Understanding Access Plans and Open Data Paths

In my previous article | discussed architectural differences between SQL DDL and DDS
created database objects. | also provided a strategy for reengineering existing DDS
databases to allow existing High Level Language (HLL) programs to take advantage of
the SQL enhancements. | refer to this strategy as Stage 1 of my database reengineering
and application program transformation methodol ogy.
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Stage 2 environments are characterized by the separation of the database IO function
from the application business and presentation processes. This has gone by several names
(n-tier application development, Model-View-Controller, etc). | believe that for best
results when utilizing SQL that you begin with an SQL created database (Stage 1) and
that all database access be done via SQL Data Manipulation Language (DML) statements
embedded within HLL 10 modules (Stage 2).

In thisarticle | am going to discuss some other significant architectural changesin how a
Record Level Access (RLA) HLL program and aHLL program containing static
embedded SQL are activated and subsequently executed. In particular, | will compare the
following @) RLA record format checking versus SQL access plan validation and b) Open
Data Path (ODP) reusability.

In writing this article | will follow the structure of the Performance Mystery series. First |
will discuss an actual customer situation comparing before and after results. Next, | will
go into details about the solution to the customer problem. | will then close with some
considerations and recommendations.



It ismy belief that once an application developer understands the basic mechanics of
program initiation, execution and termination then the application devel oper will be able
to write better, more efficient code the first time, thus avoiding an expensive visit by
yours truly. Sometimes these visits are not very pretty.

Background

ABC Corporation has continually benefited financially from steady growth. This has
resulted in a need to acquire more personnel, inside and outside the I T organization.
Unableto attract skilled individuals, due to the less than modern look of the existing
green screen oriented applications and the lack of RPG trained college graduates, ABC
Corporation took on an application modernization project. This consisted mainly of
replacing the front-end green screens with Web browser based interfaces and separating
the RPG 10 access methods into separate 10 modules.

Theinitial project was successful and based upon favorable feedback from the end user
community a decision was made to go forward and convert all applications. The
application developers were given permission to choose their access method of choice
when creating the |O modules. As aresult, older legacy based programmers chose RPG
RLA access methods and new hires chose SQL.

Interactive response times were tolerable, mainly sub-second irregardless of the data
access method; however the overnight batch process began to suffer. As the workload
increased over time, the window for completing the overnight batch continued to shrink.
Eventually, the batch work began to intrude on daytime productivity causing deep
concern amongst corporate executives.

Initial investigation viathe iDoctor Job Watcher tool revealed a substantial amount of
time being spent in the SQL 10 modules versus the RPG 10 modules. This caused a
division between the programming groups and before a civil war erupted, the CIO of
ABC Corporation contacted IBM for help. A short time later yours truly showed up at the
customer location.

The first step in the performance investigation was to create a test environment where the
batch jobs could be analyzed in more detail. The Performance Explorer (PEX) data

collector was used during testing to identify the most costly programs within the jobs and
the major application performance

related issues.
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findings; in essence amajority of time was being spent within the SQL functions.

The next step was to identify the program, or programs, which were executing the most
SQL functions. Asit turned out, in this step of the nightly process there was only 1
program with embedded SQL. Review of the program revealed aless than optimal pre-
compiler option being used. The option was changed, the program was recompiled and
another test conducted.

The graph on the right shows the before and after cumulative run time results of the test
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The Access Plan

To understand the differences in the implementation of RLA and SQL programs | am
going to require the assistance of two RPG programs. Although extremely simple these
programs are similar to the 10 modules being developed by ABC Corporation as part of
their application modernization strategy.

