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Starting in IBM® DB2® 9, a new memory-tuning feature, self-tuning memory
management, simplifies the task of memory configuration by automatically setting
values for several memory configuration parameters. When enabled, the memory
tuner dynamically distributes available memory resources among several memory
consumers, including sorts, the package cache, the lock list, and buffer pools. In this
tutorial, walk through a series of exercises to understand and learn how to administer
this new feature.

Section 1. Before you start

Introduction

This tutorial is based on the IBM DB2 9 self-tuning memory management feature.
The tuner works within the memory limits defined by the database _memory
configuration parameter. The value of database_memory can itself be automatically
tuned on Windows(R) and AIX(R). When self-tuning is enabled for
database_memory (when it is set to AUTOMATIC), the tuner determines the overall
memory requirements for the database and increases or decreases the amount of
memory allocated for database shared memory depending on the current database
requirements. For example, if the current database requirements are high, and there
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is sufficient free memory on the system, more memory will be consumed by
database shared memory. Once the database memory requirements drop, or the
amount of free memory on the system drops too low, some database shared
memory is released.

This tutorial provides hands-on experience in the five basic areas:

1. Activating self-tuning memory

2.  Determining which memory consumers are enabled for self tuning
3 Determining the current size of DB2 memory usage

4.  Automatic tuning in a production environment

5. Deactivating self-tuning memory

Further description of the feature can be found in the article " Self-tuning memory in
DB2 9" (developerWorks, June 2006)..

About this tutorial

The following exercises enable you to work with the DB2 self-tuning memory feature
and to have available memory resources dynamically distributed among several
memory consumers, including sorts, the package cache, the lock list, and buffer
pools.

They have been developed to demonstrate one or more tasks found within each of
the areas.

Objectives
ghis tutorial helps familiarize you with concepts and capabilities of self tuning in DB2
1. Self-tuning memory overview and logon
2. Self-tuning memory and SORTHEAP
3.  Self-tuning memory and PCKCACHESZ
4.  Self-tuning memory and LOCKLIST
5. Self-tuning memory and health checking
System requirements

To run the examples in this tutorial, you need the following installed on your
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machine:

« DB2 9 Data Server

* Microsoft Windows 2000 or later and an account with administrator
privileges or Linux (Validated edition) with root access

+ Java Runtime Environment 1.4.2 or later

» Hardware requirements referred to on the DB2 9 system requirements
page

DB2 9 Express-C is available from the DB2 9 Data Server link above. See the
tutorial "DB2 XML evaluation guide (developerWorks, June 2006) for steps on
installing DB2. Unless the DB2 configuration is altered, then DB2 will automatically
start after installation.

Use the samples scripts and data provided in the stmm_ zipped.zip file (see
Downloads section) to demonstrate the concepts in this tutorial. Extract the contents
into a subdirectory called stmm_scripts ( C:\stmm_scripts or
home/userid/stmm_scripts, for example). This directory will be referred to simply as
stmm_scripts throughout the tutorial. This tutorial assumes that you have used the
default directories for the DB2 installation and all the DB2 exercises are performed
by a database administrator id.

Section 2. Self-tuning memory overview and logon

Introduction

The following exercise will set the environment for the following sections. The DB2
self-tuning memory feature uses the available memory resources dynamically. It
distributes the resources among several memory consumers, including sorts, the
package cache, the lock list, and buffer pools.

Key points

The following exercise guides you through the following steps:

1. Log on to your machine and DB2
2.  Setarchival logging
3. Create test table LINEITEM and associated objects

4. Reorganize the table and create statistics
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5. Deactivate self-tuning memory, and set the initial values for the database
Instructions

1. Log on to your machine using a suitable id (with DBA authority). For the
purpose of these exercises in this tutorial, we have used:

* UID: db2inst1
* PW: password

2. Open aterminal window (or DB2 command window on Windows), and
start the DB2 Control Center.

3.  Start DB2 by issuing the following command:

db2st art

4.  Change the current directory to stmm_scripts:

cd \stmm scripts

Figure 1. Command window

CavProgram FilessIBMSEQLLIBWBIM>d tart
19102006 1029 44 ] 5] DHIELAR]T processing was successful,
SQL18E3H DB2START processing was successful.

5. Change from circular logging to archival logging to have enough log
space for the import operation, and take a backup using the following
commands:

Listing 1. Backup database sample

CONNECT TO SAMPLE;
UPDATE DATABASE CONFI GURATI ON USI NG USEREXI T On DEFERRED ;
BACKUP DATABASE SAMPLE

TO "/ Sanpl eBckp"

W TH 2 BUFFERS BUFFER 1024

PARALLELI SM 1

W THOUT PROWPTI NG,

Or execute the following batch script:

db2 —tvf EX1-5. bat

Figure 2. Command window
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&3 DB2 CLP - DB2 - 0] x|
SQL1B63N DB2ZSTART prod |

Etam_scripts

Databaze zerver
QL authorization ID
Local datahaze alias

IFIATE DATABASE CONMFIGURATION USIMNG EREXIT On DEFERRED
DEZEB8A] The UPDATE D OHFIGURATION command conpleted successfully.

BACKUF DiTAB AMFPLE " ampleBekp™ WITH 2 BUFFERE BUFFER 1824 PFARALLELISH
1 WITHOUT FROHFTIRG

Hackup suc sFul. The timestamp For this backup image is @ 2HE61188188°745

6. Create table LINEITEM and associated indexes, and populate the table
with data using the following commands:
Listing 2. Create table LINEITEM and associated indexes; populate
table

