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DB2 9 — A Rich, Features Filled Release
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Reordered Row Format

Remember tuning recommendations for rows with variable-length columns?
Define fixed-length columns preceding variable-length columns
DB2 9 implements this recommendation internally

New Reordered Row Format provides for direct access to variable length columns
Potential for significant CPU reduction

For all newly created tables, at REORG and LOAD REPLACE
With some exceptions

Prefix Fixed Length Cols Varchar Pointers | Varying Length Cols

Rarely leading to increased logging volume

LOAD REPLACE and REORG convert rows into RRF
KEEPDICTIONARY ignored when the utilities run for the first time in DB2 9

Related service

PK87348
REORG option (ROWFORMAT BRF | RRF) to convert a tablespace from RRF to BRF and vice versa
Support for BRF by UTS
Introducing public zparm RRF instead of hidden SPRMRRF

PK78958 — conversion to RRF suppressed for compressed pagesets
Namely, RRF can lead to lower compression ratio



Unique DPSI

?

Data-Partitioned Secondary
Index cannot be created as
UNIQUE

The reason:

Avoiding scanning all the
partitions of DPSIs in case
when uniqueness need to be
enforced.

An obstacle for wider usage
of DPSIs

@

 If the columns by which the table
IS partitioned are contained in the
DPSI, only the corresponding
DPSI partition need to be
checked for unigueness

S0, in DB2 9, DPSI can be unique
subject to fullfilling the above
condition




ldentifying Unused Indexes

—  ?

* In order to improve the
performance of different types of
gueries, some customers create
many indexes just in case one of
them can be useful.

* However, there is a significant
cost in maintaining such indexes
during Insert, Delete, Load,
Reorq, ...

» Some of the indexes are no longer
needed and they could be
dropped, but how can we be sure
that they have not been used for a
very long time?

@

For each index, a new real-time statistics
column (LASTUSED) is maintained in table
SYSIBM.SYSINDEXSPACESTATS

It is updated whenever the index is used in
- SELECT/FETCH
- searched UPDATE/DELETE
- Referential Integrity checking

The column is not updated for INSERT,
LOAD, etc.

If an index has not been used for a period

that covers the entire applications life-cycle
(e.g. do not forget periodic processes such
as period closing), it can be safely dropped

Be careful with indexes that enforce
uniqueness




Larger Index Page Sizes

— ?

 In heavy insert applications frequent
index pages splitting creates scaling
bottleneck

 In a data sharing environment, the

indicators are:
Large Accounting Class 3

@

Additional 8K, 16K and 32K index page sizes
Advantages

+ It can reduce index page splits by up to 2x, 4x
or 8x respectively

+ Traversing shallow index needs less getpages
+ Faster index scans

synchronous log write suspension
- Each GBP-dependant index page
split requires 2 forced log writes
- Note that these suspensions
include also waits for phase 1 of 2-
phase commit and P-lock

Disadvantages

- Larger pages require larger buffer pools

If access predominantly random, buffer pool
might need to be 2x, 4x or 8x larger

- For data sharing it can result in more P-lock

negotiation contentions
High number of latch class 6 « Rule of thumb:
contentions

4K index page and larger PCTFREE for

 For non-data sharing, the indicator is indexes with random insert patterns

large number of latch class 254
contentions (reported in IFCID 57)

larger size index page for indexes with
sequential insert patterns.




Comparing Tablespace vs. Index Compression

Tablespace Compression

Index Compression

Remarks

Index non-leaf pages are not compressed, but that's

Unit of compression Row Page typically less than 5% of the entire index
Where is data on DASD, in buffer pools,
: P on DASD only
compressed in logs
Wh q Hence, CPU overhead affected by BP hit ratio.
en does . Larger buffer pools strongly recommended for
compression happen at insert and fetch atl/o compressed indexes.
Do not use page-fix for these buffer pools
. Index compression uses sophisticated software
Hardware assist Yes No compression algorithms
Page size on DASD:
p ) tricti N Only for 8K, 16K and for tablespaces, equivalent to page size in the
age size restrictions 0 32K-page indexes associated buffer pool
for indexes, always 4K
Compression
Yes No

dictionary used

When does After the first Reorg or At the first insert or

compression start Load update

Compression CPU Accounting Accounting and/or No changes in accounting CPU time if index pages

cost reported in DBM1 SRB Statistics | Proughtin by prefetch

Tvpical Maximum CR limited by index page size: 50% for
yp 10 — 90% 25 — 75% 8K, 75% for 16K and 87.5% for 32K

