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DB2 for z/OS Native SQL Procedures are quick and easy to develop, test, and debug. Native
SQLPL procedures have proven to be an invaluable tool fotienidlevelopers with minimal

z/OS experience. They perform well and with a little forethought are easy to Deploy across
environments. This presentation takes a look at DB2 9 & 10 for z/OS Native SQL Procedures
development Lifecycle and our user clientele experiences in implementing Native SQLPL
Procedures. We will discuss SQLPLSs strengths and limitations, best practices, and interfacing
with existing change management tools.

Disclaimer: This information could include technical inaccuracies or typographical errors.
Changes are periodically made to the information herein; these changes will be incorporated in
new editions of the publication. IBM may make improvements and/or changes in the product(s)
and/or the program(s) described in this publication at any time without notice.

This document contains references to several IBM products and names which are the property of
IBM, Inc.

All registered trademarks, trademarks, and service marks are the property of their respective
companies
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What are Stored Procedures

e User-written SQL modules stored at a DB2 Server

» Can be invoked by Client Applications
— Local client applications
— Remote DRDA client applications
— Remote private protocol client applications

» Client can pass parameters to the stored procedure
and receive parameters and/or result sets from the
stored procedure

2 ThemiSi.

Stored procedures are usaitten modules that are stored at the database server and can be
invoked by client applications using SQL statements. Stored procedures are predefined processe
that execute the DB2 server side of applications. They can be called locally, on the same system
where the application runs, or remotely from a different system. The SQL CALL statement is use
to invoke a stored procedure. A stored procedure can send and/or receive parameters from the
calling program.

The main goal of the stored procedure is the reduction of network message flow between the
requester (the application) and the data server (DB2) in a distributed environment. Another usag
of stored procedures is to have functions callable from any application on any platform.

Your programming productivity can be improved using stored procedures when you develop
client/server applications. Stored procedures are the easiest way to perform a remote call and to
distribute the logic of an application program.

© 2011 Themis, Inc. All rights reserved. 3



Why use Stored Procedures?

Client Server
NETWORK
EXEC SQL ... Perform SQL ...
EXECSQL ... Pertorm SQL ...
EXEC SQL FETCH Perform SQL FETCH
100 times : 100 times :
EXECSQL ... Pertorm SQL ...

Presentation Logic

, ; Yata Manag
+ Business Logic Data Management
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In previous releases of DRDA, the client system performed all application logic. The server was
responsible only for SQL processing on behalf of the client. In such an environment, all database
accesses must go across the network, resulting in poor performance in some cases.

Because the application logic runs only on the client workstations, additional network
input/output (I/0O) operations are required for most SQL requests. These additional operations ca
result in poor performance. This approach also requires the client program to have detailed
knowledge of the server¢ s database design. Thus, every change in the database design at the
server requires a corresponding change in all client programs accessing the database. Also,
because the programs run at the client workstations, it is often complicated to manage and
maintain the copies there.
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Why use Stored Procedures?

Client Server

EXEC SQL CALL... | NETWORK EXEC SQL ...

EXEC SQL ...

EXEC SQL FETCH
100 times :

EXEC SQL ...
Process ... GOBACK

Business Logic
+ Data Management
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Presentation Logic

Stored procedures enable you to encapsul ate
program that is stored at the DB2 server. The client can invoke the stored procedure by using on
one SQL statement, thus reducing the network traffic to a single send and receive operation for &
series of SQL statements. It is also easier to manage and maintain programs that run at the serv
than it is to manage and maintain many copies at the client machines.
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When?

» Reduce Network Traffic
« Maintain a single copy of Business Logic
» Ease of Maintenance

» Prevent Client from manipulating contents of
sensitive server data

» Access features only available at the server
» Exploit computing power of the server

» Access server resources

2 ThemiSi.

Stored procedures enable you to split the application logic between the client and the server. Yol
can use this technique to prevent the client application from manipulating the contents of sensitiv
server data. You can also use it to encapsulate business logic into programs at the server.

The stored procedure can issue static or dynamic SQL statements. Data definition language
(DDL), most data manipulation language (DML), and data control language (DCL) statements
can be coded in a stored procedure.

Stored procedures also enable access to features that exist only on the database server. These
features include commands that run only on the server, software installed only on the server that
can be accessed by the stored procedure, and the computing resources of the server, such as
memory and disk space.

