M oder nizing Database Access
The Madness Behind the Methods
By Dan Cruikshank
Overview

The evolution of the iSeried/i5 has resulted in amix of old and new technologies. Most notably
are the methods used to create, popul ate and manipulate databases. Many iSeries/i5 application
devel opers have embraced modern tools for creating front end masterpieces to their existing data;
however the underlying foundation, the database itself, has been woefully neglected. Basically
the existing databases were created using atool known as DDS (Data Description Specification).
All other Relational Database Management Systems (RDMS) use Structured Query Language, or
SQL, to define the database.

For many iSeries/i5 developersinitial attemptsin the use of SQL have resulted in unacceptable
performance causing system administrators and/or Chief Information Officers to discourage its
use. For others, the ease of use of SQL has made it the preferred tool for data creation and access.
When these two groups come together the result islike a bad beer commercial. Shouts of “It’'s
great!” are hurled in response to yells of “Less fulfilling!”

AsIBM continues to enhance DB2 UDB for iSeries (e.g. the new and improved SQL Query
Engine, more efficient data access methods, new database primitives, etc) the decision to use
SQL over traditional methods will no longer beif, but when. In fact, many iSeries/i5 shops are
developing al new applications using SQL. In addition, the use of SQL defined databases may
result in improved throughput as a result in changes to the underlying architecture (more on this
later).

So all new SQL development will benefit from new database technology but what about the
existing DDS defined databases that are still serving thousands of applications using Record

Level Access (RLA) methods viaHigh Level Language (HLL) read and write operations? Is there
away that these applications can take advantage of SQL database enhancements without a total
rewrite?

The answer isaresounding Yes! Thisisthe basic premise of thisarticle. In essence this article
provides a high level overview of the madness behind the methods known as the Stage 1 DDSto
DDL reengineering strategy detailed in the soon to be released Redbook " Modernizing iSeries
Application Data Access - a Roadmap Cornerstone” .
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Database Reengineering Strategy

The strategy described in this document assumes that you have an existing database that is fully
described using DDS specifications. This strategy will work with partially described DDS
databases (i.e. the DDS contains the key definitions and great big fields which are program
described) however your first step would be to manually describe the physical files using SQL
DDL.

The strategy is divided into 4 stages. The stages are:

DDSto SQL DDL Reverse Engineering
I solating the database

Modifying the database

Enhancing the database

rPOODNE

| have seen many application devel opers attempt to mix SQL and DDS with less than optimal
results. | believe that by following this staged approach to database modernization many of these
pitfallswill be avoided. In thisarticle | will @) discuss the importance of Stage 1 asit relates to
DB2 UDB for iSeries architectural differences when creating and accessing database objects and
b) describe the process used to reengineer aDDS database.

Before discussing the processit isimportant to talk about some of the architectural differences
between SQL and DDS which have not received much attention. Two very important differences
are a) data validation and b) access path size.

SQL and DDS Data Validation Differences

The major difference between these two types of physical database objects is the process that

determines when the
datais validated. For
DDS, thedatais
validated as datais
read through the open
cursor. For SQL, data
isvalidated asit is
written through the
open cursor. Thisis
shown in the picture
on theright.

Data Validation

TAppiication]

]

This subtle change has
two significant impacts
on database IO
operations. First, it
ensures the integrity of

numeric (packed or @‘ﬂ
zoned) data entered Exception

TApplication]

=

into the database. Those of uswho grew up on this platform are painfully aware of this. We
learned the hard way after receiving numerous “decimal data error” exception messages in our
application programs. For those of you who are not aware of thisissue simply perform the
following test.
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Start by creating aphysical file object that is not externally described as follows:

[ CRTPF FI LE( TESTDATA) RCDLEN( 80)

Once created enter some a phanumeric datainto thisfile, for example ‘dan123ouch’.

Next create aDDS externally described physical file object name DDS_FILE using the following
definition and command:

R DDS_FI LER

A
A FI ELD1 9P 0

[ CRTPF FI LE(DDS_FI LE) |

Perform the following copy file command to copy the al phanumeric datainto the physical file
object:

CPYF FROMFI LE(* CURLI B/ TESTDATA) TOFI LE(* CURLI B/ DDS_FI LEPF)
MBROPT(* ADD) FMTOPT( * NOCHK)

Review of the joblog should show the following messages:

Data fromfile TESTDATA truncated to 5 characters.
1 records copied from menber TESTDATA.

The joblog indicates that the data was inserted into the database. Using the DSPPFM command
revealsthat the invalid data does indeed exist within the physical file object.

Di spl ay Physical File Menber
File . . . . . . DDS_FI LEPF Li brary
DCRANK
Menber . . . . . DDS_FI LEPF Record . 1
Control . . . . . Col um . 1
Find .
oot
danl2
*kkkkk*k END(J: DATA *kkkk*k

Now create an SQL tableidentical to the DDS physical file created earlier as follows:

| CREATE TABLE DDL_TABLE (FIELDL DECI MAL(9,0) NOT NULL DEFAULT 0 ); |

Perform the same copy file operation however change the TOFILE parameter to use the new SQL
table asfollows:

CPYF FROVFI LE(* CURLI B/ TESTDATA) TOFI LE( * CURLI B/ DDL_TABLE)
MBROPT(* ADD) FMTOPT( * NOCHK)

Review of the joblog should reveal the following messages.
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Data fromfile TESTDATA truncated to 5 characters.
Dat a napping error on nmenber DDL_TABLE.

Dat a napping error on nmenber DDL_TABLE.

C

Cancel reply received for nmessage CPF5029.

Error witing to nmenber DDL_TABLE in file DDL_TABLE.
O records copied to DDL_TABLE.

Besides better data integrity the data validation change provides an additional improvement for

probably 99% of all iSeries/i5 customers. Most
applications running on the i Seried/i5 platform Logical Db 10
perform substantially more read operations to write

operations. On average | have found this to be Millons

50

approximately 25 to 1. | O writes @ Reads |

The figure on the right represents a composite of
many customer performance data collections during
peak time periods. The graph clearly shows a huge
disparity between reads and writes (Logical Database
IO operations). These operations are performed on
behalf of your HLL program read and write
operations.