Compression Ratio

Use DSN1COMP to predict compression ratio




More Efficient Workfiles Usage

- 4K-page workfiles are used * 32K-page workfiles are used much more
aggressively

whenever row Is smaller than 4KB
» 4K-page workfiles are now used only for

small records
- where the limit of 255 rows per page results

» Since work file access is often
sequential, using larger page size

can be more efficient in waste of space
o E_g. for 2050-byte records: - e.g. over 90% wasted space on 32K page for
10-byte records
15 records on one 32K page _
VS, « Recommendations
8 records on eight 4K pages Assign a larger 32K workfile buffer pool

Allocate more 32K workfile data sets

If 4K workfile buffer pool activity is
significantly lower, then the corresponding
buffer pool size and work file datasets can
be reduced.

Monitor new statistics on how often more
optimal 32K workfiles ran out and 4K
workfiles had to be used instead, or vice
versa
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BACKUP and RESTORE SYSTEM Enhancements

Off-loading system-level backups to
tape and restoring it from tape is a
manual process that is not driven by
the BACKUP and RESTORE
SYSTEM utilities

Despite availability of system-level
backup many sites produce
tablespace and index image copies
for simpler recoveries of the
individual objects

Physical background copy phase of
FlashCopy can take long and impact
overall I/O performance

RESTORE SYSTEM can be used for
prior point in time recoveries only

@

Full integration of tape into

BACKUP SYSTEM as the target for saving
system-level backups

RESTORE SYSTEM as the source for
restoring previously saved system-level
backups

Automatic using of system-level backups as
alternative sources for recovering individual
tablespaces and indexes

BACKUP SYSTEM supports Incremental
FlashCopy functionality

DB2 can be restarted in System Point-in-
Time Recovery mode without truncating the
logs to a prior log point. RESTORE SYSTEM
can then be used to recover DB2 to the
current end of log.

MODIFY RECOVERY enhanced to support
system-level backups as the primary means
of backing up DB2 data




Incremental FlashCopy

Introduced by DFSMShsm APAR OA17314 in z/OS 1.8
Incremental FlashCopy hardware relationship established for each source volume in copy
pool with corresponding target volumes
Only changed tracks are copied to the corresponding tracks in the initial backup
Multiple FlashCopy versions are not supported
Significantly reduces duration and I/O impact of the FlashCopy’s physical background copy
phase

Incremental FlashCopy support added to BACKUP SYSTEM utility
DB2 APAR PK41001

New keywords on BACKUP SYSTEM utility

ESTABLISH FCINCREMENTAL
Passes FCINCREMENTAL keyword to DFSMShsm
Establishes incremental relationship
Initial FlashCopy creates a full backup
Subsequent FlashCopy requests copy only changed tracks

END FCINCREMENTAL
Takes one more incremental FlashCopy
Withdraws the incremental FlashCopy relationship



RESTORE SYSTEM to Currency

Additional safety net for multi-volume corruptions in case that
storage-fault tolerance fails

Original system point-in-time recovery designed to truncate
DB2 logs to a prior log point

DB2 APAR PK51979 provides for using RECOVER SYSTEM
for recovering to currency
DSNJUOO3 changed to allow a SYSPITR conditional restart

without truncating logs to a prior log point
CRESTART CREATE, SYSPITR=FFFFFFFFFFFF

DB2 will be restarted in System Recover Pending mode without
truncating the logs. No database update activity will be allowed,
and DB2 will be in restricted access mode.

The RESTORE SYSTEM Utility can now be used to recover DB2
to the current end of log.



Preserving Consistency at Recovery to a Prior Point
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Universal Tablespaces
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Partition By Growth
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MAXPARTITIONS integer
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Partition By Growth

MAXPARTITIONS can be ALTERed but observe the limits that are dependent
from page size and DSSIZE

Page

ize 4K 8K 16K 32K

DSSIZE
1-4GB 4096 4096 4096 4096
8 GB 2048 4096 4096 4096
16 GB 1024 2048 4096 4096
32 GB 512 1024 2048 4096
64 GB 256 512 1024 2048

REORG can add new partitions (except if there are LOB or XML columns).