CREATE TABLE " LI NEI TEM'  (
"L _ORDERKEY" | NTEGER NOT NULL ,
"L _PARTKEY" | NTEGER NOT NULL ,
"L_SUPPKEY" | NTEGER NOT NULL ,
"L_LI NENUMBER" | NTEGER NOT NULL ,
"L_QUANTI TY" DOUBLE NOT NULL ,
"L_EXTENDEDPRI CE' DOUBLE NOT NULL |,
"L_DI SCOUNT" DOUBLE NOT NULL ,
"L_TAX" DOUBLE NOT NULL ,
"L_RETURNFLAG' CHAR(1) NOT NULL ,
"L_LI NESTATUS" CHAR(1) NOT NULL ,
"L_SHI PDATE" DATE NOT NULL ,
"L_COW TDATE" DATE NOT NULL ,
"L_RECEI PTDATE" DATE NOT NULL ,
"L_SHI PI NSTRUCT" CHAR(25) NOT NULL |,
"L_SHI PMODE" CHAR(10) NOT NULL ,
" L_COMMENT" VARCHAR(44) NOT NULL )
I N " USERSPACE1" ;
CREATE UNI QUE | NDEX "L_OK_LN' ON "LI NEI TEM
(" L_ORDERKEY" ASC,
"L_LI NENUMBER' ASC)
PCTFREE 3 DI SALLOW REVERSE SCANS;
CREATE | NDEX "L_PK_SK" ON "LI NEI TEM
("L_PARTKEY" ASC,
"L_SUPPKEY" ASC)
PCTFREE 3 DI SALLOW REVERSE SCANS;
| MPORT FROM "Lineitemixf" OF | XF
COVM TCOUNT 100
MESSAGES "/ st i nport. nsg"
I NSERT | NTO LI NEI TEM

Or execute the following batch script:

db2 —tvf EX1-6. bat

Figure 3. Command window
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wl =k . bhat

Database Connection Information

[mr-':h-\ 2@ server DEZAHT 7.8.8
L authorization ID IHET1
I.||| al datak alias = SAMFLE

'LIHEITEH" { "L "HI.IJ-HhI-'l"' IH'IJ-L.[-H HOT MULL . "1
PPKEY"™ INT " LINEHUHEER" INTEC
HOT HULL . : : ) DOUBLE HOT HULL .

TH"!" DOUBLE M H !

b . "L
El'ﬂ TE" DATE M
@) NOT MULL .

DEZBABR] The S0QL command completed suc

QUE INDEX "L 0 "LINEITEH" <"L_ORDERKEY™ ASC. "L_LINEMUMBER™ AS
3 DISALLOW

HE
"HHHHI The 5QL command completed su sfullwy.

"LINEITEH" <"L_PARTHEY" ASC. “L_SUPPKEY" A
onmand completed successfully.

T FROH "Lineiten.ixf" OF IHF COMMITCOUMT 188 HESSAGES “sstmm_scriptssinpoprt
" INSERT IWTO LIWEITEH

of ro a = GBE1L75
af
F
13
of

of
Wi
D2 EEE 1 QL command completed successfully.

COMMECT RES
I'JII:"HHi-H-‘lI The 5QL command completed succeszfullwy.

7. Reorganize table LINEITEM using the following command:

REORG TABLE LI NEI TEM ALLOW READ ACCESS;

Or execute the following batch script:

db2 —tvf EX1-7.bat

Figure 4. Command window
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Cisstmm_scriptsxdb2 —tof EX1-7.bhat
COMNECT TO SAMPLE

Database Connection Information

Database servepr DE2-WNT 2.8.8
SQL authorization ID DEZ2INST1
Local database alias SAMPLE

REORG TABLE LINEITEM ALLOW READ ACCESS
DBZBABAI The REORG command completed successfully.

COMMIT WORK
DBZAAAAI The S5QL command completed successfully.

COMNECT RESET
DBE2AHAAL The S5QL command completed successfully.

Create new statistics on table LINEITEM using the RUNSTATS command:
Listing 3. Create new statistics on table LINEITEM

RUNSTATS ON TABLE DB2I NST1. LI NEI TEM

db2 —tvf

ON ALL COLUMNS W TH DI STRI BUTI ON

ON ALL COLUMNS AND DETAI LED | NDEXES ALL
ALLOW VWRI TE ACCESS

UTI L_I MPACT_PRIORITY 50;

Or execute the following batch script:

EX1- 8. bat

_seripts
¥|

ECT TO SAMPLE
Database Connection Information

= DB2/NT %.8.8

RUMSTATS ONH TABLE DE2 LINEITEH O L € HE WITH DISTRIBUTION OM ALL COLU
LA

HE AND DETARILED IHDE: L - b UTIL_IHPACT _PRIORITY 5@
DEZABHAL The RUMSTATS command completed su essfully.

COMMIT WORK
DEZHGBA]I The 5QL command completed succezzFully.

COMMECT RESET
DEZA8AA ] The 5QL command conpleted zuccezsFullwy.

Deselect the parameter option AUTOMATIC for all instance and database
parameters, as follows:

Listing 4. Deselect the parameter option AUTOMATIC for all instance
and database parameters

UPDATE DBM CFG USI NG | NSTANCE_ MEMORY 9312 | MVEDI ATE;
UPDATE DBM CFG USI NG SHEAPTHRES 10000 | MVEDI ATE;

DB2 9 self-tuning memory management
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I'db2st op force;

ldb2start;

CONNECT TO SAMPLE;

UPDATE DATABASE CONFI GURATI ON USI NG SELF_TUNI NG_MEM OFF;
UPDATE DATABASE CONFI GURATI ON USI NG AVG APPLS 10 | MVEDI ATE
UPDATE DATABASE CONFI GURATI ON USI NG MAXAPPLS 40 | MVEDI ATE ;

UPDATE DATABASE CONFI GURATI ON USI NG DATABASE_MEMORY 16272 | MVEDI ATE ;

UPDATE DATABASE CONFI GURATI ON USI NG DFT_PREFETCH SZ 16 | MVEDI ATE ;
UPDATE DATABASE CONFI GURATI ON USI NG MAXLOCKS 22 | MVEDI ATE ;
UPDATE DATABASE CONFI GURATI ON USI NG LOCKLI ST 50 | MVEDI ATE ;
I'db2st op force;

ldb2start;

Or execute the following batch script:

db2 —tvf EX1-9. bat

Figure 6. Command window

tuf E 9 . bat
INSTAMCE_HEHORY 9312 IHMEDIATE

I:l]-' Gl T]nr.lll"llﬂTl- DATAEBASE MAMAGER

G USING H{EAFTHRES 12088 IHHEDIATE

ibm.com/developerWorks

FIGURATION command completed

he UFDATE DATABASE HANAGER CONFIGURATION command conpleted

5] SOL1RG
processing was successf

@ 5QL186

. processing was Succo
CONNMECT TO SAMPLE

Database Connection Information
DBE2-HT 9.8.8
DB2IHST1
SAMPLE

Databas
SQL a

Local databasze
UPDATE DATABASE CONFIGURATION USIMG LF_TUMING_HEH OFF
BZBABAI The UFDATE DATABASE CONFIGURATION command completed

UPIATE DATABASE CONFIGURA
DEZBABAT - DATE DATAE

USING AUG

IPFLS 18 ]HHI:["]I"E
CONFIGURAT ION

UPDRTE DATABASE CONFIGURATION IHG MAXAPPLE <48 IM
DEZBEBAI The UPDATE DATABASE CONFIGURATION command

UPDRIE DRIABAGE CONFIGUKAL1ON
|[ BABAI The UPDATE DATABASE

IFDATE DATABASE

SING DATABASE_HEH
HFIGURATION command

CONFIGURATION USING DFT_PREFETCH_SZ 16

DEZETART processing was

IMHEDIATE

TOP proceszing was successful.

succezsful.

successfully.

