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Overview
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Meet our persona

Deb, New z/0OS Developer

— Code, debug, and tune application programs
(written in Java, COBOL, PL1, etc.) that access
Db2 for z/OS via SOL

— Code, run, and tune SQL statements

— Code, deploy, and debug Db2 for z/OS
stored procedures
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Pain points

Deb, New z/0OS Developer
— Requires Z domain specific skills to get started

— Needs to interact with different tools on
different platforms

— Reduced productivity
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https://www.freepik.com/free-vector/anxiety-concept-illustration_21118463.htm

Db2 Developer Extension

An extension for Visual Studio Code that provides
language support for developing Db2 for z/OS SQL

applications. m
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Why VS Code?

— Lightweight
— Rich git integration

— Integrated terminal support

Board language support
— Extensive and active extension support

— Z support with other extensions (Z Open Editor,
Zowe Explorer)

— Extensions deployable to other platforms (Eclipse
Theia, RedHat CodeReady Workspaces, etc.)
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Why VS Code?

Stack Overflow Developer Survey 2019

m IDE used
Visual Studio Code
Visual Studio
Notepad++ 30.50%
Intellid 25.40%

Vim 25.40%
Sublime Text 23.40%
Android Studio 16.90%
Eclipse 14.40%

PyCharm 13.40%

Atom 13.30%

Data from Stack Overflow Developer Survey 2019

Transforming Db2 for z/OS Application Development Experience / November 18, 2022 / © 2022 IBM Corporation

Stack Overflow Developer Survey 2022

Visual Studio Code
Visual Studio
Intellid
Notepad++

Vim

Android Studio
PyCharm

Sublime Text
Eclipse

IPython/Jupyter

m IDE used

74.48%
32.15%
27.97%
27.71%
23.34%
19.80%

17.24%
16.59%

12.57%

11.61%

Data from Stack Overflow Developer Survey 2022



https://insights.stackoverflow.com/survey/2019
https://survey.stackoverflow.co/2022/%20-%20section-most-popular-technologies-integrated-development-environment

Installation
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How to install

1. Installand open VS Code

ibm z

IBM Z Open Editor ®62K k5

2. Switch to the Extensions view (2 Provdes COBOL, P, HLASM,an.

IBM Install
IBM Db2 for z/OS Dev... 7K % 4

3 ) S ea rC h -|:O r 1 I b m Z 1l Urg‘ Prolxéisles support for developil:gs;ll.l,l.

4.  Click the "Install" button for
"IBM Db2 for /OS o goccran
Developer Extension” Tia M Gl assout seeomion:

IBM Install
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= Extension: IBM Db2 for z/OS Developer Extension X

IBM Db2 for z/OS Developer Extension vi.4.0
I IBM | @ 7287 | %k kk*(3)
l D Provides support for developing IBM Db2 for z/OS SQL applications.

Install  $5%
Details Feature Contributions Changelog

IBM Db2 for z/OS Developer Extension

IBM® Db2® for z/OS® Developer Extension (Db2 Developer Extension) is an extension for Visual Studio Code that provides

language support for developing Db2 for z/OS SQL applications. Complete documentation is contained in our




Features — SQL language support
« Syntax highlighting

 Syntax checking

- Code completion

- Signature help

« Format SQL statements
— Run SOL statements
— Deploy, run, and debug native stored procedures
— Tune SOL

- Visual Explain

- Statistics Advisor

« Capture Query Environment
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Syntax highlighting
and syntax checking

— Improves readability of SQL statements by
highlighting keywords

— Checks for SQL syntax errors and provides hints to
resolve errors
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demo.sql 2 X

demo > = demo.sql
1 CREATE PROCEDURE RETURNDEPTSALARY
(IN DEPTNUMBER CHAR(3),
OUT DEPTSALARY DECIMAL(15,2),
OUT DEPTBONUSCNT INT)
LANGUAGE SQL

READS SQL DATA
P1: BEGIN
DECLARE EMPLOYEE_SALARY DECIMAL(9,2);
DECLARE EMPLOYEE_BONUS DECIMAL(9,2);
DECLRE TOTAL_SALARY DECIMAL(15,2) DEFAULT 0;
DECLARE BONUS_CNT INT DEFAULT 0;
DECLARE END_TABLE INT DEFAULT 0;