The RLA Plan

Before creating the 10 modul e the programmer analyst needed to gather information
regarding the functional use of this 10 module. This was done via a question and answer
session that included the following types of questions:

1. What isthe requirement? Answer: Retrieve the employee last name from the
employee table.

2. Where will this be done? Answer: mainly interactive environments

3. How often will this be done? Answer: as often as needed.

Based on the answers to the above questions the programmer analyst came up with the
following plan to implement the new O module:



1. Find an existing DDS logical file keyed on employee number that contains the
employee last name as part of the format

2. If an existing keyed logical file does not exist then create a new one.

3. Code and compile

4. Test the program (multiple executions).

The following isthe DDS of the EMPLOY EE keyed logical file that the programmer
analyst decided to use for this 10 module:

A**************************************************

A* Entity: EMPLOYEE
A* Purpose: “Surrogate Logical file for fornmat sharing. This was

A* the original physical file prior to conversion
A*******~k***~k~k***~k**~k******************************

A R EMPLOYEER PFI LE( EMP_TABLE)
A*

A EMPNO 6

A FI RSTNVE 12

A MDINT 1

A LASTNAMVE 15

A WWORKDEPT 3

A PHONENO 4

A HI REDATE 8S 0

A JOB 8

A EDLEVEL 4S 0

A SEX 1A

A Bl RTHDATE 8P 0

A SALARY 9P 2

A BONUS 9P 2

A Cow 9P 2

A*

A K EMPNO

Notice that the above keyed logical isa“surrogate” file that was converted as part of the
DDSto DDL conversion methodology discussed in my previous article. | refer to thisas
aStage 1 DDSLF.

The following is a code snippet of the source program coded to access the keyed logical
file and return the employee last name.




DB2RE_RLA1 RPG RLA Exanpl e code sni ppet

FEMPLOYEE | F E K DI SK Use this keyed logical file
DEnpl oyee_Nor S LI KE( EMPNO)
DEnp_Last _Nane S LI KE( LASTNANME)
C *entry Pli st
C Par m Enpl oyee_ Nbor
C Par m Enp_Last _Nane
| FREE
Chai n Enpl oyee Nor EMPLOYEE; Random keyed read occurs here
| F %-OUND;
/1 Record found code follows here\
ELSE;
/1 Record not found code follows here
ENDI F;
*INLR = *ON;
Ret ur n;

During the compilation of the above program the Record Format Level Identifier of the
EMPLOYEE keyed logical fileisrecorded as part of the program object. During program
activation the format ID within the program is compared to the format 1D of the database
object. If they are different the program will fail with a"level check” error. The program
must then be recompiled or, heaven forbid, an override must be issued to ignore level
check errors.

Y ou can view the Format Level Identifier within the program by using the DSPPGMREF
command. The following is an example of doing this viathe i Series Navigator Run SQL
Script window (note: the DSPPGM REF command is included in the list of examples.
Simply click on the down arrow, scroll through the examples until you find the
DSPPGMREF command, highlight it and then insert it into the script window):

File Edit “iew Run “isualBExplain Monitor Options Connection Help

s & 2BRER ZFPFDO O vy @

Examples |SELECT*FROM gtemp.dsppg.. = Insert

CL: DSPPGMREF PGM(db2mod/(db2re RLA1)) OUTPUT(*OUTFILE) =~
OBJTYPE(*ALL) OUTFILE(qtemp/dsppgmref);

SELECT WHPNAM, WHFMNAM, WHRFMNM, WHRFSN
FROM gtemp.dsppgmref
WHERE WHOTYP = "*FILE' |

WHP AR W HF AR WWHFF P WHRF S
DEZRE_RLAI EMPLOYEE EmMPLOYEER AF2ZESBER324D




Becausethe DDS LF is at Stage 1 the associated base table EMP_TABLE can be altered,
either by adding new columns or changing existing columns, without the EMPLOY EE
record format ID changing. This meansthat all programs using this DDS LF file do not
need to be recompiled. They will execute without alevel check error.

The programmer analyst tested the program by calling it 3 times with different employee
numbers each time. The program executed successfully and each execution took
approximately 1.8 milliseconds (based on the configuration of the development iSeries
system). This seemed very acceptable and the program was put into production.