IMAEDIATE

eted succe

sfully.

IB2BABAL

UFDATE
HABAT

UFMTE DATAEA

DEZBABAL

ATAEBAS

The UPDATE DATABASE COMFIGURATION command completed successfully.

CONFIGURATION USING MAXLOCKS 22
UFDATE DATABASE CONFIGURATION c

IMHEDIATE

The mand completed s sfully.
E COMFIGURATION USIMG LOCHKLIST %@ IMHEDIATE

The UPDATE DATABASE CONMFIGURATION command completed s Fully.

7 %] n SOL1iAG4H DB2ETOP processing was successful.
Processing was Succ uwl.

TART proce successful.
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Section 3. Self-tuning memory and SORTHEAP

Introduction

The sort heap (SORTHEAP) determines the maximum number of memory pages
that can be used for each sort. The sort heap area is allocated in the agent private
memory if intra-partition parallelism is disabled. However, if intra-partition parallelism
is enabled, a sort operation is processed in parallel, and the sort heap area is
allocated in the agent private memory or the database global memory, depending on
which type of sort -- a private sort or a shared sort -- is performed. For a private sort,
a sort heap area is allocated independently for each parallel agent in the private
agent memory. For a shared sort, a sort heap area is allocated in the database
global memory, and each parallel agent shares this sort heap. The SORTHEAP
parameter is used by the optimizer to determine if the sorting can be performed in
memory or on disk. DB2 always attempts to perform the sort in memory.

Key points

The following exercise guides you through enabling the sort heap for self tuning and
running a workload, which demonstrates how the sort heap is tuned automatically by
DB2 over time.

Instructions

1. Determine the current value of the instance parameter sheapthres:

db2 attach to db2
db2 get dbm cfg show detail

Or execute the following batch script:

db2 -tvf EX2-1. bat

Figure 7. Command window

Ma. of int. communication buffers{4KB>{FCH_HUM_BUFFERE> AUTOHATICC4AA96 >
AUTOHATICC4896 >

of int. communication channels CFCH_NUMN_CHANMNE = AUTOMATICC2@48 »
AUTOHAT I CC2B48 D

Mode conmection elapse time (zec) CCDMM_ELA ) 18

Mo .

ion ret : CHAX _COMMRETRIES >

Hax time difference between nodez {min} (HAR_TIME_DIFF» = &
(%)

dhZstarts/dbhZztop timeout {mind (START_STOP_TIHE>»

Detach

The DETACH command completed successfullw.

2. Determine the current value of the database parameters
self_tuning_mem, sheapthres_shr, and sheap:

DB2 9 self-tuning memory management
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db2 connect to sanple
db2 get db cfg for sanple show detail
db2 di sconnect current

Or execute the following batch script:

db2 -tvf EX2-2.bat

Figure 8. Command window
Automatic maintenance CAUTO_MAIKNT »

Huténat ic database backup CAUTO_DE_BACKUR>
Hutgﬂgtin table maintenance CAUTO_TBL_MAINT >
ﬂﬂ?umatiu runstats CAUTO_RUHSTATS »
FIEE-J matic statistics profiling CAUTO_STATE _PROF>

OFF
Automatic profile updates CAUTO_PROF_UFPD>

OFF
Automatic reorganization CAUTO_REORG >

OFF

connect reset
DEZ2BBAAI The SQL command completed successfully.

3. Setthe SORTHEAP to 16 pages and SHEAPTHRES to zero:
Listing 5. Set SORTHEAP to 16 pages and SHEAPTHRES to zero

db2 update dbm cfg usi ng SHEAPTHRES 0 | MVEDI ATE
db2st op force

db2st art

db2 connect to sanple

db2 update db cfg using SELF_TUNI NG _MEM ON

db2 update db cfg usi ng SORTHEAP 16 | MVEDI ATE

Or execute the following batch script:

db2 -tvf EX2-3. bat

Figure 9. Command window

DB2 9 self-tuning memory management
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(5] 2086 18:24:16 50L18364H DEBEZSTOF processing was su

Hr-!'l.l.li'!t':n-"lH DE P processing was successful.

A6 18:24:18 5] [ 5QL1863N DB2START processing was
SOLIAEIN DB2START processing was successful.

connect to sample
Databasze Connection Information
DEZANT %.8.8

e ID = DB2INST1
alias = BAHPLE

update db cfg using SELF_TUNIMG_HEH ONH

successful.

DEZABAA]I The UPDATE DATABASE COMFIGURATION command completed successfully.

update db cfg wsing sortheap 16 ITMHEDIATE
DHEZBB0A1 The

e SQL command completed sesfully.

4.  Stop and start the database SAMPLE by opening the DB2 Control Center
-- right-click on the database SAMPLE node, STOP and START. Make
sure self tuning is enabled and sortheap is enabled for self tuning:

db2 get dbmcfg
db2 get db cfg for sanple show detail

5. . Open acommand line prompt, and issue the following command:

db2mtrk —-d -v —r 1 > ntrk_sh

6. Openthe DB2 Command Editor from the Control Center:
Figure 10. Command Editor

't~ Control Center
Control Center Selected  Edit M

T & EE%‘E’E =

7. Connect to the SAMPLE database by clicking the Add button and

selecting the database SAMPLE:
Figure 11. Command Editor

DB2 9 self-tuning memory management
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[ Command Editor 3
Command Editor - Selected  Edit Wiew  Toolz  Help

%@@%E‘E%%{@

Cornmands
—

> W ‘Target |w{| ﬁdd...)|
e

8. Issue the following query (Query_03.txt, which is included in the tutorial's
download) by clicking the radio button Execute and Access Plan:
Figure 12. Command Editor