To determine the benefit of using DDL created

physical files versus DDS created physical files| SRS A A U A O L

wrote a simple RPG program to perform random 15 Minute Interval

keyed operations against a table containing
approximately 600000 rows.

The following is a code snippet for the program which | named DB2RE_RPG2:

DB2RE_RPG2
FOrderHstL2IF E K DI SK

DSear chKey S LI KE( PARTKEY)

C *entry Plist
C Par m Sear chKey
| FREE
Setl| SearchKey OrderHstR2;
For I =1 To 10;
READE Sear chKey O der Hst R2;
| f %&CF,
Leave;
Endi f;
EndFor ;

The program is meant to simulate an application which positions to a specific key entry and then
reads the first 10 matching entries, perhapsto fill a subfile page. | then called this program 802
times using random part numbers. | ran the test several times, purging the database objects from
memory before each run. | then repeated the process after reengineering the OrderHst DDS PF to
an SQL Table named Ord_Hst. After loading the table | created logical file OrderHstL 2 over the
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new SQL table. Note that my SQL table has a different name then my DDS PF. More about this

as we discuss reengineering.

The following graph displays the results of the tests.

Time (seconds) Reads-No Blocking Pgm Total
30 28
25+ 26
201 24
22
15 20
16
14
DDS DDL
Wait 2547454 1446771
B cpPU 27658 27088;
A Clock 2624237 1522700

Major decrease in clock time
Slight decrease in CPU

The blue bar represents the time the Set Cursor M1 instruction spent waiting for awork request to
complete. Thisis known as a Type B wait. To learn more about wait time watch for the new
Redboook “IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool” . The nhumber
of synchronous IO operations (i.e. bringing datafrom auxiliary storage to memory) are nearly
identical between the DDS and DDL runs (7027 versus 7018 respectively). The data coming from
the DDL tables took approximately 11 seconds lesstime to arrive. This represents about a 43%

decreasein clock time.

I made some dlight modifications to the RPG program in order to do some updating. The

following code snippet represents the new program DB2RE_RPG3:

DB2RE_RPG3
FOrderHst L2ZUF  E
DSear chKey S
C *entry Pli st
C Par m
| FREE

| f %ound;
DOU %E=CF;

| f 9ECF;
Leave;
Endi f;

Setll SearchKey OrderHstR2;

READE Sear chKey O der Hst R2;

LI KE( PARTKEY)

Sear chKey
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UPDATE Order Hst R2 %-i el ds( QUANTI TY) ;
EndDo;
Endl f;

| then tested the new program the same way, randomly accessing the keyed logical file. In
addition, | ran a second set of tests forcing all changes to disk (FRCRATIO = 1). The following
graph shows the results of these tests:

Time (seconds) Updates Pgm Total
100 100
901
801 90

/"~

/

80

70

60

50
DDS DDL DDS FRC DDL FRC
B Wait 70771925 52241719 86910710 67321113
B CPU 1550758 1533942 1590813 1564593
A Clock 74601932 56148022 90961814 71454464

FRCRATIO >0 adds significant overhead

Asyou can see, forcing the changes to disk adds significant amounts of overhead. Thisisdueto
a) the increased number of synchronous disk 10 operations (both DDS and DDL) and b) the
additional validation required for the DDL tables. This use of FRCRATIO is something that | run
into quite often with legacy databases. | do not consider the use of FRCRATIO amodern
technique for protecting data. For more information about modern techniques for protecting your
data consider the following Redbook: “Striving for Optimal Journal Performance on DB2
Universal Database for iSeries.

| was surprised by the reduction in clock time in the second DDL test. | actually spent time with
the SLIC developersto find the reason for this reduction (which was actually areduction in
synchronous 10). Asit turns out there is another performance enhancement known as concurrent
write support.

Concurrent write support is available to those physical files that are created with the REUSEDLT
parameter setting set to * YES. Thisisthe default generated by an SQL CREATE TABLE
statement. The default for the CRTPF command is*NO. Concurrent write support is the normal
behavior for V5R3 (i5/0S). | was testing on a V5R2 system where this support had been turned
on viathe QDBENCWT API. To find out more about this support refer to the journal Redbook
mentioned earlier.

| created another version of my RPG program to test the inserts against DDS or DDL created
physical files. | created aDDL and DDS version of an object named OrderWrk. Thisis anon-
keyed physical file.

Thefollowing is the new version of the program:

| DB2RE_RPG4
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FOrderHst L2UF E
FOrderwk O E
DSear chKey S
C *entry Plist
C Par m
| FREE
Setl | SearchKey OrderHstR2;
I f %-ound;
DOU %ECF;
READE Sear chKey O der Hst R2;
| f %&ECF;
Leave;
Endi f;

K DI SK
DI SK
LI KE( PARTKEY)

Sear chKey

VWRI TE O der WKR;
EndDo;
Endl f;

| tested this program using the same methodology for the update program, with and without the
FRCRATIO setting. The next chart contains the results of those tests:

Time (seconds) Inserts-No Blocking Pgm Total
1001 100
901
80 90
701
80
70
60
50
DDS DDL DDS FRC DDL FRC
@ Wait 66405322 5076153€ 8864900C 56865593
Bcpru 173858€ 172403¢€ 174520¢ 153226
A Clock 7340800¢ 57347862 94619761 61925192

FRCRATIO adds significant overhead
DDL tables used ECW

| used the SEQONLY (*NO) parameter of the OVRDBF command to turn off blocking. Although
blocking is a performance enhancement many organizations | work with are not utilizing
blocking to its full potential, intentionally or unintentionally. Again we see the benefits of using a
DDL database with concurrent write support enabled. The added overhead of data validation on
insertsis not afactor.