The SQL Plan

On the other side of the house, another team of programmers was devel oping new
applications and they aso had a requirement to retrieve the employee name from the
employee table. However this group was devel oping 10 modules that would be used as
external stored procedures (i.e. aHLL program that is called viaan SQL CALL statement
and returns data in the form of result sets or parameters).

The SQL database programmer also created an action plan similar to the one created by
the RLA programmer analyst with some exceptions. The plan looked something like this:

Code and compile the HLL program

Review the SQL access plan

Create an index if advised by DB2

Test the program (multiple executions) reviewing the access plan after each
execution.

pODNPRE

Notice that in the above plan the SQL database programmer is no longer concerned about
locating an existing index (keyed logical file), thisisthe responsibility of the DB2
optimizer. However, the DB2 database programmer does need to review the choices the
optimizer makes and react to any suggestions DB2 may provide (steps 2 and 3).

The following is a code snippet for the RPG program using embedded SQL :

RPG SQ. Exanpl e code sni ppet

DEMPLOYEER E DS EXTNAVE( EMPLOYEE)
DEnpl oyee_Nor S LI KE( EMPNO)
DEnp_Last _Nane S LI KE( LASTNANE)

C *entry Pli st

C Par m Enpl oyee_Nbor
C/ EXEC SQL

C+ SELECT LASTNAME | NTO : EMP_LAST_NAME
C+ FROM EMP_TABLE

C+ WHERE EMPNO = : Enmpl oyee_Nbr

C/ END- EXEC




| FREE
| F SQLCOD = 100 ;
/1 Record found code follows here

ELSE;

/1 Record not found code foll ows here
ENDI F;
*I NLR = *ON;
Ret ur n;

Programs compiled using embedded SQL do not contain record format IDs. During run
time the plan associated with the embedded SQL statement is validated against the
database. If the planis still valid (even though the database may have been atered) the
program will execute. In essence, no level check error occurs.

A DSPPGMREF of a program object which contains embedded SQL will show the
database object referenced in the SQL statement however there is no associated format
ID as shown in the following figure:

File Edit “iew Run VisualExplain Monitor OQptions Connection  Help

BEFE 4+ bRE FPFPIO O el @

Exatmples |SELECT*FROM gtemp.dsppg.. ﬂ Insert

CL: DSPPGMREF PGM(db2mod/(db2re sql1)) OUTPUT(*OUTFILE) = |
OBJTYPE(*ALL) OUTFILE{gqtemp/dsppgmref);

SELECT WHPNAM, WHFNAM, WHRFNM, WHRFSN
FROM gtemp.dsppgmref
HERE WHOTYP = "*FILE' L S

W H P AR W HF PA W HERF WWHRF SN
DEZRE_SaL1 EMP_TAEBLE

When a program containing static embedded SQL (as opposed to dynamic embedded
SQL) is compiled, an incomplete plan is generated and stored with the program object.
The plan is not fully optimized until the first execution of the program. One reason for
doing thisisthat the environment in which a program is compiled may not be the same as
the environment in which the program will be executed (e.g. interactive versus batch).

The iSeries Navigator Explain SQL function (or the Print SQL Information
(PRTSQLINF) i5/0S command) can be used to display the SQL access plan generated
for a program containing embedded SQL statements.

The following is the SQL access plan generated for the RPG SQL program immediately
after compilation:




< Explain SQL for DB2MOD.DB... | |4

i1

SV22551 WaERIMO 040525 Frint SQL infarmation Frogram DEZMODIDBEZR.

Ohject name............... DEZMODYDEBZRE_SaLA

Chiecttype............... P Gl /

CRTSGOLRPGI /
OB TEMP/DEZRE_SCIL1) /

SRCFILE(DEZMODIGRFPGLESRC) /
SRCMBR(DEZRE_SQL1) /
COMMITCHG) /
OFTION{STS "PERIOD) / :
TGTRLSMWSRIMD) / Compiler
ALACPYDTACOPTIMIZE) \ i
CLOSQLCSROENDACTGRP) \ Options
ROBCLOCAL) \
DATE M TR C ) \
DATSEFRPCM \

TIMF M T"HM S \

TIMSEF Y N\

DFTRDECOLHNONE) \

PO F TS O L MO

SOLPKGDEZMOD/DEZRE_SalL1)

ALVWEBLECALLREAD)

DLYPRP T
DvRUSRPRFCLUSERD ]
SRTSEQ{HED / SQL Statement and
LAMGID(E R \ .