DECLARE C1 CURSOR FOR

SELECT SALARY, BONUS FROM EMP
WHERE WORKDEPT = DEPTNUMBER;

DECLARE CONTINUE HANDLER FOR NC
SET END_TABLE = 1;

DECLARE EXIT HANDLER FOR SQ
SET DEPTSALARY = NULL;
OPEN C1;

FETCH C1 ITO EMPLOYEE_SALARY, EMPLOYEE_BONUS;
WHILE END_TABLE = @ DO
SET TOTAL_SALARY = TOTAL_SALARY + EMPLOYEE_SALARY + EMPLOYEE_BONUS;
IF EMPLOYEE_BONUS > @ THEN
SET BONUS_CNT = BONUS_CNT + 1;
END IF;
ETCH C1 INTO EMPLOYEE_SALARY, EMPLOYEE_BONUS;
END WHILE;
CLOSE C1;
SET DEPTSALARY = TOTAL_SALARY;
SET DEPTBONUSCNT = BONUS_CNT;
END P1

PROBLEMS (2 OUTPUT DEBUG CONSOLE .- Filter (e.g. text, **/*ts, I**/node_modules/**)

v demo.sql demo (2

v "DECLARE" expected instead of this input Db2SglService [Ln 10, Col 6]
demo.sql[Ln 10, Col 6]: "DECLARE" expected instead of this input
v "INTO" expected instead of this input Db2SqlService [Ln 21, Col 15]

demo.sql[Ln 21, Col 15]: "INTO" expected instead of this input

Y

=l



demo.sql X

Code completion el om
p % ADMIN_COMMA... (Stored Procedure) ADMIN_COMMAND_DB2(db2-com..
d I t h [ & Ao _comm s
a n S I g n a U re e p %2 ADMIN_COMMAND_UNIX
%4 ADMIN_DS_BROWSE
%3 ADMIN_DS_DELETE
% ADMIN_DS_LIST
%4 ADMIN_DS_RENAME
. . . % ADMIN_DS_SEARCH
— Suggests names for built-in Db2 functions and Gomis wE
Db2-supplied stored procedures s ADHIN_INFO_HOST
— Provides parameter information for built-in Db2
functions and Db2-supplied stored procedures
demo.sql X

demo > demo.sql
1 CALL ADMIN#COMMAND;DSN()‘
ADMIN_COMMAND_DSN (DSN-subcommar A 32704) 1IN,
message: VARCHAR(1331) OUT)

Executes a BIND, REBIND, or FREE DSN subcommand. Returns the output
from the DSN subcommand execution.

@param DSN-subcommand — The DSN subcommand to be executed.

@param messages — Contains messages if an error occurs during stored
procedure execution.
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Format SOL statements

— Easier to parse large blocks of code and
understand the relationship between different
blocks of SOL elements and clauses
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RETURNDEPTSALARY
IN DEPTNUMBER CHAR(3),

OUT DEPTSALARY DECIMAL(15,2),
OUT DEPTBONUSCNT INT)

L

EMPLOYEE_SALARY DECIMAL(9,2);
E EMPLOYEE_BONUS DECIMAL(9,2)

TOTAL_SALARY DECIMAL(15,2) ©
BONUS_CNT INT DEFAULT 0;
END_TABLE INT DEFAULT 0;
c1 R FOR
SALARY, BONUS FROM EMP

HERE WORKDEPT = DEPTNUMB

; CONTINUE HANDLE NOT FOUN

END_TABLE =
DEPTSALAR

C1 INTO EMPLOYEE_SALARY, EMPLOYEE_BONUE
iILE END_TABLE = @ DO
SET TOTAL_SALARY = TOTAL_SALARY
+ EMPLOYEE_SALARY + EMPLOYEE_BONUS;
IF EMPLOYEE_BONUS > @ THEN
BONUS_CNT = BONUS_CNT + 1;
IF;
CH C1 INTO EMPLOYEE_SALARY, EMPLOYEE_BONUS
WHI

ET DEPTSALARY = TOTAL_SALARY;
DEPTBONUSCNT = BONUS_CNT;
P1

after.spsql X

demo >

44

after.

o & > 0

spsql
"ROCEDURE RETURNDEPTSALARY (

IN DEPTNUMBER C 3)