> BED A rape O s M B aR oD o™
TR By i LRdas ddlakis
== ¥E
SELECY L _SRDEREEY. L_FARTERY. L_JUFFEEY, L_LTNENUSEER, L _OUASTINY, L _EETERCEGRFRICE. L _DIBCOOUNT. B TAE, L _FETORNFLAG, L _LINERTATUE,
B _FEIFRASE, 5 _SVARISEASE, B _PECRIFTPATE, b _FMIRINFTOUCT, S _FHIFRCRE, b _COFREST
frem lirmites
GINER BY L_SHIFDATE, L COSMITDATE, b ENYEMSENFRICE, L DISCOUNT;

Note the total amount of timerons for the execution of the query:
Figure 13. Total amount of timerons

[E ETURN{1138,239.35

(TEEI::AM{E.J 3&,239_39

(EGHTIE} 33.99202)

(TEEEAM{?] 2,15?.2)

DB2INST1.LINEITEM

DB2 9 self-tuning memory management
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9.  When the query is finished, stop the db2mtrk in the command line prompt
by pressing the Ctrl + C keys.

not epad ntrk.sh

Note: While 16 pages had been defined in the database configuration,
DB2 automatically increased the SortHeap up to 176 pages (720896
bytes) on my system.

Figure 14. Memory for database SAMPLE

frracking Memory on: 2006/10,/13 at 15:47:15%

Memory for database: SAMPLE

Backup,/Restore/util Heap is of size 65536 bytes

Package Cache is of size 327680 b

Catalog Cache Heap is of size 131072 bytes

guffer Pool Heap El} is of size 1245184 bytes

Buffer Pool Heap (System 32k buffer pool) is of size 720896 bytes
Buffer Pool Heap (System 16k buffer pool) is of size 458752 bytes
Buffer Pool Heap (System 8k buffer pool) is of size 327680 bytes
puffer Pool Heap (System 4k b ar goqu is of size 262144 bytes
Shared Sort Heap 1is G'F size( 20898

Lock Manager Heap is of size :-80 yLes

Database Heap is of size 4718592 bytes

The exercise can be enhanced by dropping the index "L_OK_LN," deactivating the
database SAMPLE, activating the database SAMPLE, and repeating the instructions
from step 5 to step 10. Compare the two results.

Section 4. Self-tuning memory and PCKCACHESZ

Introduction

Sometimes, the complete statement is not known at application development time.
In this case, the compiler is invoked during program execution to generate an
access plan for the query that can be used by the database manager to access the
data. This type of SQL statement is called a dynamic SQL statement. The access
plans for a dynamic SQL statement are not stored in the system catalogs. They are
temporarily stored in memory (known as the global package cache). The compiler
will not be invoked if the access plans for the dynamic SQL statements already exist
in the package cache. Access plans are cached for static and dynamic SQL
statements in the package cache.

Key points

The following exercise guides you through the steps from enabling the package
cache for self tuning, how it is automatically increased by DB2, and how you are
using the DB2 Memory Tracker tool to follow the cache changes during an SQL
execution.

DB2 9 self-tuning memory management
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Instructions
1. Repeat step 3 from the "Self-tuning memory and SORTHEAP" section
and add the following command:

db2 update db cfg usi ng PCKCACHESZ 32 | MVEDI ATE AUTOVATI C

Or edit the script EX2-3.bat (included in the tutorial's download) to include
the command, and run:

db2 -tvf EX2-3. bat

2. Make sure self tuning is enabled and sortheap, sheapthres_thr, and
pckcachesz are enabled for self tuning:

db2 connect to sanple
db2 get db cfg for sanple show detail
db2 di sconnect current

Or execute the following batch script:

db2 -tvf EX2-2.bat

3. Determine the current sort heap value using the DB2 memory tracker.
Open a command line prompt, and issue the following command:

db2nmtrk —d —v —r 1 > ntrk_pc

4. Open the DB2 Command Editor from the Control Center, then connect to
the SAMPLE database by clicking on the Add button and selecting the
database SAMPLE.

5. Issue the following query (Query_03.txt, which is included in the tutorial's
download) by selecting the radio button Execute and Access Plan:
Figure 15. Command Editor

g '@j\r’x:ﬂ]-ul?!i bt | B B S« DD e
== GIBEN By men tnden 4eduses

- i
FELECY L _GODEEERY. L_FARTERY, L_JUFFHEY, L_LINESUSEEE, L OWANTITY, L _DBTEEERRRICE, L GISCOUWT. L _TAN, L RETORNFLAGS, | _LINEITATE
L_PEIFDASE. R _COMMIEDATE. i_MECHIFTDATE. L_BDNIRINRTRUCT, L_pHIMNOOE. L_CommEmT
frem Jirsites
SISER BY 1 _SHIFDATE, L COSSIYRATE, L EXYOSENFRICE, L DISCOUNY,

Note the total amount of timerons for the execution of the query:
Figure 16. Total amount of timerons

DB2 9 self-tuning memory management
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(EDRT{E} 33, 9‘92(12)

(TEECAN(?] , 15?.2)

DBEZINST1.LINEITEM

6. When the query is finished, stop the db2mtrk in the command line prompt
by pressing the Ctrl + C keys.

7. Examine the file mtrk_pc by looking for the packcachesz values over
execution time:

not epad ntrk. pc

Note: While 32 pages had been defined in the database configuration,
DB2 automatically increased the SortHeap to 48 pages (196608 bytes) on
my system:

Figure 17. Memory for database SAMPLE

Tracking Memory on: 2006/11/08 at 10:35:34

Memory for database: SAMPLE

Backup/Restore/uUtil Heap is of size 65536 bytes
Package Cache is of size 196608 bytes
Catalog cache Heap is of size 131072 bytes

8. Reset pckcachesz:

db2 update db cfg usi ng PCKCACHESZ -1 | MVEDI ATE

9. Stop and start the database SAMPLE by opening the DB2 Control Center
-- right-click on the database SAMPLE, then STOP and START.