Conclusions
The process of bringing data from auxiliary storage to main memory is significantly improved

when the physical container has been created using SQL DDL. Thisisthe default when creating
database objects viaiSeries Navigator.
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Applications using physical files created via the CRTPF command with a FRCRATIO value
greater than 0 may see significant improvements after converting to SQL tables. The default for
FRCRATIO is*NONE when creating a physical file object viathe CREATE TABLE DDL
statement. If you want to continue to use a FRCRATIO setting greater than 1 you will need to
either use the CHGPF command to permanently change the physical file or use the OVRDBF
command to temporarily change the physical file attributes.

Again the use of FRCRATIO is not amodern method and its use is strongly discouraged. Many
organizationsthat | have worked with were not aware that this method was being used or were
using it inappropriately. If you discover that it is being used be sure to find out why and then
explore more modern alternatives.

For many organizations, significant improvements will be achieved via concurrent write support
in combination with the reuse of deleted records. Many databases created via DDS and CRTPF
are using the default value of *NO for the REUSEDLT parameter becauseit is the default. For
these organizations changing to REUSEDLT(* Y ES) may improve performance. However, |
suggest going all the way and creating a modern SQL table.

If you are aware of some application dependency that requires the non-reuse of deleted records
(e.g. RRN processing or End of File Delay) then | would strongly recommend that you put this
application at the top of your list for rewrite in Stage 2. Again, | do not consider these types of
applications to be modern.

If you are still on the fence about switching to DDL then let me throw out some actual customer
results after migrating to an SQL created

database. The results are shown in the Logical 10 CPU Ms
graph on the right which is taken from Millions Thousands
system performance data. It representsa 27 | 60 2600
minute period when approximately 60 jobs | 50 - = 2550
were processing transactions via data 40 _;;l_ || 2500
queues. All database access is done via s0dd [~ | | 2450
HLL reads and writes. 20 _i_ 2400

i 2350
The data shows a near 10% reduction in 10 2300
the cost of CPU (2559.4 seconds versus 0 . T 2250
2306.4 seconds) while processing a half
million more update operations (30218605 DDS DDL
versus 35062215). 786350 786435

17260538 17264859

This application could represent any of the 30218605 35062215
following types of business functions 2559409 2306470
where the i Series is the platform of choice: Writes Updates = CPU Seconds
Web based catalog orders, slot machine E=] Reads
transactions, EDI activity, travel

reservations, stock trades, ATM transactions, etc.

Here' s some food for thought, this performance data may have come from your closest
competitor.
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SQL and DDS Access Path Size Differences

Assume you are driving to work taking the same highway (or access path) that you always take.
And you have been doing this for a number of years. But lately you' ve noticed that it seemsto
take longer and longer. In fact there seems to be more and more commuters like yourself, alonein
your HLL sedan, stuck in traffic. There are several sedansjust like yoursin front of you, and
several behind you, all on the same access path. It also seems like the others to the right of you,
on adifferent access path, never seem to move at all.

Suddenly you see a blur to your left and before you can get agood look at whatever it was, it's
aready gone. Just like that there’ s another one and then another. Finally you determine that these
are those new SQL SUV’s using the HOV lane because they have more than 1 occupant. Y ou
shake your head and say to yourself. “Man, | need to get me into some of that.”

| used the commuter analogy to describe a major difference between SQL created indexes and
DDS keyed logical files. The difference is the size of the access path associated with an index
object. The access path represents the order in which data will be retrieved from a data space
(physical file). Since V4R2 an access path created via SQL, whether it be an index or constraint,
has alogical page size of 64K. A DDS keyed logical file will create, on average, an 8K access
path up to a maximum size of 32K.

This changeis duein part to the aggressive index usage associated with SQL operations. For
example, an SQL implementation of asingle SQL statement could result in an index probe (like a
SETLL in RPG) followed by several index scan operations (similar to an RPG READE).

The figure on the right shows the difference between this SQL DB Access Stats
statement SELECT COUNT(*) FROM PART_DIM WHERE MicroSeconds Sync10
PART LIKE 'B%' OR PART LIKE 'C%' using akeyed logical % 60
file versus an SQL index. In both tests index only access was 70|

used for implementation of the SQL statement. o | K
50
So you may be saying to yourself, “If the 64K access path helps 40 |
SQL to do index probes and scans wouldn't that same access path | *°|
benefit my HLL keyed operations?’ The answer isyes and it 2
comes in the form of a shared access path kind of like “Park and

ride” still using the commuter analogy. T kepeatr SQL Index

10

The following picture depicts an iSeries environment that contains amix of SQL and DDS
applications:

Mixed Access Paths

! I|l! HLL App HLL App HLL App
11/0
11/0 11/0 11/0
8K Access 8K S;&GSS
Path
e Re K1, K2 cK,iLo

m




Each HLL application uses a different access path due to various reasons. For example the red
access path is very old and has not required recreation in some time. The right most yellow access
path is using select/omit logic and the left access path was created before the SQL index.

Basically, the SQL application is alowed to use the HOV lane because it may contain 2 or more
occupants (sets of data). The HLL applications use the slower lanes because they contain 1
occupant (1 record). However, in the real world the most critical HLL application may be
performing tens if not hundreds of record accesses to complete a single transaction. In fact, it is
generally these high volume transactions that represent 80% or more of an organizations
computer resource requirement (CPU and 10). In addition, out of the hundreds or thousands of
application programs that exist in an organizations software portfolio, there may be only afew
that account for a mgjority of CPU and 10 time.

In order for the HLL applications to use the 64K access path we need to take advantage of the
built in access path sharing support of OS/400 (i5/0S). This support is not new. On the
System/38 you needed to specify the REFACCPTH file level keyword within your DDS source
for the keyed logical file you were creating. Those of us who were aware of this keyword used it
to minimize access path maintenance.

Today access path sharing is now performed implicitly by the operating system. However there
are some rules that you need to be aware of. These rules are:

1. An SQL index will not share a DDS keyed logical file' s access path

2. A DDSkeyed logical file will share an access path created via SQL

3. A DDSkeyed logical file will share an access path if the keys are a subset of the key
fieldsin the existing access path and in the same order. For example LF1 with keys
K1 and K2 will share an access path that is keyed on K1, K2 and K3.