Because stored procedures are defined in DRDA, they also take advantage of DRDA features,
such as data transformation between platforms, database security and accounting;paaddwo
commit support.
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Types of Stored Procedures

» External » Native

COBOL
C, C++
PL/
Assembler
REXX

Java
SQL PL

« SQLPL

New in DB2 9
for z/OS

2 ThemiSi
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External Stored Procedures

z/0S

ssidDIST

DB2

CONNECT TO ssid

CALL SPI (vallval2, ...y | | TCP/IP
Interface
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Native Stored Procedures

z/0S

ssidDIST ssidDBM1

—-— ! i
m——

T
i)—

|
—
=T el

CONNECT TO ssid DB2

CALL SP1 (vallval2, ...) | | TCPAP
Interface
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Coding a SQL PL Procedure

» An SQL procedure consists of:
» CREATE PROCEDURE header
» BEGIN statement
» Body (SQL procedural statements and / or
DB2 SQL statements)
» END statement

* Comments within an SQL procedure:
» -- for a single line comment

» /* to start */ end multiple-lines comments

« Statements end with semicolon

2 ThemiSi
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VERSION V1

CREATE PROCEDURE SPA80 |(IN p DNO CHAR(3)

Parameters ,OUT p SUMSAL DECIMAL(11,2)

A SQL PL Header

,OUT p CNT SMALLINT

,OUT p SQLCODE INTEGER )

*  Parameters

*  Versioning

*  Procedure Name
* 128 byte max length
*  Unique within Schema / Collection
*  Schema / Collection ID will be supplied when create is deployed

* 128 byte max length

*  Can be IN bound, OUT bound or INOUT (both directions)
*  Used to pass data between procedure and caller

*  Cannot specity a detault value

* 64 EBCDIC bytes max length
* Ifusing versioning do not use the default V1 naming convention

2 ThemiSi
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LANGUAGE SQL

-— COMMON BIND OPTIONS
CALLED ON NULL INPUT
RESULT SETS O
QUALIFIER THEMIS1
PACKAGE OWNER DBTHM40
ASUTIME LIMIT 500000
COMMIT ON RETURN NO
CURRENT DATA NO
DEGREE ANY
WITHOUT EXPLAIN
ISOLATION LEVEL CS
VALIDATE BIND

A SQL PL Header

-~

2 ThemiSinc

~— Bind Options

© 2011 Themis, Inc. All rights reserved.
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A SQL PL Body

Pl: BEGIN
SET p CNT = O;
SET p_SUMSAL = 0; Assign Values
SET p SQLCODE = O;
SELECT COUNT (*), SUM (SALARY)
INTO p CNT, p SUMSAL
FROM EMP;
END P1

Clear your

outbound
parms

2 ThemiSi
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SQL Procedure Statements

« DECLARE Statement

* Assignment Statement

« CALL, GOTO, LEAVE, RETURN

« IF, CASE, WHILE, LOOP, REPEAT, ITERATE, FOR
« Compound statement

« GET DIAGNOSTICS statement

« SIGNAL, RESIGNAL statements

« SQL Statements

* Note: Sucessful Execution of any SQL statement will
set
SQLCODE variable value to 0 and
SQLSTATE variable value to ‘00000’

2 ThemiSi
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Sample Stored Procedure

CREATE PROCEDURE SPA8S0 (OUT p CNT1 SMALLINT
,OUT p SUMSAL DECIMAL(11,2)
,OUT p SQLCODE INTEGER
)

VERSION V1
ISOCLATION LEVEL CS VALIDATE BIND
PACKAGE OWNER DBTHME80 QUALIFIER THEMIS1
RESULT SETS 0 LANGUAGE SQL

P1: BEGIN

DECLARE SQLCODE INTEGER DEFAULT O;

SELECT COUNT (*) , SUM(SALARY)

INTO p CNT1l, p SUMSAL
FROM EMP;

SET p_SQLCODE = SQLCODE;
END P1

2 ThemiSi
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Returning Result Sets

CREATE PROCEDURE SPB80 (OUT p SQLCODE INTEGER)

VERSION V1
ISOLATION LEVEL CS VALIDATE BIND
PACKAGE OWNER DBTHME80 QUALIFIER THEMIS1
RESULT SETs 1 LANGUAGE SQL

P1l: BEGIN

DECLARE SQLCODE INTEGER DEFAULT O;

DECLARE CURSOR1 CURSOR WITH RETURN FOR

SELECT EMPNO, LASTNAME, MIDINIT, FIRSTNME,
SALARY, DEPTNO
FROM EMP
ORDER BY DEPTNO, EMPNO;