DB2 9 self-tuning memory management
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10. Determine the value of the pckcachesz using the DB2 Control Center.
1. Open the Control Center using the following command:

db2cc

2. Right-click on the database node SAMPLE/Configure parameters.
Figure 18. Value of the pckcachesz

PCKCACHESZ

SEQDETECT  “es
SHEAPTHRES... 250

Section 5. Self-tuning memory and LOCKLIST

Introduction

DB2 is a multi-user database product. As users request data, the DB2 locking
mechanism attempts to avoid resource conflicts, yet still provide full data integrity.
As SQL statements are processed, the transactions may obtain locks. The locks are
released when the resource is no longer required at the end of the transaction. The
locks are stored in memory on the database server (in a structure known as the
locklist). DB2 supports two types of locks -- table locks and row locks. The locking
strategy used by DB2 during transaction processing is specified using an isolation
level, as defined when binding the application. The database configuration
parameter MAXLOCKS defines the percentage of the total locklist permitted to be
allocated to a single application. If an application exceeds the percentage of the
locklist, as defined by the MAXLOCKS configuration parameter, or many
applications connected to the database fill the locklist by acquiring a large number of
locks, DB2 will attempt to free memory by obtaining a table lock and releasing row
locks.

Key points

The following exercise guides you through the steps of how to enable the locklist for
self tuning and to follow the locklist usage over time during a running workload.

Instructions

1. Repeat step 3 from the "Self-tuning memory and SORTHEAP" section,
and add the following commands:
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db2 update db cfg using LOCKLI ST 10 | MVEDI ATE
db2 update db cfg usi ng MAXLOCKS 98 | MVEDI ATE

Or edit the script EX2-3.bat (included with the tutorial's download) to
include the commands for this exercise, and run the following command:

db2 -tvf EX2-3. bat

2. Make sure self tuning is enabled and sortheap, sheapthres_shr, locklist,
and maxlocks are enabled for self tuning:

db2 connect to sanple
db2 get db cfg for sanple show detail
db2 di sconnect current

Or execute the following batch script:

db2 -tvf EX2-2. bat

3. Determine the current setting of the monitor switches, and set snapshot
monitor for locklist:

db2 get nonitor swtches
db2 update nonitor sw tches using | ock on

Figure 19. Command window
Ciwstmm_seripts2>db2 get monitor switches
Honitor Hecording Switches

= dbh partition nunber B
ivity Information <CBUFFERPOOL?

{STATEMENT >
{TABLE}
p InfFormation CTIMESTAHP) By 1172886 1843219171821
Init of Work Information Lo )

script ! update monitor

The i MOMITOR SWITCHE G nle essfully.
tmn_script 12 get monitor switches
Honitor Recording Switches

witeh list For db partition number B
Ffer ivity Information C(BUFFERPOOL> OFF
¢l ) B8 112086 18:47:34.649787
8 FF
(STATEMENT = OFF
{TABL OFF
{TIHESTAHP>» = ON @8-11-2806 18:43:18.171821
Init of Work Information LUoW» = OFF

4. Determine the current value of the database configuration parameter
locklist using the snapshot monitor:

db2 sel ect LOCK LIST_I N USE
from TABLE( SNAPSHOT DATABASE(' SAMPLE' , -1 ))
as SNAPSHOT_DATABASE

DB2 9 self-tuning memory management
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Figure 20. Command Window

.IIDT nn FH'HFI: 1.I

LOCK_LIST_IN_USE

2256

1 record{s) selected.

5. Determine the current locklist value using the DB2 memory tracker. Open
a command line prompt, and issue the following command:

db2ntrk —d —v —r 1 > ntrk_|I

6. Openthe DB2 Command Editor from the Control Center.

7. Connect to the SAMPLE database by clicking on the Add button and
selecting the database SAMPLE.

8. Issue the following query (Query_03.txt, which is included in the tutorial's
download) by selecting the radio button Execute and Access Plan:
Figure 21. Command Editor

STV ERER T V[ | BEEaN oo ®

GIDEN By men Ledaw FO
- v

FELECY L _ORDEEENY. L_FARTERY. L_JUFFEET, L_LTNDNUSEEER, L _OUWANTITY, L_DXTERGEDRRICE, L _DIRCODWT. b _TRM, L _FITORNFLAG, L _LINEITATIH.
L_EEIFDATE, & _COMMIEDATE, 1_MECRIFTDATE. L_BMIPINFTRUCT, L_SHIMNESE, L_CONMENT
frem lirsites
ISER BY L _SWIFDATE, b COENITDATE, B DNYTERSENFRICE, b DISIDENT;

Note the total amount of timerons for the execution of the query:
Figure 22. Total amount of timerons

(EETLIF-EN{‘IQ 239, j]

(TESCAN(S] 35,239.39

(Sc: RT(5) 33,992.{:2)

[TESCAN(?] 2,15?.2)

CB2INST1.LINEITEM
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9.  When the query is finished, stop the db2mtrk in the command line prompt
by pressing the Ctrl + C keys.

10. Determine the current value of the database configuration parameter
locklist using the snapshot monitor:

db2 sel ect LOCK LI ST I N USE
f r om TABLE( SNAPSHOT DATABASE(' SAVPLE' , -1 ))
as SNAPSHOT DATABASE

Figure 23. Command window

o 5 2 select LOCHK_LIST_IH_USE from TRABLE{EHAPSHOT _DATABASE{'SAMPLE
s SHAFPS oT I:IHTHFIﬂ‘]

LOCK_LIST_IH_USE
4512

1 record{s? selected.

11. Examine the file mtrk_Il by looking for the packcachesz values over
execution time:

not epad ntrk_I1I

12. Reset the locklist, maxlocks, and monitor switches:

db2 update db cfg usi ng MAXLOCKS 22 | MVEDI ATE
db2 update db cfg using LOCKLI ST 50 | MVEDI ATE
db2 update nonitor switches using | ock off

Figure 24. Command window

:NSTHHYAb2 update dhb cfgy usi LOCKS 22 IMMEDIATE P
AR The UPDATE ﬂHlHﬂﬂ“P L GURATION command completed successzfully.

C:A8THM>db2 update db cfg wsing LOCKLIST %8 IHHEDIATE
DEZBBBBAI The UPDATE DATAB CONFIGURATION command completed successfully.

C:%5THM»db2 update monitor i ez uzing lock off
DHEZBBABAI  The UPDATE HOMITOR § CHES command conpleted suwccessfully.

