]« » v i [=|
[Fowsin Result: [ Unknown |SELECT * FROM bkpt WHERE mandk = ‘811" AND bukrs ='2100' AND belr > ‘0000000018 =1
IAuto Commit; On jllntemal leommitted L”MDNA j | Last Staternent: Statement successfully executed. Mo Result
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If you have to analyze just one or a few SQL statements, you can create a session specific kernel trace in
SQL Studio (execute all statements one after the other by pressing F8):

Rol Iback

//

diagnose vtrace clear

//

diagnose vtrace session =
//

diagnose vtrace default on
//

<SQL statement to be analyzed>
//

diagnose vtrace default off
//

diagnose vtrace flush

//

diagnose vtrace session *

Afterwards the trace has to be evaluated using DBMGUI or DBMCLI.
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SQLDBC Trace

The SQLDBC trace is used to analyze problems of the SQLDBC interface.
The SQLDBC trace is activated using tool sgldbc_cons.
Syntax: sgldbc_cons [<command>] [<option>]

The trace files are called sqgldbctrace_<pid>.prt and the are created in directory
<user_home>\Application Data\sdb  (Windows)
<user_home>\.sdb (UNIX, Linux)

The location and trace file name can be changed using option
CONFIG TRACE FILENAME <filename>

The trace files are overwritten cyclically. The size is specified using option
TRACE SIZE <size>
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The default name of the trace files is sqldbctrace_<pid>.prt. <pid> is the process ID of the application
process.

Possible traces:

SQL: SQL-Statements (normally sufficient)

Short: Method calls

Long: Method calls with call parameters (largest trace)
Packet: Communication packets

Possible commands for sqldbc_cons:

TRACE SQL ON/OFF: (de)activates the SQL trace

TRACE PACKET ON/OFF: (de)activates the PACKET trace

TRACE SHORT ON/OFF: (de)activates the SHORT trace

TRACE LONG ON/OFF: (de)activates the LONG trace

TRACE OFF: deactivates all SQLDBC traces

TRACE FILENAME <file_name>: specifies the name (and directory) of the trace file

TRACE SIZE <size>: specifies the size (in bytes) of the trace file

SHOW ALL: shows the trace configuration and current

information to the traces

SHOW CONFIG: shows the trace configuration

SHOW TRACESETTINGS shows current information to the traces
Possible options for sgldbc_cons:

-h: help information

-p <pid>: executes the command for the specified process 1D

-V: shows extended information (verbose)

(These options can only be used separately.)
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Learning Objectives

Know how to set up a standby instance.

Know what a Hot-Standby system is and how it works.
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High Availability

SAPd

There are several possibilities to guarantee high availability of your database:
Standby database (manually updated)

Hot-Standby system in a cluster configuration (automatically updated)
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Standby database

SAPd

Standby instance: copy of the active database instance (original instance)

To keep the contents of your standby database up-to-date, the log backups of the original
instance are imported at regular intervals. The standby instance always has the operational
state ADMIN.

If you experience problems with the original instance, you can start operating the
standby instance immediately, and carry on working without a lengthy period of
downtime.

Depending on the configuration, you can also restore the standby instance to a
specified state in the past.
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Standby Database (Log Shipping)
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’Initial data backup

Available e.g. as DBShadow by Libelle (www.libelle.de)

© SAP 2007 / MaxDB AdminClass-All / Page 191

191



http://www.libelle.de/

Setting up a standby instance

SAPdS

Use the Database Manager for the following steps:

Create the standby instance by making a copy of your original instance. Do not start
the copy in the operational state ONLINE; instead, keep it in the operational state
ADMIN.

Set up the original instance and standby instance on different hosts.
In the standby instance, create a backup medium for importing log backups.
Make log backups in your active original instance at regular intervals.

At regular intervals, import these log backups into your standby instance with a time
delay of your choice.
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Keep the following points in mind:

The data volumes of the standby instance must be configured with enough space to be
able to import the log backups of the original instance.

You can use pipes to transport the data backup. You can transport log backups with ftp,
or copy them with an exported file system (such as NFS or a shared file system).

You can start the standby instance in the operational state ONLINE, if you want it to
replace the original instance as the active instance. If the standby instance has been in
the state ONLINE, log backups from the original system can no longer be imported. So
if you still want to use it as a standby instance, you have to initialize the instance, and
import a complete data backup of the original instance.
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Starting the Standby Instance as an Active

Instance SAR4

Experiencing problems with the original instance? Stop it and start the standby
instance to ONLINE. The standby instance can then take over the role of the active
instance immediately.