REORG will not remove empty partitions, but it can shrink them to contain a
header and space map page, again, subject to absence of LOB and XML
columns



Automatic Creation of Database Objects
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Automatic Creation of Database

o Automatically (implicitly) created databases are used when IN
clause is omitted at CREATE TABLE. There are two possible
outcomes:

1. A new database is created

— Namespace DSN0O0001 — DSN10000
PK62178 changes the maximum from 60000 to 10000
— Schema: SYSIBM

2. An existing implicitly created database is used

— Start reusing existing databases after reaching 10000
— Wrap-around fashion

— Therefore, implicitly created databases can contain multiple
tablespaces

« EXxplicitly created tables and tablespaces in implicitly created
databases are not allowed
« Implicitly created databases can be explicitly dropped



Automatic Creation of Tablespace

If CREATE TABLE does not include explicit tablespace specification, a
tablespace is automatically (implicitly) created with the following attributes:

 Partition-by-growth universal tablespace
— SEGSIZE=4
— DSSIZE=4G
— MAXPARTITIONS=256
e Compression is controlled by zparm IMPTSCMP
— Default is COMPRESS=NO
o Dataset creation is controlled by zparm IMPDSDEF
— Default is DEFINE=YES
« Sliding scale for optimizing secondary extent allocation is used by
default (MGEXTSZ=YES)
* The default buffer pool is determined based on the zparm
settings.
— Buffer pool page size is derived automatically using larger page size
if max record size reaches 90% of capacity of the needed size



Tighter Integration With DFSMS

Al

%

3

A

%

T
&'y (1

%l

?

(

%

0**

| %
! %
1) %'

) (

& &

% &

%

/
" %

% 1), *
% %




Online REBUILD INDEX
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REBUILD INDEX ...
SHRLEVEL REFERENCE
DRAIN_WAIT integer
RETRY integer
RETRY_DELAY integer

REBUILD INDEX ...
SHRLEVEL CHANGE
DRAIN_WAIT integer
RETRY integer
RETRY_DELAY integer
MAXRO integer | DEFER
LONGLOG CONTINUE | TERM |DRAIN
DELAY 1200 | integer




Renaming SCHEMA, VCAT, OWNER and CREATOR

?

Some administrative operations (such as cloning a DB2 system) often
includes the need to change any or all of the following:
VCAT, SCHEMA, OWNER, CREATOR

These are error prone, time consuming and risky operations:
The changes are spread throughout DB2
Preserving coherency between the catalog, the dictionary and actual physical
objects is absolutely crucial

— @
CATMAINT UPDATE ...
SCHEMA SWITCH (schema_name) TO (new_schema_name)

VCAT SWITCH (vcat_name) TO (new_vcat_name)
OWNER FROM (owner_name) TO ROLE

Performs authorization/semantics checking and serialization

Updates catalog and directory to reflect the new names

Invalidates plan, packages and statement cache

Names to be changed must not have view, function, MQT and trigger
dependencies, cannot be ‘SYSIBM’

Use SCHEMA option to change owner, creator and schema names




Resource Limit Facility Improvements
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Not Logged Tablespaces — Use It for Extreme Cases On
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EDM Statement Pool

The dynamic statements are cached in the EDM Statement Pool which

belongs to EDM storage.

EDM Statement Pool
Skeleton dynamic statements (SKDS)
zparm EDMSTMTC
As of DB2 V8 above-the-bar

EDM DBD Pool
Database Descriptors (DBDs)
zparm EDMDBDC
As of DB2 V8 above-the-bar

EDM Skeleton Pool

Skeleton Cursor (SKCT) and Package Tables
(SKPT)

zparm EDM_SKELETON_POOL
As of DB2 V9 above-the-bar
EDM RDS Pool
Cursor (CT) and Package Tables (PT)
zparm EDMPOOL
As of DB2 V9 patrtially above-the-bar

DBM1

Statement
Pool

DBD Pool

Skeleton Pool

----RDS-Poot - -

2GB



Thread Virtual Storage

A large portion (up to 50%) of virtual storage that holds locally cached
statements (particularly INSERTs) moved above-the-bar in V9

Changed defaults for two zparms that control thread virtual storage
utilization

CACHEDYN_FREELOCAL
Introduced in DB2 V8, APAR PK21861
Enables freeing cached statement and releasing associated virtual storage upon
statement’s completion, i.e. does not wait for a commit to do that.