4. An SQL index will only share another SQL created access path if the key columns
are an exact match in the same order.

5. A DDS multi-formatted logical file will not share existing access paths.

6. A DDSjoinlogical file can share existing access paths

7. TheDYNSLT filelevel keyword can be used to cause DDS logical files containing
select/omit criteriato share an existing access path

So based on the aboverules, if we

added the DYNSLT keyword to
the DDS source representing the

second logical file, then recreated Shared ACCGSS Paths
our logical filesin order by most
keyed columnsto last keyed
columns we should end up with

one access path shared as shown in
the picture on the right:

| built an SQL index over the
ORD_HST table with the same
key column as keyed logical file
OrderHstL 2 (the file used in my
RPG programs). | then recreated

OrderHstL 2 over the ORD_HST table.
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The following are screen prints from iSeries Navigator showing the two logical files. Notice the
differencein logical page size, 8192 versus 65536. This means that the keyed logical file on the

right is sharing an SQL created 64K access path.

DB2REDDS.ORDERHSTL2 Description - Rchaspt3.rchl... ﬁ

Access Path | Usage | Detais |

Cument size

Maimum size:
Mamum key lengih
Vaiid:

mplict shanng

Heid

Joumaled:
Mainienance
Recovery:

I Force index changes
Lsst buld

Estimated rebuild time:

feg <]
4

Yes

No

No

No

2/8/2005 82413 AM
13

Logical page size: 8192
Indext logical reads 632677
Delayed maintenance keys: L]
Unique partial key valuss; 20000 0
0 0
OK e ‘ Help ‘

DB2REDDL.ORDERHSTL?2 Description - Rchaspt3.rchl... E

Aocess Path | Usage | Detais |

Curent size:

Masimum size

Madmum key length
Vaiid

Implicd sharing

Held

Joumaled

Mainienance

Recovery:

I Force index changes
Last buld

Estimated rebuild time
Logical page size:

Index logical reads
Delayed maintenance keys
Unique partial key values:

10756096
4

Yes

No

No

No

2/12/2005 10:47:22
13

66536

24830

o

20000 0
0 0

|

Cancel

Help

I then ran the same tests from the previous section now using the logical file with the 64K access
path. The following graphs contain the results:

64K Access Path

Time (seconds) Reads-No Blocking Pgm Total
30 30
254 y -
- i~
204 \
151 =N 20
10 15
5+
0- 10
DDS DDL DDX
@ Wait 25474549 14467716 12469940
[ErcPu 276586 270882 266029
|& clock 26242370 15227008 13208838
Major decrease in clock time
Slight decrease in CPU
Time (seconds) Inserts-No Blocking Pgm Total
100
90
80
70
60
50

DDS DDL DDS FRC DDL FRC DDX
@ Wait 66405322 50761538 88649000 56865593 58913484
‘ CPU 1738588 1724038 1745208 1532265 1450107
‘A Clock 73408009 57347862 94619761 61925192 64164651

Decrease in clock time
slight decrease in CPU

Cursor Analysis using the

Time (seconds) Updates Pgm Total
100 100
904
80 A %
70 7N
60 / 80
50
40 70
304
204 60
10
0- 50
DDS DDL DDS FRC DDL FRC DDX
@ Wait 70771925 52241719 86910710 67321113 62386683
T CPU 1550758 1533942 1590813 1564593 1520291
A Clock 74601932 56148022 90961814 71454464 66372794

Slight increase in clock time
Slight increase in CPU

Based on the data the use of the 64K access path further reduced overall clock time during the
Read and Update tests. The Insert test took more time then the previous test using an 8K access
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path over aDDL table but less time than using the same size access path over a DDS created
physical file.

Conclusions

Those organizations that are currently running in environments that contain a mix of SQL created
indexes and DDS keyed logical files may see improved performance by sharing the SQL access
paths where appropriate. Sharing the SQL access paths will result in less access path
maintenance.

Those organizations that have alarge number of keyed logical files may see improved
performance as aresult of recreating the logical files after comparable SQL indexes have been
created. Thisis dueto the possibility that somelogical files may have been created out of order
(e.g. access path K1, K2 being created after access path K1 was created). Creating the access
paths in order by most key columnsfirst may result in fewer access paths. In addition, the first
application to read in an index page will benefit other applications that need to reference the same
index page.

Those organizations that have many older keyed logical filesthat are till defined using an access
path size of *MAX4GB may see better performance in the form of fewer access path seize
conflicts during index maintenance. This is due to the concurrent maintenance capability that can
be employed when access paths are created using the newer *MAX1TB access path size.

On the down side, those organizations that are currently memory constrained may seein increase
in fault rates due to the larger memory requirement of the 64k access path. These organizations
will need to proceed in a more cautious manner, perhaps gathering performance data before and
after each logical file change.

Those applications that are using select/omit logical files may experience some degradation when
adding the DYNSLT keyword as there may now be some delay before records are returned to the
application program. Simply removing the DYNSLT keyword and recreating the logical will
cause it to revert back to an 8K access path and eliminate the delay time.

Keep in mind as you move down the path of database modernization if your intent isto
eventually replace your legacy record level access methods with SQL then non-modern
techniques such as select/omit logical fileswill need to be replaced by more efficient keyed
access methods. The applications that use these files would be at the top of my list for
modernization.
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Reengineering DDSto SQL DDL (Stage 1)

So we'refinally here. Hopefully | have given you some more incentive to move your legacy DDS
database to an SQL DDL defined database. Before we begin | want to state my number one
objective when modernizing a database. From this day forward we need to minimize the impact
of change on the business. Thisis my mission statement.

The previous two sections contained the results of running RPG programs against the original
DDS database, then against the new database where the physical file object names were different.
Then we built SQL indexes, recreated the logical files and reran the same tests. In all cases|
never recompiled the programs. They ran without fail, no level check ID errors. Thisiswhat |
mean by minimizing the impact of change.