SAL,

WHERE

DEPTSALARY DECIMA
DEPTBONUSCNT INT

EMPLOYEE_SALARY L(9,
EMPLOYEE_BONUS DECIMAL(9, 2);
TOTAL_SALARY DECIMAL(15, 2) DEFAU
BONUS_CNT INT DEFAULT 0;
END_TABLE 1

E C1 CU

ARY

WORKDEPT = DEPTNUMBER;

RE CONTINUE DLER FOR NOT FOUNC

END_TABLE

T DIR

DEPTSALARY = NULL;

N

C1;

ETCH C1

INTO

EMPLOYEE_SALARY
» EMPLOYEE_BONUS;
WHILE END_TABLE = @ DO

I TOTAL_SALARY = TOTAL_SALARY + EMPLOYE!
EMPLOYEE_BONUS > @ THEN
ET BONUS_CNT = BONUS_CNT + 1;

EMPLOYEE_SALARY
» EMPLOYEE_BONUS;

DEPTSALARY = TOTAL_SALARY;
DEPTBONUSCNT = BONUS_CNT;

END P]|




= Add Db2 Connection X

Connect to Db2 for z/OS

General Location name
Tracing Y he Db2
Optional
Tuning st
— Supports different authentication methods: e -
b User :[D and password ort number assigned to the hostname or IP address of the Db2 subsystem

Connection name (optional)

« RACF PassTicket

unique name 10 e connection profile

- Multi-factor authentication (MFA) token

— Specify JDBC properties

— Enable JDBC trace

User information

Login method

(® Password () PassTicket (O) MFA token

User ID

Password

r the Db2 user ID
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Demo.java X

demo-nonsgl > Demo.java
R u n S |_ public class Demo {
I final String EMPLOYEES_QUERY =

private static f
3 "GEEESL" +
EMPNO, "
FIRSTNME, " +
LASTNAME " +
"FROM EMP" +
"WHERE" +

WORKDEPT - LIKE - 'D%""
Change All Occurrences

— Run selected SQL from any type of file LS e TR
} Cut
— Run all SQL statements in a file } et

. . Run Selected SQL
— Change commit and rollback options Run SQL Options

Tune Selected SQL
SQL Tuning Options

Command Palette...
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RUNAND DE.. [> No Configuratiors  §33 -+ RETURNDEPTSALARY.spsql ADMFOOT.RETURN.

\ VARIABLES demo > .RoutineDebugger ©) [ '01.RETURNDEPTSA

.
« 0.ADMFOO1.RETURNDEPTSALARY.V1 1 ALTER PROCEDURE ADMFOO1.RETURNDEPTSA
atlive stored proceaures 2o oermamaen cranca,
3 OUT DEPTSALARY DECIMAL(15,2),
CERERLARY 4 OUT DEPTBONUSCNT INT)
DEPTNUMBER: 001 LANGUAGE SQL
TOTAL_SALARY: 0.00 6 RE QL D
EMPLOYEE_BONUS ALLOW DEBUG MOD
EMPLOYEE:SALARY WLM ENVIRONMENT FOR DEBUG MODE WLMENV1
P1: BEGIN
DECLARE EMPLOYEE_SALARY DECIMAL(9,2);
DECLAI EMPLOYEE_BONUS DECIMAL(9,2);
. DECLARE TOTAL_SALARY DECIMAL(15,2) DEFAULT 0;
— Deploy, run, and debug native stored procedures DECLARE BONUS_ONT TNT DEFAULT of
DECLARE END_TABLE INT DEFAULT 0;
C1 CURSOR FOR
. . . 6 LECT SALARY, BONUS FROM DSN8B10.EMP
— File extension must end with .SpSC][ WHERE WORKDEPT = DEPTNUMBER;
8 DECLARE CONTINUE HANDLER FOR NOT FOUND
SET END_TABLE = 1;
DECLARE T HANDLER FOR SQLEXCEPTION
SET DEPTSALARY = NULL;
OPEN C1;
FETCH C1 INTO EMPLOYEE_SALARY, EMPLOYEE_BONUS;
WHILE END_TABLE = @ DO
SET TOTAL_SALARY = TOTAL_SALARY + EMPLOYEE_SALARY + EMPLOYEE_BONUS;
IF EMPLOYEE_BONUS > @ THEN
SET BONUS_CNT = BONUS_CNT + 1;
END IF;
FETCH C1 INTO EMPLOYEE_SALARY, EMPLOYEE_BONUS;
v CALL STACK PAUSED ON STEP 30 END WHILE;
@.ADMFQQ1 . RETURNDEPTSALARY . V1 CL C1;
3 SET DEPTSALARY = TOTAL_SALARY;
SET DEPTBONUSCNT = BONUS_CNT;
END P1
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Tune SOL