Use the Database Manager for the following steps:
Make sure that the original instance is in the operational state OFFLINE.
Start the standby instance in the operational state ONLINE.
In this standby instance, restore any indexes that are no longer up-to-date (BAD INDEXES).
Make a complete data backup of the standby instance.

You can now operate the former standby instance as an active database instance.
The original instance can become the standby instance. To do this, initialize the
original instance, and proceed as described in Setting Up a Standby Instance.
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Loss of Data

In this procedure, after you start the standby instance, it does not contain any data changes that have not
yet been imported in log backups from the original instance.

You don’t want to loose data? Choose one of these options (depending on the configuration and state of
your original instance):

Importing Log Backups up to a Specific Time

Importing Another Manual Log Backup

Copying the Log Volumes of the Original Instance
The following example of an input script shows you how to use the Database Manager CLI to set up a
standby instance and start operating it as an active instance:
db_offline

db_admin
medium_put <medium_name_data> <path_data> <medium_type> DATA

util_connect
db_activate recover <medium_name_data>
util_release

medium_put <medium_name_log> <path_log>\save.log FILE LOG

util_connect

recover_start <medium_name_log> LOG 001

recover_replace <medium_name_log> <path_log>\save.log 002
recover_replace <medium_name_log> <path_log>\save.log 003

recover_ignore
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Hot-Standby System

SAPd

Consists of an active master instance and one or several standby instances, which
are installed in a cluster configuration.

In case of an error in the master instance, a standby instance can take over the
master role immediately without loss of data.

The Hot-Standby system acts as a single database instance and is reached via a
shared official node name.

Internally the components use local server addresses.
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The master instance and the standby instances access their own, independent data
volumes. They share the log volumes. The standby instances have only read access to
the log volumes.

The standby instances are in mode STANDBY, which is somewhere between ADMIN
and ONLINE.

Log entries generated on the master instance are redone on the standby instances
automatically. Therefore the data in the standby instances is always up-to-date — with a
short delay.
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Installing a Hot-Standby System

SAPdS

Install a database instance which will be defined as the master instance

Add one or several standby instances

During initialization of the standby instance, the storage system copies the complete content
of the master data area in a consistent state to the standby data area (,split")
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Procedure:
Install a database instance <db_name>. Use the storage system for the data volumes.
Stop this database instance to operational state OFFLINE.

Use the following DBMCLI command to specify this instance as the master instance:
hss_enable lib=<hs_storage dlI> node=<official _node>

Start the master instance to operational state ONLINE

Use the following DBMCLI command to define a standby instance:
hss_addstandby <hs_node nnn> login=<user>,<password>

To start the standby instance to mode STANDBY and therefore to add it to the Hot-
Standby system, use the following DBMCLI command:

db_standby <hs_node_nnn>
The standby instance is initialized and in operational state STANDBY. All necessary
configuration parameters are copied from the master instance.
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Using a Hot-Standby System

SADd

The Hot-Standby system is addressed via the database name which was specified
during the master installation and the official node name

All administrative tasks (backups, add volumes, parameter changes) are performed
as in a single database instance

You have to perform data and log backups regularly to secure your system against
handling errors
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Fail-Over in a Hot-Standby System

SAPdS

In case of a problem on the master instance, the Fail-Over mechanism of the cluster
configuration is responsible for the switch to a standby instance

The standby instance then gets write access for the log volumes, redoes the last log
entries and is started into mode ONLINE

This guarantees a very short downtime and no data is lost
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Where you can find further information

OSS notes:
FAQ notes (search for FAQ on component BC-DB-SDB*)

Notes with parameter recommendations (e.g. # 814704)

SDN:
wiki (see next slides)
forum (see next slides)
Documentation:

http://maxdb.sap.com
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Disclaimer

This presentation reflects current
planning. Contents may be changed
without prior notice, and are in no
way binding upon SAP.
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Some software products marketed by SAP AG and its distributors contain proprietary software components of other software vendors.

SAP, R/3, mySAP, mySAP.com, XApps, XApp, SAP NetWeaver, Duet, Business ByDesign, ByDesign, PartnerEdge and other SAPXroducts and services mentioned herein as well as their
respective logos are tfrademarks or registered trademarks of SAP AG in Germany and in several other countries all over the world. All other product and service names mentioned and
associated logos displayed are the trademarks of their respective companies. Data contained in this document serves informational purposes only. National product specifications may vary.