OPEN CURSORI;
SET p SQLCODE = SQLCODE;
END P1

2 ThemiSi
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Common Diagnostics Information

CREATE PROCEDURE SPXNER ( IN DEPTIN CHAR(3)
LOUT LINE NUM INTEGER
LOUT REASON CODE INTEGER
LOUT SQLCODE_OUT INTEGER
LOUTROW NUM DECIMAL(31.0)
LOUT MSG_OUT VARCHAR(132))

DECLARE EXIT HANDLER FOR SQLEXCEPTION

BEGIN

GET DIAGNOSTICS CONDITION 1
LINE NUM =DB2 LINE NUMBER.
REASON CODE = DB2 REASON CODE,
SQLCODE OUT=DB2 RETURNED SQLCODE,
ROW NUM =DB2 ROW NUMBER.
MSG OUT  =MESSAGE TEXT:

END: .

2Themisi.

DECLARE EXIT HANDLER FOR SQLEXCEPTION

BEGIN

GET DIAGNOSTICS CONDITION 1

LINE_NUM = DB2_LINE_NUMBER,
REASON_CODE = DB2_REASON_CODE,
SQLCODE_OUT = DB2_RETURNED_SQLCODE,
ROW_NUM =DB2_ROW_NUMBER,
MSG_OUT = MESSAGE_TEXT;

CALL DB1029CL.SPXNER5

(PNAME,LINE_NUM, REASON_CODE, SQLCODE_OUT,
ROW_NUM, MSG_OUT,L_SUCCESS);

SET L_SUCCESS = SQLCODE;
END;

© 2011 Themis, Inc. All rights reserved.
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CREATE PROCEDURE SPXNLC] ( IN QID CHAR(1)

VERSION V1

ISOLATION LEVEL CS
QUALIFIER DB1029TB

RESULT SETS 1

LANGUAGE SQL

PM: BEGIN

DECLARE SQLCODE INTEGER DEFAULT 0:
SET RETCODE = 0.

IF QID ='R' THEN GOTO P2:
ELSEIF QID ='E' THEN GOTO P3:
ELSEIF QID ='D' THEN GOTO P4
ELSE GOTO PEXIT:

END IF:

Example with Logic

OUT RETCODE INTEGER)

2 ThemiSi
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P2: BEGIN
DECLARE cursorl CURSOR WITH
RETURN FOR

SELECT SCHEMA, NAME FROM
SYSIBM.SYSROUTINES:

OPEN cursorl;
GOTO PEXIT:
END P2:

P3: BEGIN

DECLARE cursor2 CURSOR WITH
RETURN FOR

SELECT LASTNAME., SALARY

P4: BEGIN
DECLARE cursor3 CURSOR WITH
RETURN FOR

SELECT ADMRDEPT. DEPTNAME,

LOCATION, EMPNO. DEPTNO
FROM DEPT:
OPEN cursor3;
GOTO PEXIT:
END P4

PEXIT: BEGIN
SET RETCODE = SQLCODE:
END PEXIT:

FROM EMP:
OPEN cursor2: END PM
GOTO PEXIT:
END P3: AN .
2 Themisin
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Example #2
IF QID = 'R' THEN
BEGIN
DECLARE cursorl CURSOR WITH RETURN FOR

OPEN cursorl;
END;
ELSEIF QID ='E' THEN
BEGIN
DECLARE cursor2 CURSOR WITH RETURN FOR
SELECT LASTNAME, SALARY
FROM EMP:
OPEN cursor2:
END;
ELSEIF QID ='D' THEN

-~

SELECT SCHEMA, NAME FROM SYSIBM.SYSROUTINES:

ELSE GOTO PEXIT: ?) Themis inc.

© 2011 Themis, Inc. All rights reserved.
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Example #3

P3: BEGIN
DECLARE cursor2 CURSOR WITH RETURN FOR
SELECT LASTNAME, SALARY
FROM EMP;
DECLARE EXIT HANDLER FOR SQLEXCEPTION
BEGIN
GET DIAGNOSTICS CONDITION 1 MSG_OUT = MESSAGE_TEXT;
SET RETCODE =SQLCODE;
END;

OPEN cursor2:
GOTO PEXIT;
END P3:

2 ThemiSi

© 2011 Themis, Inc. All rights reserved.

21



Development Life Cycle

CREATE PROCEDURE
— Data Studio
— SPUFI, DSNTEP2, etc.