— View graphical representation of access path
— Generate statistics to improve query performance

— Capture statement's environment to troubleshoot
problems when tuning an SQL statement
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= Tuning Result: Visual Explain X

SQL Stalcn‘cntl lWarmngs

|Enwon ment & Explain Options

Query

BHe=31H092H8

(5)
IXSCAN 7
A

(6)
XEMP2 §

4)
FETCH 7
A

(7) EMP
42

(1)
QUERY
A
(2)Q8B1
12
A

(3)
NLIOIN 12
A

9)
IXSCAN 2
A

(10)
XEMPPROJACT2
30

(8)
FETCH 2
A

(11)
EMPPROJACT
74

Description Search
Properties
NAME VALUE
Index only N
Type I
Matching Colu 1
mns
Cost Information
Input RIDs 42
Index leaf pa 1
ges
Scanned leaf 1
pages
Scanned RIDs 7
Scanned rows 7
Output RIDs s
Matching Filte  0.16666663
r Factor
Total Filter Fa 0.16666663
ctor
Predicates
Matching

predicates 1



Prerequisites for
SQL Tuning Services

— SOL Tuning Services documentation

— IBM DB2 Accessories Suite for z/OS, 4.2

— APAR PH42944
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https://www.ibm.com/docs/en/db2-for-zos/13?topic=db2-sql-tuning-services
https://www.ibm.com/common/ssi/ShowDoc.wss?docURL=/common/ssi/rep_sm/5/649/ENUS5697-Q05/index.html
https://www.ibm.com/support/pages/apar/PH42944

Demo

— SQL language support

— Connecting to Db2 and running SOL

— Working with native stored procedures

— Tuning SOL

— Running SOL from z/OS (with Zowe Explorer)
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... More developer features

... More support for catalog navigation

Advanced Tuning Services integration
Initial support for catalog navigation
Usability enhancements

May 31, 2022 V1.4

» Db2 forz/OS V13 support, Usability enhancements

March 15,2022 V1.3.4
« JDBC driver version 4.29.24 support
« Usability enhancements

2H 2021 Releases:
» No charge Tuning Services integration
« Usability enhancements

1H 2021 Releases:
« Format SQL, embedded SQL execution, usability enhancements
» Stored procedure debug

2020 Releases:

« JDBC trace and properties

» Code completion, snippets, connect to Db2, run SQL (BYOL)
» Syntax checking, syntax highlighting
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= Tuning Result: Index Advisor X

Advanced tuning feature: Index Advisor

Summary

99 Number of recommendations: 2
Number of existing indexes: 8
CPU cost saving: 93.8730853391685%

=y
|
Candidate indexes
N
= Full key
Table DDL Explanation Key columns @ . Index size
cardinality
CREATE INDEX "SYSIBM"."SYSCOLUMNS_VIRT_IDX_166443307115256240" ON [m]
"SYSIBM"."SYSCOLUMNS" ( "TBNAME" ASC ) NOT PADDED FREEPAGE 0 PCTFREE 10
SYSIBM.SYSCOLUMNS SUREBIAS [l TBNAME(ASC):-1 370 0.1015625MB
predicates.
CREATE INDEX "SYSIBM"."SYSTABLES_VIRT_IDX_166443307114184282" ON [m]
"SYSIBM"."SYSTABLES" ( ( "DBID" + 1 ) ASC ) NOT PADDED FREEPAGE © PCTFREE 10
Supports local ("DBID" +1)
SYSIBM.SYSTABLES predicates, (ASC):20 20 0.0234375MB
Existing indexes
Index Table Key columns © Unique Clustering DPSI Exclude null keys Include columns Time last used