The information in this document is proFrietary to SAP. This document is a preliminary version and not subject to your license agreement or any other agreement with SAP. This document
contains onl?/ intended strategies, developments, and functionalities of the SAP® product and is not intended to be binding upon SAP to any particular course of business, product strategy,
and/or development. SAP assumes no responsibility for errors or omissions in this document. SAP does not warrant the accuracy or completeness of the information, text, graphics, links, or
other items contained within this material. This document is provided without a warranty of any kind, either express or implied, including but not limited to the implied warranties of
merchantability, fithess for a particular purpose, or non-infringement.

SAP shall have no liability for damages of any kind including without limitation direct, special, indirect, or consequential damages that may result from the use of these materials. This limitation
shall not apply in cases of intent or gross negligence.

The statutory liability for personal injury and defective products is not affected. SAP has no control over the information that you may access through the use of hot links contained in these
materials and does not endorse your use of third-party Web pages nor provide any warranty whatsoever relating to third-party Web pages

Weiter%ab_e und Vervielfaltigung dieser Publikation oder von Teilen daraus sind, zu welchem Zweck und in welcher Form auch immer, ohne die ausdriickliche schriftiche Genehmigung durch
SAP AG nicht gestattet. In dieser Publikation enthaltene Informationen kénnen ohne vorherige Ankiindigung geandert werden.

Einige von der SAP AG und deren Vertriebspartnern vertriebene Softwareprodukte kénnen Softwarekomponenten umfassen, die Eigentum anderer Softwarehersteller sind.

SAP, R/3, mySAP, mySAP.com, XApps, XApp, SAP NetWeaver, Duet, Business BKDesi n, ByDesign, PartnerEdge und andere in diesem Dokument erwahnte SAP-Produkte und Services
sowie die dazugehdrigen Logos sind Marken oder eingetragene Marken der SAP AG in Deutschland und in mehreren anderen Landern weltweit. Alle anderen in diesem Dokument erwéhnten
Namen von Produkten und Services sowie die damit verbundenen Firmenlogos sind Marken der jeweiligen Unternehmen. Die Angaben im Text sind unverbindlich und dienen lediglich zu
Informationszwecken. Produkte kénnen landerspezifische Unterschiede aufweisen.

Die in diesem Dokument enthaltenen Informationen sind Eigentum von SAP. Dieses Dokument ist eine Vorabversion und unterliegt nicht Ihrer Lizenzvereinbarung oder einer anderen
Vereinbarung mit SAP. Dieses Dokument enthalt nur vorgesehene Strate%ien, Entwicklungen und Funktionen des SAP®-Produkts und ist fir SAP nicht bindend, einen bestimmten
Geschéftsweg, eine Produktstrategie bzw. -entwicklung einzuschlagen. SAP tibernimmt keine Verantwortung fir Fehler oder Auslassungen in diesen Materialien. SAP garantiert nicht die
Richtigkeit oder Vollstandigkeit der Informationen, Texte, Grafiken, Links oder anderer in diesen Materialien enthaltenen Elemente. Diese Publikation wird ohne jegliche Gewahr, weder
ausdrilicklich noch stillschweigend, bereitgestellt. Dies gilt u. a., aber nicht ausschlieflich, hinsichtlich der Gewéhrleistung der Marktgangigkeit und der Eignung fur einen bestimmten Zweck
sowie fir die Gewahrleistung der Nichtverletzung geltenden Rechts.

SAP ubernimmt keine Haftung fur Schaden jeglicher Art, einschlielich und ohne Einschrénkung fiir direkte, spezielle, indirekte oder Folgeschaden im Zusammenhang mit der Verwendung
dieser Unterlagen. Diese Einschrankung gilt nicht bei Vorsatz oder grober Fahrlassigkeit.

Die gesetzliche Haftung bei Personenschaden oder die Produkthaftung bleibt unberiihrt. Die Informationen, auf die Sie moglicherweise Uber die in diesem Material enthaltenen Hotlinks
zugreifen, unterliegen glcht dem Einfluss von SAP, und SAP unterstiitzt nicht die Nutzung von Internetseiten Dritter durch Sie und gibt keinerlei Gewéhrleistungen oder Zusagen tiber
Internetseiten Dritter ab.

Alle Rechte vorbehalten.
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