If the statement is re-referenced after being freed, DB2 performs implicit prepare, so
the process is transparent to the applications

Unless there are concurrent DROPs or ALTERSs affecting associated objects, in which case
sqlcode -204 could be returned to the application executing the freed statement

Applies only to statements bound with KEEPDYNAMIC(YES)
Possible values

0 - Feature is disabled. Default value in DB2 V8.

1 - Feature is enabled. Default value in DB2 9.

2, 3, 4 are serviceability values

MINSTOR
If set to YES, DB2 actively works on reducing thread’s virtual storage footprint
Default is NO in DB2 V8, but changed to YES in DB2 9



Plan Stability

- 2 @
REBINDs can cause access path At REBIND, DB2 saves old
changes copies of the packages

Most of the time, this improves

uery performance, but when it : :
goesyn%t regression, users will have a way

No easy way to undo the to fallback to an older copy

REBIND » Post-GA (PK52523) feature

Can lead to a lot of grief to our
customers and to IBM

Existing approaches have their
weaknesses
Preventing REBINDS altogether

Rebinding into alternate
collections

Using hints

* If the event of a performance
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Deep DB2 Integration within zHybrid Architecture
IBM Smart Analytics Optimizer as a Virtual DB2 Compone  nt

Applications DBA Tools, z/0OS Consaole, ...
Application Interfaces Operation Interfaces
(standard SQL dialects) (e.g. DB2 Commands)
DB2

IBM
Data Buffer Log Smart
- IRLM )
Manager || Manager Manager Analytics
Optimizer

Abundance
of resources

Superior availability
reliability, security,
workload management ...

z/OS on System z Linux on blades

10's of processors 100's of processors
100‘'s GB of memory 1000°'s GB of memory



Query Execution Process Flow

Application
Interface

Optimizer

v

Application

A A

Query execution run-time for
gueries that cannot be or should
not be off-loaded to ISAO
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DB2 for z/OS

— Heartbeat (ISAO availability and performance indicators)

— Queries executed without ISAO
— Queries executed with ISAO
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Testing Results

» The problem queries provided by a customer

» Expert database tunning done on all the queries
Q1 — Q6 even after tuning run for too long and consume lots of resources
Q7 improved significantly — no ISAO offload is needed

» The table shows elapsed and CPU times measured in DB2 (without ISAO)

Times measured in DB2 without ISAO
Query | Total Elapsed CP zIIP Total CPU Time
Q1 0:02:43 0:03:52| 0:02:39 0:06:31
Q2 0:38:31 0:11:52| 0:36:10 0:48:02
Q3 0:00:25 0:00:04 | 0:00:15 0:00:19
Q4 0:26:33 0:13:43| 0:20:50 0:34:33
Q5 0:00:35 0:00:09| 0:00:29 0:00:38
Q6 1:30:35 5:53:30| 1:29:56 7:23:26
Q7 0:00:02 0:00:02 | 0:00:00 0:00:02




Testing Results: Performance Improvement after Addi ng ISAO
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IBM Smart Analytics Optimizer

Seamless integration of new computing
paradigms into proven technology

Database Administration || BI/DW Applications — Massive multi-core and vector processing
I — In-memory database
Cubing — Hybrid row- and column-based store
Caching — No changes to the applications, applications
continue to attach to DB2

— Preserving traditional System z and DB2
quality of service, full fencing and protection
of DB2 against possible ISAO failures

| DB2 APIs _ Order of magnitude performance
Improvement

— Linear scaling with the number of CPUs

Reducing need for tedious tuning of DB2
(MQTs, aggregates, indexes, etc.)

Appliance characteristics

— User/reference guide assisted installation,
initial configuration

— Hands free operations

Providing building block for Dynamic DW
and Operational Bl
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