13. Stop and start the database SAMPLE.

14. Determine the values of the locklist, maxlocks, and monitor switches
using the following command:

db2 get db cfg for sanple show detail
db2 get nonitor sw tches

Figure 25. Values of the locklist, maxlocks, and monitor switches
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Cisstam_scripts>dbhd get monito
Honitor Recording
S"itl:h ].1 for db partition numbes B

1 Aetivity Information CBUFFEF
‘r|||1' :|_r|r| {

DFF
Od B88-/11-20806 18:43:10.171821
OFF

itches wsing lock om )
ommand completed successfully.

Monitor Recowding Switches

awitch list £u| db partition number B
1 ity Information "EU-FFEFF' I.J' = OFF
= O BR-/11-2006 18:47:34.649787
“I.‘]:‘

|::!.:=TF|'|'1:.I‘| NT 3 OFF
[! : ¢TRBLE> OFF
im p Information CTIHESTARMP2 O BB-/11-2886 18:43:18.171821
Unit of Work Information LN OFF

ibm.com/developerWorks

Section 6. Self-tuning memory and bufferpool size

Introduction

Buffer pools are database objects used to cache data pages in memory. Once a
data page is placed in a buffer pool, physical I/O access to disk can be avoided.
Buffer pools can be assigned to cache only a particular table space. Buffer pools are
a very important tuning area in DB2 performance tuning. The way that you configure
the system's real and virtual memory, DB2's internal memory usage, and the DB2
buffer pools greatly influences the performance of the system. The more real
memory available, the better the overall performance is. Balance this against the
number of processors in the system. Not enough real memory will cause excessive
paging in the operating system, which affects all applications, including DB2. The
situation can arise where even though a page of DB2 data is sitting in the buffer
pool, because the operating system does not have enough memory to keep that
page in its real memory, it has to write it out to disk temporarily. This situation can
have a severe performance effect on DB2.

Key points

The following exercise guides you through the steps starting with enabling the
bufferpool size for self tuning and demonstrating how the buffer pool is automatically
tuned by DB2 during a special workload.

Instructions

1. Repeat step 3 from the "Self-tuning memory and SORTHEAP" section,
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and add the following commands:

db2 alter bufferpool |BVDEFAULTBP | MVEDI ATE SI ZE 50 AUTOVATI C
db2 update nonitor switches using | ock on

Or edit the script EX2-3.bat (included in the tutorial's download) to include
the commands, for this exercise, and run the following command:

db2 -tvf EX2-3. bat

2. Determine the current size of the buffer pool and if it is enabled for self
tuning:

db2 sel ect substr(bpnane, 1, 20), substr(char (npages), 1, 5)
from syscat.

Figure 26. Command window

stma_seriptsPdb2 select substrdbpname.l1.203. substri{chari{npages?.1.5> from =y
s hufferpools

1

I BEMDEFAULT BF —a

1 rec () selected.

Note: "-2" indicates automatic bufferpools

3. Determine the current size of the buffer pool IBMDEFAULTBP using the
shapshot monitor:

db2 get snapshot for bufferpools on sanple

Figure 27. Command window

CnETHH>db2 get sznapshot For bufferpools on sample

Bufferpool Emapshot

Buf ferpool name = IBMDEFAULTEBF

Data 8 namne AMPLE

Datahaze ] DEZSNODEABBA~SQLBABAZ
| t databaze alias = SAMPLE

4. Determine the current value of the buffer pool size over time using the
DB2 memory tracker:

db2ntrk —d -v —r 1 > ntrk_bp

o

Open the DB2 Command Editor from the Control Center.

6. Connect to the SAMPLE database by clicking the Add button and
selecting the database SAMPLE.

7. Issue the following query (Query_02.txt, which is included in the tutorial's
download) by selecting the radio button Execute and Access Plan.
Figure 28. Command Editor
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"E@}- Taget | [ Sanmni w| [ had e R e
| -= axpEn B Rii LRdas @
| -- va

| SOLECT  L_OIBUNNET, L_PANTENY, L_SUMREEY, L_LINDNUSBEE, L_{TANTITY, L_EXTEMIDEEICE, L_BISCOVNT, L_TAX, L_RETURNWLAG, §_RISESTATUS,
i L_EMIFDATE, b_COMMITRATE, & RECEIFTDATE, L_SMIFINSTRUCT, L_SMIIMGDE, i_ComnisT
| | LlmE L

T &
SEDEE BY L _SHEFDATE, L COSNITIATE, L ENTEMSEDERICE, L DLISCOOWT.

Note the total amount of timerons for the execution of the query:
Figure 29. Total amount of timerons

[EETLIHNH@E.QE

(FETCHH} 3, 143.95)

PR

[IKSEAN{EJdﬁE.EE) DB2INST1.LINEITEM

|

L_OK_LN

DB2INST1.LINEITEM

When the query is finished, stop the db2mtrk in the command line prompt
by pressing the Ctrl + C keys.

Examine the file mtrk_bp file, and look for the buffer pool size values over
execution time:

not epad ntrk_bp
10. Determine the current size of the buffer pool IBMDEFAULTBP using the

shapshot monitor:

db2 get snapshot for bufferpools on sanple

Figure 30. Command window
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Mode number
Tablezpaces using bufferpool
Alter bufferpool information:

Pages left to remove
Current =size
Post—-alter =ize

11. Reset the buffer pool size and monitor switch for the buffer pool:

db2 alter bufferpool |BVDEFAULTBP | MVEDI ATE SI ZE 250
db2 update nonitor swi tches using |ock off

Figure 31. Command window

C:58THH>db2 alter bufferpool IBHDEFAULTBF IMHEDIATE SIZE 258
DBZ2OBBAA]I The SGQL command completed successfully.

C=~S8THH>db2 update monitor switches wszing lock off
DBZABAAI The UPDATE MONMITOR SWITCHES command completed successfully.

12. Stop and start the database SAMPLE.

Section 7. Self-tuning memory and health checking

Introduction

IBM has an autonomic computing initiative that is focusing on, creating an IT
infrastructure that can self-manage, self-diagnose and self-heal itself. DB2 provides
a variety of tools to enable the database to manage itself. Self-managing and
resource-tuning (SMART) database technology allows greater automation with
respect to configuring, tuning, and managing database operations. The Heath
Center is a server-side tool that can monitor the health of a DB2 instance, even
without user interaction. When defined thresholds are exceeded (log space is not
sufficient, in other words) alerts are activated. Alert notifications can be sent using
e-mail or a pager system; alternatively, a preconfigured set of actions can be taken
that has been defined in a script or task. The Health Monitor runs by default on the
instance you are setting up. It watches all DB2-related data within the instance. The
Health Monitor automatically tracks performance in the database environment.