ALTER ADD/REPLACE/ACTIVATE VERSION
BIND PACKAGE ~ DEPLOY
REBIND package vs. REGENERATE procedure

-~

2 ThemiSi

Native SQL procedures have been designed with the view of the application development
lifecycle in mind. You can create a version of an SQL procedure, debug it, replace it or add a new
version of the procedure, and finally deploy it into production. DB2 manages the various aspects
of the application development lifecycle in a consistent and integrated manner providing
enhanced security, including the source code for the native SQL procedures. Also native SQL
procedures offer application and tools support like SPUFI, DSNTEP2 on the server side, and the
Data Studio on the client side. Therefore, there are no load modules that need teetgdahk

and there are no WLM address spaces that need to be refreshed.

© 2011 Themis, Inc. All rights reserved. 22



Using SPUFI

» Set SPUFI preferences:
--#SET SQLFORMAT SQLPL
-#SET TERMINATOR @

e Set the Schema/Collection ID
SET CURRENT SCHEMA = ‘DB1029CL‘@

» Code your Create statement
CREATE PROCEDURE

~

P1: BEGIN

~

ENDP1@
2 ThemiSi
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Using DSNTEP2

//SYSTSIN DD *

DSN SYSTEM(D91A)

RUN PROGRAM(DSNTEP2) PLAN(DSNTEP91) +
LIB(DSN910.RUNLIB.LOAD') +
PARMS('/SQLFORMAT(SQLPL),SQLTERM(@)")
END

/)%

//SYSIN DD *

CREATE PROCEDURE

2 ThemiSi

DSNTEP2 commonly used to interface with change management tools
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— Templates

Deploy

Debug

Create Procedure
— Wizard with user defined fragments

— Drag & Drop

— Open data source with Routine Editor -
— Copy / Paste

— Import/ Export

Run / Test (project view or source)

M Data Studio®

2 ThemiSi
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Define a Native SQL Procedure

CREATE PROCEDURE /////”ﬁg’f‘%ﬁax‘\\\
DBTHM SP3N DB2 CATALOG

PACKAGE OWNER w
ownerid SYSROUTINES
VERSION SP3N VRI SYSROUTINESTEXT
- SYSPARMS
QUALIFIER THEMIS90 sysoackin
~ DB2 DIRECTORY SYSPACKSTME
o SYSPACKDEP
SPTOI ~ SPT W
SPIN
~— pe .
2 Themisiu..

With V9 new function mode, when you create a native SQL procedure, its procedural statements
are converted to a native representation that is stored in the DB2 catalog and directory, as it is
done with other SQL statements. The parameter list and procedure options are stored in the
database catalog tables as in the prior releases. When you CALL a native SQL procedure, DB2
loads the native representation from the directory and the DB2 engine executes the procedure.

© 2011 Themis, Inc. All rights reserved. 26



Considerations for Native SPs

* Procedural code and data access SQL are bound
into the same package
« Larger packages mean:
» More EDM Pool (memory) consumed
» Larger SPTOI (disk) in the directory
» Text of Create stored in SYSROUTINETEXT

~ DB2CATALOG DBMI

|
| —————— | _DB2DIRECTORY

SYSROUTINETEXT EDM pool
SPTO1  SPT

SPIN
—

p//

From a performance point of view, converting your current critical SQL procedures to the new
format may take advantage of the native execution in DB2 reducing the usage of the WLM storec
procedure address spaces and increasing throughput.

The TEXT column of the SYSIBM.SYSROUTINES table points to the auxiliary table
SYSIBM.SYSROUTINESTEXT. This is required to hold the large object (LOB) data. The data
held in auxiliary table SYSIBM.SYSROUTINESTEXT is the character large object (CLOB) data
that is the source text of the CREATE or ALTER statement with the body for the routine. Define
the size of the SYSIBM.SYSROUTINESTEXT auxiliary table so that it is large enough to contain
the native SQL procedures in your environment.

The expanded size of native SQL procedures will impact your EDM pool, Catalog and the SPTO
space in your Directory. Review and size accordingly.

In DB2 V9, almost all of DDF runs in 6dit mode and now uses abetNe-bar storage in the
z/OS Shared Memory Facility. DDF has moved almost all of the control blocks from ECSA into
shared memory, freeing this systembs resour

© 2011 Themis, Inc. All rights reserved. 27



DB2 9 Directory

DENT3I60T —OA *kkkkkkkhkhhkhhkhkhhkhhhhkkhkhhkkhkknk*
DSNT361I -9A * DISPLAY DATABASE SUMMARY

* GLOBAL
DENT3I60T —OA **kkkkkkkhkhhkhhkhkhhkhhhhhhkhhkkhkhkxk
DSNT362I -9A DATABASE = DSNDBO1l STATUS = RW