RDB ST EED U associated plan
STATEMEMNT TEXT CCSID(27) ~

SOLPATHELIBL)

DECRESULTIZ1 31 ) ~

SELECT LASTHAME IMNTO : HFROM EMFP_TABLE WHERE EMFMO = H

SoLS065 Access plan not found.

***** EMD OF LISTIMNG =~~~

2 |

The Explain panel contains the compiler settings used during the pre-compilation stage of
the RPG program. There are several settings which have a direct impact on performance

and should be reviewed as part of the coding review process. These include

ALWCPYDTA, CLOSQLCSR and ALWBLK. We will discuss the CLOSQLCSR option

in more detail later in this article.

Each SQL statement within the program is then listed along with its associated access
plan. In the above figure a plan does not exist for the SQL statement. The plan will not be
generated until the first execution of the RPG program. The following figure compares

the plans after the first execution of the RPG program:



Generic Plan Optimized Plan

I i

w
DECRESULT(31 N U) | SELECT LASTMNAME INTQ - H FROM EMP_TABLE WHERE EMPNO =1 H
- - SAL4021 Access plan last saved on 08/08/05 a1 09:17:38.
SELECT LASTNAME INTQ ' H FROM EMP_TABLE WHERE EMPNO=H . QL4020 Eslimatad query run fime 15 0 s20ongs,
50L5065 Access plan notfaund, ) 50L402D Query attributes overridden frorm guery options file QAQAINLin librs
iait E N D 0 F |_| ST| N G P S0L4027 Access planwas saved with DBZ UDB Symimetric Multiprocessing
: SQL4008 Index EMP_TO0001 used fortahla 1.
SAL4011 Index scan-key row positioning used on table 1.
SQL4006 Allindexes copsidered for table 1.
***** DOFLISTING *****

Data Access
Method

Theright side of the above figure now contains the optimized plan for the SQL statement
embedded within the RPG program. Information about the plan is stored as text messages
which explain the environment the program was executed in (e.g. DB2 SMPis active,
QAQQINI fileisbeing used, etc.) and the data access methods used to produce the result
Set.

Based on the optimized explain we can see that DB2 reviewed all appropriate indexes for
physical file EMP_TABLE (message SQL4006), chose an index with a system name of
EMP_T00001 (message SQL4008) and will use that index to perform key row
positioning (a.k.aindex probe) to access the database.

The database programmer tested the Time
SQL RPG program by executing it 3 Milieconds
times and noticed that the third
execution was faster than thefirst 2
executions. The SQL programmer
called is RPG buddy and asked to
compare results of both their tests. This
isdisplayed in the chart on theright. In
essence the RPG RLA program was
consistently executing under 2 ms. The o
first execution of the RPG SQL
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program was nearly 10 times the cost of ot call 2nd cal Srd cal
the RPG RLA. However. the third = sqL 16816305 12100023 859893
execution of the RPG SQL program B RPG 1835011 1911645 1884581

was less than half the time of the RPG
RLA program (.8 msversus 1.8 ms). Both programs are using the Last Record (*INLR)
indicator. What is going on? The answer is reusable ODP.

The Open Data Path (ODP)

The Open Data Path or ODP is atemporary object that contains point in time information
about the file being accessed on behalf of your HLL or SQL request. Thisinformation



changes as the ODP is being used. Every job (or session) hasits own set of ODPs. The
major expense is incurred when the ODP is created, not when it is updated.