Key points

The following exercise guides you through all necessary steps for setting up the
health indicators and monitoring the health in your DB2 environment and provides
one example of how the DB2 Health Monitor reacts when a problem occurs.

Instructions

DB2 9 self-tuning memory management
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1. Determine the current setting of the health indicators on the instance and
database level:

db2 get heal th snapshot for dbm

Figure 32. Command window

Cisstmn_scripts>db? get health snapshot for dbn

Databaze Hanager Health Snapshot

Enterprize Server Edition with
and remote clients
CANCE  NAmnE DH2
shot timestamp BEA11-2006 11:24:40.691488

Humber of database partitions im DBEZ in 1
Star Hanasg i np B8.-11.-2086 11:23:44.953822
apity alert state = Wormal

db2 get health snapshot for db on sanple

Figure 33. Command window
CisSTHM»dbh2 get health snapshot for db on sample

Datahazse Health Snapshot

Enapshot timestamp = 171828006 10:88:57.881555

'LE
B2~ HODEBBAE-SQLOBAA2
= BARPLE
DOperating em running at database server= NT
Locatio database = Local
Databaszse highest severity alert state = Warning

2. Define how the DBA should be informed when alerts occur:
a. Issue the following command:

db2hc

Figure 34. Health Center

;. Health Center
Haalih Caner Ed Vew Took Help

S E S bR E 0 B S (P ¢ [10mivge "

Dibyects rdng Sl Stabe

@i [ oo | @
od oe ] o9 | od ] fd_ Welcome to the Health Center

da 5
* i"”'l_.'l bez How to uze the Health Canter:
T wieswe sesits walkan an msbance of dalabase select the obssct on the left-hard side Databases
el pstenk rvlance. Filler e conbends on the kit by telectng S dabe loggls-buttond at e bop
Vi
Current Instance Status
Last pefnesh 10417406 11:20 AM v Befresh

P @ 1 Inslances @ Vigw Objects in Mlarm Siale

b. Select the menu item Tools/Tools Settings in the DB2 Health
Center.
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c. Change to the tab Health Center Status Beacon, and mark both
check boxes.
Figure 35. Health Center

Tools Settings
Toolz Zettings Toolz  Help

TR EERE O

05,290 and z/05 Health Center Statuz Bear

General | Documentation | Fonts

[ atify through pop-up meszage

Mobiby through status line

3. Customize the health indicators using the DB2 Health Center

a. Select menu item Health Center/Configure/Health Indicator
Settings.

b. Click on thelnstance Settings button.

c. Select DB2 in the Instance entry field:
Figure 36. Health Center

2
Heslih Indicator Configuration  Selected  Wiew Help
Select an instance bo e its heakh indicator seftings. To change or reset individual Instance sethings
hiealih indicators, nghi-chck any row in the Current health indicator zetbngs table.
Ingtance |DB2 v E%
Current health indicator setbng:
- | Heakh Indicator < | Detauk E valuate | ‘warning | Alamm | Ui
= DBMS
Ingtance Opesational St... Yes Yes
7 Memory
Moritar Heap Utlization ez Tes 85 9B E
= Soiting
Pivate Soit Memony UK. Yes Yes a0 100 %

Note: The private sort memory is enabled for health checking. The DBA
will get a warning from the DB2 Health Monitor if 90% of the private sort
memory is used and an alarm if it reaches 100%.

a. Close the Health Indicator Configuration window.
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b. Click on the Global Settings button in the Health Indicator
Configuration Launchpad, and select the instance DB2 and the
object type Database.

Figure 37. Health Center

E]Glnbal Health Indicator Configuration - DB2 - Database
Health Indicator Configuration  Selected  View  Help _1

Select an Instance and an object type to see the global health Indicator settings. Globsal settings
Tao change or reset indhidual heatth indicators, right-click arry ros in the Currert
healh indicator zetlings tabls.

Instance  DE2 'vg || ]gm_:
Objecttype Datshase v| -

Currant health ndicator seftings

'+ | Health indicator ~ + | Defau Evaluate Warning | Atarm Uit
= Application Concurrency
Deadliock Rate e Yes 10 Deadlocks per
Lock Escalaton Fate Yes Mo 10 Lock escalato
_Lcu::k Li=t Lhilization Yes Mo 75 85 %
Percertage of Applicali... Yes Ma a0 70 %
= nmmse L o ot Bl il o
Destabase Aidomalic St... Yes byt &0 90 %
Dstabase Operalionsl ... Yes Yes

Note: All current health indicator settings are listed. Except for the
"Package and Catalog Caches" and "Workspaces" parameters, all listed
parameters are checked by default for system health. By double-clicking
on a parameter, the values of the thresholds can be changed or an action
can be defined, which is executed when a threshold is reached.

a. Close the Global Health Configuration Indicator Configuration
window.

b.  Click on the Object Settings button in the Health Indicator
Configuration Launchpad.

c. Click on the Object select list, select the database SAMPLE, and
press the OK button.
Note: All current health indicator settings are listed. Except for the
"Package and Catalog Caches" and "Workspaces" parameters, all
listed parameters are checked by default for system health. By
double-clicking on a parameter, the values of the thresholds can be
changed or an action can be defined which is executed when a
threshold is reached.

d. Close the Health Indicator Configuration Launchpad.

4. Define who should be notified:
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a. Select menu item Health Center/Configure/Alert Notification:
Figure 38. Health Center
-
@ Health Center
Health Center Edit “iew Toolz Help
h 1
Show Lz Gr w2 ) AR g
Configure b Health Indicator Settings
Shut Dovwen DE2 Tools Alert Maotification [
Exit [ AN
e 1T e @ﬂr‘” o9 | 2 welco
b.

Select the instance DB2:
Figure 39. Health Center

[ Configure Health Alert Notification

Instance |DBE2

Add or remove cartacts from the healih nofification contact k=t for this instance. The list of contacts available
databasze ervironment, the first databaze partiion server iz used.