Many organizations are now running near 24x7 operations. The window for application and
database modification is shrinking. The last thing you want is to use up that valuable window of
time waiting for every program to recompile because you added a new column to asingle table.
To accomplish this feat not only requires modernization of your database but also modernization
of your process, and, most importantly, modern tools.

The following figure below depicts atypical iSeries legacy application that uses RLA methodsto
read and write data to and from a DDS created database.

Green
Screen DDS

,Queues,
etc.

Existing Environment

The figure below depicts the same application after the DDS database has been converted to an
SQL DB2 database. Note the main difference isthe DDS LF that now comes between the
application program and the actual data.

Green Sg
Screen DDS DB2
,Queues, UDB

etc.

New environment

In essence, done correctly, the underlying DDS database can be converted to a SQL DDL created
database without changing a single line of code in the legacy programs. Thisisthe strategy | refer
to as Stage 1.

Approach to Stage 1
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We learned that reads from DDL crested tables are faster. In addition, we now know that keyed
reads through the 64K access path are also better performers. Now we need to identify the tables
that will best benefit from faster reads. To do this we need to have profile data of our tables. In
essence which tables are read the most?

Every physical file object contains statistical data in the form of opens, closes, reads, writes,
updates, etc. Thisinformation is accumulated from scratch after each IPL. To collect profile
information on those tables that have the most activity during peak periods | use the DSPFD
command to create an outfile containing my profile data. The following is an example of the
DSFPD command that | use:

DSPFD FI LE( DB2REDDS/ *ALL) TYPE(*VBR) OUTPUT(* OUTFI LE)
FI LEATR(* PF) OUTFI LE( DB2REDDS/ DSPFD_MBR)

I run the command once before the start of the peak period to create a baseline. | then run the
command a second time after the peak period to capture changes in the table statistics. | modify
the command to add the new data to the existing outfile created from the first execution of the
command. Thisis shown below:

DSPFD FI LE( DB2REDDS/ *ALL) TYPE(*MBR) OUTPUT(* OUTFI LE)
FI LEATR(* PF) OUTFI LE( DB2REDDS/ DSPFD_MBR) OUTMBR(* FI RST * ADD)

I then run the following query, substituting the & Schema and & Xref _File variables with the name
of the library and outfile used in the DSPFD command. (Note: the DELTA functionisa User
Defined Function (UDF) and can be found at the following Web site: http://www-
1.ibm.com/servers/eserver/iseries/db2/db2code.html The DELTA function isfound under the
RPG UDF example).

WITH DELTA AS(

SELECT A.MBFILE, MBRTIM,
QGPL.DELTA(A.MBWROP , MBFILE) AS LOGICALWRITES,
QGPL.DELTA(A.MBUPOP , MBFILE) AS LOGICALUPDATES,
QGPL.DELTA(A.MBDLOP, MBFILE) AS LOGICALDELETES,
QGPL.DELTA(A.MBLRDS, MBFILE) AS LOGICALREADS,
QGPL.DELTA(A.MBPRDS, MBFILE) AS PHYSICALREADS

FROM &Schema.&Xref File A

ORDER BY 1 ASC, 2)

SELECT MBFILE, MAX(PHYSICALREADS) AS PHYREADS,
MAX(LOGICALREADS) AS LGLREADS,
MAX(LOGICALUPDATES) as UPDATES,
MAX(LOGICALDELETES) AS DELETES,
MAX(LOGICALWRITES) AS WRITES

FROM DELTA

GROUP BY MBFILE

HAVING MAX(PHYSICALREADS) > 0

ORDER BY MBFILE

OPTIMIZE FOR 1 ROW

| use QMF for Windows to run my SQL statements. For more information about QMF refer to the

following Redbook “A DB2 Enterprise Query Environment - Build It with QMF for Windows
I | fill aspreadsheet with the results from QMF and sort it by physical reads in descending order.
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Here are the results:

File PHYREADS LGLREADS UPDATES DELETES WRITES
CORDERERST 91932 856299 216267 0 58424
PFO1 hoadZ 73354 73597 0 39
PFO2 18626 664611 71366 0 0
PFO3 2749 150606 8913 0 76975
PFO4 1703 89295 0 B6974| 265164
PFO& 419 343TN 52190 1627 18211
PFOB 125 5131 20182 0 95
PFOT 51 59581 0 0 0
PF10 120 26336290 0 0 0
PF12 4 93389 0 0 0

| like OrderHst due to the high number of physical reads (disk to memory) plus a decent logical
read to update ratio (approximately 4 to 1). After identifying the physical file candidate | identify
the logical files based on this physical file using the iSeries Navigator Database Navigator
function. Below isamap of the OrderHst physical file created from i Series Navigator:

ffn Untitled* - Database Navigator - Rchaspt3.rchla... E]@
File “iew Options Map Help

CEEHE a0 BEE WO BE DT IS S T

EEEE

-

@ ORDERHSETLA

ORDERHSTLZ

T

e

@ ORDERHSETHZ

ORDERHSTH

o i

By right clicking on the ORDERHST icon | get a pop-up menu which allows me to generate a
CREATE TABLE SQL statement from the existing DDS created physical file. The followingisa
snippet from the generated statement:

CREATE TABLE DB2REDDS. ORDERHST (
-- SQL150B 10 REUSEDLT(*NO) in table ORDERHST i n DB2REDDS
i gnor ed.
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--  SQL1509 10 Fornmat name ORDERHSTR for ORDERHST in DB2REDDS
i gnor ed.
ORDERKEY DECI MAL(16, 0) NOT NULL DEFAULT O ,

|
PRI MARY KEY( ORDERKEY , PARTKEY , SUPPKEY , LINENUMBER ) ) ;

Y ou heed to review the generated script for informational messages that identify differences
between SQL table definition and DDS definitions. Notice in the above script that the reuse of
deleted records setting *NO will not be honored. Also the format name from the original physical
filewill beignored. In essence the SQL physical file object format name will be the same as the
physical file object name. At this point thisisno big deal. We will discuss format names shortly.