Contrary to popular belief, there is run time overhead whenever a program is called.
Every program must be activated and storage allocated, existing access methods must be
validated against the database (thisis done for both RLA and SQL) and finally the ODP
must be created. If a program is non-reentrant (e.g. *INLR isturned on prior to returning
from an RPG program) then it is deactivated when it returns to the calling program.
Program deactivation results in the deletion of any ODP created for that program and the
subsequent release of internal storage. The next time the program is called this processis
repeated. Thisis an extremely inefficient use of system resources and can result in longer
run times and reductions in overall system throughpui.

Y ou may have noticed in the above program examples that the (*INLR) is being turned
on prior to returning from this program. The programming staff at ABC Corporation has
made a conscious decision to use *INLR even though they have been told about the
performance overhead. In essence, these programmers have found that if they execute an
Override Database File (OVRDBF) command to switch from one library or database
member to another, they need to ensure that the fileis closed, otherwise the ODP remains
connected to the previous file or member. The use of the *INLR indictor ensures thefile
will be closed. In addition, the programmer doesn’t have to worry about repositioning file
cursors or re-initializing program variables.

The normal behavior for SQL (whether it is embedded static, embedded dynamic,
dynamic or extended dynamic) isto attempt to reuse an existing ODP after the second
execution of the same SQL statement within the same job. Once an ODP becomes
reusabl e the plan associated with the SQL statement is no longer validated as part of
program execution. Thisis desirable within most high volume transaction processing
environments.

The box on the right containsajoblog [ First Execution

snippet taken during the testing of the
RPG SQL program running in debug
mode. Informational message

SQL 7912 is sent when a“full open”
occurs, that is, when an ODPis
created from scratch. Informational

SQL7912 Message
SQL7913 Message
= Second Execution
SQL7912 Message
SQL7914 Message
= Third Execution
SQL7911 Message

. ODP created.
: ODP deleted.

. ODP created.
: ODP not deleted.

. ODP reused.

SQL7914 Message....: ODP not deleted.

message SQL 7913 is sent when the
ODPisdeleted, ak.a“hard close”.
Information message SQL 7914 is sent when the ODP is not deleted. The next execution
of the program results in ODP reuse (message SQL 7911).

This behavior can be circumvented. Thisiswhat happened at ABC Corporation. The
SQL database programmer compiled the SQL 10 module with the Close SQL Cursor
(CLOSQLCSR) pre-compiler setting set to *ENDMOD. This caused the ODP to be
deleted when control was returned to the calling program. The programmer was



concerned about the ODP not being recreated when alibrary list was changed or an

OVRDBF command was issued and the ODP was already attached to afile and member

(similar to the problem the RLA programmers had to contend with).

SQL does recogni ze these types of environmental changes after going into ODP reuse

mode. The joblog snippet on

the i ght ShOWS the OoDP ) Fg(SQth;fg Utll\c/)lr;ssage . ODP created

being (_jel eted on the next SQL7913 Message. ...: ODP deleted.

execution after a = Second Execution

CHGCURLIB i5/0S SQL7912 Message ....: ODP created.

command was issued. In this SQL7914 Message . ...: ODP not deleted.
) = Third Execution

case, the program has been SQL7911 Message....: ODP reused.

running and prior to the nth
execution the library list was
changed. DB2 recognizes
that and del etes the existing

SQL7914 Message

CPC2198 Message
= Nth execution
SQL7918 Message

: ODP not deleted.
: Current library changed to DB2MOD.

. Reusable ODP deleted. Reason code 5.

SQL7912 Message....: ODP created.

ODP (message SQL 7918).
The second level text of the
message contains text describing the reason for the deletion (code 5).

In this case DB2 found multiple instances of EMP_TABLE in multiple libraries
(schemas) thus forcing the ODP deletion. This on demand implementation of ODP
deletion isfar less expensive then deleting the ODP after each use, especially if the
library list never changes, or an OVRDBF is never issued, within every job using this
program.

Once the programming staff understood these differences between SQL and RLA they
simply recompiled the RPG SQL program, taking the recommended default of
*ENDACTGRP for the CLOSQLCSR option. The result was a huge performance benefit
measured in terms of decreased batch run times (as shown in the prior graphs).