Contacts available

_ Health notification contact lis
Plame = | E-tmgil Address = |Twae 2 | Pager = = Hame = | E-mail
IPadResd  paul_read@@uiib.. Contact Mo =
c. Click on the Manage Contacts button:
Figure 40. Health Center
- X
Systnnone proseTor ]
] tlEmmess $|T'.'pe $|Paw$|bescm
A% Paul Read paul_readi@uk il Confact Mo Databaze Adminiztrator Add Contact...
Aydd Groug, ..
d.

Add a contact to the contact list by clicking on the Add Contact
button:
Figure 41. Health Center
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] Add Contact

Maine Eva Billich|
E-mail addrezz | ECH@de ibm.com

|:| Addrezz iz for & pager

Description Senior Administrator

Close the "Add Contact" and the "Manage Contacts" windows

Select the contact in the "Contacts available" window, and add it to
the "Health notification contact list" window by pressing the >
button:

Figure 42. Health Center

[ Configure Health Alert Notification ||

Instarce | DE2 ke

A of pernve conlacts fom the kealth robficalion contact st lof s instarce. The ket of contacts svallable = located on system FRALAPTOR, In & partioned

detshase erreronment, the fast datshars patiion server is ued.

Combacts avalsble Heath notific.shion contact kit

+arre % | E-maldddes: & | Type & | Pageis | (T“) Flarme & | E-mad fddreds 5 | Type % | Pagers | Descnpl
S Paufesd  pa read@ukb . Conlact Ha vy | [Evalbllich BLCH@Ede bencom  Corkact e Srmn A

Press the OK button in the "Configure Health Alert Notification"
window.

Configure automatic maintenance:

Right-click on the SAMPLE database note, and select menu item
Configure Automatic Maintenance:
Figure 43. Control Center
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:: Control Center

+E Al Systems

-E &l Databaszes
+|j DEMO
- [J nonUTFs

Open Mewy Control Center
STHTT P
Change. ..

Drop

Fetmove

Start

=top

Restart
Connect...
Disconnect
Giesce
Unguiesce
Autharities...
Manage Hilties. ..

Configure Automatic Maintenance. ..

b. Onthe "1. Introduction” panel, click the Next button.
c. nthe"2. Type" panel, select the Next.
d. Inthe "3. Timing" panel, click on the Change button, and specify

the time frame 20:00 for 4 hours.
Figure 44. Control Center
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'f~ Change Maintenance Window Specification - Online Acti...

specity wwhen automatic maintenance can occur.
E.‘J During the specified time.

() Outside the specified time.

Specify the star time and the duration of the maintenance windowe, The start
time iz specified using & 24-hour clock.

Start time 20:00 -3
Duration 4| il hourz
Specify how often this maintenance windowe occurs, A valid maintenance

windowe muzst meet the conditions specified on both the Days of the Week
tab and the Days of the Month takb.

Click the OK button, and then click the Next button.

In the "4. Notification" panel, your previous contact will be listed on
the right side:

Figure 45. Control Center

v Configure Automatic Maintenance

_ R
1 nreduction | Manage your Motification List
g. l]E .| Seiect contacts for the héalh nobification contact Bt

T
%] Ak o temirel CORERCYE from th Fialh notifcation cortsct ket for this inodance. The ks of cortects svalabie i locabed on $ysbem PR
b | LAPTOP. in a pariiftisned dalabase ervironment, the irst dalabace partion server is used

B acthites |
B Summary || Cortscts avalskie Hisalih notification corbad k2
e

% | sl Address £ | Type & | Pog %lE—malAn:ld'ess= Type E
A% el esd ped ek b . Cordact Ho | [ - "@ BCHpde bmcom  Conlsc

Click the>Next button.
In the "5. Activities" panel, click the Next button.
Review the automatic maintenance settings, and press the Finish

button:
Figure 46. Control Center
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7~ Configure Automatic Maintenance

Review the automatic maintenance settings

P When you click Finish, the wizard updates the automatic maintenance configurstion a2
3. Tty go back to the appropriste page inthis wizard.

4. Notification |
MONCAION || pstabase:  GEMERATE - DE2 - SAMBLE

Backup database (BACKUP}

Audomation  Disabled
Mofification Ensibled

Criteria Balance databaze recoverability with performance
hedia File zy=tem
Location CADE2MNODENIOOSGL O0IONDEZAUT SEACKLUPS,
e Chiline

Defragment data (REORG)
Avtomation Dizabled
Motification Enablad
Tahle =cope TABSCHEMA MOT LIKE 'SY5%
Reorganization options Keep dictionary

Index reorganization moda  Offline

Optimize data access for applications (RUNSTATS)
Avtomation Erabled
Mofification Enabled
Table scope Alltables

A DB2 Message Box appears with the message, "Command
completed successfully.”

6. Deactivate DB2 self tuning, issuing the following command:

db2 update db cfg using SELF_TUNI NG _MEM OFF

Section 8. Conclusion

This tutorial is based on the IBM DB2 9 self-tuning memory management feature.
You have completed exercises with hands-on experience in the following areas:

» Activating self-tuning memory

» Determining which memory consumers are enabled for self tuning
» Determining the current size of DB2 memory usage

* Automatic tuning in a production environment

» Deactivating self tuning memory

With the exercises, you worked with the DB2 self-tuning memory feature to manage
available memory resources dynamically. It distributed the resources among several
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memory consumers including sorts, the package cache, the lock list, and buffer
pools.
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Downloads

Description Name Size Download method
Sample SQL scripts and queries for this stmm_zipped.zip 2408KB  HTTP

tutorial

Information about download methods
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Resources

Learn

» DB2 Express-C: Learn about the no-charge version of DB2 Express Edition for
the community.

» "IBM DB2 Viper' revs XML engine" (InfoWorld, May 2006): Find a description of
many of the new features of DB2 9.

* Read more articles about DB2 9 on developerWorks.

» developerWorks Information Management zone: Expand your skills on IBM
Information Management products.

» developerWorks DB2 for Linux, UNIX, and Windows resource page: Read
articles and tutorials, and link to documentation, support, learning resources,
and more.

» Stay current with developerWorks technical events and Webcasts
Get products and technologies

* Download IBM DB2 9 evaluation versions to try out the features described in
this article.

» Build your next development project with IBM trial software, available for
download directly from developerWorks.

Discuss
« Participate in the discussion forum for this content.
» Participate in the DB2 9 discussion forum

» Check out developerWorks blogs, and get involved in the developerWorks
community.
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