Before creating the SQL table | modify the SQL script to @) change the schema (library) where
the SQL table will be created, b) change the name of the table and ¢) comment out the
PRIMARY KEY constraint (my original DDS physical fileissimply using a UNIQUE key). The
following is the modified script:

CREATE TABLE DB2REDDL. ORD_HST (
ORDERKEY DECI MAL(16, 0) NOT NULL DEFAULT O ,
|

-- PRI MARY KEY( ORDERKEY , PARTKEY , SUPPKEY , LI NENUMBER )
)

I now run the script and create the new table. The physical file object name and format name is
ORD_HST. Again, no big deal. Bear with me until we reach the format name discussion.

The existing DDS created logical files appear as views in iSeries Navigator. The Generate SQL
option will generate a CREATE VIEW statement for these files however it will not generate a
CREATE INDEX statement. In Stage 1 we need to create SQL indexes to take advantage of the
64K access path. Since iSeries Navigator doesn’t do it for us we need to find another way. To
become more familiar with iSeries Navigator | recommend the “ Get started with iSeries™
Navigator” topic under Database overview in the i Series Information web site. Use the following
URL http://publib.boulder.ibm.com/infocenter/iseries/vor3/ic2924/index.htm.

To help identify indexes that need to be created | use the SQL stored procedure Index Listing
Utility from the same web site where | obtained the DELTA UDF. The following is the end result
of running the Index Listing Utility from QMF and formatting the results in a spreadsheet:

Ordinal Position
Column 1 Column 2 Column 3 Column 4
SYSTEM SYSTEM  Total
15 INDEX INDEX Key Key Key Key Key
UNIQUE NAME SCHEMA  Columns Column Ordering Column  OrderingColumn  Ordering Column Ordering
V] ORDERHST DBZREDDS 4 ORDERKEY ASC PARTKEY ASC SUPPKEY ASC LINENUMBER ASC
D ORDERHSTL1 DBZREDDS 1 ORDERDATE ASC
D ORDERHSTX1 DBZREDDS 1 ORDERDATE ASC
D ORDERHSTL2 DBZREDDS 1 PARTKEY  ASC
D ORDERHSTX2 DBZREDDS 1 PARTKEY  ASC

QMF Tip: Remember the System 38 Query had the ability to create horizontal results? QMF has
that same feature. Its called Across. | specified Across on the Ordina Position column in the
QMF form and my key columns are listed horizontally. From hereit is pretty easy to copy and
paste the columns into an SQL script that contains the CREATE INDEX statement as shown
below:
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CREATE UNIQUE INDEX DB2REDDL.OrderHistory_IX1
ON DB2REDDL.ORD_HST (ORDERKEY ASC, PARTKEY ASC, SUPPKEY
ASC,LINENUMBER ASC);

CREATE INDEX DB2REDDL.OrderHistory_IX2
ON DB2REDDL.ORD_HST (ORDERDATE ASC);

CREATE INDEX DB2REDDL.OrderHistory_1X3
ON DB2REDDL.ORD_HST (PARTKEY ASC);

There are 5 keyed logical files however | only need to create 3 indexes as ORDERDATE and
PARTKEY appear twice. Also, since | will never ever, reference these indexesin aHLL program
or on an SQL statement | can name them however | please. In this case | use a nice meaningful
long name OrderHistory followed by some kind of suffix for uniqueness. Note that the first
index isthe UNIQUE index that originally was part of the ORDERHST physical file.

Before we continue, now is the time to discuss the concept of format sharing. Every file object
has an object name and a format name. For SQL created tables, the object and format names are
identical. RPG programs require that the format name be different than the file name. If they are
the same then the program would not compile unless the format was renamed within the RPG
program itself. To avoid compilation errors and/or program format renaming most organizations
used DDS to create physical file objects with format names different from the object name.

The program compilation problem is made worse because of format sharing. The most common
form of format sharing is simply specifying the format name of a physical file within the DDS of
alogical file. Thisis another very common technique used by most organizations. In essence,
multiple keyed logical files were created to share the format of a physical file but describe
different ways of ordering and selecting data.

Furthermore, every format has an associated format ID. This D is duplicated into every program
object that references afile object. Should the file object be changed in such away that the format
ID changes then the system will signal an
exception when a program object references the
changed file object. When you reverse engineer a
DDS physical file object to an SQL physical file
object the format 1D will change. An RPG
program that references the original physical file
object (or any logical files that share the format)

Reverse
Engineer DDS
to DDL

will receive a“level check” exception message. é‘f\’e{(
Thisis shown in the picture on theright. The Erfgr

only solution would be to a) recompile the
program or b) ignore the exception (which |
strongly do not recommend).

Remember | said | did my testing without recompiling programs? To avoid having to recompile
programs after converting DDSto DDL | use another, less common form of format sharing. In
DDSthereisa FORMAT keyword. The FORMAT keyword is used to share the format of an
existing physical or logical file object by the physical or logical file being created. To take
advantage of this keyword | convert my original DDS physical file sourceto alogical file as
shown below:
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Oigi nal PF ORDERHST

A UNI QUE
og A R ORDERHSTR

A*

A K ORDERKEY

A K PARTKEY

A K SUPPKEY

A K LI NENUVBER

Modi fied LF ORDERHST

A UNI QUE
Chg A R ORDERHSTR PFI LE( ORD_HST)
A*
A K ORDERKEY
A K PARTKEY
A K SUPPKEY
A K LI NENUVBER

The only change | make to the source is to add the PFILE keyword which points to the new SQL
table. Everything else remains the same. If | was using a Field Reference File (FRF) then my
change would look like this:

Oiginal PF ORDERHST

og A REF( FI ELDREF)
A UNI QUE
g A R ORDERHSTR
A FLD1 R
og A FLD2 R REFFLD( FLD3)
A*
A K ORDERKEY
A K PARTKEY
A K SUPPKEY
A K LI NENUVBER
Modi fi ed LF ORDERHST
Chg A REF( FI ELDREF)
A UNI QUE
Chg A R ORDERHSTR PFI LE( ORD_HST)
A FLD1 R
Chg A* FLD2 R REFFLD( FLD3)
New A FLD2
A*
A K ORDERKEY
A K PARTKEY
A K SUPPKEY
A K LI NENUVBER

| add the PFILE and comment out the REF(FIEL DREF) line. For REFFLD | comment out the
original and drop the REFFLD keyword from the new specification. More about field reference

filesin my concluding remarks.