DBD LENGTH = 14200

DSNT397I -9A
NAME TYPE PART STATUS PHYERRLO PHYERRHI CATA
DBDO1 TS RW
SPTO1 TS RW
SCTO0Z2 TS RW
SYSUTILX TS RW
SYSLGRNX TS RW
DSNSCTO0Z2 TIX RW
DSNSPTO1 TIX RW
DSNSPTO0Z IX RW
DSNLUX01 TIX RW
DSNLUX02 TIX RW
DSNLLX01 IX RW
DSNLLX02 TIX RW
FkKkokokxkx DISPLAY OF DATABASE DSNDBO1 ENDED KK ok ok ok Kok ok ok
DSN9022T -9A DSNTDDIS 'DISPLAY DATABASE' NORMAL COMPLETION

*k Kk

2Themisi.
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DB2 10 Directory

DENT3E0T —RA *kkkkkkkhkkhkhhhhkkhhhkhkhkhkkkkkkk*
DSNT361TI -AA * DISPLAY DATABASE SUMMARY

* GLOBAL
DENT3E0T —RA *kkkkkkkhkkhkhhhhkkhhhkhkhkhkkkkkkk*
DSNT362I -AA DATABASE = DSNDBO1l STATUS = RW

DBD LENGTH = 108200
DSNT3971 —-AA

NAME TYPE PART STATUS PHYERRLO PHYERRHI CATALOG PIECE
DBRDO1 TS 0001 EW

g??gi gg 0001 Eﬁ DSNSPT02 TX RW

e w T oo

ggggilLX g: Eﬁ DSNLLX01 IX RW

N r o [mboe

e wman o

g:i:i?i? ?; Eﬁ DSNDBO1X IX L0001 RW

D1 1 LOOOL R EETE?SiXDizPLAY OF Di?ABASE DSNDBO1 ENDED
DSNSPTO1 IX RW

DSNSPTO0Z2 IX LO001 RwW

2 ThemiSi

Relieve 64GB limit for SPTO1; PBG tablespace and added LOB column & allow compression
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DB29

DBMI Storage Relief

DB2 10

Skeleton Pool

Skeleton Pool

Global Stmt Pool

Global Stmt Pool
Working memory

DBD Pool DBD Pool
S0 el EDM Pool
2g
EDMPOOL
_ EDMPOOL
Working memory Working memory

2 ThemiSi

DB2 9 for zZ/OS now places portions of the bound/prepared DML statements (SQL statement text
SQLDA for DESCRIBE output, part of the native SQL PL package, and some other areas) into
storage above the 2 GB bar. This should provide further virtual storage constraint relief below the
bar. The infrastructure is now in place to move other runtime structures above the bar in the

future.

In DB2 9 for z/OS the EDMPOOL plan and package skeletons (SKCT/SKPT) are now above the
2 GB bar. Also, static SQL sections (CT/PT) are split between above and below the 2 GB bar.
Some storage acquired for distributed applications and some storage acquired for dynamic SQL
statement execution also moved above the 2 GB bar (the Parse Trees and portion of Run Time
blocks moved above the 2 GB bar). The goal is to reduce virtual storage requirements below the

GB bar by 10 to 15% for both static SQL and dynamic SQL.

DB2 10 DBM1 address space usesi 3D% less virtual storage below the 2 GB bar.

© 2011 Themis, Inc. All rights reserved.
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DB2 10 Performance Enhancements

 Execution

— D91A:
DB1029CL.SP4EQ0 - Execution Time =>4 s: 41 ms

— DAIA:
DB1029CL.SP4E00 - Execution Time => 1 s: 279 ms
» Package Size

— D91A:
DB1029CL SP5N00 PKSIZE=5208 AVGSIZE=16220

— DAIA:
DB1029CL SP5NOO PKSIZE=5192 AVGSIZE=17748

2 ThemiSi

Efficiency enhancements with commonly used functions.
Improved code generation.
REGENERATE to take advantage of the improvements.
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DB2 9 for z/OS is able to maintain multiple versions of native SQL procedures in the DB2 catalog
without having to vary the schema or collection ID.

VERSION routine-versionid

Specifies the version identifier for the first version of the procedure that is to be generated. V1 is
the default version identifier. However, if you are going to implement versioning do not take the
default.

Thelocationis set to the value of theURRENT SERVEBpecial register.

Thecollectiontid (schemajor the package is the same as the schema qualifier of the procedure.
This may cause you problems with your existing naming conventions if Schema and Cellection
ids are not the same

Thepackageid is the same as the specific name of the procedure.

If you want to change theollectionid for the name of the package, you need to make a copy of
the package.
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