TBCREATOR(ASC):-1
SYSIBM.DSNDCX01 SYSIBM.SYSCOLUMNS TBNAME(ASC):-1 Y \ N [\ 2022-09-28
NAME(ASC):-1

TYPESCHEMA(ASC):-1

SYSIBM.DSNDCX02 SYSIBM.SYSCOLUMNS TYPENAME(ASC):-1

Transforming DE21ASNOEABBlication Develhheht BXSERAEE NRovember 18, ;g%%&&%igﬁ%orporaﬁon N N N N 2022-09-28

TBCREATOR(ASC):-1

CVECTDM RCNMAVAZ CVCTDM overal LIMMNC TONMAME/ACAY. 1 Nl N N N AN NO Nz



N

BB ¥ ® o

¥,

= Tuning Result: Access Path Advisor X

Summary

Health status: Bad

Number of recommendations: 3

High severity recommendations: 1
Medium severity recommendations: O
Low severity recommendations: 2

Recommendations

1 Severity: High

2 Severity: Low

3 Severity: Low
Explanation
Example

Advanced tuning feature: Access Path Advisor

Avoid reading all index keys on an index scan (QBLOCKNO = 1, PLANNO = 2). The table SYSIBM.SYSCOLUMNS is accessed by a non-matching index scan (QBLOCKNO =1, PLANNO = 2). Ifa v
table is accessed by non-matching index scan, then all the index keys and their RIDs are read. When a large number of keys and RIDs are accessed, Db2 might be using an inefficient access
path. Consider run the Statistics Advisor or run the Index Advisor to determine whether creating an index might improve the access path.

Avoid table space scans (QBLOCKNO = 1, PLANNO = 1) on table SYSIBM.SYSTABLES. The table is accessed by a table space scan. Consider running the Statistics Advisor, because the v
improving statistics might improve the access path. Also, consider running the Index Advisor to determine whether creating an index might improve the access path.

Avoid sorting (QBLOCKNO =1, PLANNO = 3) on a large number of records. A sort is used. When a large number of records are returned before sorting, Db2 might be using an inefficient access ~
path. Consider rewriting the query or designing an index to avoid the sort if possible.

Db2 uses a sort to process operations such as join processing, GROUP BY operations, ORDER BY operations, the removal of duplicates, and sub-query processing. If the number of rows to
be sorted is large, the cost of the sort will be high.You can use indexes to order data, sometimes eliminating the need for sorting. Some sorts can be avoided if index keys are in the order
needed by ORDER BY, GROUP BY, a join operation, or DISTINCT in an aggregate function.

Consider the following query:SELECT C1,C2,C3 FROM T WHERE C1 > 1 ORDER BY C1 OPTIMIZE FOR 1 ROW;An ascending index on C1 or an index on (C1, C2, C3) might eliminate a
sort.OPTIMIZE FOR 1 ROW can also be used to avoid sorts because it can have a significant effect on the access path.
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Resources

IBM Db2 for z/OS Developer Extension

— VS Code Marketplace:
https://marketplace.visualstudio.com/items?item
Name=IBM.db2forzosdeveloperextension

— Documentation:
https://ibm.github.io/db2forzosdeveloperextensio

n-about/

— Report issues or give suggestions:
https://github.com/IBM/db2forzosdeveloperexten

sion-about/issues
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Other Resources

— Visual Studio Code:
https://code.visualstudio.com/

— SQL Tuning Services:
https://www.ibm.com/docs/en/db2-for-
z0s/13?topic=db2-sqgl-tuning-services

— IBM Z Open Editor:
https://marketplace.visualstudio.com/items?item
Name=IBM.zopeneditor

— Zowe Explorer:
https://marketplace.visualstudio.com/items?item
Name=Zowe.vscode-extension-for-zowe



https://marketplace.visualstudio.com/items?itemName=IBM.db2forzosdeveloperextension
https://ibm.github.io/db2forzosdeveloperextension-about/
https://github.com/IBM/db2forzosdeveloperextension-about/issues
https://code.visualstudio.com/
https://www.ibm.com/docs/en/db2-for-zos/13?topic=db2-sql-tuning-services
https://marketplace.visualstudio.com/items?itemName=IBM.zopeneditor
https://marketplace.visualstudio.com/items?itemName=Zowe.vscode-extension-for-zowe
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