ORDERHST
ORDERHSTR
FMT123

ORDERHST
ORDERHSTR
FMT123

| recreate the modified PF to LF file and all
programs that reference the original file now

Reverse
Engineer
DDS to DDL

Transform
. . . DDS PF t
iSeries Database Reengineering 03/ “opsiE.

ORDERHST

FMT123 ORD_HST
FMT321




run without alevel check error. In essence the format has not changed even though it isnow aLF
pointing to an SQL table. Thisis shown in the figure on the right. This eliminates the level check
issue for those programs which reference the PF file object directly.

We now have to modify and recreate the logical files that referenced the original physical file.
The following are code snippets from that process.

Logi cal File ORDERHSTL1
Og A R ORDERHSTR1
Chg A R ORDERHSTR1
Logi cal File ORDERHSTL2
Og A R ORDERHSTR2
Chg A R ORDERHSTR2
Logi cal File ORDERHSTX1
g A R ORDERHSTR
Og A K ORDERDATE
Og A S LI NESTATUS
New A
Chg A R ORDERHSTR
New A

A K ORDERDATE

A S LI NESTATUS
Logi cal File ORDERHSTX2
Og A R ORDERHSTR
Og A K PARTKEY
Og A S DI SCOUNT
New A
Chg A R ORDERHSTR
New A

A K PARTKEY

A S DI SCOUNT

PFI LE( ORDERHST)
PFI LE( ORD_HST)

PFI LE( ORDERHST)
PFI LE( ORD_HST)
PFI LE( ORDERHST)
COW(EQ'S')
DYNSLT

PFI LE( ORD_HST)
FORMAT( ORDERHST)

COVP(EQ ' S')

PFI LE( ORDERHST)
COVP( GT 0)
DYNSLT

PFI LE( ORD_HST)
FORVAT( ORDERHST)

COVP( GT 0)

Logical files ORDERHSTL 1 and ORDERHSTL 2 were not sharing aformat name, thus the only
change required was to the PFILE keyword. Logical files ORDERHSTX1 and ORDERHST X2

were sharing the format of file
ORDERHST. In addition they were using
select/omit criteria. In both cases | added
the DYNSLT keyword and the FORMAT
keyword. The DYNSLT keyword allows
the access path to be shared and the
FORMAT keyword allows the format of
now logical file ORDERHST to be shared
(and itsformat ID). In essence this
eliminates level check errors on programs
that reference these logical files. Thisis
shown in the figure on the right.

ORDERHST
ORDERHSTR

PGM

FMT123

ORDERHST
ORDERHSTR
FMT123

ORD_HST
FMT321

FMT123 is
shared via DDS
FORMAT
keyword

PGM
ORDERHST
ORDERHSTR
FMT123

Vi

‘ ORDERHSTL1
ORDERHSTR

10

FMT123

After creating the logical files review the file descriptions and verify that the access paths are
being shared and format 1Ds have not changed. At this point you are now ready to migrate the

iSeries Database Reengineering * 01/03/06 * 19



data and test the programs that use the DD S files referencing the new SQL database. Once the
new SQL table has been implemented you are now ready for Stage 2.

Conclusions

Some organizations have discovered “ dirty data’ during the migration process. Y ou may haveto
create some data cleansing programs as part of this stage.

Some organizations have found new exceptions due to data validation occurring at insert time. In
the past we may have simply ignored decimal data errors. Now you may have to change the
programs that execute write operations to handle new exceptions.

Removing the REFFLD keyword during the PF to LF conversion will result in the inability to do
where used searches based on field reference information. | suggest that you reverse engineer
your existing FRFsto SQL tables. Be aware that you will lose all presentation related keywords,
so do not delete the original FRF. Use the new SQL FRF table to add new columns, then use

i Series Navigator to reference those columns when creating or changing SQL tables.

All display filesand print files will continue to reference the original FRF. If these types of files
reference real physical files then they should be changed to reference an FRF. See the Field
Reference sidebar for more information on this matter.

I strongly recommend that from this point forward all new physical files be created from SQL
CREATE TABLE DDL statements. In addition, all HLL accessto the DDL created physical files
will be done through DDS logical files. Also, now that you know about access path, sharing, be
sureto create an SQL index with the same keys as the logical that you are creating. Furthermore,
make it a habit to only specify the fields needed by the program in the logical file.

To offset the loss of FRF support | recommend using a data modeling tool for all database object
creation and alteration. There are several worthy products on the market. Also, by implementing a
good logical file strategy you will be ableto use SQL catalog support in addition to
DSPPGMREF to perform column to program where used queries.

The hardest thing to do at this time is avoiding the urge to change the database. We all want to
use identity column support, Referential Integrity (RI), rename or resize columns, change
attributes, etc. Any change to the database may result in format changesto the DDS logical files,
resulting in the need to recompile.

Be patient. In some casesit took over 20 years to create these databases. Let’ s not try to change it
al overnight.
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Summary

Over time the i Series/i5 platform has evolved. Many of us have attempted to evolve with it,
however we have discovered that we can no longer be expertsin all areas of this platform. The
tools that we used to develop applicationsin the past just don’t cut it when we attempt to develop
applications based on today’ s requirements.

There was and still is aneed for the functions that FRCRATIO and Field Reference Files
provided. These were a means to an end. However, the means have changed but the requirement
has not. There are now better, more modern ways and means to accomplish the same end.