Considerations

Although the reuse of ODPs may result in aneed for additional memory, the non-reuse of
ODPs s characterized by a high number of non-database faults. Many customers have
thrown memory at this problem; however the fault rates never seem to diminish. Once the
applications are changed the amount of existing memory tends to be sufficient.

Unlike RLA, there is no sharing of ODPs between SQL statements. Should program A
and program B both contain the same SQL statement and both programs are called within
the same job then each program will have a separate ODP. This form of duplicate ODPs
can be resolved by isolating SQL statements into 1O modules called, or shared, by both
programs.

Since SQL does not share ODPs then there is no benefit to pre-opening files with the
Open Database File (OPNDBF) command.



The normal behavior of SQL to reuse ODPs after second execution can be altered to first
execution by creating a data area named QSQPSCLSL in alibrary of your choice. DB2
checks for this data areawithin ajob’slibrary list at the beginning of each job. If found
then all ODPs that are candidates for reuse will not be deleted after first execution. The
data area contents, type, and length do not matter. The first transaction processed will pay
the full open price, subsequent transactions will benefit by using the existing ODP.

Overriding members results in access plan revalidation and, possibly, the deletion and
recreation of ODPs. There is no performance benefit by physically sub setting data on the
iSeries/i5 platform via member support. In fact, you cannot create an SQL index or view
over amember other than the first member within a physical file. Now isthe time to
consider redesigning databases with multiple members to a single database table.

Changing library lists results in access plan revalidation and, possibly, the deletion and
recreation of ODPs for unqualified SQL statements running under system naming
(library/file) versus SQL naming (schema.table). Revisit the business requirement for
using this type of technique for isolating databases. Many organizations have separate
development systems for compiling and testing, eliminating the need to change library
lists. If data needs to be separated for security reasons (i.e. Company A data versus
Company B data) then consider the use of Independent ASP (1ASP) support. With this
feature, multiple databases can exist on asingle iSeried/i5 system with identical schema
(library) names.

Separating 1O into independent modules and deploying these modules across all
databases can minimize the impact of access plan validation especialy if qualificationis
used (specifying the schema and table). Today, each qualified SQL statement that is
optimized by the new SQE engine can have up to 3 plans stored in the SQE plan cache.

Summary

For over 20 years the impact on system performance of repeated full opens and hard
closes has aways appeared as one of the top application related performance issues,
sharing the spotlight with excessive random keyed access and inefficient blocking
techniques. In many cases, the cost of repairing a poor performing program is more
expensive (in terms of programming dollars) then ssmply upgrading the system.

SQL, out of the box, addresses these most common application related performance
issues. In my previous article we learned that the more efficient SQL created access paths
can be shared by DDS keyed logical files, thus reducing keyed access costs. In this article
we see that SQL automatically attempts to reuse Open Data Paths thus reducing the high
cost of file open and close operations.

We have yet to discuss the implicit blocking used by SQL, thus eliminating the need for
programmers to manually calculate the n value of the SEQONLY (* Y ES n) parameter
used in the OVRDBF command. Nor have we touched on SQL only performance
enhancements such as Index Only Access, extended fetch (FETCH FOR n ROWS),
blocked insert (INSERT INTO Table n ROWS), fast DELETE support, sharing result sets



across jobs, advanced join capabilities, Look ahead Predicate Generation (LPG),
Materialized Query Tables (MQTSs), etc. and the list goes on.

In summary consider the following:

1. Cost of optimizing an access plan on first execution: 17ms versus 1.8msin a non-
SQL program.

2. Cost of reusing an ODP: Less than Imsversus 1.8msin anon-reentrant RLA
program.

3. Cost of not having to pay IBM for CPU on demand everytime the workload
approaches 100% due to excessive file open and close activity or not having to
come in on Sundays to recompile al my programs because of format ID changes:
Priceless