Ten years ago | considered myself to be an RPG expert. Today, | have to refer to the manual
more than | care to admit. In fact, the only reason my RPG examples arein free format is because
the WDSc LPEX editor provides afunction that does it for me. Even this old dog can learn new
tricks.

Reengineering older DDS created databases is not simply pushing a button, nor isit an overnight
process. If it was easy we all would've done it years ago. It requires an understanding of the
changes in database architecture and the benefits or pitfallsin using the new architecture.

Asyou begin this journey | strongly recommend that you create a position (if you haven’t
already) for a Database Architect. There are going to be lots of decisions that have to be made
regarding legacy issues such as multi-format and multi-member files, select/omit logical files,
field referencefiles, etc. In addition there will be other decisions regarding the use of identity
columns, Referential Integrity, column level security, large object support, XML, etc.

These decisions cannot be left up to application programmers or system administrators. The

Database Architect provides a bridge between these two entities. Indeed this person may be able
to provide both “great” and “fulfilling” database solutions utilizing SQL.

iSeries Database Reengineering * 01/03/06 * 21



Field Reference File Sidebar

It never fails that when | discuss the subject of reengineering DDS to DDL someone will bring up
the use of Field Reference Files (FRF). The concept of an FRF is simple. When defining afile
(database, display or printer) via DDS rather than having to remember the attributes of afield
simply specify an R in the reference column of the DDS specification. The REF file level
keyword identified a database object (any externally described file) which contains the field
definition. During the creation of the object the field definitions from the FRF were used.

Thetool used by most organizations to enter DDS source was SEU. Specifying the R was fewer
keystrokes then pressing F15, searching for another source member that contained the field
definition and then copying that definition into the new source.

The system metadata captured this reference information and allowed developers to create cross
reference databases that could be searched to find al the files that contained a referenced field.
This alowed developers to do impact analysis when business requirements dictated the need for a
change. Probably the most commonly known scenario would be Y 2K conversions. There are
several products available that exploit this cross reference data. In addition, these products
provide plug-ins to modern tools like i Series Navigator and WebSphere Development Studio
client.

The Interactive Data Dictionary Utility (IDDU) was a carry over from the System/36 platform. In
essence IDDU provided interactive field reference file support. What | liked about IDDU was the
ability to define fields without having to create a physical file. In essence it provided a means of
defining the data at the field level and then replicating those definitions to record formats. IDDU
definitions could a so be accessed by SQL. In fact, an IDDU datadictionary is created when the
WITH DATA DICTIONARY clauseis specified on aCREATE SCHEMA statement.
Unfortunately, like DDS, IDDU has not kept up with the modern RDM S support.

i Series Navigator provides the ability to create SQL tables that reference columns from other
tables. The table
1 Add

e Table C0|UmnS|KeyCunstrairdswForeignKeyConstrairﬁs]CheckCunstrairds}
definition Columns tab : : . ——
hulzhle | De

Caly

contains a browse
button which allows
youtosdecta | |l

O Browse Columns - Rchaspt3.rchland.ibm.com(Rchaspt3)

uuuuuu

{
ORPGLENC = ) Shar Netre

Calurnn Marme DataType | Length

physica file that
contains the column
definitions you wish to
use when creating a
new table or adding
columns to an existing
table. Thisis shown on
theright. iSeries
Navigator does not
have a column where
used capability.

----- GRPGLESRC
----- Q5GLERE
----- Q5RYSRC
~HH QTXTSRC
----- SUPP_DIn
----- TASHW_DDS
L] TIME_Dint
----- TIME_REF
----- TRACE_DDS
----- TERPG2_DDS
----- TERRG3_DOL
L TSRPG3_DDS
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F
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INEEK
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Other modern tools exist for
designing and altering
databases. Products like
Visible Analyst contain the
ability to definefields as
domains and then reference
those domains when building
entities. The picture on the
right isfrom the Visible
Analyst toal. | can use this tool
toidentify where afieldis
used (e.g. EMPNO), modify
that field and be assured that
all instances of the field have
been changed. | can then
rebuild the logical data model.
Thismodel can then be
compared to the physical
database on my iSeries and
ALTER TABLE statements
can be generated where the
differences occur.

"I Define Item

Description Physical Characteristics | Links | Extended Attributes |

Label: [EMPND 2aofd |
Entry Type: | -
Locations: Data Element --» DEPARTMENT::MGRMNO |-~
Data Element --> EMP_PHOTO:EMPMO |
Drata Element --> EMP_RESUME::ERPMNO
Data Elernent --> PROJECT:RESFEMP
Enttity --> EMPLOYEE
E ritity --> EMPPROJACT
Wiew - EMF_PHOTO_RESLUME
Wi - WEMP
Wi - WEMPDPT1
Wi - YEMPPROJACT
Wigw > WSTAFACT [ |
Physical Characteristics
Type: |Domain - ]CH.&FI [B]
et | Ficture: J
Allow Nult [ves - [
Default: | Chwper: |
Lang Mane: |
| Delete | Mext | Save | Search | F | Eile | Histary | s J

Dialect...| CIgarJ Erior J

E it J : |

| | Copy J Searchgriteriaj

& repogitory object label can be up ta 1 28 characters long. and the first character must be a

letter.

Whatever method or tool you use is only as good as the level of adherence to standards imposed
on adevelopment shop by its managers. Today there is still no built in domain integrity support
(for lack of a better name) on the i Series that forces compliance to development standards. In
essence, if al programmers have the ability to create database objects then all it takesis oneto
not use the tool and you no longer have the cross reference integrity that you may be relying on.

| have had many opportunities to review several legacy databases. | never fail to find

inconsistencies in the use of field reference files. | simply do not rely on them as a good data
dictionary. | believe the best way to avoid this problem in your organization isto designate a
single individual or team as the keeper of the database. This person or team is called the Database
Architect/Team/Group. They are the only personnel allowed to create or alter database objects.
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